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INTRODUCTION
This thesis is based on studies of the properties
and epidemiology of viruses isolated in Africa.

Investiga-

tions of the epidemiology of yellow fever and of new methods
of vaccinating against it are described in the first series
of papers.

These yellow fever studies led incidentally to

the recovery of several previously unknown viruses.

Two

of these which were called Zika virus and Uganda S virus

are described in the second group of publications; the

epidemiology of a number of recently discovered African
viruses including Mengo encephalomyelitis virus is then
discussed.

The next series of papers describe the relation-

ship of Mengo encephalomyelitis virus to poliomyelitis virus

and an extension of these investigations which led to studies
of poliomyelitis in Central Africa and of methods of preparing

vaccines to prevent it.

In conclusion reference is made to

some current work which may lead to an understanding of some
of the problems raised in the studies of the African viruses.

The papers submitted are a selection of work published
in the course of the above investigations.
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YELLOW FEVER

yellow fever when A. aegypti control was put into effect.
Indeed, so successful were the control methods in the Americas
that by 1925 the only area of infection was a small focus in
Brazil. The epidemiology of the disease seemed simple and
was dependent on an A. aegypti -man cycle, which was maintained by adequate numbers of both A. aegypti and susceptible
humans. However, Bauer (1928) and Philip (1929, 1930a,
1930b) showed that in Africa, transmission of the disease
could be effected experimentally by mosquitoes other than
A. aegypti, and Bauer & Mahaffy (1930b) demonstrated that
several species of African monkeys were susceptible to infection in so far as they circulated virus for several days after
inoculation. These findings developed the hypothesis that a
cycle of infection might exist involving forest mosquitoes and
monkeys, for Balfour (1914) had suggested many years previously that monkeys were the reservoir of yellow fever. Meanwhile, in South America, Davis & Shannon (1929) had reported
the successful transmission of yellow fever by mosquitoes
other than A. aegypti, and Davis (1930a, 1930b) found cebus
monkeys and marmosets were, like the African monkeys,
susceptible to infection. These observations shook the concept
of the simple A. aegypti-man cycle, but the possibility of a cycle
of infection existing in the absence of A. aegypti was not
convincingly established till Soper, Penna, Cardoso, Serafim,
Frobisher & Pinheiro (1933) presented the results of epidemiological studies made in Brazil, which indicated that human
beings had acquired infection in the absence of A. aegypti, but
as a result of contact with forest, and for this form of infection Soper (1935) used the term " jungle yellow fever ",
although " sylvan yellow fever " is, in the light of present
knowledge, perhaps a more descriptive term.
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Introduction

The recovery by Dr A. F. Mahaffy of a strain of yellow fever
virus from an African called Asibi and the subsequent propagation of the now famous Asibi strain in rhesus monkeys by
Stokes, Bauer & Hudson (1928a) mark the beginning of the
modern period of research on yellow fever. Although Reed
& Carroll (1902) had already shown that the disease could be
transmitted with Berkefeld filtrates of diluted infective human
serum, this finding of a susceptible animal led rapidly to the
characterization of the infective agent as a virus which could
be recovered from filtrates of infective blood and of infected
mosquitoes (Stokes, Bauer & Hudson, 1928b; Bauer &
Mahaffy, 1930a) and was of a particle size of 18 -27 mu.
(Findlay &Broom, 1933). Other strains of the virus were soon
isolated and Sawyer, Kitchen, Frobisher & Lloyd (1930) were
able to demonstrate by cross -immunity tests in rhesus monkeys
that the African and the South American yellow fever were the
same disease. Another great advance was made by Theiler
(1930), who adapted the French strain of virus (Mathis,
Sellards & Laigret, 1928) to mice, and developed a mouse
neutralization test (Theiler, 1931) which, as modified by
Sawyer & Lloyd (1931), made extensive immunological and
epidemiological studies possible. Although it had long been
recognized that there are great variations in the severity of
the infection, laboratory investigations established that the
classical disease, associated with jaundice, haemorrhage and
black vomit, is no more typical of infection with yellow fever
virus than is paralysis now regarded as a usual result of
infection with poliomyelitis and that the great bulk of infections are (i) subclinical (which may be diagnosed only by the
recovery of virus or by the demonstration of antibodies), or
(ii) of a mild nature. The mild cases, which are probably the
most common type of clinical infection, are unlikely to be
diagnosed except during an epidemic or during search for a
case in an endemic area. They are associated with pyrexia and
symptoms of fever and headache lasting for two to three days.
The clinical diagnosis ih these cases may be suggested by
albuminuria, and by bradycardia in convalescence.
The early epidemiological studies which had been made had
indicated that Aedes aegypti was the only vector of the disease
and apparent confirmation of this was obtained in North,
Central and South America from the rapid disappearance of

2. Yellow Fever in South America

It soon became apparent that in South America there were
two cycles of infection : a man -mosquito -man cycle of which
A. aegypti was the unique vector, and a cycle or cycles in which
contact with forest was a sine qua non of infection. In the
Americas A. aegypti is a highly domestic mosquito and as
might be expected all age -groups and both sexes were equally
infected when the virus was first introduced into a community.
On reintroduction of the virus, those individuals who have
previously encountered it will not be affected, for after infection a durable immunity develops. In general it might be said
that yellow fever transmitted by A. aegypti was a disease of
" stay -at -homes ", of travellers entering, or of children being
born into, an infected area. The disease occurred epidemically
or was endemic in both urban and rural areas.
Early investigations of the forest cycle by Soper (1936a,
1936b) showed that monkeys from areas where yellow fever
was present had neutralizing antibody in their sera, while
those from areas where yellow fever was absent had no
immunity, as evidenced by neutralization tests. More intensive
studies of this type (Taylor & Fonseca. da Cunha, 1946;
Laemmert, Ferreira & Taylor, 1946; Kumm & Laemmert,
1950) revealed that naturally acquired immunity is present in
all species of South American monkeys that have been tested
in significant numbers. The susceptibility of many of the
monkeys has been tested in the laboratory by inoculation of
virus by syringe or by the bite of infected mosquitoes and the
possibility of a cyclic transmission from monkey to monkey
by mosquito bite has been demonstrated. It is clear from all
these studies that monkeys are important hosts of the virus in
215

YELLOW FEVER G. W. A. Dick
forest of the Amazon- Orinoco watershed and the llhéus area
in Brazil, the Magdalena basin and the contiguous forests in
Venezuela and the Guianas (Boshell-Manrique, 1948), the
cycle of infection is apparently maintained by a series of small
wandering epizootics. The disease among human beings in
these areas is also endemic, as evidenced by antibody surveys
and the finding of a few positive viscerotomy specimens every
year. A remarkable feature of the epizootic excursions is their
rapidity of spread, as evidenced by the finding of monkeys
which have died of yellow fever and the simultaneous or
slightly later appearance of the disease in human beings. The
rate of some of these epizootic waves has been calculated.
Thus in November and December 1948 a wave of sylvan
yellow fever from an enzootic focus in eastern Panama moved
westward following the Atlantic rain forest and reached north
Costa Rica in July 1951. Early in October 1951 it crossed to
the Pacific side and re-entered western Panama. The velocity
of the wave was 12-15 miles per month (Clark, 1952 ; Elton,
1952a, 1952b, 1952c). How this wave will continue is uncertain but it is now reaching up towards Nicaragua and is
calculated to reach Mexico in about three or four years.
Similar waves have been described by Taylor (1951) in Brazil
-one in 1934 being spread by successive yearly steps for about
1,000 miles. These excursions go in halts and bursts, being
limited in their activity to the warm rainy season when
mosquito activity is greatest, and disappear and reappear
further on with the onset of the rains and warm weather. In
order to locate the spread and activity of the virus several
novel methods of study were introduced, such as the placing
of normal monkeys in cages in the forest canopy (sentinel
monkeys) and the tagging and recapturing of cebus monkeys
and the periodic testing of their sera for antibody. Neither of
these methods indicated virus activity and most information
on the spread of virus has been obtained from viscerotomy and
serological studies in human beings. The epidemics of jungle
or preferably sylvàn yellow fever show no consistent pattern
in their periodicity (Kumm, 1952) and the way in which they
spread is not yet completely understood. Since monkeys in
South America do not migrate from one forest patch to
another (Causey, Laemmert & Hayes, 1948) they cannot be
responsible for the transport of the virus beyond a very limited
area. Recent work by Wellington (1945) indicates that small
insects may be transported long distances by convection
currents and wind, and Causey, Kumm & Laemmert (1950)
were able to recapture H. spegazzinii labelled with bronzing
powder more than seven miles from the point of release. It is
necessary to postulate that the mosquitoes are carried much
greater distances-of perhaps 30 to 40 miles-in order to
explain the rate of spread of the epidemic waves (Taylor, 1951).
As one area becomes infected with mosquitoes carrying virus,
a further spread would depend on the availability of vectors
new supplies of mosquitoes would then be infected and,
depending on the climate and environment, another jump
could be made to a more distant focus. Since the incriminated
vectors can survive the dry season, it is postulated that the
virus is maintained in the mosquitoes which survive throughout that period. Further studies are required to establish
whether this hypothesis will explain all the observed facts.
The possibility that the virus is carried from forest to forest
by birds with viraemia or carrying infected ectoparasites
presents an entertaining hypothesis, but of this there is no
evidence although experimental investigations along this line
are far from being exhausted.

South America. The part which animals other than primates
may play in a forest cycle is much less certain. Of these most
attention has been directed to Marsupialia, particularly by
Bugher, Boshell-Manrique, Roca -García & Gilmore (1941).
Bugher (1951) would appear to attach more importance to
their epidemiological significance than do other investigators.
There appears to be considerable variation in the susceptibility and immunological response of the same species in
different geographic regions and in their response to different
strains of virus. While some of the opossums have been
found in nature to have sera which neutralized yellow fever
virus, the specificity of such positive tests has been questioned
(Bates, 1944; Laemmert, 1946; Koprowski, 1946; Laemmert,
Ferreira & Taylor, 1946). The latter investigator (Taylor,
1951) is of the opinion that of the opossums only the genus
Metachirus and some species of the genus Marmosa have been
shown to be " epidemiologically susceptible " under laboratory conditions. Except for the primates and perhaps the marsupials (which require further study), it does not appear likely
that other animals found to be susceptible in the laboratory
(such as some of the rodents and carnivores) fit in to the
epidemiological picture.
Of a number of forest mosquitoes found capable of transmitting the virus experimentally, it seems that the most likely
vectors in South America are species of the genus Haemagogus
and Aedes leucocelaenus. Not only are these species efficient
laboratory vectors, but in 1938 Shannon, Whitman & Franca
successfully infected monkeys by exposing them to the bite
of wild caught mosquitoes of the species H. capricornii and
A. leucocelaenus and, since then, virus has been obtained eighteen times from species of Haemagogus (capricornii, spegazzinii and spegazzinii falco) and three times from A. leucocelaenus. Many things point to Haemagogus spp. being the
most important vectors, for, although the different species have
different distributions in South and Central America, in
general this genus covers the entire region over which the
forest cycle of yellow fever is known to exist. The adults of
the genus are found in the greatest numbers in the forest
canopy (Bugher, Boshell-Manrique, Roca -García & OsornoMesa, 1944). They are essentially tree -hole breeders and daylight feeders, being most active at midday, and occasionally
descend to ground level at the forest edge and bite human
beings. While A. leucocelaenus is of somewhat similar habitat
and is widely distributed in South America (Kumm &
Cerqueira, 1951), it shows no preference for the forest canopy
and in some forests in which yellow fever is present this
mosquito is rare (Laemmert et al. 1946; Kumm, 1950). It
would appear then that the virus may be maintained by a
monkey- mosquito cycle in which Haemagogus would seem to
be the most important vector. The midday biting activity of
the Haemagogus makes resting monkeys an easy prey and the
persistence of Haemagogus throughout the dry season permits
the mosquito to act as the true reservoir of the virus (Bugher
et al. 1944). Man is but accidentally involved in the cycle by
being bitten by an infected mosquito which has come down to
ground level or else, for example, during tree felling when the
mosquitoes of the canopy are brought down with the tree. It
appears that the forest cycle is enzootic in some areas and
from these enzootic foci epizootics spread to other regions.
Taylor (1951) likened these epizootics to the pseudopodia
of an amoeba "protruding outward and then retracting or
rather vanishing as the available supply of susceptible hosts
is used up ". In the enzootic zones such as the great rain
.

.
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tions around human dwellings (Haddow, 1945b, 1945c). In
other parts of Uganda, however, A. simpsoni does not bite
man (Gillett, 1951) and could not therefore take part in a
man- mosquito cycle of infection.
Investigations of the most extensive epidemic that has ever
been reported from Africa, and which broke out in 1941 in the
Nuba Mountains of the Anglo-Egyptian Sudan, indicated that
A. aegypti may have been the responsible vector (Kirk, 1941).
On the other hand, Lewis (1943) believed that A. vittatus
played a very important role in transmitting the virus in that
area.
Because of the habitats of the human vectors of yellow fever
it is not possible to eradicate the man-mosquito cycle in Africa,
as is being done in South America, and since an apparent
man-mosquito cycle may exist in an area where there is a
forest cycle (which will next be discussed) it is well-nigh
impossible to know whether the virus is maintained regionally
endemic by a man-mosquito cycle or whether virus is being
constantly introduced from the forests. This difficulty does
not arise in South America, where it can now be assumed that
all yellow fever is due to infection by forest mosquitoes.
Following the pioneer investigations into the susceptibility
of West African monkeys to yellow fever by Bauer & Mahaffy
(1930a), more extensive studies of the primates of central,
East and West Africa were made by Hughes (1943), Smithburn
& Haddow (1949) and by Bugher and his colleagues (Bugher,
1951). It may be concluded from all these investigations that
(i) all the monkeys and apes that have been tested are susceptible to yellow fever in that virus multiplies after inoculation by syringe or by the bite of an infected mosquito and that
the virus could be transmitted by mosquito bite to other
monkeys, (ii) apart from slight pyrexia monkeys rarely show
any signs of yellow fever infection and develop a solid immunity as a result of infection. It was further shown (Ross &
Gillett, 1950) that yellow fever virus could be maintained by
cyclic passage in monkeys and mosquitoes. Antibody surveys
have indicated that monkeys in many of the forested areas of
Africa are naturally immune (Findlay, Stefanopoulo, Davey
& Mahaffy, 1936; Findlay & MacCallum, 1937; Haddow,
Dick, Lumsden & Smithburn, 1951; Bugher, 1951). There is
good evidence therefore that monkeys are important hosts of
the virus, although it has not yet been possible to recover
virus directly from naturally infected monkeys. (With the
exception of grivet monkeys it is exceedingly difficult to trap
monkeys in East and central Africa because of the abundance
of available food.) It has also been shown that certain of the
Lemuroidea (galagos, or bush- babies, and pottos) are susceptible (Smithburn, 1949; Bugher, 1951; Dick, unpublished)
and high rates of antibody have been found in some of these
species in the driest parts of Uganda and in Kenya (Haddow,
1952). It is possible that bush-babies rather than monkeys
may be important hosts in certain areas where it seems
unlikely that monkeys are extensively involved.
The possibility that animals other than primates may take
part in the forest cycle in Africa has been investigated by
Smithburn & Haddow (1949) and by Dick (1952a), It seems
unlikely that any non -primates play an important role, if
indeed any part, in the sylvan cycle. The most highly susceptible of all non -primates tested are hedgehogs, but they
have not been implicated epidemiologically, although common
in some areas.
A. africanus is the principal sylvan vector and host of yellow
fever in Bwamba, Uganda (Haddow, Smithburn, Dick, Kitchen

3. Yellow Fever in Africa

In Africa there appears to be a man-td -man cycle and a
sylvan cycle of infection, but the study of yellow fever in
Africa is beset with a number of obstacles. Thus while anti bodystuclies (Beeuwkes & Mahaffy, 1934; Sawyer & Whitman,
1936; Mahaffy, Smithburn & Hughes, 1946; Smithburn,
Goodner, Dick, Kitchen & Ross, 1949) have indicated a wide
distribution of yellow fever in the peoples of Africa between
Capricorn and Cancer, the difficulties of establishing a viscerotomy service (except to a certain extent in the Belgian Congo)
and of rapidly and accurately obtaining and investigating reports of sickness and death have limited the knowledge of the
behaviour of the disease in human beings. Other complications arise in that many Africans do not know when they were
born, and whether or not they have been vaccinated against
yellow fever, and further, with the migration of labourers (see
Dick, 1953; Smithburn, Goodner, Dick, Kitchen & Ross,
1949), the finding of immune unvaccinated persons in any one
area does not necessarily mean that they obtained their infec -.
tion in the place where their blood samples were taken. All
this, combined with the absence of vital statistics, makes
accurate epidemiological studies difficult. Other difficulties
arise from the fact that certain of the incriminated vectors
in Africa show considerable variations in their ecology. In
certain parts of West Africa A. aegypti bites human beings
and is fairly domestic in its habits, in other parts it has been
found breeding in tree holes and pools at considerable distances from the nearest human habitation (Dunn, 1927a,
1927b); while in some parts of Uganda it is essentially zoophilic, sylvan in habitat, and rarely found in towns and
villages (Haddow, 1945a), in others it is domestic or semi domestic and bites human beings (Gillett, 1951).
The complexity of the environments and lack of investigations in many places where yellow fever occurs in Africa make
it impossible to present a general picture. In West Africa,
where the disease is endemic and locally epidemic among
human beings, it seems likely that A. aegypti is responsible
for the transmission of yellow fever to man in the urban and
village communities. Bugher is of the opinion that all human
yellow fever in Nigeria from 1941 to 1951 can best be explained
by a man -A. aegypti cycle (Whitman, 1951). It would seem
that such was also the situation.prior to 1951 (see Beeuwkes &
Mahaffy, 1934) and as far as is known this view still holds.
Virus was isolated from this species by Beeuwkes & Hayne
(1931) and on three subsequent occasions in 1946 by Bugher
and his colleagues (see Taylor, 1951). In Uganda there is no
evidence that A. aegypti plays any part in the epidemiology
of yellow fever and its place is taken by A. simpsoni. Virus
was isolated from A. simpsoni taken in Bwamba, Uganda, in
1941 and this species was incriminated as the human vector of
yellow fever in that area (Mahaffy, Smithburn, Jacobs &
Gillett, 1942). This was the first indication that a mosquito
other than A. aegypti was involved in transmitting the disease
to human beings in Africa, although nine African species
(including A. simpsoni) were at that time known to be capable
of transmitting the virus in the laboratory (see Bauer, 1928;
Philip, 1929, 1930a, 1930b ; Kerr, 1932). (The number of
known laboratory vectors is now twelve; see Lewis, Hughes
& Mahaffy, 1942, and Bruce -Chwatt, 1950.) A second isolation from A. simpsoni was made in 1942 in Bwamba (Smithburn & Haddow, 1946). In that area this species bites human
beings (Haddow, 1945b) and is semi -domestic in that it is
found breeding in the axils of certain plants in the planta-

G. W. A. Dick
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is known of the possible existence or spread of waves of infec-

& Lumsden, 1948; Smithburn, Haddow & Lumsden, 1949).
It seems probable that such is the case also in other areas of

tion such as exist in South and Central America. Although one
isolated epizootic in monkeys has been recorded (Haddow et
al. 1951), it is not known whether this represented the introduction of virus from elsewhere or was one of many little epizootics
which together produce the enzootic picture in lowland rain
forests. It is not known what cycle of infection exists in areas
where high immunity rates have been found in bush -babies
but not in monkeys. Little is known of the ecology of
A. africanus or of A. simpsoni outside of Uganda, and it is not
known how yellow fever persists in the drier areas where it
seems Unlikely that adequate numbers of A. africanus could
survive a long season of drought. There is no evidence that
the virus can be maintained by transovarial passage from one
adult generation of mosquitoes to the next (Gillett, Ross,
Dick, Haddow & Hewitt, 1950), and it remains to be seen
whether the sylvan cycle in Africa is maintained by the
primate- mosquito cycle or whether it is but the end -product
of some less tenuous cycle which has not yet been discovered.

lowland rain forest and forested areas in central Africa. This
mosquito is found in greatest numbers in the forest canopy
(Haddow, Gillett & Highton, 1947), it bites monkeys (Haddow
& Dick, 1948) and shows a pronounced peak of biting activity
just after dusk when all species of monkeys are resting or
asleep. It also survives the dry season in the adult state in
wooded and forested areas (Haddow & Mahaffy, 1949).
A. africanus (and A. luteocephalus which may represent the
extreme forms of the same species (Haddow & Mahaffy,
1949) ) have a wide distribution across tropical Africa from
the Anglo-Egyptian Sudan (Lewis, 1943) as far south as
Bechuanaland (as found by De Meillon ; see South African
Institute for Medical Research, 1946). Whether this species
alone or other sylvan vectors are involved in a forest cycle is
not known. In order to explain the different immunity rates in
partly terrestrial as compared with arboreal species of monkeys
Haddow et al. (1951) have postulated that there may be a
diurnal as well as the nocturnal vector (A. africanus). All
attempts to isolate yellow fever virus in Uganda from many
thousands of forest mosquitoes other than A. africanus have,
however, been unsuccessful. It would seem therefore that in
the lowland African rain forest a cycle of infection revolves
around primates and A. africanus, similar to the primate Haemagogus cycle in South and Central America.
How much further the analogy can be carried is uncertain.
Although A. africanus is known to bite man in plantations and
on the forest floor (Haddow, 1945b, 1945c; Gillett, 1951),
because of its rarity at ground level in those areas that have
been investigated it could not account for more than a few
infections. (This is borne out by the finding of low rates of
antibody in forest gangs and pygmies in Uganda.) This species
may, however, be responsible for the sporadic infections of
yellow fever which have occurred in people living in close
contact with certain forests (Dick, 1953) in which yellow
fever is enzootic in monkeys but where A. simpsoni does not
bite man (Gillett, 1951). Thus, sylvan yellow fever, analogous
to what is found in South America, may exist in certain parts
of Africa: i.e., yellow fever contracted by the bite of a sylvan
mosquito infected from a forest animal, not necessarily in the
absence of A. aegypti, but in areas where A. aegypti has no importance as a vector. Indeed the human immunity rates found
in many parts of central and East Africa can be explained
better by postulating the existence of sylvan yellow fever
than of a man-mosquito-man cycle.
The situation in Bwamba, Uganda, may be unique. In that
area epidemic and endemic yellow fever occur (Mahaffy et al.
1946; Dick, 1950). The highest incidence of infection is
found among people living in close proximity to the forest and
there is a considerable amount of evidence which suggests that
A. simpsoni-the human vector probably obtains its infection from forest monkeys, particularly when they raid plantations ( Smithburn & Haddow, 1946; Lumsden, 1951). On the
other hand it also seems possible that in Bwamba the virus
is introduced to the human population from time to time by
a stray A. africanus from the forest; man -to -man transmission
by A. simpsoni presumably then produces small localized
epidemics. It is not known if other areas of Africa have an
epidemiological picture such as has been postulated to explain
the human epidemiology in Bwamba.
The complete geographical distribution of human yellow
fever or of the forest cycle in Africa is not yet known. Nothing

iì

4. Control of Yellow Fever

Yellow fever transmitted by A. aegypti has been controlled
in South America and around the airports and urban centres
of many African towns by anti -mosquito measures. Control
measures have also been applied in India and elsewhere,
particularly around international airports. It is fortunate that
yellow fever has not reached India ; this may be due to the
failure of Indian A. aegypti to maintain the virus. It would
seem important that this should be investigated. However,
since yellow fever has not entered India in the past, it seems
unlikely to do so in the future.
The control of sylvan yellow fever in the Americas and of
yellow fever in Africa is achieved mainly by vaccination.
Tissue culture of the Asibi strain (Lloyd, Theiler & Ricci,
1936 ; Theiler & Smith,. 1937a) induced a marked loss of
viscerotropic "and neurotropic affinities of the virus and resulted in the 17D strain which was successfully used for vaccination (Theiler & Smith, 1937b). The 17D vaccine as now
used is prepared from developing chick embryos and the vaccine is inoculated subcutaneously. The efficacy of the vaccine
has been clearly established. Immunity as evidenced by the
demonstration of neutralizing antibodies lasts for at least nine
years in a high proportion of vaccinated persons (Dick & Gee,
1952) but it is not certain if this applies to children vaccinated
as babies. It is not known what level of maternal antibody is
transmitted to the babies of vaccinated mothers. It seems
possible, however, that if babies with maternal antibody from
vaccinated mothers were vaccinated, passive immunity might
prevent the active immunization of such babies. This might to
a certain extent explain the apparent differences in the durability of immunity after vaccination in children as compared
with older persons, recorded by Dick & Gee (1952) and by
Fox & Cabral (1943).
French workers have employed a vaccine prepared from
French neurotropic mouse -brain virus with or without the
addition of vaccinia vaccine (Peltier, 1947, 1948), which is
administered by scarification. Because of the dangers of
encephalitis attending the use of this vaccine (see Macnamara,
1953) it has not been universally accepted, but the scarification technique has been used to administer 17D vaccine with
excellent results (Hahn, 1951; Dick, 1952b) and the administration of a vaccine by scarification presents several advantages
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for mass immunization. While Hahn (1951) obtained good
results with a combined 17D and vaccinia vaccine, studies by
Dick & Horgan (1952),indicated that the number of those
who became immune to yellow fever after vaccination with
a similar type of mixed vaccine which they prepared was
not sufficiently high to merit the routine use of such a mixed
vaccine without first making further studies of the optimum
quantities of each virus required to effect adequate immunization against both smallpox and yellow fever.

G. W. A. Dick

Zika viruses can cause a mild pyrexial disease, Mengo a
mild encephalitis, and West Nile virus apparently produces
a relatively silent viraemia in human beings ; but nothing is
known of the illnesses, if any, that the other agents cause.
Antibodies to several of them have been found in monkeys,
but practically nothing is known of their epidemiology.
What part any of these viruses may play in the causation
of sporadic or epidemic diseases in temperate climes has
not been investigated, with the exception of Columbia -SK
group (see Dick, 1953). In South America four viruses have
been isolated from mosquitoes, namely, Anopheles A,
Anopheles B, Wyeomyia and Ilhéus viruses. Antibody to
the latter virus has been found in human beings in the
region where this virus was isolated (Laemmert & Hughes,

5. Viruses Isolated during Yellow Fever Investigations

The techniques used in attempts to isolate yellow fever virus
have yielded a number of hitherto unknown viruses. In Africa,
West Nile (Smithburn, Hughes, Burke & Paul, 1940) and
Bwamba fever viruses (Smithburn, Mahaffy & Paul, 1941)
were isolated from human beings in Uganda and the former
virus has been recovered from children in Egypt (Melnick,
Paul, Riordan, Barnet, Goldblum & Zabin, 1951). Semliki
Forest virus (Smithburn & Haddow, 1944), Bunyamwera
(Smithburn, Haddow & Mahaffy, 1946), Ntaya (Smithburn
& Haddow, 1951), Uganda S (Dick & Haddow, 1952) and
Zika virus (Dick, Kitchen & Haddow, 1952) were isolated
from mosquitoes. A strain of Zika virus was also recovered
from the blood of a pyrexial " sentinel " monkey (Dick,
Kitchen & Haddow, 1952) and has recently been isolated
fromva human being in West Africa (Virus Research Institute,
Yaba, Nigeria: unpublished annual report, 1952). In addition,
several strains of Mengo virus (Dick, Smithburn & Haddow,
1948) (now shown to be related to Columbia-SK and EMC
viruses (Dick, 1949)) have been isolated from man, rhesus
monkeys and mosquitoes. Antibody to all of these viruses
has been found in sera of the residents of several places in
Africa (see Dick, 1953) and to some of them in human
sera taken in India (Smithburn, 1953). Bwamba fever and

1947).

All of these viruses, with the exception of Mengo, appear to
be distinct entities (Smithburn, 1952; Kerr, 1952). West Nile
and Ilhéus viruses fall into the group which includes the
St Louis and Japanese B viruses, and there is some evidence
that Uganda S virus may be antigenically related to yellow
fever (Kerr, 1952). In this respect it is of interest to note that
Macnamara (personal communication, 1952) has obtained
experimental evidence which suggests that a previous infection
with Uganda S virus may modify a subsequent infection with
yellow fever.
In addition to these viruses, all of which are believed to
infect human beings, strains of Theiler's GD VII virus of mice
have been isolated from time to time; one such strain isolated
in Uganda and previously referred to as M 1032 virus (Horgan,
1951) was found to be highly pathogenic for cotton -rats when
inoculated intracerebrally; Haemagogus A, Haemagogus B,
Sabethes and Leucocelaenus isolated in South America
(Hughes & Perlowagora, 1950) have all been shown to be
strains of the GD VII or FA encephalomyelitis virus of mice
(Smithburn, 1952).
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Following an epidemic of yellow fever in Bwamba,
Uganda, the entire population in the area was vaccinated.

In order to find out if yellow fever was being introduced
into this area from the forest, the investigation recorded

in the next paper was made.

[Reprinted from the ' Annals of Tropical Medicine f& Parasitology,'
Vol. 44. No. 4. December, 195o.]

THE NEUTRALIZATION OF FRENCH NEUROTROPIC
YELLOW FEVER VIRUS BY SERA OF BWAMBA CHILDREN
BY

G. W. A. DICK
(From the Virus Research Institute,* Entebbe, Uganda)
(Received for publication September 25th, 195o)

The county of Bwamba, Uganda, where this study was made, has already been
described in detail (Haddow, 1945 ; Mahaffy et al., 1942). After the 1941 epidemic of
yellow fever in Bwamba (Mahaffy et al., 1942), a mass -vaccination programme was undertaken there and in the Toro district east of Bwamba. A determined effort was made to
vaccinate with 17D vaccine every person in Bwamba county and in a demarcated area of the
Toro district. Indeed, so thoroughly was the problem attacked that even those who were
too old, too infirm or too young to walk were carried to the vaccination centres. Yellow
fever antibody studies made in Bwamba two years and three years after the mass vaccination
( Smithburn and Mahaffy, 1945) indicated that 90 per cent. of persons had yellow fever
neutralizing antibodies in their sera, and that the percentage of children with neutralizing
antibodies, as indicated by the yellow fever neutralization -test (Smithburn, 1945), was as
great as that of adults. Furthermore, within the area studied the geographical distribution
of persons with yellow fever antibodies was uniform throughout.
Epidemiological studies made between 1942 and 1946 in Bwamba (Haddow et al., 1947)
produced evidence which suggested that yellow fever was endemic among primates and
that there was an extra-human cycle involving mosquitoes and monkeys which do not leave
the forest. Since it appeared that 90 per cent. of the population were protected by
vaccination, it was considered of interest to know whether the non -vaccinated susceptibles
born into this highly immunized community were becoming infected with yellow fever.
It was decided, therefore, to make a survey of children born after 1941 -the year in which
the mass -vaccination programme was carried out -and to test their sera for yellow fever
antibodies.
AREA OF STUDY
The area which was selected towards the end of 1946 for a preliminary study of the
presence of antibody in children lay within a triangle bounded by the main road, the forest
line and a small footpath (see map). The 1941 epidemic had occurred in this area, and
Bundinyama, where virus was isolated in 1942 from Aëdes simpsoni, lay centrally in this
triangle. Subsequent surveys were made in 1947 in the areas enumerated on the accompanying map. It will be seen that areas 1 -5 and 11 -13 are in close proximity to heavy forest.
Areas 6 -10 lie between river beds and contain belts of fairly dense forest, which are continuous on the one hand with lowland forest and on the other hand with mountain forest. Area
14 consists of grassland, and all children who were bled in this area lived more than half a
mile from forested country. Area 15 is a densely populated strip given over largely to native
agriculture along the foothills of the North Spur of Ruwenzori Mountain. Area 16 lies
* During the period when these studies were made this Institute was called the Yellow Fever Research
Institute, and was financed by grants made by the Rockefeller Foundation and by the Secretary of State for the
Colonies under the Colonial Development and Welfare Acts, and by contributions from the Governments of
Uganda, Kenya, Tanganyika Territory, Northern Rhodesia, Nyasaland and Zanzibar.
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on the slopes of the North Spur of Ruwenzori. There are no organized villages in any of
these areas. The natives live in huts scattered here and there, and tend small plantations
which surround their huts. The areas enumerated were chosen because they were
demarcated by natural river or forest boundaries.
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FOREST BOUNDARIES.

AREA

OF PRELIMINARY

STUDY.

,'16
MILES.
MAP showing the area of Bwamba county surveyed in 1946 -47 for the presence of yellow fever anti
bodies in the sera of children.

COLLECTION AND TESTING OF SERA
Arrangements were made with the local chiefs that children living within their areas
should be brought to some central point, except in the mountain area, where children were
bled at their homes. Each child who was brought for bleeding was paid 20 cents, irrespective
of whether a blood sample was obtained or not. The children were bled into 3o ml. venules
from the arm. Adequate quantities of blood were not always obtained from every child,

32I
owing either to the resistance of the child or to the fault of the operator. In some areas the
number of children brought for bleeding was greater than could be dealt with.
The ages of all children were estimated from experience, with the assistance of several
intelligent Africans. It must be remembered that very few of the Bwamba natives can give
the year of birth of their children. All ages were estimated to the nearest year, except in
the case of children under one year of age, when the estimation was made in months.
The blood specimens were brought to Entebbe and the sera were tested for yellow
fever antibodies by means of the I per cent. virus test (Smithburn, 1945). All sera giving
inconclusive results were retested.

RESULTS
In the preliminary survey within the triangle already described, 151 children under
five years of age and 32 children of five years or more were sampled. The results of the
tests on these sera showed that 1o8 children under five years of age (71.5 per cent.) and all
(Ioo per cent.) of 32 children aged five years and over had antibodies to yellow fever virus.
This finding was so surprising that it was decided to make a complete survey in the areas
indicated in Table I and on the accompanying map.
Children of five years of age and over may all have been vaccinated, since from the
age- estimates they should have been born before 1941, when the vaccination campaign was
carried out. The total of 83.8 per cent. of these children (Table I) with antibodies is
practically identical with what was found in post-vaccination surveys in the Toro district.
In that district, where there is evidence that there has been no yellow fever activity among
humans between 1941 and 1947 (Dick and Smithburn, 1949), 84'7 per cent. of children
aged 5 -9 years of age vaccinated in 1941 and bled in 1946 and 1947 had antibodies, which
may be taken as entirely due to vaccination.
While it may be seen (Table I) that the percentage of children of five years and over
showing antibodies varies from 42.8 to Ioo, the numbers involved are small. In grouping
the areas, as has been done in Table II, in accordance with proximity to the lowland forest,
it may be seen that the highest rates among the children of five years and over occur among
those living in close proximity to forest. The differences such as are observed in this grouping are greater than would be likely to occur by chance (P= <ooi).
In all areas it would be expected from the studies of Dick and Smithburn (1949) that
8o per cent. or more of vaccinated children would have antibodies 5 -6 years after vaccination.
Two factors may be operating to produce the observed differences in the proportion of
children of five years and over with antibodies. In the first place, it is possible that in all
areas the ages of children have been overestimated, and that children too young to have
been born when the vaccination campaign was carried out have been included in the five years- and -over group. Such an explanation would explain the low rates in areas C, D and E.
However, any such error in age- estimation would apply to all areas, and it must be assumed
in the present study that something other than vaccination was responsible for the differences
in the rates for the five grouped areas (Table II). If this were not so, then there has been a
falling -off of antibodies in the areas remote from forest, and not in those near to forest.
What is much more likely is that active infection has been greater in children living in close
proximity to forest and forest strips. That such is the case is borne out in the findings
among presumably non -vaccinated children, with which this study is chiefly concerned.
Because of the crude way in which the ages of the children were estimated it may well
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be that an error of up to one year has been made in the age- estimations. Thus, just as it
may be that the age of some in the five -year -old group was underestimated, so the age of
the four -year -olds may have an error of one year. The chance of an error of two years in
the estimation of the ages of children of a tribe with whom considerable contact has been
made by members of this Institute seems unlikely. It would appear certain that children
estimated as three years old in 1946 -47 were born in 1943-44, two years after the 1941 mass
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vaccination, and yellow fever antibodies in their sera could not be due to vaccination.
Since the total number of children under two years of age who showed antibodies was two
out of 94 (z.1 per cent.), it seems improbable that any persistence of antibody transmitted
from the mother could significantly influence the results of the distribution of antibody in
children of three years and under.
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It may be seen that, of all children aged three years and under, z6.8 per cent. had
antibodies to yellow fever virus, and that the number of children with positive sera was
higher in those who lived in close proximity to forest. Furthermore, no children of three
years or under with antibody were found in the grassland area (group C, Table II). This
finding is similar to the observations of Mahaffy et al. (1942) in surveys made prior to the
mass -vaccination programme of 1941. The differences observed in the percentage of
children aged three years and under with antibodies from the group -areas (A E, Table II)
could occur by chance less than once in loo times. Furthermore, the higher rate -41.1 per
cent. -in children of three years and under living near forest strips (group B, Table II) is
significantly different (P= <o.oz) from that of children living near dense forest. This
suggests that living near forest strips is more likely to favour infection than living near
dense forest. This difference may be due to factors other than forest, for it may be seen
that areas 6 -10 (Table I), which comprise group B, consist of agricultural areas, where
there may be greater breeding of A. simpsoni, a proven vector of human yellow fever in
Bwamba. It was not possible, however, to show any correlation between certain information
(Haddow, 1950) on the density of A. simpsoni in areas 3 -9 (for which data were available)
and the percentage of children with antibodies. Furthermore, A. simpsoni is just as plentiful
in group -area D as in other areas. Proximity to forest seems to be the important factor in
the chance of infection with yellow fever virus.
It may be seen that, in all areas, the proportion of children with antibodies increases
with age. In group -area D (Table II) the rate is higher in children of one year than in
those of two years. This difference, however, is based on only one case in the one -year-old
group, and from what has already been said of the estimates of age this cannot be regarded
as significant. The rate of increase of antibodies with age is shown in the graph (page
323) for all areas and for children living near forested areas (groups A and B) and in the
grassland, foothills and mountain areas (groups C, D and E). Except for the single case in
area D in the one -year -old group, the trend looks regular in all areas. It is, however, at a
lower level in the areas at some distance from the forest, starts later, and does not reach the
same height in the five -years- and -over age -groups (see graph).
From the evidence presented it would appear that there is a great deal of yellow fever
activity among the Bwamba population, always provided that what are being measured by
the protection -test are specific yellow fever antibodies. The influence on neutralizationtests of a non -specific heat -labile factor has been noted by several workers (Morgan, 1945
Whitman, 1947 ; Leymaster and Ward, 1949 ; Dozois et al., 1949). While there is no
evidence of non -specific neutralizing antibodies among humans to yellow fever virus, it was
necessary to be quite certain that a non-specific heat -labile substance was not influencing
the results. Accordingly, 14 sera, of which 10 had been regarded as protective, were retested
after storage for nearly three years at 4° C., with results similar to those obtained with the
fresh sera. Another batch of 37 sera (of which 26 were protective) which had been stored
for three years at 4° C. were heated at 56° C. for half an hour and then tested. The results
were again similar to those found in 1946. It seems reasonable, therefore, to be fairly
confident that the test was not measuring non -specific heat -labile antibodies in these
children.
Perhaps the most surprising finding in this study is shown in a comparison of the
results of the tests made in 1946-47 with those made in 1937-40 (Hughes et al., 1941).
The results from five places in which tests were made during both periods are given in
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Table III. No other tests in children of o -4 years were made in the earlier survey in
Bwamba.
Even though the methods of testing the sera were not identical, it is unlikely that a
difference of 3r per cent. could be found entirely due to the technique of the test employed.
DISCUSSION

At the time of the 1937-40 surveys 8.9 per cent. of the total population of Bwamba
had yellow fever antibodies in their sera (Hughes et al., 1941). By 1941, prior to the
epidemic, 10.8 per cent. of the population had antibodies (Smithburn and Mahaffy, 1945)
The total population of Bwamba is estimated at 25,000, so that, in the presence of
approximately 22,500 susceptibles, none of the children of four years and under who were
tested had acquired infection. In 1941 the entire population of Bwamba was vaccinated.
Surveys made in 1943 and 1944 indicated that 90 per cent. or more of the population of
Bwamba were immune (Smithburn and Mahaffy, 1945), presumably as a result of vaccination. Since more than 90 per cent. of the population were immune in 1943 and 1944, the
total susceptible population must have been less than 2,500, not accounting for deaths and
TABLE
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births, which are presumably of about the same order as in other parts of Uganda, but
about which there is no exact information. In any event, there was a change of total
susceptibles from approximately 90 per cent. of the population in 1937-40 to 10 per cent.
of the population in 1943-44. Children of 0 -4 years in the presence of a large population
of susceptibles in 1937-40 showed no antibody, while 39.8 per cent. of children o -4 years,
born into a population in which less than to per cent. were susceptibles, had yellow fever
antibodies in 1946 -47. While it may be that, as in measles, for example, it is possible for
the majority of the adult population to be immune and yet to maintain the disease on a
large scale, it seems difficult to believe that the presumed reservoir and method of transmission of virus from monkey and man to man could produce such high levels of antibody
rates if these were the only reservoirs of virus and method of transmission.
If the 1937-40 results can be considered valid, then either there must have been a great
increase of wild virus activity from the forest after 1940, or antibodies had developed in
children from some cause other than by natural infection. The first possibility seems most
likely, from the high rates among children living in close proximity to forest and forest
strips. As far as the second alternative is concerned, there may be two explanations. The
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first is that the test employed is measuring something other than yellow fever antibodies.
All available evidence shows that, so far as human sera are concerned, the test is highly
specific and the results are not being influenced by a heat -labile non -specific factor.
The Only other possibility is that 17D vaccine virus has been transmitted among the human
population. The available evidence (Smith et al., 1938 ; Whitman, 1939) suggests that
this is unlikely, and, furthermore, if it had happened it might be expected that the rates in
all children in all the lowland areas would be about the same level, irrespective of residence
in proximity to forest. This was not, however, found to occur.
Another question arises to which no immediate answer can be given. While it has
recently been shown (Smithburn et al., 1949) that A. africanus is probably the most important forest vector of yellow fever in Uganda, can we be certain that the human infections
have always been initiated from the monkey- mosquito cycle ? Since yellow fever virus was
isolated from Aides spp. captured in uninhabited forest in 1944., and from A. simpsoni in
1942 in the presence of a population of whom over 90 per cent. were considered immune,
it was implied (Haddow et al., 1947) that the disease persisted among wild forest animals.
Since throughout the entire period from 1941 to 1947 the disease appears to have been
endemic among both humans and monkeys, and since the rate of immunization of monkeys
(Haddow et al., 1947) and of man appears to follow the same pattern, is it possible that some
source of virus other than man or monkey may be present as a reservoir of virus ?
SUMMARY

In 194.1 the entire population of Bwamba county, Uganda, was vaccinated against
yellow fever. Post-vaccination surveys carried out there two and three years after the mass
vaccination showed that over 90 per cent. of the population had yellow fever antibodies.
In order to discover what was happening to the human susceptible population living
in a highly immunized area, a survey was made of children born into the area since the
vaccination campaign of 1941.
Tests on these sera showed that 39.8 per cent. of children estimated to have been born
in 1942-45 had yellow fever antibodies as a result of natural infections ; 83.8 per cent. of
children aged five years and over had antibodies, presumably partly as a result of vaccination
and partly as a result of natural infections. Evidence is presented indicating that the
antibodies, which are measured by the neutralization-test, are not heat -labile non-specific
substances.
The chance of infection with yellow fever in Bwamba increases with residence in close
proximity to forest, and it would appear that virus is being introduced into the human
population from the forest. Other possible explanations for the high proportion of children
with antibodies are discussed.
The difficulty is stressed of understanding how virus activity is maintained among a
monkey population which is 61 per cent. immune and a human population which is over
90 per cent. immune without the intervention of some source of virus other than man or
monkey.
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It became clear from the preceding studies and from

other investigations referred to in the list of supporting

publications,

that monkeys played an important part in the

epidemiological cycle of yellow fever in Central Africa.
The next publication which covers five years of collaboration

with Dr. A.

J.

Haddow, collects together studies on the part

which monkeys play in the epidemiology of yellow fever in
Central Africa.

The typescript of this paper was prepared

by Haddow and the extent of the collaboration is indicated
in the text.
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The discovery by STOKES, BAUER and HUDSON (1928) that the Indian
rhesus monkey (Macaca mulatta Zimmermann) is susceptible to yellow fever
was rapidly followed by work on African monkeys. The earliest experiments,
carried out by BAUER and MAHAFFY (1930) were considerably handicapped by
the limitations of technique obtaining at that time, but these workers were
able to show that virus circulates in the blood of certain species and that
immunity to yellow fever subsequently develops. Refinements of technique
enabled THEILER and HUGHES (1935) to show that virus actually multiplies in
an African species without signs of illness. Later studies (HUGHES, 1943 ;
SMITHBURN and HADDOW, 1949) extended these earlier observations and it is
now known that many African species are susceptible to yellow fever, though
the clinical response and the maximum titres of circulating virus vary
considerably from species to species and from individual to individual. To
date, no African monkey has been found which is resistant to inoculation
though as a rule the disease is, from a clinical standpoint, mild.
Following the pioneer work of BAUER and MAHAFFY, and THEILER and
HUGHES, studies carried out by FINDLAY et al. (1936) and FINDLAY and
* The work herein reported was financed by means of grants made by the International Health Division of the Rockefeller Foundation, by the Secretary of State for the
Colonies under the Colonial Development and Welfare Acts, and by contributions from
the Governments of Uganda, Kenya, Tanganyika, Northern Rhodesia, Nyasaland and
Zanzibar.
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demonstrated the presence of circulating antibody to
yellow fever virus in wild African monkeys and apes of various species. Their
sample was well distributed throughout Tropical Africa, and immune specimens
were reported from French Guinea, Sierra Leone, the Gold Coast, Liberia,
the Belgian Congo, Uganda and the Anglo- Egyptian Sudan.
From that time work on these lines has been continued and extended to
many other parts of Africa, and it is now recognised that in Africa, as in South
America, monkeys play a major part in the epidemiology of yellow fever.
The purpose of the present paper is to discuss the results of the 1,069
valid protection tests which have so far been carried out on the blood of wild
monkeys collected in various parts of Uganda by the staff of the Yellow Fever
Research Institute (now the Virus Research Institute), Entebbe. In order that
subsequent parts of the paper may be followed, it is necessary, before
discussing the results, to give a short summary of the earlier stages of this
investigation.
In 1937 FINDLAY and MACCALLUM published the results of tests on 20
grivet monkeys (Cercopithecus aethiops centralis Neumann) from Uganda. Five
of these monkeys showed antibody to yellow fever.
Participation by this Institute began in March, 1938, when Dr. J. H.
PAUL, of the International Health Division of the Rockefeller Foundation,
obtained a sample of 47 grivet monkeys at Kiryandongo, in Bunyoro District.
Ten of these monkeys showed antibody to yellow fever. This finding was
of importance, as Africans from the same area also showed antibody to the
disease.
The next stage began in the period June to August, 1939, when Dr. H. R.
JACOBS, at that time a staff member of the International Health Division of
the Rockefeller Foundation, obtained five red -tail monkeys (Cercopithecus
ascanius schmidti Matschie) in Bwamba County, in the extreme west of the
Protectorate. One of these monkeys was found to be immune. This observation was of considerable interest, as it was known that Bwamba also was
a focus of the human -disease.
In April and May, 1941, a sample of 14 grivet monkeys (C. aethiops centralis)
was obtained on Kome Island, Lake Victoria, but all of these proved to be
non -immune. In December of the same year two red -tails and one grivet
collected at Entebbe were also found to be non-immune. In the same month,
however, eight further grivets were obtained at Kiryandongo in Bunyoro
District, and among these there were again immune specimens.
During 1942 intensive work was begun in Bwamba by the senior author,
and it was soon found that a high incidence of immunity is the rule among
the wild monkeys of that area. Work on Bwamba monkeys, to which almost
every member of the Institute Staff has contributed, continued on an intensive
level till the end of 1947, the sample representing the largest collection of
Primates so far made in any comparable area on the African continent.
MACCALLUM (1937)
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In 1943 a further important advance was made. In February of that year
a red -tail monkey, captured by a native trapper at Entebbe, was found to be
immune. In April another monkey of the same species, collected by another
trapper on the Mbiru Peninsula, some miles east of Entebbe, was also found
to be immune. Active collection was then initiated by Dr. T. P. HUGHES, of
the Rockefeller Foundation, and revealed a high incidence of immunity among
monkeys in the Entebbe area. This work was subsequently extended and
confirmed by Dr. K. GOODNER (also, at that time, a member of the Rockefeller
Foundation Staff), who collected large samples of monkeys in many areas.
around Entebbe. The importance of the discovery of antibody among monkeys.
at Entebbe can hardly be over-estimated, the crucial point being that the
incidence of immunity among the human population in the area is so low as
to be virtually negligible. This observation was the first to indicate that the
results of a protection test survey confined to human sera may give an
incomplete and very misleading picture of the local yellow fever situation.
This conclusion, now a commonplace of yellow fever field work in Africa, was
at that time new and unexpected.
During the period 1943 to 1945 various new areas were studied, though
not in detail, and immune monkeys were obtained from the Sese Islands,
Kome Island, Mityana and the Mabira Forest (Mengo District) and Tororo
(Busoga District). As it had now become apparent that immunity to yellow
fever occurred among the monkeys of many parts of Uganda, it was obvious
that much more intensive and widespread survey activities were indicated,
and work was begun by two of us (A. J. H. and G. W. A. D.) in 1945, to be joined
by W. H. R. L. in 1947. Other members (and former members) of the Institute
staff who have contributed much to the investigation, are acknowledged below.
The survey, at first confined to the main forests, has gradually been
extended to include woodland and bush areas. Most regrettably, we have as
yet no information about the monkeys of the driest areas of Uganda -Acholi,
Karamoja and Teso Districts -while Lango District is represented by a single
specimen only. Our sample thus covers only about half of Uganda, mainly
the southern and western areas. In spite of this deficiency, it seems worth
while to discuss the work at this stage as, for reasons which will be given below,
the main orientation of yellow fever field studies seems likely to change
considerably, to satisfy the increasing demand for information concerning the
epidemiology of the disease in dry country.
.

.

.

.

.

.

.

.

TECHNIQUE.

The methods of collecting wild monkeys and of recording data in the
field have been discussed in a previous communication ( HADDOW et al., 1947)
and need not be detailed here. In the same paper the laboratory techniques
involved in carrying out the protection tests are described.
It is necessary, however, to define clearly the term " immunity " as used

192

EPIDEMIOLOGY OF YELLOW FEVER

in the present paper. By " immunity " we mean the presence in the serum
of antibody neutralizing yellow fever virus. The presence or absence of such
antibody is determined by the intraperitoneal mouse protection test, as modified
by SMITHBURN (1945), made in mice either 35 to 42 days old or 12 to 14 days
old. Sera are considered protective (i.e., immune) if not more than one mouse
in a group dies. They are considered non- protective (or non -immune) if not
more than one mouse in a group survives. Other survival ratios are considered
as inconclusive. Only four sera in the present sample gave repeated inconclusive results and these have been omitted from the discussion.
NOMENCLATURE.

In previous communications from this Institute in which monkeys have
been mentioned, we have followed the nomenclature of G. M. ALLEN (1939)
even in cases where we did not agree.
With increasing experience of the taxonomy of this group, however, combined with the study of large accumulations of material and field notes, we feel
that we can no longer subscribe to certain parts of ALLEN'S nomenclature.
After due consideration, therefore, we feel ourselves obliged to follow other
systematists (notably J. A. ALLEN, 1925) in certain cases. These are as follow

:

(1) Cercopithecus ascanius schmidti Matschie.
This species we formerly assigned to C. nictitans mpangae Matschie and C. nictitans

The examination of topotypical material of the first -named form
from the Mpanga (Kibale) Forest has, however, failed to reveal any constant differences
from specimens collected in other parts of Uganda. We thus believe that all Uganda
specimens should be referred to the form schmidti.
With regard to the specific name, we find ourselves unable to support the view advanced
by Scisw az (1928), which is followed by G. M. ALLEN (loc. cit.), that the red -tailed whitenosed monkeys should be regarded as conspecific with the western C. nictitans. We
therefore prefer to return to the designation C. ascanius.
(2) Colobus abyssinicus ituricus Matschie.
This species we formerly referred to as Colobus polykomos uellensis Matschie. We
can no longer, however, endorse the view advanced by SCHWARz (1929), which is followed
by G. M. ALLEN (loc. cit.), that all the black -and-white Colobus should be placed in a single
species, C. polykomos. In our opinion the C. abyssinicus and C. angolensis groups at least
must be regarded as separate.
With regard to the name "ituricus," the position is somewhat dubious. The more
common designation is " uellensis," but we consider that J. A. ALLEN (loc. Cit.) has put
forward a clear case for "ituricus " and prefer to follow him in this instance. Should it
finally be established that the names are synonymous, we believe that the correct designation for this monkey would be Colobus abyssinicus ituricus Matschie (= uellensis Matschie).
(3) Colobus angolensis ruwenzorii Thomas.
This monkey we formerly referred to as C. polykomos ruwenzorii Thomas. The
reasons for the change have been discussed under the preceding species.
A complete list of the monkeys discussed in this paper is as follows :
Cercocebus albigena johnstoni (Lydekker) -Black or Johnston's mangabey.
Cercopithecus aethiops centralis Neumann -Grivet monkey.
C. l'hoesti l'hoesti P. L. Sclater- l'Hoest's monkey.
C. mitis doggetti Pocock-Silver monkey.
C. mitis stuhlmanni Matschie -Blue monkey.
C. mona denti Thomas -Dent's monkey.
schmidti Matschie.
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C. neglectus Schlegel-Brazza monkey.
C. ascanius schmidti Matschie -Red -tail monkey.
Erythrocebus patas pyrrhonotus Hemprich and Ehrenberg Patas monkey.
Papio doguera tessellatus ElliotAnubis baboon.
Colobus abyssinicus ituricus Matschie-Lowland colobus.
C. angolensis adolfi friederici Matschie -No common name.
C. angolensis ruwenzorii Thomas-Ruwenzori colobus.
C. badius ellioti Dollman-Congo red colobus.
C. badius tephrosceles Elliot -Uganda red colobus.
Pan troglodytes schweinfurthii Giglioli -Long- haired chimpanzee.

-

THE SAMPLE

:

GENERAL CONSIDERATIONS.

In a previous communication ( HADDOW et al., 1947) the first 150 monkeys
collected in Bwamba County were discussed. Analysis of the results revealed
no significant differences in the immunity rates a? between sexes or species,
nor was it possible to show differences between exclusively arboreal, mainly
arboreal or mainly terrestrial _groups of monkeys. In the case of age, however,
it was found that the incidence of immunity increases throughout life. It was
therefore quite essential that in any comparison of samples these should be
standardized with respect to age if very misleading results were to be avoided.
It will become apparent below that these earlier findings with regard to age
hold good in almost every case. Some further discussion of age is, therefore,
necessary at this stage.
Unfortunately, not everyone who has collected monkeys for the Institute
has recognized the paramount importance of making some estimate of the age
of his specimens. As a result a large proportion of our total sample is valuable
only as showing the presence of active yellow fever virus in certain areas. This
part of the sample cannot of course be used in comparisons between species
or areas, as it cannot be standardized.
With respect to the age -grades used in this paper, the following points
may be noted. In the earlier paper four grades were recognized, namely
:

juvenile.
Subadult.

Adult.

Incomplete or complete deciduous dentition ; 0 to 1.5 years.
Mixed deciduous and permanent dentition or incomplete unworn permanent dentition ; 1.5 to 3.0 years.
Complete unworn or slightly worn permanent dentition ; 3.0 to 10.0
years.

Worn permanent dentition

; 10.0 to 20.0 years.
As a larger sample has become available, it has been possible to subdivide

Old.

the first of these groups into
Infant.
juvenile.

:

0 -0.5 years

; incomplete deciduous dentition.
0.5 -1.5 years ; complete deciduous dentition.
This subdivision is important, as it is known that passive immunity is
present in the offspring of immune monkeys (HosKINS, 1934 ; SOPER et al.,
1938), and also that this immunity is transient, seldom persisting for more

than about 6 months. Such being the case, immunity in an infant monkey
is here interpreted as probably being due Lo transient passive immunity
D
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acquired from the mother, while immunity in a juvenile is considered as having
developed as the result of an infection with yellow fever virus. The immune
juvenile red -tail monkey reported by HADDOW et al. (Thc. cit.) now falls into
the infant age -grade.
The total sample of monkeys here considered includes 44 specimens from
the Ruwenzori Mountain Forest. Anticipating slightly, it may be mentioned
at this point that Ruwenzori (at levels over about 5,000 feet) is the only
adequately confirmed negative area found in Uganda to date. The 44 monkeys
from this area must therefore be considered quite separately from the others.
This is particularly desirable, as the sample is an ill- balanced one with respect
to age, containing an unusually large proportion of juveniles. This is due
to the fact that many of the monkeys were bought from the local hill- dwelling
tribe (the Bakonjo) and that almost all the specimens offered for sale were
juveniles. The Ruwenzori sample thus tends to weight the juvenile section
of the total sample rather heavily and has accordingly been omitted in working
out standardized age distributions.
The total sample consists of 1,069 monkeys. Deducting the Ruwenzori
sample, 1,025 remain. Unfortunately, data concerning age are not available
in the case of 448 of these. The age distribution in the remaining 577 is as
follows

:

Age -grade.

Infant

...

Juvenile ...

Subadult
...
Adult
...
Old
Totals

Number.

Per cent.
3.5

...
...
...
...
...

...
...
...
...
...

20
43
97
334
83

...

...

577

7.4
16.8

57.9
14.4
100.0

This sample of 577 monkeys is taken as the standard population with
respect to the frequencies of occurrence in the different age -grades. Where
the words " standard " or " standardized " are used hereafter in this paper,
the terms simply imply that the age -grades in the group under consideration
have been reduced to the relative frequencies obtaining in this standard
population.
With the object of testing the accuracy of our general estimate of the
duration of the age -grades, a simple computation was carried out as follows
ZUCKERMANN (1932) has pointed out that monkeys breed throughout the
year, young being born at all times, an observation amply confirmed by our
field work in Uganda. Accepting this point, let it be postulated that all monkeys
survive till the end of the adult age -grade. Then, ignoring the old age -grade,
the numbers of monkeys in the remaining grades should be proportional to the
:
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These figures

Expected

number of

Age -grade

Per cent.

monkeys.

Infant ...
Juvenile ...
Subadult
Adult
...

...
...
...
...

...
...
...
...

Totals

...

...

0.5

5.0

1.0
1.5

10.0
15.0

7.0

70.0

10.0

100.0

Let these hypothetical figures now be compared with the known distribution in the present sample, which is as follows :
Number of
Age -grade.

Infant ...
Juvenile ...
Subadult
Adult
...

monkeys.

Per cent.

...
...
...
...

...
...
...
...

334

4.1
8.7
19.6
67.5

Totals ...

...

494

99.9

20
43
97

It will be seen that the fit between the hypothetical and observed figures
is exceedingly close (Fig. I). While this result cannot be taken as demonstrating
that the present estimates of the relative duration of the various age -grades
are correct, it can be said that the result does not in any way disagree with
the postulated relative duration of the grades.
The original assumption that all monkeys do survive till the end of the
adult age-grade may, at first sight, seem an unreasonable one. The term
" all " is of course necessary only for the purpose of computing the theoretical
distribution of the population at the different grades. The writers believe,
however, that in the Uganda forests the great majority of monkeys do actually
survive to reach the adult age -grade. In the first place it must be stressed
that we believe monkeys to attain adult status relatively early in life, at the age
of about 3 years (except in the case of the baboons and the apes). Taking
human expectation of life at birth as 60 years (and this is a high estimate, the
figure for England and Wales, 1930-32, being 58.74), then it might be said
that monkeys enter adult life at a stage of existence corresponding roughly
to the human age 9. Before this age, the great incidence of human mortality
is in the first few months of life, after which it remains exceedingly low till
.
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well after the age of 9 has been passed. Further, the great causes of death
in man at early ages are the crowd diseases with droplet spread and those,
such as the enteric group, which follow inefficient sanitation. Again, in the
case of most mammalian groups, epizootic diseases with high mortality are
known to occur. Of many examples which might be cited it is perhaps enough
to mention distemper in carnivores and rinderpest in herbivores. It is
interesting that no such disease is as yet known in the case of African primates,
e

a0

0.25

1.0

AGE -GRADE

Ftc.

6.5

2.25
MIDPOINTS

IN

YEARS

I.- Broken line- Percentages

of monkeys expected in different age -grades, excluding
the old grade, calculated on theoretical grounds. (See text.)
Unbroken line-Percentages of monkeys actually observed in the same age -grades in the
present sample.

though in South America epizootic yellow fever might be considered as

a

possibility.
In addition to this it may be stated that there must be exceedingly few
groups of wild animals with so few effective predatory enemies as the African
monkeys. Leopards and pythons may take a toll of the mainly terrestrial
species such as the baboons, the apes and to a less extent some monkeys such
as the grivet. In the case of the arboreal species, however, the only really
dangerous enemy appears to be the crowned hawk -eagle or monkey- eating
eagle-Stephanoaetus coronatus (Linnaeus)-and, this bird being both scarce
and limited in distribution, it does not seem likely that it can take a very
heavy toll.
Apart from these considerations it must be remembered that breeding is
slow. From the examination of shot specimens we conclude that females do
.
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not begin to breed till full adult life has been attained -say at the age of 3
years -and it is to be remembered that the period of gestation is, for mammals
of this size, very long indeed, being approximately 7 months. The fact that
in spite of this, monkeys are a flourishing and successful group seems to point
to a very high survival rate at the younger age -grades.
Before discussing the various attributes of the sample in detail, some general
figures may be given, as follow
In all, 1,069 monkey sera from 41 Uganda localities have been tested
successfully. Of these 448 have shown neutralizing antibody to yellow fever
virus, giving an overall immunity rate of 41.9 per cent. If the Ruwenzori
sample be discarded, 1,025 monkeys remain and, 448 being immune, the general
immunity rate is 43.7 per cent. In the sample of known age (577 monkeys)
274 were immune, giving a general immunity rate of 47.5 per cent. Among
the 448 monkeys of unknown age 174 were immune, the immunity rate being
38.9 per cent.
From these figures it is immediately apparent that yellow fever is exceedingly prevalent among Uganda monkeys, the general immunity rate being over
40 per cent. While the results of surveys of immunity among the human
population do not fall within the scope of this paper, it may be mentioned
that rates of this order are quite exceptional in Uganda where humans are
concerned. Such high rates have, in fact, been found only in parts of Bwamba
County (MAHAFFY et al., 1946 ; DICK, 1950).
The Ruwenzori Sample (Area No. 41).

As mentioned above, this sample must be considered separately from the
rest of Uganda, being completely negative. The sample of 44 monkeys, including Cercopithecus l'hoesti l'hoesti, C. mitis stuhlmanni, G. ascanius schmidti,
P. doguera tessellatus, C. abyssinicus ituricus, C. angolensis ruwenzorii and
P. troglodytes schweinfurthii, has been collected by two of us (A. J. H. and
G. W. A. D.) in the Ruwenzori Crown Forest, the lower borders of which lie
at about 5,000 to 6,000 feet.
The results are as follows :
I

J

S

A

O

Total

0/3

0/19

0/6

0/10

0/6

0/44

(In this and all succeeding tables : ? = monkeys of unknown age ; I = infant ;
J = juvenile ; S = subadult ; A = adult ; O = old. The fractions are immunity
ratios, the denominator showing the number of monkeys examined and the numerator
the number immune.)
The absence of immunity to yellow fever in this large sample of monkeys
is not unexpected as the picture in the human population of the area is
virtually identical ( MAHAFFY et al., 1946 ; DICK, 1950). It also agrees
with the observation that the known mosquito vector species for monkeys and
man in Uganda (Aedes (Stegomyia) africanus Theobald and A. (S.) simpsoni
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Theobald, respectively) have not been found on Ruwenzori above a height
of approximately 5,000 feet (HADDow, 1948 ; HADDOW and VAN SOMEREN,
Unfortunately, we do not yet know what the position may be on the
other main mountains of Uganda.
In considering the Ruwenzori sample it is necessary to note that in the
lowlands immediately to the west of the mountain (Bwamba) both monkeys
and man show a high incidence of immunity to yellow fever. In the country
of moderate altitude lying immediately to the east (Toro Highlands) the
monkeys in general show a high incidence of immunity, though this does not
apply in the case of the human population, except where mass- vaccination
has been carried out.
1950).

IMMUNITY AMONG UGANDA MONKEYS WITH RESPECT TO LOCALITY.

As it is impossible to devote space to a description of Uganda as a whole,
reference should be made to THOMAS and SCOTT (1935) and FITZGERALD (1948).
Further, the number of localities concerned being large (40), it is not possible
to describe each separately. They are here classified by vegetation types,
following the work Of EGGELING and DALE (1947) and EGGELING (1947). It
is further to be emphasized that the classification given below deals essentially
with the localities in which monkeys have been collected rather than with the
areas as a whole.
In the main table the districts are listed alphabetically, and the various
localities alphabetically under districts. The Lake Islands, which belong
politically to Masaka and Mengo Districts, are here treated as a group by
themselves. The localities are numbered, to allow the use of compact numerals
rather than names on the map (Fig. II).
The classification of areas by vegetation types (numbers as in table and
map) is as follows :
I.

CLOSED FORESTS.

Lowland rain forest.
(1) Kalinzu ; (2) Budongo ; (3) Bugoma ; (17) Jubiya ; (20) Bujuko ; (23)
Mabira ; (32) Bwamba (i.e., the Semliki Forest) ; (33) Itwara ; (35) Kibale ; (37)
Muhangi.
In addition to these major rain forests many of the areas concerned, while mainly
grassland or cultivated country, include strips or patches of lowland rain forest. The
following localities fall within this category :
(5) Masindi ; (7) Jinja ; (10 to 15) the Lake Islands ; (18) Kalungu ; (21)
Entebbe ; (22) Kampala ; (24) Mbiru ; (25) Mityana ; (26) Mpigi ; (27) Mukono ;
(29) Nakauka ; (30) Mubende ; (36) Kyenjojo.
B. Upland rain forest.
(9) Kayonza.
(Most of the Ruwenzori Forest is of a type transitional between lowland and upland
rain forest.)
C. Ground water forest.
Subtype a, riverine forest.
(38) Koboko ; (40) Rumogi.
Subtype b, swamp forest.
A.
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(19) Sango Bay Forests.

(It should be noted that almost every locality listed above under lowland rain forest

has patches of swamp forest.)
II.

WOODLAND AND THICKET.

A.

Deciduous woodland.
(39) Metu.
B. Wooded grassland.
Subtype a, scattered tree grassland.
(4) Kiryandongo ;
(6) Busia ; (8) Tororo ; (16) Lira ; (28) Nakasongola ;
(31) Bugoye ; (34) Katwe.
(It should be noted that almost all of these have areas of denser woodland of varying

types.)

C.

Bamboo.

Subtype b, upland bamboo.

The higher levels of the Ruwenzori Forest.
As, unfortunately, space does not permit the tabulation of each separate species by
age under the various localities, in this section the results are discussed without regard to
species. As, however, information on monkey distribution is scanty and badly needed,
a summary is here given of the species collected in each area. Further, as the work
here reported includes samples collected by Institute staff other than the authors, the
collectors' names are given, these being arranged according to the number of monkeys
they have contributed to the particular sample concerned.
1. Kalinzu Forest. (A. J. H., G. W. A. D. and W. H. R. L.) C. aethiops centralis, C.
2.

3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

20.

21.
22.
23.
24.

25.
26.

ascanius schmidti, C. abyssinicus ituricus.
Budongo Forest. (A. J. H. and G. W. A. D.) C. mitis stuhlmanni, C. ascanius schmidti,
C. abyssinicus ituricus.
Bugonza Forest. (A. J. H. and G. W. A. D.) C. albigena johnstoni, C. aethiops centralis,
C. ascanius schmidti, C. abyssinicus ituricus.
Kiryandongo Area. (J. H. PAUL and A. F. MAHAFFY.) C. aethiops centralis.
Masindi Area. (Monkeys presented.) C. aethiops centralis.
Busia Area. (W. H. R. L., A. J. H. and K. GOODNER.) C. aethiops centralis.
.7inja Area. (A. J. H. and W. H. R. L.) C. aethiops centralis.
Tororo Area. (K. GOODNER.) C. aethiops centralis.
Kayonza Forest. (A. J. H.) C. l'hoesti l'hoesti, C. abyssinicus ituricus.
Bugala Island. (R. W. Ross.) C. aethiops centralis.
Bukasa Island. (Native trappers.) C. aethiops centralis.
Busi Island. (J. D. GILLETT and A. J. H.) C. aethiops centralis.
Buvuma Island. (J. D. GILLETT.) C. aethiops centralis.
Kome Island. (Native trappers, A. J. H. and R. W. Ross.) C. aethiops centralis.
Sese Islands, otherwise unspecified. (Native trappers.) C. aethiops centralis.
Lira Area. (Monkey presented.) E. patas pyrrhonotus.
Yubiya Forest. (A. J. H.) C. aethiops centralis, C. ascanius schmidti.
Kalungu Area. (A. J. H.) C. aethiops centralis.
Sango Bay Forests. (A. J. H. and G. W. A. D.) C. albigena johnstoni, C. mitis
doggetti, C. ascanius schmidti, C. angolensis adolfi-friederici.
Bujuko Forest. (A. J. H., G. W. A. D., W. H. R. L. and K. GOODNER.) C. albigena
johnstoni, C. ascanius schmidti.
Entebbe Area. (K. GOODNER, T. P. HUGHES, R. W. Ross, G. W. A. D., A. J. H. and
K. C. S.) C. aethiops centralis, C. ascanius schmidti.
Kampala Area. (W. H. R. L.) C. ascanius schmidti.
Mabira Forest. (K. GOODNER and A. J. H.) C. albigena johnstoni, C. ascanius schmidti.
Mbiru Area. (K. GOODNER and T. P. HUGHES.) C. aethiops centralis, C. ascanius
schmidti.
Mityana Area. (K. GOODNER and W. H. R. L.) C. aethiops centralis, C. ascanius
schmidti.
Mpigi Area. (A. J. H. and W. H. R. L.) C. ascanius schmidti.
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Mukono Area. (A. J. H.) C. albigena johnstoni, C. ascanius schmidti.
Nakasongola Area. (K. GoonrrER.) C. aethiops centralis.
Nakauka Area. (K. GOODNER and A. J. H.) C. aethiops centralis, C. ascanius sclzrzzidti.
Mubende Area. (A. J. H.) C. aethiops centralis, C. abyssinicus ituricus.
Bugoye Area. (G. W. A. D.) C. aetlziops centralis.
Bwamba Lowlands. (A. J. H., G. W. A. D., A. F. MAHAFFY, H. R. JACOBS, J. D.
GILLETT, K. C. S. and W. H. R. L.) C. albigena johnstoni, C. aethiops centTalis,
C. mitis stuhlmanni, C. mona denti, C. neglectus, C. ascanius schmidti, P. doguera
tessellatzzs, C. abyssinicus ituricus, C. badius ellioti, P. troglodytes sclzweinfurthii.
Itwara Forest. (A. J. H. and G. W. A. D.) C. mitis stuhlmanni, C. ascanius schmidti,
C. abyssinicus ituricus.
Katwe Area. (Monkey presented.) P. doguera tessellatus.

27.
28.
29.
30.
31.
32.

33.
34.

7

ALL MONKEYS NON - IMMUNE, BUT SAMPLE INADEQUATE.

O

ALL MONKEYS NON-IMMUNE.

IMMUNE MONKEYS PRESENT.

STIPPLED AREAS

-

SWAMP AND,--

SWAMPY RIVERS.
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FIG. II.
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distribution of immunity to yellow fever among monkeys in Uganda as at present
known.

A.

J.

HADDOW,

G.

W.

A.

DICK, W. H. R.

LUMSDEN AND

K.

C.

SMITHBURN

201

35.

Kibale Forest. (A. J. H. and G. W. A. D.) C. albigena johnstoni, C. aethiops centralis,
C. mitis stuhlmanni, C. ascanius schmidti, C. abyssinicus ituricus, C. badius tephro-

36.
37.

Kyenjojo Area. (G. W. A. D.) C. abyssinicus ituricus.
Muhangi Forest. (A. J. H.) C. abyssinicus ituricus.
Koboko Area. (A. P. BUXTON and W. H. R. L.) C. aethiops centralis, P. doguera
tessellatus, C. abyssinicus ituricus.
Metu Area. (A. P. BUXTON and W. H. R. L.) C. aethiops centralis, P. doguera tessellatus.
Rumogi Area. (A. P. BUXTON and W. H. R. L.) C. aethiops centralis, P. doguera
tessellatus, C. abyssinicus ituricus.

seeles.

38.E

39.
40.

The results of the survey, graded by age, are given in Table I, and are shown
graphically in Fig. II.
It is at once apparent that yellow fever is widely distributed and very prevalent
among Uganda monkeys. In considering the results we suggest that, as a
simple standard, an adequate sample for an area may be taken as including
10 or more monkeys of the adult and old age -grades. The table shows that
in every area in which the sample has fulfilled these conditions immune
monkeys have been found. The crude percentages show that the incidence
of immunity varies greatly from place to place, but that it is in general very
high. The only adequately sampled localities showing rates of 20 per cent.
or under are Bugoma Forest, Kome Island, Sese Islands, the Sango Bay
Forests and Itwara Forest. The areas showing high rates (50 per cent. or
over) are Budongo Forest and Bwamba Lowlands in the west, and a group
of areas in the southern part of Mengo District and the north- eastern part
of Masaka District (mainly along the shores of Lake Victoria), these being
Jubiya Forest and the Mbiru, Mityana and Nakauka areas.
While these figures are suggestive, they cannot be regarded as critical,
as the samples have not been standardized with respect to age. Standardization
necessitates discarding all monkeys of unknown age, and thus, regrettably,
eliminates Mbiru, which shows the highest crude percentage of immune
monkeys. The computation has been confined to localities with 10 or more
monkeys of known age, the results being shown in Table II.
The standardized percentages show Bwamba Lowlands as the area with
the highest rates in western Uganda. Budongo Forest, though still high, now
falls well below 50 per cent. Only two of the Masaka and Mengo areas remain
in the table, but both of these show very high figures.
In an attempt to make a more generalized estimate of the incidence of
immunity in the parts of Uganda which have been sampled, the areas were
next grouped by districts, the computation again being confined to districts
with 10 or more monkeys of known age. The results are shown in Table III.
The results of this grouping reduce the percentages generally, but it is to be
noted that Mengo and Toro still show immunity rates of over 50 per cent.
Broadly speaking, it appears that the incidence of yellow fever in monkeys
seems to be highest in the following areas :
(a) Southern Mengo and eastern Masaka, particularly along the shores of Lake

Victoria.
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TABLE I.

Immunity rates in Uganda monkeys, by age and locality (excluding Ruwenzori).
Per

District.

?

I.

J.

A.

S.

Total.

O.

cent.
immune.

Ankole ...
Bunyoro

Busoga ...

Kigezi ...
Lake Is.

Kalinzu Forest ...
Budongo Forest...
3 Bugoma Forest ...
4 Kiryandongo Area
5 Masindi Area
1

2

Busia Area
7 Jinja Area
8 Tororo Area
...
9 Kayonza Forest ...
10 Bugala Island
11 Bukasa Island
12 Busi Island
...
6

13
14
15

Lango .. 16
Masaka ... 17
18
19

Mengo ...

20
21

22
23

24
25
26

Mubende
Toro ...

West Nile

Totals

27
28
29
30
31

32
33
34
35
36
37
38
39
40

Buvuma Island ...
Kome Island
...
Sese Islands
(General)
Lira Area
Jubiya Forest ...
Kalungu Area ...
Sango Bay Forests
Bujuko Forest ...
Entebbe Area ...
Kampala Area ,..
Mabira Forest ...
Mbiru Area
...
Mityana Area ...
Mpigi Area
...
Mukono Area ...
Nakasongola Area
Nakauka Area ...
Mubende Area ...
...
Bugoye Area
Bwamba Lowlands
Itwara Forest ...
Katwe Area
...
Kibale Forest ...
Kyenjojo Area ...
Muhangi Forest...
Koboko Area ...
Metu Area
Rumogi Area ...
:..

Per cent. immune ...

13/55

0/1

-

2/2
2/3

4/6
33/69
8/86
8/66

2/2
24/49
1/2
58/73
3/7

0/1
15/22

-

1/1
0/1
0/2

0/2
0/3
0/5

5/13
6/12
2/10

0/1
0/1

-

1/1
1/3
2/3

-

0/1

1/5

0/2

1/2
3/4
1/7

--

7/9
2/3

-

-

--

0/1

0/1
0/1
0/2

2/5
-

0/1
4¡7
1/1
2/18
8/17
4/13
0/1
1/1

0/5
1/1

-

3/3
3/3
3/3

-

-

5/16
0/1

5/5
0/1

0/2

0/22
0/2
0/1
0/3

7/51
0/1

!

1/1

0/2
2/5
1/1

14/24
3/3

5/9

01
0/3

- -

174/
448
38.9

0/1

6/18
0/1

2/3

5/20

0/1
1/43

17/97 184/334 67/83

25.0

2.3

17-5

55.1

80.7

7/17
13/26
4/20
13/55
1/2
3/6
2/3
2/3
1/6
4/6
33/69
2/3
3/5
9/95

41.2
50.0
20.0
23.6

8/68
0/1
7/13
1/1
2/21
12/30
30/66
0/1
2/3
58/73
6/10

11.8

47.8

9.5

538

9.5

40.0
45.5

79.4
60.0

4/4

1/1

5/6
3/3
2/2
1/1
0/2
99/137 42,'46
1/10

- -

2/11

1/1

-

0/2

-

1/5

1/1

1

3/3
0/1
28/36
3/4
0/2
154/277
1/14
0/1
21/49
3/3
0/1
6/21
0/2
2/4

448/1,025,
43.7

-

77.8

55.6
7.1

428
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Certain of the large forests along the eastern scarp of the Western Rift Valley,
namely, Budongo, Kibale and Kalinzu.
(c) The floor of the Western Rift Valley, namely, Bwamba Lowlands.
It is to be admitted that even the standardized figures do not give a com(b)

pletely critical comparison between one area and another. To obtain this it
would be necessary to standardize each area with reference to the relative
TABLE

II.

Immunity rates in Uganda monkeys by locality. Standardized rates for
areas with 10 or more monkeys of known age.

Area Number.

Area.

Standard immunity
ratio.

Standard per cent.
immune.

21
29
32
33

Kalinzu Forest
Budongo Forest
Bugoma Forest
Jubiya Forest
Sango Bay Forests
Bujuko Forest
Entebbe Arta
Nakauka Area
Bwamba Lowlands
Itwara Forest

35
38

Koboko Area

7.5/ 17.1
10.4/ 25.9
4.2/ 20.1
7.1/ 13.1
1.4/ 21.0
9.6/ 28.0
8.3/ 17.1
11.1/ 14.0
158.9/272.1
0.8/ 14.0
22.0/ 49.0
4.1/ 21.0

43.8
40.1
20.9
54.2
6.7
34.3
48.5
79.3
58.4
5.7
44.9
19.5

1

2
3
17
19

20

TABLE

KibaleForest

III. Immunity rates in Uganda monkeys by districts. Standardized rates
for districts with 10 or more monkeys of known age.

District.

Standard immunity ratio.

Standard per cent. immune.

Ankole
Bunyoro ...
Lake Islands
Masaka
Mengo
Toro
...
West Nile ...

7.5/ 17.1
16.1/ 48.1
6.9/ 19.0
9.6/ 35.0
37.2/ 71.0
185.1/342.1
5.7/ 26.9

43.3
33.4
36.3
27-4
52.4
54.1
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prevalence of the various species within the sample. Unfortunately, even the
present sample is not nearly large enough for this process to be carried out
effectively. Thus, for the time being at least, these comparisons between area
and area must be regarded as suggestive rather than conclusive or final.
While generalizations of this nature, covering large areas, are useful, they
may sometimes be extremely misleading, and it is necessary to emphasize
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strongly that two adjacent areas may differ widely with respect to yellow fever
incidence though apparently very similar in climate, fauna and flora. Some
examples of this state of affairs may be of value.
Perhaps the best instance is that of the Kibale and Itwara Forests. These
large forests (of the lowland rain forest type) lie in the high grasslands of Toro
District. They are very similar in type and structure and are separated by
less than 10 miles of open country. Both have a large and varied monkey fauna.
Yet the standard immunity rate for Kibale Forest is 44.9 per cent., while that
for Itwara is only 5.7 per cent. Actually, only a single immune monkey has
been obtained in Itwara Forest. It happens that in the case of these two
forests the sample of C. abyssinicus ituricus is large enough for separate consideration, the figures being as follows :
Kibale
Itwara

...
...

I

J

S

A

O

Total

-

0/2
0/2

1/3

-

7/11

1/1

-

9/18

0/1

0/8

0 /10

Thus no immunity was found among the Colobus monkeys of the Itwara
Forest while in the case of Kibale Forest the crude immunity rate was 50 per
cent. (the standardized rate is even higher, being 57.6 per cent.). It is admitted
that the sample of adult Colobus monkeys from the Itwara Forest falls below
our usual critical level of 10, but even had another two been obtained and had
both of these been positive, the immunity rate would have been only 20 per
cent., whereas in the Kibale sample the rate in adult Colobus is 63.6 per cent.,
or 66.7 per cent. if the adult and old samples are combined. Thus, even when
the sample is confined to a single species these two forests show a striking
difference.
A second example is that of the Budongo and Bugoma Forests. These
are very large forests in Bunyoro District, lying at about the same altitude on
the scarp of the Western Rift Valley, a little to the east of Lake Albert. They
are separated by less than 25 miles of rather open bush country. The monkey
fauna differs, but is varied in both cases, and in both cases the monkey population is considerable. In both forests the climax tree is ironwood (Cynometra
alexandri) but while Bugoma has been colonized by this species to a large
extent Budongo still contains considerable areas of mixed forest (EGGELING and
DALE, 1947 ; EGGELING, 1947). Both contain valuable timbers, such as the
mahoganies (Entandrophragma and Khaya spp.). The standardized immunity
rate for Budongo is 40.1 per cent., while that for Bugoma is only about half
of this, being 20.9 per cent.
What has been said concerning these large forests may also apply within
the limits of quite a small tract of country, for example, that around Entebbe.
The Entebbe area, as here considered, covers a maximum length of about 10
miles by a maximum width of about 5 miles. The land is surrounded by Lake
Victoria on three sides, and is, in addition, much cut into by extensive reed
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and papyrus swamps. Grassland covers much of the area, but there are
numerous small relict patches of lowland rain forest. Almost all of these have
been sampled, the results being :
1 /3
...
Kisubi ...
...
1/5
Buku ...
European residential area
Kabale ...
Kasenyi

...

Katabi ...

3/11
1/1

2/6
1/3

Kitubulu
Lunyo ...
Musole ...
Zika
...

...

...
...
...
...

8/12
8/11
0/7
5/7

These figures show how widespread is monkey yellow fever in this area,
even small samples revealing immunes in every forest patch, with the single
exception of Musole, which is apparently free from monkey yellow fever. Here
again the reason is not understood.
Another aspect of the problem concerns changes in the immunity rate
in a single locality with the passage of time. Bwamba Lowlands is the only area
for which we have a large sample collected over a long period. If the
standardized immunity rates per year be worked out, on a sliding 6- monthly
basis, the following results are obtained :
July,
Jan.,
July,
Jan.
July,

1942, to June, 1943
1943,
Dec., 1943
1943,
June, 1944
1944,
Dec., 1944
1944,
June, 1945

74.5
73.1

64.8
48.7
46.8

Jan.,
July,
Jan.,
July,
Jan.,

1945, to Dec., 1945
1945,
June, 1946
1946,
Dec., 1946
1946,
June, 1947
1947,
Dec., 1947

43.2
52.3
58-6

52.8
56 -1

Here there is an initial high rate in 1942 and 1943 followed by a fall
to 1945, and finally a moderate rise in 1946
The fluctuations, however, cannot be called dramatic, and it seems almost certain that
sampling error may be to a great extent responsible.
The position in the Lake Islands has been entirely different. Here two
islands may be considered. The first of these is Bukasa in the Sese Group.
Two samples of monkeys have been received from this island, as follows : In
April, 1943, 33 monkeys were collected. Only one of these proved to be
immune, giving an immunity rate of 3.0 per cent. In December of the same
year a further sample of 36 monkeys was received. Of these 32 (or 88.9 per
cent.) were immune. Here there was clear evidence of epizootic yellow fever
among the monkeys of the island. This being the only evidence we have
that epizootic yellow fever may occur in East Africa, it is particularly regrettable
that there are no data concerning the ages of the monkeys, as it would have
been most interesting to know whether or not different age - grades were equally
affected. It is known, however, that both samples were made up mainly of
full-grown monkeys, i.e., of the adult and old age -grades, with only a few
subadults. It is interesting to note that no corresponding epidemic occurred
among the human population of Bukasa (MAHAFFY et al., 1946). In April,
1943, a sample of 110 Africans from the island showed an immunity rate of
11-8 per cent. In 1944 another sample was taken, comprising 66 Africans.
The immunity rate was 10.6 per cent. Thus, obviously, an epizootic of yellow
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fever may occur among monkeys in a small area without affecting the human
population. One of us (A. J. H.) during a visit to Bukasa in 1949 concluded
that the escape of the human population might be indirectly due to the
occurrence locally of sleeping sickness. This has resulted in a segregation of
the people and their crops away from the edges of the main forest areas. Consequently, contact between the human and monkey populations is slight and
infrequent.
With regard to the other island, Kome, the position is equally interesting
though less striking. The samples from Kome have been as follows :
April, 1940
May, 1941
March, 1943

0/13

April, 1944
May, 1944
March, 1949

6'23

0/1
0 /39
1/8
2/11

0/53 -0 per cent.

9/42-21.4 per cent.

Thus no immune monkeys were found in the large sample obtained during
and before March, 1943, whereas every sample since then has included immune
specimens. The comparison with Bukasa is most interesting, as apparently
the change in immunity rate occurred on both islands at about the same time,
as is shown by the following figures :
Immunity
Island.

rate (per cent.).

Date.

Bukasa
Kome ...

...
...

April, 1943

...

March, 1943

...

...
...

3.0
0.0

Bukasa
Kome

...
...

December, 1943
April, 1944
...

...
...

88.9
26.1

These figures show that grouped results covering a long period must
interpreted with caution, or valuable information may be concealed.

be

IMMUNITY RATES IN UGANDA MONKEYS WITH REFERENCE TO SPECIES.

In the previous paper on this subject (HADDOW et al., 1947), the results
showed no clear -cut differences between the standardized immunity rates for
different species of monkey. It has been necessary to repeat these computations, as the much larger sample now available no longer supports this finding.
The basic data are shown in Table IV.
The crude percentages show rates varying from just under 30 per cent.
to a little over 60 per cent. immune, the highest figure being that for the redtail monkey (C. ascanius schmidti). When, however, the sample is confined to
monkeys of known age it is apparent that the very high figure for this species
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TABLE

Species.

C.
C.
C.
C.

?

----

albigenajohnstoni

99/352
aethiops centralis
l'hoesti l'hoesti ...
mitis doggetti ...
C. mitis stuhinanni
...
C. mona denti
...
C. neglectus
75/96
C. ascanius schmidti
E. patas pyrrhonotus
P. doguera tessellatus
C. abyssinicus ituricus
C. angolensis adolfifriederici
...
C. badius ellioti ...
C. badius tephrosceles
P. troglodytes
schweinfurthii

Immunity rates in Uganda monkeys, by species and age.

I.

J.

0/2
0/1

0/1
0/6

0/1

0/1
0/1

2/6

0/9

0/1
2/7

1/21

---

S.

A.

1/12 14/26
0/9 1.6/45
0/1
0/2
1/8
1/5 11/20
0/2
3/5

O.

Total.

22/50
117/415
0/3
1/9
7/7
19/34
3/7
2/2
2/2
12/29 58/95 15/23 162/258
0/1
0/1
0/6
3/6
6/20
3/3
3/28 77/120 27/31 110/207
7/9
2/2

-- -- - - - -

0/4

-- -- -- -- - - - 0/3

0/1

0/5

1/3

0/1

0/4

1/1

1/1

3/4

4/13
1/1
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is due mainly to the large

near Entebbe.
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Per
Total of
Per
cent.
known
cent.
immune. age.
immune.
44.0
28.2

---

55.8

62.8
30.0
53.1

-3.8
-

22/50
18/63
0/3
1/9
19/34
3/7
2/2
87/162
0/1
6/20
110/207

0/4
1/1

4/13

44.0
28.6

55.8

-

53.7
30.0
53.1

-

30.8

1/1

number of specimens of unknown age, mainly collected

In the samples of known age the red -tail shows the reduced

figure of 53.7 per cent. immune. These figures are not, however, critical, as
the age distribution varies greatly from sample to sample. When the various
species are standardized with regard to age distribution, and consideration is
further confined to species of which we have obtained 10 or more specimens
of known age, the results shown in Table V are obtained.
The figures show that in the case of C. ascanius schmidti, C. abyssinicus
ituricus and C. mitis stuhlmanni the rates are virtually identical, the range of
TABLE V.

Immunity rates in Uganda monkeys. Standardized rates for species with
10 or more specimens of known age.

Standard immunity ratio.

Standard per cent. immune.

ascanius schmidti ...
abyssinicus ituricus
mitis stuhlmanni ...

85.6/161.9
109.4/207.0
1.6.8/ 34.0

albigenajohnstoni...
P. doguera tessellatus

2F9/ 50.1

52.9
52.8
49.4
43.7
43.3
35.0
29.8

Species.
C.
C.
C.
C.

C. aethiops centralis ...
C. badins tephrosceles

8.7/ 20.1
22.1/ 63.1
3.9/ 13.1

.
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variation being only 3.5 per cent. C. albigena johnstoni and P. doguera tessellatus are also virtually identical though somewhat lower. The whole range
for these five species is, however, small, being less than 10 per cent. Having
regard to the long period over which monkeys have been collected and the
numerous varying localities involved, these figures must be regarded as very
closely grouped and it must be concluded that there is no marked difference
between the rates for these five species. The grivet monkey, C. aethiops
centralis, shows a definitely lower rate, 35.0 per cent., as does the Uganda red
colobus, C. badius tephrosceles, with 29.8 per cent. immune. In the case of the
latter, however, little can be said, as the sample is much smaller than the others
and further it was collected in a single locality (Kibale Forest). The conclusion at this stage is, therefore, that the grey monkey may show an immunity
rate definitely lower than do the others.
As standardized figures, percentages, etc., are not susceptible to the
common statistical tests for significance, it is necessary at this point to return
to the crude figures. Here, however, a difficulty arises, as the age composition
of the samples varies from species to species. This difficulty may be overcome
if the sample is limited to a single age -grade, the adult grade obviously being
the most suitable, and also the best represented. If, further, the computation
is confined to species with 10 or more adults, five remain, the results being as
shown in Table' VI.
TABLE

VI.

Immunity rates in adult Uganda monkeys (confined to species
with a total of 10 or more adults).

Immunity ratio.

Per cent. immune.

...
...
...

77/120
58/95
11/20

..

14/26
16/45

64.1
61.0
55.0
53.8
35.6

Species.

C. abyssinicus ituricus
C.
C.
C.
C.

ascanius schmidti
mitis stuhlmanni
albigena johnstoni
aethiops centralis

...

Here, though the order of the first four species is changed slightly, the
rates still fall into a rather compact group with a difference range of just over
10 per cent. Once again, however, the grivet monkey appears to show a rate
distinctly lower than the others.
If the figures for these five species are examined together by means of the
x2 test for goodness of fit, it is found that x2 = 14.24. The number of degrees
of freedom being 4, P is found to be less than 01. This implies that there
is less than one chance in a hundred that differences of the order observed
would be likely to arise by pure chance. According to the standards of SIMPSON
and ROE (1939), such differences may almost always be regarded as significant.
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The next stage is to submit the four species with rather similar rates
(C. abyssinicus ituricus, C. ascanius schmidti, C. mitis stuhlmanni and C. albigena

johnstoni) to the same procedure. Here x2 = 6.41 which, for 3 degrees of freedom,
gives a P value little less than 1. This implies that differences of the order
noted might occur by chance about once in 10 trials. By the same standards,
such differences are regarded as not significant. These four species can now,
therefore, be combined to give a general immunity ratio of 160/261.
If this combined sample be now compared with that for C. aethiops centralis,
X2 =8.02 giving, for 2 degrees of freedom, a P value of less than .01, the
difference therefore being significant. Thus the immunity rate for C. aethiops
centralis may be regarded as significantly lower than those for the other four
species. It may here be noted in passing that this monkey spends much of its
time on the ground, while all the others are wholly or mainly arboreal.
An obvious objection to this conclusion lies in the fact that the sample
comes from an exceedingly wide area, and the result might thus be due to a
large proportion of the grey monkeys having been obtained in parts of that
area where the general incidence of immunity was low. In the present instance,
however, this is not the case.
Taking southern Mengo and north- eastern Masaka, one of the most heavily
infected areas, it is found that the large sample consists almost entirely of
C. aethiops centralis and C. ascanius schmidti, with only a few C. albigena johnstoni.
Here, therefore, there is an opportunity for the direct comparison of the first
two species, the results being as follow : In the case of C. ascanius schmidti
(143 specimens) the crude immunity rate for this area is 76.9 per cent., while
in the case of C. aethiops centralis (80 specimens) it is only 41.2 per cent. The
sample of known age is rather small, but the results are similar for, in C. ascanius
schmidti (52 specimens), the standardized immunity rate is 63.1 per cent.,
while in C. aethiops centralis (16 specimens) it is only 18.0 per cent.
Within this area there is one locality -the country round Entebbe -where
the sample of these two species is large enough for separate consideration.
Unfortunately, the sample from this area, which consists entirely of the two
species concerned, does not include sufficient specimens of known age to permit
standardization. The crude immunity rates are, however, in accordance with
those quoted above, and are sufficiently striking to be worth quoting. Restricting the area to a 15 -mile radius round Entebbe (and the greater part of this
is swamp or open lake) the crude immunity rate in C. ascanius schmidti (107
specimens) is found to be 84.1 per cent., while in C. aethiops centralis (73
specimens) it is 42.5 per cent.
IMMUNITY RATES IN UGANDA MONKEYS WITH REFERENCE TO HABIT.

In the paper referred to above (HADDOW et al., 1947), the monkeys were
further divided into three groups differentiated by habit. The first group
consisted of monkeys which were almost exclusively arboreal, the second of
E
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monkeys which, while mainly arboreal, would descend to the ground for feeding
purposes, and the third of monkeys which spent a considerable part of their
time on the ground. Here again no significant differences were found between
the immunity rates in the three groups, and here again the study of the present
large sample has not confirmed the earlier finding. The monkeys in the present
sample may be grouped as follows
1. Exclusively arboreal (at least over a great part of their range).
:

C. albigena johnstoni, C. neglectus, C. abyssinicus ituricus, C. angolensis adolfi-friederici,
C. badius tephrosceles and C. badius ellioti.
2. Mainly arboreal.
C. mitis doggetti, C. mitis stuhlmanni, C. mona denti and C. ascanius schmidti.
3. To a large extent terrestrial.
C. aethiops centralis, C. l'hoesti l'hoesti, E. patas pyrrhonotus, P. doguera tessellatus,
P. troglodytes schwe:nfurthii.
As the figures can all be deduced from those given in Table IV, it is

unnecessary to tabulate them here in full. The immunity rates for the three
groups (specimens of known age) are as follows :
Per cent. immune.

Habit.

Crude.
Exclusively arboreal
Mainly arboreal ...
Mainly terrestrial ...

...
...
...

...
...
...

...
...
...

50.1
51.9
28.4

Standardized.
49.5
50.6
35.9

Here both the crude and standardized rates show an exceedingly close grouping
in the case of the two arboreal groups while the terrestrial group is much lower.
If, as in the preceding section, the figures for adults are extracted, the
following results are obtained :
Habit.
Exclusively arboreal
Mainly arboreal
Mainly terrestrial

Per cent. immune.
60.5
57.0
35.2

The result is, therefore, substantially unchanged. Applying the x2 test
to the crude figures for adults in the three groups together, it is found that
x2= 10.67, which, for 2 degrees of freedom, gives a P value of less than .01.
The differences may thus be regarded as significant.
If now the exclusively arboreal and mainly arboreal groups are treated
in the same manner, it is found that x2 = 0.35 which, for 1 degree of freedom,
gives a P value of over 50. The difference here is obviously not significant,
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fortuitously in more than five chances out of 10. These two
groups may therefore be combined to give an immunity ratio of 165 / 280.
If this combined group of essentially arboreal and mainly arboreal monkeys
be compared with the mainly terrestrial group, x2 is found to be 10.33 giving,
for 1 degree of freedom, a P value of less than 01. Thus the terrestrial group
may be considered to differ significantly from the others.
The conclusion is thus that while there is no significant difference between
the adult immunity rates in the exclusively arboreal and mainly arboreal groups,
the adult rate in partly terrestrial monkeys is significantly lower. It might be
objected that the terrestrial group is exceedingly heavily weighted by C. aethiops
centralis, which contributes 45 adults to a total sample of 54. It is to be noted,
however, that among the 45 C. aethiops centralis adults there were 16 immune
specimens, giving an immunity rate of 35.6 per cent. Among the nine adults
of other species there were three immune specimens, giving an immunity rate
of 33.3 per cent., which is closely comparable to the figure for C. aethiops
as it could arise

centralis.
IMMUNITY AMONG BWAMBA MONKEYS WITH REFERENCE TO ENVIRONMENT.

In the previous paper on this subject (HADDOW et al., 1947) it was noted
that the immunity rate seemed to be much the same from area to area
throughout the Bwamba Lowlands. Examination of the present much larger
sample confirms this observation.
Bwamba may for the present purpose be divided into three main environmental areas :
1. The interior of the uninhabited Semliki Forest.
2. The edges of the uninhabited forest (this is taken, for the purpose
of the present discussion, as a belt half a mile wide).
3. The inhabited area, which consists of grassland and cultivated country,
but with numerous belts and patches of relict rain forest and second growth.
If the Bwamba monkey sample be subdivided in relation to these major
areas, the results are as follows :
Immunity

Environmental
division.

Per cent.
immune.

ratio.

Crude.
Forest interior ...
Forest edge
...
Inhabited area ...

...
...

24/47
88/149
42/77

51.0
59.0
54.5

Standard.
55.8
58.0
61.1

The total range of the standardized percentages is thus only 5.3 per cent.
To test the differences for significance, the adult sample has been extracted
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(as in the previous sections) and subjected to the X2 test. The result shows
X2 as 1.25 which, for 2 degrees of freedom, gives a P value of more than 50.

Thus the differences are not significant.
Not all the Bwamba species, however, are common to all three environments, at least in the case of the sample under consideration. To obtain a
more critical comparison, therefore, the sample may be restricted to the three
species which did occur in all three. These are C. mona denti, C. ascanius
schmidti and C. abyssinicus ituricus. The results for these three combined are
as follows

:

Environmental

Immunity

division.

ratio.

Forest interior ...
...
Forest edge
Inhabited area ...

...
...
...

24/47
65/105
41/70

Per cent.
immune.
Crude.

Standard.

51.0
61.9
58.6

55.8
59.3
60.3

Here again the total difference range of the standardized percentages is
very small, being only 4.5 per cent. Applying the X2 test to the adult age grade, a figure of 0.95 is obtained which, for 2 degrees of freedom, gives a P value
of over 50. Here again the differences are obviously not significant.
Only one species, C. abyssinicus ituricus, is sufficiently well represented
in all three environments for individual treatment. C. a,scanius schmidti is also
very numerous, but almost all the specimens were obtained either in forest
edge or in inhabited localities. The results for C. abyssinicus ituricus are as
follows

:

Immunity

Environmental
division.

Forest interior
Forest edge ...
Inhabited area

Per cent.

ratio.

...
...
...

21/36
35/57
23/26

immune.
Crude.

Standard.

58.4
61.4
88.5

61.8
62.1
89.1

Here the differences between the standardized percentages are much
greater, with a range of 27.3 per cent. When, however, the adult sample is
extracted for more critical comparison X2 is found to be only 4.40 which, for
2 degrees of freedom, gives a P value approximating to 10, so here again the
differences are not significant, at least in so far as the adult sample is concerned.

J. HADDOW, G. W.

A.

A. DICK, W. H. R. LUMSDEN AND K. C. SMITHBURN

213

IMMUNITY AMONG UGANDA MONKEYS WITH REFERENCE TO AGE- GRADE.

Previous work on this subject ( HADDOw et al., 1947) has shown that in
Bwamba County the incidence of immunity in the local monkeys increases
with increasing age. The present work confirms that this observation holds
good for a large part of Uganda.
Infants are born to mothers in the old as well as in the adult age -grade.
Thus, in estimating the incidence of transitory passive immunity at birth, the
best method seems to be to compute the immunity rate of the combined adult
and old age -grades. The results are as shown in Table VII and Fig. III.
TABLE

VII.

Age- grade.

At birth (theoretical)
Infant (observed) ...
Juvenile
...
Subadult
...
Adult
...
Old
...

Immunity rates in Uganda monkeys by age -grades.
Age -grade midpoint
(years).

Immunity ratio.

-

Per cent. immune.

0.25
1.00
2.25

5/20
1/43
17/97

60.2
25.0
2.3
17.5

6.50

184 /334

55.1

67/83

80.7

0

15.00

80

00

40
W

4

20

O

0.25

LO

2.25

6.5
ACE -GRADE

15.0
MIDPOINTS

IN

YEARS

Ftc. III.-The incidence of immunity to yellow fever in the different age -grades. Entire
Uganda sample of known age, without reference to species.
The incidence of immunity at birth is theoretical, the others are observed.
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The immunity rate is thus presumed to be high at birth. Thereafter, it is
found to fall, reaching its lowest level in the juvenile age -grade. In the sub adult grade it begins to rise and continues to do so till old age is reached.
In the previous paper referred to above the sample was confined to Bwamba.
It is, therefore, useful to quote the figures for the present (much larger) Bwamba
sample, which are as follows

:

Per cent. immune.

Age -grade.
At birth (theoretical)
Infant (observed)
...
...
Juvenile

Subadult
Adult
Old

...
...
...

...
...
...
...
...
...

...
...
...
...
...
...

...
...
...
...
...
...

...
...
...
...
...
...

77.0
31.2
0.0
13.7
72.2
91.3

In general, all these figures show evidence of enzootic yellow fever, as in
the case of epizootic activity of the virus a gradual rise in the incidence of
immunity with increasing age could not be expected. As mentioned above, the
only evidence of epizootic yellow fever in Uganda is to be found in the samples
taken on Bukasa Island in 1943 for which, unfortunately, data concerning age
are not available. Possibly a similar incident also occurred on Kome Island,
but here the evidence is less conclusive. The form of the curves also permits
the deduction that active immunity acquired in nature is durable, persisting
throughout life, precisely as in the case of experimental laboratory infections
in monkeys and natural infections in man.
Turning to individual species, a further point may be raised. A study of
the figures in Tables IV and V shows that, while the immunity rate is either
zero or at least very low in all species in the juvenile grade, the succeeding
rise in the subadult and adult grades may be abrupt or gradual. Thus in
C. albigena johnstoni, C. mitis stuhlmanni and C. abyssinicus ituricus there is a
gradual rise in the incidence of immunity throughout life, the main increase
taking place in the adult age -grade. In the case of C. aethiops centralis and
P. doguera tessellatus no immune subadults have as yet been collected, immunity
being confined to the adult and old age -grades. C. ascanius schmidti differs
sharply from the other species in that the main rise in the incidence of immunity
occurs in the subadult age -grade, the further increases in the incidence of
immunity in the adult and old grades being relatively slight. None of the other
species is sufficiently well represented for discussion.
At the moment these differences are not understood, the figures for
C. ascanius schmidti in particular being most puzzling. If it were postulated
that the incidence of immunity at a particular age -grade were proportional
to the length of time of exposure, then it might be considered that the percentage immune in that grade should be proportional to the total length of life up
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to and including that grade. A comparison between C. ascanius schmidti and
C. abyssinicus ituricus, however, shows this to be improbable. (These species
are selected for special consideration as being the most numerous in the total
sample and as showing curves which differ strikingly in form.) The figures
are given in Table VIII and Fig. IV.
VIII. The incidence of immunity in two Uganda species with reference to age-grades.
The figures show the percentage immune at each age-grade, that for immunity rate at birth being
TABLE

theoretical, the others observed.
Species.
C. ascanius schmidti
C. abyssinicus ifuricus

At birth.

I.

J.

S.

A.

O.

61.9
68.8

33.3

0.0
4.8

427

61.0
64.1

65.2
87.1

ACE -GRADE

286

MIDPOINTS

IN

10.7

YEARS

Ftc. 1V. -The incidence of immunity to yellow fever in different age -grades in the case of
two common monkeys, C. ascanius schmidti (broken line) and C. abyssinicus
ituricus (unbroken line).
The incidence of immunity at birth is theoretical, the others are observed.

Here it is apparent that the incidence of immunity in C. ascanius schmidti
in the subadult age -grade is more than four times that for C. abyssinicus ituricus
in the corresponding grade. It seems unlikely, at the least, that the one monkey
can be four times as old as the other at the end of the subadult grade-more
particularly as the position is reversed in the old age- grade, where the rate of
immunity in C. abyssinicus ituricus is almost 22 per cent. higher than that in
C. ascanius schmidti.
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It might be argued that this result is due to the wide area over which
specimens of these monkeys have been collected, more particularly as many
localities have yielded only one of the two species. The Bwamba sample,
however, shows the same general trend, and it is to be emphasized that this
large series has been collected in a small and very circumscribed area. The
figures are given in Table IX.
IX. The incidence of immunity in two Uganda species with reference to age -grades.
Sample confined to Bwamba County. The figures show the percentage immune at each age -grade,
that for immunity rate at birth being theoretical, the others observed.
TABLE

Species.

At birth.

I.

J.

S.

A.

O.

C. ascanius schmidti
C. abyssinicus ituricus

63-8

400

0.0

25.0

85.0

33-3

0-0

11-8

62-2
82-2

70.0
95.6

Here, though the difference is less marked, the trend is similar. C. ascanius
schmidtz shows, in the subadult grade, an immunity rate more than twice that of
C. abyssinicus ituricus, and in the old age -grade the position is again reversed,
C. abyssinicus ituricus showing a rate more than 25 per cent. higher than that
for C. ascanius schmidti.
DISCUSSION.

The study of a large sample of wild monkeys, collected over a wide area
in Uganda during more than 10 years of field work, has shown that yellow
fever is very prevalent among monkeys generally, the incidence of immunity
being high. Further, evidence of monkey yellow fever has been found in every
adequately sampled locality, with the single exception of the Ruwenzori
Mountain Forest.
In 1943 epizootic yellow fever appears to have occurred on Bukasa Island
in the Sese Group, and perhaps on Kome Island, Lake Victoria, but apart
from this isolated incident the picture everywhere has been of an enzootic
disease, either constantly present or (more probably) occurring as a series of
frequently repeated episodes.
For a long time it was the view of this Institute that in Uganda yellow
fever is essentially a disease of monkeys, transmitted by an arboreal mosquito
vector, the vector representing the reservoir of the disease. Recently, such an
arboreal vector (Aedes (Stegomyia) africanus) was definitely incriminated
(HADDOW et al., 1948 ; SMITHBURN et al., 1949). The vector of the human
disease was already known to be Aedes (Stegomyia) simpsoni (MAHAFFY et al.,
1942).
The general view was that the disease was enzootic among monkeys, but
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that occasionally an infected monkey, raiding a plantation, passed on the virus
to A. simpsoni and so to man, a view which has been strengthened by recent
work ( LUMSDEN, a, in press). At that time our experience was confined mainly
to the major forests in which monkeys and mosquitoes are abundant at all times
of year. C. ascanius schmidti was (and still is) considered to be an important
link as, while essentially arboreal, it does frequently raid plantations and so
makes contact with both vectors. This view of the epidemiology was
strengthened by a failure to find immunity in nature among other groups of
mammals and of cold -blooded animals collected for study.
It is to be emphasized that, as far as it goes, this view still holds the field
and, indeed, it explains satisfactorily the state of affairs in most of the important
areas, of which some examples may be instructive.
In the Entebbe area, for instance, the monkeys show a high incidence of
immunity and the arboreal vector, A. africanus, is common. Native plantations
are often actually contiguous with areas of forest, and monkeys raid these
plantations frequently. The human population is, however, virtually free from
yellow fever. The authors believed that, in this case, the explanation was to be
found in a local scarcity of A. simpsoni, the plants preferred for breeding by
this species (GIBBINs, 1942 ; HADDOW, 1948) being cultivated only on a small
scale in the area concerned. Mr. J. D. GILLETT, however, who has had considerable experience of Entebbe in the past, at a time when A. simpsoni was prevalent
in this area, does not agree with this interpretation. He states that A. simpsoni
adults do not, within his experience, bite man in this area and suggests this as
a possible explanation of the situation. A final decision must await the completion of experimental work on this subject, on which he is at present
engaged.

The Kibale Forest in Toro presents a variant of the same picture. Here
monkeys and A. africanus are abundant, and a high incidence of immunity
occurs among the monkey population. A. simpsoni is prevalent in most of the
plantations and does bite man, but here again the African population is virtually
free from yellow fever. In this case the explanation is probably to be found in
the fact that the plantations rarely adjoin the forest, being separated in most cases
by at least a quarter of a mile of elephant grass (Pennisetum). Monkeys, therefore,
rarely raid the plantations and thus the chain of possible infection is again broken,
though this time in a different manner.
It is only in areas such as Bwamba, where Africans, monkeys, forest,
plantations and both vectors exist in close contact, that the monkey and human
disease appear to be about equally prevalent. While these examples present
a clear and apparently satisfactory picture, it is now felt that they fall short
of a full explanation of yellow fever epidemiology in Central Africa. Some of
the points which have contributed to this doubt may be mentioned.
In some very small forest areas, such as that near Kyenjojo, immunity
is known to be present among the monkeys, yet the monkey population, which
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in this case probably totals less than 50, appears to be too small for the maintenance of an enzootic disease transmitted by mosquitoes, as such an enzootic
is dependent on continued passage of the virus from mosquitoes to non - immune
monkeys. It may be mentioned at this point that virus does not seem to pass
from one generation of A. africanus to the next via the egg (GILLETT et al.,
1950). It may, of course, be argued that infected mosquitoes periodically
invade the small forest at Kyenjojo. On the other hand, the nearest known
focus of the monkey disease is the Kibale Forest, which is separated from that
near Kyenjojo by over 10 miles of open, upland grass country. Should it prove
that mosquitoes are disseminated over considerable areas from foci in the main
forests, it seems unnecessary to look further, but this point remains to be settled.
There is a suggestion of wind -borne spread of infected arthropods in the case
of the Lake Islands, as here the 1943 epizootic on Bukasa Island corresponded
closely in time to the first appearance of yellow fever among the monkeys of
Kome Island, some 20 miles away across the open lake. It is further to be
remembered that modern work increasingly favours the view that small insects
may be transported to considerable distances through the combined effects
of convection and wind (WELLINGTON, 1945). WELLINGTON'S remarks concerning the convection currents over wooded areas are particularly appropriate
in the present instance. In addition to this it may be noted that in South
America marked mosquitoes belonging to the genera Haemagogus and Aedes
have been recovered as much as 11.5 km. from the point of release (CAUSEY
et al., 19501.
A second point concerns the occurrence of yellow fever in dry areas and in
areas with a prolonged dry season. While it is probable that in such localities
a skeleton population of adult Aedes may survive the unfavourable period
(RoBINSoN, 1950) it is quite certain that the total numbers of adults must be
vastly reduced and the chances of virus survival thus very unfavourably affected.
In many areas it does not seem possible that sufficient Aedes can survive the dry
season to maintain the chain of infection. Of course, should wind-borne
spread over large zones prove to occur, then such an area might be repopulated
at intervals by mosquitoes from some distant focus. Unfortunately, as mentioned above, our knowledge of the mosquitoes and of the yellow fever situation
among the monkeys of the driest parts of Uganda is so scanty as to be almost
valueless, a gap in our knowledge which is particularly serious in view of the
fact that we feel that our knowledge of the basic mechanisms in yellow fever
epidemiology is very incomplete, and more particularly as we have such a large
sample of monkeys and mosquitoes from the wetter parts of the country with
which to compare dry country observations.
These and other considerations now lead us to believe that, while the
monkey-to- monkey mosquito -borne disease is indubitably important, and while
it may adequately explain the situation in the vicinity of the larger forests,
there may well be some other cycle of which, as yet, nothing whatever is known.
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This view has persistently come to the fore even in the face of much negative
evidence based on work on many groups of non-primates and on arthropods
other than mosquitoes both in South America and Africa. At present we are
gradually tending to the view that the monkey -to- monkey cycle may possibly
be, like the man -to -man cycle, the endpoint of some chain of incidents of which
we know nothing. We do not in any way wish to minimize the importance of
the monkey-to- monkey cycle, nor to doubt that it must be the usual starting
point for human infection in Uganda. We do, however, feel that in certain
areas at least this cycle cannot be a continuous one, that the monkey disease
must from time to time die out, and that there must either be some other source
of infection from which it renews itself, or that the areas concerned must
periodically be repopulated and reinfected by mosquitoes coming from long
distances.

Having suggested that an unknown cycle of events may possibly be proceeding, some speculations on this postulated cycle may not be out of-place.
DAVIS and SHANNON (1930) have shown that transovarial passage of yellow
fever virus from generation to generation does not occur in Aedes (Stegomyia)
aegypti (L.), and this observation having been repeated in the case of A. africanus,
this line of attack on the problem does not appear hopeful as far as mosquitoes
are concerned. This may not, however, be true of other arthropods, of which
two groups in particular seem to call for further study. The first of these is
the sandflies (Phlebotominae). At the time when virus was isolated in the
field from A. africanus (in Bwamba) an isolation was also made from sandflies
caught in the same forest area ( SMITHBURN et al., 1949). This is a suggestive
finding, though its importance cannot yet be assessed as here again a serious
gap in our knowledge exists, no experiments having as yet been conducted
to show whether or not sandflies can transmit yellow fever virus by bite. It
is worth noting, however, that MOSHKOVSKY et al. (1937) claim that another
virus, that of phlebotomus (papataci) fever may pass from one generation of
Phlebotomus to the next. The other most obvious line of enquiry concerns the
ticks, these being arthropods which feed on blood at long intervals and at all
stages of life, and which are in many cases exceedingly long lived and markedly
resistant to adverse conditions. Even without transovarial passage of virus an
arthropod vector with these characteristics might explain many obscure points
in the epidemiology of yellow fever. It is, moreover, worth noting that ticks
are known to be vectors of various virus and rickettsia) diseases. Further, transovarial infection has been claimed in the case of the virus of western equine
encephalomyelitis by SYVERTON and BERRY (1941) while workers in Russia
(SMORODINTSEV, 1940
CHUMAKOV, PETROVA and SONDAK, 1945 ; as quoted
by VAN ROOYEN and RHODES, 1948) have reported transovarial infection in
Russian far eastern encephalitis, no less than five species of tick being so
incriminated. It is admitted that previous yellow fever studies on ticks have
given contradictory results (ARAGAO, 1933 ; DAVIS, 1933), but the volume of
;
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work on this group is not yet adequate for any final decision. Most of what
has been said of the ticks may also be taken as applying to mites.
Many other lines of enquiry present themselves, but the groups mentioned
above, together with the Reduviidae, seem to be the arthropods most likely
to be involved, should such a cycle exist.
There is also the possibility that a non-primate cycle of vertebrate yellow
fever may occur, perhaps in conjunction with a non -mosquito vector. Past
work on this line in Africa has been anything but hopeful (SMITHBURN and
HADDOW, 1949b), but it is felt that further investigation is required before a
final opinion can be given.
Returning to the cycle of infection among the monkeys, it is to be admitted
that even here the picture is very incomplete. We are at a loss, for example,
to explain why C. ascanius schmidti has apparently so much higher an incidence
of yellow fever in the subadult age -grade than have the other important species.
The lów incidence of immunity in C. aethiops centralis is another point requiring
elucidation, particularly as we know that this species is among the most susceptible
of all African monkeys (HUGHES, 1943). It might be argued that this species is
less attractive to mosquitoes than are the others, but experiments carried out
with anaesthetized specimens of this monkey in the forest canopy (HADDow
and DICK, 1948) do not support this contention, the monkeys being bitten
freely by various mosquitoes, and particularly by A. africanus. One possibility
is that in this species the selective death-rate from yellow fever may be higher
than in the
species (HUGHES, loc. cit.)
of course, our
knowledge is confined to laboratory infections, which do not necessarily give
a close clinical comparison with infections in nature. Differences in length of
life or differences in sleeping habits and sleeping times are among the numerous
other possibilities to be considered. Also to be noted is the fact that this species
inhabits a rather different type of environment from the others.
Another hypothesis must be discussed in more detail, not because it is
inherently more probable than the others, but simply because it indicates a
possible line for investigation of the problem, as follows : It has been shown
above that the partly terrestrial group of monkeys, of which C. aethiops centralis
is one, show a significantly lower incidence of immunity than do the exclusively
and mainly arboreal species. All these monkeys sleep in trees by night and thus are
exposed to the attacks of A. africanus. By day, however, the partly terrestrial group
spend much of their time on the ground while the others remain in the trees.
A possible explanation of the differences in the incidence of immunity might
be deduced from this difference of habit. If it be postulated that a diurnal as
well as a nocturnal mosquito vector occurs in the forest canopy, then the
exposure of the arboreal monkeys to infection would be much greater than that
cf the terrestrial group, which spend much of the day on the ground. Important
points are that arboreal monkeys sleep in the denser foliage of the canopy during
a great part of the afternoon (LumsDEN, in press ; A. J. H., unpublished observa-
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tions), and during such time are probably more vulnerable than when they are
active. The number of mosquito species selectively arboreal and biting actively
during this period is strictly limited. In fact we know of only two really common
and widely distributed species with these characteristics, Aedes (Finlaya) longipalpis Grünb. and A. (Stegomyia) apicoargenteus Theo. In view of negative
transmission experiments (BAUER, 1928 ; HADDOW et al., 1948), the second
of these mosquitoes seems unlikely to be involved. There may thus be a prima
facie case for further investigation of A. longipalpis, a species whose potentialities
as a vector of yellow fever have not as yet been tested in the laboratory.
Finally, it is necessary to give an opinion on the role of work on monkeys
in yellow fever surveys, or in any appraisal of the yellow fever situation in a
given area. It appears to us, at the time of writing, that the only reliable
indicator of sylvan yellow fever activity in non-urban areas is to be found in the
local primate population, the main reasons for this belief being as follows :
(1) We regard all areas where yellow fever occurs among monkeys as areas
where yellow fever may occur in man (DICK and Ross, in preparation).
(2) The occurrence of immunity among subadult monkeys implies the
presence of active virus within the last 2 or 3 years, and is then useful in timing
the recent activity of the disease in an area.
(3) The immunity rate found among the monkeys of an area is in the great
majority of cases much higher than that found in the human population, and
evidence of very marked virus activity may be found among the monkeys of
areas where quite large human samples fail to reveal any immunes.
(4) The monkeys of a given small area are truly resident therein ( GILMORE,
1943
HADDOW et al., 1947 ;
CAUSEY, LAEMMERT and HAYES, 1948 ;
LUMSDEN, b, in press).
In general, it may be firmly held that an immune
monkey has acquired its immunity in the near vicinity (often as little as a square
mile) of the point where it has been collected. This can rarely he stated confidently in the case of man.
(5) In the human sample there is nowadays a considerable risk that persons
vaccinated with yellow fever virus may be included. This applies particularly
in the case of Africans who may or may not state truly whether or not they have
been vaccinated. In many cases they may not, in fact, know whether or not
they have been vaccinated.
It may be objected that in certain areas where monkeys show a high incidence
of immunity, there is no evidence that the disease has occurred recently in man.
It must be strongly emphasized that these are precisely the areas where the
largest numbers of human susceptibles are gathered together, and it must be
realized that some small change in local husbandry might entirely alter the
situation. In some areas, for example, the people may escape infection because
they grow few colocasias, pineapples and " gonja " bananas. Any substantial
increase in these crops would almost certainly lead to the multiplication of
A. simpsoni and the human yellow fever situation might be radically altered.
;
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This state of affairs, as it affects the West Nile area, has been commented on by
LUMSDEN

It

and BUXTON (1951).

that in Uganda major changes in husbandry and
mode of life generally are occurring in many areas where the activity of the
Department of Agriculture is promoting the development of new crops and new
farming methods. The Africans themselves are making considerable changes in
some areas. For example, in Bwamba County "dry" hill rice is gaining an increasingly large place in the local economy, mainly at the expense of the banana
crop, and sooner or later this may well lead to marked changes in the human
yellow fever situation.
Finally, should the suggestion that there is an unknown cycle in the epidemiology of yellow fever be seriously investigated in this country, monkeys may
well give important clues. As almost everywhere they show a higher incidence
of immunity than does the human population, it seems reasonable to suppose
that, if another cycle exists, they are probably in closer contact with it than is
the human population. Field work designed to investigate the possible occurrence of such a cycle would therefore most logically be carried out in an area
where the monkeys showed a high incidence of immunity to yellow fever and
the human population showed none, as this would narrow the field to vectors
which made contact with monkeys but not with man. It would further be
logical to carry out such an investigation in an area with a sufficiently pronounced dry season to make it unlikely that continuous transmission of the
monkey disease could be maintained by mosquitoes.
is to be emphasized

SUMMARY.

(1) The results of valid yellow fever protection tests on the sera of 1,069
wild Uganda monkeys are reported. The general immunity rate in this sample,
which covers about half of Uganda and includes 16 different kinds of monkey,
was very high-over 40 per cent. being protective.
(2) Immune monkeys were found in all the areas adequately sampled,
with the single exception of the Ruwenzori Mountain Forest.
The incidence of immunity varied considerably from district to district.
The highest rates were found in Bwamba County, Toro District, and in parts
of Masaka and Mengo Districts.
The reasons for variation in immunity rate from area to area remain obscure.
(3) Four species were sufficiently numerous for detailed discussion. These
are Gercocebus albigena johnstoni, Cercopithecus aethiops centralis, Cercopithecus
ascanius schmidti and Colobus abyssinicus ituricus. No significant difference was
found between the immunity rates in the case of C. albigena johnstoni, C. ascanius
schmidti and C. abyssinicus ituricus. The rate in C. aethiops centralis, however,
was significantly lower than those in the other three. It may be noted that
C. aethiops centralis is to a large extent terrestrial, while the others are either
exclusively or mainly arboreal.

'
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(4) The entire sample was divided into three groups based on habits and
behaviour. Two of these groups, the exclusively arboreal and the mainly
arboreal species, showed no significant difference in the incidence of immunity.
The third group, consisting of monkeys which are largely terrestrial, showed
an immunity rate significantly lower than did the other cwo.
(5) Confining the discussion to a single area (Bwamba County) it was
found that there is no significant difference between the immunity rates in
monkeys collected in the middle of a large uninhabited rain forest, monkeys
collected round the forest edge and monkeys collected in the inhabited area
adjoining the forest.
(6) It was found that the immunity rate is high just after birth, that it falls
sharply in the juvenile age -grade, and thereafter begins to rise, reaching its
highest level in the old age-grade. This is in accordance with the results of
previous work.
It was also found that the main rise in immunity does not occur in all
species at the sanie time of life. In the case, for example, of C. abyssinicus
ituricus the most notable rise occurs in the adult age -grade. In C. ascanius
schmidti it occurs earlier, in the subadult age -grade. The reasons for this
difference are not understood.
(7) The role of monkeys in yellow fever epidemiology is discussed. On
theoretical grounds it is postulated that (a) There may be a diurnal arboreal
mosquito vector of the monkey disease in addition to the known nocturnal
arboreal vector (Aedes (Stegomyia) africanus Theo.). (b) In certain areas it
does not seem possible that continuous monkey-to- monkey transmission can
be maintained. It is concluded that in such areas new infection must either
be introduced by wind -borne mosquitoes coming from long distances or, alternatively, that there is an arthropod reservoir of the virus (perhaps associated
with an unknown mammal cycle) of which, as yet, nothing is known.
(8) Emphasis is laid on the importance of obtaining adequate monkey
samples in all forms of yellow fever survey work, and it is pointed out that the
results of surveys confined to human sera may be misleading.
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Although monkeys appeared to play an important part
in the epidemiology of yellow fever it seemed probable that

other forest animals were also responsible for maintaining
the virus in nature.
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FURTHER STUDIES ON THE SUSCEPTIBILITY OF AFRICAN WILD
ANIMALS TO YELLOW FEVER*
BY

G. W. A. DICK
From the Virus Research Institute, Entebbe, Uganda

The results of experiments on the susceptibility of various species of African
wild animals to yellow fever virus have been reported by SMITHBURN and HADDOW
(1949a and b), and by SMITHBURN (1949). These studies were concerned mainly
with the susceptibility of primates, but included some work on seven species of
rodents, a bush pig, a hyrax and a leopard. The purpose of this paper is to report
some additional work which has been done on wild mammals other than primates.
The part which monkeys play in the epidemiology of yellow fever is well
established (SMITHBURN and HADDOW, 1949a ; HADDOW et al., 1951), the
potentiality of galagos acting as hosts has been pointed out by SMITHBURN
(1949). It may be that the epidemiology of sylvan yellow fever can be satisfactorily explained by the primate- mosquito cycle, in which the mosquito is the
principal vector and host of the virus. There is, however, the possibility that
other cycles of infection may exist to maintain virus under climatic conditions
unfavourable to the persistence of the mosquito reservoir throughout a long dry
season. Such a belief has led to a continued search for possible hosts and
reservoirs of virus other than primates and mosquitoes.
MATERIAL AND METHODS

The Asibi strain (STOI ES et al., 1928) and a strain isolated in Uganda in
1944 from a mixed lot of Aedes mosquitoes (SMITHBURN and HADDOW, 1946) were
used. Both strains were stored at approximately 0 to 4° C. in lyophilized rhesus
monkey serum. The number of passages of the Asibi strain which was employed
is not known, but it had been passed only in monkeys. The Uganda 1944 strain
was 2nd -rhesus passage virus. For antibody studies the French neurotropic
strain of the 534- 600th-mouse passage was used in a 1 per cent. intraperitoneal
virus test as modified by SMITHBURN (1945).
When possible the sera of all animals were first tested for the presence of
*Acknowledgements are made to Mr. A. P. BUXTON for providing the white -tailed
mongoose and the wild cat, and to Dr. A. J. HADDOW who obtained the honey badger and
two of the genets.
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neutralizing antibodies. The lyophilized rhesus monkey serum containing the
yellow fever virus was rehydrated immediately before use. Serial 10 -fold dilutions of the rehydrated sera were made in 10 per cent. normal monkey serum in
saline solution, or in 0.2 per cent buffered bovine albumin solution (DICK and
An aliquot of one of the serial dilutions was used to inoculate
TAYLOR, 1949)
the animal whose susceptibility was being tested. Groups each of 12 mice were
inoculated intracerebrally with 0.03 ml. of each of the serial dilutions of the
rehydrated sera. The infectivity of the inoculum and all other titres recorded in
this paper were calculated by the method of REED and MUENCH (1938).
The animals, which had been inoculated with one or other of the strains of
virus, were bled for 10 days after inoculation unless otherwise stated. Blood was
taken from the saphenous vein, from the heart or from the femoral vessels. Whole
serum, or serial 10 -fold dilutions of the serum from the daily bleedings were
inoculated intracerebrally in 0.03 ml. quantities into mice. Neutralization tests
were made on convalescent serum taken usually on or after the 10th post inoculation day.
All mice used in the experiments were 35-42 days of age and were descended
from a stock of Swiss mice originating from the Carworth Farms, New York.
The period of observation of all inoculated mice was at least 18 days.
The following species were tested for their susceptibility to viscerotropic
yellow fever virus: hedgehog (Atelerix pruneri hindei (Thomas)); shrews (Crocidura
occidentalis nyansae Neumann, C. jacksoni Thomas, C. hildegardeae Thomas,
C. bicolor cuninghamei Thomas); East African civet (Civettictis civetta schwarzi
Cabrera); common genet (Genetta tigrina .stuhlmanni Matschie); palm or tree
civet (Nandinia binotata arborea Heller); white-tailed mungoose (Ichneumia
albicauda ibeana (Thomas)); African wild cat (Felis lybica ugandae Schwann.);
honey badger (Mellivora capensis subsp.) and squirrel (Heliosciurus rufrobrachium
subsp.).
EXPERIMENTAL

All the hedgehogs were received from Kenya through the
of
Mr.
G. R. C. VAN SOMEREN, of Nairobi. A summary of the results
kindness
of experiments made with this species is presented in Table I. It may be seen
that in all animals which survived up to 10 days after inoculation, circulating
virus was present for about 1 week.
All hedgehogs which were alive on the 10th day after inoculation (Nos. 2, 4,
5 and 10) had by that time developed neutralizing antibody.
In the case of
Hedgehog 2, no blood was obtained on the 10th day for a neutralization test,
but following a technique used by SMITHBURN and HADDOW (1949b), antibody
was shown to be present in a 10 per cent. Seitz -filtered suspension of the liver
of that animal. A suspension of the liver of Hedgehog 6 which died on the
6th day (probably as a result of a haemopericardium produced by heart bleedings)
Hedgehogs.
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contained no antibody; the liver of Hedgehog 7 which died with a haemopericardium on the 4th day, contained 471,900 LD50 of virus per g. No tests were
made with the liver of Hedgehog 8.
In general the livers of infected hedgehogs showed central and pericentral
necrosis, with eosinophilic changes in the cytoplasm and nuclei of degenerating
cells. No inclusion bodies were observed and no areas resembling Councilman
bodies were seen. A certain amount of degeneration of the kidney tubules was
also present.
Shrews. All the shrews were caught by hand on ground adjoining this
Institute and the species were identified from preserved specimens by Mr. R. W.
HAYMAN, of the British Museum (Natural History).
Six shrews of the species C. bicolor cuninghamei were each inoculated subcutaneously with 120,000 LDb0 of Asibi virus. One or other of them was bled
on the 1st to the 5th days inclusive, and one on the 7th day, after inoculation.
The bleedings were made from the heart into a syringe which had been washed
out with heparin. No yellow fever virus was isolated from any of the daily
Suspensions of the livers of shrews which died on the
specimens of plasma.
3rd and 4th day were titrated intracerebrally in mice and again no virus was
isolated. The livers of two of the shrews, which were still alive on the 18th day,
were made up as 10 per cent. suspensions and the Seitz -filtrates of these suspensions were employed in lieu of serum in neutralization tests. There was no
evidence of any yellow fever neutralizing antibody in these specimens.
Two C. jacksoni, one C. hildegardeae and one C. occidentalis nyansae were
inoculated with the same dose of virus as the C. b. cuninghamei. Plasma samples
for the inoculation of mice were obtained as described from the C. jacksoni on
the 3rd to 5th days inclusive after inoculation. A 10 per cent. suspension of liver
was made from one of these which died on the 5th day. No virus was isolated
in mice from either of these specimens. Plasma and liver samples were obtained
from the C. hildegardeae and C. o. nyansae on the 3rd and 6th days respectively
after inoculation. No yellow fever virus was isolated from these specimens.
Histological examinations of tissues taken from all dead and sacrificed shrews
gave no evidence of any lesions which might suggest multiplication of yellow
fever virus.
From the above studies it must be concluded that none of the Crocidura spp.
which were tested showed any evidence of susceptibility to viscerotropic yellow
fever virus.
East African civet. One non - immune East African civet trapped in Entebbe
was inoculated subcutaneously with 24 LD50 of the Uganda 1944 strain of
yellow fever virus. It was bled for 8 days after inoculation but no circulating
virus was demonstrated. The civet appeared sick on the 5th day after inoculation
and died on the 8th day. There was no histological evidence of virus multiplication and no virus was isolated from a suspension of the liver of this animal.
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Genets. All the genets were trapped within the compound of this Institute.
A summary of the results of circulation experiments with this species is given in
Table II. Genets 1, 2 and 10 which were inoculated with relatively large doses
of virus were found to have virus circulating for from 4 to 5 days. Those animals
(Nos. 4 and 6) which were inoculated with small doses of virus gave no evidence
of any virus multiplication.
An attempt was made to test the susceptibility of one genet (No. 11) to
genet-passage virus. It was inoculated with 0.1 ml. of 4th -day serum and
0.25 ml. of 5th-day serum of Genet 10. No circulating virus was demonstrated
in serum samples from Genet 11.
In all genets in which circulating virus was found, neutralizing antibody was
subsequently demonstrable in convalescent serum. Antibody could still be
demonstrated in the serum of Genets 1 and 2 up to the 17th week after inoculation.
Palm civets. The palm civets, all of which were non -immune, were trapped
in trees in Zika forest near Entebbe. All of them, except Nos. 13, 14 and 18
which will be discussed later, were ins: 'ulated with the Asibi strain. A summary
of the results of experiments with this species is presented in Table III.
It was found that the whole serum of palm, civets very often killed from
about 50 to 80 per cent. of mice immediately, or within a few hours of inoculation.
The denominators of the mortality ratios recorded in Table III represent mice
surviving approximately 24 hours after inoculation.
As may be seen from Table III some of the palm civets received two inoculations of virus at various intervals. Five of the 14 animals circulated virus
after the first inoculation, but in none of them was there more than a trace of
virus present. In order to find out if the palm civets might be more suspectible
to palm civet-passage virus than to rhesus -passage virus, No. 13 was inoculated
with 0.1 ml. of 4th -day serum from No. 9, and No. 14 with 0.1 ml. of 5th-day
serum from No. 12. Palm civet 18 was given 0.5 ml. of 4th -day serum from No. 14
and 0.5 ml. of 4th -day serum from No. 17. None of the animals inoculated with
palm civet -passage virus developed either circulating virus or antibody.
By the 14th day after the first inoculation the sera of eight of the 11 palm
civets which received rhesus -passage Asibi virus gave positive neutralization test
results. Of the remaining three, one (No. 9) died on the 11th day, the serum
of another (No. 8) remained negative up to the 49th day, while the serum of the
third (No. 4) was positive by the 72nd day, no tests having been made between
the 14th and 72nd day on the serum of this animal.
Of the eight animals whose sera gave positive neutralization test results by
the 14th day, one (No. 17) was not studied further. Of the remaining seven,
six survived captivity up to the 72nd day by which time the serum of No. 4 had
become positive. At that time the serum of No. 1 had lost any demonstrable
antibody. By the 92nd day after inoculation the serum of another of the palm
civets (No. 7) had become negative, and by the 143rd day the sera of yet another
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(No. 4) no longer contained demonstrable antibody. The sera of the others
(Nos. 5, 6 and 12) remained positive. In each of these latter animals there was
a trace of circulating virus after the inoculations, but not in the three palm civets
which had lost any demonstrable antibody by the 92nd to 143rd day after inoculation. These latter animals (Nos. 1, 4 and 7) were given a second inoculation of
Asibi virus along with Nos. 8 and 14 which had not developed any demonstrable
antibody after the first inoculation (Table III). After this second inoculation
Nos. 8 and 14 both circulated a trace of virus and subsequently developed antibody, while Nos. 1, 4 and 7 circulated no virus but their sera again gave positive
results in neutralization tests by the 10th day after the second inoculation.
Mungoose. One non -immune white -tailed mungoose, which had been
trapped in the compound of this Institute, was inoculated subcutaneously with
24 LDbo of the Uganda 1944 strain of virus. No circulating virus was demonstrated and there was no evidence of any neutralizing antibody in serum taken
on the 15th day after inoculation.

African wild cat. One non -immune wild cat also trapped in Entebbe was
inoculated subcutaneously with 21 LD50 of the Uganda 1944 strain of yellow
fever virus. No circulating virus was found and a neutralization test using
10th-day serum was negative. This cat was inoculated one month later with
240 LDbo of the same strain of virus. Again no circulating virus was demonstrated and serum taken on the 15th day after this second inoculation gave a
negative protection test result.
Honey badger. One honey badger obtained in Bwamba County, Uganda,
was inoculated subcutaneously with 24 LD50 of Uganda 1944 strain of virus.
The serum of this animal was even more toxic for mice than that of palm civets.
Of the few mice surviving 24 hours after inoculation, none developed symptoms
of yellow fever infection. Serum taken from the honey badger on the 14th day

after inoculation contained no demonstrable neutralizing antibody.
Squirrel. One non -immune squirrel was inoculated with 125 LD50 of Asibi
virus. No circulating virus was demonstrated in serum taken on the 1st to 9th
days after inoculation. This animal died on the 9th day with a haemopericardium
as a result of the bleeding from the heart. A suspension of its liver was inoculated
into groups of mice but no virus was isolated. Ninth-day serum gave a negative
result in a neutralization test.
Antibody in wild animals not subject to experimental procedures. A review of
the results of all tests made at Entebbe on the sera of mammals other than anthropoids and rodents (which will be reported elsewhere) shows that the following
have been found in nature to have sera which neutralized yellow fever virus.

G. W. A. DICK

Animal

..
Hyrax
Red river hog
Mungoose ..
*

No. tested
10
3

16

No. toxic
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No. inconclusive I No. positive

1

0
1

0
0
1*

1
1

1
I

2

This serum gave 6/8, 4/8 and 5/8 results in three tests.

The hyrax (Procavia sp. indet.) with the positive serum was one of four captured
at El Obeid in the Anglo- Egyptian Sudan ( SMITHBURN and HADDOW, 1949b).
The other hyrax sera which were all negative and the positive serum from the
red river hog (Potamochoerus porcus Linn.) were collected in the West Nile
District (LUMSDEN and BUXTON, 1951). The two mungooses with positive sera
(both probably Mungos mungo subsp.) were trapped in 1947 in the compound of
this Institute.
DISCUSSION

Previously reported studies on the susceptibility to yellow fever of African
mammals other than primates and rodents have been limited to the testing of the
susceptibility of the Sudanese and northern Nigerian hedgehog (FINDLAY, HEWER
and CLARKE, 1935; SMITH, 1936; FINDLAY and MAHAFFY, 1936), a southern
Nigerian species of shrew (SMITH, 1936), a red river hog, a hyrax and a leopard
(SMITHBURN and HADDOW, 1949b). It was not unnatural that in Uganda little
attention should be paid to species other than primates since all epidemiological
evidence pointed to the importance of the latter (SMITHBURN and HADDOW
1949a ; HADDOW et al., 1951).
Perhaps the most important factor in laboratory studies on the susceptibility
of animals to a given virus is the strain of the virus used. Ideally a completely
" wild " unmodified strain should be employed. In the experiments presented
in this paper both strains of virus used were modified in that they had been
passed through rhesus monkeys. It is doubtful, however, if such passages had
produced such a degree of alteration in the strains, as would interfere with the
determination of the susceptibility of the animals tested. These same strains of
virus had given adequate evidence of the susceptibility of African monkeys
(SMITHBURN et al., 1949). In the experiments recorded above, where sufficient
animals were available, as in the case of the hedgehogs, genets and palm civets,
the susceptibility of each of these species was tested with passage virus from the
respective host as well as with rhesus -passage virus.
The susceptibility of hedgehogs from the Anglo- Egyptian Sudan (Atelerix
albiventris subsp.) to both viscerotropic and neurotropic strains of yellow fever has
been demonstrated by FINDLAY et al. (1935). The same species from northern
Nigeria had been shown by SMITH (1936) to be susceptible to the intracerebral
inoculation of neurotropic yellow fever virus, but in the hands of FINDLAY and
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it was found to be resistant to inoculation of both viscerotropic
and neurotropic strains of virus. In none of these early experiments was there
available, however, any quantitative technique to indicate the amount of virus
multiplication or the duration of the viraemia. From the present studies it will
be seen that A. p. hindei is highly susceptible to. inoculation of pantropic yellow
fever virus. The quantity and duration of circulating virus in the latter species
is comparable to that obtained in certain African monkeys inoculated with approximately the same quantity of virus. The hedgehog is the most highly susceptible
of. all African mammals, other than primates, which have so far been tested with
yellow fever virus. Whether hedgehogs play any part in the epidemiology of
yellow fever is not known. It seems most unlikely that the Sudanese hedgehogs
were of any importance in the Nuba Mountain outbreak of yellow fever in the
Anglo- Egyptian Sudan (HoRGAIV, personal communication). The role which
they might play in some of the other drier areas of Africa has not been investigated. From laboratory studies they are potential and efficient hosts of virus.
It had been shown by SMITH (1936) that one of the species of Nigerian
shrews (Crocidura manni) was resistant to inoculations of neurotropic yellow fever
virus. The investigations which have been made with four species of shrews
collected at Entebbe (C. occidentalis nyansae, C. jacksoni, C. hildegardeae and
C. bicolor cuninghamei) indicate that these species are completely resistant to
inoculations o; viscerotropic yellow fever virus. It is interesting to note this
difference in susceptibility to yellow fever virus in the two sub -orders of the
Insectivora tested.
Of all the species of Carnivora which have been tested, genets are the only
ones which have been shown to circulate virus in a quantity which might permit
of them playing some part in the epidemiology of yellow fever. In one of these
animals (No. 10) it was shown that on the 6th day after inoculation 250 LD50
of virus per 0.03 ml. were present in the serum. Two genets inoculated with
small doses of the Uganda 1944 strain of virus, gave no evidence of virus multiplication nor of antibody formation. It was unfortunate that the animals given
the small dose of virus were inoculated with the Uganda 1944 strain of virus,
while the Asibi strain was used for those genets inoculated with the larger doses.
The former animals were not subsequently challenged with a larger dose of virus
to fmd if they were resistant or whether the dose of virus was below the threshold
of infectivity of this species. It is impossible thus to be certain whether the
difference in response was due to a quantitative or a qualitative factor, the former
is, however, more likely. While none of the 16 genets (14 trapped at Entebbe
and 2 in Bwamba) has been found to have yellow fever antibody in its serum,
it would seem worth while to make further investigations of this species in view
of the findings recorded above.
While some of the palm civets circulated a trace of virus after inoculation,
it is doubtful if the quantity of virus which they circulated could infect an arthropod
MAHAFFY (1936)
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vector. The most interesting finding in this species was that, after inoculation,
some of the animals developed neutralizing antibody which became no longer
demonstrable after a period of time. With this disappearance of circulating
antibody they became susceptible to reinoculation of virus. In those animals in
which this phenomenon was observed there was no evidence of any virus in the
circulation after the first inoculation. Animals which had virus in the circulation
after inoculation apparently developed a durable immunity. It would appear
that in the palm civets which did not circulate any virus (i.e., in those animals
in which there was presumably no virus multiplication) the antigenic stimulus
of the inoculum was either not sufficient to elicit antibody formation at all, or else
there was only a temporary production of antibody such as might be expected
after inoculation with a killed vaccine. Unfortunately no tests could be made
at long intervals on the animals which were given two inoculations, but all except
one (No. 4) developed antibody by the 10th day. Palm civet 4 was of particular
interest in that it had a very slow antibody response after both the first and
second inoculation.
In contrast to the behaviour of genets and palm civets, the East African civet,
wild cat, mungoose and squirrel were completely resistant to inoculations of virus.
While only one specimen of each of these species was available for test, none of
them behaved in any way like a susceptible animal.
Investigations by MONTEIRO (1930) had suggested that the domestic cat
could circulate virus up to 30 days after inoculation with viscero- tropic yellow
fever virus. Although it seemed improbable that the domestic cat could act as
a host in sylvan yellow fever, the wild cat might have entered into the picture.
The completely negative nature of the results of the present experiment makes
this appear unlikely. SMITHBURN and HADDOW (1949b) reported an experiment
on another member of the cat family, namely, the leopard (Fells Pardus iturensis
(J. A. Allen)). There was no certain evidence that this animal circulated any
virus although it developed antibody after an inoculation of 132,300 LD50 of virus.
The resistance to inoculation of the one mungoose which has been tested was
of interest in view of the fact that the sera of two out of 16 mungooses captured
or killed in various parts of Uganda were found to neutralize yellow fever virus.
The only other mammals (other than primates and rodents) which in nature
have been found with positive sera, were as has been mentioned, a hyrax and a
red river hog. Susceptibility tests which were made on both of these species by
SMITHBURN and HADDOW (1949b) suggested that it was improbable that either
was of importance in the epidemiology of sylvan yellow fever. However, in view
of the observations that these two species and also mungooses have been found
in nature to have neutralising substances to yellow fever virus in their sera, further
investigations on their susceptibility to yellow fever are required. It would also
seem of value to investigate the specificity of positive neutralization test results
on the sera of animals which have been found to be non-susceptible to inoculation
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of virus. With the exception of primates, hedgehogs and genets (of which the
latter require further study), there is no evidence that any of the African mammals
so far tested are of sufficient susceptibility to yellow fever virus to make it likely
that they enter into any cycle of sylvan yellow fever.
SUMMARY

Further studies are presented on the susceptibility to yellow fever virus of
African wild mammals.
It is confirmed that hedgehogs are highly susceptible to inoculations of
yellow fever virus. The other insectivores studied, the shrews, were found to be
resistant to inoculations of viscerotropic virus.
Of all the other animals tested, only in genets did virus circulate in a quantity
which it is believed might infect an arthropod vector.
Some palm civets which developed antibody after inoculation lost all demonstrable antibody after various intervals. This phenomenon was observed only in
those palm civets in which no circulating virus was found. The results of some
neutralization tests on the sera of wild animals other than anthropoids and rodents
are summarized.
REFERENCES
DICK, G. W. A., & TAYLOR, R. M. (1949). y. Immunol., 62, 311.
FINDLAY, G. M., HEWER, T. F., & CLARKE, L. P. (1935). Trans. R. Soc. trop.

Med. Hyg.,

28, 413.
& MAHAFFY, A. F. (1936). Ibid., 29, 417.
HADDOW, A. J., DICK, G. W. A., LUMSDEN, W. H.

R., & SMITHBURN, K. C. (1951).

45, 189.
LUMSDEN, W. H. R., & BUXTON, A. P. (1951). Ibid., 45, 53.
MONTEIRO, J. L. (1930). Brasil -Medico, 44, 1087.
REED, L. J., & MUENCH, H. (1938). Amer. y. Hyg., 27, 493.

Trans. R. Soc. trop. Med. Hyg., 29, 413.
K. C. (1945). y. Immunol., 51, 173.
(1949). Amer. y. trop. Med., 29, 414.
& HADDOW, A. J. (1946). Ibid., 26, 261.
&
(1949a). Ibid., 29, 389.
&
(1949b). Ibid., 29, 409.
STOKES, A., BAUER, J. H., & HUDSON, N. P. (1928). Ibid., 8, 103.

SMITH, E. C. (1936).
SMITHBURN,

Ibid.,

Primed by

F.

J.

PARSONS LTD., London, Folkestone and Hastings.

The following paper records an attempt to obtain

further information on the durability of immunity after

vaccination with yellow fever virus.
It seems probable, from these and other studies,

that the immunity which follows vaccination with 17D virus
is of life -long duration and similar to that found after

natural infections with yellow fever virus.
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Between May and August, 1941, more than 145,000 persons in the western
part of the Toro district of Uganda were vaccinated with 17D yellow fever vaccine.
The vaccine employed was prepared in the laboratories of the International Health
Division of the Rockefeller Foundation, New York. The results of 5- and 6 -year
post-vaccination surveys at places within the vaccinated zone have already been
reported (DICK and SMITHBURN, 1949). It is the purpose of this paper to report
the results of an immunity survey made more than 9 years after the vaccination
campaign
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Three of the places selected for this post -vaccination survey (Hakibale,
Bukuku and Kichwamba) lie within the area where vaccinations were made in 1941,
while the fourth (Nyamabuga) lies outside the vaccinated zone (Map). Previous
immunity surveys in the Toro district (Ross and DICK, to be published) had
indicated that outside of Bwamba County there was a very low incidence of human
yellow fever, even among those considered to be most exposed to the risk of infection, in virtue of residence in close proximity to forests. Thus, surveys made in
1946 and 1947 among people living on the edge of the Itwara and Kibale forests
(Map) had revealed no immune children in a sample of 33, and only 9 immune
adults in a sample of 117. It is probable that a number of those immune adults
had developed antibody as a result of vaccination (Ross and DICK, to be published),
although they were said to be residents of the non -vaccinated zone. There were
in addition to these surveys on the edges of the Kibale and Itwara forests, the results
of surveys made in 1946 and 1947 among children born after 1941 in areas where
vaccinations had been done. In these latter surveys no immune children were
found in a sample of 55 who were born at Hakibale, Bukuku, or Kichwamba, which
are three of the places where the 9 -year post- vaccination study was made. There
was thus good evidence that there was a low endemicity of infection in that area,
and all surveys showed that no epidemic of yellow fever had occurred there.
This was borne out by the results presented in this paper.
Collection

Arrangements were made through the District Commissioner and the Katikiro
(Prime Minister) of Toro, whereby the local chiefs at the four places mentioned
were requested to collect together about 50 adult females who were permanent
residents of these places and 50 children who had been born there. The number
of blood samples taken from these donors is recorded in Table I. (The bleeding of
adult males was avoided where possible, thus excluding the possibility of taking
samples from (a) ex- soldiers who might have been vaccinated in the army, and
(b) migrant labourers from other districts. The results of the tests on the few
blood samples from adult males have not been included in the figures presented in
Table I.)
The name, birthplace, residence, tribe and age of all donors were recorded.
The samples from Hakibale and Nyamabuga were taken entirely from people of the
Batoro tribe, those from Bukuku and Kichwamba were mainly from Batoro but
included a few Bakonjo. No specimens were taken from people of the Baamba
tribe. All ages were estimated by one of us (G.W.A.D.). In the estimation of
the ages of the children, assistance was given by relatives and by the local chiefs.
It was, however, possible to confirm from the birth registers kept by local chiefs,
the true ages of 60 of the 171 children who were bled. Ages were stated in the
ordinary way, e.g., a person who has lived for more than 9 years but less than 10
years is said to be 9 years old, but as approximately 9 years elapsed between the
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Results of neutralization tests on the sera of samples of residents of the Toro District who were living in areas where vaccinations were done and in an area where
no vaccinations were done more than 9 years prior to this immunity survey.

Age, Years

TABLE I.
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vaccination campaign and the post -vaccination survey, the probabilities calculated
later in the paper have the meanings there attached to them. All adult donors
were asked if they had been permanent residents of the areas for at least 10 years.
In spite of affirmative replies there could be no certainty that such was the case.
The fact that the names of 111 of the children who were bled could not be found in
the birth register may in part be due to the fact that they had been born elsewhere,
as well as to inefficient reporting and recording of births. It should also be noted
that it is not impossible that in a few cases the entry in the birth register might not
refer to the child whose age was being checked.
In addition to asking for information as to the duration and permanence of
residence, all donors were asked if they had ever visited Bwamba County. No
blood samples were taken from anyone who admitted having visited Bwamba.
The reason for this was two -fold. Firstly, Bwamba County is an endemic focus
of human yellow fever in Uganda (MAHAFFY et al, 1946 ; DIcK, 1950). Secondly,
during a sylvan outbreak of yellow fever in Bwamba in 1948 (SMITHBURN et al,
1949) a road-block was established on the Bwamba-Fort Portal road and entry into
and exit from Bwamba was made conditional on the possession of a valid yellow
fever certificate (Annual Report Medical Department, Uganda Protectorate, 1948).
No information is available as to how long this road -block was maintained nor how
many persons passed through it. It has been ascertained, however, that between
July, 1948 and March, 1949, 1,389 vaccinations against yellow fever were done in
Fort Portal. No other yellow fever vaccinations were made among Africans in the
Toro district between 1941 and 1950. What effect these 1948 -49 vaccinations
might have had on the results of the 9 -year post- vaccination survey will be discussed
later.
It should be noted that in carrying out the post- vaccination survey, the
possession of a certificate of vaccination in 1941 was not accepted as evidence of
vaccination for reasons which have already been discussed (DICK and SMITHBURN,
1949).

Neutralization tests
per cent. virus intraperitoneal neutralization test
An additional modification was the use of a
solution of 0.2 per cent. buffered bovine albumin (DICK and TAYLOR, 1949) in
place of 10 per cent. normal monkey serum in saline solution as the diluent. The
interpretation of the results followed SMITHBURN'S criteria for positive, negative
and inconclusive results. Of the 341 sera tested 25 gave inconclusive results. In
the case of 3 of these 25 inconclusive sera there was an insufficient quantity for
retest, of the remainder 17 were positive, 1 negative and 4 again gave an inconclusive
result on the second test. A person whose serum gave a positive result in neutralization tests is considered to be immune. The results of the neutralization tests
are presented in Table 1.
All sera were tested by a

1

as modified by SMITHBURN (1945).

G. W.
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DISCUSSION

Unfortunately there is no record of the sex, age or tribal distribution of those
inoculated at Fort Portal in 1948-49. It is therefore not possible to state accurately
what influence these vaccinations may have had on the results of this survey which
was designed to establish the durability of immunity resulting from the mass vaccination campaign carried out in 1941. If the 1948 -49 vaccination had been evenly
distributed over the entire population (258,873) of the Toro district, then 0.5 per
cent. of the population might have been immunized, and if the 1948 -49 vaccinations
had been confined to the population of the counties of Burahya and Bwamba (97,745)
through which the Fort Portal road passes (Map), then 1.4 per cent. of the latter
population might have been immunized. Even with this extreme assumption the
effect of the 1948 -49 vaccinations on the results of the 9 -year post- vaccination
survey is negligible, for while it is most likely that a large number of Baamba were
vaccinated in order to permit them to pass the road -block on the Bwamba -Fort
Portal road, no Baamba were bled in the post- vaccination survey, and that tribe
represents 26.9 per cent. of the combined population of Burahya and Bwamba
counties. The effect of the 1948 -49 vaccinations will be ignored in the interpreation of the results presented above.
In Table 1 the ages recorded are the estimated ages except in the case of 60 of
the children whose ages were checked in the birth registers. Since the few vaccinations which were made in 1948 -49 are being ignored, and since the vaccination
campaign with which we are concerned was carried out in 1941, any children whose
true age was under 9 years should not be immune as a result of vaccination. Taking
together the three areas, where vaccinations were done, there was only one immune
child under 9 among those whose ages were checked (a child of 8 years at Hakibale),
but there were 24 immune children among those shown as under 16 in Table 1 and
for whom the age depends on estimation ; any of these might be under 9 years of
age. When the estimated ages were checked against the true ages of the 60
children whose ages were recorded, the following results were obtained :
TABLE

II

Estimated age in years

True age in
years

4

4

5

6

2

2
2

1

5

6
7

9

10

11

12

13

14
5
5

6

3

2

2

2
1

3
3

1

1

1

10

8

3

8

9

7

3

11
7

2
1

2

7
7

3

1

2

11

12

6
1

1

4

7

2

1

1

13

1

1

14
2

5

15

8

10

3

5

8

2

0

2

2

2

60
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The correlation between estimated age (E) and true age (T) is 0.7181 and the regression
of T on E = 1.883 + 0.7774 E. The standard deviation of arrays of T for given E is
1 .834 so that the probability (p9) that a child of estimated age E is 9 or over can be calculated
on the assumption that the errors of estimation are normally distributed which appears to be
approximately true in this case. The values for p9 for the immune children of unchecked
age are as follows :
TABLE

III

No. of positives of unchecked age

E

p9

6

1

.0906

8

4

.3121

9

2

10
12

3

.4734
.6398
.8869
.9484
.9800
.9933

3
3

13

14

5
3

15

From the p9's recorded above, the probability (P9) that n of the 24 persons are under 9
can be calculated, with the following results
:

n

0

1

2

3

4

5

6

P9

.000

.001

.006

.028

.085

.172

.235

n

7

8

9

11

12

P9

.223

.148

.069

.007

.002

10

.024

13

to 24

.000

The sum of the P9's is, of course, equal to 1 and it will be seen that the distribution is
slightly skew. If we may take the 132 children, shown as being under 16 years in Table 1,
as being a random sample of the whole population of the three areas and if we can rely on
the evidence given at the beginning of this paper that it is extremely unlikely that any child
over 9 was naturally immune, we can estimate the most probable percentage of natural
immunity in this population by calculating the mean (6.414), the median (6.385) and hence
the mode (6.327) of the distribution of the number out of 24 who were under 9. The
5 per cent. limits can be estimated by means of the 2.5 percentiles (3.143 and 9.735) of the
distribution. Adding 1 to the mode and 2.5 percentiles so as to include the positive of
known age 8, it is found that the most probable incidence of natural immunity in children
under 16 years in the vaccinated area is 5.55 per cent. with 5 per cent. limits of 3.14 per
cent. and 8.13 per cent.
This is good evidence that there has been no epidemic of yellow fever during
the past 9 years in the areas where the post -vaccination survey was made and
suggests a low endemicity as compared with what was found in the adjacent county
of Bwamba (Dlcx, 1950). The true rate of natural immunity in the three areas
sampled may be even less than 3.14 per cent. to 8.13 per cent. since some of the
children may have acquired a natural infection outside the areas sampled.
All persons of age 9 years and over should have been vaccinated in 1941, if
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they were indeed resident or born in the areas concerned prior to the vaccination
campaign of 1941. Now some of the non -immune children over 9 years of age
are of unchecked age and may be under 9 years ; also some of the non -immunes of
unchecked age are recorded as under 9 years and may be over 9. Either of these
two things might affect slightly the total number of the sample on which the
percentages in Table 1 are calculated. But the two effects are in any case small and
of contrary sign and may be safely ignored.
It may be seen (Table 1) that 77.2 per cent. of persons of 9 years and over who
should have been vaccinated in 1941 were found to be immune when their sera
were tested more than 9 years later. In the absence on any epidemic in the areas
(as evidenced by the immunity rates in children under 9 years) the resulting immunity in the population is considered to have been produced mainly by the
vaccinations which were made in 1941 although a number of the persons of 9 years
and over who were found to be immune may be immune as a result of natural
infection.
There are in all probability in the sample of those of 9 years and over a number
of people who were not vaccinated in 1941. In the Nyamabuga area (Map ;
Table 1) where no vaccinations were done in 1941, 13.3 per cent. of children of
15 years and under and 20 per cent. of the adult females sampled, were immune.
It is important to note that when the blood samples were taken from the residents
of Nyamabuga area, the whole procedure of questioning the residents was exactly
as in other areas. Indeed it was not known at the time of making the survey that
no vaccinations had been done at Nyamabuga in 1941, and it was not until the
results of the surveys were analysed that enquiries were made which showed that
Nyamabuga lay outside the vaccinated zone. Previous surveys near Nyamabuga
on the edge of the Itwara forest (Map) had revealed three immune adult females in
a sample of 21 (14 per cent.).
Two of these admitted to having been vaccinated
in 1941 while resident in the vaccinated area, while the third (a girl of 17 years)
could not be expected to remember if she had been vaccinated in 1941. The explanation of the finding of immune persons at Nyamabuga is believed to be largely
due to the presence of vaccinated persons. As may be seen from the Map,
Hakibale (Burahya) and Nyamabuga (Mwenge) lie fairly near to each other, and
according to Mr. G. M. FLETCHER (late District Commissioner of Toro) there is
a considerable traffic of people between the counties of Mwenge and Burahya.
Just as it is highly probable that vaccinated people were found in the area where no
vaccinations were done, so it may also be expected that non -vaccinated people
would be found in the sample from the vaccinated area. If the majority of the
non -immunes in the vaccinated area were not resident in the vaccinated area in 1941
(and thus not vaccinated, as is quite probable) then the true percentages of children
over 9 years of age and of adults who were immune 9 years after vaccination would
be even higher than those shown in Table 1.
It will be seen from Table 1 that the proportion of immune persons of age
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16 years and over (82.8 per cent.) is greater than in the 9 to 15 year age group
(63.2 per cent.) in the combined results of the three areas within the vaccinated
zone (x2 = 7.9, p< .01). In comparing the rates of the over 16 and 9 to 15 year
age groups in the three areas separately, the following results are obtained
:

Place

Hakibale
Kichwamba
Bukuku

Percentage immune among group of age:
16 and over
9 to 15
75

73.3
84.7

38.5

86

66.6

x2
.

05

.

51

9.65

p

> .70 < .90

> .30 <.50
<.01

The difference in the proportions of immune children of 9 to 15 years and
of the females of 16 years and over is significantly greater at Bukuku compared
with the other areas (x2 = 6.21, n = 2, p > .02< .05). (The observed differences
it will be seen, are 6.7 at Hakibale, 9.7 at Kichwamba, and 47.5 at Bukuku).
One possible explanation for the significant difference of the two rates at
Bukuku might be due to the inclusion of an excess of non -vaccinated children of
9 to 15 years in the Bukuku sample. In order to test this hypothesis, enquiries
were made as to the movement of children between the non -vaccinated and vaccinated zone. It appears that the movement of children from the non -vaccinated
zone is greater than the reverse movement, and that this change of abode is greatest
among children of the older age groups who move towards Fort Portal (Map) for
the purpose of attending schools. It therefore seems quite probable that there are
a greater number of non -vaccinated children now resident in the vaccinated zone
than of vaccinated children living outiside that area. This may explain the lower
immunity rates among the 9 to 15 age group as compared with the rates among
females of 16 years and over.
Another possible explanation of these differences is, of course, that there is a
true difference in the response of children of different age groups to vaccination.
It is considered, however, that if the antibody response to vaccination was different
in small children from that of older children, one might expect to find some
difference in the immunity rates of children who were 0 to 2 years as compared with
those who were 3 to 8 years old when vaccinated. In the present series, of 25
children who were 9 to 10 years old when tested (i.e. under 3 years when vaccinated)
15 were immune, while 21 of 32 children of 12 to 15 years (i.e. 3 to 6 years old
when vaccinated) were immune. There is no significant difference in the immunity
rates of these groups (x2 = .03, p> .80< 90). Furthermore, from analyses of
the post- vaccination results of SMITHBURN and MAHAFFY (1945), ANDERSON and
GAST- GALVIS (1946) and DICK and SMITHBURN (1949), it is seen that there is no
significant difference in the response of children as compared with adults to
vaccination with 17D vaccine. Fox and CABRAL (1943) on the other hand,
suggested that age might be a factor in determining both the immediate response
.
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and the subsequent duration of immunity in persons vaccinated against yellow
fever, their conclusion was not, however, supported by all their data. While a
difference in the response of children under 7 years as compared with those of
7 years and over when vaccinated, might be the explanation of the difference in the
immunity rates (found 9 years after vaccination) in the children of 9 to 15 years as
compared with persons, of 16 years and over in this study, it seems more likely that
it is due to the inclusion of a number of non -vaccinated children, particularly in
the Bukuku sample, for reasons which have already been stated.
It is generally believed that after infection with yellow fever immunity is
lifelong, and neutralizing antibodies can be demonstrated for at least 55 years in
the serum of recovered subjects (SAWYER, 1935). The demonstration of antibodies
in 82.8 per cent. of females of 16 years and over living in an area where there was
no evidence of an epidemic having occurred, but where a mass vaccination campaign
was carried out more than 9 years before this survey, is good evidence for the
durability of immunity after vaccination with 17D vaccine.
It was previously suggested (Diu( and SMITHBURN, 1949) that yellow fever
certificates should be accepted as valid up to at least 6 years after vaccination. The
evidence presented in this paper would indicate that the period of validity could
now be extended up to at least 9 years in the case of all persons who were 7 years
and over when vaccinated. Although it seems likely that there is no difference in
the response of young children as compared with older children to vaccination, and
that the differences observed in this study are due to the inclusion of a large
number of non -vaccinated children in one of the places studied (Bukuku), it would
nevertheless seem desirable to clarify this point by making a further survey among
children from whom blood samples would be taken only from those whose date
and place of birth could be confirmed with certainty in birth registers.
SUMMARY

(1) In November, 1950, a yellow fever immunity survey was made .at four
places in the Toro district in the Western Province of Uganda. Three of the
places were within, and one outside, the area where a mass vaccination campaign
was made in 1941. Evidence is presented which indicates that there is a low

endemicity of yellow fever and that no epidemic had occurred in the areas concerned during the past 9 years.
(2) The results of the surveys showed that at places in the area where vaccinations had been done, 77.2 per cent. of the sample of persons of 9 years and
over were immune, while in the area where no vaccinations were done in 1941,
17.5 per cent. were immune. It is believed that, in the latter area, there were a
number of persons who had been vaccinated and that a number of non -vaccinated
people who are now resident in the area where vaccinations were done.
(3) In the vaccinated area there was a significant difference in the immunity
rates in the samples of children of 9 to 15 years (63.2 per cent.) as compared with
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16 years and over (82.8 per cent.). While this difference
may indicate a difference in the response of young children as compared with older
children and adults to vaccination, it seems more likely that it is due to an excess of
non -vaccinated children having been included in one of the samples.
(4) It is suggested that from the results of this study the validity of yellow
fever certificates could be extended up to at least 9 years after vaccination, except
in the case of children who were under 7 years when vaccinated. A further study
is required in the case of the latter age group in which the age and residence of all
the donors can be confirmed.

that of adult females of
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Prior to 1950 vaccinations with 17D virus were made

by subcutaneous inoculation.

Methods of vaccination which

involve the use of syringes present certain difficulties
in tropical countries.

Investigations were accordingly

made of the immunizing power of 17D yellow fever vaccine

inoculated by scarification and these are recorded in the
next publication.

This method was found to be efficient

and its value has been confirmed by Cannon and Dewhurst (1953).

Cannon, D. H.

and Dewhurst, F.

(1953).

Vaccination

by scarification with 17D yellow fever vaccine prepared at
Yaba, Lagos, Nigeria.
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1

BY
G. W. A.

DICK

2, 3

(Received for publication September 7th, 1951)

It is the purpose of this communication to describe the results of experiments which were made primarily to test
the immunizing powers of 17D yellow
fever vaccine when inoculated by scarification. In the first experiment a comparison was also made between the antigenicity of 17D chick-embyro and French

which this type of vaccine was used,
batch 1760, prepared in the Laboratories
of the International Health Division of
the Rockefeller Foundation, New York,
was employed. Ampules of batch 1760
were received in Entebbe on January
8, 1946, and were stored at 0 to 4 C,
with occasional periods at room temperature owing to mechanical failure of
the refrigerating plant. Each ampule
contained 5 ml of concentrated vaccine
as a lyophilized product. For immunization it is recommended that the contents should be diluted with 55 ml of
sterile physiological salt solution and
that 0.5 ml of this dilution be inoculated

neurotropic mouse -brain vaccine.
Vaccines employed
17D

chick-embyro

vaccine.

The

method and materials used in the preparation of 17D vaccine have been described by Sawyer et al. (1944). In all

experiments recorded in this paper in
From the Virus Research
Uganda.
1

subcutaneously.
French neurotropic mouse -brain vaccine. The method of preparation of this
type of vaccine has been described by
Peltier (1947) . The preparation employed in this study was of batch P1039,
prepared at the Pasteur Institute, Dakar.
Two ampules of this vaccine and two
ampules of the gum arabic diluent used
for suspending the vaccine were received
on September 1, 1950. They had been
dispatched from Dakar by air mail without refrigeration on August 22. The
expiry date of this batch was October
30, 1950. The ampules of vaccine and
diluent were placed in the freezing compartment of a domestic refrigerator on
receipt, and were kept there prior to the
titration of the contents of one of the
ampules, and to the use of the other for
the vaccinations to be described.
Titration of vaccines. All vaccines

Institute, Entebbe,
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were titrated intracerebrally in groups
of 12 mice (35 to 42 days old) for each
dilution. The mice were descended from
a stock of Swiss mice originating from
the Carworth Farms, New City, N. Y.
For titration, the lyophilized vaccines
were reconstituted in sterile distilled
water and serial 10-fold dilutions were
made with 0.2 per cent bovine albumin
as diluent (Dick and Taylor, 1949).
The inoculum for each mouse was 0.03
ml and all mice were kept under observation for 18 days after inoculation.
The titers were calculated by the method
of Reed and Muench (1938) and are
expressed as the log of the reciprocal
of the LD50.

Experiment 1
In this experiment an attempt was
made not only to evaluate the immunizing power of 17D vaccine administered
by scarification, but also to compare it
with Dakar mouse -brain vaccine. Since
only two ampules of Dakar vaccine were
available it was decided to titrate the
contents of one of them, and then to
find by titration of several batches of
17D vaccine a batch of the latter which
had approximately the same mouse intracerebral LD;,, per milligram of lyophilized vaccine.
On September 15, 1950, one of the
ampules of the Dakar vaccine was

weighed, the contents were emptied into
a small test tube and the ampule was
washed out into the same tube with 1.0
ml of distilled water. The weight of
the lyophilized vaccine was calculated
by difference and the rehydrated vaccine was titrated in mice with the results indicated in table 1.
On the same day, 5 batches of 17D
vaccine were titrated. The titrations of
these vaccines were made in a way exactly similar to that of the Dakar vaccine, with the one exception that the contents of the ampule were rehydrated in
5.0 ml of distilled water. It was found
that batch 1760 had an LD;e of 4.6 per
milligram of dry vaccine (table 1) as
compared with 4.9 for the Dakar vaccine,
and the former batch of vaccine was accordingly used.
Persons vaccinated. A group of over
300 adult male Africans who were prisoners at H. M. Central Prison, Luzira,
Uganda, volunteered to be vaccinated
against yellow fever. These volunteers
were from various tribes of Uganda,
Kenya, Tanganyika Territory and the
Anglo- Egyptian Sudan. Members of the
Baamba and Batoro tribes were excluded
since a mass vaccination against yellow
fever had been made in 1941 in certain
areas inhabited by these tribes. No
prisoners with less than 1 month of

TABLE

1

Comparison of French neurotropic and 17D vaccines used for vaccinations in experiment i
Vaccine

Manufacturer

French
neurotropic
mouse brain

Pasteur Institute,
Dakar

17D chick
embryo

I.H.D. Laboratory
Rockefeller Foundation, New York

*

Weight of
dry vaccine -

LDso

(grams)

mg.

6.1

0.0174

4.9

6.7

0.136

4.6

LDso*

LDso

0.03 ml

1.0 ml

per
ampule

P1039

4.6-

6.1

1760

4.5

6.0

Batch no.

per

per

LDco

per

Mouse intracerebral LD50 expressed as the logarithm of the reciprocal of the end-point dilution.
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detention to complete were included in
the study.
Prevaceination bleedings. On October 27, 1950, the volunteer prisoners
were brought together under a large
shelter. They were bled at random and
their prison numbers as shown on their
shirts were recorded both on the blood
sample tubes and in a register. Of the
104 specimens taken from group A (see
below) volunteers, one specimen was inadequate in quantity. No samples were
taken from 3 of the 103 group B donors
and one specimen was broken in centrifugation. Of the 107 group C samples, one of the numbers recorded on
the specimen tube did not correspond
with any number on the record of
volunteers. There were available, therefore; 103, 99 and 106 prevaccination
samples for testing, from groups A, B,

and C, respectively.

Vaccination procedure.

GROUP A.

The

first 104 volunteers were vaccinated with

Dakar vaccine. The contents of a previously weighed ampule of vaccine were
ground in a small mortar using as diluent the contents of one of the ampules of
the gum arabic solution supplied with
the vaccine. Two drops of the virus suspension were deposited with a vaccinostyle on the skin of the deltoid region of
the arm and two scarifications of approximately 0.5 centimeter in length
were made through each drop. During
and after vaccination, the volunteers
were kept in the shade for about 10 min utes. In order to discourage any washing of the vaccinated area, a piece of

folded gauze was secured loosely over
the scarified
hesive tape.

area by two pieces of adInstructions were given
that the gauze should not be removed for
24 hours. Since the quantity of vaccine
prepared was that recommended for 100
persons and the entire vaccine was used
in vaccinating 104 persons, the quantity
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employed for each vaccination was very
close to that recommended. It was assumed that the two ampules of batch
P1039 had the same titer. The LD60 of
the inoculum placed on the arm for each
scarification was calculated as indicated
in table 2.
GROUP B. The next 103 volunteers were
vaccinated by scarification with 17D vaccine. Although the LDu0 per milligram
of the 17D vaccine differed from the
Dakar vaccine by only 0.3 log units
(table 1), the total quantity of vaccine
(by weight) in each ampule of the 17D
vaccine was about 10 times that of the

Dakar vaccine. Therefore, in order that
the quantity of 17D vaccine used should
be comparable with that of the Dakar
vaccine, it was necessary to use approximately one-tenth of the contents of an
ampule of the 17D vaccine. Immediately
before the vaccinations with the 17D
vaccine were done, the contents of one
weighed ampule were emptied into a
small weighed Petri dish. What was
estimated from previous trials to be approximately one-tenth of the vaccine was
taken and ground up with the contents
of an ampule of the gum arabic diluent
similar to that employed with the Dakar
vaccine. The method of vaccination of
the volunteers with this preparation was
exactly similar to the vaccinations with
the Dakar vaccine. The total quantity
prepared was used for the vaccination of
103 volunteers.
In both the groups vaccinated by scarification, 12 vaccinations were done in
5 minutes. The total time from the preparation of the suspensions and the completion of vaccinations was thus strictly
comparable.
The Petri dish containing the remainder of the 17D vaccine was placed
in a vacuum desiccator over calcium
chloride at 0 to 4 C for 48 hours. The
weight of this remaining portion of vac-
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TABLE 2

Estimation of m.l.d. of vaccine used for each inoculation in experiment
LDco*

Method of
vaccination

Batch of
vaccine

ofebatch
(from

Weight of

dry vaccine

Quantity

previous

(9ronaa)

diluent

titration)

Scarification

P1039
(mouse brain)

4.9

0.0194

0.0194

Scarification

1760 (17D)

4.6

0.132

0.022

Subcutaneous 1760 (17D)
Inoculation

4.6

0.132

0.026f

*

Total
LDso

2

_

1

Number Estimated Estimated
m 1 d te
vacci-

for each
each
inoculation inoculation

suspended

Hated

6.2

104

4.2

1,600

5.9

103

3.9

8,000

6.0

107

3.7

5,000

See footnote to table 1.

t Suspended in 100 ml of physiological saline solution.

cine was determined and the total quantity of vaccine used for the vaccination
of group B was calculated by difference.
The quantity of virus in terms of mouse
intracerebral LD50 used for each scarification is indicated in table 2. In the
calculation it is assumed that all ampules of batch 1760 have the same titer.
GROUP C. This group consisted of 107
volunteers who were vaccinated by subcutaneous inoculation with 17D vaccine.
Since approximately only one -tenth of
the contents of an ampule of 17D vaccine were used for the preparation em-

ployed in the váccinations by scarification, the vaccine used for inoculation
was diluted to approximately one-tenth
the recommended dosage. Immediately
prior to the inoculations, the total contents of one ampule of vaccine were suspended in 5 ml of distilled water. One
ml of this suspension was added to 99 ml
of sterile physiological saline solution
and 0.5 ml of this dilution was used for
each inoculation. The estimated LD50
of each inoculum is given in table 2.
The sites of the inoculations of the
group C volunteers were also covered
with gauze dressings.
Reactions. It was decided that no
special examinations should be made for

reactions, as it was felt certain that any
prisoner who could escape duty would
report sick. A daily sick parade was
available and provided an opportunity
for all prisoners to report sick. These
sick parades were conducted by Assistant
Medical Officer G. Musoke, who was informed as to what reactions might occur.
No reactions to the vaccinations sufficient
to warrant any off -duty or hospitalization were observed in any of the vaccinated prisoners during an observation
period of 32 days.
Postvaccination bleedings. On November 28, 1950 (i.e., 32 days after the vaccinations) the volunteers were assembled
and the purpose of the second bleeding
was explained to them. Since this study
was essentially a volunteer experiment,
it was not possible to get 100 per cent of
those vaccinated to submit to being bled
a second time. There were available for
the postvaccination bleedings 68, 71 and
78 volunteers from groups A, B and C,
respectively. In the case of 3 of the post vaccination specimens, the number recorded on the tube did not correspond
exactly with the records of any of the
prevaccination numbers, and these specimens were discarded. Three of the
specimens were lost in centrifugation;
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this left 66, 68 and 77 postvaccination
sera in groups A, B and C, respectively.
Examination of blood specimens. All
blood samples were refrigerated within
6 hours of the withdrawal of the blood.
The sera were separated from both the
pre- and postvaccination samples within
1 week after the samples were taken. All
sera were refrigerated at 0 to 4 C prior
to being tested. The prevaccination sera
were tested within 5 weeks, and the postvaccination sera within 6 weeks after the
day of bleeding. All sera were tested
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Results of neutralization tests. In the
interpretation of the results of the neutralization tests the criteria suggested by
Smithburn (1945) were used. All sera
giving inconclusive results were retested

when sufficient serum was available. The
results of the tests on the pre- and postvaccination sera are presented in table 3.
It will be noted in table 3 (column d)
that 8 of the prevaccination sera are recorded as inconclusive. There was not
sufficient serum available for any of these
sera to be retested. In the testing of the
for yellow fever antibody by an intra- postvaccination sera there was a total
peritoneal 1 per cent virus test as mod- of 28 inconclusive results. In the case of
ified by Smithburn (1945) with the addi- 21 of these specimens there was a suftional modification that 0.2 per cent ficient quantity of serum for retests to
bovine albumin solution instead of 10 be made : 20 of them gave positive reper cent serum -saline solution was used sults on retest and one gave a repeatedly
as the diluent. With the exception of 24
inconclusive result. This repeatedly inof the prevaccination sera which were
conclusive result and those of the 7 sera
each tested in groups of six 37- day-old which were of insufficient quantity for
mice, all other sera were tested in two retest are recorded as inconclusive in
litters each of 4 mice 12 to 14 days old. column g in table 3. The total "not
The preparation of all the neutraliza- tested" in columns e, f and g of table 3
tion tests was done by Mr. L. E. Hewitt are made up of the number of volunteers
of the technical staff of this Institute.
who did not wish to be re -bled plus the
He was given no information as to the 6 whose postvaccination sera were lost
nature of the specimens apart from the or discarded. Excluding the 43 donors
fact that they were from a group of who had positive prevaccination sera and
prisoners who had been bled before and 8 whose prevaccination sera gave inafter vaccination. All inoculations of conclusive results, there were left 56, 51
mice were made by an experienced team
and 68 donors, respectively, in groups
of African laboratory assistants.
The A, B and C, who were found to have no
titers of virus in the various neutraliza- demonstrable yellow fever antibody prior
tion tests which were set up to test the to vaccination and whose postvaccinasera were as follows :
tion sera were available for comparison.
The results presented in column h are
Tests on prevaceination sera Tests on postvaecination sera
based on those donors. It may be seen
Test no.
Titer
Titer
Test no.
from table 2 that 98.2, 84.3 and 94.1 per
611
3.5
4.1
626
cent of groups A, B and C, respectively,
614
4.1
4.2
627
whose sera gave negative results prior
616
4.0
4.1
628
617
to vaccination gave positive results when
4.1
3.7
629
619
4.1
4.4
630
their sera were tested 32 days after vac624
3.9
635
3.6
cination. In view of the fact that 20 of
625
4.3
21 of the postvaccination sera which
626
4.1
gave inconclusive results on the first test,
635
3.6

C

*Inconclusive.

(Batch 1760)

chick embryo

I.H.D. Rockefeller
Foundation 17D

Subcutaneous
inoculation

Scarification

I.H.D. Rockefeller
Foundation 17D

B

chick embryo
(Batch 1760)

Scarification

Dakar mouse brain
(Batch P1039)

A

(c)

Method of
vaccination

(L)
Vaccine used

(a)

Group

(e)

Pos.

(f)

Incon. *

I

()

Negative

Results of tests on postvaccination sera which before
vaccination were:

Percentage of volunteers whose
sera were negative before
vaccination whose sera after
vaccination were:

106

99

103

15

18

10

0

4

4

91

77

89

6

6

3

9

12

7

0

0

1

0

3

3

0

1

0

23`

6

33

¡

I

I

64

43

55

4
=

3

1

0

5

0

0

9.8

0

5.9

5.9

1.8

94.1

84.3

98.2

Nega- Not Posi- Not Posi- Nega- Not Posi- Incon. Nega Negative Inconclusive Positive
Total Posifive
five Incon. tive tested tive tested tive tive tested tive

prevaccination sera

(d)
Results of tests on

Results of experiment 1, in which the sera of volunteers were tested for yellow fever antibody before and after
vaccination with Dakar or 17D vaccine by scarification, or with 17D vaccine by subcutaneous inoculation

TABLE 3
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gave positive results on retest, it is reasonable to suppose that some of the 7

vaccination by scarification was 0.022

inconclusive postvaecination sera which

(i.e., about

were not

retested (because of insufficient

serum) would on retest have yielded
positive results. This would increase
the percentage of positive results in all
groups.

Excluding the inconclusive results, by
taking p = 0.05 as a conventional level
of significance and applying Yates' correction for small numbers we find that
there is a significant difference between
the number of positives in groups A and
B (x2 = 3.98, p = < 0.05 > 0.02) and in
groups B and C (x2 = 4.75, p = < 0.05
> 0.02). (If the inconclusive results
are included as positive, there is little
difference in the results of the x2 tests;
for groups A and B x2 = 3.77 and for B
and C x2 = 4.74 with p = <0.05> 0.02
in each group.) It will be seen that in
groups A and C there were no negative
results in the tests of the postvaccination
sera, but in group B 9.8 per cent of sera
gave negative results.
Conclusion of experiment 1. In this
experiment an attempt was made to employ preparations of 17D and Dakar vaccines which had approximately the same
LD10 per dose. This necessitated certain
gravimetric manipulations and the assumption that all ampules of batch
P1039 of Dakar vaccine and of batch
1760 of 17D vaccine had the same titer.
It was considered more reliable to make
this assumption than to remove aliquots
of vaccine for titration from the ampules,
and then to relyophilize the vaccines in
order to store them prior to the use of
these vaccines for immunization when
the results of the titrations were known.
The employment of preparations of
17D and Dakar vaccine of exactly the
same mouse intracerebral LD60 for each
dose was not achieved. As it happened,
the quantity of 17D vaccine used for

0.132
of the contents of
the ampule. The resulting quantity of
17D vaccine used for each scarification
was therefore 3.9 LD50 (8,000 m.l.d.) as
compared with 4.2 LD50 (16,000 m.l.d.)
of Dakar vaccine (table 2). The significance of these differences cannot be determined in view of the methods em17/ooths)

ployed in arriving at the estimated LD50
of each inoculum. For the vaccinations
which were made by subcutaneous injection, one fifth of the contents of an
ampule of batch 1760 was prepared for
200 injections each of 0.5 ml. Each
dose injected was estimated to contain
5,000 m.l.d.
The numbers of positive results (table
3 column h) in the neutralization tests
made with the sera of persons vaccinated
with the Dakar vaccine (98.2 per cent)
or with 17D vaccine by subcutaneous inoculation (94.1 per cent) are in keeping
with results based on previous experience with these vaccines (Epid. Inf.
Bull., 1946; Smith et al., 1938 ; Smith burn and Mahaffy, 1945; Dick and
Smithburn, 1949). The results in group
B (84.3 per cent), although significantly
different from those of groups A and C,
nevertheless indicate that a very high
degree of immunity is produced by the
inoculation of 17D vaccine by scarification.

Experiment 2
In view of the satisfactory nature of
the results of experiment 1, it was decided to carry out a second trial with
17D vaccine, in which aliquots of the
pooled contents of two ampules of 17D
vaccine were used to vaccinate groups of
individuals (a) by scarification and (b)
by subcutaneous inoculation. In this
way all the estimations of titers which
had to be employed in. the first experiment were avoided.
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Persons vaccinated. By the courtesy
of Dr. G. Campbell Young, 75 patients
of Mulago Mental Hospital, Kampala,

Uganda, were available for this study.
They were all adult males of Uganda
tribes.
Prevaccination bleedings. On April
17, 1951, samples of blood were withdrawn from each of the patients. Each
patient was given a serial number which
was recorded on the tube containing the
blood sample and on a card bearing the
patient 's name.
Vaccination procedure. For the vaccination of these patients batch 1760 of
17D vaccine was again used. Titration
of 5 ampules of this batch of vaccine
gave the following LD;,,, 's : 4.8, 4.4, 5.0,
4.7 and 4.8 with an average of 4.7 per
0.03 ml (i.e., 50,000 m.l.d.). It was considered, therefore, that the contents of
each ampule were equivalent to 100
doses each of approximately 80,000
m.l.d.
On April 17, the contents
GROUP 1A.
of two ampules of 17D vaccine were
pooled and rehydrated in 5.0 ml of
distilled water. One ml of this concentrated suspension was added to 1 ml
of gum arabic solution, which was ob-

tained from the Director of the Pasteur
Institute, Dakar. For the vaccination
of the first 25 patients, 0.05 ml of this
mixture (i.e., 80,000 m.l.d.) was delivered in two drops onto the deltoid region
of the arm of each patient. Two scarifications each approximately 0.5 centimeter long were made through each
drop.
The patients were carefully
watched till the vaccine had dried and,
as in the first experiment, gauze dressings were placed over the scarified area
in order to discourage any immediate
washing of the arm.
GROUP is. For the second 25 patients
the procedure differed only in that 1.0
ml of physiological saline solution was

used as diluent in place of gum arabic.
GROUP 1C. As a control group the last
25 patients were inoculated subcutaneously with 0.5 ml of a mixture containing 1 ml of the concentrated vaccine
and 19.0 ml of saline solution. Each
inoculum contained, therefore, 80,000
m.l. d.
The vaccine was kept on ice after the
rehydration had been effected, and 1 ml
was removed to make each vaccine preparation immediately before the vaccinations were made. A titration of the vaccine in mice which was made within
4 hours of rehydration gave a titer of
4.7.

Reactions. All patients who had been
vaccinated were under constant medical
supervision. No reactions were observed
and none of the vaccinated patients complained of any reaction. One patient
who was a severe epileptic died of pneumonia on May 10. He had been vaccinated by the accepted method of subcutaneous inoculation with 17D vaccine.
Postvaccination bleedings. On May
15 (i.e., 28 days after vaccination) all
patients were again bled except (a)
those whose prevaccination sera had
been shown to give positive or inconclusive results (table 4) and (b) one
patient who had been discharged, and
the patient who had died. Both of these
latter patients were in group lc.
Examination of blood samples. As in
the first experiment, all blood samples
were refrigerated within a few hours
of the removal of the blood. All the
pre- and postvaccination sera were tested
within 1 week of the day on which the
samples were taken. Forty-five of the
prevaccination sera and 40 of the postvaccinàtion sera were tested in adult
mice. The remainder were tested in
litters of baby mice as in experiment 1.
The only information given to Mr.
Hewitt, who prepared the neutralization
.
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TABLE 4

in which the sera of patients were tested for yellow fever antibody before and after
vaccination with 17D vaccine by scarification or by subcutaneous inoculation

Results of experiment 2,

Results of tests on postvaccination sera from
patients whose prevaccination sera were
negative

Results of tests on
prevaccination sera
Method

Vaccine
suspended

Group

of

inoculation

in:

Tested Neg. Pos.

Gum arabic
solution

lA

Scarification

Inc.* Tested Pos.

Neg. Inc.

Per
cent

cent

inc.

Per

neg.

25

21

3

1

21

20

1

0

0

4.8

95.2

95.7

Physiological Scarification
saline
solution

25

23

2

0

23

22

0

1

4.3

0

1C

Physiological Subcutaneous
saline
injection
solution

25

21

4

0

19

19

0

0

0

0

Tests on prevaccination sera
Test no.
Titer

681
682

3.6
3.9

Tests on postvaccination sera
Titer
Test no.

690
691.

3.9
4.2

Results of neutralization tests. Four
of both the pre- and postvaccination sera
gave inconclusive results in the first test.
On retest of the inconclusive prevaccina-

tion sera, 3 were negative and 1 remained inconclusive. Of the inconclu-

postvaccination sera 2 were positive
1 was negative on retest, and there
was an insufficient quantity of one of the
sera for a retest to be made. (All inconclusive sera were retested in one or another of the tests listed above or in test
no. 696 or 698 in which the virus titers
were 3.9 and 3.7, respectively.) The results of these neutralization tests are
presented in table 4.
Conclusion of experiment 2. In this
experiment the same vaccine preparation
was used for all groups. The quantity
and

100

Inconclusive.

tests, was the serial numbers of the blood
samples. The titers of virus in the tests
set up to test these sera were as follows :

sive

pos.

_

1B

*

Per
cent

of vaccine employed was such that
80,000 m.l.d. were deposited on the skin
for the vaccination of the patients of
groups 1A and 1B while 80,000
were inoculated subcutaneously into the
patients of group 10. The only variable
between groups lA and 1B was the diluent. It may be concluded from the results (table 4) that there is no difference
in the percentage of persons immunized
when 17D vaccine suspended in either
gum arabic or in saline solution is

inoculated by scarification. The only
variables between groups 1B and 10
were (a) the quantity of saline employed
to suspend the virus and (b) the route
of inoculation. It will be seen that in
groups 1B and 10 there is no significant
difference in the percentage of those who
developed antibody.
DISCUSSION

The scarification technique of immunization against yellow fever by
means of the French neurotropic mouse brain virus has been extensively used in
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French territories (Peltier, 1948). In
1945, an evaluation of this method (use
of a vaccine prepared at the Pasteur Institute, Dakar), as compared with that
of subcutaneous inoculation of 17D virus,
was made under the auspices of United
Nations Relief and Rehabilitation Ad-

ministration

( U.N.R.R.A.) (Epid. Inf.
Bull., 1946) . It was shown in the final
results of that study that 98.94 per cent
of positive results were obtained in a
group of French soldiers scarified with
the Dakar vaccine, as compared with
64.29 per cent of positive results in a
comparable group inoculated subcutaneously with 17D vaccine. (The latter
vaccine had been obtained from the
Wellcome Institute, London, and American Army, France.)
In experiment 1 of the present study
it was found that 98.2 per cent of group
A prisoners vaccinated by the Dakar
method developed positive sera 32 days
after vaccination. This finding is in
complete agreement with the results of
the U.N.R.R.A. evaluation of the Dakar
vaccine. In the group C prisoners in
experiment 1, who were inoculated subcutaneously with 17D vaccine there were
94.1 per cent positive results. The difference in this result as compared with
that presented by U.N.R.R.A. is probably to be accounted for by the methods
employed in testing the sera. In the
U.N.R.R.A. study the final results were
obtained by a combination of the results
of tests made on the sera at Dakar, in
Montana, and at Rio De Janeiro. At
Dakar and Rio de Janeiro an intracerebral test was employed while in Montana an intraperitoneal test was used.
The more delicate intraperitoneal test
may indicate the presence of neutralizing
antibodies which are not demonstrable
by an intracerebral test. Of the sera
from the U.N.R.R.A. study tested in
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Montana by an intraperitoneal test, 100
per cent and 97.96 per cent, respectively,
of those vaccinated with Dakar vaccine
or 17D vaccine were positive. The testing of these sera by an intraperitoneal
test gave results, therefore, which are in
agreement with those presented in table
3 of this study.
It may be concluded from the results
of experiment 1 (table 3) that the Dakar
method of vaccination is as efficient an
immunizing technique as is the administration of 17D vaccine by injection.
From the U.N.R.R.A.. evaluation, as
based on the results of intracerebral neu -.
tralization tests; it would appear that
the development of antibodies following
the Dakar method of vaccination is
better than that following the use of 17D
vaccine.
The Dakar vaccine has much to recommend it, not only as an antigen but also
with regard to the cheapness and simplicity of preparation of the vaccine and
the ease of administration. In spite of
these very considerable advantages it
has, however, not been universally accepted. There are probably two reasons
for this. In the first place, the number
of reactions after vaccination with
Dakar vaccine is greater than that of
those which occur after the use of 17D
vaccine (Theiler, 1948) . In experiments
1 and 2 recorded in this communication
no reactions were reported. This may
be a factor of racial tolerance, for it is
the consensus of opinion that the Negro
reacts less severely to yellow fever virus
than do white people. The writer has
no data by which to calculate the rate of
reactions which have occurred in the
mass vaccinations made by the Dakar
method in French Equatorial Africa.
In the U.N.R.R.A. study, 30.6 per cent
(69 out of 211) of French soldiers had
reactions after vaccination with Dakar
vaccine while 9.0 per cent (19 of 210)
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inoculated with 17D vaccine had reactions. While the number of reactions in
the first group may have been increased
by physical exercise, the difference in
the reactions in these two groups was
highly significant (x2 = 35.6; p = <
.001). No severe reactions were recorded
in the U.N.R.R.A. study and, in general,
serious reactions are said to be rare
after vaccination with the Dakar vaccine (Theiler, 1948). This is somewhat
surprising in view of the highly neurotropic properties of French neurotropic
The
yellow fever virus in monkeys.
second possible objection to the Dakar
Vaccine is that since it is a mouse -brain
preparation there is the possibility that
the mouse brains employed in making
the vaccine might become contaminated
with a virus pathogenic for man although

latent in mice.

This objection may perconsidered academic, since
Peltier (1948) does not record the occurrence of any such accident in a total
of 20,053,338 vaccinations for which
Dakar mouse -brain vaccine was used.
Because of the increased numbers of
reactions produced by the Dakar vaccine
and of the potential dangers of inoculating man with a highly neurotropic agent,
17D vaccine is generally accepted with
more favor by many authorities. Since
the standardization of the seed virus
used, and the omission of serum from
the preparation of the latter vaccine,
any reactions have, as a rule, been extremely mild (Theiler, 1948) . The chief
disadvantages of 17D vaccine, particularly for mass vaccinations, are (a) the
cost of the vaccine and (b) the necessity
of using syringes and needles. In the
manufacture of 17D vaccine only the
supernatant fluids of the embyro suspensions are employed and the virus rich sediments which are about one third
by volume of the total embryo suspensions (Gear, 1951) are discarded with
haps

be
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a considerable loss of potential vaccine

virus. The sterility requirements for
vaccines inoculated subcutaneously are
much stricter than would be required
for cutaneous inoculation and unless individual syringes are used for each inoculation there is always present the
danger of transmission of disease by
the syringe (Hughes, 1946; Evans and
Spooner, 1950).
It was considered,
therefore, that if the accepted preparations of 17D vaccine could be used to
immunize by scarification, then subsequently (a) cruder embryo extracts
or, alternatively, (b) 17D mouse -brain
virus, might be employed for vaccines
which could be inoculated by scarification. The first procedure would increase
the vaccine yielded by each embryo, and
both would reduce the cost of the vaccine
and dispense with syringes, and thus
facilitate mass vaccinations with 17D
vaccine.
In experiment 1 it was shown that
the sera of 84.3 per cent of those vaccinated by scarification with 17D vaccine
gave positive neutralization test results.
The results of this experiment (table 3)
suggest, however, that 17D vaccine inoculated by scarification is a less efficient
antigen than either Dakar vaccine or
17D vaccine administered by injection.
In the second experiment it was shown
that when scarifications were made
through two drops containing 80,000
m.l.d. of 17D vaccine suspended in either
gum arabic or in saline, the percentage
of positive results was the same as when
that quantity of virus suspended in
saline was inoculated subcutaneously.
The only a arent advantage of using
gum arabic as the diluent is that the
virus suspension deposited on the arm
dries more rapidly, It was also shown
in the second experiment that there was
no significant diffe ence in the number
of positive results in the group inoc-
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ulated with 17D vaccine by scarification
as compared with those inoculated by
subcutaneous injection. Of the total 44
patients in the second experiment whose
sera were negative prior to vaccination,
42 (95.4 per cent) developed antibody
by the twenty -eighth day after vaccination by scarification. In comparing the
number of positive results after scarification with 17D vaccine in the first and
second experiments it is found that there
is no significant difference in the number who developed positive sera (x2
= 1.28 ; p = < .30 > .20) Excluding
the inconclusive results and combining
the positive and negative results of both
the experiments in which 17D vaccine
was used, the following results are obtained
.

:

Scarification
Subcutaneous injection

Pos.

Neg.

85
83

6

0

Per cent
pos.

93.4
100.0

The reason for the significant difference in the number of positive results

among those vaccinated by scarification
or by injection, which was observed in
the first experiment but not in the second, may be due to the quantity of virus
used for each scarification. Although in
the first experiment it was calculated
that the scarifications of each volunteer
were made through 8,000 m.l.d. of virus,
it is possible (in view of the methods
employed in arriving at this dosage)
that the quantity of virus used was indeed less than that calculated. However,
the actual quantity of virus which makes
contact with cells can never be known
accurately when virus is administered by
scarification, nor is it known how many
LD5o of 17D vaccine are required to immunize by scarification as compared with
the LDge which will immunize by inoculation. An experiment to determine
this is in progress and will be reported
at a later date. It might well be that

even better results would have been ob-

tained if multiple scarifications had been
made through the drops of vaccine, and
there seems to be no reason why this
should not be done in further trials.
The results presented in this paper
show that 17D vaccine administered by
scarification is an efficient method of immunization. It is suggested that (a)
this method of vaccination by means of
crude embryo extracts might be tried
in the mass vaccination of persons living in endemic yellow fever areas or of
troops destined for service overseas, and
(b) that studies should be made on the
antigenicity of 17D mouse -brain virus as
a scarification vaccine. Such a vaccine
would be much cheaper and more easily
prepared than a chick-embryo vaccine.
Prior to this study, Hahn (1951) had
independently carried out trials of vaccination by scarification with 17D yellow fever and with a combined yellow
fever -smallpox vaccine with satisfactory
results. The results of studies made in
Uganda with a combined 17D yellow
fever -vaccinia vaccine will be reported
at a later date (Dick and Horgan, in

preparation)

.

SUMMARY

Two experiments are recorded in
which the immunizing power of 17D vaccine administered by scarification was
tested.
In the first experiment, the sera of 51
volunteers who had no demonstrable yellow fever antibody prior to vaccination
by scarification with 17D vaccine were
tested 32 days after vaccination. Fortythree (84.3 per cent) of these postvaccination sera gave positive results and 3
(5.9 per cent) and 5 (9.8 per cent) gave
inconclusive and negative results, respectively. In a comparable group of 68
volunteers vaccinated with 17D vaccine
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approximately the same titer, 64 (94.1
per cent) developed positive postvaccination sera and 4 (5.9 per cent) showed
inconclusive results. In this first exof

periment an attempt was also made to
compare the immunizing effect of 17D
vaccine inoculated by scarification with
Dakar mouse-brain vaccine of the same
mouse intracerebral titer. The preparation of Dakar vaccine used was estimated
to contain 16,000 m.l.d. per inoculum as
compar @d with 8,000 m.l.d. in the case of
the 17D) vaccine. In view of the methods employed in estimating the titers, it
is not certain if the quantity of 17D vaccine used for each scarification was in-

deed 8,000 m.l.d. In any event, it was
shown that 98.2 per cent of a group of
56

volunteers with negative prevaccina-

tion sera developed positive sera after
vaccination with the Dakar vaccine. It

appeared from this experiment that
Dakar vaccine is a better antigen than
17D vaccine when administered by
scarification.
In a second experiment, groups of patients were inoculated by scarification
with aliquots of the pooled contents of
two ampules of 17D vaccine suspended
in gum arabic (group 1A) or in saline
solution (group 1B)
Of 22 and 23
patients in groups lA and 1B, 20 (95.2
per cent) and 22 (95.7 per cent) respectively, developed positive sera by the
twenty- eighth day after vaccination. A
control group of 19 patients with negative prevaccination sera were inoculated
subcutaneously with the same quantity
of virus as was used for scarification.
All in this group developed positive post vaccinat:on sera.
In combining the results of both experiments 85 of 91 (93.4 per cent) persons (with negative prevaccination sera)
were immunized by scarification with
17D vaccine.
.

`
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The relative merits of Dakar vaccine
and 17D vaccine are discussed. It is
suggested that by using either a crude
extract of embryos or 17D mouse -brain
virus a preparation of 17D vaccine could
be administered by scarification which
might prove to be a satisfactory method
of mass vaccination of persons living
in endemic yellow fever areas or for
troops drafted on overseas service. The
use of such a preparation would reduce
the cost of the vaccine, and the dispensing with syringes would facilitate mass
vaccinations and reduce the chance of
the syringe transmission of disease.
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In order to simplify vaccination procedures in the
tropics, studies were made of the antigenicity of combined

yellow fever and vaccinia vaccines.

The results of these

investigations are recorded and discussed in the next paper.
To eliminate bias as far as possible, the co- operation
of Dr.

E.

S.

Horgan was obtained to read the results of the

smallpox vaccinations and his name was accordingly included
as a joint author of the paper.
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VACCINATION BY SCARIFICATION WITH A COMBINED 17D
YELLOW FEVER AND VACCINIA VACCINE
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The Virus Research Institute, Entebbe, Uganda
The immunizing power of 17D yellow fever vaccine administered by scarification
has been established by several experiments (Hahn, 1951; Dick, 1952). Hahn has
also claimed

satisfactory results with a combined 17D yellow fever-vaccinia

vaccine administered by scarification. It is the purpose of this paper to report the
results of a small study which was made in Uganda with a combined vaccine of
a

type similar to

that employed by Hahn.
PREPARATIONS EMPLOYED

Vaccines. The yellow fever vaccine used was of batch 1760 prepared in the
laboratories of the International Health Division of the Rockefeller Foundation,
New York. This was the same batch of vaccine as was used in the scarification
experiments with 17D vaccine already described (Dick, 1952). Each ampoule of
vaccine contained at least 3.3 x 106 mouse intracerebral LD50 of virus at the time
of this study.
The vaccina vaccine used was the standard calf lymph prepared by Dr G. L.
Timms, Medical Research Laboratory, Nairobi, Kenya. It was suspended in
50 % glycerol with phenol in a final concentration of 0.5 %. Titrations of the lymph
on the skin of rabbits gave semi- confluent to heavy confluent takes at dilutions of
1:10,000, no higher dilutions being tested. The technique of titration was that
used at the former Government Lymph Institute, Colindale, London.
Gum arabic. The preparation of the gum arabio solution employed followed the
method used at the Pasteur Institute, Dakar (Durieux, personal communication),
except that powdered gum acacia B.P. Elect. was used instead of gum arabic of
Senegal. Gum arabic solutions were used to suspend 17D yellow fever virus in
vaccination experiments using a scarification techniglue in which 17D vaccine
alone was used (Hahn, 1951; Dick,1952), and have been used extensively to suspend
both neurotropic yellow fever vaccine virus alone and combined with smallpox
vaccine (Peltier, 1948). There is no evidence that gum arabic has any deleterious
effect on yellow fever virus in the concentration and under the conditions of the
human vaccination experiment to be described.

EXPERIMENTAL
be described, a mixture of yellow fever vaccine, vaccine lymph and gum
arabic was used to vaccinate one group of people. In order to test whether the
glycerol or phenol of the vaccine lymph might significantly reduce the titre of the
As will

*
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London, N.W. 7.

Combined yellow fever and vaccinia vaccine
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17 D vaccine in this mixture, the following experiment was done aliquots of serial
dilutions of some rehydrated 17 D vaccine were added to (a) equal quantities of
vaccine lymph, (b) vaccine lymph which had been inactivated at 56° C. for 2 hr.,
and (c) a buffered solution of 0.2 % bovine albumin (Dick & Taylor, 1949). The
mixtures were allowed to stand at room temperature for 10 min. and then mice in
groups of six were inoculated intracerebrally with one or other of the mixtures.
A contact time of 10 min at room temperature was chosen in order to reduplicate
the in vitro contact time of the mixtures in the human experiment. The results of
this experiment are shown in Table 1.
:

Table

1.

Mortality in mice inoculated intracerebrally with 17D vaccine
Mortality ratios of mice inoculated with
17D vaccine plus

17D vaccine

"

dilution

lymph

100

6/6
12/12
12/12
11/12
5/12
0/11
0/12
3.8

10-1
10 -2
10 -2
10-4

10-5
10-6
LD60

inactivated lymph bovine albumin
N.t.
N.t.
12/12
12/12
7/10
1/12
1/12
0 /11
3.4

12/12
11 /11
12/12
5/12
0/11
0/11
3.8

Numerator = number of mice which died; denominator = number of mice inoculated;
N.t. =not tested.

From these results there was no evidence that the phenol or glycerol would
significantly reduce the titre of yellow fever virus (calculated by the method of
Reed & Muench, 1938) under the conditions of the human experiment to be
described.
Considerable experience has shown that all ampoules of batch 1760 of yellow
fever vaccine stored under the same conditions at this Institute have, at any one
time, the same titre. Since, for scarification in the vaccination experiment to be
described, the contents of one ampoule of 17D vaccine were suspended in 2.0 nil.,
and the dose for each scarification was 0.02 ml., and since for subcutaneous inoculation 0.5 mi. of the contents of one ampoule suspended in 50 ml. of distilled water
were used, it is considered that the dose of virus inoculated (approximately
33,000 LD50) was the same as that placed on the arm through which the scarifications were made. That this is greatly in excess of the quantity required to immunize
was shown by one of us (G.W.A.D.) in an earlier experiment in which serial tenfold
dilutions of one ampoule of 17D vaccine were made in distilled water, and alternate
groups, each of three volunteers who had been bled prior to vaccination, were
inoculated (a) subcutaneously with 0.05 ml. of each dilution, or (b) by four sacrifications, each approximately 1 cm. long through two drops of each dilution of a total
volume of 0.05 ml. Each dilution of the vaccine was inoculated intracerebrally
into mice after the vaccinations had been made and the LD50 was found to be
3.5 per 0.05 ml. (A number of mice died immediately after inoculation in this
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titration, presumably due in part to the quantity of the inoculum or to the lack of
isotonicity of the inoculum.) The vaccinated volunteers were again bled 28 days
after vaccination and their sera tested for antibody with the results shown in Table 2.
Table 2. Comparison of immunizing power of serial dilutions of 17D vaccine
administered by inoculation or by scarification
Number of those with negative
pre -vaccination sera who developed
antibody after vaccination by

Dilution of
vaccine

Inoculation

Scarification

10°
10 -1

2/2
3/3

10-2
10 -3
10 -4
10 -6

1/2
1/3

3/3
2/2
2/2
1/3
0/2
0/3

0/2
0/3

Numerator = number with antibody 28 days after vaccination, denominator = number
with negative pre -vaccination sera.

Although the numbers involved are small, this experiment suggests that even
the scarification route of inoculation is

with minute doses of virus (32 mouse LD50)
highly efficient.

Vaccinations. On 19 June 19M, blood samples were taken from 50 African
adult female patients in the Mulago Mental Hospital, Kampala, Uganda. Their
names were recorded and their previous smallpox vaccination state was recorded
as the number of vaccination scars (1, 2, etc.) and the extent of the scars ( + or + + ).
The contents of 1 ampoule of yellow fever vaccine were rehydrated in a mixture
of 1.0 ml, of the gum arabic solution and 1.0 ml. of calf lymph, and thoroughly
mixed in a mortar with the aid of a pestle. 0.02 ml. of this mixture was delivered
from a tuberculin syringe as 2 drops on to the deltoid region of the arm of each of
the first 25 women (group 1). Two scarifications each approximately 1 cm. long

each drop. The patients were kept in the shade until the vaccine
preparations had dried and the vaccinated area was then covered with a piece of
gauze. The gauze dressing was used in order to discourage any immediate rubbing
or washing off of the vaccine.
Each of the second group of 25 patients (group 2) was inoculated subcutaneously
with 0.5 ml. of the contents of 1 ampoule of batch 1760 vaccine suspended in
50 ml. of distilled water,
and each was then immediately vaccinated at the same
site by scarification, following the method described above, with 0.02 ml. of a
mixture of 1.0 ml. of calf lymph and 1.0 ml. of the gum arabic solution.
The patients were under the daily medical supervision of Dr G. Campbell Young
and were examined by the writers 2, 8 and 28 days after vaccination. On the first
two examinations, the
patients were called at random and the results of the vaccinia
vaccination were read and recorded as primary, vaccinoid or immune reactions.
On the twenty- eighth
day after vaccination, all patients, with the exception of
four who had been
discharged, were again bled. No general reaction to the
vaccinations was observed in any of the patients.
were made through
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The sera from the pre-vaccination blood samples and from the samples taken
28 days after vaccination were tested for yellow fever neutralizing antibodies by
a sensitive method (Smithburn, 1945) in which the test serum was mixed with
a 1 % suspension of mouse-brain-passage neurotropic yellow fever virus and
inoculated intraperitoneally into either eight 10 -14- or six 35 -42- day -old Swiss
white mice of a stock originated from the Carworth Farms, New York. When the
older mice were used, each was given an intracerebral inoculation of sterile 2%
starch prior to the intraperitoneal inoculation of the virus -serum mixture. The
only modification from the method described by Smithburn was that 0.2 % bovine
albumin was used instead of 10 % serum- saline as diluent. The results were
interpreted by the methods we have previously used ( Smithburn, 1945). No
serum was considered to be positive (i.e. to contain neutralizing antibody) if more
than one animal died in a test group of 6 -8 mice inoculated with the serum -virus
mixture. Specimens which gave inconclusive results were retested whenever
sufficient serum was available.
RESULTS

The results of the vaccination experiment are presented in Table 3.
In order to compare quantitatively groups 1 and 2 with regard to previous
smallpox vaccination, a numerical index was given to each patient. This index
was obtained by multiplying the number of old vaccination cicatrices by the
number of + 's recorded for the extent of these cicatrices. Thus a patient with
three cicatrices each of + + is recorded as having a pre -vaccination index of 6,
while a patient with two scars, one of + and one of + + , is recorded as 3.
It is clear (Table 4) that according to our index the two groups are not very
different in their pre -vaccination state, as far as smallpox is concerned, for if the
frequency distribution of patients with indices of 0 to 6 in the two groups is
compared, it is found that t=1171 with P= <0.3 > 0.2. Groups 1 and 2 were
comparable with regard to their pre -vaccination state of immunity to yellow fever
as shown by the results of neutralization tests on pre -vaccination blood samples
(Table 3).
There is no significant difference in the response of the patients of groups 1 and 2
to the vaccination with the vaccinia vaccine (x2= 2.53, n = 2, P= < 0.30 > 0.20).
The results of the yellow fever neutralization tests show, however, that of those
with negative pre- vaccination sera whose sera were tested 28 days after vaccination, 14 of 21 (66.7 %) of group 1, and 22 of 22 (100 %) of group 2 developed positive
sera. The difference in the response of these two groups is significant (x2--- 6.5,
P= <0.02 >0.01).
All of those whose sera were negative 28 days after vaccination were again bled
about 2 months later but none of them had developed positive sera by that time.
.

DISCUSSION

Hahn (1951) has reported in one experiment using a mixed 17D yellow fevervaccinia vaccine, that 100 % (12 of 12) of those vaccinated, who had negative
pre -vaccination sera, developed yellow fever antibody by the sixth week after
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vaccination. In our series only 14 of 21 (66.7 %) of those with negative pre- vaccination sera who were scarified with the mixed vaccine had by that time developed
yellow fever antibody. The results of this study are, however, not strictly comparable

Table

3.

The results of vaccinations

Group 1. Vaccinated with combined
vaccinia and yellow fever vaccine

Group 2. Vaccinated by subcutaneous
injection with yellow fever and by
scarification with vaccinia

by scarification
A

V

Vaccinia
Patient

Prevac.

no.

state

Postvac.
result
P
P

1

2

2

4

3

1

4

1

5

2

V
V
V

6

1

P

7
9

6
4
2

10

1

11

3

12
13
14
15
16
17
18

0

P
P

3

V

2

I
I
I

8

4

Vaccinia

Yellow fever

V

I
V
V

19

3
2
2
2

20

3

21
22
23

1

I

1

V

6
6
3

I

P

I
V
V

Prevac.

state

+
+
-

Postvac.
result
+
+

Prevac.
state

Patient
no.

lA

+

-1-

+
+
+
+
+
No test

-

1

Postvac.
result
P

2A
3A
4A
5A

0
2

V

6
6

I
I

6A
7A

0

P

2

V

8A
9A

2

I

4

V

l0A

i

11A
12 A
13A
14A
15A
16A

4
1

I
I
P

P

1

P

0

I

0
2

P

17 A

1

2

V
V

0

P

+
+
+
+

18A
19A
20A
21A
22 A
23A

6

I

3

V

1

P

+

24A
25A

+
No test

-

No test

-

I

I

4

P
P

Yellow fever

Prevac.

state

+
Inc.
-

Post vac.
result
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
No test

+
+
P= primary; V= vaccinoid; I= immune reaction; Inc. = inconclusive result of protection
test; - =no neutralizing antibody found; + = neutralizing antibody present.
24
25

V

I

1

0

Table 4. The distribution of patients developing primary, vaccinoid or immune

reactions in groups
Reaction
Primary

Group

1

1

and

Group

Vaccinoid

6
11

10

Immune

8

9

6

2

2

Total
16
17
17

with those of Hahn, since there were differences in the preparations used and in
the population groups vaccinated. However, in previous experiments in Uganda
(Dick, 1952), scarification with 17D vaccine alone, using the same batch as in the
combined vaccine described above, had immunized i3.4 % of those vaccinated.
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From the experiments described above it does not seem likely that sonic
possible reduction in titre of the 17D vaccine due to contact with the phenol or
glycerol (which could not be demonstrated for contact periods of 10 min. in
experiments in mice) or with the gum arabic, can explain the low immunity rates
found .after scarification with the mixed vaccine, and it is considered, from the
evidence in which dilutions of 17D vaccine were used, that the estimated LD50 of
17D virus (33,000) used for each scarification was greatly in excess of the minimum
immunizing dose.
It is unlikely that the difference in the yellow fever immunity rates in groups
and 2 is due to the fact that a larger number of patients in group 1 may have
rubbed off the vaccine. Thus, as has been shown, there was no significant difference
in the response to vaccinia vaccine of groups 1 and 2, and furthermore, in group
there is no significant difference in those who developed (a) primary and vaccinoid,
or (b) immune responses among those who had positive or negative sera (x2= 0.95,
n = 1, P = < 0.50 > 0.30). If rubbing off of the vaccine was the explanation of the
lower yellow fever immunity rates in group 1, then one would have expected that
those with negative sera would have shown a significantly different number of
immune vaccinia responses as compared with those with positive sera.
There is no suggestion from our experiments that after scarification with 17D
vaccine there is a delayed development of yellow fever antibody. Thus in none of
the seven persons in group 1 who had not developed antibody by the 28th day,
was yellow fever antibody demonstrable in sera taken 2 months later.
There was no significant difference in the reactions of groups 1 and 2 to the
vaccinia vaccine and, from the types of response, no suggestion that yellow
vaccine had interfered with the vaccinia vaccine, although to be certain of this
a control group who had been vaccinated with vaccinia only would have been
required. Furthermore, there was no evidence of the vaccinia virus interfering
with the yellow fever virus in the group 2 patients who were inoculated subcutaneously with yellow fever vaccine. Thus when one vaccine was given immediately after the other (group 2) a good response was obtained to each of them.
A possible explanation of the lower yellow fever immunity rates in group 1 may
be due to local interference. Further studies are required to elucidate this point,
but it may be that when the mixed vaccine is administered the presence of
vaccinia in some cases prevents invasion by yellow fever virus. One might speculate
that any such inhibition might be a factor of the relative titres of the vaccinia and
yellow fever viruses in the mixtures. Some such explanation might explain the
much higher percentage of positive yellow fever sera in Hahn's series as compared
with those reported above.
If Hahn's results are confirmed, then it would seem that a highly efficient
mixed vaccine is available for use. Our mixed vaccine did not produce a sufficiently
high immunity rate against yellow fever to justify its recommendation.
There is one additional important point with regard to mixed yellow fevervaccinia vaccines which requires further study namely the incidence of reactions.
No general reactions to the combined vaccine or double vaccination were noted
in any of our patients, of whom 14 developed both primary vaccinia reactions and
1

1

-
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positive yellow fever sera Hahn (1951) records no severe reactions in those he
inoculated with his mixed 17 D yellow fever -vaccinia vaccine, of whom 10 out of 12
(with negative pre -vaccination and positive post -vaccination sera) developed

`takes' to the vaccinia component. Both these studies, however, were made in
Africans, and it may be that their reaction to such a combined vaccine or to
double vaccination is less severe than that of white races. Two mishaps have been
recorded in Britain in association with the use of a combined vaccination. The
details are : (1) a man was inoculated with yellow fever vaccine 13 days after
primary vaccination and developed encephalitis the following day and died 5 days
later; (2) a child, aged 6 years, was given a yellow fever inoculation 3 days after
primary vaccination. Definite encephalitis developed on the eighth day after
vaccination but the child fortunately recovered. It cannot be stated whether the
above reactions might not have occurred if no yellow fever vaccine had been
given. Seven cases of post -vaccinial encephalitis were reported during the same
year, but it is not at present possible to calculate attack rates.
Peltier (1948) states that using the Dakar method, which employs a mixed
French neurotropic yellow fever -vaccinia vaccine administered by scarification,
the reactions are of the same order as those observed after the use of the French
neurotropic vaccine by itself, but that they are observed less frequently in the
black than in white races. Unfortunately, no figures are available except in the
U.N.R.R.A. evaluation of the Dakar method of vaccination (Epid. Inf. Bull. 1946).
In that study, however, the number of reactions in those vaccinated with a mixed
vaccine are not truly comparable with the number of reactions in the group
vaccinated with yellow fever only, since the latter group were subjected to considerable physical strain 4 days after inoculation. A careful follow -up of white
people vaccinated with the combined Dakar vaccine might produce some valuable
information in this respect. Until more information is available with regard to
double or mixed vaccination with yellow fever and vaccinia vaccine it would seem
wise to follow the recommendations offered by the Ministry of Health, London
(Monthly Bulletin, 1949), which outlined the period which should elapse between
smallpox and yellow fever vaccination to ensure maximum immunization and
freedom from sequelae.
SUMMARY

Comparable groups of adult African women were vaccinated (a) with a mixed 17D
yellow fever-vaccinia

vaccine administered by scarification, or (b) by inoculation
subcutaneously with 17D vaccine followed by scarification with vaccinia vaccine.
There was no significant difference in the response of the two groups to the
vaccinia vaccine. In the group inoculated with the mixed vaccine, of those whose
sera contained no demonstrable
yellow fever antibody prior to vaccination, 66.6 %
had developed antibody when their sera were tested 28 days later. In the other
group 100 % had developed antibody by the twenty-eighth day after vaccination.
It is suggested that the difference in the response of the groups in this study
might be due to some local interference which prevented invasion by the 17D
virus in some cases.
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While there is good evidence for the efficiency of 17D vaccine as an immunizing
agent when administered by scarification (Hahn, 1951; Dick, 1952), the present
study indicates that the percentage -of those who became immune after vaccination
with the mixed vaccine used in this trial is not sufficiently high to suggest that this
type of mixed vaccine should be used routinely.
In none of our patients was any reaction noted to the mixed or double vaccinations. Further information is required on the reaction of both negro and white
races to combined vaccinations with yellow fever and vaccinia viruses. It is
suggested that a careful follow -up of persons vaccinated by the combined Dakar
vaccine might produce some valuable information in this respect.
Our thanks are due to Dr George Campbell Young for his very great co- operation, and to Messrs W. A. Whittaker, L. E. Hewitt and D. Santos for technical
assistance.
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UGANDA S VIRUS
A

HITHERTO UNRECORDED VIRUS ISOLATED FROM MOSQUITOES IN UGANDA..

(I).

ISOLATION AND PATHOGENICITY
BY

G. W. A. DICK*
National Institute for Medical Research, London, N. W.7
AND

A. J. HADDOW

(From the Virus Research Institutet, Entebbe, Uganda.)

It is the purpose of this paper to describe the isolation and pathogenicity
of what is believed to be a hitherto undescribed agent, which has been called
Uganda S virus. The results of experiments which have established the serological specificity of Uganda S virus will be presented in a subsequent communication (DICK, to be published).
As part of the epidemiological studies on sylvan yellow fever made in Uganda
from 1941 -1949, large numbers of mosquitoes were taken for inoculation of
animals (HADDOW, SMITHBURN, DICK, KITCHEN and LUMSDEN, 1948; SMITHBURN,
HADDOW, and LUMSDEN, 1949). The methods which were employed in making
the catches of mosquitoes have been described elsewhere (HADDOW, GILLETT and
HIGHTON, 1947) and at the time of the isolation of Uganda S virus the method of
dealing with mosquitoes which were taken in Bwamba County, Uganda, was as
follows.
The mosquitoes were chilled by placing the tubes in which they had been taken in a
refrigerator (0 to 4 °C. approximately). When the activity of the mosquitoes had ceased,
all those of the same species were put together in test tubes. The latter were corked,
* Thanks are due to Messrs. J. M. ELLIcE, D. SANTOS and M. LULE for technical
assistance. The sera from humans and monkeys which have been tested for antibody
were collected by various members of this Institute's staff to whom acknowledgement
is made.
I During the time when this agent was isolated and studied, the Institute was the
Yellow Fever Research Institute and was partly supported by the International Health
Division (now Division of Medicine and Public Health) of The Rockefeller Foundation.
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sealed with wax and kept refrigerated prior to despatch and during transit to the laboratory
at Entebbe. On the day the mosquitoes were received at Entebbe, certain of the species
were grouped into lots suitable for the inoculation of mice and rhesus monkeys, for the
primary purpose of attempted isolation of yellow fever virus.
The following mosquitoes, which had been collected in Bwamba, were included in a
batch received at Entebbe on 3rd May, 1947.
47
Aedes (Finlaya) longipalpis Griinb.
17
A. (F.) ingrami Edw.
1
A. (Aedimorphus) natronius Edw.
These " tree Aedes " mosquitoes were pooled as lot B/7/47 and ground up in 1.5 ml.
of 10 per cent. monkey serum (containing no demonstrable yellow fever antibody) in
physiological saline solution. The resulting suspension was centrifuged at 1,500 r.p.m.
for 30 minutes. Groups each of six mice were inoculated intracerebrally with the unfiltered
and Seitz -filtered supernate of this suspension. The mice employed in all experiments
were Swiss mice of 35 -42 days of age which had been bred at Entebbe from a stock originating from Carworth Farms, New York.

The mice which had been inoculated with the unfiltered supernate of the
mosquito suspension were all dead within 24 hours of inoculation, due presumably
to some toxic or bacterial agent in that suspension. In the group of mice inoculated with Seitz filtrate, one mouse became paralysed in all limbs on the 11th day,
and another in the hind limbs only, on the 15th day after inoculation; one mouse
was found dead on the 16th day and the remaining mice of this group remained
well for an observation period of 30 days. Successful transfers were made by the
intracerebral passage of Seitz -filtered and unfiltered 10 per cent. suspensions of
the brains of the mice which were found paralysed on the, 11th and 15th days
after inoculation.
After the mice had been inoculated with the suspensions of the above mosquitoes, the remaining portion of the unfiltered supernate (0.4 ml.) and of the
Seitz filtrate (0.1 ml.) were pooled with 2.6 ml. of a suspension of A. (Mucidus)
grahami Theobald (lot 12/47) for subcutaneous inoculation of a rhesus monkey
(No. 728). This monkey showed no reaction to this inoculation during an observation period of 30 days, and serum taken from it 17 and 43 days after inoculation
contained no demonstrable antibody to Uganda S virus. The significance of
this finding will be discussed in the light of the results of experiments on the
pathogenicity of Uganda S virus for monkeys which are presented later.
PATHOGENICITY

Mice. Transfers of the agent isolated in mice were made by the intracerebral
inoculation of mice with 0.03 ml. quantities of the Seitz -filtered and unfiltered
supernates of lightly centrifuged 10 per cent. suspensions of the brains of paralysed
mice. The diluent employed in routine passages was either physiological saline
solution, or 10 per cent. non -immune monkey serum in physiological saline
solution.
One hundred per cent. mortality occurred by the second intracerebral passage
in mice inoculated with 10 per cent. mouse brain suspensions. In the early
passages the incubation period was 4 to 5 days, this was reduced to about 3 days
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by the 10th passage at which it has remained up to the 60th passage.

At dilutions

of virus towards the end point of infectivity, the incubation period may be as long
as 10 to 12 days. The average survival times of mice of the 3rd to 15th passages
which were inoculated intracerebrally with 10 per cent. Seitz -filtered mouse brain

suspensions were as follows:
Passage No.

Average survival
time in days

3

4

5

7

6

8

10

9

12

11

13

14

15

5.6 6.2 5.6 6.0 5.5 5.0 4.4 5.6 4.3 3.6 4.2 4.4 3.8

The first signs of illness were roughening of the coat and marked inactivity.
This was followed usually within 12 hours by paralysis of the limbs. The paralysis often, but not always, commenced with the hind limbs and within 24 hours
of the onset of paralysis all limbs were usually involved. Death followed within
24 to 48 hours.
Mice of all ages were found to be susceptible to intracerebral inoculation
of 10 per cent. suspensions of mouse brain virus. Mice of 35 -42 days of age
developed the experimental disease when mouse brain virus diluted to about 104
was given intracerebrally. (All titres recorded in this paper were calculated by
the method of REED and MUENCH, 1938.) The susceptibility of mice to intraperitoneal inoculations of virus decreases with increasing age as indicated in
Table I.
TABLE

I.

Comparison of titres on intraperitoneal inoculation of mice of various ages or
intracerebral inoculation of adult mice with Uganda S virus.

Route of inoculation
Age of mice, days:

Log of reciprocal
of LD50*
*

Intracerebral
(0.03 ml.)

Intraperitoneal
(0.06 ml.)
4

14

7

21

28

35

52

8.0 or > 8.4 or > 7.5 5.0 2.5 1.8 0.8 or <

Calculated by the method of Reed

&

35

7.1

Muench (1938).

After the intraperitoneal inoculation of more than 6,400,000 mouse intracerebral (i.c.) LD50 of virus, mice over 42 days old only rarely developed signs of
infection. In one experiment in which mice of 42 -49 days old were inoculated
intracerebrally with 0.03 ml. quantities of soluble starch prior to the intraperitoneal
inoculations of virus, the LD50 was 4.4 as compared with 6.9 on intracerebral
inoculation of mice with the same preparation.
Mice are susceptible to intranasal inoculations of virus but large quantities
of virus have to be given, often on repeated occasions, by this route to produce
signs of infection.
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Multiplication of virus in mouse brains. Forty-two mice were inoculated
intracerebrally with 0.03 ml. of 10 per cent. Seitz -filtered 31st -passage mouse
brain virus (each mouse received approximately 320,000 i.c. LD50 of virus per
0.03 ml.). After 4, 24, 48, 72 and 96 hours, six of these mice were anaesthetized
and bled from the heart; they were exsanguinated and had their brains removed.
The blood specimens and 10 per cent. suspensions of the brains of each group of
six mice were separately pooled. Groups of mice were inoculated (a) with serial
dilutions of each pool of serum, and (b) with various dilutions of the brain suspensions.
Time, hours

II. Showing multiplication of Uganda S virus in
brains of mice and the titre of
virus circulating in the blood at
various time intervals after
intracerebral inoculation.

Material titrated

Log of reciprocal
of LDso*

4

Serum
Brain

2.0
2.4 or >

24

Serum
Brain

2.6
5.0 or >

48

Serum
Brain

Trace
6.8

72

Serum
Brain

0

Serum
Brain

0

TABLE

96

*

7.6

7.4

Calculated by the method of Reed

&

Muench

(1938).

The results of these titrations are presented in Table II, from which it may
be seen that, after intracerebral inoculation of mice, a small quantity of virus
escapes into the circulation up to 48 hours after inoculation. There is, however,
no evidence of any continuous viraemia. There is a steady multiplication of virus
in the brains of inoculated mice up to the 3rd and 4th day, at which time paralysis
is in evidence.
Multiplication of virus in visceral tissues. In order to find out if there was
evidence of virus multiplication in tissues other than the central nervous system
after intracerebral inoculation, the following experiment was made. The tissues
(as indicated in Table III) of four mice, paralysed as a result of inoculation with
29th -passage virus, were pooled and titrated intracerebrally in mice. Prior to
the removal of the tissues, the mice were exsanguinated and perfused with sterile
saline solution. Sterile instruments were used for the removal of each tissue and
all suspensions were made with 0.2 per cent. buffered bovine albumin solution
(Dim( and TAYLOR, 1949).
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Materials
titrated
TABLE

III. Showing distribu-

tion of virus in tissues of mice
paralysed as a result of intracerebral or intraperitoneal inoculations with Uganda S virus.

Serum
Hearts
Spleens
Lungs
Kidneys
Livers (without
gall bladders)
Cords
Brains
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Titre log of reciprocal of LDso`
Intracerebral Intraperitoneal
inoculation
inoculation

<0.5
0.8 or <

* Calculated by the

0.6 or <
1.7
1.6

0.9 or <
3.7
6.3
method of Reed

neg.

2.4
<0.5
1.8
2.5

0.5
4.8
7.0
&

Muench

(1938).

From the results presented in Table III it may be concluded that after
intracerebral inoculation of virus there is little evidence of much, if any, virus
multiplication outside the central nervous system.
A similar type of experiment was made to determine the distribution of virus
in the tissues of mice after intraperitoneal inoculation. Twelve 21- day-old mice
were each inoculated intraperitoneally with 0.06 ml. of a 10 per cent. suspension
of 16th -passage mouse brain virus (each mouse received approximately 640,000
LD50 per 0.03 ml.). On the 6th day after inoculation six paralysed mice of this
group were exsanguinated and perfused with saline solution under ether anaesthesia. The titre of virus in the pooled blood serum and tissues of five of them
was determined, with the results shown in column 3 of Table III. As after intracerebral inoculation, the maximum titre of virus was found in the brain and cord,
and a small quantity of virus was found in the kidneys and lungs. In this case,
however, a fairly high titre of virus was found in the hearts (see Table III). It
does not seem likely that the quantity of virus in the heart was due to virus in the
blood, since no virus was demonstrated in the pool of whole serum and no virus
was present in a 10 per cent, suspension of spleens. The possibility of a certain
amount of virus multiplication in heart muscle or of absorption of virus on to the
corpuscular clot must be considered.
Cotton -rats (Sigmodon hispidus hispidus). The rats were bred at Entebbe
from a stock imported from the Zoological Society of London. No signs of
infection were observed during a period of 28 days in groups each of six rats
inoculated intracerebrally or intraperitoneally with more than 3,200,000 mouse
i.c. LD50 of virus per 0.03 ml.
Guineapigs. The guineapigs used were from inbred stock of mixed and
unknown origins and were shown to have no demonstrable Uganda S neutralizing
antibody in their sera prior to inoculation. Three guineapigs (432, 433 and 434)
were inoculated intracerebrally with 9,800,000 mouse i.c. LD50 of virus. Two
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of them showed no signs of infection throughout an observation period of 28 days.
One of them was sacrificed on the 9th day (after bleeding from the heart) at which
time all guineapigs had demonstrable antibody. Guineapigs 469 and 470 were
inoculated subcutaneously with 33 mouse i.c. LD50 of virus. No circulating virus
was demonstrated by the intracerebral inoculation of mice with the serum of 10
daily bleedings from these animals. No tests for antibody were made. Guineapig 435 was inoculated subcutaneously with 8,200,000 mouse i.c. LD50 of virus.
It was bled daily for 10 days and the serum from each day's bleeding was titrated
intracerebrally in mice. The LD50 of circulating virus on the 1st day after
inoculation was 0.5 or > and 1.3 or > on the 2nd day. No virus was demonstrable on subsequent days and antibody was present in the serum by the 9th day.
There were therefore no signs of infection nor clear evidence of any virus
multiplication in guineapigs after inoculation of Uganda S mouse brain virus.
The presence of virus for 2 days in the circulation of Guineapig 435 might well
be due only to persistence of the virus inoculated. In all guineapigs tested there
was evidence of antibody production as a result of the inoculations.

Rabbits. The rabbits employed were of mixed stock of unknown origin, and
were shown to have no demonstrable neutralizing antibody in their sera prior
to inoculation. Rabbit 369 was inoculated intracerebrally with 1,200,000 mouse
i.c. LD50 of virus. Daily tests were made for 10 days for the presence of circulating virus. The mortality ratios of mice inoculated with 1st and 3rd day sera
were 2/6 and 1/6, on no other days was any circulating virus demonstrable. Rabbit
370 was inoculated intracerebrally with 700,000 mouse i.c. LD50 of virus, and,
as in the case of Rabbit 369, daily tests were made for circulating virus. The
mortality ratios of mice inoculated intracerebrally with the serum of the 1st and
2nd days' bleeding were 2/6 and 1 /6. All mice inoculated with serum taken on
the 3rd to 8th days remained well. Both these rabbits had developed demonstrable
circulating antibody by the 14th day after inoculation.
Apart from the trace of circulating virus and the development of antibody
found in these rabbits, these animals, like the guineapigs and rats, showed no
evidence of infection after inoculations with various quantities of mouse brain
virus.
Monkeys. The results of tests on the susceptibility of adult rhesus (Macaca
mulatta Zimmermann), adult grivet (Cercopithecus aethiops centralis Neumann)
and one adult and one juvenile redtail monkey (Cercopithecus ascanius schmidti
Matschie) are recorded in Table IV. The rhesus monkeys were all imported
from India, the grivet and the redtail monkeys were bought locally. Uganda S
neutralizing antibody was not present in any of them prior to their experimental use.
Rhesus 728 was inoculated subcutaneously with 1.0 x 109 mouse i.c. LD50 of
9th -passage virus. This was the monkey which failed to develop either signs of
infection or antibody after the inoculation of the mosquito suspensions (from one
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of which Uganda S virus was isolated in mice). The inoculation with mouse
brain virus was made 43 days after the inoculation with the mosquito suspensions,
and on this occasion Rhesus 728 circulated virus on the 1st day after inoculation
and developed neutralizing antibody by the 15th day.
As in the case of Rhesus 728, Rhesus 897 and 836 (Table IV) were each
inoculated subcutaneously with a large dose of mouse brain virus. They both
circulated virus on the 1st day after inoculation, but no virus was demonstrated
in their sera on any of the other days on which tests were made. Both developed
antibody by the 14th day after inoculation (Table IV), but no other signs of
infection.
Of two rhesus monkeys (875 and 822) inoculated with small doses of virus
(490 and 230 mouse i.c. LD50 of virus respectively), the former (875) circulated
no virus and developed no antibody, while in the latter (822) circulating virus was
present in the serum from the 2nd to 6th days after inoculation, and antibody was
demonstrable by the 21st day. The daily titrations which were made of the serum
of Rhesus 822 showed that virus was demonstrable in whole serum only and in
none of the dilutions. There were no physical signs of infection in either of
these monkeys.
Grivet 921 and 926 were inoculated subcutaneously with 830 and 83 mouse
i.c. LD50 of virus respectively. The former (921) circulated a trace of virus on
the 3rd, 5th and 6th days, while the latter (926) circulated virus from the 3rd to
the 7th days. There was no evidence of virus in any of the decimal dilutions of
the serum from Grivet 926, except on the 3rd and 4th days after inoculation when
the mortality ratios of mice inoculated with 10-i dilutions of serum were 1/12 on
each day. The behaviour of this monkey with regard to the circulation of virus
was very similar to that of Rhesus 822, in that while virus was present in the
serum for 5 days, there was no evidence of any building up in the titre of circulating
virus followed by a drop in titre associated with the appearance of neutralizing
antibody.
Thirty -eight days after the first inoculation, Grivet 921 was challenged
subcutaneously with a very large inoculum (1.2 x 109 mouse i.c. LD50) and
Grivet 926 with another small subcutaneous inoculation (<100 LD50) of 33rd passage virus. Neither animal circulated any virus after this second inoculation.
It was found that the antibody titre of serum taken from Grivet 921 10 days after
the challenge inoculation had increased 10 -fold, but that there was no significant
change in the antibody titre of serum from Grivet 926. This suggests, as
might be expected, that in the absence of virus multiplication the antibody response
is related to the quantity of antigen inoculated.
Of the two grivet monkeys (1035 and 913) inoculated intrathalamically with
a large and a small dose respectively of virus, the former (1035) circulated virus
for 3 days and subsequently developed neutralizing antibody. The other one
(913) had a trace of circulating virus on the 3rd day. Serum taken from this
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836
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822
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1.1 x 10'
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1.0 x 10'
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10
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2
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2.2x10°

9

1.0 x 10°
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(C. ascanius 1039
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Redtail
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(C. aethiope 926
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0/12 0/12
1
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/6

1

/12

5/6

0/12

0/5

5

0/11

0 /8
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0/6
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-
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units neutralized by serum taken
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0/6 0/6

1/6

3

0/11 0/12 2/2
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Summary of experiments in which monkeys were inoculated with Uganda S mouse brain virus.

Passage
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virus used

IV.
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inoculum
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monkey in the 3rd week after inoculation neutralized less than 1 log unit of virus,
and the results of subsequent neutralization tests on the serum of this monkey
were negative. Thus while there was evidence of a trace of circulating virus on
the 3rd day after inoculation in this monkey, there was no evidence of antibody
formation.

None of the grivet monkeys inoculated with mouse brain virus showed any
clinical signs of infection.

Redtail monkey 1044 was a juvenile animal immune to Zika virus; this
monkey was inoculated subcutaneously with 10,000 i.c. LD50 of Uganda S virus.
It circulated a trace of virus on the 1st, 3rd and 4th days after inoculation and
serum taken from it 10 days after inoculation neutralized 2.1 log units of virus.
This monkey showed no clinical response to the inoculation.

The adult redtail (1039) was first inoculated subcutaneously with 10 mouse
intracerebral LD50 of 54th -passage virus. This was not followed by any evidence
of circulation of virus or antibody production. Two months later it was inoculated
subcutaneously with 1.1 x 102 LD50 of 10th -mouse -passage virus. On this
occasion a trace of virus was found in serum taken on the 1st and 4th days after
inoculation. (The specificity of the agent killing the mice on these days was
confirmed by passage and neutralization tests.) Serum taken 13 days after this
second inoculation showed no demonstrable antibody.
Forty-six days after this second inoculation, Redtail 1039 was given a third
inoculation. On this occasion more than 16 x 106 mouse i.c. LD50 of virus were
injected subcutaneously. Circulating virus was present on the 1st day only after
this inoculation. (In this respect the behaviour of this monkey was similar to
that of rhesus monkeys given a large inoculation of Uganda S virus.) Serum
taken from Redtail 1039 immediately prior to the third inoculation contained no
demonstrable antibody while serum taken on the 10th day after inoculation
neutralized 2.0 log units of virus. This redtail monkey showed no clinical signs
of infection after any of the inoculations of virus throughout an observation period
of more than 2 months.
In general it may be stated that all of the monkey species tested were but
slightly susceptible to inoculations of Uganda S mouse brain virus, as evidenced
by the absence of any clinical response, the low titre of circulating virus in some
animals and complete absence of any response in others.
SEROLOGICAL STUDIES

Since adult mice were not found to be highly susceptible to intraperitoneal
inoculations of Uganda S virus (Table I), an intracerebral neutralization test
following Theiler's (1933) technique was employed in all serological experiments.
Briefly, 0.3 ml. quantities of the serum to be tested were mixed with 0.3 ml.
quantities of several serial decimal dilutions of mouse brain virus suspensions.
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Showing results of neutralization tests with human sera and Uganda S virus.

100or>
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The virus -serum mixtures were incubated for 2 hours at 37 °C. and then inoculated
intracerebrally in 0.03 ml. amounts into groups each of six mice.
Neutralization tests (DICK, to be published) have established that Uganda
S virus is not identical with any of the following viruses : yellow fever, Bwamba
fever, dengue (Hawaii strain), Semliki Forest, Bunyamwera, West Nile, Ntaya,
Mengo (Columbia SK, M.M. or E.M.C.), Zika (DICK et al., 1952), Rift Valley
fever, Ilhéus, St. Louis, Japanese B, Eastern equine, Western equine, Venezuelan,
Russian Far East encephalitis, louping ill, lymphocytic choriomeningitis or the
FA, GD VII and TO strains of Theiler's encephalomyelitis virus of mice.
Neutralizing antibody in human sera. Only a limited number of neutralization
tests have been made with human sera, as indicated in Table V.
In the tests made on the sera from the Toro district (Table V), no inactivation
of the sera was made but all sera yielding neutralization indices of 100 or over
were retested with differences of 0.3 log units or less in the results of the two tests.
All other sera were inactivated at 56 °C. for 30 minutes prior to the test.
In order to compare the reproducibility of the end points in the neutralization
tests with human sera, and to find out if inactivation of the sera had any influence
on the results, the following experiment was done. Eleven sera which in previous
tests had been found to have neutralization indices of 25 or less, were inactivated
at 56 °C. for 30 minutes along with normal and immune control sera. The results
of the retests of these sera were in very close agreement with the first tests in
which no inactivation was done (Table VI) with the exception of one serum 24817.
This serum neutralized 8 LD50 of virus when the test was done with non inactivated serum and 50 LD50 of virus when the serum was inactivated prior to
the test. The possibility of an experimental error in the addition of virus or in
inoculation exists, since there was such complete reproducibility of the other
results. However, in view of this finding, it was felt that until further knowledge
is available, a conclusive criterion for the interpretation of the tests on human
sera was that any serum neutralizing 100 or more LD50 of virus would be regarded
as one containing specific neutralizing antibody to Uganda S virus.
It will be seen from Table V that 7.7 per cent. of the adult population of
Bwamba tested, and 8.3 per cent. of a sample of residents from the West Nile
district had antibody to Uganda S virus in their sera. The samples of sera so far
tested from other areas are too small to be critical, but none of them neutralized
the virus in significant amounts.
Neutralizing antibody in wild monkeys. Tests were made with the sera of
nine monkeys as follows three Ruwenzori colobus (Colobus congolensis ruwenzorii
Thomas), three lowland colobus (C. abyssinicus ituricus Matschie), one blue
monkey (Cercopithecus mitis stuhlmanni Matschie) and two redtail monkeys (C.
ascanius schmidti Matschie). The serum of one of the redtail monkeys neutralized
more than 2.5 log units of virus in one neutralization test and more than 2.7 log
:
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Showing reproducibility of titres in neutralization tests with human sera and
without previous inactivation.

Test 3/50
No inactivation
Serial number Log of recip- Neutralizof serum U
rocal LD50* ation index$

6.0 or >
5.6
5.8
5.9
5.8
5.5
5.8

24499
24583
24718
24817
25510
25540
25567
25630
25634

Test 4/50
Sera inactivated
Log of recip- Neutralizrocal LD50 ation index

neg.
16
10

10
20
10
20
10

4.0 or <

630 or

-

6.8

>

Difference in
log units of
LD50 in tests
3 and 4/50

5.8
5.6
5.6

5

0.2 or >

8

0

8

0.2
1.1

5.5
5.2

5.4
5.0

50
10
20
12
31

5.5

10

0.5
0.3

4.8

8

5.5
5.8

Immune
control
Normal
control
*
$

S

3.8 or <

500 or >

6.5

0.3
0.3

0.4
0.2
0.3

-

Calculated by the method of Reed and Muench (1938).
Neutralization index see footnote Table V.

units of virus on a retest of this serum. It is of interest that this monkey was
shot within two miles of the area where the mosquito catches were made which
yielded the batch of mosquitoes from which Uganda S virus was isolated.
PHYSICAL PROPERTIES

Filterability. In the experiment summarized in Table VII, 15 ml. portions
of a 1 per cent. suspension of 3rd -passage mouse brain virus were passed through
Berkefeld filters of grades V, N and W at a pressure of 320 mm. of mercury.
Five ml. of the same suspension were passed through a Seitz EK pad at 15 lb.
positive pressure. The resulting filtrates were titrated intracerebrally in mice.
It may be seen that Uganda S virus passes readily through Seitz EK pads and
through all grades of Berkefeld filters. There was a slight decrease in the titre
when suspensions were passed through filters of Berkefeld W grade.
TABLE

VII.

Showing results of titrations (expressed as log of reciprocals of LD50 per
0.03 ml) of filtered and unfiltered suspensions of Uganda S virus.

Type of filter used
Unfiltered
7

.5or>

Seitz

Berkefeld

EK

V

Berkefeld
N

Berkefeld
W

7.4or>

7.2or>

7.3or>

6.6
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Showing results of four experiments designed to estimate the particle size
of Uganda S virus.

Mortality ratio of mice inoculated with suspensions of virus
passed through: collodion filters of average pore size, my.

Seitz EK

700

5/6
12/12
12/12
12/12

12 /12
12 /12
12 /12

470

305

210

190

175

6/6

150

140

5/6
12 /12

7/12 2/12
12 /12

110

51

18

0/6

0/6

0/6

0/12 0/12
0/10
0/12 0/12

Size. Several experiments were done to determine the particle size of this
agent by the method of ELFORD et al. (1935) using collodion membranes. Some
of the calibrated membranes were supplied by Dr. R. M. TAYLOR of the International Health Division Laboratories (now Division of Medicine and Public
Health) of The Rockefeller Foundation; others were prepared at St. Mary's
Hospital, London. From these experiments (Table VIII) it may be concluded
that the particle size of Uganda S virus is in the region of 75 -112 mµ. Since
there was relatively little drop in titre when Uganda S virus was passed through
Berkefeld W filters, it is suggestive that the particle size of Uganda S virus is
probably nearer the lower than the upper limit of the range suggested.

Thermal death point.

In order to determine the thermal death point the

following method was used. One ml. quantities of a Seitz -filtered 10 per cent.
suspension of six brains of 17th- passage virus in distilled water were distributed
in Pyrex ampoules. After sealing, the ampoules were completely immersed in
water baths maintained at the various temperatures required. Ampoules were
removed from the water baths at the desired intervals of time and groups of mice
were inoculated intracerebrally with 0.03 ml. of the contents of each ampoule.
The results of one such experiment are shown in Table IX.

IX. Showing mortality
ratios of mice inoculated with
virus suspension heated at 5060°C. for 30 -60 minutes

TABLE

Time
min.
30
60

Mortality ratio of mice inoculated
with suspension heated at, °C.
50

55

60

65

4/4

2/6
0/6

0/6
0/6

0/6
0/5

5/6

It may be seen that Uganda S virus in a 10 per cent. Seitz -filtered suspension
of mouse brain is inactivated by exposure to a temperature of 60 °C. for 30 minutes
or 55 °C. for 60 minutes.
Stability in suspensions. The following experiment was made to determine
the stability of the virus in various diluents at room (21 °- 25 °C.) and incubator
(37.5 °C.) temperatures. A 10 per cent. suspension of six brains of paralysed
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mice of the 35th-passage was made in distilled water. After light centrifugation
the supernate of this suspension was diluted to 1 in 100 in one of the following
diluents: (a) 0.2 per cent. bovine albumin in buffered saline solution (pH 7.4 -7.8)
as described by DICK and TAYLOR (1949), (b) 0.7 per cent. saline solution buffered
as for the bovine albumin solution, (c) 2 per cent. normal monkey serum in buffered
0.7 per cent. saline, or (d) 0.7 per cent. saline solution. Each suspension was
immediately titrated intracerebrally in mice and aliquots of each were distributed
in ampoules. Some of the ampoules containing one or other of the suspensions
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were stored at 37.5 °C. and others at room temperature. The results of titrations
in mice made of the suspensions after various time intervals are indicated in

Graphs 1 and 2.
At incubator temperature, no demonstrable virus was present in the saline
suspensions at the end of 24 hours and less than 100 LD50 of virus was present
in the bovine albumin solution and serum suspensions by the 48th hour of storage.
In the suspensions stored at room temperature no virus was demonstrable in the
saline suspension or in the buffered saline suspension by 48 and 72 hours respectively. It may be seen that both serum and bovine albumin have a protective
effect on the virus in suspensions. The titres of mouse brain virus suspended
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in serum -saline solution were, in this experiment, consistently slightly higher

than

those of virus in the bovine albumin solution. A trace of virus was still demonstrable in both these suspensions by the 120th hour of storage at room temperature.
Of interest is the slight, but doubtfully significant, rise in titre of both the bovine
albumin and serum suspensions which had been held at room temperature for
48 hours. It is conceivable that if these slight rises in titre are significant, they
may be explained by the liberation of virus as a result of tissue autolysis.
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Preservation in glycerine. In an attempt to compare as nearly as possible the
virus content of identical material, mouse brains were halved: suspensions of
one half were titrated immediately after removal and those of the other half after
preservation in 50 per cent. glycerine in physiological saline and storage at 4 °C.
The LD50 of the fresh half of the material was 7.4 or more, the other half gave an

5.2 after 7 weeks of preservation. Other brains of mice which
might have been expected to have titres of about 7.5 when fresh gave titres of
4.8 after preservation for 11 weeks.
LD50 titre of

Preservation by desiccation. Suspensions of mouse brain virus in whole
normal serum have been preserved up to more than 3 years by desiccation on a
Flosdorf-Mudd manifold by the usual procedure and storage at approximately
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0 -4 °C. The LD50 titres obtained with two typical preparations were as follows:
(a) fresh suspension 7.5 ; after 7 weeks 5.5 and after 11 weeks 5.7: (b) fresh

suspension 7.3 immediately after desiccation 6.9 ; after
but the LD50 titre was less than 1.0.
;

3

years virus was present

Pathology. Studies of the pathological changes produced in mice by Uganda
virus have shown lesions confined to the central nervous system. The brain
is involved to a greater extent than the cord, with neuronal degeneration, perivascular infiltrations, accumulations of glial cells and occasionally small capillary
haemorrhages. A complete study of the pathological changes in mice induced
by Uganda S virus and other viruses isolated in Africa is in preparation (Dlcx,
to be published).
S

DISCUSSION

The observations reported in this paper will be discussed in detail, along
with studies which have been made on the serological specificity of Uganda S
virus (Dim, to be published). It should be noted, however, at this point, that
all available evidence indicates that Uganda S virus is not immunologically identical
with any known virus which is neurotropic in mice. Although it is probable that
certain minor relationships which have not yet been completely explored, may
exist, this does not detract from the belief that Uganda S virus is a distinct entity.
While Rhesus 728, which was inoculated with the mosquito suspension from
which the virus was isolated in mice, did not develop any demonstrable antibody
after the inoculation, it was nevertheless shown that the animal was capable of
developing antibody after an inoculation with Uganda S mouse brain virus. It
might be suggested from this that Uganda S virus did not come from the B/7í47
lot of mosquitoes. However, (1) Uganda S virus is not a good antigen when
inoculated into monkeys in small amounts, and the immunizing dose of mouse
brain virus inoculated to Rhesus 728 contained at least 1 x 109 mouse i.c. LD50;
(2) Rhesus monkeys are not very susceptible to subcutaneous inoculations of
Uganda S virus, and may fail to show any response whatsoever to small doses
of virus. In addition it has been shown (3) that Uganda S virus is a relatively
unstable agent when held in suspensions. Now when it is recalled that for the
inoculation of Rhesus 728 (a) less than 0.1 ml. of the Seitz -filtrate of the suspension
of the mosquitoes of lot B/7/47 (from which the virus was isolated in mice) was
mixed with (b) 0.4 ml. of the unfiltered supernate of the latter suspension (which
was found to be toxic for mice on i.c. inoculation) and with (c) 2.6 ml. of a suspension of A. grahami (lot 12/47), it is highly probable that the virus present in
the B/7/47 lot of mosquitoes may have either been diluted beyond the range of
infectivity or inactivated, or else that monkeys are even less susceptible to " wild "
virus than to Uganda S virus which has been adapted to mouse brain.
Further in support of the mosquito origin of the virus are the observations
that we have never found mice spontaneously infected with, or immune to, Uganda
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virus in our mouse colonies, which produce about 10,000 weaned mice per
month, and that neutralizing antibody to Uganda S virus has been found in high
titre in 5.8 per cent. of sera of residents of Bwamba County and the West Nile
district of Uganda, and in the serum of one of six monkeys taken in Bwamba.
We believe, therefore, from the above evidence, that the failure of Rhesus 728
to develop antibody after the inoculation with the mosquito suspension, does not
preclude the presence of Uganda S virus in the inoculum which consisted of a
suspension of mosquitoes of the following species:
S

A. (F.) longipalpis.
A. (F.) ingrami.
A. (A.) natronius.
It is unfortunate that all the experiments which have been made with Uganda S

virus have of necessity been performed with mouse brain virus. Apart from the
finding of one immune wild monkey, nothing else is known of the behaviour of
the unadapted virus in monkeys. In common with other viruses it has been
found that, in monkeys given a large inoculum of mouse brain virus, the virus
appears early and disappears early from the circulation. With smaller doses of
virus there was a variable response. In none of the monkeys inoculated with
mouse brain virus did virus circulate in high titre after subcutaneous inoculations
of quantities of virus varying from 10 to 10,000 LD50. In one of the monkeys
(Rhesus 875) there was no circulation of virus after a subcutaneous inoculation of
490 i.c. LD50 of 41st -passage mouse brain virus, while in another (Rhesus 822)
which was inoculated with 230 LD50 of 22nd -passage virus, circulating virus was
found in 5 days. The quantity of virus inoculated to these two monkeys was
essentially comparable, and the difference in the response may have been due
either to the difference in the mouse passage of the virus used or else to the varied
susceptibility of rhesus monkeys to Uganda S virus. In one of the redtail monkeys
(1039), neither circulating virus, nor antibody appeared following the inoculation
of 10 LD50 of virus; there was a trace of circulating virus but no antibody formation after a second inoculation which contained 1,100 LD50. A similar result
was obtained in the case of Grivet 913, which was inoculated intrathalamically.
In general it is concluded that monkeys are not highly susceptible to inoculations of Uganda S mouse brain virus. However, the fact that high titres of
virus were not obtained in monkeys inoculated with mouse brain virus does not
preclude the possibility that the unadapted virus may in nature be like yellow
fever, essentially viscerotropic in monkeys, and that the Uganda S virus which
has been studied in the laboratory may be as different from the virus which exists
in nature, as French neurotropic yellow fever virus is from non -mouse adapted
strains of that virus.

Uganda S virus is highly neurotropic in mice and although the presence of a
quantity of virus in the hearts of mice after intraperitoneal but not after intracerebral inoculation suggests the possibility that virus might multiply there, there
was no histological evidence of any specific myocardial lesions in inoculated mice.
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The presence of virus in lung and kidney tissue after both intracerebral and intraperitoneal inoculation might be accounted for by virus taken up by the reticuloendothelial system of these organs. The site of election of virus multiplication
appears to be the central nervous system and primarily the brain. Only in these
tissues was there any histological evidence of virus invasion. While young mice
are susceptible to intraperitoneal inoculations of virus, the primary site of virus
multiplication and mode of invasion of the central nervous system after intraperitoneal inoculations are not known.
Uganda S virus seems to have no neurotropic affinity for the nervous system
of cotton -rats, guineapigs, rabbits or grivet monkeys after intracerebral inoculations. No tests for antibody formation were made with cotton -rat sera, but in
all the other species tested antibody developed as a result of the inoculation of
virus.
Like a number of other viruses isolated in Central Africa, nothing is yet
known of the natural host of the virus or of the disease, if any, which it produces
in man.
SUMMARY

(1) The isolation of what is believed to be a hitherto undescribed virus is
recorded. Although the origin of the agent is uncertain, the evidence which has
been presented indicates that it was isolated from one of the following species of
mosquitoes: Aedes (F.) longipalpis, A. (F.) ingrami, A. (A.) natronius.
(2) Studies on the immunological relationship of Uganda S virus to other
viruses are presented elsewhere (Dicx, to be published); they indicate that Uganda
S virus is not identical with any previously described virus. Neutralization tests
have demonstrated antibody to Uganda S virus in high titre in 5.8 per cent. of
sera from residents of Western Uganda and in the serum of one of six wild monkeys.
(3) The pathogenicity of Uganda S virus for mice, cotton -rats, guineapigs
and for rhesus, grivet and redtail monkeys is described. The agent is highly
neurotropic for mice only and has produced no clinical signs of infection in the
other animals tested. Monkeys vary in their susceptibility to Uganda S virus
as evidenced by the circulation of virus and development of antibody.
(4) Uganda S virus would appear to have a particle size of between 75 and
112 mµ. This estimate is subject to revision when other methods of size esti-

mation have been applied. It would appear to be one of the more unstable
viruses when in suspensions, but is readily preserved by desiccation. No studies
have as yet been made on the susceptibility of Uganda S virus to chemicals, nor
have attempts been made to cultivate it in chick embryos.
(5) Nothing is known of the natural history of the virus or of the disease,
if any, which it produces in man or animals.

G. W. A. DICK AND A. J. HADDOW

DicK, G. W. A. (in preparation).
Uganda S and Zika viruses.
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ZIKA VIRUS
(I). ISOLATIONS AND SEROLOGICAL SPECIFICITY
BY
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AND
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(From the Virus Research Institute, Entebbe, Uganda.)

The isolation of filterable viruses from mosquitoes taken in Uganda has already
been recorded on several occasions. Two of the agents so recovered, although
well known, had not previously been identified by isolation from mosquitoes in
Uganda, viz. yellow fever virus (MAHAFFY et al., 1942 ; SMITHBURN and HADDOW,
1946 ; SMITHBURN et al., 1949) and Rift Valley fever virus (SMITHBURN et al., 1948).
A third which was called Mengo encephalomyelitis (DICK et al., 1948) (now known
to be identical with Columbia SK,MM and encephalomyocarditis viruses (DICK,
1949 ; WARREN et al., 1949), has been isolated on several occasions from Taeniorhynchus spp. (DICK et al., loc. cit., DICK and HADDOW, (unpublished)). GILLETT
and DICK (unpublished) have, however, failed to transmit this agent in the laboratory by three species of Taeniorhynchus. The isolation of three hitherto unknown,
filterable viruses secured from wild mosquitoes in Uganda has been described,
viz. Bunyamwera virus (SMITHBURN et al., 1946), Semliki Forest virus (SMITHBURN
and HADDOW, 1944), Ntaya virus (SMITHBURN and HADDOW, 1951) ; the description
of a fourth, Uganda S virus, is to be published (DICK and HADDOW). The purpose
of this communication is to describe the isolation of yet another virus which is
believed to be hitherto unrecorded. Particular interest attaches to the recovery
of this virus, partly because it was encountered on two occasions separated by
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months, and partly because it was isolated independently by G.W.A.D. and later
by S.F.K. employing different methods, both of which were being used primarily
in the search for yellow fever virus in nature. This virus has been called Zika
virus after the geographical name of the area from where the isolations were made.
9

MATERIALS AND METHODS

The mice used in all experiments were descended from the stock of Swiss
mice from Carworth Farms, New York. A group of mice consisted of six, and
unless otherwise stated all mice used in the experiments recorded in this paper
were 35 to 42 days old. The quantity of the intracerebral inoculum for all mice
was 0.03 ml.
ISOLATION OF VIRUS

Locality.

About 7 miles north east of this Institute there is a forested area called Zika. This
area of forest consists of a narrow, dense belt of high but broken canopy growth with clumps
of large trees. It lies along the edge of a long arm of Lake Victoria from which it is separated
by a papyrus swamp. The greater part of the forest runs parallel with the Entebbe -Kampala
road ; there is a narrow stretch of grassland between the forest and the road. The forest at no
place is more than 500 yards wide. It is about 1 mile in length and is almost continuous
with scattered forest which in turn joins the forest at Bujuko on the Kampala -Fort Portal
road. A detailed description of this forest has recently been prepared by BUXTON (in press).
Owing to the relatively high incidence of immunity to yellow fever among the monkeys
on the Entebbe peninsula, Zika was chosen as one of the yellow fever study areas. As an
implementation of the sentinel rhesus monkey programme commenced in Bwamba in 1946
(HADDow et al., 1948), rhesus monkeys were located in cages on wooden platforms in the
canopy of trees throughout the length of the Zika Forest.

First Isolation.
In April 1947, six sentinel platforms were in use at Zika. The temperatures
of the rhesus monkeys on the platforms were taken daily. On 18th April, 1947,
it was reported that the temperature of one of these monkeys Rhesus 766 -was
39.7 °C. (Fig. 1). On 19th April its temperature was recorded as 40 °C.
On the following day it was brought to the laboratory at Entebbe. It was kept
under observation for 30 days but showed no abnormality other than the slight
pyrexia recorded in Fig. 1.
A sample of blood was taken from Rhesus 766 on 20th April, the 3rd day of
fever. The serum was injected intracerebrally (0.03 ml.) and intraperitoneally
(0.06 ml.) into groups of mice and into another monkey, Rhesus 771 (0.75 ml.
subcutaneously). The mice which were inoculated intraperitoneally with the
serum showed no abnormality during an observation period of 30 days. All of
those inoculated intracerebrally showed signs of sickness on the 10th day after
inoculation. A filterable transmissible agent was isolated from the brains of these
sick mice. The further adaptation to mice of this agent isolated from the serum
of Rhesus 766 is described in the next communication (DicK, 1952).

-
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The rhesus monkey (771) which was inoculated with serum of Rhesus 766
showe 'no elevation of temperature above its normal range, and no other abnormalities during an observation period of 23 days.
A will be described later, the agent isolated from the serum of Rhesus 766
which will be referred to as Zika virus (766 strain) was neutralized (a) by convalescent serum taken from Rhesus 766, 1 month (20th May) after the febrile episode
(Fig. 1), and (b) by serum taken from Rhesus 771, 35 days after inoculation with

RHESUS

766

TEMPERATURE

RECORD

oC

FIG.I
the serum of Rhesus 766, but not by (c) pre- infection sera from these monkeys.
(Table I). There was thus conclusive evidence that the agent isolated in mice
had come from the serum of the sentinel Rhesus monkey (766).
Second Isolation.

In January 1948, in an attempt to isolate yellow fever virus from mosquitoes,
made in Zika Forest. The tree -platforms referred

a series of 24 -hour catches was

to above were employed in making these mosquito catches using methods which
have already been described (HADDOw et al., 1947). The mosquitoes taken each
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day were brought to the laboratory in Entebbe. After identification, the following
grouping according to species or genera was made :
1.
2.
3.
4.
5.
6.

Aedes (Stegomyia) africanus Theobald.
Other arboreal Aedes spp.
Non-arboreal Aedes spp.
Taeniorhynchus spp.
Eretmapodites spp.

Other mosquitoes.

Because of its suspected implication in the forest cycle of yellow fever (HADnow
et al., 1948), A. africanus was treated individually as a species. After the grouping
of the mosquitoes had been effected, the mosquitoes were rendered inactive by
placing the tubes in which they were contained in a refrigerator at approximately
4 °C.

From 5th to 20th January, nine lots of A. africanus were secured, and each was ground
up in 10 per cent. serum- saline. The quantity of the serum -saline diluent employed was
the minimum quantity which would make a satisfactory suspension of each lot of mosquitoes.
These suspensions were centrifuged at approximately 2,000 r.p.m. for 15 minutes. An
aliquot of each suspension was passed through a Seitz E.K. pad, and groups of mice were
inoculated intracerebrally with the unfiltered supernates and with the Seitz filtrates.
This account is particularly concerned with the mosquito catch of 11th to 12th January,
1948. Eighty-six A. africanus (lot E/1/48) were taken, and were treated as described above.
All of the six mice which were inoculated with the unfiltered supernate of this lot of mosquitoes appeared inactive on the 7th day after inoculation. Of those inoculated with the
Seitz filtrate one mouse died on the 6th day and one appeared sick on the 14th day. Successful transfers were made with brain suspensions from mice inoculated with the unfiltered
and with the Seitz -filtered suspensions of A. africanus. Evidence will be presented which
demonstrates that the virus isolated from the suspensions of the E/1/48 lot of A. africanus
was a strain (E /1 strain) of Zika virus. The history of the adaptation of this strain of virus
is described later (Dxcx, 1952).
After the groups of mice had been inoculated with the suspensions of each lot of A.
africanus taken in the January, 1948, mosquito -catches, the remaining portions of the
unfiltered supernates and Seitz filtrates of all lots of A. africanus were inoculated subcutaneously into Rhesus 758. Between 5th and 20th January this monkey received nine
inoculations of the remainder of suspensions of A. africanus totalling 607 specimens. The
number of mosquitoes in each lot and the days of inoculation are indicated in Fig. 2. The
total quantities of the unfiltered and Seitz-filtered suspensions inoculated into Rhesus 758
were 3 22 ml. and 0.61 ml. respectively. The quantities of the suspensions of the E/1/48
lot of mosquitoes available for inoculation on 13th Janusry were 0.4 ml. of the unfiltered
supernate and 0.1 ml. of the Seitz filtrate.

Rhesus 758 showed no abnormality as a result of the inoculation of the suspensions of A. africanus. The slight elevations of temperature recorded on
24th January and 5th February (Fig. 2) are not significant. Because of the appearance of sickness on the 7th day (20th January) in mice inoculated with the
unfiltered supernate of the E/1/48 lot of A. africanus, a sample of blood was
withdrawn from Rhesus 758 on the 21st, 22nd and 23rd January, i.e. on the
8th, 9th and 10th days after inoculation with the E/1/48 lot of A. africanus. The
sera from these samples of blood were inoculated intracerebrally into groups of
mice. Of the six mice inoculated with serum taken on 21st January, one was sick
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on the 10th day and two were found dead on the 19th and 20th days. Successful
transfers were made with a Seitz -filtered suspension of the brain of the sick mouse.
Of the six mice inoculated intracerebrally with serum taken from Rhesus 758 on
the 22nd January, one had questionable signs of sickness on the 12th day after
inoculation and was found dead on the 13th day ; another mouse was paralysed
on the 20th day. Successful transfers were made with a Seitz -filtered suspension
of the brain of the dead mouse. (The paralysed mouse proved to be an example
of Theiler's encephalomyelitis.) All the mice inoculated with serum taken from
Rhesus 758 on 23rd January remained well.
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It was subsequently shown by neutralization tests that Rhesus 758 had
developed neutralizing antibody to (a) the agent isolated from its serum, (b) the
E/1 strain of virus isolated directly in mice from A. africanus and (c) to the 766
strain of Zika virus. These tests, which will be described in detail, indicated that
a strain of Zika virus (Zika virus 758 strain) was isolated from the serum of
Rhesus 758 which had been inoculated with suspensions of A. africanos (Fig. 2).
SEROLOGICAL STUDIES

Neutralization Tests.

Preliminary investigations, which will not be discussed here in detail, showed
that adult mice were relatively insusceptible to intraperitoneal inoculations of
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Zika virus. An " intracerebral " neutralization test based on the method described
by THEILER (1933) was accordingly used for neutralization tests with Zika virus.

The technique employed in all neutralization tests, except in the case of a few tests
made in 1948, was as follows ten-fold dilutions of the lightly centrifuged supernate of a
10 per cent. suspension of infected mouse brains were made in serum -saline. To 0.3 ml.
quantities of the sera to be tested were added 0.3 ml. of one of the dilutions of mouse brain
virus as indicated in Tables I to IV. The serum virus mixtures were incubated at 37.5 °C.
for 2 hours prior to the intracerebral inoculation of groups of mice with each mixture.
In the other neutralization test technique, uncentrifuged virus suspensions of infected
mouse brains were diluted to 10-2 and 0.15 ml. of this was mixed with 0.3 ml. of the sera
to be tested. The further procedures of incubation and inoculation were as described
above.
:

Demonstration of antibody in sera of infected or inoculated rhesus monkeys.

The development of antibody in the convalescent serum of Rhesus 766 and
in the serum of Rhesus 771 was demonstrated by the neutralization test documented in Table I. In that test the first neutralization technique described was
employed using infected brains of the ninth passage of the 766 strain of virus.
Because of the low mortality and in some cases recovery of mice inoculated with
early -passage virus, morbidity rather than mortality ratios were used in estimating
the virus titres. It will be seen that neutralization indices of over 8,000 and over
TABLE

I.

Intracerebral neutralization tests with sera of Rhesus 766 and 771.

Serum
Virus
Rhesus
No.
766
766
tou

771

a
`°

.5
rn

771

Date
bled

Descriptions

18.II.47 Prior to going to
Zika as sentinel
20.V.47 31 days after onset of pyrexia
8.IV.47 Pre- inoculation
with Rhesus 766
serum
25.VI.47 36 days after
inoculation with
Rhesus 766 serum

Morbidity ratios
of mice inoculated with serum
-I- virus dilution
10-110-210-310 -4

MD50*t

Log units
neutralized

6/6 6/6 6/6 6/6

4.5 or >

1/6 0/6 0/6 0/6

0.6 or <

6/6 6/6 6/6 6/6

4.5 or >

-

0/6 0/6 0/6 0/6

0.5 or <

4.0 or

3.9 or >

per cent. morbidity end point.
All end points are calculated by the method of Reed and Muench (1938).

* (1) 50

t (2)

10,000 were obtained with convalescent serum from Rhesus 766 and 771 respectively.
Using the second neutralization test technique described, it was shown that
a 10-2 suspension of the eighth passage of the strain of virus isolated from the
serum of Rhesus 758 (taken 21st January, 1948) was completely neutralized (a) by
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serum taken from Rhesus 758 32 days after inoculation with the suspension of
the E/1/48 lot of A. africanus, (b) by late convalescent serum from Rhesus 766, but
not by (c) serum taken from Rhesus 758 on 3rd January, 1948, prior to the inoculations of the suspensions of A. africanus (Fig. 2). A similar experiment using the
seventh passage of the E/1 strain of virus showed that a 10 -2 suspension of infected
mouse brain was neutralized by convalescent serum from Rhesus 758. From these
tests it was concluded that Rhesus 758 had developed antibody both to the strain
of virus isolated from its serum and to the strain isolated directly in mice from the
E/1/48 lot of A. africanus.

Identity of sentinel monkey and A. africanus strains.
The identity of the 766 and E/1 strains of Zika virus was established by the
neutralization tests outlined in Table II. In these tests and in all subsequent
neutralization tests described in this communication, the first technique described
was employed.
It will be seen from Table II that there was reciprocal neutralization of the
E/1 strain and 766 strain of virus by the late convalescent serum of both Rhesus
758 and Rhesus 766.
Serological specificity.

Cross neutralization tests were made with Zika virus, with yellow fever and
Hawaii dengue viruses and with the FA and GD VII strains of Theiler's encephalomyelitis virus. In the case of other viruses, known antisera were tested against
dilutions of Zika virus only.
Yellow Fever. Soon after the isolation of the first strain of Zika virus from
Rhesus 766, it was shown that samples of serum taken from Rhesus 766 (a) before
it was sent to Zika, and (b) during convalescence, had no neutralizing effect on
the French neurotropic strain of yellow fever virus when these sera were tested
in the yellow fever neutralization test as modified by SMITHBURN (1945). Furthermore, yellow fever hyperimmune serum failed to neutralize early passage Zika
virus (766 strain) in tests employing the intracerebral test technique already
described. Similarly, pre -inoculation and convalescent sera from Rhesus 771
failed to show any neutralization of yellow fever virus and the E/1 strain of virus
was not neutralized by yellow fever hyperimmune serum. There was thus good
evidence that Zika virus was not related to yellow fever.

Dengue Virus. The results of cross neutralization tests with Zika and Hawaii
dengue viruses are presented in Table III. In the test using Zika virus, the
intracerebral technique already described was employed. All sera in this and
subsequent neutralization tests to be described, were inactivated at 56 °C. for
30 minutes before being tested. The dengue immune serum (M 4897) was
supplied by Dr. K. C. SMITHBURN (Division of Medicine and Public Health

5.VI.50
2.VI.50
10.V.50
10.V.51
10.V.51
10.V.51

651
758
766

984
758
766

E/1
99th passage

766

f

III.

--

6/6 4/6 0/6
1/6 0/6 0/6
0/6 0/6 0/5

6/6 6/6 5/6 3/6 0/6
4/6 1/6 0/6 0/6
0/6 0/6 0/6 0/6

-- ---1.6 or <
1.5 or <

4.2

4.4 or >
3.5 or <

LD50 or
MD50 *t

6.8

0/8
0/8
8/8

728
766
808

Zika non -immune
Zika immune
Dengue immune

0/8
0/8
8/8

766

0/8
0/8
7/8

0/5

0/6
6/6

0/6

0/6
6/6

970

M. 4897

Normal
Dengue immune
Zika immune

5/8
5/8

2/6
1/6
6/6

7/8
8/8

5/6
5/6

5/6

- --

Survival ratios of mice inoculated with
serum plus virus dilution
10-3
104E
10 -5
10-6
104 10 -8

LDsot

5.9 or >
5.8
2.6 or <

6.6
7.0.or >
3.5 or <

Cross neutralization tests with Zika and Hawaii dengue viruses.

Serum
Rhesus No.
Description

TABLE

See footnote (2) Table I.

Hawaii dengue
82nd passage

Virus

Zika (E /1)
108th passage

fi

Normal
E/1 strain immune
766 strain immune

Normal
E/1 strain immune
766 strain immune

Description

Mortality or morbidity of mice*
inoculated with serum + virus
dilution
10 -2 10 -3 10 -410 -5 10-6 10 -7 10 -8

2.6 or >
2.7 or >

2.4 or <
3.3 or >

Log units
neutralized

0.1 or >
3.3 or >

3.1 or >

--

Log Units
neutralized

titres are calculated on mortality ratios in the case of the test using the E/1 strain and on morbidity ratios in the test
using the 766 strain.
See footnote (2) Table I.

* The

24th passage

Date

Serum

II. Cross neutralization tests with the E/1 and 766 strains of Zika virus.

Rhesus

Virus
Strain

TABLE
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Laboratories of The Rockefeller Foundation). It was demonstrated in this
laboratory that this serum neutralized 3.2 log units of 83rd -passage mouse brain
Hawaii dengue virus when tested intracerebrally in 7- day -old mice by the method
described.
It will be seen in Table III that the Hawaii dengue immune serum had no
neutralizing effect on 108th mouse brain passage Zika virus.
The strain of Hawaii dengue virus employed (Table III) was supplied as a
lyophilized 5 per cent. mouse brain suspension of 77th mouse passage virus by
Dr. M. THEILER (Division of Medicine and Public Health Laboratories of The
Rockefeller Foundation). After five intracerebral passages in 7- day -old mice in
this laboratory, two brains of the 82nd mouse passage virus were used for a neutralization test. The brains were emulsified in the whole serum of a dengue non immune monkey to make a 10 per cent. suspension. Serial 10 -fold dilutions of
this suspension were made with that serum as indicated in Table III. The dengue
anti -serum used in this test was supplied by Dr. A. B. SABIN (the Children's
Hospital, Cincinnati, Ohio) as lyophilized rhesus monkey serum. This serum
was rehydrated and inactivated immediately before use. The subsequent procedures were the same as in the neutralization tests already described except that
(a) the serum -virus mixtures were incubated for only 1 hour at 37.5 °C., and
(b) the inoculations were made intracerebrally into 7- day -old mice. It may be
seen
Table III that Zika immune serum had no significant neutralizing effect
on 82nd -passage Hawaii dengue virus.
Theiler's encephalomyelitis virus. The FA and TO strains of Theiler's mouse
encephalomyelitis virus were received from Dr. M. THEILER and the GD VII
strain from Dr. H. A. HOWE. Antiserum to the FA strain was prepared by
repeated inoculations of a rabbit (375) with mouse brain virus and antiserum to the
GD VII strain was prepared in cotton -rats by a similar method. It was shown
that while antisera to the FA and GD VII strains neutralized 1.4 and 1.6 log
units of these viruses respectively, they gave no significant neutralization of Zika
virus. Reciprocally it was demonstrated that there was no significant neutralization of the FA, GD VII or TO strains of virus by antiserum to Zika virus. In
general, neutralization tests with Theiler's virus are unsatisfactory. Apart from
the immunological evidence, the pathogenicity of Zika virus indicates that it is
not identical with strains of Theiler's encephalomyelitis of mice.
Test with other antisera. Neutralization tests were made with the antisera to
the viruses listed in Table IV and to Mengo encephalomyelitis and Uganda S
viruses. Antisera to Bunyamwera, Semliki Forest, Bwamba fever, Ntaya, Mengo
encephalomyelitis, Ilhéus and Uganda S viruses were prepared at this institute by
the inoculation of animals with mouse brain suspensions of these agents. Antisera
to Eastern equine, Western equine, St. Louis and Japanese B encephalitis viruses
were prepared in New York by Dr. K. C. SMITHBURN (Division of Medicine and
Public Health Laboratories, The Rockefeller Foundation). All of these sera

--

Rh.

rhesus.
encephalitis.

See footnote Table I.

$ e.

*

fi

Zika

Normal monkey
Normal human
Immune to virus :
Bunyamwera
Semliki Forest
Bwamba fever
Ntaya
West Nile
Ilheus
Eastern equine e.$
Western equine e.
Venezuelan equine e.
St. Louis e.
Japanese B. e.
Lymphocytic choriomeningitis
B virus (Canfield)
Louping ill

Serum

TABLE1IV.

.

.

0/6
0/6
0/6
0/6
0/6
0/5
0/6
0/6
0/6
1/6
0/6
0/6
0/6
0/6
6/6

Rh.282
Rh.4269
Rh.855
Rh.M.4904
Rh.M.4903
Guineapig 2
Rh.M.4896
Rh.M.4913
Guineapig
Rh.1203
Horse
Rh.766

A.J.H.
Rh.415
Aethiops 255

10-4

0/6
0/6

6/6

10-3

3/6
1/6
1/6
1/6
3/6
1/5
0/6
1/6
1/6
1/6
1/6
2/6
4/6
3/6
6/6

3/6

3/5

10-5

4/5
4/5
1/6
5/6
2/6
5/5
4/6
5/6
5/6
6/6
5/6
4/6
4/6
5/5
6/6

3/4
4/6

10-6

6/6
6/6
6/6
6/6
5/6
5/5
6/6
6/6
6/6
6/6
6/6
4/4
6/6
6/6
6/6

5/6
6/6

10 -4

-

5/5
6/6
6/6
5/5
6/6
5/5
5/5
5/6
6/6
6/6
6/6
6/6
6/6
5/6

6/6
6/6

10-8

Survival ratios of mice inoculated with
serum plus virus dilution

Rh.*651

668

Source of
serum

5.2
5.3

LDsot

5.0 or >
2.5 or <

5.1
5.5
6.3
5.5
6.0
5.3
5.7
5.5
5.5
5.3 or <
5.5
5.5
5.0

Neutralization tests with antisera of some neurotropic viruses.

0.2
0.2 or <
2.7 or >

0.1

------

Log units
neutralized

00
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neutralized more than 2 logs of the homologous virus. Lymphocytic choriomeningitis antisera were provided by Dr. F. O. MACCALLUM (Virus Reference
Laboratory, Colindale, London) and by Dr. T. P. HUGHES (former staff member,
The Rockefeller Foundation), Venezuelan equine encephalitis antiserum by Dr. P.
K. OLITSKY (The Rockefeller Institute for Medical Research, New York), B. virus
(Canfield) antiserum by Dr. A. B. SABIN (The Children's Hospital, Cincinnati,
Ohio) and louping ill antiserum by Dr. D. G. ff. EDWARD (The Wellcome Veterinary Research Station, Frant, England). Acknowledgement is made to all who
kindly supplied these specific neutralizing antisera.
All the antisera listed in Table IV were tested against dilutions of the 99th
passage of the E/1 strain of Zika virus. The mice employed in that experiment,
which is recorded in Table IV, were 42 to 45 days old.
Neutralization tests with Mengo encephalomyelitis and Uganda S virus
antisera gave no evidence of any significant neutralization.
DISCUSSION

The possible existence of minor antigenic relationships between Zika virus
and other viruses has not yet been completely explored in this laboratory. From
the evidence presented above, however, there is good evidence that Zika virus is
not identical with any of the viruses against the immune sera of which it has been
tested, and is not related to yellow fever, the Hawaii strain of dengue nor to the
GD VII and FA strains of Theiler's virus. In addition to the serological tests
which have been made, the pathogenicity and properties of Zika virus tend to
differentiate it from other viruses, and it is believed that Zika virus is a hitherto
undescribed virus.
The observations recorded in this paper are discussed in the paper which
follows, along with studies on the pathogenicity and properties of Zika virus.
SUMMARY

(1) The isolation of what is believed to be a hitherto unrecorded virus is
described. The first isolation was made in April 1947 from the serum of a pyrexial
rhesus monkey caged in the canopy of Zika Forest. The second isolation was
made from a lot of A. africanus taken in January, 1948, in the same forest. The
virus has been called Zika virus after the locality from where the isolations were
made.
(2) Cross neutralization tests indicate that Zika virus is not related to yellow
fever, Hawaii dengue nor to the FA and GD VII strains of Theiler's mouse
encephalomyelitis virus. Neutralization tests with Zika virus and the antisera of
some other viruses which are neurotropic in mice gave no evidence of any identity
of these with Zika virus.
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(II).

PATHOGENICITY AND PHYSICAL PROPERTIES
BY

G. W. A. DICK

National Institute for Medical Research, London.
(From the Virus Research Institute, Entebbe, Uganda.)

In this communication some studies which have been made to investigate the
pathogenicity and physical properties of Zika virus (DicK et al., 1952) will be
reported.
HOST RANGE

Mice.

Zika virus was first isolated from Swiss albino mice which were susceptible
to intracerebral inoculations with this agent. The adaptation of the strains of virus
isolated from (a) the sentinel* rhesus monkey (766), and (b) from the mice (E /1)
and monkey (758) which were inoculated with suspensions of Aedes (Stegomyia)
africanus Theobald (DICK et al., 1952) are presented graphically in Fig. 1.
With the 766 strain, 100 per cent. mortality of inoculated mice occurred by
the 17th passage of 10 per cent. Seitz -filtered mouse brain suspensions. (In all
estimates of the average survival time the mouse used for passage is excluded.)
In the 18th passage of this line there was one sick mouse which recovered. The
average survival time in the next four passages was 10.6 days, the incubation
period remained at about 6 days and occasional survivors were present from the
22nd to the 59th passage. By the 60th passage the incubation period had become
5 days and between the 70th and 79th passage it was reduced to about 4 days, at
which it has remained constant up to the 157th passage at the time of writing.
The passages originating from the serum of Rhesus 758 were not continued

consecutively beyond the 17th passage.

There were, however, more paralytic

* It will be recalled that the term sentinel monkey has been used for monkeys held
captive in the canopy of trees in forests in Uganda for the purpose of indicating foci of
sylvan yellow fever activity.
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ADAPTATION OF ZIKA VIRUS TO MICE
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mice in early passages with this strain of virus than with the 766 strain and 100
per cent. mortality of inoculated mice occurred at the 16th passage as compared
with 17th passage in the 766 strain.
The behaviour of the E/1 strain of virus was similar to that of other strains
early passages. One hundred per cent. mortality was observed by the
the
in
15th passage of Seitz- filtered 10 per cent. mouse brain suspensions at which time
the incubation period was 5 days, but occasional survivors were found in subsequent passages up to the 50th passage. Between the 50th and 59th passages the
incubation period became reduced to 4 days at which it has remained up to the
115th passage.

Apart from the one mouse which was found dead on the 6th day, in the group
of mice inoculated intracerebrally with the Seitz -filtered suspension of Aedes
africanus (Fig. 1.), the first signs of infection with all strains of virus were inactivity

In the early passages using both high and low
concentrations of virus, some inoculated mice failed to exhibit any visible signs
of illness, others remained rough and inactive for as long as 30 days after the onset
of signs of infection. On the other hand it was not infrequent to find mice recovering after having shown signs of infection of from 1 day up to 2 weeks duration.
(No virus was recovered from the brains of these chronically sick mice when tests
were made 10 to 14 days after the onset of signs of illness). After a few passages
(Fig. 1) some of the mice began to show evidence of motor weakness and paralysis
of the limbs which was usually followed by death. Occasionally, however, mice
which showed marked motor weakness subsequently recovered. As each of the
strains of virus became better adapted to mice, there was increasing evidence of
paralysis followed by death within 24 to 48 hours.
The fact that numbers of mice in early passages recovered from the experimental disease necessitated the use of a 50 per cent. morbidity rate in calculating
the infectivity of early passage material. All mice which, whether they died or
recovered, remained sick for 1 or more days after a normal incubation period were
considered as sick mice for the purpose of calculating the morbidity rates and the
50 per cent. morbidity dose (MD50). A comparison between the morbidity and
mortality rates in a titration of 10th-passage mouse brain virus is shown in Table I.
(All LD50 and MD50 are calculated by the method of REED and MUENCH, 1938.)
It was shown that with early passage virus mice of 7 days and under were
susceptible to inoculations of virus by the intraperitoneal route, but that mice of
2 weeks of age and over could only rarely be infected by that route even when
large doses of virus were used. Because of the irregularity of the titres obtained
with early -passage virus it was, however, seldom that reproducible end points
could be obtained, and the majority of experiments recorded in this paper have been
taken from studies made with virus which had been through 90 or more passages
in mice. After that number of passages the virus had become well adapted to
mice and was much more satisfactory for reproducible experimental work.
and marked roughness of the coat.
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TABLE

I.

Showing a comparison of the morbidity and mortality rates of mice inoculated
with unfiltered or Seitz -filtered 10th -passage Zika virus.

Virus
dilution

10-5
10-6

6/6
6/6
4/5
5/6
0/6

LD or MD *50

5.3

10 -2
10-3

10 -4

Mortality ratio*
Unfiltered
Seitz

Morbidity ratio*
Seitz
Unfiltered

4/6
6/6
4/5
2/6
0/6

5/6
5/6
4/6
4/6
0/6

4.6

"

4.4

4/6
4/6
3/6
4/6
0/6

4.0

The denominator = number of inoculated mice.
The numerator of the morbidity ratio = number of mice showing signs of sickness
followed by death or by recovery (see text) ; the numerator of the mortality ratio = number
*

which died.

There was no significant difference in the infectivity of late -passage virus
inoculated intracerebrally to unweaned mice as compared with mice 5 to 6 weeks
old. Mice over 6 weeks of age were, however, slightly less susceptible to inoculation by that route than were younger mice. The relationship between age and
susceptibility to intraperitoneal inoculation is clearly shown in the experiment
recorded in Table II in which titrations of the lightly spun supernate of 99th
mouse passage virus were made in mice of various ages.
TABLE

II. Showing the susceptibility of mice of 7 to 35

-

42 days of age to intraperitoneal
inoculations of 99th passage Zika virus.

Age in days
7

14
21

28
35 -42

LD50 per 0.06 ml.

6.0

1.5or<

1.4 or <
1.2 or <
1.0 or <

Each dilution of virus was tested in six mice, except in the case of mice under
four mice were used. A comparative intracerebral titration which was made at the same time in 35 to 42- day -old mice gave an
LD50 of 6.8 per 0.03 ml.
It may be seen from this experiment that there is very little difference in the
susceptibility of 7- day-old mice to intraperitoneal inoculation as compared with
adult mice to inoculation by the intracerebral route. By the end of the second
week mice are only slightly susceptible to intraperitoneal inoculations, and in this
respect there is little difference in mice of 2 weeks of age as compared with those
of 5 to 6 weeks of age.
Adult mice can be infected occasionally by intranasal inoculations of mouse
21 days where two litters each of
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brain virus and their susceptibility to inoculation by this route appears to decrease
with increasing age, but infection by this route is uncertain and irregular except
in mice of 1 to 2 weeks of age.
Distribution of the virus in viscera.

In order to determine if virus was present in tissues other than central nervous
system of infected mice, the following experiment was done the kidneys, lungs,
livers, spleens and brains of three 20th -passage mice (sacrificed on the 1st day of
illness) were made into 10 per cent. suspensions, and groups of normal mice were
inoculated intracerebrally with lightly centrifuged supernates of the suspension
of each tissue. None showed any signs of infection except those which had been
inoculated with the brain suspension. Apparently at the onset of illness no
organ other than the brain contains demonstrable quantities of the virus.
:

Multiplication of virus in brain.

The following experiment was done to find out when the maximum concentration of virus was present in the brains of mice and to determine if there was any
circulation of virus in the blood of mice after intracerebral inoculation. Forty-two
mice were inoculated intracerebrally with a 10 per cent. Seitz -filtered suspension
of 26th mouse brain passage virus. Each day, for the next 10 days, four mice
were bled from the heart, exsanguinated and then their brains were removed. The
blood specimens and the brains from each group of four mice were separately
pooled. The sera and suspensions of the brains were titrated daily in groups of
mice. Virus was present in the serum only on the 1st day after inoculation, but
just as a trace, since only two of the mice showed signs of sickness after inoculation
with undiluted serum. There was then no evidence of any viraemia and the virus
in the blood stream was probably a spill over of the intracerebral inoculum. On
the other hand, the virus content of the brain gradually rose and on the 5th day a
titre of 5.5 per 0.03 ml. was obtained. On the following day, which was the 1st
day on which the mice showed signs of illness, the titre of brain tissue was 6.2.
The titres of virus in the pooled brains of groups of four mice which were found
dead or were sacrificed as sick mice from the 7th to 10th day were :
Day
LD50

7th
5.8

8th

3.6

9th

2.5

10th

0.8 or <

The maximum virus titre was present therefore on the 1st day of signs of
illness and gradually fell thereafter.
Cotton -rats (Sigmodon hispidus hispidus).
10-2

Mouse brain virus of the 123rd -passage was titrated intracerebrally from
to 10-6 in groups each of four cotton-rats and of six mice. The log titre of
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virus of the preparation in mice was 5.1, the rats were thus inoculated with from
less than 1 to 1,250 mouse intracerebral M.L.D. None of the cotton-rats showed
any sign of infection. They developed no clinical illness when they were subsequently challenged intracerebrally with more than 100,000 mouse intracerebral
M.L.D. of Zika mouse brain virus.
Guineapigs.

Two guineapigs (319 and 320) inoculated intracerebrally with 0.12 ml. of the
lightly spun supernate of a 10 per cent. brain suspension of 3rd mouse passage
virus were found dead on the 6th day after inoculation. Neither had shown any
pyrexia nor other signs of infection and no virus was recovered in mice from the
brains of these animals. It was not possible to repeat this experiment using
3rd -passage virus but in experiments in which guineapigs have been inoculated
intracerebrally with 10th, 98th and 115th- passage virus, none of the inoculated
guineapigs showed either pyrexia or other signs of infection during observation
periods of up to 30 days. (No tests were made for the presence of antibody in any
of these animals.) Therefore, while it is possible that before Zika virus is well
adapted to mice it produces a clinical disease in guineapigs, there is no evidence
of their developing any illness after inoculation with virus which has been passed
intracerebrally in mice from 10 to 115 times.
Rabbits.

Four rabbits inoculated intracerebrally with 15 x 106 mouse intracerebral
LD50 showed no signs of infection, but their sera taken 21 days after inoculation
contained antibody to Zika virus.
Monkeys.
As has been mentioned (DICK et al., 1952), none of the monkeys which
were employed in the isolations of Zika virus showed any physical signs of infection
except Rhesus 766 which exhibited a slight pyrexia. Virus was present in the
serum of the latter monkey on the 3rd day of fever (which was the only day on
which a test was made). Circulating virus was demonstrated in the serum of
Rhesus 758 on the 8th and 9th days after inoculation with an infected lot of
A. africanus. (No tests of the serum of this latter monkey were made before the
8th day, and virus was not present in a sample taken on the 10th day.)
No physical signs and no pyrexia have been observed in rhesus monkeys
inoculated subcutaneously with mouse brain virus but circulating virus has been
present in the serum in all those which have been tested for from 4 to 5 days after
inoculation (Table III).
As in the case of the monkeys employed in the isolation of Zika virus, all
monkeys inoculated subcutaneously with mouse brain virus have developed
neutralizing antibody within 2 to 3 weeks after infection.

97
113
113

860

961
1045

Pass No.
10,500
10,500

>67

LD50

(1)
(2)
(3)
(4)
(5)

IV.

TR
TR

TR(3)

1

3

2.2
2.6
1.5 or >

2

1.0 or >
1.5 or >
1.5 or >
?TR

1.8
0.5

4

0
0
0

0
0

TR

0.6
0
0

7

6

5

Mouse i.c. LD50 of circulating virus, on day

34
97
97
107
107

Mouse
Passage
3

,)

>I

Right thalamus

0.5
0.8
0.8
1.0
1.0

1.5 x 106
x 106 or >
,,

Frontal lobe
Both thalami

ml.

LD50

4 x 106

Site of
inoculation

Vol.

Inoculum

-

+

+(2)
neg

1

--

+

-

+

+
neg

+

3

neg

2

--

neg
neg

+

4

--

-(5)

neg

+

5

--

neg
neg

neg(3)

6

--

neg
neg

7

Tests for circulating virus on days after inoculation

Summarising the intracerebral inoculations of monkeys with Zika mouse brain virus.

Circulating virus present.
No circulating virus demonstrated.
Cercopithecus ascanius schmidti Matschie.
No test made.

III.

733
1019
1044
853
970

Number

See Table

Rhesus
Rhesus

Redtail(4)

Grivet
Grivet

1

Monkey

TABLE

Macaca mulatta Zimmerman.
Trace.

Species(1)

(2)
(3)

0) Cercopithecus aethiops centralis Neumann.

Grivet(1)
Rhesus(2)
Grivet(1)

Number

Inoculum
Mouse i.c.

virus.

III. Showing titre of virus circulating in blood of monkeys after subcutaneous inoculation with mouse brain passage Zika

Species

TABLE
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Since Zika virus had been shown to be highly neurotropic in mice, its pathogenicity for monkeys by the intracerebral route was tested by the inoculations
summarised in Table IV.
The sera of all the monkeys recorded in Table IV were tested for antibody
before inoculation. In none except Grivet 1019 was demonstrable antibody
present. The pre -inoculation serum of Grivet 1019 neutralized more than 2.5 log
units of mouse brain virus. This monkey had been trapped in Uganda and had
not been subjected to any previous experimental procedures.
Grivet 733 showed a slight elevation of temperature on the 1st to 4th days
after inoculation, otherwise none of the monkeys recorded in Table IV showed any
physical signs of infection. Grivet 1019 (the naturally immune grey monkey)
showed no circulating virus as compared with two other monkeys (Grivet 733 and
Redtail 1044) whose sera were tested daily after inoculation.
Antibody was present by the 14th day after inoculation in all monkeys inoculated intracerebrally.
Following the identification of the strain of virus isolated from the batch of
A. africanus (DICK et al., 1952), the sera of all the rhesus monkeys which were
being employed as sentinel monkeys at Zika were tested for Zika antibody by
Dr. S. F. KITCHEN. In the tests made by KITCHEN, the serum of one of six
sentinel rhesus monkeys (No. 801) was found to contain antibody. Further
neutralization tests were made in 1950 with the sera of nine other rhesus monkeys
which had been stationed at Zika during 1947-48. The serum of one of these
(No. 777) was found to neutralize 1,000 or more LD50 of virus.
In addition to these tests, neutralization tests were made with the sera of 13
grivet and 2 redtail monkeys, only the serum of one (Grivet 1019), as has been
mentioned, contained antibody. The majority of the grivet monkeys were trapped
on the Sese Islands and none of them was from the Zika area.

Human antibody surveys.
Since antibody had been demonstrated in the sera of captive monkeys and
of a wild monkey in Uganda and since a strain of Zika virus had been isolated
from A. africanus, it was decided to test some human sera, primarily collected for
yellow fever studies, for the presence of Zika virus antibody. The results of tests
of these sera are presented in Table V.
TABLE V.

Locality
Zika
Kampala
Bwamba
West Nile

Totals

Showing the results of tests of human sera for Zika antibody.

Tested
25
18
7
21
71

Adults
Positive

Children
Tested
Positive

0
0
2
2

11

4

Total
% positive

0

0

20.0

4

2
0

28

2

0
13

0

g, O

446.1
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Only those sera which were found to neutralize 100 or more LD50 have been
considered as positive. This may be too high a level and may be modified when
further information has been collected on human immunity to this virus. However, the presence of antibody in that titre is suggestive evidence of previous experience with Zika virus or with some virus very closely related to it.
Filterability.
Suspensions of Zika mouse brain virus can be passed through Berkefeld filters
of grades V, N or W with but slight loss of virus.
Using Elford's technique (ELFORD et al., 1935), the particle size of the virus
is estimated to be in the region of 30 to 45 mµ. This is concluded from the
observation that active virus could be recovered from infected mouse brain
suspensions passed through collodion filters of average pore diameter of 90 mµ and
greater, but not from filtrates passed through filters of 70 m N and less.
Stability.
Suspensions of mouse brain virus in whole normal serum have been preserved
for periods up to 30 months by desiccation on a Flosdorf-Mudd manifold followed
by storage at 0 to 4°C.
Virus has been demonstrated in infected mouse brains which have been
stored in 50 per cent. glycerol at 0 to 4 °C. for periods up to 6 months.
In order to test the susceptibility of the virus to chemicals, aliquots of the
lightly spun supernate of a 20 per cent. suspension of 124th -passage virus were
mixed with equal quantities of ether, with 1 per cent. potassium permanganate,
20 per cent. ethyl alcohol or 1 per cent. phenol in distilled water, and with distilled
water alone as a control. These mixtures were allowed to stand at room temperature (68- 78 °F.) and samples were taken from each mixture after a contact time
of 2, 5 and 24 hours. Each sample was further diluted 1 : 10 and inoculated
intracerebrally into mice with the following results :
Mixture of 10 % virus in
final concentration of

Mortality ratios of mice inoculated with 10-1
dilutions of mixtures, after contact of hours,
2

50 % ether
0.5 % pot. permang.
10 % ethyl alcohol

0.5 % phenol

Distilled water (control)

7/7
0/6
6/6
6/6
6/6

5

24

6/6
0/6
6/6
6/6
6/6

0/5

0/6
4/6
6/6
6/6

It may be seen that virus (as a 10 per cent. mouse brain suspension) is destroyed rapidly by potassium permanganate in a concentration of 0.5 per cent., and
that contact with ether destroys the virus within 24 hours. Active virus was
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found 24 hours after contact with both 10 per cent. ethyl alcohol and 0.5 per cent.
phenol.
Suspensions of mouse brain virus in buffered saline solution are rapidly
inactivated at pH of under 6.2 and over 7.8 ; buffered saline suspensions of virus
are most stable at pH of 6.8 to 7.4.
Thermal death point.

To determine the thermal death point, the lightly spun supernate of a 10 per
cent. weight/volume suspension of infected mouse brain was distributed in 1.0 ml.
quantities in thin glass ampoules. The ampoules were held at the temperatures
for the times indicated in the following table, which gives the cumulative results
of several experiments :
Time of exposure
mins.
15

30

Mortality ratio of mice inoculated with suspensions heated
at °C.
50

54

58

60

70

11/11
20/21

12/12
6/12

1/12
0/12

0/11
0/22

0/11

-

It may be concluded therefore that the virus in 10 per cent. mouse brain
suspensions is destroyed when infected mouse brain virus suspensions are exposed
to a temperature of 58 °C. for 30 minutes or 60 °C. for 15 minutes.
Histopathology.

The pathological changes in mice sacrificed on the 1st day of signs of infection
have been confined to the central nervous system. Various stages of infiltration
and degeneration including widespread softening have been observed in the brains
of some mice ; neuronal degeneration and cellular infiltration have also been found
in the cords. There have been minimal inflammatory changes of the membranes
or of the ependyma.
Inclusion bodies of Cowdry type A have been observed in damaged nerve
cells. These intranuclear inclusions have been more obvious in pathological
material from baby mice than in adult mouse brains. Some of the intranuclear
eosinophilic inclusions were agglomerated into larger bodies and in general the
inclusion bodies were very variable in shape and size. No inclusion bodies were
seen in the brains of mice which have been sick for several days. In some of the
chronically ill animals there has been very extensive round cell infiltration of the
brain, and in some of them degenerative changes in the viscera have been seen.
These latter changes are not considered to be virus specific changes. It should
be noted that the histological picture tends further to differentiate Zika virus from
some other neurotropic viruses with which it has not been compared serologically.
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A more detailed report of the pathological lesions produced by Zika virus
will be presented elsewhere (DICK, in preparation).
DISCUSSION

Zika virus was encountered in the course of studies which were designed to
discover the vector responsible for the non-human cycle of sylvan yellow fever
in Uganda (HADDOW, SMITHBURN, DICK et al., 1948 ; SMITHBURN, HADDOW and
LUMSDEN, 1949). The procedure employed was to capture mosquitoes in selected
localities and to inoculate suspensions of these mosquitoes into mice and rhesus
monkeys. Since it seemed a waste of effort to make large scale catches in areas
in which there was no evidence that yellow fever virus was present at the time the
catches were being made, rhesus monkeys were established as virus sentinels.
These monkeys were placed on platforms in the canopy and understory of the
Semliki Forest and of the forest at Zika. At the beginning, the sentinel monkeys
were caged, but when it had been shown that A. africanus did not readily enter
the type of cage which was being used to confine the monkeys ( HADDOW, SMITH BURN, DICK et al., 1948), they were secured uncaged on the tree platforms.
The temperatures of these sentinel monkeys were taken daily and blood
samples were taken from any monkey showing a rise in temperature above the
normal variation. These blood samples were inoculated into mice and monkeys.
From one of these sentinel monkeys (Rhesus 766), the first isolation of Zika virus
was made on 20th April, 1947. Rhesus 766 occupied platform No. 5, which was
about one -fifth of a mile from platform No. 3. It was on this platform, No. 3,
that the mosquito catch was made on 12th to 13th January, 1948 which yielded a
second strain of Zika virus isolated by Dr. S. F. KITCHEN. It was also on platform
No. 3 that Rhesus 801 had been secured. This monkey, it will be recalled, was
one of the two sentinel monkeys which developed antibody to Zika virus while it
was stationed in Zika forest. The other sentinel monkey (777) which was found
to have antibody had been stationed at various sites in the forest which included
platform No. 3. Both Rhesus 801 and 777 had several bouts of pyrexia while at
Zika, but no virus was isolated from either of them and no signs of infection other
than pyrexia were recorded. The evidence is thus suggestive that Zika virus
persisted in the forest strip at Zika between April, 1947, and January, 1948.
During that period the major focus of infection apparently shifted a distance of
less than 300 to 400 yards, whether through the agency of indigenous monkeys or
mosquitoes, it is not possible to say.
Of the 27 species of biting insects taken during the January 1948 catches
(and some were represented by generous samples) ( HADDOW, unpublished), only
A. africanus was found to be infected with Zika virus. It is not known if this
mosquito acts as a vector of the virus or whether the virus found in these mosquitos
was being carried mechanically. Perhaps against the likelihood of A. africanus
being the vector are the observations that (a) this mosquito does not readily enter
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the type of cage which was being used to confine the sentinel monkeys (HADDOw
et al., 1948) at the time when Rhesus 766 was infected, and (b) no sentinel rhesus
monkey has become infected with yellow fever while confined in a cage. It is well
established that A. africanus is the sylvan vector of yellow fever in Bwamba,
Uganda, and if A. africanus failed to enter monkey cages and infect the monkeys
with yellow fever, it seems unlikely that a caged monkey would be infected by
A. africanus carrying Zika virus. While Rhesus 766 became infected at a time
when sentinel monkeys were caged, Rhesus 801 and 777 became immunized after
all the sentinel monkeys had been removed from cages and were secured by
run -wires on the tree platforms. The part, if any, which A. africanus may play
in the epidemiology of infection with Zika virus requires further investigation.

It is not known whether Zika virus produces a clinical disease or a latent
infection in humans. However, it seems probable that man has contact with the
virus as evidenced by the demonstration of specific antibody in high titre in 6.1 per
cent. of the sera which have been tested. The absence of antibody in the samples
of sera taken from the residents of Zika and from patients in Kampala as compared
with the presence of antibody in samples taken from Bwamba and West Nile
natives, may be due to the fact that the residents of the latter areas have more
contact with the forest in which the reservoir of Zika virus may be present.
The absence of the recognition of a disease in humans caused by Zika virus
does not necessarily mean that the disease is either rare or unimportant. In this
respect, it may be recalled that while yellow fever is endemic among the human
population of Bwamba, Uganda, only one case has ever been diagnosed there
during the acute phase. (This case was only found after a careful and prolonged
search (MAHAFFY, SMITHBURN, JACOBS et al., 1942).) The available information
suggests that perhaps not only yellow fever but also Zika virus and some of the
other viruses isolated in Uganda are at the moment well adapted to the human
host.
So far only very limited immunity studies with monkey sera have been
possible. The grey monkey which was found in nature to have neutralizing
antibody in its serum was found to be immune to the intracerebral inoculation of
Zika mouse brain virus as evidenced by its failure to circulate virus after inoculation. Zika virus would appear to be yet another example of a virus infection in
which both man and monkey may be involved in the natural history of the disease.
The best known and most completely studied of these viruses involving man and
monkeys is yellow fever, others are Semliki Forest, Bunyamwera, Bwamba fever,
Uganda S (DICK and HADDOW, to be published) and Ilhéus virus.

The available evidence indicates that Zika virus is not identical with any
known virus. The limited host range, the difficulty of adaptation of this virus to
mice and the inapparent infection in monkeys after inoculation with mouse-brain
virus suggest a similarity to dengue virus. No serological relationship between
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Zika and the Hawaii strain of dengue virus has been found. A further differentiation from dengue virus is the presence of inclusion bodies which, as far as is
known, have not been described in dengue-infected mice.

The marked neurotropism of Zika virus in mice is in contrast with its lack of
neurotropism in monkeys, cotton -rats, guineapigs and rabbits. The production
of inapparent infection in monkeys inoculated subcutaneously with mouse brain
virus as compared with the pyrexia exhibited by the naturally infected rhesus
monkey (766) suggest that perhaps the unadapted virus was more pathogenic for
monkeys than mouse brain passage virus.
From the physical properties of Zika virus which have been described it will
be noted that the virus is a relatively unstable agent when in suspensions.
Finally it should be emphasized that the studies presented in this and the
preceding paper are preliminary field studies which were carried out in Uganda.
It is believed, however, that they are sufficient to establish that Zika virus is a
hitherto undescribed virus probably infecting man.

SUMMARY

(1) A description is given of the adaptation to mice of two strains of Zika virus.
Zika is the name of a forest area near Entebbe, Uganda, where both strains of
virus were isolated. One of the strains was isolated from a pyrexial rhesus monkey
which was being employed as a yellow fever sentinel and the other was obtained

from a batch of A. africanus.
(2) The signs of infection in mice are described. While mice of all ages
tested are susceptible to intracerebral inoculations with Zika mouse brain virus,
mice of 2 weeks of age and over can rarely be infected by the intraperitoneal route.
Mice younger than 2 weeks are highly susceptible to intraperitoneal inoculation
of the virus.
(3) Zika virus is highly neurotropic in mice and no virus has been recovered
from tissues other than the brains of infected mice.
(4) Cotton-rats, guineapigs and rabbits show no clinical signs of infection
after intracerebral inoculation of late passage mouse brain virus.
(5) Monkeys develop an inapparent infection after subcutaneous inoculation

with mouse brain virus. After intracerebral inoculation one of five monkeys
showed a mild pyrexia, the others showed no signs of infection. Viraemia during
the first week after inoculation has been found in all monkeys tested and antibody
has been demonstrated by the 14th day after inoculation.
(6) Of 99 human sera tested, 6 (6.1 per cent.) have neutralized more than
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100 LD50 of virus.
monkeys tested.

Antibody has also been found in the serum of one of

15 wild

(7) The size of Zika virus is estimated to be in the region of 30 to 45 m t in
diameter. The virus may be preserved up to 6 months in 50 per cent. glycerol
and up to 30 months after drying. It is susceptible to anaesthetic ether and the
thermal death point is 58 °C. for 30 minutes.
(8) Neuronal degeneration, cellular infiltration and areas of softening are
present in infected mouse brains. Cowdry type A inclusion bodies have been
found, particularly in the brains of young mice showing extensive lesions.
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Antibody surveys among human beings have shown that
infection with Uganda

virus occurs in many parts of Africa,

S

in India (Smithburn, Kerr & Gatne 1953) and in Malaya and

Borneo (Smithburn 1954).

Nothing is known of any clinical

symptoms or disease which it may cause.

Zika virus has a

wide distribution and evidence of its activity has been

found in Africa, India, Malaya and Borneo (Smithburn, Kerr &
Gatne 1955, Smithburn 1951) and in the Amazon valley (Theiler
1954).

There is some evidence

(

Macnamara 1954) that human

infections with Zika virus may be associated with jaundice.
The following epidemiological notes deal with the

epidemiology of Uganda
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Zika, Mengo encephalomyelitis

virus and other viruses isolated in Uganda.
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During a period of 10 years (1937 -1947) 10 different viruses were isolated at the Yellow
Fever Research Institute (now Virus Research Institute), Entebbe, Uganda. Two of these,
yellow fever and Rift Valley fever virus, had been studied in considerable detail prior to
their isolations in Uganda, but the nature of the Uganda isolations has greatly helped to
unravel the natural history of the former and suggested some epidemiological links which
may be of importance in the development of our knowledge of the epidemiology of the latter.
Of the remaining eight viruses, all were thought to be hitherto unknown agents and subsequent

the case of one of them, namely Mengo encephalomywhich was shown to be related to the Columbia SK, MM and encephalomyocarditis
viruses (DICK, 1949; WARREN, SMADEL and Russ, 1949; OLITSKY and YAGER, 1949).
Perhaps the most formidable thing about these recently discovered viruses are the
names which they have been given, for all of them except Uganda S virus have been called
after the local geographical name of the place where the isolations were made. Their names,
the year of their isolation and those responsible for their discovery are as follows
studies confirmed this belief except in
elitis virus,

:

Name of Virus
1.
2.

3.

4.
S.
6.
7.
8.

Bwamba fever
Semliki Forest
Bunyamwera
Ntaya
Uganda S
Zika
Mengo
West Nile

Year first Isolated

Investigators

1937
1942
1943
1943
1947
1947
1946
1937

Smithbum, Mahaffy & Paul (1941)
Smithbum & Haddow (1944)
Smithbum, Haddow & Mahaffy (1946)
Smithbum & Haddow (1951)
Dick & Haddow (1952)
Dick, Kitchen & Haddow (1952)
Dick, Smithbum & Haddow (1948)
Smithbum, Hughes, Burke & Paul (1940)
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The first five of these viruses were isolated from material collected in Bwamba county
in the Western province of Uganda, Zika and Mengo viruses were isolated in the Entebbe
area, while West Nile virus, as its name implies, came from the West Nile district (Map).
The fact that the isolations were made in these three areas does not necessarily reflect a
prevalence of viruses there, but merely indicates areas in Uganda where intensive yellow
fever studies have been made; all the agents which have been mentioned are, as it were,
by- products of yellow fever research, for all of them were isolated incidentally to experiments
planned primarily to recover yellow fever virus.
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Map showing districts of Uganda

It would be quite impossible in the time and space available to review these viruses in
detail and so what I propose to do is to discuss some of the observations which have been
made in relation to their epidemiology, to present some aspects of the problem which may
provoke discussion and elucidation, and to record a considerable amount of data which has
not up to now been published. In the first place, however, I would like to summarize from
what sources the viruses with which we will be concerned were isolated, and to discuss the
evidence on which rests the belief that man and/or animals play some part in their natural history.

i
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ISOLATION OF VIRUSES

Yellow fever, Rift Valley fever, Bwamba fever, West Nile and Mengo viruses have all been isolated

from the blood of human beings. Although most searched for, only one human isolation of yellow
fever virus has been made in Uganda ( MAHAFFY, SMITHBURN, JACOBS and GILLETT, 1942) and all the
isolations of Rift Valley fever made in that country have been from laboratory workers (SMITHBURN,
MAHAFFY, HADDOW, KITCHEN and SMITH, 1949). Nine strains of Bwamba fever virus were isolated
from as many immigrant African labourers in Bwamba, Uganda (Map), all of whom presented a similar
clinical picture characterised by low grade pyrexia for 2 to 5 days, with headache and backache, followed
by rapid and complete recovery (SMITHBURN et al., 1941). The first isolation of West Nile virus was
made from the serum of a woman from Idu, Uganda (Map), who had a slight temperature (100.6 °F.)
but no other signs of infection and who insisted that she was not ill. More recently, MELNICK, PAUL,

and ZABIN (1952) have isolated three strains of West Nile virus from
Egyptian children who lived 30 km. north of Cairo. They were in a group of children being bled for
an antibody study and there was no evidence that they were severely ill when the blood was taken.
In the case of Mengo virus, one isolation of this agent was made in Uganda from a European with an
acute encephalitis (DICK, BEST, HADDOW and SMITHBURN, 1948) and recently KocH (1950) claims to
RIORDAN, BARNETT, GOLDBLUM

children in Germany. Two of these
sent me, were closely related to, if not
identical with Mengo virus, as evidenced by their immunogenic properties and pathogenicity for monkeys
(DICK, 1948) and this has been confirmed by BIELING (1950) who identified all four strains as belonging
to the Col -SK group.
In all cases studied all persons from whom any of these five viruses have been isolated have developed specific antibody in high titre during convalescence to the virus isolated from their blood.
have isolated four strains of a closely related virus from four
strains (FAITZ and SENGER) which the late Dr. G. M. FINDLAY

Isolation of virus from monkeys

The use of sentinel rhesus monkeys held captive in the canopy of forested areas has led not only

to several isolations of yellow fever virus from rhesus monkeys (SMITHBURN, HADDOW and LUMSDEN,
1949) but also to the isolation of Zika virus (DICK et al., 1952). Two isolations of Mengo virus from
rhesus monkeys held captive at ground level have been already described (DIC( et al., 1948) and a
third strain from rhesus monkeys was recovered from the blood of a monkey found dead in the monkey

runs at Entebbe in June 1950. In December 1951 three additional strains of Mengo virus were recovered from rhesus monkeys which had been housed in the compound of the Entebbe laboratory, all
of which had died suddenly without previous signs of illness (HoRGAN, 1952).
As in the case of viruses isolated from human sera, all monkeys naturally infected with any of these
viruses from whom convalescent blood was obtained developed antibody during convalescence to the
agents isolated.

Isolation of viruses from mosquitoes

In addition to these isolations of viruses from human beings and monkeys, all of these viruses
which we have so far mentioned have also been isolated from mosquitoes with the exception of West
Nile virus. It will be remembered that the first instance in which a mosquito other than Aedes (Stegomyia)
aegypti Linnaeus was incriminated in the human cycle of yellow fever in Africa was made by MAHAFFY
et al. (1942), who first isolated yellow fever virus from A. (S.) simpsoni Theobald in Bwamba, Uganda.
This was repeated (SMITHBURN and HADDOW, 1946) in an area where the entire population had been
vaccinated, and this finding turned the attention of the Entebbe group of investigators to the forest
and the series of studies which finally incriminated A. (S.) africanus Theobald as the principal vector
and insect host of the virus in, one should add, Bwamba county, Uganda (SMITHBURN et al., 1949a) are I
am sure well known to all of you.
DAUBNEY and HUDSON (1931, 1933) who first isolated the virus of Rift Valley fever inferred from
circumstantial evidence that the virus was transmitted by mosquitoes, but the first unequivocal isolation
of Rift Valley fever from naturally infected wild caught mosquitoes was not accomplished till 1944
when SMITHBURN, HADDOW and GILLETT (1948) isolated this virus six times from different lots of
mosquitoes taken during a period of 39 days in a circumscribed uninhabited area of the Semliki Forest
04244, These isolations were made once from A. (S.) dendrophilus Edw. twice from A. (Aedimorphus)
tarsalis Newst. group and three times in three successive catches from Eretmapodites spp. The significance of these isolations and of certain transmission experiments with Rift Valley fever virus will be
discussed later.
In 1946 Mengo virus was isolated by DICK et al. (1948) from a mixed lot of Taeniorhynchus spp.
and again from Taeniorhynchus in 1950 after the third isolation of Mengo virus had been made from a
rhesus monkey. At that time a series of nightly catches were made by Dr. A. J. HADDOW (unpublished)
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in and near the monkey runs and suspensions of the mosquitoes taken were grouped by species and
inoculated into mice. The total number inoculated was 36,638, the majority of which were T. (M.)
africanus (5,162) and T. (M.) uniformis (920). Mengo virus was isolated from four lots of T. (C.) fuscopennatus and from one lot of T. (M.) uniformis. In passing it should be noted that, with the exception
of this single isolation from T. (M.) uniformis, of the many thousands of mosquitoes which have been
inoculated into mice in yellow fever studies, Mengo virus has never been isolated from any species of
mosquito other than T. fuscopennatus and on one occasion from a lot of mosquitoes containing that
species.
Zika virus was isolated from A. africanus by Dr. S. F. KITCHEN about 8 months after the original
isolation of that virus (DICK et al., 1952).

Of the other four recently isolated viruses, namely Semliki Forest, Bunyamwera, Ntaya and Uganda
S, no isolations have so far been made other than from mosquitoes. These mosquito isolations were
as follows: Ntaya from 1,318 mosquitoes of mixed genera, Bunyamwera from 4,114 Aedes belonging
to 14 species, Semliki Forest from a lot of 130 A. (A.) abnormalis Theobald group and Uganda S
virus from a suspension of A. (Finlaya) longipalpis Grünb., A. (F.) ingrami Edw. and A. (A.) natronius
Edw.
Isolations from other species
In addition to the above isolations Mengo virus was isolated in 1947 from the serum of a mongoose
(DICIi et al., 1948) and from the nature of that isolation it does not appear likely that this was due to
the misinterpretation of a laboratory contamination which has been known to occur with the Mengo
group of viruses. The other isolation which might be mentioned in passing is that of yellow fever
virus from a suspension of Phlebotomus spp. captured during an epizootic when the virus was repeatedly
obtained from sentinel monkeys and A. africanus (SMITHBURN, HADDOW and LUMSDEN, 1949).
All of the isolations which I have noted were made by the intracerebral inoculation of mice since
that was one of the techniques employed in attempting isolations of yellow fever virus which, as has
been mentioned, was the primary object in all investigations which first turned up these recently discovered agents. The marked neurotropism of certain of the viruses may be due as much to the development of a neurotropic variant as a result of the method of isolation and passage as to any naturally
neurotropic character of the virus concerned.
EVIDENCE OF INFECTION OF MAN

The best evidence that man may be infected with these agents is obtained from the
isolation of the viruses from human material and the demonstration where possible that
antibody to the agent isolated has developed in convalescence. The second method is by
the demonstration of a rise in antibody when sera taken at intervals are compared and the
third is the " survey method " in which single samples of sera are tested for antibody. There
is good evidence that man becomes infected with yellow fever, Rift Valley fever, Bwamba
fever, West Nile virus and Mengo encephalomyelitis virus as shown by the primary virus
isolations of these agents from human beings and the subsequent development of antibody
to the virus isolated. With the knowledge of the antibody levels obtained after natural
infection it is possible to fix a level of antibody arbitrarily which may be used to interpret
the results of antibody surveys in which only single serum samples are available.
It is well realized that there are several objections to the " survey method " in which
only one serum is available from each donor. Perhaps the most important is that it may be
argued that what is being measured is not specific antibody to the virus being studied, but
is antibody to a related virus or is a non -specific neutralizing substance. I am prepared to
accept that the finding of antibody to a given virus in a single specimen of serum is not
conclusive proof that the individual donating the serum had been infected. The very nature
of such a finding is not susceptible to absolute proof. It does seem reasonable, however, to
assume that if antibody levels of the same order as are found in those convalescent from
infection with one of the viruses are found in individuals who might be expected to be exposed
to infection but not among people not likely to be exposed, then it is probable that those with
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antibody have had previous experience with the virus concerned, always provided that
non-specific neutralization has been excluded and (b) that antigenically closely related

virus is not responsible for the antibody. Very little is known of the possible influence of
non -specific neutralizing substance in the interpretation of the results of human surveys with
the viruses we are discussing with the exception of yellow fever. That the results of yellow
fever surveys are highly specific may be concluded from the observations, e.g. that only two
samples (both from India) of 876 specimens of serum collected from India, Australia, Syria
and the Far East neutralized yellow fever virus, and that of 481 sera from countries of Europe
and North America only one neutralized the virus (SAWYER, BAUER and WHITMAN, 1937).
These studies indicate that the non-specific factor is of a low order if indeed it is non -specific
for there are many sources of error which might account for these findings other than nonspecific neutralization.

In the case of the other viruses about which less information is available there is no
that surveys have measured a non -specific factor. In general the absence
of antibody among people in areas where the viruses are believed not to be present gives one
confidence in the interpretation of positive results. The odd positive result has to be interpreted with caution. Although further studies of sera from other areas are required, the
widely distributed positive results of antibody studies which I shall present for certain parts
of Africa permit, I believe. of only one interpretation, namely previous infection. My own
studies and those of SMITHBURN and MAHAFFY (1952) have shown that no neutralizing
substances to Bwamba fever have been found in sera from residents of the United Kingdom
or New York, and the failure of four pools of human y- globulin prepared in the U.S. to
neutralize West Nile virus (MELNICK et al., 1952), all confirm one in the belief that the
antibody survey studies which have been made give valid evidence of previous contact with
the virus concerned. With regard to antibody to a related virus being interpreted as being
due to the virus under study, I do not think that this is likely with any of the viruses we are
discussing (SMITHBURN, 1952) except perhaps in the case of West Nile virus which is anti genically closely related to Japanese B and St. Louis viruses.
With Bunyamwera, Semliki Forest, Ntaya, Uganda S and Zika viruses, which have not
so far been isolated from man, it may be argued that the finding of antibody in human beings
is perhaps only presumptive evidence of previous infection with these agents.
The level
of antibody which is taken as an indication of previous infection with these viruses is purely
arbitrary, in part based on the response of human beings to similar types of viruses and in
part from extrapolation from animal experiments. The results of all such antibody studies
must be interpreted with caution till information is available on rising titres of antibody
after infection, or the isolation of virus from human beings.
Before dealing with the evidence and interpretation of experiments indicating infection
of animals with the African viruses, there is one very important aspect of the interpretation
of antibody studies with yellow fever virus in human beings to which I would like to refer.
It must never be forgotten that vaccination with 17D vaccine will produce about the same
level of neutralizing antibody as a natural infection with yellow fever virus. The antibody
response to vaccination cannot be distinguished from that of a natural infection except by
complement fixation test (CFT), for vaccination is not normally followed by the development
of CF antibody (LENNETTE and PERLOWAGORA, 1943). CF antibody is usually present in
recent natural infections which have occurred perhaps up to 1 year prior to the date of the
test. So in general the CFT is not of any help in distinguishing antibody due to vaccination
reason to postulate
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or natural infection several years previously. It is necessary to remember that large numbers
of Africans were vaccinated when soldiers during the last war. Thus, in Uganda, in addition
to the civilian vaccination campaigns made in the Toro district (Dicx and GEE, 1952)
there were 77,505 Africans enlisted during World War II (J. S. CHAMPION, personal communication) the majority of whom were vaccinated when soldiers. It would seem then that
of a population of 1,383,446 Africans in Uganda at least 200,000 (or about 5 per cent.) have
antibody as a result of vaccination based on the 9 year durability of demonstrable antibody
(DICK and GEE, 1952). In all yellow fever surveys which have been made since the war,
attempts have been made to exclude ex- soldiers but this may not always have been achieved
and the influence of previous vaccination in the Army on the immunity rates (as measured by
neutralizing antibody) in any one district would be dependent on the percentage of the adult
male population of the district who were enlisted. In Uganda, e.g., the highest percentage
of enlisted men came from the West Nile and Acholi districts (12 per cent.) as compared
with 4 per cent. of residents of the Buganda kingdom* (J. S. CHAMPION) and thus the chance
of an adult male having been vaccinated in the Army is three times greater in West Nile and
Acholi than in Buganda. I have no figures for the extent of vaccinations in other territories
with the exception of Kenya, where of the total population of 5,251,000 (1948 census) 10 per
cent. have probably been vaccinated as civilians (HoRGAN, 1952) and perhaps considerably
more if enlisted persons are included.
EVIDENCE OF INFECTION IN ANIMALS

No isolations of any virus have been made from indigenous African mammals with the
exception of the isolation of Mengo virus from a mongoose. The nature of the isolations
of yellow fever, Zika and Mengo viruses from captive rhesus monkeys leaves no doubt,
however, that they were naturally infected with these viruses. We can interpret the results
of antibody surveys in monkeys as in human beings on the basis of information obtained
from natural infection. In addition, however, species found in nature to have neutralizing
antibody can be tested for susceptibility to the virus concerned by inoculation or by the bite
of an infected insect, and the rate_ of virus multiplication and subsequent antibody level
reached may also be measured. It is thus possible in the case of animals to study the significance of the finding of antibody in relation to (a) the specificity of the antibody and (b) the
presence of antibody being evidence of immunity, which is obviously not possible with
human beings.
In testing the susceptibility of an animal (as evidenced by virus multiplication) it is
important that as far as possible the test virus should be " wild " unadapted virus. LAEMMERT (1943) and WADDELL and TAYLOR (1948) showed that the response of marmosets in
South America was dependent on the strain of virus used and this variability of response to
the strain used is evident in the case of bush -babies in Africa from a comparison of some of
my experiments with those of SMITHBURN (1949a). SMITHBURN using Asibi virus found
that Galago crassicaudatus lasiotis Peters was highly susceptible to inoculation of this strain
of virus, and excluding deaths complicated by extraneous factors 11 of 21, or 52.4 per cent.,
of the animals which he inoculated died. In my own experiments using a comparable
quantity of a strain of virus isolated in Uganda ( SMITHBURN and HADDOW, 1946) I found
that both G.c. lasiotis and G.c. panganiensis (Matschie) were highly susceptible to inoculation
*°
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but in my series there was no mortality of eight animals inoculated with the Uganda
virus, while 2/2 galagos inoculated with comparable doses of Asibi virus died.*
In general the finding of antibody in wild animals known to be susceptible to inoculation
I would
of virus is accepted as evidence of previous infection with the virus being studied.
stress the phrase " known to be susceptible " for although, for example, neutralizing antibody
to yellow fever has been found in the sera of cows (MACCALLUM and FINDLAY, 1937), sheep
(SMITH, 1940), the red river hog, hyrax and mongoose (DICK, 1952a), none of these animals
is susceptible to inoculation of virus.
I mention this point for only recently (CARMICHAEL,
1952) it was implied that the finding of antibody in cows etc. was evidence of previous
infection with the virus. The finding of non -specific neutralizing antibody in animals does
not necessarily preclude the possibility that the animal may nevertheless be susceptible.
The type of experiments which have established the susceptibility or resistance of
African animals to yellow fever have been described in detail (SMITHEURN and HADDOW, 1949;
SMITHEURN et al., 1949a; DICK, 1952b).
Since the information which I shall give on
Bwamba fever immunity in monkeys has not been previously published I would like to
present the evidence on which the epidemiological observations were based. In 1945
Dr. A. F. MAHAFFY tested some monkey sera against Bwamba fever virus and showed that
some of the sera neutralized the virus in high titre. The question then arose as to whether
the species concerned were susceptible to infection with the virus and what level of antibody
could with confidence be taken as evidence of previous infection. Unless the natural infection
can be followed the figure taken is, as I have already said, only arbitrary.
By following the
type of experiment which I shall describe, a level may be chosen, however, which would
seem to be a reasonable basis for the interpretation of immunity surveys.
of virus,

strain of

Two Cercopithecus aethiops centralis Neumann and one C. ascanius schmidti
Matschìe were bled and then inoculated with a small dose of early -passage mouse brain Bwamba fever virus (no unadapted virus being available). The animals were
subsequently bled daily and dilutions of serum inoculated intracerebrally into mice.
It was found from the mortality of the inoculated mice that all the monkeys had
virus in their blood streams
o
for 1 week and that multiplication of virus had taken
place reaching a peak on the
3rd to 5th days (Fig.). All
+
the monkeys were bled at
various intervals during
convalescence and the majority of the sera from these
samples were tested for antibody in one test. The
levels of antibody obtained
in each serum are shown in
the figure.
The normal control
serum on which the antibody
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Showing the average virus titre of virus in the serum of 3 monkeys
inoculated with Bwamba fever virus, and the subsequent titre of antibody in serum of individual monkeys. All sera tested for antibody in
one test except
those indicated by a circle.
x - - x antibody titre.
'
= virus titre ; o

-

levels were calculated was a
pool from rhesus monkeys.
It will be seen that all the

pre -inoculation sera neutralized a small quantity of virus
as compared with the rhesus
serum.
-o
There is no evidence that the emerald green colouraton of the serum which develops in bush(Professor Eric
babies after inoculation
of Asibi virus is due to anything other than bile pigments
HoLMES, personal
communication).
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Before reaching an arbitrary level of antibody which was acceptable in the interpretation of the
results of antibody surveys, it was necessary to find out how repeatable were the end point titrations
of virus mixed with pre -inoculation or immune sera. I have found only one presumed normal monkey
whose serum neutralized as much as 0.7 logs of virus and that was the pre -inoculation serum of the
red-tail monkey recorded in the above experiment (it should be noted that at the time this experiment
was done the importance of heat inactivation of sera was not appreciated, such inactivation might have
reduced this small amount of presumably non -specific neutralization of this pre- inoculation serum).
It was also shown that up to 3 years after the time of immunisation the sera of the three inoculated
monkeys consistently neutralized 2 or more logs of Bwamba fever virus but not any of the other African
viruses. From these experiments it was concluded that if the serum of a wild monkey neutralized
100 LD50 or more of virus, it was good evidence that the monkey had had a previous infection with
Bwamba fever virus. The interpretation of the finding of antibody in monkeys to other viruses which
will be recorded is based on similar types of evidence.
EVIDENCE OF INFECTION IN MOSQUITOES

The finding of virus in a mosquito is not evidence that the mosquito is infected with
the virus, using the word infected to connote multiplication and invasion of the tissues with
the virus, and before an infected mosquito can be implicated as a vector it must be shown
to be capable of transmission. This has been adequately established for several species of
known and suspected importance in the transmission of yellow fever, and both species from
which yellow fever virus has been isolated in Uganda have been found to be efficient vectors.
Although Mengo virus has been isolated on several occasions from Taeniorhynchus spp.,
GILLETT and I have failed to transmit this virus with T. fuscopennatus, T. uniformis or with
T. africanus. We showed that while the virus could be recovered from the stomachs of
mosquitoes up to 8 days after an infective feed, there was no evidence of infection of the
insects. The failure to transmit in these experiments would not appear to be due to the
fact that the virus used was not freshly isolated, for the virus we employed had been passed
only once in mice and subsequently two or more times in rhesus monkeys and it would appear
from these experiments that the virus in these mosquitoes was being carried mechanically.
In this respect it is of interest to recall that while DAUBNEY and HUDSON (1933) noted that a
lamb inoculated with a suspension of wild- caught T. fuscopennatus became immune to Rift
Valley fever, SMITHBURN et al. (1949b) failed to transmit Rift Valley fever with that species,
although they qualified this failure with the observation that their experiments were inconclusive because of technical difficulties. (As far as I know T. fuscopennatus has never been
incriminated as a vector of any disease.)
Before leaving this subject I would like to mention that although Zika virus was isolated
from A. africanus it is quite possible that A. africanus is not a vector of this virus. I say this
because the monkey from which Zika virus was isolated was caged at the time of the virus
isolation in a type of cage which A. africanus does not enter (HADDOw, SMITHBURN, DICK,
KITCHEN and LUMSDEN, 1948). While no sentinel rhesus monkey became infected with
yellow fever while caged (presumably because A. africanus did not enter the cages) it seems
unlikely that a caged monkey would be infected with A. africanus carrying Zika virus.

There is no direct evidence of the mosquito vector of any of the other viruses which
we are discussing, except possibly West Nile virus which has been shown by PHILIP and
SMADEL (1943) to be transmitted by Aedes albopictus. It is, however, probable that mosquitoes
from which viruses are isolated are more.likely than other mosquitoes to be vectors. With
these preliminary remarks I would now like to discuss certain aspects of the viruses individually.
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EPIDEMIOLOGY
YELLOW FEVER

I have already indicated that previous vaccination must be rigorously excluded in Uganda
and in Kenya and also in other African territories before the finding of a person with yellow
fever neutralizing antibody can be considered to have been naturally infected. I would also
like to stress that the finding of an adult with antibody at place " x " does not necessarily
mean that infection has occurred at place " x ". Very great care must be taken to exclude
the possibility that the donor has not moved considerably in other areas. As a specific
example it may be noted that it is the custom of certain African males to seek work far from
their homes. In Uganda this movement is most marked in the case of members of the West
Nile and Acholi tribes.*

In a recent study of the epidemiology of yellow fever in the West Nile district by LUMSDEN
and BUXTON (1951) it was suggested that in that district there was a greater risk of exposure
of males than females to infection with yellow fever.-F Now while this may be the correct
interpretation of their results, and while they exercised the most meticulous care in attempting
vaccinated males from their samples, and also showed that in their sample the
average age of immune males was not significantly different from that of non-immune males,
it seems to me in view of what I have noted about (a) the tremendous movement of West
Nile males to other districts and (b) the high percentage of vaccinated ex- soldiers in the
West Nile district, that the sex difference in the immunity rates in West Nile may be due to
(a) exposure of males to infection in areas outside West Nile and /or (b) to vaccination. HORGAN
(Ann. Rep., 1952) also draws attention to this point in showing that in examining a random
sample of individuals in the Mombasa (Kenya coast) vaccination registers it was found that
25 pee cent. were mid -Kenya, 12 per cent. West Kenya and 9.2 per cent. West Tanganyika
tribes. In any interpretation of yellow fever immunity surveys in Kenya this possibility
must be borne in mind.
Very extensive studies have been made on the distribution of human immunity to yellow
fever in Africa (SAWYER and WHITMAN, 1936; MAHAFFY, SMITHBURN and HUGHES, 1946;
SMITHBURN, GOODNER, DICK, KITCHEN and Ross, 1949; DICK, 1950; HORGAN, 1951, 1952)
but it is only in Uganda that the epidemiology of sylvan yellow fever has so far been adequately
studied. It would appear that in that country relatively few human infections of yellow
to exclude

* It is
estimated from figures supplied by the Commission of Labour, Uganda, that approximately
1,000 West Nile natives pass monthly through Butiaba (on Lake Albert) (Map) on their way south, and

that between 80 and 90 per cent. of these are adult males. The numbers escaping this check point
and moving south by other routes is not known but is probably considerable. Furthermore, of the
total population (108,380) of Bunyoro (Map) at the time of the 1948 census, 13,080 were members
of West Nile tribes. When it is remembered that the total male population of West Nile district
(including Madi) is 336,063, some concept of the permanency of residence of adult males in that area
may be realized.
of all adults sampled in all
1 An analysis of the immunity rates as measured by antibody studies
surveys made in Uganda since 1944, excluding where possible ex- Askaris and those admitting previous
vaccination, showed that of 687 samples from males, 48 had antibody and of 456 from females, 19 had
antibody (these figures are based on unpublished data from the Virus Research Institute, Entebbe,
and include the West Nile survey of LUMSDEN and BUXTON (1951)). The difference in the male and
female immunity rates are significant (x2 = 3.9 p <.05 > .02) but if one considers the districts individually from which the samples were taken, only in the West Nile district is a significant difference
found and furthermore there is no significant difference in the total male and female immune rates
in all other districts combined if the West Nile sample is excluded.
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fever have occurred outside of Bwamba county and on the islands of Lake Victoria, in both
of which places high immunity rates have been found in adults and children. Only in
Bwamba is there good evidence of an endemic focus of yellow fever among human beings
(MAHAFFY et al., 1946; Dicx, 1950). On the other hand, it has been shown by HADDOW,
DICK, LUMSDEN and SMITHBURN (1951) that yellow fever is enzootic among the monkey
population in all the areas of lowland rain -forest in Uganda which have been adequately
studied. The total immunity rate for monkeys sampled in the forests and forested areas
(mainly in the western half of Uganda) was 43.7 per cent. Excluding the Acholi, Karamojoa,
Teso, Mbale, Busoga and Lango districts (Map) from which adequate samples from both man
and monkeys have not been obtained, and also excluding Bwamba (where vaccinations of
human beings were done in 1941), the comparative rates for the rest of Uganda are 39 per
cent. for monkeys and 6 per cent. for human beings; this latter figure is probably considerably influenced by the inclusion of vaccinated persons in some of the samples.
In Table I are presented a comparison of the immunity rates among monkeys in certain
forests of Uganda from HADDOW et al. (1951) and the rates among people living in close
proximity to those forests *.
Comparison of immunity rates among humans on the edge of forests and of monkeys within
these forests.

TABLE I.

District
Mengo
Masaka

Toro
Bunyoro
Ankole
Kigezi
*

t

tt

Forest or forested
area at

Entebbe*
Sango Bay
Kibale
Itwara
Bwamba Lowlandst
Budongo
Bugoma
Kalinzu
Kayonza

Human sample
No.
immune
%
immune
No. tested
3/179
0/31
6/77
3/35
76/136
1/71
1/50
0/28
1/18

Monkey samplett
No.
immune
immune

No. tested

1.7
0

7.8
8.6
56.0
1.4
2.0
0

5.6

30/66
2/21
21/49
1/14
154/277
13/26

4/20
7/17
1/6

45.5
9.5
42.8
7.1
55.6
50.0
20.0
41.2

-

Old Entebbe, Zika and Kitinda.
Children of estimated age of 3 years living on forest edges or near forest.
From HADDOW, DICK et al. (1951).

From the above results there appears to be no association between the immunity rates
among monkeys in any of the forests listed and of the humans resident on the edges of those
forests. Thus, in Bwamba 55.5 per cent. of lowland monkeys were immune, compared
with 56 per cent, of children of 3 years of age who lived near the forest, while in the forested
areas around Entebbe and in the Kalinzu, Budongo and Kibale forests, though the rates
among monkeys were of the same order as those of the Bwamba lowlands, the rates for humans
of all ages living in those areas were 1.7, 0, 1.4 and 7.8 per cent. (the last percentage being
probably weighted by immunity resulting from vaccinations made in the Toro district).
* With the exception of a few of the Zika samples and the Kigezi samples collected and tested by
members of the staff of the Virus Research Institute, all human sera were collected by the writer in
1946 -1947 and tested by the writer or by Dr. K. C. SMITHBURN.

G. W. A. DICK

23

It would also appear that in those areas of Uganda which have been adequately studied yellow
fever is primarily a disease of monkeys except in Bwamba county and also possibly on the
islands of Lake Victoria (MAHAFFY et al., 1946.)
Before attempting to give the reasons for the high human immunity rates in Bwamba as
compared with the low rates in other areas, it is well to recall what is known of the epidemiology of yellow fever in Uganda. From studies made by SMITHBURN et al. (1949a) it seems
probable that A. africanus is the principal sylvan vector and reservoir of yellow fever virus
in Bwamba. Furthermore, A. africanus has been taken in all the forests recorded in Table I
and in all other forested areas where immune monkeys have been found (HADDOw, unpublished; LUMSDEN and BUXTON, 1951). It seems reasonable, therefore, to assume that
A. africanus is responsible for the transmission of virus to monkeys and for the maintenance
of virus in all those areas of Uganda where climatic conditions enable adult A. africanus to
survive throughout the year. HADDOW and MAHAFFY (1949) have shown that in Bwamba

africanus survives in the adult state throughout the dry season, and it has been shown to
present continuously throughout the year in the adult state in the forested areas around
Entebbe (HADDOw, unpublished). It is probable that a similar situation exists in other
blocks of lowland rain -forest in Uganda, which include all the forested areas listed in Table I.
In the human cycle of yellow fever in Uganda, MAHAFFY et al. (1942) incriminated
A. (S) simpsoni Theobald as a vector in Bwamba county. It was postulated by HADDOW et al.
(1947) that in Bwamba man became infected by the transference of virus from infected
monkeys by A. simpsoni. Since A. simpsoni has only occasionally been taken in the forest
canopy (HADDOw, 1950), the route of infection of man appeared to be from a plantation raiding monkey which was bitten by A. simpsoni at or near ground level. The transmission of
infection from man to man in Bwamba is believed to be by A. simpsoni, which could presumably also act as a reservoir of virus throughout much of the year. Therefore, in Bwamba
the disease can be maintained endemically both in monkeys and in human beings*.
Excluding the Lake islands and the drier areas of Uganda about which there is little
information, it may be seen from the results presented above that the immunity rates among
human beings on the edges of forests in all other parts of Uganda outside Bwamba are
low. Now A. simpsoni larvae have been taken in plantations on the edges of all the forests
recorded in the Table (HADDOw, unpublished). The question therefore arose of why, if
A. simpsoni is the human vector in areas of Uganda other than Bwamba, so few infections
occur among humans residing in areas where A. simpsoni is present on the edges of forests
in which high rates of immunity are found in monkeys. It was originally thought that the
differences in the human immunity rates in Bwamba compared with those in other areas
of lowland forest might be due to one or other of the following factors, or to a combination
of them both: (i) a variation in the contact of infected monkeys with A. simpsoni and man
(HADDOw et al., 1951); (ii) differences in (a) the density of A. simpsoni (HADDOw et al., 1951)
or (b) the efficiency of A. simpsoni as a vector in the various areas. In the Entebbe area
(a) monkeys of the forests are 45.5 per cent. immune (HADDOW et al., 1951), (b) native
plantations are in many places contiguous with forest, (c) in 1941 A. simpsoni was prevalent
(GILLETT, 1951), (d) monkeys frequently raid plantations ; and yet only three immune
persons have been found there in a sample of 179. It seemed, therefore, that the relative
A.

be

It seems that the postulate made by DICK (1950). that some reservoir other than mosquitoes
endemicity of infection is not necessary to explain the epidemio-

was required in Bwamba to maintain an
logical picture there.
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absence of human yellow fever in the Entebbe area must be related to the efficiency of A.
simpsoni as a vector. GILLETT, however, pointed out (HADDOw et al., 1951) that observations
which he had made in 1941 had led him to believe that A. simpsoni, although prevalent in
1941, did not bite man in the Entebbe area. He suggested that this, rather than any of the
other reasons outlined above, might explain the low incidence of human immunity in the
Entebbe area. Extending the studies which he made in 1941, GILLETT (1951) has suggested
that non-human biting habits of A. simpsoni in certain areas outside Bwamba may explain
why there are such marked differences in the human immunity rates in Bwamba as compared
with those among people living on the edges of other lowland forests in Uganda, such as are
listed in Table I ; GILLETT (1951) concludes from further studies that A. simpsoni occurs
as anthropophilic and presumably zoophilic populations.
It may be, then, that only in Bwamba and at other places in Uganda with similar environmental conditions does A. simpsoni act as a vector of human yellow fever. The casual human
infections, as indicated by immunity surveys which have occurred in all other places could
then, as suggested by GILLETT, be explained by direct transfer of virus from monkey to
man by a forest vector. Thus A. africanus (or other essentially arboreal vectors) may be
- responsible for the sporadic infections which have taken place among people living on the
edges of forests in Uganda outside Bwamba. From purely epidemiological reasoning it
seems likely that these interesting observations of GILLETT (1951) may be applicable to
other parts of Uganda and they emphasize the importance of the biting habits as opposed
to the mere presence of potential vectors in epidemiological studies. As far as I know there
is no experimental evidence that A. simpsoni bites monkeys such as has been obtained with
A. africanus in Bwamba (HADDOw and DICK, 1948). If it does not, then we might postulate
that also in Bwamba human infections were initiated by a monkey- infected A. africanus
biting man and that the human disease was then spread by A. simpsoni, rather than by postulating that the human cycle is started by A. simpsoni becoming infected by biting a plantation raiding infected monkey.
Little is known of the epidemiology of yellow fever in the very dry parts of Uganda;
studies of animals in Karamoja suggest that the epidemiology of yellow fever in animals in
that district is different from that of other parts of Uganda and resembles the state of affairs
obtaining in Kenya where bush -babies appear to be an important mammalian host (HADDOw,
1952).*
RIFT VALLEY FEVER

Althoúgh the virus of Rift Valley fever (RVF) has been known for more than 20 years
and has been extensively studied in the laboratory, very little is known of the epidemiology
of the disease, and until a recent (Autumn, 1951) outbreak in South Africa ( MÜNDEL and
GEAR, 1951 ; JOUBERT, FERGUSON and GEAR, 1951 ; GEAR, DE MEILLON, MEASROCH, HARWIN
and DAVIS, 1951) apart from a human volunteer experiment carried out by GARNHAIVI (1931)
It is possible that for survey work a more severe test than the delicate 1 per cent. intraperitoneal
test (SMITHBURN, 1945) should be used which would eliminate more readily false positive or inconclusive
results. This applies particularly to the testing of animal sera, but is also applicable to human antibody
surveys. HADDOW (1952) in an analysis of neutralization tests on the sera of bush -babies made by
various investigators found that 11 per cent. of the sera from bush- babies gave inconclusive results,
and suggested possible explanations. The use of a 10 or 20 per cent. virus test and the routine heat
inactivation of sera before test (which does not affect yellow fever antibody) might considerably reduce
the number of inconclusive results with sera from these animals.
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practically the entire knowledge of the disease syndrome in man had been derived from reports
of laboratory infections which have been reviewed by SMITHBURN, MAHAFFY et al. (1949).
No fatal uncomplicated human cases of RVF have as far as I know been described but although
complete recovery is said to be usual, retinal complications and loss of vision as an important
and not uncommon complication have recently been reported (FREED, 1951 ; SHRIKE, 1951).
One of the cases recorded by DAUBNEY et al. (1931) also developed defective vision, and it
would appear that the onset of eye symptoms after a febrile illness in Africa should call
attention to the possibility of RVF as the cause. Infection of man with RVF would appear
to be very accidental in the natural history of the disease. During the epizootic among sheep,
cattle and probably also buck described in South Africa, it appeared that only those with
intimate contact with infected animals or carcases contracted the disease (JOUBERT et al., 1951;
GEAR et al., 1951).
There is no evidence of person-to- person spread and no epidemiological
evidence of man being infected by an insect vector. In this respect it is of interest to note
that at the time of the isolations of RVF virus in Uganda from wild- caught mosquitoes,
none of the 25 Africans who had acted as the mosquito bait and catchers developed antibody
to RVF, and furthermore antibody studies on sera from 64 adults and 65 children, who were
resident near the area where the virus was isolated, showed only two adults with conclusive
evidence of RVF antibody in their sera, while a control area showed one positive serum in
40 tested ( SMITHBURN et al., 1948).
None of 72 wild monkeys and of 2 rhesus sentinel
monkeys in Bwamba had antibody to the virus ( SMITHBURN et al., 1948).
DAUBNEY and HUDSON (1931, 1933) produced a considerable amount of circumstantial
evidence which suggested that the virus is transmitted to animals by mosquitoes and SMITH-

et al. (1948) not only isolated a strain of virus from Eretmapodites spp. but SMITHBURN,
and LUMSDEN (1949b) also carried out a successful animal transmission experiment
with species of the E. chrysogaster group. It seems improbable that E. chrysogaster group
could have been responsible for the outbreaks described by DAUBNEY et al. (1931) in the Rift
Valley of Kenya, or in the 1951 South African epizootic, for E. chrysogaster does not exist
in the area in South Africa where the epizootic occurred (GEAR et al., 1951). I do not know
if it is likely if mosquitoes of the A. (A.) tarsalis Newst. group, or if A. (S.) dendrophilus
Edw., from which the virus was also isolated in Bwamba, are possible vectors in the
Rift Valley of Kenya or in South Africa. It would appear that mosquitoes of the E.
chrysogaster group play some part in a sylvan cycle in central Africa which involves neither
domestic animals nor man, and that the animal vector in both Bwamba and South Africa
is strictly zoophilic.
It is not known whether infection was introduced to South Africa
from the north or was merely a spill -over from some cycle of infection in wild animals, but
the latter would seem to me the most likely. The disease is of considerable }veterinary
importance in view of the great loss of live stock associated with infection and the epidemiology
requires further study.
Protection of sheep has been accomplished in the laboratory by the use of a neurotropic
variant of the virus ( SMITHBURN, 1949b) which should be of great value as a vaccine if it
proves efficient in field experiments, which it is understood are now in progress (HORGAN,
BURN

HADDOW

1952).
MENGO ENCEPHALOMYELITIS VIRUS

When Mengo encephalomyelitis virus (MEV) was first discovered in Uganda it was
Subsequent studies (DICK, 1949; WARREN,

thought to be a hitherto undescribed virus.
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SMADEL et al., 1949), showed that it was related to (a) the Columbia SK (Col. SK) (JUNGEBLUT
and SANDERS, 1940) and MM viruses (JUNGEBLUT and DALLDORF, 1943) which were recovered

in New York and were thought to be variants of poliomyelitis virus and (b) encephalomyocarditis (EMC) virus which was isolated from a chimpanzee in Dania, Florida by HELwIG
and SCHMIDT (1945). The geographical range of this group was extended to Manila by
They showed that 17 of 44 Army personnel suffering from
SMADEL and WARREN (1947).
" 3 -day fever " had appreciable amounts of specific neutralizing antibodies for EMC virus
and that a rising titre of antibody was found in three of four persons from whom several
samples of serum were obtained. Recently strains of this group have been isolated from
human beings in Germany (KOCH, 1950; VIVELL, 1952) and in Columbia (ROCA -GARCIA,
1952) from a sick monkey (Aotus trivirgatus (HUMBOLDT)).
Little is known of the pathogenicity of this group of agents for man apart from the illness
in the individual from whom MEV was isolated (DICK, BEST et al., 1948) and from the cases
described by SMADEL and WARREN (1947) and by KOCH (1950). The latter investigator
claims not only to have isolated viruses (which proved to belong to this group) from four
children but also to have demonstrated antibody in sera from three other children. All
seven suffered from a somewhat indefinite febrile illness with CNS manifestations. WARREN,
SMADEL and Russ (1949) in antibody studies with sera collected in North America record
the finding of nine human beings with antibody to this group in 300 sera tested (3 per cent.)
Three of the nine positive sera were from cases diagnosed as mild aseptic meningitis and five
from patients with a mild or non-paralytic poliomyelitis. JUNGEBLUT (1950) on the other
hand has recorded that 100 LDso or more of Col. SK virus was neutralized by 21 per cent.
of sera from convalescent poliomyelitis cases and by 16 per cent. of " normal " sera. Since
paired sera were not tested it cannot be concluded that the presence of antibody was related
to the antecedent poliomyelitis infection. The figures obtained by JUNGEBLUT are significantly greater than those obtained in America by WARREN et al. (1949).
In Africa my own studies have shown significant antibody levels in only four of 247
(1.6 per cent.) human sera tested. Two of these positive sera were from laboratory workers
who had considerable contact with the virus but who also were resident in close proximity
to the monkey runs of the Virus Research Institute in which monkeys have become naturally
infected. The other two positive sera were from children in the Budongo forest area of
Western Uganda who had no possible opportunity of laboratory infection. SMITHBURN (1952)
has recently reported the finding of antibody to Mengo virus in three of 28 sera collected in
the Mengo district of Uganda, but that no other immune sera were found in 296 sera which
he tested from other areas in Uganda and Tanganyika. MACNAMARA (1952) has found
antibody to this virus in Nigeria as follows:
Place

Ilaro (S. Nigeria)
Kontagora (Guinea Sarannah)
Central Plateau

No. tested

No. positive

150
99

6

2

1

3

Percent. positive
4

3

All of these studies with the exception of that of JUNGEBLUT (1950) indicate a low immunity rate to this group in widely separated parts of the world. The demonstration that
the members of this group of viruses could agglutinate sheep erythrocytes and that haemagglutination could be inhibited by homologous immune sera has led to several studies on the
distribution of haemagglutination inhibiting antibody in human sera by GARD and HELLER
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JUNGEBLUT and HORVATH (1951), VIVELL, GERSTNER and YOLAGELDILI (1952), VIVELL,
and SCHMIDT (1952) and others. The meaning of the finding of inhibition of
agglutination of this group by a varying percentage of sera is not at the moment possible to
(1951),

GERSTNER

interpret, as there appears to be no definite correlation between the inhibiting and neutralizing
capacity of the sera tested. A comprehensive study of the relationship of the neutralizing
and haemagglutination -inhibition capacity of human sera with this group is required so that
it may be determined if the inhibiting capacity of the sera is due to specific antibodies or is
non -specific in type.
In order to explain the natural history of the Col. SK group it was suggested (for reasons
discussed elsewhere (DICK, 1949)) that rats might act as hosts of the virus. This suggestion
was strengthened by the observation of WARREN, Russ and JEFFRIES (1949) that sera from
83 of 422 rats (18.8 per cent.) trapped in widely separated areas of the United States contained
neutralizing antibody against members of this group. During 1950 -51 a number of rodents
and other small mammals were colle cted (for another study) by my late colleague A. P. BUXTON,
in or near the Entebbe peninsula. The sera from some of them were tested for antibody to
MEV by an intraperitoneal test similar to that already described (DICK, SMITHBURN et al.,
1948) except that all sera in the study were inactivated at 56 °C. for 30 minutes prior to being
tested. Many of the sera were first tested against approximately 10 mouse intraperitoneal
LD50 of virus and sera found to neutralize this amount of virus were retested against 100 or
more LD50. Those sera which neutralized 100 or more LD50 were considered positive and
the animals providing such sera are considered immune. The results of these tests are
presented in Table II.
TABLE

II.

Results of tests of sera of rodents and other small mammals in Uganda for neutralizing
antibody to ME virus.
Species

Grammomys dryas Thomas
Arvicanthus abyssinicus rubescens Wroughton
Lemniscomys striatus massaicus Pagenstecher
Aethomys kaiseri medicatus Wroughton
Rattus rattus kijabius Allen
R. (Mastomys) coucha ugandae de Winton
R. (Praomys) tullbergi jacksoni de Winton
Lophuromys aquilus aquilus True
L. sikapusi ansorgei de Winton
Tatera (Tatera) liodon smithi Wroughton
Otomys tropicalis tropicalis Thomas
Xerus erythropus lacustris Thomas
X. e. microdon Thomas
Molossidae (Sub -order Microchiroptera)
Nandinia binotata arborea Heller
Genetta tigrina stuhlmanni Matschie
Mungos mungo sub sp.
Ichneumia albicauda ibeana Thomas
Felis lybica ugandae Schwann

No. tested*

No. immune

% immune

-

4
52

0
0

9
33

0

58
10

10

13

0
0
0

0

0

17
9

0
1

1

0
0
0
0

34

0

1

0

1

1

0
0

3

0

1

0

18
2
3

0
0

17.2
10.0

---0

0

he sera
* Number tested indicates the number of individual animals whose sera were tested. 'l
from four A. k. medicatus were tested in two pools, two sers from A. a. rubescens and from T. 1. smithi
were tested in two pools each of two sera. All were negative and they are recorded as eight negative
animals. In the case of the Molossidae, 34 sera were tested in four pools of eight, seven, 10 and nine
sera. (The four Grammomys sera were included in error in the pool containing 10 sera). All other
sera were tested individually.
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It will be seen that although many of the species of rodents recorded in the Table were
represented by generous samples, except for one specimen recorded from the multi -mammate
rat (R. coucha ugandae), the only rodents with antibody were black rats (R. r. kijabius). There
is, however, no significant difference in the immunity rate in black rats as compared with
multi -mammate rats (x2 = 0.01 p = > .90). These observations have been confirmed by
some more recent studies recorded in the Annual Report of the Virus Research Institute
(1951), ( HORGAN, 1952), in which three of 29 sera of R. r. kijabius and two of three from
R. c. ugandae were found to neutralize 100 LD50 of virus, but none of 26 from Arvicanthus
abyssinicus or of five from Lophuromys sp.*
No sera from small mammals, other than rodents, which have been tested have shown any
demonstrable antibody to this group.
All the rodents which were tested for antibody as indicated in Table II were trapped in
1950 with the exception of 11 black rats which were trapped between January and March,
1951. Of this latter group, five had antibody and Dr. W. H. R. LUMSDEN drew my attention
to the fact that the immunity rate for this group is significantly different from that of the
black rats trapped in 1951 of which five of 47 were positive (X2 = 7.6 p <.01). This 1951
sample had been held captive in cages for several weeks prior to the test and it may be that
there was transmission of virus among those rats during captivity which might explain the
higher immunity rates.
R. r. kijabius is not indigenous to Uganda but found its way there probably some time
after 1911 ( WATSON, 1950). It is thought that the multi-mammate rat was formerly the
prevalent hut rat throughout most of Kenya and Uganda but that during the last 30 -40 years
to the black rat, and has had to take
( WATSON, 1950).
It is thus of considerable interest that the only two rodents which were found to contain
antibody were the present and past prevalent hut rats. One can but speculate as to whether
the invading black rat has taken over not only the habitat of the multi -mammate rat but also
its parasitic viruses. In the study of sera from North American rats (WARREN, Russ et al.,
1949) practically all the wild rats which they examined were Rattus norvegicus but some from
California were R. alexandrinus. (According to WATSON (1950) it is probable that alexandrines
is a synonym of kijabius). The evidence from these antibody studies suggests then that at
least three species of rats may play a part as hosts of this group of viruses.
As I have already pointed out in regard to yellow fever, it is important to test the susceptibility of wild animals whose sera give positive results in neutralization tests and this has
been done with R. r. kijabius.
After being bled from the heart, nine of the 11 black rats trapped in 1951 were inoculated with
20th -passage mouse brain MEV as shown in Table III.
Some of the rats were bled at various intervals and their sera inoculated intracerebrally to groups
of mice to test for circulating virus as indicated (Table III). None of the rats showed any signs of
clinical infection but one (No. 4) died as a result of fighting on the 2nd day, and three (Nos. 3, 6 and 11)
were killed accidentally under ether anaesthesia on the 4th and 5th days after inoculation. Samples
of faeces and/or urine were obtained from the remainder on the 15th day after inoculation as follows
A pool of faeces contaminated with urine was obtained from Nos. 5 and 7 and from Nos. 8 and 9, and
a faeces sample and a sample of urine with probable faecal contamination was obtained from Nos. 5
and 10 respectively. These specimens were mixed with an equal volume of 0.2 per cent. bovine
albumin in buffered saline solution (Dim( and TAYLOR, 1949) which contained 100 units of penicillin
:

* It has been my experience that sera which contain neutralizing antibody to MEV invariably
have antibody in high titre. Thus sera which neutralize 100 LDS0 of virus will nearly always neutralize
1,000 and often more than 10,000 LD50. It is debatable whether a serum which neutralizes 10 LD5o
(HORGAN, 1952) gives un- equivocal evidence of previous infection with MEV.
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TABLE

Rat
No.

III.

Showing results of inoculation of Rattus kijabius with Mengo virus.

Pre -inoculation
LD50 of mouse- Circulating virus
neutralization
Route of
brain virus
on day
test
inoculation
inoculated
Present Absent

7

Negative
Negative

i.c.
i.c.

30 x 106
30 x 106

9

Positive

i.c.

30 x 106

Positive
Negative
Positive

i.c.

30 x 106
30 x 107
30 x 107

Negative
Negative
Positive

s.c.
s.c.
s.c.

3

11

6
8
5

10

4

i.c.

29

i.p.
i.p.

= intracerebral.

--

3,4
2,3,5

2

1.5 x
1.5 x
1

---

105
103
.5 x 104

i.p. = intraperitoneal.

7

-

s.c.

to 6
2,3,5

2

(trace)

-

Fate of rat or virus
carriage
Killed on day 4.
Faeces (+ urine) pos.
pooled with No. 5.
Faeces (+ urine) neg.
pooled with No. 8.
Killed day 5.
Killed day 4.
Faeces (+ urine) neg.
pooled with No. 9.
Faeces neg.
Urine + faeces pos.
Died fighting day 2.

= subcutaneous.

-= no test.

and 2 mg. streptomycin per ml., and were centrifuged at approximately 3,000 r.p.m. for 15 minutes.
The mixtures were then inoculated in 0.06 ml. quantities by the intraperitoneal route into four groups
of five or six mice with the following results

Specimen
Faeces
Faeces + urine
Faeces + urine
Urine + faeces

Rat Nos.
5
5

8

and 7
and 9
10

Mortality ratio of
inoculated mice
0/6
5/5
0/4
4/5

All of the inoculated mice which died showed signs of infection with MEV and in each group

in which deaths occurred, passage was made with the brain of one mouse and the specificity of the death
was confirmed by neutralization tests. It will be seen from Table III that Rats 5 and 7 were both
non-immune rats prior to inoculation and that virus was recovered from a mixture of faeces (with urine)
of these animals, but not from a sample of faeces from Rat 5. Rat 10 was also a non-immune rat and
from this animal virus was also recovered, while in the case of Rats 8 and 9, both immune rats prior to

inoculation, no virus was recovered from the excreta. Unfortunately, we have no data on the serum
antibody level of the rats at the time virus was recovered.

To summarise these preliminary results it can be stated that rats of this species developed
no clinical signs of infection after inoculation of large quantities of virus but that they could
circulate virus and that it is probable that a number of rats were capable of excreting virus
in the faeces and/or urine. (It is obvious that more quantitative studies on the excretion of
this virus by rats is required). It has similarly been shown by JUNGEBLUT and SANDERS (1940),
POWELL et al. (1948) and by WARREN, Russ et al. (1949) that following a massive inoculation
of Col SK and EMC viruses albino rats undergo an inapparent infection. In contrast,

cotton -rats (Sigmodon hispidus subsp.) succumb to inoculation of relatively small doses of
MEV and also of EMC virus (WARREN, Russ et al., 1949). It was further shown by WARREN,
Russ et al. (1949) that none of 21 sera from cotton rats collected in South Carolina contained
neutralizing antibody. This would suggest that it is unlikely that Sigmodon hispidus subsp.
plays any part in the epidemiology of this group of viruses in North America, as was previously
suggested (Dicic, 1949).
Antibody has not only been found in human beings and rafs but also in 39 per cent.
rhesus monkeys caged in open runs at the Virus Research Institute, Entebbe, but not in sera

SOME VIRUSES ISOLATED IN UGANDA

30

collected from wild monkeys (DICK, SMITHBURN et al., 1948). The results of all tests which
I have done with samples from rhesus monkeys are tabulated below according to those
made prior to and after 1948 (Table IV). This has been done because (a) no Mengo virus
had been handled in the laboratory from 1948 till the June, 1950, isolation already mentioned,
and (b) because a new shipment of monkeys from India was received in December, 1948.
TABLE IV.

Results of tests for MEV antibody in rhesus monkeys at Entebbe.

Monkeys received or born on or after Dec. 1948
No. pos.
% pos.
No. tested
40

I

Monkeys received or born prior to Dec. 1948
% pos.
No. tested
No. pos.

27.5

11

51.3

20

39

Unfortunately, no early sera were available so that no more precise information on the date
of infection of these monkeys could be obtained. It cannot be said that some of these monkeys may not have had antibody before they arrived at Entebbe from India. Many of them
had been used in yellow fever studies but 12 had never been used in any experiments and
of these 12, five had antibody. None of 10 C. aethiops centralis purchased in 1950 had antibody. Further studies recorded by HoRGAN (1952) suggest that the infection rate amongst
caged monkeys is significantly associated with the type of cage.
Although there was evidence of a high infection rate among monkeys and rats in the
compound of the Virus Research Institute, Entebbe, there is no evidence of any infection
having occurred among human beings in or near the compound apart from the two infections
among laboratory workers. It is thus perhaps not surprising that we failed to transmit the
infection with Taeniorhynchus spp., for all these species bite man readily, they are present
in large numbers in Entebbe and if they were vectors one would have expected to have more
evidence of human infections.
Before considering what may be the chain of infection between rats, monkeys and man,
I would like to present the results of one other experiment. Rhesus monkeys can be infected
by feeding with Mengo mouse brain virus. Two rhesus (Nos. 1015 and 1037) were fed with
3.0 ml. of approximately 10 per cent. virus -infected mouse brain. The monkeys were bled
daily and serum inoculated intracerebrally to mice with the results indicated in Table V,
from which it will be seen that virus circulated from 5 to 6 days after this feeding.
TABLE V.

Monkey
No.

Showing days on which virus circulated in rhesus monkeys after feeding with Mengo virus

Mortality ratio of mice inoculated i.c. with serum taken on day.
1

2

3

4

5

9

6

7

8

0/6

0/6

0/5

0/6

0/6

1015

6/6

6/6

6/6

5/5

5/5

1/6

1037

2/6

2/6

6/6

6/6

5/6

0/6

Although further evidence is required, the finding of virus in the excreta of rats suggests
that monkeys caged in an area where infected rats are prevalent might become infected by
contamination of their food or water by rat excreta, and it is possible that human infections
with these agents may occur in the same way. Such a source of infection for captive monkeys
would also seem to offer some explanation for the absence of infection in wild monkeys.
It would appear then that Mengo virus and the related agents cause a widespread but
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silent infection in at least three species of rats. The disease produced by this group of
viruses appears to be primarily a murine disease which has occasionally spread to monkeys

under captive conditions in Africa, America and Colombo, and sometimes to man. The
mode of infection is uncertain but the available data suggest that it may be due to accidental
contamination of food with excreta from infected carrier rats. There is no good evidence
that this group belongs to the arthropod -borne group of virus encephalitides as was originally
considered possible (Dlcx, 1949). Perhaps the small number of human infections as .evidenced by antibody studies is not only due to the fact that human beings are relatively insusceptible to infection with this group but also that in man there is no mechanism for further
transmission of virus. (It is conceivably possible that most human beings infected with
Mengo die). While infections of man would appear to be sporadic it would seem that the
virus may under certain conditions produce an epidemic as evidenced by the outbreak of
" 3 -day fever " in Manila. With regard to the escape of virus from the rat population it
is of interest to recall that the isolations of MEV from captive rhesus monkeys were made
in June, 1946; May, 1947, (DICK, SMITHBURN et al., 1948); June, 1950; and December,
1951 (HoRGAN, 1952). These months when virus has been isolated in Uganda were at the
end of the rainy seasons and it is not without interest that the isolation of EMC virus by
HELWIG and SCHMIDT (1945) in Florida was made in the month of November which is
again at the end of the wet season. Unfortunately I have no data on the movement of rats
nor of the seasonal fluctuation of the rat population at these times with which to correlate
the times at which virus seems to spread more readily from rats to other species, but it presents
an interesting epidemiological problem. Although there are as yet no experimental data
on the method of spread within the rat population, it seems possible that infection by faeces
might also account for this.
I do not know if antibody has been found in rats in Europe, but if it is found, then it
is not impossible that, as in other parts of the world, the virus might occasionally spread to
man and be responsible for sporadic cases of " aseptic meningitis " or encephalitis, and it
is also not impossible that small epidemics such as was recorded from Manila might also
occur in this and other European countries.
BWAMBA FEVER VIRUS

Antibody to Bwamba Fever virus (BFV) has been found in human sera in many parts
of Africa. SMITHBURN and MAHAFFY (1952) have recently presented a summary of the results
of tests on sera collected in Uganda and Tanganyika in which persons with antibody were
found in the Toro, Mengo and Masake districts (including the Sese islands) of Uganda
(Map) and at the only three places-Mwanza, Moshi and Tanga in Tanganyika -from which
samples of serum were tested. The immunity rates in adults varied from 81 per cent. in
Tanganyika, 70.5 per cent. in Bwamba county, Uganda, to the lowest rate of 13 per cent.
found in the Toro district of Uganda.
My own observations (Table VI) have confirmed and considerably extended the area
where persons with antibody to BFV are found. The details of the test used in the testing
of the sera recorded in Table VI were as follows :
With the exception of a few samples, all sera were collected for yellow fever immunity surveys.
After separation, the sera were stored for periods up to 4 years at 0 to 4°C. With the exception of the
samples collected in Bwamba, all sera were inactivated at 56°C. for 30 minutes prior to being tested.
The 459 strain of BFV ( SMITHBURN et al., 1941) of the 35th -90th intracerebral mouse passage was

SOME VIRUSES ISOLATED IN UGANDA

32
TABLE

VI.

Showing the results of tests for antibody to Bwamba fever virus*.

Place

Bwamba
Rwebisengo
Teso district
W. Nile
Acholi
Gede

Uganda

Kenya

N. Rhodesia
S. Rhodesia

2

4

3

25

18

16
36
2
28

Pangani
Dar -es- salaam
Mongu
Fort Jamieson
Sebungwe district

6

2

7
2
25
0
0

4

0

120

63

1

Total
*

2

--

72.0

--

1

1

6

6

16

13
2
16

29

19.4
18

12

89.3

52.5

All Ages

No.
Positive
tested No.
%

4

Ta/eta

Tanganyika

Adults
(15 yrs and over)

Positive
No.
tested No.
%

Location

Country

Children
(0 -14 yrs)

No.
Positive
tested No.

--

81.3

55.2
66.6
63.1
27.3

3

3

10
41
4
45
36
20
28

9
31

-

90

75.6

2

22
7

14

48.9
19.4
70.0

-

89.3

1

25
0

40

24

38

24

11
15

3

11

3

9

60.0

19

9

60.0
27.3
47.4

138

86

62.3

258

149

57.8

Excluding seven sera toxic for mice.

All sera were tested by intracerebral neutralization tests, based on the technique of
With many of the sera a preliminary screening test was made against 10 to 50 LD50
of virus. Sera which neutralized less than 10 LD50 were considered to be negative, those neutralizing
10 -50 LD50 were retested usually against 3 dilutions of virus suspension (10 -3
10-5) in some cases
10-4). Sera which neutralized 50 LD50 or more (i.e. 1.7 or > log
only 2 dilutions were used (10-3
units of virus) were regarded as containing specific neutralizing antibody and giving evidence of previous
infection with Bwamba fever virus; sera which neutralized 10 -49 LD50 were regarded as inconclusive.
A number of sera which were of insufficient quantity for retest after preliminary screening have been
placed in the inconclusive group. They might well have neutralized 50 or more LD50 if they had been
retested. Confirmatory tests were made with a number of sera using an intraperitoneal technique
in suckling mice of 3 to 4 days of age.

used in all tests.
THEILER (1933).

-

-

Of the total of 265 sera tested, seven were toxic, of the remainder 149 were positive,
30 inconclusive and 79 were negative. The localities from which the positive sera were
found in human beings is indicated in Table VI.
The distribution of the samples in the various sex and age groups makes statistical
analysis of the results of any one area unsatisfactory. Of the total sample excluding the
toxic specimens, 122 were from males, of which 73 (59.7 per cent.) were positive, and 138
from females, of which 76 were positive (55.1 per cent.) indicating no difference in the sexes
attacked. The age distribution of humans in the total samples was as follows :
Age Group

No. tested
No. immune
Percentage immune

0 -4

5 -9

10 -14

9

60

51

2

25

36

41.7

70.6

22.2

15 -19

20 and over

25
17

113
69

68

61

This, as might be expected, shows in general an increase in immunity from childhood
The nature of the data, precludes any other analysis.
In addition to these observations it is claimed that Bwamba Fever virus is the most
common virus disease in West Africa and that high rates have been found in the sleeping
sickness areas of Kaduna, Igbaja and Bida (Rockefeller Foundation, 1947). The data on
which this statement was made are not available to me, but it is substantiated by some recent

to adult age.
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observations of MACNAMARA (1952) who tested sera from three places in Nigeria with the
following results :
Place
Sera Tested
No. Positive
Percentage positive
Ilaro
144
91
63
Kontagora
154
122
79
Plateau
18
16
89

In West Africa there is a tendency for yellow fever positives to be also Bwamba fever
positive but at the same time direct evidence from the Ogbomosho yellow fever study showed
that there is no interference between the two neutralizations (Rockefeller Foundation, 1947).
Not only has antibody been found in human beings but also in monkeys*, the susceptibility of which has already been discussed. The monkey sera were tested by a similar technique
to that used with human sera. The total sample, 102 monkeys tested to date, is as shown
TABLE

VII.

Results of tests for antibody to Bwamba fever virus in East African monkeys.

Infant

Species
Cercocebus albigena johnstoni (Lydekker)
Cercopithecus aethiops johnstoni Pocock
C. l'hoesti l'hoesti P. L. Sclater
C. mitis kibonotensis Lönnberg
C. mitis stuhlmanni Matschie
C. mona denti Thomas
C. neglectus Schlegel
C. ascanius schmidti Matschie
Papio doguera ibeanus Thomas
P. doguera tessellatus Elliot
Colobus abyssintcus ituricus Matschie
C. angolensis ruwenzori Thomas
Pan troglodytes schweinfurthii Giglioli

Totals

-----

0/1
0/1

0/1
0/1

0/4

Juvenile

----

0/1

Sub adult
0/2
0/2

Adult

Old

Total

-

0/2

1/5
0/3
0/3
0/25
0/2

1/1

--

0/1
0/1
0/3

0/1
0/15
0/1
1/1

0/6

--

-

---

0/2
0/2
0/2

0/1

-

2/15
0/1
0/1
6/16
0/3

0/2

1/19

10/55

0/1
1/2

1/1
1/5
1/1

1/7
0/1

-

4/22

1/1
1/1

3/22
0/3
1/4
8/26
0/6
0/1
15/102

'n Table VII. They came from various localities of Uganda and Kenya, but the main part
of the sample was taken in Bwamba lowlands. The results for that area are presented in
Table VIII.
Results of tests for antibody to Bwamba fever virus in the Bwamba Lowland sample.

TABLE VIII.

Species
C. albigena johnstoni
C. mona denti

C. neglectus
C. ascanius schmidti
P. doguera tessellatus
C. abyssinicus ituricus

Totals
Per cent. Immune

Infant

---

0/1
0/1

0/2
0

Juvenile

----

Sub -adult

Adult

Old

Total

0/2

--

1/1
1/1

0/2

-

1/1

1/5
1/1
1/1

0/2
1/2

2/15
0/1
6/14

1/5
1/1
1/7

3/22
1/4
8/24

1/7

10/32

4/16

15/57

14.3

31.2

25.0

26.3

0/1

-

* The observations and notes on the monkey sera are presented here in collaboration with my
recent colleague, Dr. A. J. HADDOW, who prepared Tables VII, VIII and IX.
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It may be seen that immunity in wild monkeys has so far been found in monkeys belonging to six
species. These include highly arboreal monkeys such as Cercocebus a. johnstoni and Colobus a. ituricus,
and also partly terrestrial species. The Bwamba lowland sample (Table VIII) was obtained (a) along
a 10 -mile stretch of the Semliki forest, including Ntotoro (where the virus was first isolated from man),
approximately 6 miles from the nearest
and (b) through the main Semliki Forest to the Semliki River
habitation. It would appear therefore that BFV like yellow fever may not depend on man for its
maintenance as it occurs in areas where man is only an occasional visitor.
The general rate of immunity in monkeys is 26.3 per cent. and the rate is much higher in adult
and old monkeys than in juveniles and sub -adults. The sample falls naturally into two groups, (a)
species which (in Bwamba at least) are strictly arboreal Cercocebus a. johnstoni, Cercopithecus neglectus and
Colobus a. ituricus, and (b) species which spend some time on the ground Cercopithecus m. denti, C. a.
schmidti and Papio doguera tesselatus. A standardized comparison of these two groups (Table IX) presents
a striking difference, the rate for the group of strictly arboreal species being nearly double that for the
34.6 as compared with 19.2 per cent.
other group

-

-

Galago senegalensis is also susceptible to BFV (Rockefeller Foundation, 1947)
as I know antibody has not been demonstrated in wild -caught species.
TABLE

but

as far

IX. The crude and standardized results of the Bwamba Lowland samiile analysed with respect
to habit.
Species or Group

I

J

A

S

Total

O

Per cent.
immune

Crude
Strictly arboreal
Partly arboreal

0/1
0/1

Standardized
Strictly arboreal
Partly arboreal

0.0/1.1
0.0/0.9

---

1/4
0/3

7/15
3/17

0.9/3.7
0.0/3.3

7.8/16.8
2.7/15.2

2/10
2/6

10/30
5/27

1.7/8.4 10.4/30.0
2.5/7.6 5.2/27.0

33.3
18.5
34.6
19.2

What then can one conclude about the epidemiology of this virus? It seems probable
from the occurrence of the disease at the same time in man and definitely arboreal primates,
that a probable vector is a flying insect. Now in Bwamba, almost all monkeys sleep by night
in trees and if the vector were a nocturnal species one would expect all monkeys to be equally
exposed as in the case of yellow fever in this area (HAnnow et al., 1951). The difference in
habit between the arboreal and partly arboreal group refers almost entirely to the hours of
daylight and this seems to suggest a day -flying vector.
The presence of human beings with antibody in forested areas of Uganda such as Bwamba,
at Rwebisengo on the Semliki plains, in the drier West Nile, Acholi and Teso districts and
the very high rates on the coast of Tanganyika make an interesting epidemiological puzzle.
Before the above studies were made I attempted without success to transmit BFV with
A. aegypti, and this failure is to some extent substantiated by evidence from Nigeria that the
vector of Bwamba fever in the areas studied is more efficient than the local yellow fever
vector (A. aegypti) (Rockefeller Foundation, 1947). I do not know if the high antibody
rates found in the sleeping sickness areas in Nigeria and in potential sleeping sickness areas
in Uganda and elsewhere are in keeping with the possibility that tse -tse flies might be vectors
of this virus.
WEST NILE VIRUS

In their original report on West Nile virus (WNV)

SMITHBURN

et al. (1940) record that
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two persons engaged in studying the virus developed neutralizing antibody to it without

showing any clinical signs or symptoms attributable to infection with the virus. I have
already mentioned the silent nature of the viraemias from which the Cairo children were suffering, from whom virus was isolated by MELNICK et al. (1952) and also that the person from
whom the original strain of WNV was isolated denied being ill. Attempts have been made
by SOUTHAM and MOORE (1951) to induce human infections with WNV in " volunteer "
patients suffering from advanced inoperable neoplastic diseases. (These studies were made
in the hope that the virus might have an onocolytic effect). None of 21 patients inoculated
with WNV experienced any subjective evidence of the virus infection*. It was suggested
by SOUTHAM and MOORE (1951) that one of the reasons for the failure to produce virus
infection may have been due to the fact that the virus was of " little infectivity " for man
since no illnesses had been repórted with natural infections. It would seem more accurate
to say, (from these direct inoculations of virus and from known natural infections), that
West Nile virus causes few recognizable signs and symptoms, for its infectivity must be
very great as evidenced by the antibody studies of SMITHBURN and JACOBS (1942), SMITHBURN
(1952) and MELNICK et al. (1952). Thus SMITHBURN et al. (1942) and SMITHBURN (1952)
tested a total of 1,689 sera from the Red Sea coast (13 per cent. positive), Eastern border
(33.3 per cent. positive), White Nile (46.4 per cent. positive), Kordofan (20.8 per cent.
positive), and Southwestern (18.6 per cent. positive) areas of the Anglo- Egyptian Sudan;
from Uganda (8.1 per cent. positive), and Kenya (8.6 per cent. positive); and from Opala
(6.9 per cent. positive), Buta (45.3 per cent. positive) and Bondo (1.4 per cent. positive)
in the Congo; only in Tanganyika and Spanish Guinea where 36 and 16 sera respectively
were tested was no antibody demonstrable. From a study of 251 sera collected in rural
area north of Cairo, MELNICK et al. (1952) concluded that more than 70 per cent. of the
inhabitants of that area of 4 years and over had neutralizing and complement-fixing antibodies
to WNV, and MACNAMARA (1952) showed that 24 per cent. of sera from Kontagora were
positive, but only 1.2 per cent. of 161 sera from Ilaro in Southern Nigeria. All these studies
not only indicate a wide geographical range but all suggest a gradual decrease in virus activity
as one moves south from Cairo which might give some clue as to the probable vector. I do
not know what part the only known laboratory vector (A. albopictus) is likely to play in the

natural history.
One " blue monkey " from Kakamega (Kenya) was shown to have antibody but apart
from this nothing is known of possible hosts other than human beings.
SEMLIKI, BUNYAMWERA, NTAYA, ZIKA, UGANDA

S

VIRUSES

Only in the case of Bunyamwera virus do we know by direct evidence that any of the
above five viruses are capable of infecting man. SOUTHAM et al. (1951) inoculated four
patients with Bunyamwera virus, one died of uraemia 3 days after inoculation, and infection
was established in only one of the other three and a nearly fatal case of encephalitis developed,
so we can conclude that inoculation of mouse-brain passage Bunyamwera virus can cause
encephalitis.
* No virus circulated and no infection was established in 13 of the patients, no infection was
established and virus was present on 1 day only in 4, and in five patients (this includes one of two
patients who circulated no virus after first inoculation and were re- inoculated) four had virus in the
blood for 2, 3 and 4 days or longer after inoculation, and the fifth had circulating virus from the 6th
to 9th day.
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With the others one can but infer that it is probable that human infections occur from
the demonstration of neutralizing substances to these viruses in samples of sera which have
been taken from residents of east, central and west Africa.
Semliki Forest Virus
SMITHBURN et al. (1944) tested 313 sera from residents of Uganda against Semliki Forest
virus (SFV) and found 15 per cent. of the donors to have significant levels of neutralizing
antibody in their sera. In one place eight of 25 adult sera (32 per cent.) contained antibody.
He (SMITHBURN, 1952) has recently extended the survey to other parts of Uganda and Northern Tanganyika (3.4 per cent. positive) and MACNAMARA (1952) has demonstrated antibody
to SFV in two places from where sera were collected in Nigeria.
In addition to these studies on human sera, antibody has been demonstrated in the sera
of six of 12 species of primates taken in Bwamba, Uganda (SMITHBURN et al., 1944). Of
these primates, the highest immunity rate was found in C. ascanius schmidti (11 of 17 positive).
This is of interest in view of the observation of HADDOW (personal communication) that in
studying the immunity among monkeys of the same area to Bwamba Fever virus, red -tail
monkey, (C. ascanius schmidti) showed a very low incidence of immunity compared with
colobus (C. abyssinicus ituricus) and a group of mixed species.
No transmission experiments have as yet been attempted with Aedes (A.) abnormalis
from which the virus was isolated and nothing else is known of the epidemiology of the virus
nor of its importance, if any, in human disease.
Bunyamwera Virus
The area of the Semliki Forest where the mosquitoes were caught from which Bunyamwera virus was isolated was uninhabited at the time of the catch. One oftwo colobus monkeys
shot at Bunyamwera during the period of the mosquito catch from which the virus was
recovered was found to have antibody to the virus, but sera from 40 other Bwamba monkeys
were negative ( SMITHBURN et al., 1946). As in the case of West Nile virus the finding of
one isolated monkey with antibody does not suggest that a cycle of infection exists in these
animals. On the other hand, none of 53 sera collected prior to the isolation of the virus
from adults and children residing on the edge of the Semliki Forest contained antibody,
but 28 of 298 sera collected in 1944 were found to neutralize 20 or more LD50 of virus (SMITH BURN et al., 1946). Of these positive sera four were from 20 children and six from 20 adults
who were resident in the Semliki plains. Whether neutralization of 20 LD50 of Bunyamwera
virus can be regarded as significant is open to argument, but recently using a test dose of
usually 100 LD50, SMITHBURN (1952) has confirmed the observation of the presence of
neutralizing antibody in the sera of residents of Bwamba, and has also demonstrated antibody
in the sera of residents of other parts of Uganda and Tanganyika. MACNAMARA (1952) has
tested large samples from Nigeria against 100 LD50 of virus and showed that 7.1 per cent.,
13.7 per cent. and 3.4 per cent. of the samples from Ilaro, Kontagora and the Central plateau
respectively, had neutralizing antibody.

Ntaya
Neutralizing antibody to this virus has been found in human sera in various areas of
Uganda and Tanganyika (SMITHBURN, 1952) but apart from that nothing is known of its
epidemiology or distribution in Africa. Of all sera tested from Uganda and Tanganyika
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other than for yellow fever antibody, Ntaya antibody was second to BFV in frequency of
occurrence. As in the case of Bunyamwera virus the entomologists may be able to give a
clue as to the likely human vector (if the human infections are transmitted by mosquitoes)
from an analysis of the species of mosquitoes from which the virus was isolated in relation
to the residence of humans with antibody.
Uganda

S

Neutralization tests have shown that four of 52 (7.7 per cent.) sera from adults resident
and three of 36 sera from adults from the West Nile district of Uganda neutralized
100 or more LD50 of virus (DICK and HADDOW, 1952). SMITHBURN (1952) extended this
observation in tests of sera collected in other parts of Uganda and in Tanganyika which
showed a total of 7.7 per cent. positive and from studies (which include all the viruses under
discussion except Ntaya) which MACNAMARA (1952) has done in Nigeria it would appear that
the first as I have indicated being,
Uganda S is there the second commonest virus infection
Thus
at Ilaro 70 of 141 (50 per cent.)
virus.
as in east and central Africa, Bwamba fever
and at Kontagora 14 of 40 (35 per cent.) sera neutralized 100 LD50 of Uganda S virus. Tests
made with the sera of nine monkeys from Uganda showed that the sera of one red-tail monkey
(C. ascanius schmidti), neutralized at least 300 LD50 virus. Although this monkey was shot
within 2 miles of the area where the mosquito catches were made which yielded Uganda S
virus, as in the case of Bunyamwera and West Nile virus, the finding of an isolated monkey
whose serum neutralizes the virus in no way necessarily implicates monkeys as important
reason in an environment with close
hosts in the natural history of the virus.
contact between human beings and monkeys why a monkey should not as readily become
accidentally infected from a man via an insect vector as a man from a monkey. There is
then no information on the mode of spread of Uganda S virus, nor of any host other than
man. I do not know if A. longipalpis, A. ingrami or A. natronius is the most likely vector.
My own studies with Uganda S virus established that it is not identical with any of the
other African viruses, but they were not planned to investigate the possible presence of
minor antigenic relationships. SMITHBURN (1952) has shown that by cross -neutralization
tests no cross reactions were obtained with Uganda S virus and the other viruses which he
tested. KERR (1952) however, using the complement- fixation test, showed that Uganda S
antisera and yellow fever virus gave irregular one way cross reactions, and MACNAMARA (1952)
has presented some evidence which indicates that there is an immunological relationship
between these two viruses. The pathology and pathogenicity in mice of Uganda S virus
and yellow fever virus are very similar and it will be of great interest to have further information on the relationship which has been observed by MACNAMARA (1952).
in Bwamba

-

Zika Virus

Antibody to Zika virus has been found in 4 of 20 (20 per cent.) of sera from residents

of Bwamba and two of 25 sera (8 per cent.) from West Nile district (DicK, KITCHEN et al.,
1952) and in SMITHBURN'S study (SMITHBURN, 1952) of sera from Uganda and Tanganyika

antibody to this virus was next in frequency to antibody to Ntaya virus. In MACNAMARA'S
studies of sera collected at Ilaro and Kontagora the following sera had antibody to Zika virus:
Ilaro
Kontagora

Tested

Positive

Percentage positive

163
69

74

45

12

17
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Zika virus, as I have indicated, was first isolated from a sentinel rhesus monkey. Other
sentinel rhesus monkeys stationed in Zika forest have been found to have developed antibody
to this virus and the evidence suggests that Zika virus persisted in that forest between April
1947 and January 1948 (DICK, KITCHEN et al., 1952). During that period the major focus
of infection apparently shifted a distance of less than 300 -400 yards, whether through the
agency of indigenous monkeys or mosquitoes it is not possible to say. Further studies are
required of the part which A. africanus may play as a sylvan vector and of the way in which
human beings become infected with this virus.
SPECULATIONS

I have tried in the notes which I have presented to interest not only the virologist, but
also the clinician and the veterinarian, the zoologist, the entomologist, the epidemiologist and
that fashionable person the ecologist who embraces all our specialities. There is perhaps
no other branch of research which provides such a good meeting ground for all these specialists. It is obvious that without the team work of people of varied interests, the viruses
which we have been discussing could never have been recovered in such a short space of time.
Even in the case of the most completely studied of these viruses
namely yellow fever

-

-

there are still enormous gaps in our knowledge, with the others there is a wide open field of
research to which the gate has been but barely unlatched. A list of research projects could
immediately be drawn up to keep many investigators busy for a lifetime. It is not surely
a shortage of exciting, interesting and valuable studies which withold people from research
in the Colonies.
The observations and interpretations which I have so far made in this paper have been
largely free of speculation which I understand is permitted and in which I would in conclusion
indulge. In the first place, then, how important are any of the viruses which we have discussed to the welfare of Africans or the Asian or the white races in Africa? Their importance
to the scientist and the philosopher is unquestionable and the techniques which have been
evolved in their study are of value not only in the study of other viruses but also in other
branches of science. But how important are they in the development of Africa and how
important are they as public health problems? In 1949, enquiries were made of the Directors
of Medical Services of six east and central African territories* as to the priority of their
(? research) " problems " ; when the replies were analysed it was found that " there was
unanimous agreement in assigning yellow fever the pride of place " (HoRGAN, 1951). I
wonder how many of you would agree with that opinion. In Uganda only two cases of
yellow fever have ever been diagnosed in humans, one a Bwamba woman with a slight pyrexia
from whom virus was isolated and the other a European who died and whose liver presented
a picture histologically in keeping with that of yellow fever. In Kenya in two deaths attributable to yellow fever, the disease was diagnosed by liver examination. I can find no records
of deaths due to yellow fever in the other east and central African territories. How important
then is such a disease? There is no evidence that any debility follows a natural infection,
and the priority given to yellow fever would appear to be due to its potential danger and its
political importance. There is no doubt that there is always the danger that a severe epidemic
of yellow fever may break out in Africa as evidenced by the 1940 Nuba mountain epidemic
in the Anglo- Egyptian Sudan in which over 15,000 cases with more than 1,500 deaths occurred
*

Uganda, Kenya, Tanganyika, Zanzibar, Northern Rhodesia, Nyasaland.

.
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1941).

It is not known what precipitated this epidemic, nor
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is it possible to predict

when changes in virulence may occur which might produce another such catastrophe (fortunately it would appear that abnormally virulent strains rapidly extinguish themselves by

causing severe epidemics). For all we know, any of the other viruses which we have discussed
may be as great a potential danger as yellow fever, or even greater. Any of them might at
any time develop sinister properties as did Murray Valley encephalitis which is believed to
be the same as Australian X disease which apart from one small outbreak had lain dormant
from 1918 till 1950. The priority given to yellow fever would appear then to be based on
the possible

danger of the known which has, however, to be measured against the possible

unknown dangers of the other viruses.

The potential danger of yellow fever need not however, become real in the presence of
urban control of A. aegypti and vaccination. Already at least 10 per cent. of the population
of Kenya and at least 5 per cent. in Uganda have been vaccinated against yellow fever, and
it would not appear to me to be an impossible problem to vaccinate the entire population of
the territories in the endemic zone. I would not say that, if it was contemplated that vaccination should be done by inoculation. The problem becomes a relatively simple one with
regard to cost and administration now that it has been shown that scarification with 17D
vaccine is an efficient and safe way of giving the vaccine (HAHN, 1951; DICK, 1952b ; DICK
and HORGAN, 1952). Using the scarification technique there is no reason why the virus
content of whole chick -embryo suspensions could not be used and not just the supernate
as is employed in the 17D vaccine used for inoculation. Using the total suspension, the
virus yield of each egg would be increased by at least 200 per cent. which would greatly
reduce the cost as would also the technique of administration. A still cheaper vaccine
might be produced by using a 17D mouse brain vaccine administered by scarification. This
has not so far been tried, but I do not think that if first passage- mouse -brain originated
from 17D egg virus was used it would have any of the undesirable encephalitogenic effects
of the French neurotropic vaccine.
Once the population had been vaccinated, high rates

immunity could be maintained by vaccinating the children born into the communities.
The available evidence indicates that antibody after vaccination is durable in adults foi at
least 9 years (DICK and GEE, 1952) and it is probable that as after a natural infection, the
subsequent immunity is life long. Further studies are however urgently required to establish
whether this is also the case when the vaccinations are made in babies and small children
(DICK and GEE, 1952).
While one may speculate that any of the viruses we have been discussing may be of
danger we do not know except in the case of yellow fever and Rift Valley fever how important
they may be. It may be that they are and will remain for the most part completely adapted
viruses. It is only time to take action against them when they begin to interfere with man's
dominance over his environment. This is now necessary with Rift Valley fever where the
economic loss associated with another epidemic such as took place in 1951 in South Africa,
makes it necessary to take immediate steps to initiate field animal vaccination experiments.
The methods of control are either to break the cycle of infection whereby the virus is able
to spill over to man and his animals or else to vaccinate. Until more is known about the
natural history of Rift Valley fever, vaccination would seem to be the most profitable approach.
This must not however interfere with studies designed to discover the natural history of the
of

disease.

With the recently discovered viruses which may only occasionally produce serious

illness, vaccination may be neither practicable nor desirable, and control may be otherwise
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impossible. In which case the disease in question will remain one of the hazards of living
in Africa, perhaps of less danger than that of living in a country where death on the roads
is accepted by some as part of the environment with which we have to contend.
It is important, however, that attempts should be made not only to learn more about the
natural history of these African viruses but also to try and obtain information as to what effect
they may have on human beings. It may be that all of them like West Nile and Bwamba
fever virus produce a relatively silent viraemia with no sequelae ; on the other hand, like
Mengo, they may produce encephalitis with sequelae. It is not impossible that the infection
of Africans with these neurotropic viruses might have some residual CNS effect or produce
congenital changes in the foetus if pregnant women are infected. One way of approaching
this problem is to make a long term study in a group of small children in an area where the
majority of the viruses are present. Samples of blood could be taken at intervals and the
children observed for pyrexia and other signs of infection. Some information on what the
viruses do might be obtained by relating pyrexias etc. to virus carriage or the development
of antibody. In general it would be easier to study antibody than to attempt virus isolation.
In this respect I would like to note the particular lack of success in isolating virus from human
material collected in the field by people other than those actively engaged in virus research.
It is very difficult to get samples taken at the right time and especially to get samples early
in an infection. I hope that those of you who teach will ensure that instructions on the taking
of specimens for virus isolation are given, such as have been outlined by Dicx and HORGAN
(1951) and by others. Another approach is to determine whether these African viruses are
present in other continents where it may be easier to get information of the clinical syndrome
they may produce. As a first step it would seem worth while to examine pools of sera or
possible y- globulin for antibody from India and Southern Europe.
If it is not possible to have specimens examined for virus a great deal of information
may yet be obtained by an epidemiological approach. The establishment of the " time,"
" place " and " persons " involved in an epidemic may produce much information as to the
etiology and may clearly indicate the vector.
One can but speculate as to the durability of immunity to the viruses we have been
discussing except in the case of yellow fever and Rift Valley fever (SABIN and BLUMBERG,
1947) on which information is available. It is probable that the immunity in the case of
those viruses which circulate in the blood is a solid one. There is some evidence that the
immunity to Bwamba fever virus is durable as evidenced by the finding of antibody in the
serum of Dr. A. F. Mahaffy in 1946 who was presumably infected in 1937 (SMITHBURN et al.,
1941). (It is possible but improbable that he had a reinfection in the period between the
two tests). It is important to have information on this point with regard to the other viruses
in order to interpret antibody studies fully. The low immunity rates with Mengo virus in
Africa are perhaps surprising. I wonder if this virus normally produces primarily an alimentary infection in man with low evaniscent antibody levels, that viraemia does not usually
occur and that only in those cases with viraemia is a high level of antibody and durable
immunity produced.
This leads to the question of the stability of the virus strains With yellow fever there
is a certain amount of information which suggests strain variation with fortunately no immunological differences. Dengue virus on the other hand has several immunologic types.
The antibody demonstrated in the surveys we have discussed is to one virus type of each
virus. If there is only one type of each virus and immunity is durable, then after his little
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pyrexia or his 10 or more pyrexias the African is safe from further virus upsets. But if there
are several types of each virus or if the immunity were not durable, these viruses may be
producing as much fever as malaria. If some of the viruses are not insect borne and /or have

other than insects then the only other possibility is that mutations are constantly
occurring, for otherwise it is impossible to visualize epidemics, or even an endemic state of
infection being maintained, in the presence of the high antibody rates which have been
recorded.
no hosts

The relationship of mosquitoes to neurotropic viruses is fascinating. Why should there
tendency for a virus which is neurotropic also to be entomotropic (a word coined I
believe by Dr. Marston BATES)? This affinity of the arthropod-borne viruses for the CNS
is seen not only in the African viruses but also in the equine group of encephalitides, Japanese
B virus etc.
And why, in what I perhaps wrongly consider such a simple organism as a
mosquito, should a virus be so selective? What has the brain of a white mouse in common
with A. africanus, in both of which yellow fever virus grows, which these two have not in
common with A. apicoargenteus which does not transmit yellow fever in the laboratory?
GILLETT and I began some work in an attempt to discover why yellow fever failed to multiply
in certain species of mosquitoes. Is it possible that in some there is an inhibitor, or do they
produce antibody? We got no answer to this question any more than we know why the
French neurotropic vaccine virus will infect young mice intraperitoneally but the 17D vaccine
be a

virus will not.
Before leaving the entomological field in which I tiptoe with fear, I would speculate
once more as to why suddenly any of the viruses we have discussed might become grave

problems. I have often wondered whether variations in the pathogenicity of arthropod -borne
viruses might be dependent on the vector ; some vectors might favour the multiplication
of the more virulent members of the virus populations. There is a little evidence that the
virulence of tick typhus in East Africa is less or more virulent depending on whether it is
transmitted by Rhipecephalus sinus or Haemaphysalis leachi (DICK and LEWIS, 1947). Is it
possible that if, say, yellow fever gets passed to man via A. vittatus the disease might be serious,
while if the same virus was transmitted by A. simpsoni a mild infection would result. With
changes in the mode of life and cultivation in Africa associated with Westernization, great
changes might occur in the populations of potential vectors and with the enormous reservoirs
of insects and animals the results which might be produced remain quite unknown.
From his observations on the plurality of infections with some of the African viruses
SMITHBURN (1952) suggested that perhaps a common vector was involved in some of them.
It would be interesting to have some experimental studies on this subject. What would
happen if an A. africanus was infected with both yellow fever and Zika viruses? Would it
transmit one or both or neither? Would the infection of the vertebrate host be mild in virtue
of interference or would the virulence of one of the viruses be exalted? Interference has been
demonstrated between dengue and yellow fever viruses (SABIN and THEILER, 1944) which
has suggested to some the reason why yellow fever has not broken out in India. We know
nothing of what part interference may play in the case of other viruses we have been discussing.
Finally is it possible that previous infection with one virus may produce a certain modification of the infection by a second virus? That such a possibility may exist between Uganda
S virus and yellow fever has been suggested by MACNAMARA (1952 and personal communication), who in preliminary experiments has shown that in monkeys, a previous ir fection
with Uganda S virus modifies the severity of a subsequent attack of yellow fever. Further
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enquiry along these lines should provide much interest and it may be that the susceptibility
of the African to the viruses we have discussed is generally low, not because of the genetic
make up of the African or the inherent low pathogenicity of the virus but because he has
multiple virus infections. This question of multiple infections has been intriguing us
(GLEDHILL, DICK and ANDREWES, 1952) lately and may give a key to the inter -action of
viruses, or viruses and protozoa, in Africa.
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DISCUSSION

Professor P. C. C. Garnham: Dr. Diex's paper contains a lucid account of viruses
found in Uganda, and the description he has just given brings the whole picture to life-the
epidemiology and the problems awaiting solution.
In regard to yellow fever one difficulty in interpreting its epidemiology is that conditions
vary so much from place to place. I have seen many of the foci in East Africa and each one
differs widely from the next. The primitive rain forest of Bwamba is obviously suitable for
the development of yellow fever and one could scarcely imagine a more typical environment.
When one moves further east, the conditions change. I saw a case of the human disease
one of the few proven ones in East Africa -in one of my own wards in Kisumu on the edge
of Lake Victoria. A postmortem examination was made, a piece of liver was taken and a
diagnosis of yellow fever was made by the authorities of the Yellow Fever Institute at Entebbe.
Detective work quickly followed and demonstrated that the man came from the Langata
Forest near Nairobi. Anything more unlike a yellow fever environment could scarcely be
imagined. The altitude is about 6,000 feet and the forest is very cold at night; yet this
was apparently the actual place where the man had contracted his infection. The sera of
the local monkeys were found by the Entebbe Institute to contain immune bodies. We
watched mosquitoes in the forest for several years; Aedes africanus was absent and the species
suspected of transmitting the disease was Aedes dendrophilus (= deboeri).
Then further east still, on the coast of the Indian Ocean, another picture is revealed:
sparse woods, swept by sea breezes, harbour neither A. africanus nor infected monkeys;
instead the bush babies show immune bodies. Our mosquito work here suggested that
Aedes adersi (a close relative of the mosquito thought at one time to be responsible for the
Nuba Mountain epidemic, A. furcifer) might be the vector.
Yellow fever is found in all these environments, widely differing from each other; it
seems as though there must be a hidden factor common to them all, and I should like to
know if Dr. DICK could make any suggestions as to what this factor might be. I am sorry
that he is no longer in East Africa continuing the research which is still so obviously necessary!

-

Dr. A. W. Gledhill: I know very little about these exotic viruses and feel that my
only title for speaking about them at all is that I can pronounce their names with ease, and,
indeed, with confidence. I should also like to pay tribute to the work of Dr. Dicx and his
colleagues. For, in a way, the discovery of these viruses is a measure of the enormous
a tropical climate
yellow fever.
energy expended in the pursuit
It is remarkable that their technique of intracerebral injection of mice has brought to
light so many viruses; that so many people have antibodies against them and yet they are
not associated with much in the way of illness. There is no special reason for believing that
viruses are commoner in Africa than elsewhere: the fact is that viruses have not yet been
looked for systematically using their method or similar methods yellow fever research
happens to have required a technique by which material of diverse kinds is introduced into
a medium capable of growing many animal viruses. Little work of this kind has been done:
an equivalent type of isolation in America or Europe would perhaps be that of the Coxsackie
group of viruses, by the injection of baby mice with filtrates of human faeces. If we could
assume that viruses in general are so adapted to live in their hosts that they produce little
evidence of abnormality in them, we might picture virus diseases as due to pathogenic variants

-in

-of

-
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of such perfectly adapted viruses. Or we might suppose epidemic virus diseases to be due
to infections with two adapted viruses simultaneously, or at about the same time. In the
case of insect-borne virus diseases, it might also be that the more pathogenic of two viruses

would grow to much higher titre in insects simultaneously infected with another virus and,

result, give rise to overt disease or even to an epidemic.
With this hypothetical idea in mind, such severe epidemics of yellow fever as the 1940
one in the Sudan referred to by Dr. DICK, might be caused by vectors simultaneously infected
with yellow fever virus and, let us suppose, West Nile virus. I should like to ask Dr. DICK
whether any convalescent sera from a yellow fever epidemic are available and, if so, whether
anybody has considered examining them from the point of view of the presence of antibodies
to these other viruses? Dr. DICK states that only in the Bwamba area of Uganda is there
an endemic focus of yellow fever: SMITHBURN (1952) states that of 297 sera examined, 44
out of 68 able to neutralize more than one virus came from this same Bwamba area.
as a

Dr. C. H. Andrewes: What Dr. DICK has told us about African viruses certainly gives
The ordinary state of affairs is that
a lot of food for thought, and it also brings a challenge.
we pour out blood, toil, tears and sweat in trying to find out the infecting agents of the diseases
which afflict us, but here we have a lot of such agents handed to us as it were on a plate. It
is probable they have some importance in the world, and it is up to us to try and find out
what that importance is possibly it is greater than we suspect. Poliomyelitis is now considered a disease of civilization : where there is not much civilization it gets about readily
and affects children while they are still quite small; they do not suffer from paralysis in
large numbers or very badly. When we apply hygiene, the virus cannot get about so readily
in small children, so that they tend to get the disease later in life and to suffer more severely.
The same kind of thing may apply to arthropod -borne viruses. It may be that with changes
in civilization in Africa people will cease to tolerate being bitten by so many scourges. Mosquitoes may be controlled so that small children don't all get infected but the diseases may
then affect people later in life -and more seriously. I am much interested by what Dr.
DICK said concerning the different habits of Aedes simpsoni in Bwamba and other areas.
It seems very important to study the different biological races of mosquitoes. Would it
be possible to attack the forest fringes in these areas with DDT or other insecticides, and
afterwards to try and bring into that area A. simpsoni with a different taste in food? I do
not know if that is possible but it seems that it would be an interesting experiment to carry
out. Another question is whether it is true, as it seems to be, that in Africa most of the
virus diseases are insect-borne, whereas in this part of the world we spread our viruses around
by coughing and sneezing? In Britain we hardly seem to have insect -borne viruses, though
they do have mosquito -borne ones in temperate America. Have the arthropod -borne
viruses followed a different evolutionary path from the others; or have these latter evolved
from the former? Q -fever is an example of a fever which seems to be fundamentally an
arthropod disease; it is carried about in Australia by bandicoots and a tick but in other
parts of the world seems to be distributed in another way. In conclusion I would like to
say how much I have enjoyed what Dr. DICK has had to say; clearly Mengo virus infection
does not leave behind it a very high degree of cerebral deterioration. In view of what Professor GARNHAM has just said, I should like to add how glad I am that Dr. DICK has joined
us at Mill Hill, and is now giving attention to the diseases of temperate climes.

Dr. I. Mann: I fully agree with Dr.

DICK

that some viruses may become grave problems
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and that some of the described diseases may assume the proportion of serious epizootics.
I myself have had the opportunity of dealing with a severe outbreak of Rift Valley fever in
cattle in 1951, in Kenya, in a district 20 miles east of Nairobi where, during my 10 years of
service as a veterinary officer, I had never encountered it before. Rift Valley fever which
DAUBNEY and HUDSON, both of the Kenya Veterinary Service, discovered in the Rift Valley,
has been localized there, affecting mostly newly born lambs and causing up to 90 per cent. of
deaths, and ewes in which it causes abortions and up to 20 per cent. of deaths. The most
effective way of checking this disease, has been to move the flocks to higher pastures during
the lambing season. Only occasionally and also in the Rift Valley, when cattle were grazed
together with sheep, have mild cases of Rift Valley fever occurred in bovines.
My first contact with this disease was when in 1951 I was approached by several farmers
owning about 1,500 head of cattle, who complained of sudden deaths in their beasts, sudden
cessation of lactation in cows and a heavy rate of abortions. As the routine slide examinations
have shown no parasites and as agglutination tests for contagious abortion were negative,
I visited these farms where the disease had -in the meantime-assumed rather serious
proportions.
I found many fevered beasts showing dullness, inapetentia, abundant salivation and
many with visible signs of recent abortion. Those beasts whose lactation had ceased suddenly,
gave, when milked, only a negligible amount of collostrum -like milk. Many showed various
degrees of diarrhoea and blood was often mixed with faeces. I did not observe any disturbances of the central nervous system and am mentioning this here specially because the
viruses which Dr. DICK described today, are neurotropic.
Several beasts which had died during the night preceding my visit, were opened: the
main changes were in the liver which showed heavy necrotic lesions, nephritis, haemorrhagic
enteritis and pin -head haemorrhages almost everywhere, including the subcutaneous tissue.
Subsequently, the Veterinary Research Laboratory diagnosed the disease as Rift Valley fever.
At the same time, alarming reports of outbreaks of Rift Valley fever in cattle came
from many higher districts, even from those at an altitude of 7,500 feet, a height to which
previously herds had been sent as a preventive measure against Rift Valley fever. These
outbreaks occurred on farms where cattle only were bred, not sheep, affected many thousands
of beasts and caused heavy losses in milk, progeny and adult animals. Deaths almost always
occurred in high -grade or pure -bred animals (Ayrshires, Friesians, Jerseys, etc.) whereas,
as far as I know, there was no mortality in indigenous or very low -grade stock.
It may be of interest to you to hear that the farmers complained not only of disease in
their beasts, but also in their herdsmen and milkers. Upon inquiring, it was found that
these labourers suffered from a dengue or influenza -like fever and complained of severe
pains in back, neck and extremities, sometimes combined with slight mental confusion and
photophobia. Recovery took place 'within 4 to 7 days from the onset of the disease.
Although not confirmed by recovery of the virus from the blood during the acute stages
of the disease nor by that of the neutralizing antibodies in the convalescent serum, it was
plain that herdsmen and milkers suffered from Rift Valley fever. It is also interesting to
note that on those neighbouring farms where outbreaks of Rift Valley fever in cattle were
prevented by vaccination, the labourers also were free from this disease.
Another fact which was generally noticed at that time was the enormous increase of
the rat population: it was practically impossible to take a walk anywhere in the fields without
dozens of rats scurrying from under one's feet. They invaded not only store- rooms, barns,
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calf and milking sheds but also the Africans' huts where-naturally -they contaminated
with excreta maize meal and other food stuffs.

Would we be right in assuming that this enormous increase in the rat population had
anything to do with the outbreaks of Rift Valley fever in cattle and men? Could they be
considered a link in the man - rat-bovine chain? This problem would certainly be worth

further investigation.

Dr. A. R. D. Adams, in thanking Dr. DICK for his extraordinarily informative paper,
that much excellent work on virus infections had emerged from what is now the Virus
Research Institute at Entebbe. The various papers published in the journals, however
contained information of more particular interest to virologists. Dr. Dicx's present review
of the work as a whole, with his consideration of its possible application to the practice of
medicine in the region, makes it much more easy for the ordinary medical man to grasp
the significance and implications of these several virus infections. Dr. DICK has pointed
out some of the many gaps in our knowledge of these infections, which is still in its infancy.
He has suggested that under varying conditions of environment what so far have appeared
to be infections of comparatively slight clinical significance might become of major importance.
Does he think that in nature alterations in the host, in the vectors, and in the rapidity of
transmission might bring about changes in these infections such as have occurred in the
rabies of South and Central America and Mexico? There the disease has been maintained
and spread by vampire bats; as a result it has assumed in many major respects characteristics
entirely different from those of rabies elsewhere in the world, in which it is predominantly
said

a

canine disease.

Dr. Dick (in reply): I can assure Professor GARNHAivi that if I knew of any hidden
factors I would not keep them a secret. Many people have considered it possible that infection
of monkeys, mosquitoes and human beings represents but the end products of some cycle
of infection which has not yet been discovered. The observations of HADDOW and others
on the presence of yellow fever antibody in the sera of bush -babies may throw some light
on another cycle which might involve mites. The possibility that mites may play some part
in the epidemiology of the North American encephalitides has been under investigation for

some time, and birds have been incriminated as important hosts in these diseases.

There is

no evidence that birds or any other vertebrates other than primates play any part in the
epidemiology of yellow fever, and no evidence that any arthropods other than insects act as
vectors. Further investigations may, however, reveal other cycles, and on this matter we must

keep an open mind.

If Dr. ANDREWES cannot provide answers to the questions which he has asked, it is most
unlikely that I would be able to do so. I am not even an amateur entomologist, and his

suggestion about trying to replace the biting by non -biting A. simpsoni I will leave to the
entomologists to consider.
In reply to Dr. GLEDHILL, I would think that it is probable that some of the sera from
the Nuba mountain epidemic may still be available, and it would certainly be of great interest
to test some of these sera for antibody to other viruses; I feel sure that this can be done.
It would seem to me most likely that the influenza referred to by Dr. MANN was probably
Rift Valley fever. As I indicated, in the recent South African epidemic only those in close
contact with infected animals or carcasses developed the disease and there is no evidence of
of the numerical
any person to person spread. As far as I am aware nothing is known

_1
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fluctuation of the rat population in East Africa. It is a point which has interested me in
view of the repeated isolations of Mengo virus at the end of the rainy seasons. This, however
may have been due to increased activity of the research population rather than any change
in the numbers of rats.
As far as I know there are no other recently discovered African viruses with letters
A -Z and excluding S. However I am sure that others will be found. When Uganda S
virus wâs first isolated it was not known for certain whether it had come from mosquitoes or mice. We could not follow our habit of giving it a geographical name, but we
had to call it something for an Annual Report, and while discussing what to call it, I suggested
S virus for several reasons, not the least of which was that S stood for Smithburn.
Finally in reply to you, Mr. CHAIRMAN, we know very little about the difference in the
host factors as far as the response to any of these viruses is concerned, but it is a point which
intrigues me especially with reference to the situation in a host with previous experience
with one of the viruses as compared with a host infected with one of these viruses for the
first time.

1
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The experiments which showed that Mengo encephalo-

myelitis virus and Columbia SK virus were not related to
poliomyelitis virus are described in the following paper.
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In the initial description of Mengo encephalomyelitis virus, it was reported

that neutralization tests failed to reveal immunological relationship of this virus
to any of 19 other neurotropic viruses that were then available for study (1).
It was shown that Mengo virus was not neutralized by a pool of sera from
persons convalescent from poliomyelitis, nor by a pool of sera from mice convalescent from spontaneous mouse encephalomyelitis. The present paper reports
the results of cross-neutralization tests which were performed with (a) Mengo
virus, (b) the virus of encephalomyocarditis (EMC) (2-5), (c) the Yale -SK (6)
and Lansing (7, 8) rodent -adapted strains of poliomyelitis virus and (d) the
Columbia -SK (Col. SK) (9) and M.M. (10) viruses which have been regarded
by some as murine strains of poliomyelitis. In addition the results of neutralization tests with Mengo virus and sera immune to (e) various other strains of
poliomyelitis virus and (f) strains of mouse encephalomyelitis virus (11, 12) are

reported.

That a relationship exists between Mengo and EMC viruses was first demonstrated by Dr. Joel Warren at the Army Medical Center, Washington, D. C.
He showed that convalescent serum from a human case of Mengo encephalomyelitis neutralized more than 1,000 LD;,o of EMC virus (13). Also Warren and
Smadel (3) reported that Col. SK and M.M. viruses exhibited cross- neutralization with EMC virus.
CROSS-NEUTRALIZATION TESTS WITH MENGO, EMC, COL. SK AND M.M. VIRUSES

The UR 22 monkey strain (1) of Mengo virus was employed in these experiments. The 19th mouse -brain passage of this virus, lyophilized, was brought to
New York by Dr. K. C. Smithburn. Encephalomyocarditis virus was supplied
by Dr. Warren as lyophilized mouse-brain virus, 54th passage. Dr. C. W. Jungeblut provided glycerolated mouse- brains infected with Col. SK virus (396th
passage) or with M.M. virus (167th passage). All these viruses were passed intraperitoneally in mice 3 or more times prior to being employed for the immunization of monkeys. For the cross-neutralization tests Mengo virus was used in
the 26th -mouse passage, EMC virus in the 66th, Col. SK virus in the 401st and
M.M. virus in the 171st passage.
Monkeys and mice inoculated with these viruses were kept in strict isolation
although no evidence exists which indicates that there is cross infection with this
The experiments upon which this paper is based were performed at the International
Health Division Laboratories of The Rockefeller Foundation, New York, during leave
from the Yellow Fever Research Institute, Entebbe, Uganda, and while on a Rockefeller
Foundation fellowship.
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group, except possibly through cannibalism among the infected animals. Separate isolation rooms were used for mice inoculated with Mengo and EMC viruses, and mice inoculated with Col. SK and M.M. viruses were kept in isolation
cubicles. Monkeys were separately isolated in cubicles during and after immunization.
Serum. Rhesus monkeys were employed for the production of immune sera
to the viruses under test. Prior to inoculation approximately 50 ml of blood was
withdrawn from each of the monkeys. In all instances the monkeys were immunized by the inoculation of the supernate of lightly centrifuged 10 per cent
mouse -brain virus suspensions. Rhesus 4811 was inoculated subcutaneously
with 0.25 ml of mouse -brain suspension of Mengo virus (24th passage), and 10
days later it was given a second inoculation of 5 ml of the same suspension
intraperitoneally. Rhesus 4781, 4789 and 4795 were respectively immunized
against EMC, Col. SK and M.M. viruses by initial subcutaneous inoculations
of 0.25 ml of a 10 per cent mouse -brain suspension of the respective virus and
subsequent intraperitoneal inoculations at 8- and 10 -day intervals of 2.0 ml
and 5.0 ml of the same suspensions of virus. The suspensions (EMC virus, 64th
passage; Col. SK, 400th passage; and M.M., 171st passage) were stored in lusteroid tubes at -70 C during the intervals between the immunizing inoculations.
The monkeys were bled 7 days after the last inoculation, and the antisera were
stored in a refrigerator at 4 C.
Test procedure. An intraperitoneal neutralization test similar to that previously employed in studies of Mengo virus (1, 14) was used. Briefly, brains
were removed aseptically from mice paralyzed or sick as a result of inoculation
with one or other of the viruses. The brains were suspended in 0.2 per cent bovine plasma albumin in buffered saline solutions.' The suspensions were centrifuged at approximately 1,500 rpm for 20 minutes. Serial decimal dilutions of the
supernates were made with the bovine albumin diluent. To 0.5 ml of each serum
under test, 0.25 ml of one or other of the dilutions of virus was added. The virusserum mixtures were shaken and allowed to stand at room temperature for 40
minutes, prior to intraperitoneal inoculation of mice. Each mixture was tested
in a group of 6 mice; inoculum was 0.06 ml for each mouse.
The results of this cross -neutralization experiment with Mengo, EMC, Col,
SK and M.M. viruses are presented in Table 1. In each case, each virus was tested
against the preimmunization and convalescent homologous and heterologous
sera of the rhesus monkeys.
Swiss white mice of the Bar Harbor stock were employed in this experiment;
in the other experiments Swiss white mice of the Rockefeller Institute or of the
Bar Harbor stocks were used. In any one experiment 3.- to 4-week-old mice of
the same stock were employed.
It may be seen from table 1 that there is complete cross -neutralization be2
In all experiments reported in this paper 0.2 per cent bovine plasma albumin (Armour)
in saline solution buffered at pH 7.4 to 7.8 was employed as the diluent. The use of this
diluent for viruses has been studied by Dr. R. M. Taylor and the writer and will be reported at a later date.

TABLE

1

Cross -neutralization tests with Mengo, EMC, M.M. and Col. SK
viruses and their homologous and heterologous antisera
VIBIIS

MORTALITY RATIO OF MICE INOCULATED
WITH SERUM PLUS VIRUS DILUTION'

SERUM

LOG OF

10-2

Mengo

Mengo
Immune 4811
Normal 4811
EMC
Immune 4781
Normal 4781
M.M.
Immune 4795

Normal 4795
Col. SK
Immune 4789
Normal 4789

EMC

RECIPROCAL OF

EMC
Immune 4781
Normal 4781
Mengo
Immune 4811
Normal 4811
M.M.
Immune 4795
Normal 4795
Col. SK
Immune 4789
Normal 4789

10 -2

0/6 0/6

0/6 0/6

0/6 0/6

0/6 0/6

0/6 0/6

10-4

10 -I

10-8

6/6

6/6 5/6

6/6

6/6 4/6

10-7

0/6

7.4

>5.4

or >

>5.3

or >

>5.3

or >

>5.5

<2.0

0/6

0/6

7.3

<2.0
6/6 5/6

5/6

6/6 6/6

6/6

7.3

<2.0

0/6

7.5

<2.0

0/6

6.0

<2.0

0/6 0/6

6.4

<2.0

0/6 0/6
7/7 0/6

2/6

or >

<2.0

6/6 5/6 0/6
1/6

NEUTRALIZED

10-8

6/6 2/6 2/5

0/6

LOG IINITS

LD,ot

1/6

5.6

<2.0

0/6 0/6
5/5

2/6 0/6

5/6

3/6 2/6 0/6

6/6

5/6

2/6 0/6

6/6

3/6

1/6 0/6

5.8

>4.0

>4.4

>3.6

>3.8

M.M.

Immune 4795
Normal 4795
Col. SK
Immune 4789
Normal 4789
M.M.

Mengo
Immune

4811

Normal 4811
EMC
Immune 4781
Normal 4781

SK
Immune 4789
Normal 4789
Mengo
Immune 4811
Normal 4811
EMC
Immune 4781
Normal 4781
M.M.
Immune 4795
Normal 4795

0/6

<2.0

0/6 0/6

0/6 0/6

0/6 0/6

6.2

<2.0

0/6

6.6

<2.0

0/6

6/6 5/6 5/6 0/6

>4.6

>4.2

6.2

<2.0

0/6 0/6 0/6

>4.2

7.3

>5.3

Col.

Col.

SK

<2.0

0/6 0/6 0/6
6/6

5/6 0/6 0/6

6/6

3/6 0/6 0/6

6/6

0/6

6/6

3/6 0/6 0/6

<2.0

0/6 0/6 0/6

0/6

0/6 0/6

0/6 0/6

>3.5

5.5

<2.

0/6

>4.0

6.0

<2.0

0/6 0/6

>4.4

6.4

>4.0

6.

num* The numerator indicates the number of mice which died, the denominator the
ber of inoculated mice.
t Calculated by the method of Reed and Muench (15).
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tween Mengo, EMC, Col. SK and M.M. viruses. The observation of Warren
and Smadel (3) that EMC virus is related to the Col. SK and M.M. agents is
thus confirmed.
CROSS -NEUTRALIZATION TESTS WITH MENGO AND COL. SK VIRUSES AND WITH

LANSING AND YALE -SK STRAINS OF POLIOMYELITIS VIRUS

Neutralization tests with Mengo virus. Using experimental methods similar to
those described above (except that 0.2 ml of each virus dilution was added to
0.4 ml quantities of serum), the following sera were tested for their neutralizing capacity on Mengo virus: (a) convalescent serum from monkeys which had
been immunized against one or other of the following strains of poliomyelitis
virus -the Lansing (7, 8), Yale -SK (6) from Yale laboratory, and MEF -1 (16)
rodent -adapted strains and the Brunhilde (17) and the New York City -1944
monkey- adapted strains; (b) sera from monkeys immunized against the two
Columbia laboratory strains of SK and Aycock (9) viruses; (c) sera from a rabbit
immunized against M.M. virus.3 The results of this test are presented in Table 2.
It may be seen that immune sera to the Yale laboratory SK, the Lansing and
the MEF -1 rodent -adapted strains of poliomyelitis virus and to the Brunhilde
and New York City -1944 monkey- adapted strains of poliomyelitis virus do
not neutralize Mengo virus. Mengo encephalomyelitis virus is neutralized in high
titer by sera containing antibodies to the Columbia strains of SK virus. Since
SK virus immune serum from the Yale laboratory does not neutralize Mengo
virus, and SK virus immune serum from the Columbia laboratory neutralizes
Mengo virus in high titer, it must be concluded that the Columbia -SK virus is
a different virus from the original Yale-SK poliomyelitis virus with respect to
this serological reaction. Mengo virus is neutralized by the antiserum for the
Columbia strain of Aycock virus .4 It has already been shown by Jungeblut and
Sanders (9), however, that the Columbia strain of SK virus is related to the
Columbia strain of Aycock virus.
Neutralization test with Col. SK virus. To confirm the observation that YaleSK and Columbia -SK immune sera are serologically distinct, these sera were
tested against Col. SK virus. No log units of Col. SK virus were neutralized by
(a) a pool of sera from convalescent monkeys which had been hyperimmunized
with the Yale -SK and the Lansing strains of poliomyelitis virus' or (b) antisera
(Rh. 3758) to the New York City -1944 strain of monkey-adapted poliomyelitis
virus. But Col. SK immune serum (Rh. 4789) neutralized 5.0 log units of Col.
SK virus.
Neutralization tests with the Lansing and Yale -SK rodent-adapted strains of
3 The Lansing immune serum was supplied by Dr. I. M. Morgan; the Yale -SK and New
York City -1944 strain hyperimmune sera were supplied by Dr. J. L. Melnick. Dr. P. K.
Olitsky provided convalescent serum from a monkey inoculated with the MEF -1 strain of
poliomyelitis. Dr. C. W. Jungeblut supplied the Brunhilde strain immune sera and immune serum to his strains of SK virus and to the M.M. and Aycock strains of virus.
4 Dr. W. L. Aycock was unable to supply any convalescent serum to the Aycock strain
from his laboratory for confirmation of this result.
6 Supplied by Dr. M. Theiler.
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poliomyelitis virus. Tests were undertaken to determine the neutralizing capacity of Mengo and Col. SK virus immune sera for the Lansing and Yale-SK
viruses; the latter was received from the Yale laboratory. Since all rodent adapted strains of poliomyelitis virus are serologically related, a study of only 2
TABLE 2
Neutralization tests with Mengo virus and antisera to Col. SK, M.M., and Columbia strains
of Yale -SK and Aycock viruses and wzth antisera to various strains of poliomyelitis virus
MORTALITY RATIO OF MICE
INOCULATED WITH SERUM PLUS VIRUS

SERUM

SOURCE

DILUTION}

RECIPROCAL
OF
LOG OF

l(-I 10, Uri

Mengo normal

10 -6 10-6

10-' Uri

LD,o}

LOG UNITS

NEUTRALIZED

Ira

Rh.*

4811 (pre- 6/6 6/6 6/6 6/6 5/6 4/6 3/6 0/6 6.5
inoc.)
Rh. 4811 (con- 0/60/6
<1.0

Mengo immune
Col. SK immune
M.M. immune
Columbia
strain
Yale -SK immune
Columbia Aycock
virus immune

valescent)
Rh. AQ 97

0/6
0/6

Rabbit
Rh. AR8

2/6

Rhesus

1/6

5.5 or >

0/6
0/6

0/4
0/5

<2.0
<2.0

4.5 or >
4.5 or >

0 /60 /6

0/6

<1.0

5.5 or >

0/6 0/6 0/6

<2.0

4.5 or >

Poliomyelitis

strains:
Brunhilde
immune
Rhesus
Yale -SK immune. Cynomologous

6/6 6/6 6/6 6/6
6/6 6/6 6/6 6/6 6/6 6/6

6.5 or >
6.5 or >

6/6 6/6 6/6

6.5 or >

O

6/6 6/6 6/6 6/6 6/6

6.5 or >

0

O

0

3627

Lansing immune
New York City 1944 immune
Mengo normal
Mengo immune
MEF -1 poliomyelitis strain immune
*

.

Rh. C. 991,
and 999

Rh. 3758
Rh. pool
Rh. 4811
Rh. 3696

997

6/6 6/6 4/61/6

7.4

<2.0

0/6 0/6
6/6 6/6 6/6

7.5 or >

5.4 or >
0

Rh. = rhesus monkey.

t See footnotes table

1.

strains was undertaken. Furthermore, as Warren and Smadel (18) had already
shown that EMC virus was unrelated to the Yale -SK and Lansing strains of
poliomyelitis virus, and since EMC, M.M., Col. SK and Mengo viruses are
serologically similar, antisera to only the Col. SK and Mengo viruses were tested
to study the relationship of the group containing Mengo, EMC, Col. SK and
M.M. viruses to rodent -adapted strains of poliomyelitis virus.
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Viruses. The Yale -SK virus (Yale -SK M9) was supplied as infected mouse
cords in the frozen state by Dr. J. L. Melnick. A suspension of these cords was
passed intracerebally in mice, and the brains and cords of paralyzed mice (after
1 mouse passage in this laboratory) were employed in the neutralization test.
The Lansing virus (A 2891 AV 2) was supplied by Dr. Max Theiler as a suspension of mouse -brains in the frozen state. This suspension was passed once intracerebrally in mice, and the brain and cord of a paralyzed mouse were used in

the neutralization test.
The method of carrying out these neutralization tests was essentially the
same as that employed by other workers in this field. To 0.3 ml of each serum was
added 0.3 ml of one or other of the decimal dilutions of virus suspensions as indicated in table 3. Groups of 10 mice were inoculated intracerebrally with 0.03
TABLE 3
Neutralization tests with Lansing and Yale-SK viruses and
antisera to Mengo and Col. SK viruses
MORTALITY RATIO OF MICE

VIRUS

SERUM

SOURCE

INOCULATED WITH SERUM
PLUS VIRUS DILUTION*
10

Lansing
(AV2)

Normal
Lansing immune
Mengo immune
Col. SK immune

Yale -SK
Normal
(Yale M9) Yale -SK immune
Mengo immune
Col. SK immune
*

Rh.
Rh.
Rh.
Rh.

4795

pool MCPS
4811
4789

Rh. 4795
Cyno. 3627

Rh. 4811
Rh. 4789

-1

102

10

-'

-,

10

RECIPRO-

LOG

CAL OF
LOG OF

UNITS
NEUTRAL.
IZED

',De

2.0
5/10 5/10 3/10 2/10
1 /10 0 /10 0/10
<1.0
2.4
8 /10 7/10 3/10 0 /10
9/10 10 /10 9/10 0 /10
3.4

3.4
10/1010/10 8/10 1 /10
1 /10 0 /10
<1.0
3.6
8/10 7/7 9/10 6 /10
10 /1010 /10 7/9 6/10 >4.0

- -

>1.0
0.0
0.0

>2.4
0.0
0.0

See footnotes table 1.

ml of each virus-serum mixture which had been allowed to stand at room temperature for 1 hour prior to inoculation. The inoculated mice were observed for
56 days.
From table 3 it may be seen that neither Mengo nor Columbia -SK virus immune sera have any neutralizing effect on Lansing or Yale -SK strains of poliomyelitis virus comparable to that of the homologous immune sera of the latter
viruses. It may be concluded, furthermore, that neither Col. SK virus nor Mengo
virus is antigenically related to the rodent -adapted strains of poliomyelitis
virus.
NEUTRALIZATION TESTS WITH MENGO VIRUS AND SERA IMMUNE TO THE TO,
GD VII AND FA STRAINS OF MOUSE ENCEPHALOMYELITIS VIRUS

Since it had been stated that M.M. virus was, when first isolated, completely
inactivated by antisera against Theiler's virus of mouse encephalomyelitis (10),
it seemed important to confirm the previous report that Menge virus was not
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related to the virus of mouse encephalomyelitis (1). In earlier experiments convalescent serum from mice paralyzed as a result of spontaneous encephalomyelitis was employed. In the present series of experiments specific immune sera
to various strains of mouse encephalomyelitis virus were used in intraperitoneal
neutralization tests.'
From the results of these tests, which are presented in table 4 it may be seen
that Mengo virus is not serologically related to any of the strains of the encephalomyelitis virus of mice.
PATHOLOGICAL LESIONS

INDUCED BY MENGO, EMC, M.M. AND COL. 5K VIRUSES

The lesions produced in the central ,nervous system by this group of viruses
appear to be essentially similar. They comprise a varying degree of neuronal degeneration and necrosis, especially marked in the hippocampus in the mouse,
TABLE

4

Neutralization test with Mengo virus and antisera to the TO, GD VII and FA strains of the
encephalomyelitis virus of mice

SERUM

MORTALITY RATIO OF MICE
INOCULATED WITS SERUM
PLUS VIRUS D LUT ON*

SOURCE

RECIPROCAL

LOG UNITS

OF LOG OF

NEUTRAL IZED

LDso'
10-I 10-' 10-6 10'6

TO immune

Convalescent mice

10

-'

10-' 10-'

4/6 6/6 5/6

7.4 or>

0

pool
GD VII immune

FA immune
Mengo immune
Normal
*

Rabbit No.
Rabbit
Rh. 4811
Rh. pool

2
6/6 6/6

6/6 6/5 3/6

6.9

6/6

6.5

<2.0

0/6
6/6 6/6 4/61/6

or>

0.5
0.9 or <
5.4 or>

7.4

See footnotes table 1.

guinea pig and hamster, and of local areas of necrosis in the ground substance.
In addition, the familiar mesodermal -glial reactions in the meninges and in and
around the blood vessels were present but not marked. Both the brain and cord
were involved. A preliminary study of the pathological lesions caused by Mengo
virus has already been reported (14). They appear to be similar to those seen
in the experimental disease induced by EMC, M.M. and Col. SK viruses.
Much stress has been laid on the myocardial changes produced by the virus
of EMC (4, 5). Myocardial lesions were present in 17 of 22 guinea pigs inoculated
intraperitoneally and intravenously by Schmidt (5), but no myocarditis was observed in guinea pigs inoculated intracerebrally by Warren and Smadel (3).
Schmidt suggested that the method of inoculation might possibly affect the localization of virus. In one of the original reports on Mengo virus (14) it was
stated that no significant lesions were observed in tissue other than that of the
S
The TO (Theiler's original) strain (11) immune serum was supplied by Dr. P. K. Olitsky,
the GD VII strain (12) immune serum by Dr. J. Warren and immune serum to the FA strain
(12) by Dr. C. W. Jungeblut.
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central nervous system. A return was made to early mouse -passage virus (3rd
passage), and serial intraperitoneal inoculations of suspensions of mouse heart
were carried out. Histological studies were made of the hearts of some of these
inoculated mice, and of hearts from mice and hamsters7 inoculated by the intraperitoneal route with early passage mouse -brain virus. Myocardial lesions were
demonstrated similar to those induced by EMC virus and described by Schmidt
(5) and Smadel (4). The extent and degree of these myocardial lesions would
appear to be dependent on the duration of the incubation period and number of
days the animals are paralyzed prior to being sacrificed. In mice inoculated
with heart-passage virus which have been paralyzed for 3 or more days after an
incubation period of 5 to 6 days the lesions may be visible to the unaided eye as
pin -point yellow areas.
Myocardial lesions have also been demonstrated in mice inoculated with
Columbia -SK virus (19). It would appear, therefore, that not only EMC virus
but also Mengo and Col. SK viruses (and presumably M.M. virus) are capable
of producing myocardial lesions. It must be emphasized, however, that myocarditis is not a specific characteristic lesion produced only by this group of viruses.
Myocarditis has been reported in fatal human cases of poliomyelitis (20, 21),
influenza A (22), measles (23), mumps (24), typhus (25) and Rocky Mountain
spotted fever (26); in cows, pigs and goats (27) and guinea pigs (28) inoculated
with the virus of foot -and -mouth disease and in chickens (29) and pigeons (30)
inoculated with the virus of eastern equine encephalomyelitis.
SUMMARY AND DISCUSSION

From the results of the foregoing tests it would appear that: (a) Mengo virus
is serologically closely related to Col. SK, M.M. and EMC viruses, (b) Mengo
and Col. SK viruses bear no antigenic relationship to the Lansing, Yale -SK
(from Yale laboratory) or MEF -1 strains of rodent -adapted poliomyelitis, (c)
Mengo virus is not neutralized by convalescent serum from monkeys immunized
against monkey- adapted strains of poliomyelitis, (d) Mengo virus is not serologically related to any of the strains of Theiler's encephalomyelitis virus of
mice, (e) there is no essential difference in the pathological findings in the experimental disease induced in small laboratory animals by Mengo, EMC and
Col. SK viruses, and (f) the Col. SK and M.M. strains of virus are serologically
identical. (The similarity of Col. SK and M.M. viruses has already been reported by Schatz and Plagger (31), and this observation has been confirmed.)
Since Col. SK virus bears no antigenic relationship to any of the poliomyelitis
strains tested, it is reasonable to suggest that M.M. virus is also not serologically
related to poliomyelitis virus. The evidence does not support the contention
Hamsters are susceptible to relatively minute doses (10 to 33 mouse intracerebral LD,o)
to 5th day after inoculation has been
observed in all animals inoculated by the intracerebral, intraperitoneal or intravenous
routes. Hamsters 34 and 36 which were not sacrificed during the acute stage of illness were
still paralyzed 18 and 25 days after inoculation. Sera taken on these days neutralized 34,000
LDoa of Mengo virus.
7

of Mengo virus. Paralysis commencing on the 3rd
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that Columbia -SK and M.M. viruses are rodent -adapted strains

of poliomyelitis

virus.

There is, therefore, a group of viruses, Columbia -SK, M.M., encephalomyocar ditis and Mengo encephalomyelitis, which appear to be closely related not only
serologically but also in their pathogenicity and in the pathological conditions
which they produce in experimentally infected animals. Evidence is at hand to
show that Mengo, EMC and Col. SK viruses are also immunologically closely
related. The complete results of these cross -immunity experiments will be reported at a later date.
This group of viruses differs from the virus of poliomyelitis in (a) its pathogenicity for laboratory animals, (b) its wide host range, (c) its antigenic characteristics, (d) the lesions which it produces in small experimental animals, (e) the
readiness with which all members of this group may be cultivated in chick
embryos (32 -35) 8 Furthermore, since Mengo virus was isolated from Taeniorhynchus (C.) fuscopennatus Theobald and from a mixed batch of Taeniorhynchus
spp. (1), there is circumstantial evidence that this group may be mosquito borne.
Jungeblut and Sanders (9) in discussing the Columbia strain of SK virus (Col.
SK) state that the cotton rat seems to be able to carry this virus in a state of
complete latency or subclinical infection. Powell et al. (34) have recently demonstrated that the Columbia -SK and M.M. strains of virus may be transmitted to
white rats; the infected animals exhibit no symptoms but have large amounts
of virus in their brains in the first passage. This is suggestive of the possible place
of origin of the Columbia -SK strain and would offer an explanation for the differences which were shown to exist between the Yale-SK strain of poliomyelitis
virus obtained from the Yale laboratories and the Columbia -SK strain, the latter
being regarded by Jungeblut and Sanders (9) as a mutant of poliomyelitis.
That EMC and Mengo viruses infect man has been shown by Smadel and
Warren (4) and by Dick et al. (38). Smadel described cases of "3 -day fever" in
Manila; he was able to demonstrate high antibody levels (neutralization indices
above 1,000) to EMC virus in 7 persons who had suffered from "3 -day fever"
with neurological signs and symptoms. A comparison of the neutralizing capacity
of early and late sera from three of these persons showed a very significant rise
in antibody. Furthermore, smaller amounts of antibody were found in samples
of sera from 10 other persons. Dick et al. described a case of encephalomyelitis
occurring in Uganda (Central Africa) from which a strain of Mengo virus was
isolated. Convalescent serum from the patient showed a significant rise in antibody titer to Mengo virus (38). No specific studies on the distribution of immunity to Mengo virus have as yet been made in Africa, but 2 of 143 sera examined contained antibodies in high titer. (Both of these sera were from children
in the Budongo forest area of Western Uganda.) The original isolations of Mengo
virus have already been described (1). The facts that (a) the human patient
and the pyrexial rhesus monkey (from which 2 of the strains of Mengo virus
8 The behavior of Mengo virus in chicken embryos resembles that described for eastern,
western (36) and Venezuelan (37) equine encephalomyelitis viruses in its rate of multiplication and mode of propagation (35).
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were isolated) developed antibodies to Mengo virus during convalescence and
(b) unused monkeys have developed antibody to this virus while caged in the
compound at Entebbe (14), are sufficient evidence that these strains of Mengo
virus did not originate in the inoculated mice.
In view of the suggestion that has been made that Col. SK virus probably
originated in cotton rats, the fact that neutralizing antibody to EMC virus has
been found among trapped wild rats (39), the observation that rats are not
uncommon in the vicinity of the laboratory at Entebbe where Mengo virus
was isolated, the possibility must be considered that not only the mongoose (1)
but also the rat may act as a host of this virus. Such a possibility might be an
epidemiological link between the isolation of Col. SK virus in New York and
EMC virus in Florida For the cotton rats Sigmodon hispidus litoralis employed
in the Col. SK isolations (9) have as their habitat the "eastern part of the peninsula of Florida, from Lake Harney to the Everglades" (Bailey, 40). Dania
(Florida), where EMC virus was isolated (3), lies within that area.
The isolation of Columbia SK and M. M. viruses in New York, encephalomyocarditis virus in Florida and Mengo encephalomyelitis virus in Uganda
would indicate a wide geographical distribution of this group of agents.
Much confusion has been caused by the use of the names "Columbia -SK and
M. M. murine strains of poliomyelitis." Since it has been shown that these
viruses bear no antigenic relationship to the strains of poliomyelitis virus employed in this study, and since they are closely related serologically to Mengo
and EMC viruses, it is suggested that the words "of poliomyelitis" be dropped
from the names. Since EMC virus is indistinguishable from Mengo virus and,
as we have pointed out, myocarditis is not a specific lesion characteristic only
for this group, the name encephalomyocarditis is also not satisfactory. A common name is indicated for the four viruses of this group.
CONCLUSIONS

Mengo encephalomyelitis, encephalomyocarditis, Columbia -SK and M. M.
viruses are closely related serologically, in their pathogenicity, and in their
pathological effect on experimentally infected small laboratory animals.
It would appear that these four viruses comprise a group which is not related
to rodent- or monkey- adapted strains of poliomyelitis virus, nor to strains of
mouse encephalomyelitis virus. The possibility is discussed that Columbia -SK
virus originated in cotton rats, and that rats may play a part in the epidemiology
of this group of agents which may probably be transmitted by mosquitoes.
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While it is clear from the previous studies,
were

(which

confirmed by Warren, Smadel and Russ (1949)), that

Mengo virus is not antigenically related to poliomyelitis,

nevertheless the viruses are similar in respect to size,
physical properties and the pathological lesions which they
can induce in monkeys.

Studies were accordingly made to

investigate the possibility of vaccinating against polio-

myelitis with Mengo encephalomyelitis virus.

Although these

experiments did not indicate that vaccination with Mengo

encephalomyelitis could protect monkeys against poliomyelitis,
they led on to an expansion of the work to a study of the
distribution of poliomyelitis in Central Africa.

This

produced, at that time, the amazing finding that all three
types of poliomyelitis were widespread even among the members
of a completely isolated African tribe.

Clinical poliomyelitis

is not seen among such people and this is presumably due to

infection in infancy which is covered by protective maternal
antibody.

A resumé of the unpublished investigation relating

to the distribution of poliomyelitis in Central Africa is

presented in the following typescript.

Warren, J., Smadel,

J.

E.

and Russ,

S.

B.

(1949).

The family relationship of encephalomyocarditis, Columbia -SK,

M.M. and Mengo encephalomyelitis viruses.

J.

Immunol.

62:

387.

A STUDY OF THE PRESENCE OF POLIOMYELITIS
AMONG ISOLATED COMMUNITIES IN CENTRAL AFRICA R

Serum samples were obtained from adults and children

living in completely isolated parts of Africa.

One area

sampled was on the slopes of the Ruwenzori mountains 5,000

feet above sea -level and a similar collection of sera was

made with the co- operation of Dr. R. Kirk form the residents
of a remote area in the upper Nile area of the Sudan.

sera were pooled in groups of 5 (Pools

against Lansing virus (type

2)

I -XIV)

These

and tested

in mice and against Brunhilde

(type i) and Leon (type 3) poliomyelitis virus in monkeys by
Dr.

Howard A. Howe.
The results of these tests are summarized in tables 1,

2

and

3.

It may be seen that all the pools contained Lansing

antibody in fairly high titre.
mountains also neutralized types

Pool
1

I

from the Ruwenzori

and 3 virus to significant

levels.
It was clear from this study that the viruses of polio-

myelitis were ubiquitous in Central Africa even among population
groups with practically no contact with European civilisation.

Pressure of other work prevented the completion of this
study.

It is recorded here as part of the development of the

theme of this thesis.

It

should be noted that with the tissue

Referred to in Viral and Rickettsial Infections of Man,
2nd Edition 1952, Ed. Rivers, Lippincott

p.

326.

culture techniques as used in the following paper, one serum

pool could be tested for antibody with 20 tubes as compared

with 52 monkeys and 71 mice which were used in the experiment
recorded in table

1.

1

Leon

Lansing

Rhesus monkey

Mice

LD50

10

32

100

of virus

PD50

or

50% paralysing dose of virus.

Brunhilde

Virus

Rhesus monkey

Test Animal

m

1,

0/5

Undil.

poliomyelitis viruses types

I

-1

2/6

0/6

10

against

-2

1/16

5/6

5/5

10

2/3

3/3

104

9/15 14/16

5/6

6/6

10_3

6/8

3/3

3/3

10_5

Survivor Ratios at Dilution

and 3

0/16

2

Results of tests of sera from Ruwenzori Pool

Table

3.0

1.5

1.5

PD50

Table 2

Results of tests of Ruwenzori serum pools II - VIII
with Lansing (type 2) virus

Pool No.

LD50
Neutralised

II

III

IV

V

1.5

2.0

1.5

2.2

VI

2.4

VII
2.6

VIII
1.6

Table 3

Results of tests of Sudan serum pools IX -XIV
with Lansing (type 2) virus

Pool No.

LD50
Neutralised

IX
1.6

X

XI

XII

XIII

XIV

1.3

1.5

2.1

1.7

1.3

The following paper is a brief note of an investigation
of the "Brazzaville encephalomyelitis virus" isolated by

Pellissier & Trinquier (1953).

It confirms the importance

of considering poliomyelitis in the differential diagnosis
of encephalitis in Africa.

Pellissier and Trinquier

concluded that they had isolated a previously unknown

neurotropic virus, but the virus which they isolated is
not a separate entity but a strain of poliomyelitis.

Pellissier, A. and Trinquier,

E.

(1953).

Isolement

d'un virus encéphalomyèlitique au cours d'une petite 6pid6mie
de "poliomy6lite clinique" a Brazzaville.
et épidémiologique.

Ann.

Inst.

Etude exp6rimentale

Pasteur, 85: 316.

Reprinted from
TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE
Vol. 49. No. 1. pp. 95 -96, 1955.

THE SIMILARITY
AND

OF BRAZZAVILLE ENCEPHALOMYELITIS VIRUS

TYPE

1

POLIOMYELITIS VIRUS

SIR -The recovery of what was believed to be a hitherto undescribed encephalomyelitis
virus was made in Brazzaville by Pellissier and Trinquier (1953). Immunological studies
of one strain (Felix) of this virus showed that it was not related to any of the known encephalitis viruses with which it was compared (Pellissier, 1954). Dick (1954) noted that no
tests had been done by Pellissier which had excluded the possibility that the Brazzaville
encephalomyelitis virus might be poliomyelitis virus of Type 1 or 3. In order to test this
possibility the Felix strain of the virus was tested in tissue cultures.
The virus was kindly forwarded from the Pasteur Institute, Brazzaville, by Dr. R.
Depoux as a portion of brain and spinal cord from a monkey which had been inoculated
intracerebrally with 11th passage of the Felix strain. A 10 per cent. suspension of the cord
was made in distilled water, and after centrifugation at low speed the supernate of this suspension was inoculated into tissue cultures of HeLa cells and of monkey kidney epithelial
cells. After 48 hours a complete cytopathogenic effect was observed in the kidney cultures
and by that time there was partial degeneration of the HeLa cells. By 72 hours the degeneration of the HeLa cells was complete. Neutralization tests which were made in HeLa
cell cultures showed that the cytopathogenic effect was completely inhibited by monkey
Type 1 poliomyelitis antisera but not by antisera to Types 2 and 3, and complement -fixation
tests on the fluid from the tissue cultures showed the presence of Type 1 poliomyelitis antigen.
Although we have not made reciprocal neutralization tests, the evidence presented is
sufficient to warrant the conclusion that the Brazzaville encephalomyelitis virus is similar
to Type 1 poliomyelitis virus. These laboratory observations are in keeping with the clinical
findings in those infected during the epidemic at Brazzaville (Pellissier and Trinquier, 1953)
from the stools of some of whom the virus was originally recovered.

We are, etc.,

Central Public Health Laboratory, London ;
National Institute for Medical Research, London.
6th January, 1955.

A. GOFFE.
G. W. A. DICK.
A. PELLISSIER.
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In the paper entitled "Epidemiological notes on some

viruses isolated in Uganda" it was noted that Mengo encephalomyelitis virus persisted in the brains of rats without signs
of infection.

It was considered possible that types 1 and 3

poliomyelitis virus might also persist in the brains of rodents,
and might then be adapted to rodents.

recorded in the paper which follows.

Attempts to do this are

Copyright, 1950, by the Society for Experimental Biology and Medicine.
Reprinted from PROCEEDINGS OF THE Soci &r ' FOR EXPERIMENTAL BIOLOGY AND MEDICINE,
1950, v74, 591-594

Persistence of Brunhilde Poliomyelitis Virus in Rodent Brain without
Evidence of Adaptation.* (17984)
G. W. A. DIc f (Introduced by H. A. Howe)
From the Poliomyelitis Research, Center, Department of Epidemiology, School of Hygiene and

Public Health, Johns Hopkins University, Baltimore, Md.

Although all evidence indicated that nonLansing types of human poliomyelitis virus
* Aided by a grant from The National Foundation for Infantile Paralysis, Inc.
t Rockefeller Foundation Fellow on leave of absence from the Yellow Fever Research Institute,
Entebbe, Uganda.

would be difficult to adapt to nonprimate
hosts, it seemed worthwhile to reinvestigate
the problem using a virus of high titer and a
reasonably large number of animals. The
method of alternating passage between rhesus
monkeys and other animals was employed in
addition to passage from rodent to rodent.

NONADAPTATION BRUNHILDE POLIO VIRUS IN RODENT BRAIN

The former method of alternation of the passage of a virus between hosts of known
susceptibility and hosts which were less susceptible has apparently achieved success in
the adaptation of certain viruses to less susceptible hosts(1 -3) .
Material and methods. Brunhilde virus
pool II(4) with an intracerebral titer of 0.8
ml x 10 -6.9 was used in all experiments. This
virus is antigenically distinct from viruses of
the Lansing type. Rhesus monkeys of approximately 5 -6 lb in weight were inoculated
intrathalamically with 0.8 -1.0 ml of 20%
brain emulsions. The inoculum was divided
equally between left and right thalami. Monkeys were observed daily and were sacrificed
at the onset of symptoms or after 30 days
-when no symptoms were observed. Histological confirmation of the diagnosis was
made of all paralytic and non -paralytic monkeys. The cotton rats (Sigmodon hispidus
hispidus) (Say and Ord), golden hamsters
(Crketus auratus), meadow voles (Microtus
pennsylvanicus pennsylvanicus) (Ord), and
deer mice (Peromyscus leucopus
censis) (Fischer) were of the stock of
Tumblebrook Farm, Brant Lake, New York.
Swiss albino mice were obtained from the
Roscoe B. Jackson Memorial Laboratory,
Bar Harbor, Maine. The cotton rats were
approximately 5 weeks old, and the other
rodents about 3 weeks old at the time of
inoculation. Routinely all rodents were inoculated intracerebrally; the quantity of the
inoculum employed for cotton rats and hamsters was 0.05 ml and for voles and deer
mice, 0.03 ml. Certain samples of central
nervous system tissue when inoculated as a
20% suspension caused the immediate death
of up to 30% of rats. This non -specific
death rate was sometimes reduced practically
to zero by dividing the inoculum between
both sides of the brain.
1. Baker, J. A., Am. .1. Vet. Research, 1946, v7,
179.
2. Koprowski, H., James, T. R., and Cox, H. R.,
PROC. Soc: Exp. BIOL. AND MED., 1946, v63, 178.
3. Baker, J. A., PROC. Soc. EXP. BIOL. AND MED.,
1946, v63, 183.'
4. Bodian, D., Morgan, I. M., and Howe, H. A.,
Am. J: ' Hyg., 1949, v49, 234.

In all experiments a sufficient number of
groups of rats and hamsters was inoculated
so that the effects of each suspension could
be observed in 25 -30 animals for a period of
at least 6 weeks. Excluding animals dying
immediately or on the first day after inoculation, a total of 732 cotton rats and 97
hamsters was kept under observation. Voles
were inoculated in groups of 12 to 18, and
deer mice in groups of 18 to 24. A total of
256 of the former, 52 of the latter were
inoculated.
Experimental. (a) Alternation of passages:
The alternation of passages between cotton
rats and rhesus monkeys was initiated by the
intracerebral inoculation of cotton rats with
20% Brunhilde virus. On the 1st, 3rd, and
5th days after inoculation, 6 rats were sacrificed, and their brains pooled and tested for
virus by the inoculation of 2 rhesus monkeys
with each pool. Virus was found to be
present in each emulsion of rat brains as indicated by the onset of paralysis and subsequent demonstration of typical histological
lesions in the inoculated monkeys.
A 20% emulsion was made of the pooled
lumbar and cervical enlargements of the
monkeys inoculated with the pool of rat
brains which had been harvested on the 5th
day. This monkey cord emulsion was inoculated into other groups of rats. Six rats of
the latter groups were killed and their brains
harvested and pooled on the 5th and 10th
days after inoculation. Virus was demonstrated to be present in both pools by the
inoculation of rhesus monkeys. The remaining rats in this group were kept under observation for 6 weeks. This alternation of
passage of virus from the brains of rats sacrificed on the 5th and 10th day back to
monkeys and into rats again was continued
for 5- cycles. It was clear (Fig. 1) that
virus could be recovered from the brains of
rats up to the 10th day after inoculation.
The rats from which virus was recovered
were, however, symptomless. Brains of 9
rats were examined histologically 10 days
after inoculation with 20% Brunhilde virus.
No lesions, other than could be accounted
for by the inoculations, were found. During
the 6 week observation period, any rat show-

NONADAPTATION BRUNHILDE POLIO VIRUS IN RODENT
BRAIN

FIGURE SHOWING PASSAGES OF BRUNHILDE VIRUS
IN RHESUS

MONKEYS AND COTTON RATS
BRUNHILDE
POOL II
(B 313 )

Il

RHESUS MONKEYS
DENOMINATOR -INOCULATED
NUMERATOR - PARALYSED

(;')GROUP

OF 25 -30 RATS
FIGURE -DAY ON WHICH

5 -6

SACRIFICED

FIC. 1.

ing the least abnormality was sacrificed. In
18 of these sacrificed rats, the brain was
passed to other rats, and the cord from 5 of
them was examined histologically. In 4 other
sacrificed rats, histological examination of
the cord was made. In none of these animals
was there any visible evidence of virus pro-

was present in cotton rat brains up to the
10th day after inoculation, 20% emulsions
of brains of rats killed on the 5th, 9th, or
10th days were inoculated into other rats as
shown in Fig. 1. Virus was not recovered
in rhesus monkeys after more than one cot ton rat passage, nor was there any evidence
of disease in the rats themselves.
In addition to these direct passages of 20%
brain suspensions, the following passages were
made. A pool was made of the cervical and
lumbar enlargements from monkeys which
had become paralysed after inoculation with
cotton rat brains containing virus. The super nate of this pool was concentrated ten times
by ultracentrifugation;# and 12 rats were
inoculated with the concentrate. Five groups,
each of 6 rats, were given. 3; to 5 inoculations intracerebrally and intraperitoneally
daily or on alternate _days _with_snspensions

liferation.
An experiment similar to the above was
set up in which alternation of passage of
virus between rhesus monkeys and hamsters
was carried out. Virus was recovered in
monkeys from the brains of hamsters up to
the 5th day after the inoculation of virus.
No later tests were made. This experiment
was abandoned in the 2nd cycle because of
difficúlties in obtaining sterile brain emulsions from hamsters. No evidence of virus
activity was observed in any of the inoculated hamsters.
(b) Rodent to rodent. passages. After it
# This
preparation
had been established that Brunhilde virus Schwerdt.

was

made, by

Dr... C.

E.

NONADAPTATION BRUNHILDE POLIO VIRUS IN RODENT BRAIN

of monkey cord or rat brain containing Brun hilde virus. Brunhilde virus was diluted in
10% normal rat brain supernate in another
experiment, and inoculated intracerebrally
into 24 rats. By none of these methods was
any adaptation accomplished.
Brains of hamsters sacrificed on the 5th
day after inoculation with Brunhilde virus
were passed to other hamsters. Although
Brunhilde virus was recovered in rhesus monkeys after a 5 days sojourn in the brains of
symptomless hamsters, there was no evidence
of transmission of the virus to other groups
of hamsters.
Voles were inoculated with 20% Brunhilde
virus. Unfortunately, voles appear to have
a high non -specific death rate under laboratory conditions. The medulla and cord from
19 voles which were sick or died after inoculation of Brunhilde virus were examined
histologically. In none of these animals was
there any evidence of virus proliferation. Passages were made to groups of 10 -20 voles
with the brains of 5 of the dead or sick
voles, with evidence of bacterial infection in
2 cases.
The susceptibility of the vole to Lansing
virus does not appear to exceed that of the
cotton rat. In 2 titrations of Lansing virus
derived from monkey cord and employing
10 -fold dilutions with 5 -7 voles per dilution,
there were no paralyses above 10-3. This
material (Pools IVa and IVa -1) had a median
titer of 104.5(5), in cotton rats. A Lansing
pool of mouse origin, J. Bell (5) with a mean
titer of 10-46 in cotton rats was 3.7 in a
single titration in voles using 12 animals to
a dilution. The titration, however, was very
irregular since even at the lower dilutions,
100% paralysis was not obtained. The test
was further complicated by a number of
deaths not preceded by observable paralysis.
In view of the high non-specific death rate
among voles, these deaths were excluded
from the titration which ran as follows: 10-1.5

8/10;

It

10-2.5

4/7;

10-3.5

6/10; 10-45 5/8.

seems likely, however, that although the

Bodian, D., Morgan, I. M., and Schwerdt,
C. E., Am. J. Hyg., 1950, v51, 126.
5.

end point was not definitely reached, it probably would not have exceeded that in cotton

rats.
A similar experiment to the above was
made with deer mice. There was no evidence of virus adaptation to these animals.
In view of the persistence of virus in the
brains of hamsters and cotton rats up to the
5th and 10th day respectively after inoculation, an experiment was done to see if the
virus could be maintained in mouse brains.
Thirty -two Swiss albino mice were inoculated
intracerebrally with 0.02 ml of 20% Brun hilde virus. This quantity of inoculum was
chosen so that the dilution factor in the
mouse brain would be of the same order as
that of virus inoculated into cotton rat brains.
Two groups of symptomless mice were sacrificed on the 5th and 10th days after inoculation. The brains from each group were
pooled separately and each of the four were
inoculated into 2 rhesus monkeys. All the
inoculated rhesus monkeys except one developed symptoms of poliomyelitis indicating
that Brunhilde virus had remained present in
mouse brains up to 10 days after inoculation.
Summary and conclusions. Adaptation of
Brunhilde virus to cotton rats or hamsters
was not achieved by the method of alternation of passage between these animals and
rhesus monkeys.
Brunhilde virus was found present in the
brains of symptomless hamsters up to 5 days
after intracerebral inoculation and up to 10
days after intracerebral inoculation of cotton rats and Swiss albino mice (no tests at
longer intervals were made). There was no
evidence of the virus persisting after more
than one cotton rat or hamster passage, and
there was no histological evidence of virus
proliferation. This is highly suggestive that
no multiplication had occurred in the brains
of these animals. This persistence of virus
in symptomless animals is similar to that
observed by Smith(6) in attempts to establish St. Louis encephalitis in rats and guinea
pigs.
6.

Smith, M. G., J. Inf. Dis., 1939, v64, 307.
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This work was extended to the study of methods of

preparing vaccines against poliomyelitis and of establishing
their antigenicity.

The studies recorded in the next two

papers were done in collaboration with Dr. Carlton Schwerdt.
Dr.

R. M.

Herriott assisted with the experiments with the

nitrogen and sulphur mustards, Dr. Wolfgang Huber operated
the capacitron and Dr. Sharpless assisted with the American

Cyanamid Company model of an ultra -violet light apparatus.
It should be noted that the technique presently

employed for the inactivation of tissue culture virus in
the preparation of vaccines for human immunization is

essentially the formalin method which is described in the

papers which follow.

(See also Dick 1951).

Dick, G.W.A. (1951) in Proceedings of the Round Table Conference

on Immunization in Poliomyelitis.

Foundation for Infantile Paralysis.

Hershey, Pennsylvania.

March 1951,

p.
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IMMUNIZATION OF COTTON RATS WITH INACTIVATED
LANSING POLIOMYELITIS VIRUS
I. INACTIVATION BY CHEMICAL AGENTS i
BY

CARLTON E. SCHWERDT,2 GEORGE W. A. DICK,3 ROGER M. HERRIOTT
AND HOWARD A. HOWE
(Received for publication October 4th, 1950)

Intracerebral immunity to human
strains of poliomyelitis virus has been
produced successfully in experimental
animals by a number of workers who
have employed the active virus as a vaccine (1-5). The immunizing potency of
inactive poliomyelitis virus, however, has generally been found
to be inferior to that of the homologous
live virus vaccine (3, 6, 7). The investigations reported in this paper and the
subsequent paper of this series (8) were
designed to compare in a roughly quantitative fashion the immunogenic property
of active Lansing poliomyelitis virus
with that of Lansing virus inactivated
by several chemical and physical methods.

Early attempts to prepare a chemically inactivated poliomyelitis virus vacFrom the Poliomyelitis Laboratory, Department of Epidemiology and the Department of
Biochemistry, The Johns Hopkins University,
Baltimore, Md.
Aided by a grant from the National Foundation for Infantile Paralysis, Inc.
2 Present address: Virus Laboratory, University of California, Berkeley 4, Calif.
3 Present address: Virus Research Institute,
P. 0. Box 49, Entebbe, Uganda, East Africa.
121

eine failed to strike a happy balance between complete destruction of infectivity
and retention of antigenicity. This subject has been extensively and critically
reviewed by Morgan (7), who noted that
all too frequently the criteria for complete inactivation and the tests for im-

munity by intracerebral challenge had
been inadequate. She has demonstrated,
however, that it is possible to immunize
monkeys effectively by repeated intramuscular injections of formalin- inactivated Lansing and Brunhilde vaccines
which are no longer infectious by intracerebral test in monkeys.
Since the Lansing strain of poliomyelitis virus has been successfully
transmitted to rodents by Armstrong (9,
10), several workers have reported the
vaccination of mice and cotton rats with
formalin- inactivated Lansing virus. The
formolized vaccine of Kramer and Geer
(6) protected Swiss mice against intracerebral challenge by Lansing virus, although it was found to be inferior to live
virus vaccine. Loring et al. (11) effectively immunized cotton rats with concentrated and partially purified Lansing
virus inactivated by formaldehyde.
Ant.J.Hra. 1951, VoL. 53:

PP.

121-130
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In the present vaccination study, the
chemical agents employed to inactivate
Lansing virus were formalin, and sulfur
and nitrogen mustards. The anti genicity titer of each vaccine preparation was determined in cotton rats. We
chose to test formalin as an inactivating
agent because, in the hands of others, it
has been as successful as any so far for
the preparation of a poliomyelitis vaccine and, in addition, is easily applied.
Our interest in the mustards was stimulated by reports of the ease of inactivation of viruses by sulfur mustard (12,
13) and of the promise that several
mustard-inactivated viruses have shown
as vaccines (14).
In our experience the antigenicity of
live Lansing virus, expressed as the resistance it induces in cotton rats to intracerebral challenge, was superior to
formalin- inactivated vaccines. The infectivity of Lansing virus was relatively
resistant to destruction by either sulfur
or nitrogen mustard. Both mustards
were found unsuitable as inactivating
agents, however, since in all but one experiment inactivation and destruction of
antigenicity paralleled one another.

virus suspensions in sterile distilled water.
Three aqueous pools of virus used for
the preparation of vaccines are considered in this study. Each was prepared
in essentially the same manner and represented the supernatant fluid obtained
from a 25 per cent suspension of infectious tissue homogenized in distilled water with the aid of a Waring Blendor.
The pools of active virus are referred to
as I, II and III and were found by repeated intracerebral titrations in cotton
rats to have average titers of 10-4.2, 10-2.'
and 10-42, respectively. The infectivity
titers recorded above represent the dilution of tissue which will infect half the
cotton rats inoculated intracerebrally
with a 0.05 -ml dose and is calculated by
the Reed and Muench method (15).
Ten -fold dilutions were employed for all
infectivity titrations and each dilution
was inoculated into 6 rats.
For the sake of brevity, only the
preparation of pool III will be described
in detail. Approximately 1,200 grams
of infected cotton rat brain and spinal
cord, which had been stored at
70 C
for from 6 months to 1 year, were
homogenized as a 50 per cent suspension
in sterile distilled water by means of a
MATERIALS AND PROCEDURES
Waring Blendor. The suspension was
Virus. The Lansing strain of polio- prepared in 4 batches and each batch was
myelitis virus was used in all experi- whipped in the blendor for three 2 -minments. It had been passed about 200 ute periods with 4- minute chilling petimes through mice by Armstrong (10) riods in a dry -ice box between mixings.
and twice through cotton rats in this Sufficient sterile distilled water was then
laboratory. The second cotton -rat pas- added to the pooled batches of the 50
sage material consisted of a large ac- per cent suspension to dilute to a 25
cumulation of several kilograms of in- per cent suspension and the mixture was
fectious rat central nervous system stirred mechanically for 10 minutes in
(CNS) collected over a period of 2 years a 6 -liter flask.
and stored at
70 C in a dry -ice box.
After the removal of a 100 -ml sample
As virus was needed for vaccination for other purposes, the remaining 4.7
studies this collection of virus- containing liters of 25 per cent suspension were
tissues was drawn upon for the prepara- centrifuged in a chilled Servall, vacuumtion of large pools of partially clarified type centrifuge for 20 minutes in an av-

-
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erage centrifugal field of 16,000 X g.
TABLE 1
The centrifuge head has a capacity of The effect of Urne and
concentration of formalin on
640 ml and therefore clarification of the
the inactivation of 10 per cent Lansing cotton
suspension was completed in 8 runs.
rat pool 11* at 25 C
After each run the supernatants were
Mortality ratio of inoculated rats at formalin
aspirated with a 50 -ml pipette and
concentration
pooled in a 4 -liter flask. Approximately
0.1 per cent
2,200 ml of clarified 25 per cent suspen0.3 per cent
Time
(hours)
sion were obtained in this way and kept
Formalin
No "neutralizaat
70 C in 25-ml lots until samples
"neutralized" No "neutralization" of
tion" of
with
formalin
formalin
were drawn as needed for the prepara(NH4)2 HPO4
tion of vaccines.
6
10/12
4/12, 8 /10
1/12
Animals. Titrations of virus infec12
3/11, 2/10
tivity of the active virus pools and of
24
0/12
0/12, 0/30
0/12
48
0/12
antigenicity of vaccines, whether infec0/20
tive or noninfective, were made in cot* Pool II was treated as a 10 per cent suspenton rats. These animals were obtained
from the Tumblebrook Farms, Brant sion with formalin. Its infectivity titer before
treatment with formalin was 10 -4.2.
Lake, N. Y. The cotton rat also served
as the test animal for the detection of feet a final concentration of this salt of
residual infectivity in inactivated vac- 0.02 M. Ammonia reacts with the
cines. When a vaccine appeared to be carbonyl group of formaldehyde with
completely inactive by intracerebral test the probable formation of hexamethylin 12 cotton rats, it was frequently simi- enetetramine, a chemically unreactive
larly tested in two or more rhesus mon- compound in neutral or alkaline solukeys.
tion. Diammonium hydrogen phosphate
had no obvious deleterious effect on the
Preparation of vaccines
virus or on rats inoculated intracere(a) Inactivation with formalin. Both brally. The results of the treatment of
Kramer and Geer (6) and Morgan (7) pool II with formalin for varying
showed that the rate of inactivation of lengths of time serve as examples and are
poliomyelitis virus with formalin in- recorded in table 1.
creased with increase in temperature.
On the basis of these preliminary reThe former workers had shown that sults on virus inactivation the following
there was no clear -cut difference in the procedure was employed for the prepaprotection of mice vaccinated with virus ration of formalin vaccines : 4 parts of
inactivated with 0.1 per cent formalin at a 25 per cent virus pool were diluted
20 to 25 and 37.5 C. It was decided, with 5 parts of sterile distilled water.
therefore, to make preliminary tests of One part of a 1.0 per cent formalin soinactivation of clarified 10 per cent lution in distilled water was then added
Lansing virus suspensions with 0.3 and to this mixture very gradually with a
0.1 per cent formalin at room tempera- pipette and with constant mechanical
ture for varying lengths of time. At stirring. This resulted in the preparathe end of a desired period of inactiva- tion of a 10 per cent clarified virus sustion the action of formalin was stopped pension in 0.1 per cent formalin solution.
by the addition of 2 M diammonium hy- A freshly opened bottle of Merck's redrogen phosphate ((NH4) 2HPO4) to ef- agent formalin was used for each vac-
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preparation. After the virus formalin mixture had been stirred for
10 minutes, it was transferred to another sterile flask and maintained at a
temperature of 25 C in a water bath.
At the end of 24, 48 or 168 hours the
excess formalin was "neutralized" by
making the suspension 0.02 M with respect to (NH4),HPO4 and the vaccine
was immediately stored in sealed glass
ampules at
70 C. All formalin vaccines prepared in this way were inactive
by intracerebral test in cotton rats and
in rhesus monkeys when tested in the
latter.
(b) Inactivation with nitrogen and
sulfur mustards. Repeated attempts to
inactivate Lansing virus under varying
conditions with nitrogen and sulfur
mustards demonstrated the poor reproducibility of this means of destroying
virus infectivity for the preparation of
vaccines. In some instances 0.02 molar
nitrogen mustard failed to inactivate
preparations which in similar experiments were inactivated by one -half
this concentration. Sixteen experiments
were conducted before this type of inactivating agent was ultimately abandoned. Since these procedures proved
unsuitable for vaccine preparation, only
a brief description of the methods of
inactivation will be presented.
The nitrogen mustard employed for
the inactivation of Lansing virus was
crystalline tris (B- chloroethyl) amine
which, for convenience, will hereafter be
referred to as HN3. This compound was
prepared in our laboratory as a crystalline hydrochloride soluble in water. In
neutral or alkaline aqueous solution the
compound forms a cyclic imonium cation
with the liberation of Cl -. The great
reactivity of HN3 with biological materials is thought to be due to this intermediate cyclic cation (16) .
Small samples of 25 per cent virus
cine

-

suspensions were diluted with NaHCO3
solutions or alkaline veronal or borate
buffers and then treated with various
concentrations of HN3. These mixtures
were permitted to stand for 6 hours at
room temperature. The final virus concentration of such mixtures was 10 per
cent. The NaHCO3 concentration was
varied from 0.05 to 0.2 M, while the
veronal and borate buffers were of such
concentrations as to maintain a pH
range of 7.5 to 8.5. Alkaline buffers
were required to control the increased
hydrogen ion concentration resulting
from the HCl of the dissolved HN3 hydrochloride and from the Cl- liberated
by the intramolecular cyclization to form
ethylenimonium intermediates. If the
hydrogen ion concentration became too
high, the HN3 would fail to cyclize to
the chemically reactive, cationic form.
The range of HN3 concentrations tested
in alkaline virus suspensions was 0.015
to 0.03 molar.
The hydrolytic end products of the
reaction of HN3 with water proved to be
toxic for rats when injected intracerebrally. After treatment with HN3,
therefore, the virus preparation was
dialyzed overnight at 5 C against 18
liters of flowing M/1,000 phosphate buffer, pH 7. Dialyzed HN3 vaccines were
then stored at
70 C until tested for
infectivity and, in some instances, for
antigenicity.
Lansing virus infectivity appeared to
be equally resistant to destruction by
sulfur mustard, bis (B- chloroethyl) sulfide, hereafter referred to as H. The
conditions of reaction of H with a 10
per cent virus suspension were similar
to those maintained for inactivation with
HN3.
Virus suspensions were made
alkaline and kept at a pH of 7.5 to 8.5
with NaHCO3 or borate buffer during
the reaction with H at room temperature
for 1.5 hours.

-
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A 10 per cent virus suspension in the
presence of a saturated solution of H
(melting point 14.4 C) was only partially inactivated by the time the H was
completely hydrolyzed. It was necessary, therefore, to resaturate the partially inactivated virus suspension with
H for a second and even for a third time
before complete destruction of infectivity was accomplished. Such virus samples were usually dialyzed overnight
against flowing M/1,000 phosphate buffer, pH 7, at 5 C between the second
and third exposure to H and always
after the last exposure. After dialysis,
the H inactivated vaccines were kept
on dry ice until tested for infectivity.
Testing inactivated vaccines for infectivity. In order to determine the
presence of residual infectivity in inactivated vaccines, 0.05-ml doses of the
undiluted vaccine were inoculated intracerebrally into 12 cotton rats. Failure
to demonstrate active virus in cotton
rats was frequently followed by tests for
infectivity in rhesus monkeys. Usually
two monkeys per vaccine were inoculated
intrathalamically with 1.0 -ml doses. If
no signs were observed in these monkeys within 30 days sections of the cord
enlargements and medulla were examined histologically for lesions or the animals were reinoculated intrathalamically
with active Lansing virus. Since monkeys do not suffer two attacks with the
same virus type (17) , when reinoculated animals succumbed to poliomyelitis
the vaccine was considered inactive.
Vaccination and challenge procedures.
Vaccinations were made by the intramuscular inoculation of 5- to 6 -week old
cotton rats. Three vaccinations were
made at weekly intervals. At each vaccination 0.5 ml of the vaccine was inoculated medially and upward into the
gastrocnemious or adductor muscle
groups of the hind legs. A total of 3
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ml of vaccine was, therefore, given in
each course. Rats were challenged intracerebrally 1 week after the last vaccination with 100 ID50 (50 per cent infective doses) of Lansing virus. For the
majority of the challenges the LansingBell mouse pool (18) of June 27th, 1946,
was used. This pool titered 10-4.0 in
cotton rats. The challenge dose, therefore, was a 10-2.0 dilution. Toward the
end of the study this pool was exhausted
and pool III, which had an infective titer
of 10 -4.2 in cotton rats, was used instead
at a dilution of 10-22. Normal controls,
all of which received 100 ID50 intracerebrally with each group of challenged
vaccines, had a mortality rate of 100 per
cent.
Measurement of antigenicity titer. A
quantitative measure of the immunizing
potency of live virus and inactivated vaccines was made by determining the dilution of vaccine which protected half

the immunized animals against the
standard intracerebral challenge dose of
100 ID50 per rat. When live virus was
used as vaccine, groups of 12 rats were
vaccinated with 10 -fold serial dilutions.
Since the antigenicity of live virus
greatly surpassed that of the inactivated
vaccines, only 5-fold serial dilutions of
the latter were inoculated into groups of
12 rats starting at a dilution of 10 -1.
The dilution of the cumulative 50 per
cent protective dose end point was estimated in the usual way by the method
of Reed and Muench (15) and is referred to as the antigenicity titer.
EXPERIMENTAL RESULTS

Vaccination with live virus. Several

titrations of the antigenicity of live virus were performed in cotton rats. The
antigenicity titers obtained serve as a
basis for comparison with the results of
vaccination with inactivated vaccines.
Rats were vaccinated intramuscularly in
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TABLE 2

Intramuscular vaccination of cotton rats with live virus vaccine
Survival ratios of rata after challenge when vaccinated with
virus at dilutions

Live virus used
as vaccine

Antigenicity
titer*

Experiment
no.

Pool no.

Infectivity

II
III

10 -3.7
10 -4.2

titert

1

and 2
3

10-4

10 -2

10 -3

10 -4

11 /11

10/10

22/23

4/11

1

6/8

6/7

7/9

1

10 -6

/11
/10

10 -6

0/11

0/7

10 -3.3
10 -4.2

* Antigenicity titer = dilution of virus suspension, inoculated into rats as vaccine in 3 weekly 1.0 -ml
doses, which will protect 50 per cent of the rats against an intracerebral challenge dose of 100 ID40.
It is calculated by the method of Reed and Muench.
t Infectivity titer = dilution of clarified virus suspension which will infect half the cotton rats
inoculated intracerebrally with 0.05 ml doses. It is calculated by the method of Reed and Muench.

the prescribed manner with 10-fold serial dilutions of Lansing pools II and
III. The results are recorded in table 2.
Antigenicity titers of both pools closely
paralleled their respective infectivity

titers.
Vaccination with formalin-inactivated
virus. A sample of 25 per cent Lansing
rat pool II was diluted with distilled
water and reagent grade formalin to
produce a 10 per cent vaccine which contained formalin in a concentration of
0.1 per cent. The virus -formalin mixture was maintained at 25 C. Aliquots
were removed at 6, 12, 24 and 48 hours
from the time of the initial mixing with
formalin and then treated with (NH4) 2
HPO4. These were tested for virus infectivity. Five -fold serial dilutions of
inactivated vaccines were used to vaccinate cotton rats by intramuscular inoculation. Similar vaccines were prepared from samples drawn from Lansing
rat pool III and exposed to formalin
for 24, 48 and 168 hours (7 days) at 25
C. The tests for residual infectivity and
the titrations of antigenicity of all
formalin-inactivated vaccines are summarized in table 3.
For any particular vaccine preparations, aliquots removed after 24 or 48
hours of exposure to 0.1 per cent forma-

lin at 25

C did not reveal any significant
differences in antigenicity. The same
can also be said of the portions of the
vaccine of experiments 4 and 8 (table
3) exposed to formalin for 7 days as
well as 48 hours.
While by no means as effective as active virus, the formalin-treated material
produced an easily demonstrable antigenic response. The average antigenic
titer was 10-16. There were rather
marked variations in the titers of batches
of vaccine treated with formalin at different times. They ranged from less
than 0.5 log to 2.1, with the median at
1.7. It is possible that some unknown
factor in the preparation of formalinvaccines is responsible for the apparent
differences in immunizing potency, but
a more likely explanation of such differences may be the variable antigenic response of the cotton rats. The large vaccine inoculum of 0.5 ml may be a volume
in excess of that which can be accommodated by the gastrocnemious muscles
where the injection is usually made.
This would result in a diffusion of inoculum subcutaneously and perhaps also
into the fascia of the adductor and hamstring group of muscles above, particularly in the case of too young or undersized rats. Under these circumstances
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one would expect a poorer antigenic
response in the vaccinated animal since,
as is pointed out elsewhere (4), the subcutaneous is inferior to the intramuscular route of vaccination, at least in the
monkey.

Vaccination with nitrogen and sulfur
mustard-treated vaccines. The initial experiment which tested the suitability of
HN$ as an inactivating agent for the
preparation of a poliomyelitis vaccine
yielded promising results. The vaccine
listed as la in table 4 was noninfectious
by intracerebral test in cotton rats yet
exhibited moderately good antigenicity.
Unfortunately, this preparation was not
tested for infectivity in monkeys, and
it seems highly probable that there was
still present some virus activity which
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would have been detected by the more
sensitive monkey test. At least this situation has been encountered in virus
preparations treated with other inactivating agents (8). All subsequent experiments utilizing HNe and H as inactivating agents, however, resulted in
either partially inactivated vaccines or
preparations which were nonantigenic
when completely inactivated.
This study involved the testing for infectivity of some 45 samples of virus
treated with HN8 or H under a variety
of conditions. Few experiments reached
the stage of titration for antigenicity
since the majority of the mustard -treated
virus samples revealed residual infectivity. Those that proved to be inactive by
intracerebral test in rats were completely

TABLE 3

Intramuscular vaccination of cotton rats with virus inactivated by formalin
Source of virus
used for vaccine
preparation

Experi-

ment
no.

Pool
no.

Infectivity

II

10 -3.7

10_44

Infectivity
test mortality
ratio

-

10_1.7

10 -24

10-4.1

6/10
8/10

8 /10

0/2

1/8
0/9

0 /10
0 /10

0/2
0/2

7/10
4/10

24
48

8/10
2/10
0/9
0/8

24

0/10

48

0/8

4

48
168

0/12
0/12

7

48

0/16

8

48
168

0 /11
0 /10

9

48

0/12

0/2

7/10
1/8

10 -1.8
10_1.8

3/8

0 /10
0 /10

10-1.3
10-1.1

10 /11

4/12
6/12

0 /10
1/12

10 -11
10 -1.7

10 /11

9/12

4/11

10 -21

2/11
8 /10

4/11
3/12

0/11
2/10

<10-01

12/12

4/11

2/12

10 -1.7

8/12
0/2

Antigenicity titer*

--

10 -1

Monkeys

6
12

Survival ratio of rats after challenge
when vaccinated with vaccine at
dilutions
_

Rats

25 C (hours)

titert

2

III

Conditions of
inactivation.
Time of
exposure to
0.1 per cent
formalin at

10 -15

Antigenicity titer = dilution of vaccine, inoculated into rats in 3 weekly 1.0 -m1 doses, which will
protect 50 per cent of the rats against an intracerebral challenge dose of 100 IDSO. It is calculated by
the method of Reed and Muench.
t See footnote f, table 2.
*
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TABLE 4

Intramuscular vaccination of cotton rats with virus inactivated by treatment with nitrogen
and sulfur mustards
Conditions of inactivation
Source of virus
used for vaccine

preparation

Molar
Experi- concentra ment
tion of
no.

pH kept

between
7.5 -8.5

by

Infe °nool

II

tivity

HNa$

Uteri'

10 -e

la
lb

H§

Hours of
exposure
to agent

at room

Infectivity
test
mortality

Survival ratio of rats after
challenge when vaccinated
with vaccine at dilutions

ter
titer*

ratio

in rats

temp.

10 -1.0

10 -17

2/10

10 -2.4

lo -a.1

NaHCO3
NaHCO8
NaHCOB
NaHCOa

6

0 /11

11 /11

6

0/12

4a
4b

.02
.03
.015
.02

6
6

13/24

0/11
10 /10

8/9

6/9 3/10
4/10 0/8

0/8

7/23

.02

NaHCO3

6

9/23

9/9

6/9

0/9

1.5

3/12

6/9

2/10 2/10

I

10-42

4c

III

10-42

15

.018 Borate

Antigenic -

10 -1.4

3/10

100
10-1.5
10-20
10-1.4

buffer
*

See footnote *, table 2.

t See footnote t, table

2.

HNa = nitrogen mustard, tris (B-chloroethyl) amine.
§H = sulfur mustard, bis (B- chloroethyl) sulfide.
$

ineffectual as vaccines. It seems probable from the present study that the
concentration of H3 which will inactivate a given virus preparation and retain its antigenicity must have very
narrow limits. In a few instances antigenicity titrations of partially inactivated vaccines were performed. Data
of several such experiments are recorded
in table 4.
DISCUSSION

The titration of antigenicity of Lansing virus vaccines by the intramuscular
inoculation of serial dilutions into cotton rats and subsequent intracerebral
challenge has offered an objective means
of evaluating and comparing the immunogenic potency of live -virus and noninfectious vaccines. While live virus is
unquestionably superior as an antigen,
the responses to inactive virus are by no
means negligible, especially when forma-

lin- treated virus is compared with the
mustard -treated equivalent.
It is interesting to compare the immunogenic response of cotton rats and
monkeys to formalin- inactivated Lansing
virus. A review of Morgan's report (7)
on the vaccination of rhesus monkeys
shows that 5 out of 7 monkeys survived
an intracerebral challenge of 6,000 LD60
after each animal had received 2.0 grams
of formalin-inactivated Lansing tissue,
which is equivalent to 0.4 gram of tissue
per pound of body weight. It is estimated from pooled results of the present
study that, when cotton rats were vaccinated with 0.3 gram of formalin -inactivated tissue, an estimated rate of 1.8
grams of tissue per pound of body
weight, 53 of 74 survived intracerebral
challenge with 100 LD50.
It must be kept in mind in making
this comparison, however, that the conditions of execution of Morgan's experi-
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ments differed from the cotton rat experiments in several respects. She vac cinated monkeys with formolized 20 per
cent suspensions of Lansing infected
monkey CNS tissue which was not clarified, whereas the source of virus for cotton rat vaccinations was a 25 per cent
cotton rat CNS suspension clarified by
centrifugation at 16,000 x g for 20 minutes which resulted in the removal of
approximately half the tissue originally
present. It is, therefore, not entirely
clear whether one may equate the
amount of vaccine each species received
in terms of weight of inactivated tissue
per unit body weight. The challenge
doses received by each species also differed. In terms of LD607 the monkey
received a challenge 60 times greater
than that given the cotton rat.
Work currently undertaken in this
laboratory by one of the authors also
gives evidence of good immune responses
in chimpanzees when this species is vaccinated with 0.3 grams of tissue per
pound of a formalin- inactivated Brun hilde virus prepared by the methods outlined in this study. The smallest
amount which is effective is not known
but may be in the neighborhood of two thirds to one-half of the above.
Now that a quantitative method of
measuring the protective capacity of a
vaccine has been established it is of interest to compare Lansing virus vaccines
prepared with a variety of inactivating
agents. A beginning has been made in
this direction. The following paper of
this series (8) presents data on the
antigenicity of virus preparations inactivated by ultraviolet and high speed electron beam irradiations. In addition, a
study of the keeping qualities of vaccines prepared by inactivation with
formalin and with the two physical
methods mentioned is under way and
will be reported at a later date.
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SUMMARY
1. A quantitative method for the estimation and comparison of the antigenicity of live and inactivated Lansing
virus vaccines has been described.
2. Live Lansing virus has been found
to be 125 to 5,000 times more effective
than formalin- inactivated vaccine in conferring protection upon cotton rats
against intracerebral challenge.
3. On the other hand, it was possible
to protect 50 per cent of the cotton rats
vaccinated with 3 ml of a 1-to -32 dilution
of formalin inactivated virus.
4. Sulfur and nitrogen mustards were
unsuitable for the preparation of a vaccine since antigenicity disappeared when
the infectivity was destroyed.
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A quantitative method of estimating
the antigenicity of chemically inactivated Lansing poliomyelitis vaccines has
been described in the preceding paper
(1). This study has been extended to
include Lansing vaccines prepared by
physical methods of inactivation and is
presented below.
In the past, the principal physical
methods employed for the inactivation
of poliomyelitis viruses for vaccination
purposes have been ultraviolet irradiation and heat. Milzer, Oppenheimer
and Levinson (2) prepared an ultraviolet irradiated Lansing vaccine shown
to be inactive by intracerebral test in
mice and monkeys. They estimated that
the immunity which developed in mice
after 2 or 3 intraperitoneal inoculations
of an irradiated 4 per cent suspension
of virus was in excess of that necessary
to protect against 200 LD60 of virus.
The immunogenic activity of their vaccine in mice was not compared with
that of active virus as vaccine. An attempt was made by Morgan, Howe and
Bodian (3) to immunize rhesus moni From the Poliomyelitis Laboratory, Department of Epidemiology, Johns Hopkins University, Baltimore, Md., the Electronized Chemicals Corporation, Brooklyn, N. Y., and the
Lederle Laboratories of the American Cyanamid Corporation, Pearl River, N. Y.
Aided by a grant from the National Foundation for Infantile Paralysis, Inc.
2 Present address: Virus Research Institute,
P. O. Box 49, Entebbe, Uganda, East Africa.
3 Present address: Virus Laboratory, University of California, Berkeley 4, Calif.

keys with the Riley strain of human
poliomyelitis inactivated by the ultraviolet irradiation technique of Oppenheimer and Milzer (4). Their results
were inconclusive due, possibly, to the
small amounts of antigen used. Levaditi (5) reported that although Lansing
virus inactivated at 50 C was anti genically inferior to the active virus, it
was still capable of immunizing mice.
In the experiments herein reported,
the antigenic response of cotton rats to
Lansing vaccines prepared by. ultraviolet irradiation and by high intensity

ultrashort time electron bursts produced by a 3 mev Capacitron (6, 7) was
measured.
MATERIALS AND PROCEDURES

The Lansing virus pools and the
methods of testing vaccines for residual
infectivity and for antigenicity used in
this study have already been described
in detail (1). Only the preparation of
vaccines with ultraviolet irradiation and
ultrashort, high speed electron bombardment will be fully described here.

Preparation of vaccines
(a) Inactivation by ultraviolet irradiation. The initial irradiation experiments were done with the 25 per cent
clarified virus suspension, pool II, exposed to a Hanovia lamp which operates on a current of 10 amperes. Nine ml aliquots of 1.4- millimeter depth were
irradiated in a Petri dish by the ultra131
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violet lamp for 15 minutes at a distance
of 12 inches. The samples were mixed
by swirling in the Petri dish at 1- minute
intervals throughout the exposure period. After such irradiation at either
room temperature or 4 C, vaccine samples were stored at dry -ice temperature
until tested for infectivity and antigenicity. On the basis of the known
energy output of this lamp, it was estimated that, under these conditions at
room temperature, approximately 1,280
ergs per sq. cm. of incident radiation
would reduce the infectivity titer of
pool II by 1 log unit.
The results of exposure of virus samples in batches to the radiations of
a Hanovia lamp were not uniform.
This method was replaced, therefore, by
a continuous flow technique for all subsequent ultraviolet inactivation experiments with Lansing pools II and III.
The apparatus employed was built by
the American Cyanamid Company and
all the irradiation experiments were carried out at the Lederle Laboratories,
Pearl River, N. Y. The American
Cyanamid model consists essentially of
a helical lamp to which is exposed a
continuously flowing, 0.6- millimeter
thick film of virus suspension. Approximately 80 per cent of the radiant energy
of the lamp was estimated to be of a
wave length of 2,537 A.
Irradiation of 10 per cent clarified
virus suspensions was carried out as
follows : the percentage transmission of
2,537 A ultraviolet light through a 0.6millimeter layer of virus suspension was
determined in a Beckman spectrophotometer. Aliquots of the sample

were then exposed to the helical lamp at
different rates of flow which were measured by means of an aluminum float type flow meter and checked by noting
the volume delivered per unit time into
a sterile graduated cylinder. The flow

rates employed for irradiation covered a
range of 5 to 160 ml per minute. Irradiated aliquots were immediately
stored individually in sealed glass ampules at 70 C and tested for infectivity
and antigenicity shortly thereafter.
(b ) Inactivation by ultrashort, high
speed electron bursts. Experiments on
the inactivation of Lansing pools II and
III with electron beam irradiations were
conducted at the Electronized Chemicals
Corporation, Brooklyn, N. Y. The instrument used for this type of irradiation was the 3 mev Capacitron which has
been developed in this country by
Brasch and Huber (6, 7). This apparatus releases high intensity electron
bursts of about 1 microsecond duration.
In preparation for irradiation, 25 per
cent clarified virus suspension samples
of 13- to 15 -ml volumes were introduced

-

into bags made of 0.004-inch polyethylene, air bubbles were expressed, and the
small opening carefully sealed with heat.
The bags were of such dimensions that
when the sealed-in sample was frozen
between two carefully spaced and leveled
brass plates chilled with dry ice, a 4 -millimeter thick cake with uniformly
smooth surfaces relatively free of air
bubbles was formed. The diameter of
such cakes was approximately 3 inches.
For one pilot experiment, the sample filled polyethylene bags were evacuated
to 0.3 millimeter Hg before sealing with
heat. The technique, however, was relatively crude and could not be considered
as exhausting the possibilities of this
method. All other irradiation experiments were carried out at atmospheric
pressures.
The following general procedure was
employed for the irradiation of the
frozen virus samples : virus cakes were
irradiated at either liquid- nitrogen or
dry -ice temperatures. This was accomplished by supporting the frozen sam-
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ple at the surface of a liquid nitrogen
bath or on a level block of dry ice during the exposure. The sample was centered on a turntable placed at a measured distance from the exit window of
the discharge tube and subjected to
bursts of impulses of penetrating electrons of known intensities. Each cake
received half the number of prescribed
impulses on one side and then the remaining half on the other. Irradiation
of the sample from both sides as it
rotated on the turntable was thought
to assure a uniform distribution of intensity throughout the sample.
The energy absorbed by the virus
sample at each impulse depends, in addition to other factors, upon the distance
of the sample from the metal foil- covered
window of the evacuated discharge tube.
It is expressed in terms of "rep"
(roentgen equivalent physical (8) ). The
total exposure of one sample equals the
sum of the rep or each impulse it receives. The magnitude of the intensity
of a single impulse for the rim of a 3inch sample, 15 inches from the port
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emitting the electron beam was about
2.7 X 105 rep. Virus samples were exposed to total intensities ranging from
6 x 105 to 43 X 105 rep. After irradiation, the undiluted, 25 per cent vaccine
samples were stored in sealed glass ampules on dry ice.
EXPERIMENTAL RESULTS

Vaccination with ultraviolet inactivated virus. Hanovia lamp irradiation
experiments on aliquots of pool II
yielded vaccines which were only partially inactivated with respect to infectivity or else were completely devoid
of immunizing potency as well as infectivity. Irradiation of aliquots of the
same pool by the helical lamp- continuous flow technique at rates of 160, 80,
40 and 20 ml per minute produced only
partially inactive vaccines. These results, which represent the outcome of
initial, exploratory experiments are not
recorded here in detail.
The exhaustion of pool II in preliminary work necessitated the continuation of ultraviolet irradiation studies

TABLE

1

Intramuscular vaccination of cotton rats with virus inactivated by ultraviolet irradiation
Source of virus used
for vaccine preparation

Pool
no.

Infectivity
titer*

no.

Conditions of
inactivation
(nzi/min.)

5

2

15

30

III

test
mortality ratio
Infectivity

Experiment

10-'4
3

5
15

30
60

Survival ratio of rats after
challenge when vaccinated
with vaccine at dilutions

Rats

Monkeys

lo-1

10-1.7

10 -24

0/12
0/12
0/12

4/9
8/9
8 /10

4/10
6/8
5/10

2/10

0/2
0/2

0/12
0 /10
0 /11

7/11
7/11
8 /11

3/12
6/11
6/12
8/8

0 /11

0/2
0/2

12/12

8/8

2/7
5/9
/10
0/12
1

4/6

Antigenicity titer{'

10_1.6
10 -2e
10_1.2

10-1.3
10 -1.6
10 -1.6

>10-2.6

* Infectivity titer = dilution of clarified virus suspension which will infect half of the cotton rats
inoculated intracerebrally with 0.05-ml doses. It is calculated by the method of Reed and Muench.
t Antigenicity titer = the dilution of vaccine, inoculated into cotton rats in 3 weekly 1.0 -ml doses,
which will protect 50 per cent of them against an intracerebral challenge dose of 100 ID65. It is
calculated by the method of Reed and Muench.
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tions in rats of pool III vaccines are
summarized in table 1.
Samples of pool III, which transmitted 11 to 12 per cent of the ultraviolet light of wave length 2,537 A
through a 0.6- millimeter thick film, were

with pool III as virus source. The helical lamp-continuous flow technique
was employed for all ultraviolet irradiations of aliquots of this pool. Tests for
the residual infectivity in cotton rats
and monkeys and the antigenicity titra-

TABLE 2

Intramuscular vaccination of cotton rats with virus inactivated by the Capacitron
Source of virus
used for vaccine

preparation

Pool
no.

Infec-

Experiment

vaccine)*

titsrj

tivity

10 -3.7

Temp.

Pressure

X lÓ_6

Rats

6.1

10 /11

9.4
12.2
15.3

11/12
6 /11
7/24

10.2
20.4
24.9
31.2
37.4
43.6

6/6
0/6
0/6
0/5
0/6
0/6

10.2
20.4
24.9
31.2
37.4
43.6

0/5
0/5
0/5
0/5
0/6
0/5

9.4

4/10
0 /10
0 /10

16.3
25.0

Solid CO2
3

In vacuo

10-4.2

9.4
16.3
25.0

10 /10

9.4

10 /10

16.3

2/10
0 /10
0 /10

(0.3 mm Hg) 25.0
34.7
16.3

Atmospheric 25.0

4

34.7
*

Monkeys

10_1

1P-1.7

10-: .4

10 /10

1/1
1/1

10 /10

8/10
3/10

3/9
3/9
1/6

2

Atmospheric

III

Survival ratio of rats
after challenge when
vaccinated with vaccine
Antigenat dilutions

no.

Liquid N2

II

Infectivity test
mortality ratio
(undiluted

Conditions of inactivation

0/10
0 /10

3/12
0/12
0/12

0/1

3/10
7/10
2/7
4/10
2/9
8/10

0/2

4/7
4/9

0/2
0/2

7/9 4/7
4/10 5/11

1/8
2/11

10 -1.7
10 -1.4

5/11
5/10
2/12

3/12
1/12

10 -1.8
10 -1.2
10 -1.3

11/12 6/11
7/11 3/12
6/12 5/11

5/11
1/12
2/12

10 -2.0
10 -1.3
10 -1.4

1/2

10/11

0/2

0/2
0/2

2/9
7/10

5/10 1 /10
2/12 0 /11

Undiluted vaccine is prepared from a 25 per cent clarified virus suspension.

t See footnote *, table
I See footnote t, table

1.
1.

2/8

10 -1.6
10 -1.1
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exposed to radiations at flow rates of 30,
15 and 5 ml per minute. At these exposures vaccines were produced that
were not only noninfectious for cotton
rats or monkeys but were also anti genically active in rats. The 15- and 30ml per minute vaccines of both experiments had an average titer of 1.7, while
the average of two vaccines prepared independently from 5 ml per minute aliquots was only 1.4, which suggests that
the point of overirradiation is relatively
close to that which is optimal. The
last vaccine of experiment 3 which was
exposed to irradiation at the rapid flow
rate of 60 ml per minute exhibited considerable residual infectivity and a correspondingly high antigenicity . titer.
This is as expected on the basis of the
results which had been obtained with
live virus vaccines (1) .
Vaccination with virus inactivated by
ultrashort, high intensity electron beam
irradiation. In the preliminary experiments 1 and 2 listed in table 2, only
small aliquots of clarified 10 per cent
virus suspension were irradiated and
tested, undiluted, for infectivity and
antigenicity. Lack of complete antigenicity titrations on aliquots irradiated
at the same rep level but at the different temperatures of liquid nitrogen and
solid carbon dioxide makes evaluation
and comparison difficult. The survival
ratio of rats inoculated with the undiluted (10 -1) vaccines irradiated at liquid nitrogen temperature dropped
abruptly between the 20.4 X 106 and
the 24.9 X 105 rep level, which appears
to be the transitional zone of infectious
to noninfectious vaccine. The ratio remained low or dropped even further at
subsequently higher levels of irradiation
energy. Irradiation at solid carbon dioxide temperature, on the other hand,
gave variable survival ratios at energy
levels well above those of borderline in-
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activation. For example, the survival
ratio of rats protected with the vaccine
exposed to the highest level of irradiation, namely 43 X 106 rep, was higher
than for any other vaccine irradiated
at dry -ice temperature in experiment 2.
The antigenicity of vaccines irradiated
at solid carbon dioxide temperatures,
though inconsistent, seemed at least
more promising than the liquid nitrogen
vaccines which were consistently low in
antigenicity at all levels of irradiation
where infectivity seemed to be destroyed.
The carbon dioxide temperature was the
temperature of choice, therefore, for subsequent vaccine preparations by electron
beam irradiations.
An examination of the results of infectivity and antigenicity tests of vaccines of experiments 3 and 4 reveals the
level of irradiation that consistently destroyed infectivity to be about 25 X 106
rep. Infectivity tests on aliquots of
either pool II or III irradiated at this
or higher levels of intensities were invariably negative in cotton rats and in
monkeys whenever the latter were used.
This was true whether the samples were
irradiated at atmospheric or 0.3 millimeter of Hg pressures or at liquid nitrogen or dry -ice temperatures.
In contrast, irradiation at the next
lower level of 16.3 X 106 rep resulted
in vaccines with a small amount of
residual infectivity. The one exception
was the 16.3 X 106 rep vaccine of experiment 3, pool III, which failed to
infect any of 10 cotton rats and
two rhesus monkeys inoculated intracerebrally therewith. It is well to point
out at this time that failure to detect
infectivity in a vaccine upon its intracerebral inoculation into two monkeys
and 5 to 12 rats does not exclude the
possibility of live virus being present.
The active virus concentration may be
so low that infection upon intracerebral
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inoculation into monkeys and rats may
have a correspondingly low incidence of
the order of magnitude, for example, of
1 in 10 and 1 in 50, respectively. The
term noninfectious, when applied to a
vaccine, is a relative one, particularly
at borderline conditions of inactivation,
and depends upon the sensitivity of the
test for infectivity.
A point of interest regarding the demonstration of residual infectivity in
Lansing vaccines is the fact that on two
occasions the rhesus monkey had proved
to be a more sensitive subject for detection than the cotton rat. This was the
case in two samples of pool II irradiated
at energy levels of 20.4 x 105 and 16.3
x 105 rep in experiments 2 and 3, respectively. It is also noteworthy that
the Capacitron treated vaccines assayed
for immunizing potency which showed
faint traces of infectivity were consistently superior antigenically to the
noninfectious vaccines inactivated in the
same way.
DISCUSSION

Ultraviolet and Capacitron inactivated vaccines compare favorably with
those prepared by inactivation with
formalin. A diagram of the relative
antigenic effectiveness of all 3 types of
inactive vaccines and live virus presented in figure 1 illustrates this clearly.
The data for live virus and formalininactivated vaccines are obtained from
the preceding paper (1).
The average antigenicity titers estimated for formalin and ultraviolet inactivated vaccines both equal 10 -1.4 (excluding the ultraviolet treated sample
at 5 ml per minute flow rate). Capacitron inactivated vaccines exhibited a
slightly lower average antigenic titer of
10-1.35. From an inspection of figure 1
it is apparent that the degree of dispersion of antigenic titration end points is

greatest for formalin and least for
Capacitron vaccine assays although the
small number of titrations does not make
it possible to exclude normal variation.
In comparing the 3 methods of virus
inactivation one is struck by the similarities of the end products. All showed
a marked drop in antigenicity with the
disappearance of demonstrable active
virus and when inactivated all possessed
nearly the same power of evoking antibody response.
Electron irradiated
virus was slightly inferior in this respect, but had the advantage that considerable amounts of over- irradiation
were not accompanied by corresponding
losses of antigenicity. Ultraviolet irradiated virus, on the other hand, had
a high antigenic titer but appeared to
be more easily denatured by slight over irradiation. At the moment, therefore,
the vaccine of choice seems to be the
formalin inactivated one since its antigenic titer was equal to any other and
it was not denatured by contact for 7
days with formalin. In addition, the
ease of preparing such a vaccine predisposes in its favor. It is possible, however, that retention of antigenicity in
storage over long periods may also be a
factor in finally estimating the practical
value of the 3 preparations. Aliquots
of some of the pools described in this
paper have been stored at dry -ice temperatures and will be tested at various
intervals up to a year following their
original preparation. It is also conceivable that adverse storage conditions
might favor a vaccine prepared by radiation techniques which leave no residuum
of the inactivating agent.
On the basis of an average antigenic
titer of 10 -4.0 for live virus vaccine and
average titers of 10-1' to 10-1.35 for inactive vaccines, it is estimated that live
virus is 200 to 450 times more effective
than inactive vaccines in conferring pro-
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tection upon cotton rats against intracerebral challenge with active Lansing
virus.
A direct comparison of the resistance
of vaccinated with that of unvaccinated
rats to intracerebral challenge is not so
readily made. The average antigenic
titers of 10-1.35 to 10 -1.7 obtained with
inactive vaccines represent the dilutions
of vaccine which protected half the animals against an intracerebral challenge
of 100 IDF0. The amount of active virus
which upon intracerebral inoculation
will infect half the normal, unvaccinated
rats is 1 ID50, a factor difference of 100
in challenge doses. If one made the assumption that antigenicity and infectivity titrations roughly paralleled one another, it would be necessary to multiply
the antigenic titers of the inactive vaccines by the factor 100 in order to assess
their correct protective values when
comparing the resistance of vaccinated
and nonvaccinated rats. On that basis,
then, the inactive vaccines would be 1.35
to 1.7 log units x 100, or 2,200 to 5,000
times more effective in protecting rats
that the mustard-treated material or no
vaccine at all.

3. Ultraviolet and electron inactivated
vaccines are compared with formalin as
regards antigenic titer, susceptibility to

denaturation during preparation and
ease of preparation.
REFERENCES

R. M., and Howe, H. A.

2.

3.

4.

5.

SUMMARY

It has been possible

to immunize
cotton rats with emulsions of rat central
1.

nervous system containing poliomyelitis
virus inactivated by ultraviolet light
and by high speed electrons.
2. The average amounts of vaccine required to immunize 50 per cent of the
rats (the antigenic titer) was 3 ml of a
10-i4 dilution of ultraviolet treated virus
and 3 ml of a 10-1.35 dilution of electron
radiated material.

Herriott,
Immunization
of cotton rats with inactivated Lansing
poliomyelitis virus. I. Inactivation by
chemical agents. Amer. Jour. Hyg.,
1951, 55: 121 -130.
Milzer, A., Oppenheimer, F., and Levinson,
S. O. A new method for the production
of potent inactivated vaccines with
ultraviolet irradiation. III. A completely
inactivated poliomyelitis vaccine with
the Lansing strain in mice. Jour. Immunol., 1945, 50: 331 -340.
Morgan, I. M., Howe, H. A., and Bodian, D.
The role of antibody in experimental
poliomyelitis. II. Production of intracerebral immunity in monkeys by vaccination. Amer. Jour. Hyg., 1947, 45:
379 -389.
Oppenheimer, F., and Levinson, S. O. A
new method for the production of potent
inactivated vaccines with ultraviolet irradiation. L Principles, technique and
apparatus. Publication withheld by the
Committee on Medical Research of the
Office of Scientific Research and Development.
Levaditi, C. Vaccination antipoliomyélitique.
Compt. rend. Soc. de Biol., 1942, 136:

1. Schwerdt, C. E., Dick, G. W. A.,

417.

and Huber, W. Ultrashort application time of penetrating electrons:
A tool for sterilization and preservation
of food in the raw state. Science, 1947,
105: 112 -117.
7. Huber, W. Electronic preservation of food.
Electronics, March, 1948: 6 pp.
8. Evans, R. D. Fundamentals of radioactivity
and its instrumentation. In: Advances
in Biological and Medical Physics. Vol.
I, pp. 151 -221. Edited by J. H. Lawrence and J. G. Hamilton. New York:
Academic Press, Inc., 1948.
6. Brasch, A.,

NOTE ON CURRENT RESEARCH
Another problem which the study of the African viruses

raised was stated in the final paragraph of the publication

entitled "Epidemiological notes on some viruses isolated in
Uganda" as follows: "Finally is it possible that previous infection with
one virus may produce a certain modification of the infection

by a second virus?
Uganda

S

That such a possibility may exist between

virus and yellow fever has been suggested by Macnamara

(1952 and personal communication), who in preliminary experiments

has shown that in monkeys, a previous infection with Uganda S

virus modifies the severity of a subsequent attack of yellow
fever.

Further enquiry along these lines should provide much

interest and it may be that the susceptibility of the African
to the viruses we have discussed is generally low, not because

of the genetic make up of the African or the inherent low

pathogenicity of the virus but because he has multiple virus
infections.

This question of multiple infections has been

intriguing us (Gledhill, Dick and Andrewes, 1952) lately and
may give a key to the inter- action of viruses, or viruses and
protozoa, in Africa."

An attempt to answer the first question quoted in the
above paragraph has led to a study of the recently isolated

mouse hepatitis virus (MHV) which produces a fatal disease
only in the presence of Eperythrözoon coccoides.

There is

evidence which suggests that in the absence of concommitant

infection with

E.

coccoides mouse hepatitis virus may infect

cells in a completely latent manner.

Further experiments in mouse hepatitis which are in

progress relate the field studies presented in this thesis
to the fundamental problem of latent virus infection.

These

experiments may give an explanation of the durable immunity

which follows infection with many of the African viruses and
may also explain why the African viruses produce little
evidence of clinical disease in Africans.

If a general

principle is established of the place which latent virus
infection plays in infectious disease many of the present
epidemiological problems may be explained.

