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Introduction and Scone.

The difficulties of finding original material
in general practice on which to write a Thesis
made the author review iiis Service experience and
choose tiie aforementioned subject.

Whilst(serving with the 1lth Light Field
Ambulance tiie suthor hed thie dubious privilege of
woriking in ti:e huts of Belsen carp from the day of
liberation onviards until tre lewt niut was burned
dovm by thwe British after chplete evacuation of
the Cemp. Few people vho worked there can at any
time have seen a greater wealth of clinical material.
Tiie death rate vhilst evacuation wes proceeding
vetireen April 201t1,1945 and ligy 17th.19/5, nunbered
gome tnirveen thousand in Ceomp I alone. In pe:using
the small emount of 1itcrgture existing on tiie
subject it is surprising that no real intensive
clinical investigations seem to have been carried
out a2t the Camp. T:ie reosons for this are not far
to secek. The magnitude of the problem viiich cxisted
and smellness of resources of the liberating forces
in men and material made the problem largely an
adminisirative one of extreme urgency. ZEveryone in
tiie arza was employed in providing the daily wants
of an average cormunity to the internees. Tood,
weter and clotiiing had to he provicded. Some semblance
of hyéiene and order had to be brdught to the Carp

and an attempt mede to evacuate thie seriously ill
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i1l/ estimated at some twenty eight thousand in
Camp I and three thousand in Camp II. Along with
another officer the zuthor wacs responsible for the
collection and evacuation of the sick from Camp I
to Casuelty Cleering Stations and General Hospitals
in the neighbourhood. The appalling conditions of
£ilth and squalor in the camp and a death rate of
five hundred a day at the outset made speed in
evacuztion the prime consiceration.

Under these circumstances and because of
language difficulties it was impossible to carry
out a detailed examination of all patients, nor wsas
it possible to keep clinical records. Many cases
were exXemined in detail however and severgl visits
were peid by tiie author to general hospitals wiere
conditions were considerably more suitable for
examination. Naturally no special investigations
could be carried out by the author and cases were
exemined solely by clinical means. Vhere necessary,
reference is made to the work of those who were able
to carry out special investigations at the Casualty
Cleecring Stations and General Hospitals. Whilsf a
description of the many diseases seen at Belsen is
included in the Thesis louse-borne typhus fever is
the main subject of discussion. Several factors
have determined the choice. These were the first
cases oi louse-borne typhus seen by the author, and

prompt modern measures successfully and abruptly ended
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ended/ the epidemic which by experience in previous
wars should have become widespread. In addition the
author along withh seventeen other members of the
11lth Light Field Ambulance and six medical students
working in the camp had the misfortune to contract
the disease.

It was originally intended that tie eighteen
army cases in themselves should form the subject of
a Thesis. However requests to the War Office for a
perusal of clinical records have been refused, the
reason given being that the author is no longer a
serving soldier and is not called in his capacity
as a doctor to treat these men now. In spite of
this certain observatiions mentionea below can be
made on these cases even though thie case sheets are
not available.

The Thesis starts with a brietf account of
the typhus group of disease and the classification
thereof.

A full description of Belsen camp is then
given in regard to its layout and the conditions
existing at the time of liberation. A clinical
description of the diseases encountered there is
given and also of the typhus cases occurring among
the British personnel. The measures adopted to
cope with the situation are detailed especially in
respect of the typhus epidemic. ?articular attention

is drawn to methods used for tiie disinfestation of




of/ internees and of preventing louse infestation
and typhus inrecction in workers.

From these observations at Belsen certain
aspects of typhus fever are discussed and the work
of other outihors reviewed. The first of these
aspects are the factors which led up to tiie outbreak
of typhus at Belsen ani the mode of infection in the
case of British personnel who developed the disease.
Tiie use of 2-2=-bis(parachlorophenyl) 1,1,1-
trichloroethane (hereafter referred to as D.D.T.)

as an insecticidal powder is evaluated and its
toxicity to man reviewed.

An account oi the various vaccines which
have been employed ageinst typhus fever is included
in the Thesis and observations are mace on the Cox
type vaccine as a result of experience at Belsen.
All conclusions arrived at by the author

are outlined in the appropriate section on page 111l.
The Thesis ends with a short summary of the
subject matter and embodies the autlior's conclusions.
An alphebetical list of authors and writings
reierred to in the text is to be found on page 119.
Photograpihs, charts and tables are included

throughout the text.




SBECTTION I,

THZ TYPHUS FEVER GROUP OF DISEASES.
Louse~borne Typius Fever.

Tne Indemic or Zootic Typius Fever.

Clessificetion of Tyvhus Fever Groud.




The Typhus Fever Group of Diseases.

There are two main sub-groups of typhus
fever. These are the classical or epicdemic or louse-
borne typhus fever and the zootic or non-epidemic
typhus fever.

Louse-borne Typhus Fever.

{Synonyms:- Typhus Fever; Typhus Exanthematicus;
Epidemic Typhus; Camp Fever; Jail Fever; Famine Fever)

The disease is one of great antiquity. One
of the oldest epidemics often regarded as typhus is
the Athenian Plague of the Peloponnesian WVars in 430
B.C., which is described in the Second Book of
Thucydides. This disease was characterised by the
sudden onset of severe headache. Redness of the
tongue and respiratory cetarrh followed and at the
heighit of e fever a papular rash apneared. Sequelasd
described were necrosis of the toes, fingers and
genitals. Zinsser (1937) believes this epidemic to
have been smallpox but not so Haeser (1882) who
regards it more like typhus than any condition famil-
iar to us. Hecker (1865) also believes it to have
been typhus but states it to have been a form from
vhich typhus has altered in the following centuries.

The earliest clear account of louse~borne
typhus is written by Frascatorius who in 1546
described a "febris pestilens" which occurred in
Italy in 1508 and 1528. Since thien many accounts of
epidemics of the disease have beeh written. These

epidemics have usually occurred in military canps.
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camps,/ jails and ships; they have nearly always

been associated with famine. HEpidemics are cspeciallj

liable to occur after wers; in the Serbian retreat

of 1915, one hundred and tiirty-five tihiousand out

of a population oi two and a helf millions died of

the disease. In 1916 to 1219 hunareds of thousands
in Rumania,

died of epidemic typhus/7iilst in Russie,Terassevitch

(1922) states the annual incidence rose from one

hundred and fifty thousand in 1914 to six million

six hundred tnousand in 1¢19.

The accounts of the earlier epidemics are
confused because of typhoid fever, relapsing fever
end plague,which had not then been diiferentiated
irom tyvims fever. The nome typhus fever was first
introauced by Seuvege in 1760 bui was not universally
employed until aiter 1837. About that time both
Stillé (1838) and Gerhard (1837) showed typhus and
typhioid to be separate clinical entities. 1In 1884
Henderson differentiated relapsinglfever and typhus
and in 1873 Murchison wrote his classical description
of the disease stressing its contagious nature.
Wicolle first transmitted the disease to animals in
1909 vhen he produced the disease in a Bonnet monkey
by subcutaneous inoculation of blood from 2 typhus
patient. “orking with Comte and Conseilil in tlie same
yvear he first proved tlie louse to be‘a vector by
producing the disease in a monkey following the

application of lice which had fed on an infected
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infected/ monkey. In 1910 Ricketts and Tilder
Tirst described certein orgenisms vwhiich tiiey found
on infected lice ond thiey were loter accurately
described by Prowezel: anda dao Roche Lime . They werc
given the name of Dickettsia Proveszeiki Dby de Docne
Lima (1916).

In 1910 Vilson isolated cervain bacteria
of the coli group irom typhus patients and found
thiet they were agglutinateda by high dilutions of the
sera, of patients suffering from the disease. Later
Weil and Fzlix (1916) using a different organism
(Proteus X) which had also been isolated from typhus
potients described the agglutination reaction which

s

is now Iino m as tue "Mleil-PFelix Reaction! and which

is wvidely used in tlie diegnosis of tiic discase.

w

In 18¢8 Brill Tirst described a fever which
resembled a mild attack of typhus and which occurred
sporadically in Mew York. The nature of the disease
was not finally settled until 1934 twhen Zinsser
showed the organism to be R.Prowazecki and that more
than 25 per cent of the patients had originally lived
| in areas of murope where epidemic typhus was cormmon.
The disease is nowr recognised as a late recrudescence
of an old attack of typhus due to the virus persisting
in the bodies of patients. For some unknown reason
it flares into a mild attack of typlus years later.

The disease is not transmitted by lice.




Zootic Typhus Tevers.

The first of these diseases to be described
was Rocky llountain spoitted fever. It closely
resembles louse-borne typhus in its menifestations;
the rash however is more conspicuous and involves
the palms, soles and face; it is frequently pepular
in type. The temperature rises and falls more slowly
then in louse-borne typhus and tiie daily remissions
tend to be greater. In 1904 Wilson and Chowing found
the disease was conveyed to man from wild rodents by
the bite of a tick, now known to be Dermacentor
Andersoni. In 1909 Ricketts described the causal
organism R. Rickeittsi which he found in infected
ticks. It is knovmn thet the disease occurs through-
out wide areas of the United States of America apart
from thet area from which the disease derives its
name, Similar d;seases closely resembling Rocky
Mountain spoited fever have been described throughout
the world and altogether some twenty to thirty
different nmames are in existence for this disease.

A milé Form occurring in Tunis was described hy Conor
and Burch in 1910. This was later known as "Fievre
Boutonneuse" and is now knowvm to occur in most
countries around the Hediterranean Sea. In 1930
Durends Conseil and Burch demonstrated the vector to
be a tick Rhipicephalus Sanguineus. Until 1943 it
had been impossible to confer complete immunity to

Rocky Mountain spotted fever on a guinea-pig
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guinea-pig/ inoculated with the organism of fievre
boutonneuse. In that year however Parker iound a
strain of Rocky lMountain spottec fever Ricketisia
against which inoculation with fievre boutonneuse
gave complete irmunity. This suggests that the
organisms of tihhe latter disease is eitiier the same
as or merely a different strain of R. Ricketisii.

In 1917 and 1921 liegaw described a disease
in India which was conveyed by the bite of a tick
and which closely resembled Rocky Mountain spotted
fever in its clinical manifestations. Topping,
Heilig and Naidu (1943) reporting tine results of
complement fixation tests on the disease consider
it to be the same as or closely related to Rocky
Mountain spotted fever. R. Rickettsi has also been
found to be the casual organism of the virulent form
of typhus which exists in Brazil and Columbia and
and which is knowm as Sau Paulo Fever or

Exanthemsatic Typhus of Brazil . Thevdisease is
spread by tick bites and tne orgenism is identical
becteriologically with R. Rickettsi found in virulent
forms of Rocky lMountain spotted fever (Rogefs_and
Megaw, 1944). The anomalous form oi paratyphoid
fever described by McNaught in 1911 and known as

Tick Bite Fever of South Africa or Tick Typhus of
Kenya is essentially similar to fievre boutonneuse
both c¢linically and bacteriologicélly in that cross-

immunity exists between the two diseases.




For many years a disease has occurred in
Japan which closely resembles Rocky lountain spottea
fever in its clinical feaiures, with the difference
that the rash does not appear on lue soles and palms
but there is a local necrotic lesion; the blood
picture is one of leucopenia. The disease is knowm
as Japanese River TFever or Tsutsugamushi Disease.
Smiivihson (1910) described a similar disease in
Queensland. In 1918 Kitashima and Mivajima found
the vector of Jzpanese River Fever to be a larval
mite Trombiculs Akamushi. By its bite the disease
is transferred from infected bandicoot rats, mice
and. other rodents to man. In 1923 Hayashi ana
Tekeucii discovered the casual organisim R. Orientalis

A pseudo typhdid fever described by Schuffner
in 1909 in Sumatra is now knovm to be a form of typhws.
conveyed from rats to man by a mite Trombicula
Deliensis.

In 1926 whilst working in the Federated
Malay States, Fletcher (1930) described a form of
typnus to which he gave the name Tropical Typhus.
The disease is now also known as Scrub Typhus. It
differs from Japanese River Fever which also occurs
in the Federated Malay States, in the absence of
local lesions. In 1936, however, Lewthwaite and
Savoor showed the virus of the two diseases to be
esentially similar, cross-immunity existing in the

experimental animal. A similar disease not
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not/ associated with local lesions has also been
described in certain pesrts of India. It is knowm
as Indian Mite Typhus.

Since some years prior to 1926 a snoradic
typhus-like fever heas existed in North America.
Moxcy first suggested in 1926 that the disease was
trensmitted to man from infected rats and that a
flea was the vector. This was proved in 1931 by
Dyer and others who infected guinea-pigs by the bites
of fleas taken from rats caught in infected areas.
Nicolle described a similar disease in 1932; it
occurred in the French Navy at Toulon. The disease
resembles mild louse-borne tyvhus, the onset being
gradual and the mortality low. WNicolle gave the
disease the name "Typhus Murin". Ilooser isolated
the organism calling it R. Mooseri. Although the
disease has only been recognised a few years it is
now known to occur throughout meny parts of the world.
Many cases have been reported from the Mediterranean
areas in the recent war.

| R. Hooseri bears close immunilogical and
serological relationship to R. Prowazeki and Mooser,
Castaneda and Zinsser (1931) regard it as a variety
of that organism rather tlhian a different species.
They further believe that when a person has been
infected with looseri by rat fleas the organism can
then be transmitted from men to man by lice, thus

causing louse-borne typhus. Rogers and Megaw (1944)
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(1944)/ disagree with this view pointing out that
no such transmission hos ever veen recorded in the
areas where fles typ:.us exists, except in llexico;
they believe the suspected trensmission in lfexico
is not really a men to men trensmission of R.Mooseéri
b& lice .but due to the fact that flea typhus and
louse-hoxrne typhus both exist_ip that country. The
point is beyond the scope of this thesis but is
mentioned as being one of great importance since

it suggests a very close relationship between the
demic and zootic groups of typhus.

Classification of Typhus Group of Fevers.

It can be appreciated from tine above
historical resumé that considersgble confusion existed
at one time wivi: regard to tile typlius ievers. On
tiie one hand, there was louse-borne typhus fever
which was a well recognised disease of known actiol- '
ogy and, on the other hand, were nuuerous diseases
whose names were usually derived from that part of
the world in which they occurred. These diseases do
resemble classical louse-borne typhus in their
patinological and clinical features; moreover they
are all czused by Rickettsias and are all conveyed
to men by Arthropod vectors. On the other hand,
tiiey are primarily diseases of lower animals from
which they are transferred to man incidentally, hence
unlike louse-borne typhus they are sporadic in

nature; since man to man infection does not exist,
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existy wridespread epicdemics of tiiese diseases
such as are seen in the case of louse-borne typhus
¢o not occur.

This relationship of louse-borne typhus on
the one hand ana tick-borne énd mite~borne typlus
on thie other was not sgppreciated till 1917 when
legaywr suggested that all thesc diseases should be
grouped together. Since then warious classificat-
ions have been suggested but tlie one now generally
accepted is thol based on the vectoré of the diseasd
suggested by lMegew in 1921. His table is shown
below. Ee rigiitly objects to tiie name “"epidemic
typhus" for the louse-borne variety on the grounds
thot 1t also occurs endemicalliy. Ile suggests it is

N

more correct o use demic!" vhich means "hwian" and
is moreoveYr in conirast to "zootic" or "enimal®

types. This classification he points out has the

R}

sdventage of being simple and of differentiating
the louse-borne varietly, vinere men to man infection
occurs, from tihe other types viiere man to man
inzection does not occur. This differtietion is in

] - e

act trne most important point to e establisned in

Hy

any outbreaic of Typhus Ilever.

Tables sho ing a classificetion of the
typizus group of disesses and tie difi'erences in
clinicsl features and agglutination reactions are
shotm on the following vages. A map showing their

geograprical distribution is given on page 1Y.
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VDAUS HeVerS.

7/
(from Rogers,L., and llegaw, J.7.D.,Tropical lledicine
(7. & A Chnurchill) 5ti eds 1544).

The Typhus Fevers.
1

1 1

Denic Typhus. Zootic Typhus TFevers.

1 1

Louse ! ! ' v

Typiius. Flea Tick liite Zootic typnus of

Typlus. Typtus. Typnus. unknovm vector.

Average Type of Agglutinaition Reaction.

(from Rogers, L.,and lMegaw, J.7.D., Tropical liedicine
(T.6 Ae Churchill) 5th ed. 1944).

¢+ Louse : Flea : Tick : Mite

:Typhus. :Typhus. : Typhus. : Typhus.
Proteus 0x1g . -ttt s T s—to ++ ¢ — g9 +
Proteus 0X2. ;3 T : + :—to T+ . — 49 t
Proteus O3X. s — to * ¢ — to + s+ —tg Tt ; T+
Rickettsia : H : :
Prowazeki. g tHET : L : T : ?
Rickettsie : 2 3
Jlooseri. . Tt : tHHE + : e
Rickettsisa : : : :
Rickettsi. : T . * . T+t 2




The General Features of the Demic and Zootic Groups

of Typhus TFever.

(From Roger, L. and Wegaw, J../.D.(1944) Trop. Med.

(J. and A. Churchill) 5th ed.).

Sub Groups

Demic (human) Typhus

Zootic(animal)Typhus Fevers.

Special features
of sub-groups

Names

Casual organisms

Vectors
Animal reservoirs

Rash

TLocal sore
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Severity
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Man-to-man transmiss-

ion.Associated with
lice, poverty and
overcrowding .0ften
epidemice
in tropics.

Louse Typhus.
(Epidemic typhus,

typhus exanthemat ic-

us, louse-bornme
typhus.)

Rickettsia prowazeki

Human louse.
Ian

First on trunk, not
common on palms,
soles and face.

Absent.

tUsually severe.

Not common

tTransmission from lower animal
o man. Associated with life
i1n open country and forests; or.
swith contact with rats,dogs etec.
$Sporadic or'in local outbreaks.
ECommon in tropics and subtropi

tFlea Typhus:Tick Typh.:Mite Typ.

¢ (Murine :Rocky :Japanese
: typhus,en :Mountain :river

¢ demic sspotted sfever,

¢ typhus). :fever,bout:tsutsug-
: sonneuse, :amushi,

: :fever,etc.:scrub

¢ tetc. ¢ typhus

H : tetce.
tR.mooseri :R.rickett-:R. -
: tSi. sorient-
H H s

tRat flea. :Ticks. tLarval

s : tmites.

$ : :

tRats and :Various :Rats and
tmice srodents. :mice.

tAs in louse:First on :Variable
1typhus but :limbs,com-:often
tless con- :mon on first on |
: spicuous thands,solgface and
s :and face. strunk.

H : :

sAbsent. .+«Uncommon, :Usual,

: texcept in sbut

: sboutonneuszoften

: :type. tabsent.
:Seldom :Mild to  :Mild to
tsevere. very :severe.

$ :severe. : s




Geographical distribution of fevers of tie typhus
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COIDITIONS II¥ BHELSHEIT CHICIITIRATION Cilll.
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le General and Historical.

In liarcn 1945, the Allies crossed the
Rihine anc aftcr a bried baittle on the eastern bank
ithe final forwvard sveep through Germany commenced.
So rapid was this advance thavc the enemy's communic-
ations, his civil and nilitary administration were
completely disrupted.

On the 12+t April, 1945, representatives of
the First German Poraciute Army approachied a high
ranking oificer of the Brivisl: Army stating thot a
terrible situation had arisen at Belsen Campn, and

requcsting the Brivish to take over controli. The

-

battle in MNoxrthern Germany was still being fought at
thie time; the.eiore a special truce was drawn up

on 13th April, 1945 and first British unit, and anti-
tenk buttery moved into the Camp on the 15th.April,
1¢45. On the 17th April, the first medical units

rrived in ti:e Camp, a Casualty Clearing Station, the

I

11t Light Field Ambulance (in which the muthor
served), a Field Hygiene Section and a liobile Bacter-
iologicel Leboratory. These units were followed

some ten days later by esnother Field Ambulance and
Casualty Clearing Station, two General Hospitals and
twvo Field Hygiene Sections. In addition cetachments
of thie British Red Cross Society, ninety six volunt-
eer mecical students and a section oi the American
Field Service arrived in the area. All these units

were housed some distance from the Camp, some under
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under/ canves, others in tiie Wehrmecht Barxacks.
Belsen Camp lies about fifteen miles north
west of Celle and some tihiree miles south of the
village of Bergen which lies on the roed leeding
from Celle to Soltau. Its entrance opens on &
minor rozd snd the Cemp is completely concealed by

pinewoods.

It would sppear from statements mede by
internees that at ohe time the Camp had been
relatively well administered, and conditions had
not been too bad compored with other cemps. The
Camp was originally used as & lzbour camp whence
the internees were transported for short periods,

to repair bomb damage and clesr debris in the north




north/ German cities. However, as the war progressed
and the Allies closed in on central Germany from
east and west, conditions progressively deteriorated.
More and more concentrations camps and prisons were
evacuated from the perimeter of German held territory
the internees being‘transferred to camps in central
Germany. Thus Belsen Camp contained many former
inmates of the concentration camps of Auschwitgz,
Nordhausen and Sachsenhausen. In November,l1944

the administration of the Camp began seriously.

to fail and in the six weeks prior to liberation by
the British, the German authorities either did
nothing or could do nothing to retrieve a situation
vihich was quite out of control.

2. General layout of the Camp.

In the area of Belsen there were two
separate "built up" areas. The first of these,

Camp I, constituted the original concentration camp
and consisted of wooden huts. Approximately one
mile distant lay a vast barrack area of stone build-
ingsvihich normelly was a tank training depot for the
Wenrmacht and S.S.Panzer Grenadiers. DPart of this
constituted Camp II.

Camp I covered an area three quarters of a
mile long by half a mile wide and was surrounded‘by
a double barbed wire fence with watch towers at
intervals. It consisted of some two hundred huts

each ninety feet 1oﬁg, thirty feet wide and twelve
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twelve/ feet high. The huts were arranged as
follovss~

a) An administrative block near the entrance to the
Camp consisting of offices, living huts, ablution
benches, fifteen shower baths,medical inspection
room and dental centre. 1In addition, four big
disinfestation chezmbers each cepable of disinfesting
sixty sets of clothing were situated here. This
block of huts was solely for the use of the Camp
guards.

b) Five compounds of hutted camps, two for women and
three for men, each separsted by a double barbed
wire fence.

Certain huts had bunks of the two or three tiered
type. The mzjority had none. 1In all there were
sonme two thousand four hundred bunks in the Camp;
these were mainly concentrated in thie hospital huts.
The bunks were closely packed in blocks, eight bunks
long and three deep. Between each was a small
passaée not wide enough for s stretcher. The
hospital huts differed in no way from the ordinary
huts excepting for a fading red cross painted on the
side. They were di'stributed throughout the compounds
as follows:-

Men's No. l. Compound - four hospital huts.
NMen's No. 2. Compound ~ three hospital huts.
Ien's No. 3. Compound - nil hospital huts.
Women's No. l. Compound - five hospital huts.

Women's No. 2. Compound - one hospital hut.

These huts were staffed by internee nurses
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nurses/ and ninety internee doctors. They had no
medical equipment whatsoever,

Most of the huts were in a state of marked
disrepair with missing or rotting floor boards and
leaking walls and roofs. Few windows could open,
most of them being nailed up by the internees to
retain some warmth in the huts. In certain huts
electric light fittings were present but no form of
heating was provided.

A few huts were provided with crude bucket
latrines, improperly flyproofed. The main latrime
accommodation consisted of unscreened large open
pits with cross poles as seating. They were provid-
ed in quite inadequate numbers and certain huts
were three to four hundred yards distant from the
nearest.

There were six cookhouées in the Camp each
containing six or twelve large boilers of one
hundred gallon capacity. They were staffed by
internees under supervision of the guards. Food
was consumed in the huté, no dining accommodation
being provided.

The water supply to the Camp was provided

by three open concrete ponds served by an electrid

pump. Thence the water was hand carried to the huts
there being no taps.

No proper roads or paihs remagined and in

wet weather the Camp was a quagmire.
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At the soutihern cnd of tiie Camp vas a small
crenstorium witi: one oven.

Comp II comsisted of part of the barrack
areca &_.proximztely one mile from Camp I. It had
been converted to a2 concentration camp and wired
of f by ithe Germeans ten deoys before the arrival of
the Britisir at Belsen. The buildings were modern
and brick built; the rooms were large, each cepable
of housing one iiundred and Tifty persons with
adequate lighting, heating and latrine accommodation
for such numbers.

The Wehrmacht barracks consisted of modern
brick built blocks. There were large well equipped
kitchens and recreational canteens for each block of
five buildings. Tihe Germans had converted eight
buildings to hospital use and some two hundred sick
and vounded occupied themn.

About half a mile from the barrack area there
was situated a well equipped militery hospital with
full lzboratory anc radiolbgical facilities. Although
normally a two hundred bedded hospital, it contained
about six hundred Germen Army sick and wounded. |

A plan of the Belsen area is given on

page 25.
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3, Conditions prevailing at time of liberation of
the Camp.

The numbers quoted in this section are only

approximately acurate. In part they have been
derived from various army memoranda and notes
published in Belsen at the time. From the descrip-
tion of the prevalent conditions it will be
apparent that no acurate assessment of numbers ﬁas
possible. Moreover the major part of the Camp
records had been destroyed by the Germans prior to
the arrival of the British.

The internees numbered some fifty eight
thousand. Of these twenty nine thousand women and
twelve thousand men were in Camp I and some seventeen
thousand men were in Camp II.

All nationalities were represented, the
majority being Poles and Russians, with a consider=-
abie number each of French, Dutch, Belgians,
Yugoslavs, Norwegiang and Danes. Approximately one
third of the Russian and French males were military
prisoners of war; otherwise the internees were all
political prisoners and those taken for forced
labour. The vast majority were of Jewish race. All
professions, trades and walks of life were represent-
ed. The duration of intermment varied from ten days
to five years.

Camp I.
By far the worst conditions existed in this

camp. Hygiene was non-existent. Scattered
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Scattered/ throughout the camp were ten thousand
unburied bodies. Some were clad; the majority
were naked. In places the bodies were arranged in
piles up to two hundred in number but most lay
where they had died, by the roadside and pathways,
in the bunks and even beneath the rotting floor-
boards of the huts. All the bodies were grossly
emaciated showing complete absence of subcutaneous
fat and little muscle tissue.

Inside the huts conditions were even worse.
In all there was gross overcrowding. The maximum
number seen by the author was nine hundred and
eighty four persons in a hut but numbers of over
one thousand have been recorded by Dixey (1945).
By British Army standards of 1945 the maximum
numbers in the huts should have been one hundred
and twenty. In those huts without bunks a mass of
internees lay huddled together on the floors where
rags, lice, faeces and urine abounded. Some wore
filthy rags or blankets as clothes; others were
completely naked. In those with bunks the common
practice was for two or three persons to share a
bunk; not infrequently the living shared bunks with
the dead being topill to be aware of or concerned
with the fact. The majority were incapable of
moving from where they lay. They passed urine and
faeces in the bunks. With few exceptions all the

internees in Camp I were louse infested.
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Wormally there was an internee "blockleiter"
in each hut responsible for the discipline and
running of the hut. The system had completely
broken down and the situavion wvas f:r beyond the
efforts of the remeining physically fit internces.

Mollison (1946) states that in Jaznuary,
1945 the diet consisted of one loaf of black bresd
(wveighing 1.4 Kilograems) per six internees and one
tin of meat per week per twelve internees. Occas-
ionally extra meat was added to the watery soup
which was issued daily. By February the meat had
stopped and only soup end a little margarine,on
three nights = week, were issued. IEventually for
the lest fortnight mangel wurzel was the sole diet.
vhilst for five deys prior to liberation neither
food nor wéter was available. 1In fact, the situat-
ion was ruch worse for most of the internees as
food supplies depended on one's ability to fetch it
or on the goodwill of the "blockleiters"; the
latter were quite unable to cope with the situction
which arose.

Camp IT.

Conditions in this camp were comparatively
better. Again there was marked overcrowdaing but
general hygiene and the nutrition of the internees
was somewhat better. This was largely due to the
fact that they were recent arrivéls. Disease was
less rife here and there ﬁas no typhus. Since the

author had no experience of this camp, apart from
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eyes/ were sunken and the cheeks hollow. The
thdracic cage was covered with a thin layer of
atrophied skin. The abdominal wall was atrophic
and markedly retracted giving a scaphoid abdomen.
hilst a few of the more recent arrivals in the
Camp and of the more robust internees did not show
these features it was noted that such was the
picture in the vast majority of cases. Mass weight
taking was unnecessary but the following figures
quoted from Mollison (1946) give a fair indicatior]

of weights. The average weight of eighteen males

was 44 Kilograms (extremes of 38,7 to 59.7Kgs.); of
eleven females the average weight was 35.3 Kilograms
(extremes of 25 to 45.5 Kgs.). 1In eleven cases
where the previous weight was knovm the average loss
was 38.8 per cent (extremes of 45 to 18 per cent).
Many‘cases of starvation showed oedema of
the extremity and face, in degrees varying from
slight pitting of the ankles to gross anasarca.
Whilst several of these cases gave a history or
signs compatible with a cardiac or renal lesion in
the form of a gross wvalvular lesion with disturbed
cardiac rhythm or casts and haematuria, the majority
were undoubtedly nutritional in type. ILipscomb:.
(1945) gives the incidence of oedema in an unspec-
ified but large number of cases as six per cent.
Many of the non-oedematous cases however developed

oedema after admission to hospital. Mollison




Mollison (1946) gives a table showing the relation
of serum protein levels to oedema. This table is
set out on tie next page - ».35. It shows a lowering
of tiie average serum protein concentration in each
group of cases, proportional to the degree of oedems
Two cases encountered by the author showed oedemé of
the hands and feet associated with absent ankle
jerks, tender calves, tachycardia and enlargment of

the heart.

Vitamin Deficiencies.

No frank single deficiency was seen and
many suggestive manifestations could be attributed
to cohstant scratching of the skin, infections of
the eye and the fact that many cases had been
lying in the darkness of the huts for weeks.

Vitamin A. No frank skin lesion to suggest

phrynodermia were observed but dry skin with
follicular hyperkeratosis, especially of the
extremities, was a common manifestation. Kerato-
malacia was not seen but xerophthalmia, conjunct-
ivitis and photophobia were observed in several
cases.

Aneurin. Angular stomatitis and painful red glazed
tongues were frequently seen but no true magenta
coloured "geographical" type of tongue. No
corneal vascularisation was observed. As mentioned
above follicular hyperkeratosis was a common man-

ifestation.
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Relation of Serum Protein Levels to Oedema.
from.Molllson,*.L (1946) .Brit.: Jededss1,6.) 58 D3

|vr—

Group :No.of :Average Serum:Range of Serum
:Cases :Protein Concn: Protein Concn
b e e e e e e : : ,_(g'%) . (QO%)
Severe oedema, : 4 4,0 3.6 = 4.4
Moderate oedema ¢ 10 4.7 $3.5 = 645
Slight Oedema H 13 H 501 :405 - 509
No oedema T 23 @ 5.8 t4,5 = 7D
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Nicotinic Acid. Though diarrhoea was prevalent and

tongue changes as described above and neuritis
manifestations were seen, no typical pellagra rash

was ever observed.

Ascorbic Acid. Mouth lesions of a septic nature

were extremely common but no frank advanced case
of scurvy with bleeding gums and haemorrhages was
seen. Practically all cases showed debility and
anaemia but this could in no way be attributed
solely to Vitamin C deficiency.

Vitamin D and Calcium. No osteomalacia or rickets

was encountered. Tetany however was observed. It
varied in degree from the fully developed case with
carpopedal spasms to the latent case with pos;tivg
Chovstek's and Trousseau's signs.
Anéemias.

The vast majority of cases showed pallor
of the conjunctivae and mucous membranes.
Mollison (1946) investigated the bloods of seventy
five cases and found all to be anaemic. The anaemia
was of a normochromic, normocytic type suggestive
of a diminﬁtion of marrow output rather than a
defective maturation. His findings are shown
ere—shewr on the next page - p.37.

Skin Diseases and Lesions.

These conditions were extremely prevalent.
Bites by lice, fleas and bedbugs- were universal and

in the majority of cases constant scratching caused
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Summary of Blood'Findings .
(from Mollison,P,L.(1646) «Brit.Meg.J.,1,6.)~~see D.36.

v ettt

et SN

H

— et T T T T sWo.in:R.B.C.per: Hb : Hb s:Hmt.:
Group :Group: c.mm.  :(%) :(g.%3): (%)
Starvation cases (males) : : : : :
Non~tuberculous : : : : :
Good evidence t 9 :13,403,000:6242 ¢ 967 :30.9
Insufficient evidence : 7 $3,610,000:66.9 :10.4 :33,.6
Tuberculous H : H HE s
Pleural effusions only t 5 $3,450,000:61e4 ¢ 9.6.:29.8
Active pulmonary Tb. : 9 33,380,000:60.41 ¢ 9.4.:29.8
_ Average : 30 $3,450,000:62¢5 ¢ 948 :31.0
Starvation Cases (females) : : : : :
Non-tuberculous : : : s :
Good évidence $: 8 23,310,000:60s2 ¢ Ced :2943
Insufficient evidence $ 6 33,060,000:52.7 ¢ 8.2 1275
Tuberculous : : H : : :
Active pulmonarv Tb. 9 $33,130,000:57.9 ¢ 9.0 :29.2
_ Average : 23 :3,180,000:57.3 : 8.9 :28.8
Starvation cases (children) : 7 :13,520,000:61l.2 : 9.6 :99.9
Controls{healthy British males) : 12 :5,255,000:98.7 :15.4 :47.2
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caused/ infection and ulcerationeCellulitis of one
or other extremity was not uncommon. Scabies and
impetiginous lesions were wiaespread. Many bed-
ridden patients had bedsores, all of which were
infected. They occurred in the usual sites, over
the sacrum, behind the shoulders, heels and elbows.
They showed no unusual features apart from their
severity and the£gfoocurrence irrespective of age.
The author observed one in a bedridden female aged
twenty nine years who had lain in her own exXcreta
for fourteen days. It measured six inches by four
inches and was situated over the sacrum which was
exposed; smaller subsidiary sores were present
over the ischial tuberosities.

| On the other hand many emaciated bedridden
internees showed no bedsores in spite of having

no nursing attention or means of prévention.

Cancrum Oris.

Twelve cases of this condition were observed
It presented no unusual features except the extent
to which it could spread and yet be compatible with
life. Two severe cases are known to have reéovered
under combined penicillin and sulphathiazole therapy
All cases seen had marked pyorrhoea and dental
caries.

Alimentary Conditions.

Infections of the mouth were extremely

common. Pyorrhoea of a severe degree was usual
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usual/ and many cases showed whitish grey necrotic
debris and ulceration typical of a Vincent's
infection of the gum.

Diarrhoea was universal throughout the
Camp. The stools (of which scores of fresh
gpecimens could be.seen on the hut floors daily)
were never observed to contain blood nx mucus. They
were usually of a creamy consistency, were pale
brown in colour and somewhat bulky. Frequently they
contained undigested food particles. The diarrhoea
varied in severity with the state of nutrition of
the patient. In the healthier better nourished
internee, with less upset of digestive function, the
features were a colicky central abdominal pain
associated witih the passage of three to four loose
stools daily. There was no anorexia, vomiting,
abdominal tenderness or rigidity and the condition
clearedhup in three to four days with dietetic
measures. In the moxaemaciated types the stools
were more numerous and watery. Pyrexia was present
up to 101' F. There was associated nausea and
vomiting, some abdominal tenderness and slight
rigidity. In several cases incontinence with
marked dehydration occurred and in the more debilit-
ated, emaciated intérnees death was precipitated.

This outbreak of diarrhoea occurred immediat-
ely after the arrival of British troops in the area. |

At this time fighting troops distributed solid food
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food/ to the internees with these disasterous
results. The feeding of the interneces constituted
a mejor problem in the Camp and in patients
evacuated to hospital. Many different types of
diet were tried including Bengal Femine liixture
(20 Xgs. sugaﬁ; 12 Xgs. dried milk; 15 Kgs. flour
and 5 Xgs. salt to 300 Litres oif water - - 1 Litre
per patient distributed) and Protein Hydrolysate,
but it was manifestly impossible to suit the varyin$
conditions and digestive tracts of some twenty to
thirty thousand ill people. Indeed, 10x wuny inter-
nee to adhere to a diet was quite exceptional.
Food was the one thing that mattered to them and all
types of food were hoarded avay by internees.

The dietetic measurss uscsd subsequently
in hospital ere full described by Lipscomb (1945)
and Vaughan et Alia (1945).

Whilst there may have been some cases
of nutritional dierrhoea due to nicotinic acid
deficiency, the vest majority were due to over-
feeding with solids. A proportion amounting to
8 per cent. and 15 per cent. in two un-numbered
series of cases showed a positive B.Dysenteria
(Flexner II) culture of stool. The dietetic
origin was further borne out by the complete
failure of sulphaguanidine, tannalbim, kaolin and
charcoal to control the diarrhoes. All were tried

in large doses but with few exceptions no
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no/ improvement resulted. Careful dietetic
measures in hosgpital appear to be the only effective
remedy. No outbreak of diarrhoea occurred among
British Army personnel working in the huts of

the Camp but cases were reported among the medical
student workers

Mental Conditions.

With a few individual exceptions normsl

standards of behaviour were agbsent. For most of
the internees life had become a matter of self
preservétion. Thus self consideration came before
consideration of oné% relatives and friends. This
attitude extended to many of the comparatively fit
internees as well, and proved a source of consider-
able trouble to those working in the camp.. At times
it was impossible to carry out an orderly evacuation
of huts. As soon as bearers arrived in a hut with
stretchers, they were swept out of the door by a
mass of hysterical internees, all shouting in many
languages and clamouring to be evacuated. No
consideration was given for the unfortunate interneei
on the floor who bore the brunt-of the stampede.
No amount of reasoning and shouting by interpreters
could restore order on these occasions; eXen the
threat of force frequently failed nccessitating the
leaving of the evacuation of the hut till the
following day.

Many feeding difficulties at the outset were
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were/ due to this lack of sense of communal respons-
ibility. The hezalthy ihternees collected food from
the kitchens in large containers and were responsible
for the distribution in their respective huts. 1In
several cases the distribution went no further then
the particular internee's circle of friends or those
of his or her nationality. Any that remsined was
cerefully hidden against a future day of shortage.
Others in the hut were completely ignored and many
who could not fend for themselves were not fed for
several days when adequate supervision by reliable
internees or British personnel could be ensured.

Thre phobia of future shortage was very real to many
internees and even some weeks after liberation they
would hoard crusts, pieces of meat and cher
oddments of food under their pillows.

Coupled with this abnormal behaviour was a
marked loss of self respect and loss of sensitivity
to surroundings. The surrounding scene of dead
bodies, of squalor and filth, of scores of pcople
defeaecating in situ seemed to cause no mental
reaction whatsoever. This was most noticeable in
the children the majority of whom seemed quite
oblivious to their surroundings; in those whose
vhysical state was reasonably fit there was no
evidence of mental abnormality.

Once evacuated from the Camp into better

surroundings, the improvement in morale and behaviour
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pehaviour/ among the internees was very marked.
geli respect and a sense of responsibility
returned.

A few cases of acute mental derangement
complicating typhus fever were seen. Otherwise
no psychoses were encountered.

Infectious DiseasesS.

The predominating were pulmonary tuberculosisg
and typhus fever. MNeither typlioid fever nor cerebro-
spinal Tever was seen nor have other observers
described cases.

Eight cases of diphtheria were diagnosed
on clinical grounds; six of these subsequently
showed positive swebs in héspital.

Pulmonary Tuberculosis. This disease was very prev-

alent and is already a major post-war problem on the
continent. Lipscomb: (1$45) reports 6.6 per
cent. positive, 5.3 per cent. probably positive
and 7.7 per cent. possibly positive over an unselect~
ed series of three hundred and thirty one patients
vho were fit to be screened. {ollison (1946)
reports an incidence of at least 40 per cent. in
sixty four cases and is of the opinion that the
incidence was higher among those that died. Davis
(1946 ) reports ten thousand cases among the
living in the Camp at the time of liberation.
Cases seen by the author showed no unusual

features being characterised by wasting,tachycardia ,




tachycardia/ ccugh, thick sputum and abnormal
physical signs in the chest.

Diseascs among the €Children.

Before proceeding to a description of
typhus fever in the Camp it would be appropriate
briefly to deal with the child intarnees. Compared
with the adults they were in a better physical state
They numbered some five hundred and were concentrat-
ed in two huts in the women's compound. Largely
due to sacrifice by the women in these huts the
children showed less malnutrition than the adults.
There were several cases of typiius fever among them
but no case of other infectious disease was seen.
Marasmic infants were common but no obvious
clinical rickets was encountered. Many of these
children had been born:in the Camp maternity hut.
This differed in no way from the other huts
excepting it was somewhat cleaner, though grossly
overcrowded. The medical staff consisted of one
doctor without instruments or drugs.

Typhus Fever.

There was no certainity as to when the
epidemic started in Belsen Camp but internee doctors
gave the date as being the middle of February.
Likewise the source of infection is unknown.

It is impossible to state the numbers of
internees who had succumbed to typhus prior to

1iberation ot the Camp. At the time of liberation




liberation/ it was estimated there were some
three thousand five hundred cases of typhus

in the Camp I. By May 1l4ath, the last case had
occurred among the internees. There were no cases
in Camp II at the time of liberation.

Clinical Features. The cases of typhus in Belsen

presented no unusual clinical features. Cases of
vorying severity were seen but malnutrition was
so widespread it was impossible to assess accurately
the severity of the typhus fever itself.

The onset was usually sudden, premmonitory
éymptoms of anorexia, feeling of chilland general
malaise lasting but for a féW hours to one day.
Severe frontal headache, giddiness or severe lumbar
backache were the common initial symptoms. Rigors
were uncommon. In a few severe cases the onset was
marked by acute delirium.

A slight pyrexia lasting for a few hours
was an early feature but within two to three days
the temperature had risen to 103' to 105' F.

Flushing of the face with marked congestion
of the conjunctivae was soon observed, giving the
patient a typical dusky complexion with a dull,
somewhat stupid expression. A dry cough due to an
upper respiratory catarrh or bronchitis was a
common symptom in the first few days of the illness.

Physical examination in the first two to

three days usually revealed the followings-
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Alimentary System. Vomiting was not a feature
though anorexiea was common. Diarrhoea was present
in the majority of cases, probably due to the
faulty feeding already referred to on page 39,
Occasionally the spleen was palpable but otherwise
the abdomen showed no abnormal physical signs. The
tongue was always coated and sometimes showed
enlargement in the early stages. After the fourth
or fifth day it beceme dark red in colour, dry and
smaller than normal.
wes a constant festure but in view of the widespread
tuberculosis and malputrition it was impossible
to attribute this solely to typhus. DNevertheless
it was always present in those cases where nutrit-
ion was good and there was no obvious evidence of
tuberculosis. A soft, blowing systolic murmur at
the mitral and pulmonary areas was frequently found.
of the cases was the mental change. Stupor was an
early feature and tiiis became progressively more
marked until at whie end of four to five days the
patient showed the low muttering de;irium of the
typhoid state. Where acute delirium marked tne onse
restlessness continued throughout the illness. In
both types insomnia was a common feature.

Coupled with the mental changes was lass-

itude leading to marked muscular prostration.




This was an early and prominent feature which
became more marked as the case progressed until

at the end of four er f'ive days the.paxient lay

in a helpless state glmost oblivious to external
stimuli.

to fifth day. It varied in degree and distribution
according to the severity of the case. Starting
on the sides of the chest and back,it spread to the
abdomen and limbs. It was never seen on the face,
palms or soles. In a case with a fully developed
rash, the latter was always most profuse on the
trunk; in the milder cases it was frequently absent
altogether from the limbs and its appearance on the
trunk was transient.

The rash commenced as a faint mottling "in"
rather than "on" the skin. There then appeared
faint pinkish macules with no clear cut defined
margin. At first they faded on pressure. Later they
became dark red and then brownish in colour; at
this stage they did not fade on pressure. Being
irregular in shape and outline the fully developed
case showed a blotchy appearance of the skin. 1In
some of the severe cases the rash became slightly
raised and shewedApetechiae.

Progress of Cases. In uncomplicated cases the

temperature fell by crisis or lysis. At this stage

a marked improvement usually occurred in the general
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general/ condition of the patient. The appetite
returned, the tongue became moist and the mental
state more alert. General weakness however,
continued for some considerable time.

The Weil~-Felix Reaction. The author had no facilitied

for obtaining Weil-Felix rcactions. The only
reference to these is that of Mollison

vwhose findings were as followsSge

In forty eight cases examined twenty one showed

a titre of 150 or more; +twenty séven cases were
negative or gave a titre of 150 or less. Of twenty
six of these tests done in May,1945 twelve were
positive and of twenty two done in June or early
July,1945 nine were positive. Of nineteen patients
who said they had not had typhus ten had negative
and nine had positive Weil-Felix reactions. Of |
nine patients who said they had had typhus five

had positive and four had negative Weil-Felix
reactions. From these figures Mollison reaches

the general conclusion that the majority of patients
in Belsen had recently had typhus.

Complications. The following were all observed and

when occurring in starved patients usually proved
fatal; bronchopneumonia, cerdiac failure, bedsores,

cancrum oris, gastro-enteritis and otitis media.
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5. Measures adopted to deal with the situation.

The immediate p-oblems confronting the
British units at Belsen were enormous - the burial
of the dead, provision of adeqguate water and food
supply, provision of sanitation znd of hospital
facilities, evacuation of the sick. All these
problems epplied in much greater ﬁeasure to Camp T
than Camp II tiierefore the authorities decided to
commence work on Camp I immediately and later to
deal with Camp ITI.

Mass graves where dug by bulldozer and
Germen civilian labour. The former S.S. guards
and: Hungarians were employed in removing the bodies
to these graves. The daily death rate on 30th April,
1945 was five hundred and forty eight. By 17th May,
1945 it had fallen to ninety seven.

Deep trench latrines were erected throughout
the camp and a start Was made in cleaning up the
filth and excrement littering the camp.

Food and clothing were rushed to the csamp
from army and German sources.

Provision of Hospital Facilities.

It was fortunate that the vast Wehrmacht
Barracks were near at hand and practically unoccupied;
Each day a sqguare of five blocks was equipped with
about six hundred and fifty beds, ready to receive
cases the following day. Each of these squares had

a central canteen for workers and adequate cooking
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cooking/ facilities for 211 patients. The blocks
were staffed by internee doctors and nurses who
volunteered for the work, and were placed undér the
supervision of British doctors and nursing sisters.
Further accommodation was provided by the evacuation
of the German Military Hospital, a thirty bedded
wing of which was earmerked for possible casualties
among British personnel working in the camp.

Drugs and dressings appeared to be a major
problem but the district around Celle and Hanover
was the site of many Wehrmacht Base Medical Stores.
Hence in a matter of four to five days a well stocked
dispensary was established in the middle of the
hospital area. At the end of a fortnight this
could adequately cope with the needs of some thirteen
thousand patients.

Feeding of Patients in Camp I.

This was carried out from the large central
kitchen in the camp. Reference has already been
made on page 40 to the difficulties encountered.

Evacuation o1 Camp 1.

Tiie evacuation ot the camp began on 21st
April,1945.. In view or i1he large numbers of
internees in the camp and the appalling conditions
which were rapidly deteriorating, it was decided
that speed of evacuation wes essential. With this
in mind cases were loosely divided into "fit" and

"unfit". The "fit" persons were those whno were
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were/ able to walk and look after themselves. They
were evacuated by truck ivo an ares of the barracks
which became known as Camp III; it adjoined the
hospital area. The "unfit" were those cases who
were helpless and bedridden. To begiﬁ with an
attempt was made to evacuate typhus cases only.
The time involved in making a clinical diagnosis
resulted in considerzble delay in evacuation.
Turther delay was caused by the internees who
adopted endless subterfuges and caused considerable
uproar when they found certsin inmates being
apparently favoured and taken from the huts whilst
they were left. Therefore the sysfem of evacuating
huts completely was adopted, a start béing made
where sanitation and general conditions were worst.
The evacuation of the "unfits" was done by
ambulance. REach day two teams worked in the camp
from 8 a.m. till 5.30 p.m. with a half an hour
break at midday. A team consisted of one officer
six stretcher bearers, nine drivers and nine
ambulances. It was found any greater number of
ambulances caused delay on the road leading from
Camp I to the hospital area. After trial and error
it was found that speediest evacuation could be )
carried out by teams of the above numbers. About
six hundred to seven hundred casualties were evacuat=-|
ed daily. By.the 18th May, 1545 when evacuation

was completed thirteen thousand eight hundred and
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and/ thirty four casualties had been evacuated
from Camp I to the hospital area.

In all fifty five men were employed at
one time or other inside the huts, Their work
consisted in stripping the patients, vwrapping them in
blankets, loading them on stretchers and then on to
the ambulances. Iach patient had a provisional
disgnosis mrrked on the forehead (T « Lyphus,
Tub = tuberculosis, E = enteritis) prior to being
loaded on to the ambulance. Some of the British
ambulances were later replaced by those of the
American Field Service driven by American personnel.

Whilst the work of‘evacuation was proceeding,
cartain huts in the camp were converted into a small
hospital area. Huts which had been evacuated and
disinfested were used and in them the most . sick were
cared for pending evacuation. This small hospital
was staffed by medical students and internee nurses.
The work commenced on April 28th, 1945 and did much
to help the sick in the camp; it was a great factor
in maintaining morale among internees who were still
awaiting evacuation.

A photograph of the evacualtion of a hut

is shovm on vage 55.




6. Measures adopted to deal with the epidemic of
louse-borne typhus fever.

General Measures.

These measures were put into force as soon
as the camp was liberated. Warning notices "Danger
Typhus Fever" were posted on all roads, at a distance
of three miles from the camp. Camp I, where typhus
prevailed was already surrounded by a double wire
fence. The Hungarian regiment were posted as guards
around the wire, with the object of preventing
internees from escaping. In spite of this many
internees escaped and were daily encountered on
roads from the camp, sometimes at considerable
distances away. The striped concentration camb
uniform was a common sight in the town of Celle
some fifteen miles distant. It is not known definit-
ely that all who escaped were sufferers from typhus
but the assumption is justified that, if not actually
incubating typhus fever, they were heavily infected
with lice. Thus two French soldiers who had escaped
from Sanbostel Camp,some twenty miles distant from
Belsen,reported sick to the Glyn Hughes Hospital.
The former German‘Military Hospital had been thus
renamed by the British. Both were found to be
suffering from typhus fewer which at that time was
present in’ Sanbostel Camp.

A system of passes for entrance to Camp I

was introduced. ZEvery person entering the camp
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camp/ had to be dusted .with 5 per cent. D.D.T.povder.
The dusting was done by means of a large hand gun with
a nozzle some fifteen inches long. One method of
dusting was universally employed throughout the Camp.
The subject to be dusted kept his clothes on and the
nozzle of the gun was passed up one sleeve next to the
skin and two strokes of the gun handle were made.

This was then repeated for the other sleeve, each
trouser leg from below and zbove, down the front and
back of the neck and under the headgear. The outside
of the socks and footwear was liberally dusted. It
was found that ten persons could be dusted with one
pound of powder. This method of dusting is shown on
the next page-».5D.

Any vehicle pessing in¥e to the camp for the
purpose of conveying internees wes liberally dusted
inside. This applied particulerly to the ambulances
used in evacuation. They were swept out at the end of
each days work and a fresh dusting was spnlied.

As soon as a hut in Camp I was evacuated it
was dusted. The work was done under the direction of
Captain .A.Davis of the U.S.A. Typhus Commission whos{
unit ccmmenced work in the camp on 22nd April, 1945 and
completed its task on 25th May,1945. A ten gun power
(iriven duster was used for this work; for most of the
time 5 per cent. D.D.T. powder was used, the 10 per
cent strength urgently asked for being delaysd in |

brrivel. This unit also carried out the dusting of all
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all/ "fit" internees as they were evecuated from

the camp.

Tire *"unfit"evacuated by ambulence were all
strigped and wrapped in blankets berore leaving the
hut, the ambulance and blenkets being previously
dusted with 5 per cent D.D.T.. On resaching the
barrack area the ambulance imediately reported to
the "human laundry". This was a converted stable
with some twenty four taobles and a liberal supply
of hot water from a portable boiler. Here the
internees were unloaded from the ambulance; their
holr was clipped and they were washed with soép and
water. A thorough dusting with D.D.T. was then
applied. They were then loaded on to clean stretchers
and blankets and driven in non-contaminated ambulances
to the hospital blocks. The "human laundry" weas
staffed by Germen nurses and orderlies working under
British supervision. Photograpnhs of the "human
laundry" are to be found on page 57. Of forty nine
of these nurses enggged in this work thirty two
contracted typhus. MNone had rééeived typnus vaccine.
A1l wore operating gowms and a few wore masks. One
British and one German besrber were employed in
clipping hair at this centre. Both wore operating
gowns but no masks. The British barber had been
inoculated against typhus (see page 58) but not the

Germen. Both contracted typhus fever and whilst the
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the/ German died, the British barber survived.

leasures to prevent infection of British Army
personnel emploved in thie evacuation of tne huts.

It is to be noted that these were all
Royal Army Medical Corps personnel who were fully
alive to the dangers of infection involved in the
work and who could be relied on to tazke 21l proper
precautions. All excepting one had been vaccinated
against typhus fever within four months of entering
the camp. The inoculation consisted of three 1 c.c.
injections at weekly intervals of Craigie type of
vaccine. All wore typhus suits whilst working in
the camp. .These were put on each morning prior to
leaving for the camp and at the same time a dusting
with 5 per cent. D.D.T. powder.was applied. The
suits consisted of a one piece garment complete
with hood and boots. They - were made of a khakil
twill material and tied by tapes at the back. It
was soon found that with the fgbric boots of the
guits being worn on top of the normal footwear
the former rapidly became térn. This was overcome
by wearing the normal footwear outside the suit
and improvising.puébes. Battle dress trousers and
blouse were worn under the typhus Suit. Gauntlets
of a khaki twill material bound in position by tapes
were worn by all personnel. Masks were never wWOTIl.
Photographs of the anti-typhus stiits are to be found
‘on page 59. -At the midday break the typhus suit was

removed and dusted with D.D.T.; prior to the
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the/ putting on of the suit for the afternoon's
work each person was again dusted. Ambulance
drivers were not reguired to actually handle
patients; they did not wear protective clothing
but were dustced daily.

In the evening each man had a bath and a
medical examination to exclude infestation witii lice.
At the same time his clothes were placed in a steanm
disinfestor. At no time did any oi these men {ind
lice on themselves, nor were any iound al a medical
inspection.

Measures to prevent infection of Medical Students
wio were working in Cemp 1.

All had been inoculated against typhus
within one month of entering tiie Canp area. XNone
wore protective clot::ing or masks since they
commenced work in the Camp after all the huts and
internees had been dusted withh a2 O or 10 per cent.
D.D.T. povder.

7. Incidence of louse-borne typhus among British
and German personnel working in the Camp.

Among the British personnel working in the

Camp the following contracted typhuss-

a) Eighteen Royval Army Medicgl Corps personnel,
seventeen of whom worked in the huts in intimate
contact with the internees. The other case was
the barber who was employed in élipping the hsir
of tie internees at the "human laundry".

b) Six medical students all of whiom worked in the
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the/ comp.
Requests for the cese sheets of these cases

(including the autl.or's own) have veen refused by
the “ar Ofifice but certein features of these cases
can be recorded. All were of shortv duration, none
running a temperature beyond tie ninth dsy after
onset. The fever varied considerebly from case to
case, some shoving & maximum of 101' ¥., others
104 ¥.. All cases took a minimum of two days to
rezch the maximum pyrexia.

Thie onset was merked by six to twenty four
hours enorexia and vegue malaise. This was followed
by frontel headache and lumber backache. Of the
twenty four cases treated eight developed = severe
typhus state. Thiese cases all shiowved an extensive
rgsii. Other caeses showed transient or mila rashes.
o deatl:s occurred ané complications arose in one
cese only. This was a sergeant who developecd severe
haematuria. One other case develoﬁed Jjaeundice sone
fourteen days after becoming apyrexial from typhus.
The features were typical of infective.hepatitis and
recovery was uninterrupted.

Whilst the exact readings of the Weil-Felix
reactions in these twenty four ceses are not available

to the author, it is known that the rczadings varied

considerably. Several of them showed a low or
negative titre- Topping (1944) has proved

that negative Weil-Felix reactions are of no
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nq/ value in excluding typhus fever in subjects

vaccinated agoinst the disease. ie records seven

ceses in vaccinated laboratory workers. None had
feil-Felix reactions whnich reached the heights seen
in seven unvaccinated control subjects; in fact
three of the seven vaccinated subjects failed to
develop a Velil-Felix reaction of significant titre.

Similar observations in the case of the expecrimental

animel were first made by lunter (1929). He

inoculated rabbits with typhus virus and after a

suiteble time they developed agglutinins for Proteus

0X 19. After several months, when the Weil-Felix
had returned to the normal level, the rabbits were
re-inoculated, some with Rocky Mountain Spotted Fever
and some with typhus virus. Those receiving the
homologous strain failed to develope a rise in

agglytinins for Proteus 0OX 19.

Among the German personnel the following
contracted typhus:-

a) Of the sixteen S.S. men employed in burying the
dead in Camp I twelve were affected. Ten of these
died.

b) Of forty fiine German nurses employed in the
"human laundry" thirty two developed the disease.
The exact death.rate is. mnknown but it is known

that at least six cases died.

-62-




A.
B.

C.

SECTTION IIT.

DISCUSSION.

The aetiology of louse-borne typhus fevel
Measures of control in an epidemic.

Anti-typhus vaccines.

-63=




A. THE AETIOLOGY OF LOUSE-BORNE TYPHUS FEVER.

1. Rickettsia Prowazeki.

Le Mode o1 Infection.

3. Mode of spread of louse-borne typhus
fever at Belsen among internee and
British personnel.

4. Conditions predisposing to the outbreak
of louse-borne typhus fever at Belsen.
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1. Re.Prowazeki.

The cesual organism is now accepted to
be R. Prowazeki. In 1909 (a) Nicolle first
demonstrated the transmissibility oi the disease
by inoculating a chimpanzee subcutaneously with
blood from a patient. The chimpanzee developed
the disease. Again in 1909 (b) Nicolle working
with Comte and Conseil transmitted the disease to
monkeys by the bites of lice which had fed on an
intected chimpanzee. This demonstrated the louse to
be a vector of the disease. In 1910 Ricketis and
Wilder first described pleomorphic organisms in
the bodies of infected lice. In 1916 Prowazek: and
da Roche Lima studied the organisms and an accurate
description was given by the latter who called them
Rickettsia Prowazeki. His work was confirmed by
Noller in 1916 and also by Topfer and Schussler(1916)
The orgamisms are small resembling cocci or bacilli.
They stain well with Giemsa's reagents and are
gram-negative. They only grow in the presence of
living cells such as developing chick embryos or
in tissue culture. Monkeys are. susceptible to
infection as also are guinea-pigs and white mice.
The rickettsia multiply exceedingly in the mid-gut
of infected lice. '

Gavino and Girard (1910) were the first to
study the resistance of the virus to heat. In May,

1910 they carried out an expériment on a monkey and
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and/ infested the latter with virus containing blood
which had been heated to 50' C. for forty minutes.
Subsequently using blood at 55' C. for fifteen
minutes they failed to infect a monkey. In October,
1910 however, Nicolle, Conor and Conseil found the
virus lost its heat after heating at 50' C. for
fifteen minutes. All the above experiments were
carried out by intraperitoneal inoculation of a
monkey with citrated or defibrinated blood. They

do not take into account the possible natural imm-
unity of the monkey. In 1911 Anderson and Goldbergex
carrying out a similar series ol experiments
concluded that the wvirus is deprived of its wvirulence
by heating at 55' C. for fifteen minutes.

2« Mode of Infection.

In their experiments of 1909 Nicolle, Comte
and CTonseil used the body louse, Pediculosis humanis
corporis, and succeeded in transmitting the disease
from one monkey to two others by these lice. 1In
1911 Nicolle and Conseil reported further successful
experiments in tfansmission of the disease in
mohkeys by means of the bite of infected lice. At
the same time Anderson and Goldberger presented the
first evidence incriminating the head louse
Pediculosis humanis capitis. Using Mexican virus
they successfully transmitted the disease to monkeys
by subcutaneous injections of crushed insect. They

suggested the diséase could be transmitted by the
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the/ bite of the insect.

Nowadays it is believed lice do not infect
directly by their bites since the rickettsia do not
enter the salivary glands of the insect. They infect
indirectly by means of their infected faeces which
are deposited on the skin and which enter the body
through the bite wound in the skin or through abras-
ions due to scratching (Rogers and Hegaw, 1944).

The infectivity of the buccal and pharyngeal
secretions was first studied by Otero in 1906. He
smeared the throat of a human subject with a gauze
swab impregnated with pharyngeal secretions of a
patient in the tenth day of the illness. Seventeen
days later the throat of the same subject was again
smeared with a swab impregnated with saliva from a
patient in the twelfth day of the illness. These
inoculations were not followed by any symptoms. That
this subject was susceptible is shown by the fact

that he subsequently contracted typhus following

inoculation with infected blaod. Anderson and Goldber
ger (1912) made one test to ascertain the possibility
of infection by this route. They injected a Rhesus
monkey subcutaneously with the buccal and pharyngeal
gsecretions of a patient in the sixth day of the illinesd
The monkey gave no evidence of typhus reaction and
was resistant to an immunity test thirty two days
later. Anderson and Goldberger state that this

evidence hardly justifies definite conclusions, but
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but/ in the light of the epidemiology of the

disease they consider thnat the secretions are not
infective and droplet infection plays no part in

the transmission of the disease.

Poole and Bensted (1943), on tine other hand,
draw attention to the high incidence of typhus zmong
medical and nursing attendants and attiibute this to
poscibility of direct droplet infection. They also
state that there is little doubt that the laboratory
inf'ections so common in typhus research workers

are often acquired in tnis way from animals. Loeffler

ring in laboratory workers due to droplet infection
from cnimals whilst preparing veaccine. ITicolle and
Sparrow (1¢32) have shown that the instillation of a
drop of virulent emulsion of rickettisis on tiie nasal
rmucosa or on the conjunctiva regulsrly induces in
man a general typhus infection. Allowing for drovlet
infection possibly being of some importance in the
spread oi the disease, the true epidemic spread
however is always essocizted with louse infestation.
The third and last mode of spread to which
reference must be'made is thiat in which infection

is due to the inhaleation of dried louse faeces.
Dried intected louse faeces have a high infectiﬁity;
Rogers and Megaw (1944) state that rickettsia can
survive ior months or even years in the dried faeces

of infected lice, and suggest that persons who handle
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handle/ clotlhiing of petients are lizble %o be infected
by inhaling tie aust coming from garments even after
the latter have been stored for long periods.

Blanc et alia (1938) have shovm that ariea

infected

flea excrets/with rwrine typhus can tiansmit intection
to man if placed on the nasal mucosa or conjynctiva.
They deduce it is possible thiet louse-borne ityphus
can also be transmitted by the oral-route.

In 1939 Castaneda succeeded in infeciing nice

and rabbits with typhus by the intranasal introduction

of suspensions of R. Prowazeki into the lungs.

Klose (1942) describes an epidemic emong
Russian prisoners of war, in which German persohnel
working inside the disinfestation.cenire and certein
vorkers vho did not go near the disinfestation centre,
acguired typhus. All tnese workers were louse Iree
and had their clothing'regularly disinfested. re
suggests that the infection was due to the dust spread
of louse faeces, tlie organism entering by inhalation
or smear infection. Liebau (1942) describes the
infection of =z German doctor due to blocd smear from
inicctca paticents.

Chalike (1946), on tiie other hand, stetes that
hod dust spread been even "remolely possible” in North
Africa tiie uninoculated Britisi forces would have
sufiered heavily since conditions there wviere highly
favourable for such sprecad. On the other hand, of

forty six cases which were admitted to hospival with
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with/ typhus from these forces only two were louse
intested or showed evidence of bites and many of the
forty s8ix had no history of association with the
Aragbs amongst wnom the disease was prevalent.

3, Mode of spread of louse-horne typhus fever at
Belsen srong internees and Britvisih nersonnel.

In veviewing the Belsen outbreak with
regard.to the mode of spread of the disease, i{ is
necessary to note certain governing factors, notably
the degree of exposure to infection and the preventivg
measures adopted by those who developed the disease.
Reference has zlready been node to conditions preveil
ing among internees a2t the time of liberation ( see
poge 26). lass overcrowding was present and no
attempt at disinifestation was being made. As a
result the population was almost 100 per cent
infested. 1In such conditions, there can be no
doubt that the disease was largely spread directly
by lice and inhalation of dried faeces and droplet
infection played little pert in spreading the disease
among internees. However, this cannot be said of
tlie Britisli personnel ho contracted tiie disease.
Altogether eighteen Royal Army liedical Corps men
developed the disease (see page 60). Seventeen of
these had worked in the huts in intimate contzct with
the internees and poiientis. Blaborate precautions
were taken to prevent infestation of these men. They

wore suitabie anti-typhus clothing (sce page 58) but
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but/ no mesks. They were dusted twice daily with D.D.T.
ané hed a deily batli ond medical inspection. All had
Ipeen inoculzted against typius. None oi these were
tound to be intested nor did any find lice on them-
selves at eny time. It is thererore Justifiable to
conclude that {the mode of infection in these cases

was either by droplet infection or by the inhalation
or intra-occular inoculation of dried louse feeces
acquired whilst handling the contzminated clothing

of patients being stripped in the huts.

The ébsence of typhus among those vho worked
in the camp but not in the huts is attributed ©to the
fairly heavy rainfall which occurred at the time.

This prevented dust spread out of doors.

It is to be noted that no case of typhus
occurred enmongst British personnel nursing the patient
in the hospital blocks. All had been inoculated
against typhus and all were dusted with D.D.T .

Before admission to tihe hospital the patients had been
stripped, washed and dusted with D.D.T.. Some had

had their hair clipped. Therefore the possibility

of infestation directly by lice from the patients or
dust infection from contaminated clothing did not
exist. The only possible mode of infection to which
these workers.were exposed was that of droplet
infection. The absence of typhus smong these workers
supports the view thiat the infection of those who

worked in the huts was by inhalation of dried louse
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louse/ faeces or by intra-ocular inoculation rather
than by droplet infection.

It is not known whether the thirty two

German nurses who worked in the '"human laundry" and
developed typhus became inrested or not. The possib-
ility of direct infection by lice cannot be excluded
in these cases.

4, Conditions predisposing to the outbreak of louse-
borne typhus fever at Belsen.

Three tundamental conditions must exist beford
an epidemic of typhus can occur. These are:-
a). The virus of the disease mmust be present.

b). The vector of the disease must exist among the
' community.

¢)e. The population must be receptive to the disease.
The presence of R.Prowazeki in an area may be
due to its pre-existence there or to its importation
by patients or by ihfected lice. Througihout the
world there are cértain areas where louse-borne typhus
is endemic, notably eastern Europe (Poland and Rumanis)
and Russia. These areas are shown on the map on

page 17. Biraud (1943) states that there were no
civilian cases of typhus recorded in Germany 1in 1939.
In 1940 six cases were notitied and in 1941 three
hundred and ninety five cases occurred. All these
cases were in eastern Germany, that is, in those areas
nearest the endemic region of Poland and Rumania. In
1942 however when one thousand and thirty two cases

were recorded by the end of June, the disease appesred
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appcared/ for the first time in the north western
areas oi Germany. Thus ot the time of liberavion
of Belsen sporadic cases oi typhus were occurring
in the surrounding areas and it may be that the
disease was introduced to the comp by such a case.
A more likely explanation is that the disease was
introduced by some prisoners from the eastern part
of Germany. At the time of the outbreak (February
to March, 1945) the Russians were advancing over
Poland and eastern Germany. Mass movements of
population took place and the Germans moved all slave
labour and prisoners westwards.

It has been stated on page 27 that ﬁhe
second fundamental condition for an epidemic'was
amply fulfilled at Belsen. Nearly all internees
were infested with lice.

Before considering the existence of a
receptive population at Belsen reference to immunity
in louse-borne typhus fever must be made. Megaw
(1934) and Biraud (1943) state that one attack confers
immanity, but this is not lasting and second attacks
can occur in milder form some years later. Second
attacks have been recorded by Murchison (1873).
Mackenzie (1941) notes that partial immunity appears
to exist in endemics areas and atitributes this
Possibly to a milder form of typhus which may pass
unnoticed by the individual. He states the milder

form may be murine typhus. Of the internees present
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present/ in Belsen, those from the endemic: areas

in the east may have had a degree of acquired
jpmunity.. This cannot be said of the western
guropeans in the camp, since typhus is not endemic
in France, Belgium, or Holland. Thus it can be said
that the population of Belsen were at least in part
receptive to the disease.

In general, an epidemic may be precipitated
by an increase in the wirulence of the responsible
organism or by a diminution in the resistance of
a community to the disease. Murchison (18%3) first
pointed out the association of famine and overcrowd-
ing in typhus epidemics. Since then all great
epidemics have been accompanied by these two fzctors.
Famine diminishes the resistance of the community
and overcrowding facilities the movements of lice.
Mackenzie (1941) stresses the importance of famine
rather than overcrowding, quoting as an example the
Kirghiz villages north of the'Caspian Sea where typhus
is endemic. Villages are cut off in the winter thus
preventing movements of populaticn and resulting
overcrowding. Nevertheless iﬁ years of famine the
disease becomes widely epidemic. He =2lso notes the
repidity with which typhus disappears:iin a district
once a supply of food becomes available. He does
not mention however that when the latter becomes
available in an epidemic, anti-typhus measures are

usually brought into existence at the same time thus

-4~




thus/ tending to hasten the end of the outbreak.
Belsen affords another example of the association
of famine and overcrowding with epidcmics of louse-
vorne typhus fever. Both existed in morked degree
in the camp and it is impossible to state which was
.the more important as a precipitating cause of the

outbreak.
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In those parts of the world where louse-
porne typhus fever is endemic the control of the
disease has always constituted a major problem in
peacetime. Its control in time of war is a potential
problem to all armies. Hitherto whilst different
countries have used methods which very in detail,
the underlying principles have been the same. These
principles were enumerated by the 1937 meeting of
Txperts (Birand 1943) as follows:-

a) The intensification of measures for discovering
louse infestation and for delousing.

b) The isolation of the sick (transfcr to hospital)
and of froci ot infection (the establishment of
sanitary cordons and the victualling of populations
in isolation).

¢} The collection and use of convalescents serum
(particularly among non vaccinated subjects in
contact with the sick).

d)} The mass vaéﬁnation of populations in infected
localities.

1l. Pormer methods of disinfestation.

Of these principles, mass methods of delous-~
ing is undoubtédly the most important in dealing
witi: any outbreak of louse-borne typhus fever.

Since Gavino and Giraud (1910) first studied
tire efiects of heat on the louse and¢ on R.Prcwazeki
many methods of disinfestation by heat have been

employed.
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Prior to 1940 the methods used by the Britiﬁl
army were lorgely besed on the use of heat. lany
ditterent types of disinfestor were used, ranging
from the elaborate ilanlove Alliot and Company model
to low nressure steam models. Such eguilipment wos
only suivapvle for uce in lerge suvaetic centres. TUnder
+ield conditions of active service portable steam
disinfestors were carried by certain units and a
Scrbian Barrel could readily be improvised by all.

McKenzie (1941) has described methods ot
disiniestation used in other countries. In Poland
both steam and cyanide were used. In one centre
where refugees arrived chiefly by train a tunnel
was built into which hydrocyanic acid gas could be
liberated. On arrival oi the train all passengers
were given a blanket and told to strip leaving their
garments and all their belongings on the train. Each
person was then bathed in hot water with soft soap
and paraffin. Meanwhile the train was backed into
the tunnel ,the engine uncoupled, and cyanide gas
liberated in the tunnel. Vhen bathing of the refugees
was completed, the train was pushed out of the tunnel
and all compartﬁents thoroughly exposed to the air.
This completed the process of disinfestation. In
lesopotamia a complete train was used as a disinfestor
superheated steam being passed into the sealed waggons
from the locomotive, .

In Russia the method of disinfestation




disinfestation/'employed vias be means of "Russien
Baths". Log huts were built and heaps of stones
with a fire furning underneath were erected on the
hut floor. Water was thrown on tiie stoncs when the
latter were sufficiently Lot and the steam thus
generated disinfested the clothing.

In China disinfestation by hot air weas
employed, the meterials to be disinfested being
pleced in large brick ovens.

Relating his experience in Russia and Poland
Owezarewicz (1942) described the use of various
chembers employing dry eir, steam or chemicels such
a5 sulphur dioxide, hydrocyanic gas or chloropicrin.

All the cbove methods iiave certsin obvious
disadvantages. Tie apperatus recuired is cumbersone
and therofore relati#ely immobilef necessitating

-

that the material for disinfestation be brought to a
centre. The smaller types of apparatus which are
portable are limited in capacity and therefore mass
disinfestation by them is time consuming.. Marny of
the steem types of mechine require skilled attencants
to maintain necessary temperatures and pressures. If
tlils is not doﬁe the epporatus fzils to destroy lice.
Using the above types of apperatus personnel whose
clothing and equipment is to be disinfested have to
strip completely. This necessitates adequate changing

accormodation and a large supply of blankets or

clothing. An important disasdvantage of steam
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steam/ disinfestation is that whilst it destroys

lice and R. Prowazcki it destroys materials made

of leather, fur, cenvas¥ and wvebbing or rubber.
Similerly hot air abeve 60'C. not only destroys lice
and R. Prowazeki but also leatlier, fur and certain
cloth g:rments. DBelow 60'C. it does not destroy

R. Prowazeki.

The chief disadvantage of the zbove methods
however is thot whilst they can be used for disinfest-
ation of clothing and equipment tliey cannot be used
for disinfestation of lice on the body. The latter
necessitate that further measures be taken. This
usually consisted of the shaving and clipping of the
noir on afiected personnel, followed by a thorough
wash with some insecticidal solution. One such method
was the thorough application of equal ports of olive
0il and paraifin to tiie hair, leaving the patient
overnight with the hair wrepped in a towel and next
morning giving a wash in soap and water. This method
does not destroy the eggs of lice however and it is |
necessary to remove the latter with a rine tooth

comb. Palfrey, Wolbach et alia (1922) found a mixture
bf lightwood oil and kerosene to be effective. They
did not wash the scalp however as they suspected that
ivetting the deep layers of dandruff in some patients
interfered with the penetration of the oil, thus
bllowing the lice to survive. Many antiseptics have

been used ét one time or another but all have the
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the/ diszdvantage that it is impossible to ensure
rapid death of lice with strengths of antiseptic
which do not damage the patients skin. Thus the
most reliable method was tiiec mechanical removal

by shaving and bathing. This is obviously a lengthy
procedure where lorge numbers of people are involved:.
Moreover it gives no protection whatsoever ageinst
re-infestations.

2. Anti-louse powders.

To overcome the disadvantage of methods
mentioned above repeated attempts have been made by
different workers to produce an anti-louse powder.
Such a powder must ideally have certain qualitiecs.

It should be quickly lethal to lice but must be non-
toxic to man. It must be non harmiul to fabrics,
metal and leather and should be non-staining and non-
oiffensive. It should be stable to sunlight and damp
and must be long lesting in its louse killing properl]
thus preventing re-infestation. Simplicity in its
practical use is a necessity.

Before 1940 the powder in use in the British
army was a powder consisting of crude unwhizzed
napthalene 96 ﬁarts, creosote 2 parts, iodoform
2 parts (N.C.I. powder). It quickly destroyed lice
but had no powers of preventing re-infestation hence
it had to be applied every three days {Craufurd-

Benson and Macleod 1946).
In 1939 H.J.Craufurd-Benson and J. Macleod

carried out extensive tests on Pediculosis humanis
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pumanis/corporis with various substances, seeking'
to produce an anti-louse powder which could be
appiied by an individual to his owvmn clothing and
vhich would prevent reinfestation. They found
naphthalene to be he most eiffective insecticide
for killing body lice quickly but it failed vo give
any protection against re-infestation. Derris and
pyrethirum were found to be toxic to Pediculosis
humanis corporis but either a2lone or in combination
with each other they were inferior to.other combinat-
ions of insecticides. Derris activated by a high
boiling tar acid (H.B.T.A.), whilst slow in killing
lice was 1tound to be the best preparstion which gave
protection against re-infestation. The preparation
A.L.63 was outstanding as the best preparation that
controlied body lice. It destroyed them rapidly;
when zpplied to the clothing of verminous persons it
killed 95 per cent of all lice on the garment within
twenty four hours and it gave complete protection
against reéinfestation tor five days and partial
proteciion tor eighnt days. When applied to clean
garments as & prophylactic measure A.L.63 gave
complete protebtion for an average of seven to eight
days and partial protection for approximately
sixteen days. Patients living in verminous surround-
ings were made to wear one shirt continously for

a month without washing it. Xven under these condit-

ions they were protected from infestation by treatmerd
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treatment/ of the inside of the shirt at eight day.
intervals with A.L.63. The original Tormula of A.L.63
was high boiling tzr acid 2 per cent, derris root
123 per cent, nephthalene 50 ver cent, China clas
337 per ccnt. In 1941 when Jepan entered the o
derris root was no longer obtaineble but it was Found
that South American cube root could be used instead
end thus A.L.63 was introduced.

Graphs illustrating the results of Crauiurd-
Benson anc liacleod are shovn on peges 84 and 85.

In the Neples typlius epidemic of 1943
tize original A.L.63 was solely used by the British
army and by the twenty thousand civilians regularly
emnloyed by the British army(Chalke(1946)and Craufurd-
Benson (1946)). One British soldier was infected; he
w7es a deserter vho wes heevily infested viien caught.
As far as is khown no case occurred among the civilian
ermployees. This is an indication of the high efficacy

of A.L. 63 though in the case of British army personnél

~

anti-typhus inoculation and enforced hygiene and
avoidance of crowded places were important factors in
tiie cbsence of diseease.

In 1941 Busvine and Buxton recommended the.
use of one of the following as an insecticide for
head lice:-

a) 25 per cent technical lauryl pheocyanate in a ﬁhite
oil.
b) 50 per cent lethane 384 special.

c¢) Derris cream.
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- Protection against infestation of clean army shirts

under verminous conditions - treated ' with A.L.63.

“(from Craufurd-Benson,H.J.,and Macleod,J.(1946),
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They found that all three prevented re-infestatioﬁ
for eight to nine days provided the hair is not
washed or combed. They admit certain disadvantages
especially the 1liability of thiocyanates and derris
emulsions to cause dermatitis. This appears to be
particularly liable if they are applied near the

scrotum. In addition there is the usual disadvantag;

A3

ur

of appearance and unpleasantness of oily preparation
on the skin.

The table below shows the findings of

Busvine and Buxton (1941).

Results of Trials of Head~Louse Insecticides.

Experimental Subjects : Insecticide :No.of: F?}%ures
- : sCases: 5o
Recruits to Service "AM :26%1lauryl thiocyanate : 55 1.8
lMediterranean evacuees L L u ¢ 45 8.9
Recruits to Service "B" I u A ¢ Bl 7.8
n " 1 1 : lO,i " 0 : 18 s 39,0
1 ] ] " : 4% 1 t : 20 ¢ 60.0
" " " HAN $50% lethane special : 26 7.8
Mediterranean evacuees I " " ¢ 13 ¢ 15.4
" " :Dexrris cream(ly s 12 8.3
: rotenone) : :
Recruits to Service "A“ s M. " "o :t 35 0
n " " L :Thin derris cream $187 1.1
: (1% rotenone) : :
i " " " :Thin derris cream : 84 7.1
: (0.5 rotenone) : :

The powder used by the United States army
in the early part of the war was M.Y.L., which

contains pyrethum. In the extensive controlled series
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geries/ of experiments on human volunteers Davis
and Wheeler (1944) found it to kill lice on clothing
and to continue to kill new lice for at least ten
days after application. They round thet new laxrval
lice emerged from the eggs but were killed showing
that the efficacy of the powder was not due to any
ovicidal action but due to the killing of the lice
themselves. Craufurd-Benson {1946) and Chalke (1946)
describe its use in the Maples typhus epidemic. 1In
the early stage of the epidemic prior to January 1lst
20 per cent of the powder used was M.Y.%.. and this
led to the checking and partial control of the
epidemic, a significant decrease in case inéidence
resulting. The 10 per cent D.D.T. powder which was
introduced after January lst contributed to the
final ending of the epidemic.

3. 2-2- bis (parachlorophenyl) 1,1,l-trichlorethane

(D.D.T.).

Beforé discussing the results obtained with
D.D.T. powder at Belsen it is of interest to consider
briefly the development of this substance as an insec+
ticide. .

Heilbron (1944) states it was first synthes-
ised by Muller, one of the chemists in J.R.Geigy of
Basle,vho first recognised its insecticidal properties
and took out patents protecting its uée as an
insecticide in. 1940.

The following brief essentials in its

chemical properties are taken from Langer lartin
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Martin/and Iuller (1944). It is a synthetic organic
chemical 2-2- bis (parachlorophienyl) 1,1.1 -

trichlorethane the formguls being

C1- ~Cil- -Cl1

For convenience the designation D.D.T. has been
adopﬁed being derived from the generic name dichlor-
c¢ipnenyl-trichlorethane. It is a wiiiltz crystalline
substance with a faint,pleasant smell and is
exceedingly non-volatile at ordinary temperatures.
It is soluble in most organic solvenis and the
solubility is greatest in the less highly refined
oils. Thelsolubility in water is very low. It is
stable in the presence of light, ultre-violet light,
wvater vapour and boiling water.

Extensive trials to determine the eifect
of D.D.T. dust on Pediculosis humanis corporis,
Pediculosis hwmanis capitis and phthirus pubis,were
carried out in the United States of America by
Busiilend and others in 1943. A cloth sleeve was
slieped over the arm or lez of a subject, lice and
novder introduced and the ends fixed above and below
with tape. Results were examined in twenty four
or forty eight hours and if all lice were cGead more
vere introduced until the powder began to lose its

insecticidal action. They concluded that the
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tile/ approved percentagebof powder (vhich is not
speciiied) will aiford almost complete protection
against infestation for three weeks and give eifective
control for a longer period. They found the powder
had no ovicidal properties but wie duraiion of
effectiveness extends beyond the normal range for
incubation of louse eggs, thus destroving the hewly
hatched insect. They further tested its efrectiveness
when impregnated in garments and tound it to be
effective in preventing infestation ior an even longer
time when impregnation was done by dipping the germents
in solutions of D.I.T.. Moreover such garments
retained their protective properties after several
launderings.

The =wmuthor had no opportunity of carrying
out controlled cell tests on lice at Belsen but the
following facts were observed.
With 5 per cent D.D.T. powder,living but
moribund lice were found on patients about one hour
after dusting. With 10 per cent powder no live lice
were ever found thirty minutes after dusting.
D.D.Te was first used on a large scale in the
Naples epidemic of louse-borne typhus fever. If would
appcar to have been used too late in the epidemic to
as€ess its value properly. Its use on a large scale
was not introduced till early in January,1944 when the
epidemic was already subsiding due to energetic case
searching, hygiene measures and mass. dustings with:

A.L.63 and .Y.L.. XNevertheless it played a large
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iarge/ port in terminating the outbreak.

4. Results obteined with D.D,T, at Belsen.

The Belsen ouvtbreak of typlhus fever affords the
tirst example of an cepidemic brought under.control
golely by the use of D.D.7. anc case isolation.

To begin with a 5 per cent strength powder was used -
and later on,10 per cent strength. Its method

of use has already been descrivbed on page 54 .
Dustings were commenced on April 21st,1945 and by
May 1st, 1945 some sixty tnree thousand haa been
completed. The last case of typhus fever occurred
among the internees on May l4th hence allowing for

an incubzation period of twelve days the epidemic had
been brought to a spectacular termination. Other
factors which may have caused this must be considered
however, notably the abolition of malnutrition and
overcrowding. IcKenzie (1941) notes the rapidity
with which epidemic typhus disappearé once a supply
of food becomes availeble in the area. This factor
cannot have influenced the course of events in Belsen
since malnutrition and inability to assimﬁlate food
constituted a major problem'long after the epidemic
of typhus had subsided. Similarly overcrowding
cannot have been a factor of influence since this
existed throughout zll areas of the Camp until
repatriation of intcrnees commenced on lMay 17th, three
days after the outbreak ended, and continued to

exist in lesser degree for a further month. It may
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mey/ be argued that since the majority of internees
ame Trom ezstern Burope and other concentration

comps tliose who suvurvived Belsen epidemic hed an
scculired immunity to the disease ~hiilec those who

had no irmunity died, ncence, the outhiceok subsided
spontaneously. This zrgument cammot be upield vhen

it is remembered that tie inmotes of Comp IT were a
cross section of netionalities similar to Ceaxp I and
at the time of liveration there was no cease of typnus
in Camp II. Ioreover the hospital area to wvhich tie
typhus cases of Cemp I were evacuated adjoined Camp II
and in spite of barbed wire fences and warning notices

~

a certain smount of illicit movement of internees
between Camp IT and the hospital ares occurred.
Wevertheless few cases of typnus developed in Camp II
be

a fact which cen, solely attributed ©to D.D2.T. powder.
There rensains the argument thot typhus epiden-
ics tend to abate in tiie Lot wieather and the Belsen
epidemic ended for this reason. A study of the chort
shotvm at the top of the next page, page 92 shows

that in May epidemics in Poland are just past the peak
but do not end until June or July. None end abruptly

in o fortnight as did thie Belsen outbrezk.
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Of the authior's unit sixty six men were

erployed in the huts of Cemp I fronm ihe outset. A

further eight were employed in unloading stretchers

at the "human laundry" 3 ~ twenty four ambulsnce

drivers eko aiced in the loading and unloading of

stretchers in addaition to their usual duties. Mo
evidence of louse infestation was ever found on these
men all of whom were dusted daily with D.D.T. povder.
In addition the fifty five men employed in evacuating
the huts wore protective clothing as described on page

58. The remaining eleven men employed in the camn

-92-




camp/on feeding duties tvhere contact with tlhe
int:ernees was not so intimete but nevertheless the
possibility of infestetion was considersble. This
also aprlied to the eight men working at tl:e "human
lavndry".

Thus it can ve stated that the anti-typhus
measures and methods of preventing infestction at
Belsen were highly effective. These measures were
four in number:-

a) The dusting of all patients, internees and
workers with D.D.T. powder.

b) The bathing an¢ isolation in hospital of typhus
cases. |

¢) The use of anti-typhus clothing by those in
most intimate contect with infested cases.

d) The cordoning off of the area.

No mass bathing of internees was done. 1o
mass vaccination was carried out. Convalescent serum
was not used.

It is to be noted that the task of discoverirg
louse infestation at Belsen did not arise. It was
rightly assqmed that all internees were infested.
Accordingly all were dusted.

The task of cordoning off the area was eguall]
simple. Barbed wire and guards were already there
and no great efforts were necessary to prevent move-

ments of internees. Nevertheless many of the latter

did escape in the confusion of the early days of
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of/ liberation and it is probebly due to the Widé-
spread use of D.D.T. powder throughout refugee camps
and continental trains that further epidemics have
not occurred in western Europe.

5., Toxicity of D.D.T. powder to man.

Being in powder form the D.D.T. used could
affect the skin and eyes by contact, the zir
passages by inhelation and it is possible a certain
amount of the powder could be swallowed in a dust
laden atmosphere.

Bifect on the skin.

Of tne fifty five men who worked inside the
nuts twenty six were employed at a time and submitted
to two dustings daily over the period R21lst April, to
18th lMay,1945. These men were closely observed by
the author and none showed the presence of any skin
irritation or reaction. The author knows of no case
of skin reaction among the many othier unit personnel
who were dusted only on one or two occasions.,

Effect on the air passages and eyes.

At the entrance to Camp I three men were
employed for a period of three vieeks in dusting
official viéitors and workers entering and leaving
the camp. This was done in a small room and as a
result these men worked for most of the day in an
atmosphere laden with D.D.T. dust. At no time did
any of the men develop signs of respiratory affection

or symptome to suggest toxic absorption. Similar
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similar/ conditions existed in the "human 1aundr&".
No cage of reépiratory illness or other canplaint
resulted among the German and British personnel
engeged in the work there.

This clinical evidence of the non-toxicity
of D.D.T. powder when inhaled confirms tie extensive
investigations of Neal anu his co-workers (1944).
They investigated the effeéts of D.D.T. in inert
powder up to 10 per cent strength. They exposed
men and experimental animals to the powder daily in
closed cheambers tor periods up to weeks in duration.
They found no harmful eftrects resulted and attribute
it to a) the relative insolubility of D.D.T. prevent-
ing absorption. ©b) the large size of tl D.D.T. dust
particle which does not reach the alveolar space, a
large proportion of the dust being retained in the
uppermost regions of the respiratory tracts

None of the workers in Belsen exposed to
dust laden atmospheres developed abnormal conditions
of the eyes although none wore goggles. Wasicky and
Unti (1944) have placed ointments and colloidal solut
ions up to 5 per cent strength D.D.T. on the conjunct
ivae and observed no ill effects. Cameron (1945)
reports no harmful effects from placing D.D.T. powder
in the eye.

Effect when ingested.

From those who worked in the dust laden

atmospheres it would appear there is no danger
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danger/ of 2bsorption of D.D.T.powder (used in 5-to
10 per cent strength) by the alimentary tract.
Experimental work with D.D.T. dissolved in oils has
proved the danger of absorption of such a solution;
tlils work has been carried out by Smith and Stohlman
(1944), and Cameron (1945). Case (1945) reports the
iollowing toxic effects:- an increased erythrocyte
destruction and diminution of polymorphonuclear
leucocytes accompanied by the appearance of immature
white cells; aching of tiie limbe, diminution of
reflexes and a curious agpprehensive mental state.
Impairment of hearing and transient yellow vision have
also been recorded. A fatal case of poisoning in a
child who drank about one ounce of a 5 per cent
solution of D.D.T. in kerosene is recorded by Hill and
Robinson (1945). Fine tremors preceded the onset of
coma which occurred in one and an half hours . Death
was due to pulmonary oedema probably from paralysis of
the respiratory centre.
The experimental work on the absorption of dry
powder by animals is conflicting and inconclusive
(Toodward,Nelson and Calvery (1944)).

6. The effect of D.D,T.powder on fabrics and materialg

There was no evidence oif damage to clothing
in those men who were dusted twice daily and who wore
the same clothes for periods up to ten days. The
insides of the ambulances used at Belsen were repeat-
rdly dusted but no harmful effect on the lesther or

metal work was observed.
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Ce ANTI-TYPITUS VACCIIIES.

I. Types of Vaccines.
2) The live virus vaccines.
\ . - a . . .
b} The killed virus vaeccines.

2« Observatiions on parsonnel immunised with
Craigie type vaccine at Belszn.




1. Types of Vaccines.

Anti-typhus vaccines are of two main types.
These are a) The 1live virus vaccines b) The killed
virus vaccines. In each of these re thods either the
murine typhus rickettsia or the rickettsiz of louse-
borne typhus can be used.

a)

« The live virus vaccines.

Attempts to use a live virus Vaccine were firs
mede by HWicolle (1955). Using louse-borne strains of
virus he produced immunity in volunteers. His source
of virus was the blood serum of the infected monkeys
pnd the brains of infected guinea~-pigs. Since tle re
Fs no metinod of estimating the concentration of virus

prior to injection and since the concentration varies

ek

2. severe attack of louse-borne typhus fever.

“hen the murine type of disease vwas discovered
tlie production of live vaccines using this strain of
virus wes investigated. Nicolle and Laigret (1935)
ising such a strain of virus, prepared vaccines from
tize brains of infected guinea-pigs. They attenuated
ti:e virulence of the virus by susvension in olive oil.
Pnce again difficulty in titration was experienced and
thirteen cases of vsccinal typhus out of a total

I’ thirty two thousand four hundred and eigity nine
vaccinations were observed. The incidence among

Europeans was 0.45 per cent and among Tunisians

D.016 per cent. ILater, using a vaccine prepared from

vith different animels there is grave danger of producs




ivory mice brain. Leigret end Durand (1939) were
able to d:ztermine the quantity of aciive virus in
a dose of vaccine ana reporied successful results
in North Africa, where no case of vaccinal typhus
occurred in two hundred thousand four hundred and
eighty eight veaccinetions.

Blanc and hiis co-workers (1¢38) prepared
a vacciné from the tunice vaginalis of infectcd
guinea~-pigs. Attentuation of the virus was achieved
by diluting two thousand times ana adding five percery
by volume of ox bile. Tie disadvantage of this
method was thie necessity of inoculating guinea-pigs
and prepering the vaccine shortly before use. To
overcome this Blanc and Baltozard (16338) employed
the excrets of typhus infected fleas :zs a source of
virus. Ox bile wes used as the suspending nedium.
Since the virus remeins usable for two years in such
excreta the difficulty of »reparing the virus immed-
iately before use was overcome. Chalke (1946) reports
an incidence of 5.or 6vper cent of vaccinal typhus
in orth Africen naotives following thie mass use of
thiies vaccine after 1¢41. e furtler states that
sixty per cént of Taccinsted pérsons acquired a'dure.
able and solid" immunity.

b) XKilled Vaccines.

The first efforts to irmmunise against tlypnus
fever were made by da Roche Lima (1918). He tried

tlhe effects of a phenolised suspension of body lice




lice/on guinea-vigs. The results vere inconclusive
but some degree of irmunity resulied in certain

c. ses. ot until 1¢30 was Irmunisation on a lerge
scale in humens attempted. This was done by Weigl
who prepared a vaccine by the intra-rectal injections
of lice with a suspension of R.Prowazeki. After
some eight days the intestines are détached from the
lice by microdissection; thie intestines zre then
ground and emulsfied in a solution of saline contain-
ing 0.5 per cent carbolic acid. That this wvaccine
is effective has been amply proved by subseguent in- ..
vestigators. Mosing (1938) states that of one
hundred and twenty thousand persons vaccinated in
Poland only 0.09 per eent developed typhus. Radlo
(1937) observes that in the Jaworow district of
Poland tiie ennual incidence of typhus fell from

two hundred to twelve tfollowing the use of Weigl's
vaccine on thirteen thousand nine hundéred and eighty
inhaebitants. Of thirteen thousand and seventy six
persons inoculated by Mariani (1938) in Ethiopia
only eight cases of typlus were recorded; one of
thhese died. He noted febrile reactions in 5 per
cent of people following vaccination. These figures
prove that Weigl's vaccine is efifective and harmless.
However, considerable difficulty is involved in its
production. A number of highly skilled staff are
required; also iarge numbers of inmune persons on

whom the lice can be fed and since it requires
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requires/ rougnly one hundred lice to Provide suff-
icient vaccine for one person, production is limited.

Castaneda in 1939 produced large numbers of
rickettsia by the intrenasal inoculations of rats
end mice with infectious material from a strain of
endemic typhus. The animals developed a2 rickettsial
pneumonia, the lungs showing large numbers of organ-
isms post mortem. Castaneda found that formolized
suspensions of these rickettsial would protect guinea-
pigs and human volunteers against infectious doses
of the same strein of rickettsia.

In 1940 Dursnd and Giroud, following up the
vrork of Castaneda produced s formorlised véccine
from the lungs of mice injected intranasally with
R.Prowazeki. In 1941 they produced a similar vaccine
following the intranasal inoculation of rabbits and in
1943 Horrenberger and Renoux used the lungs of sheep.
Thes: methods resulted in the successful production
of large quantities of veccine. Biraud (1941) states
that this vaccine proved highly satisfactory in
Rumaniz. In respect of its use in North Africa
Chalke gives ﬁhe following tigures:- of twenty nine
Algerian doctors who contracted typhus eleven had beern
vaccinated and survived. Thirteen of the eighteen
unvaccinated diea. Altogether some seVenty one thous-
and people were vaccinated; many contracted typhus
but none died.

The technique of preparation of these lung"
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nlung" vaccines is not witiiout risk however. Sevéral

instances of laboratory workers accuiring typhus by
the sneezing of animals have been recorded. Loeffiler
and Mooser (1942) record six such cases.

In 1538 Cox succeeded in Producing consider-
able quentities of rickettsias by inoculating the
yolk sac of the developing chick embiyo. The method
was applied by Cox to the riclkeittsias of Rocky Xount-
ain spottied Ie¢ver, endemic typhus, European (epidemic
typhus, boutonneuse fever and Brazilian spotted fever
Rickettsias of all these excepting epidemic typhus
were consistently found and were readily maintained inm
serial passage. The ditficulty in respect‘of epidemige
strains was later overcome and Cox ana Bell (1939 and
1940) reported the successful protection of guinea-
pigs by vaccines prepared from infected tissues of
developing chick embryos. The method of preparing
the vaccine was briefly as follows:~ Fertile eggs
were incubated for six to seven days. The inoculum
was then injected into the yolk sac through a small
hole in the air sac end of the egg. The eggs were
then incubated until death of the embryo occurs. Thisg
was usually after an interval of five to seven days.
The tissues were then removed, washed in saline,
pooled and ground with alumnum. The mixture was made
up to a 10 per cent suspension in saline containing
formalin.

Craigie (1942) developed a method of
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of/ purification of the yolk sac culture of riCkeft-;

gias by ether treatment, which resulted in s consider+

able concentration and separation of the rickettsias
from unwanted egg-yolk. The vaccine produced by
Craigie was composed of pooled cultures of three
rickettsial strains - a murine strain, a recently
recovered strain from the Madrid epidemic of 1941
and. the o0ld classical Breinl strain first recovered
in Poland in 1919 to 1921. This vaccine was the

type used to inoculate the British army personnel who
worked at Belsen.

In a later publication (1945) Craigie states
that the resmlts obtained in preparing a vaccine by
the above method may be variable due to the complex
physical system created when crude yolk sac preparat-
ions of rickettsias are shaken with ethyl ether. He
suggests a new techinique for preparing the vaccine
based on control of the hydrogen ion concentration of
the suspension by the addition of aeetate buffer.
Later he further modified this technique and now the
crude yolk sac preparations of rickettsias are proce. |
essed at p H 7.0.(Craigie 1945)(Med.Res.Conc.Spec.Rpt.
Ser.255).

The first field results obtained with Cox's
vaccine are reported by Stuart Harris (1945). In 1943
prior to the introduction of immunisation in the
British army in Africa thirteen deaths occurred out

of forty one cases of typhus fever (32 per cent). 1In
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I,/ the American army however, vhere all were immuh-
ised with Cox's vaccine and where other anti-typhus
precautions were identical and risks of infection weré
similar there were tweniy cases of typhus; no deaths
occurred. TFollowing the introduction of vaccination
in the British forces in the Middle East at the end of
1943 the typhus incidence anc death rate wes nmuch lesg
in 1944, even allowing for a sméller civilian epidemigd
that year. In the Waples epidemic only two British
and two American soldiers acquired the disease. None
of them died. Tiiese figures are shown in the table
belovr: -

Typhus Fever in the British Army.

Area tPeriod No.of Cases: Deaths.

(a) Prior t¢ immunization.

Middle Bast:January to June 1943 134 i (33%)
:July to September * 57 (2%)
High prop-

. oo eo o0, .& e o
W
[l 1A

ortion of
rmurine cases: .
41 L3327

Worth
Africa tJanuary to April "

(b) After immunization with typhus vaccine.

Naples tJanuary to Mrch 1944: 2 L ‘
liiddle Bast:January to June 1944: 19 : 210D

(from Stuart-iarris, C.H.(1945).Proc.R.Coc.iled.,
38,511) .

In 1943 o series of experiments on human
subjects was carried out by E.Ding, a German doctor
on military service. He inoculated six groups, each
of about two hundred persons, with different killed
vaccines and established two control groups of
similar nunibers. Some six to eight weeks later all

had typhus which must have resulted from experimental
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experimental/ inoculation. The mortality in the
control groups was 33.5 per cent and 20 ner cent; in
those inoculeted ity tie vaccines of Durand and Gir-
aud,Weigl and, Cox there were no deothis though cases
did occur. Ie concludes tiat rebbit and dog lung
vaccines, Cox's vaccine and Teigl's veaccine are
equally satisfactory.

Topping (1944) records laboratory infection
ith murine and epidemic strains in fourteen woriers
seven of whom were veccineted with yolk sac type of
vaccine. Ione of either veccinated or unvaccinated

groups died; but in the Tormer the disease was much
less severe in its clinicel menifestations. Berke
(1946) revorts mild cases but no decathis smong tiree
thousand one hundred and twenty Two Persons inoculated
withh Cox's wvaccine in Afghenstan in 1945. Tiie out-
break of tyvnus was not serious but deaths occurred
among the uninoculated.

Observations on personnel immunised with Craigie type

vacecine at Belsen.,

The vast majority of troopg in IEngland were
vaccinsted ageinst typhus in the early months of 1944y
prioxr to tie invoasion of the Continent. The asutihorit-
ies repeatedly stressed the importance of inoculationﬂ
throughout the cempeaign and ot Belsen there were few
British troops vwho were not thus proteccied. In the
case of the unit to vhich the author belonged 211 men
hsd been ‘inoculated, some four months Hrior to enﬁer-

ing the camp, others fifteen months beforehandé. Of
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0f/ tiic eightecn men who acquired typhus fever
seventeen had been inoculsied witliin four months

of entering the camp tiie otlher one fifteen montihs
previously. Ilo fatel cose occurred. Tlhie inoculation
consisted of three 1 ce.c. veckly injections of
Creigie type vaccine folloved by a "booster" dose
thiree months later.

The medical students vho worked at Belsen hnd
all been inoculated with three weekly injcctions of
1l c.c. either Cox or Craigie Vaccine} this had bheen
carried out within one monti: prior to their arrival.
in the camp area. Six of these students developed
typhus fever; no deaths occurrcd.

Of sixteen ©.3. men vho were employed in
burying the dead ten died of typhus and two survived
the disease. Anong forty nine German nurses employed
in the "humen laundry" two cases occurred. Thec exact
death rate is unknovm though it is known at least.
siX cases died. ¥one of the German personnel had

been vaccinated against typhus.

Table showing incidence and death rate of<Ayphus
fever in vaccinated and unvaccinated groups.

:Xos. : Ho.of ¢ Deaths

) H Cases.:
British Army : - : :
Personnel. :55 vaccinated:18(32.7%) : Wil
Medical 7 ... ...t : :
Students :96 " : 6{ 6.27) ¢ Nil
German Army : s rat least
Nurses :49 un-vecc. :32(65,3%) ¢ 6 (19%)
g.0.Personnel :16 " +12(75%) : 10 (83.3%)

. In assessing the value of protective
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protective/ inoculation it is essential to considei
other factors, notably the degree or exposure to
infection and the time o7 vaccinstion.

From tie description given on page 60 it will
be apprecisted that the ceses vhich occurred anong
British personnel were those vho had worked in the
huts of the camp and had therefore been in most intim-
ate contect with typhus infected internees. On the
other hand, they took the most stringent precautions
against infection in the form of dusting with D.I.7,
powder; the wearing of anti-louse clothing and attent-
tion to porsonal clecnliness (see pege 58 ). Sipmilar
precautions were taken by the German nurses except
that they wore nursing gowns.instead of standard
anti-louse clothing. On_the other hand, their duties
did not include the stripping of clothiing from patients
~$ dicd those wiio worked in the huts. The medical
students wore no anti-louse clothing but otherwise the
Precautions teken by them were identical. However,-
they 4id not commence their work in the camp till some
seven deys after fhé other wéfkefs. In that interval
the louse population had decreaséd considerably followt
ing the extensive dusting of huts and internees with
D.D.T e povicer.

Therefore it can be stated that the risk of
infection weas approximately the same 1in the case of
tliese three groups of workers.

In contrast the S.5. men had no protection
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protection/ excent their ovm everyday clotlhiing.
They were employed in collecting and burying the
dead by hand thus they hzd to undergo considersble
risk of infection.

In the casge of Br:itish ambulance drivers and
American Field Service drivers the risk was less.
They did not actually enter the huts though they
assisted in the loading and unloading of patients
who hzd been stripped but were umvashed. o case
of typhus occurred among thesd drivers. Davis (1946)
suggests that the freedom of American worvkers in
contrast to British was due to the former being inoc-
ulated with Cox's type of vaccine. This observation
canmot be upheld since no American personnel were
employed in duties other than ambulance driving as
mentioned above. Tiie true comparison vwould not in-
clude Britisii personnel working in huts but only
British ambulance drivers who were exposed to the
same risks and took the saﬁe precautions as the Amer-
"ican Field Service drivers. In that light no differ-
entiation can be made between the Cox and Craigie typ
of vaccine, since no case of typhus occurred among
either group 6f drivers.

Among remaining British personnel working in
the area no typhus occurred. These personnel were
employed in the hospital area of Camp II and in adnmin
istrative duties, where exposure to infection was

considerably less than in the other groups mentioned.
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The dengers to vhich workers in a typhus
epidemic are exposed is well knovm and is greatly
stressed by licienzie (1941), Biraud (1941) iegaw and
Rogers (1944) and otlher authorities. In spite of
strict precautions t.e incidence of typhus is high

emong such personnel and the mortality is high.

-109.




SECTION.

1 V.

CONCLUSIONS .

SUIIIARY.

-110~




CONCILUSTIOITS,.

" In Belsen concentration camp there existed

a community wihiich was potentially, at lecast, in part
receptive to louse-borne typhus fever. Those interned
who'came from eastern Europe, Russia and the Balkans
may have had an acquired immunity in virtue of a
previous attack of the disease or because of having
lived in an endemic area as it is suggested by McKenzi%
(1941). This however cannot be said of the many
internees who came from western Burope and Scandinavia
where neither endemic nor epidemic typhus exists. The
origin of the Belsen outbreak is uncertaih. It may
have occurred as a result of the sporadic cases which
appeared in Germany and spread westwards as the war
progressed. It is}more likely that infection was

brought into the camp from the endemic areas of dastenr:

o]

BEurope as a result of the mass movements of population
which occurred at the time of the outbreask. The pre-
pipitating causes of the outbreak were the marked

foamine conditions,over crowding and complete inadequacy

)

of sanitation prevailing in the camp.,.

The outbreak was brought to an abrupt end by
the hospitalisation of cases; the widespread use of
D.D.T.powder ahd the cordoning off of the affected
aréa. No mass bathing other than that of actual cases
was carried out. This was the first. epidemic in which
D.D.T. was the sole ‘insecticide used and the end of
the outbreak came abruptly after its introduction.

Dther factors which could contribute to the ending
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ending/ of an epidemic dre the abolition of malnutrit-
ion and famine, a high mortality so that only immune
persons survive and the arrival of that time of year
at which epidemics tend to abate spé@aneously} These
factors however were of no significance in the sudden
ending of the Belsen outbreak. The efficacy of D.D.T.
powder is further proved by the fact that no infestat-
ion occurred among ninety eight British army personnell
working in intimate contact with louse infested inter-
nees and typhus cases. PFifty five of these men wore
protective clothing and were dusted with D.D.T.powdexr
twice daily. The other forty three were dusted twice
daily but wore no protective clothing. When used asb
an insecticide in powder form of 5 to 10 per cent
strength it was found that D.D.T. powder is non-toxic
to man. HMoreover it is non-harmful to clothing,canvas
fabrics, lcather and metal. 1Its use is extremely
simple, being pumped from a small powder gun and is a
greét advance én the older methods of disinfestation,
in that it is more easily and quickly applied when
large numbers of people are involved. In addition it
is much more effective and certain both as a means of
killing lice and of preventing re-infestation. The
method of dusting recommended is as follows. The
subject keeps his clothes on and the nozzle of the

gun is passed up one sleeve next to the skinj; two
strokes of the gun handle are then made. This process

ié then repeated for thé other sleeve, each trouser
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trouser/ leg from below and from above, down the
front and back of the neck and into the inside of any
headgear. The outside of the socks and footwear are
then liberally dusted.

The results obtained with D.D.T. powder at

Belsen confirm the experimental findings and practical

effective louse killing agent and harmless to man
when used as such in powder form.

In spite of D.D.T, powder, protective clothing
(excepting goggles and mask) and profective vaccinat-
ion however, workers who are in intimate contact with
infested typhus cases are liable to acquire the dis-

ease. The mode of infection in such cases occurring

at Belsen was by inhalation of dried louse faeces or

by the latter entering the eyes. 8Since eighteen out

of fifty five workers were so infected the danger of

such a mode of infection is of considerable practical
importance. To prevent it the wearing oi a dust proof
mask and goggles is essential.
There were no cases of the disease amohg Brit-
ish persomnnel who nursed fyphus cases in the hospital
area. This is an unusual event in the light of former
experience recorded by other authors;it can be attrib-
uted in a certain degree to protective inoculation
with the Cox or Craigie type of vaccine but in a grédat;
er measure to the efficacy of -thorough washing with

soap and water followed by dusting with 5 or 10 per
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per/ cent D.D,T. powder as a means of disintestation
of typhus ceases.

Concerning the use of anti-typhus vaccines
there are Two main objections to the live virus type.
The first ot these is that there is no reliable
method o1 estiimating the necessary dosage hence vacc-
inal typhus occurs in a proportion ol vaccinated per-~
éons. Secondly there is the danger to the community
of starting a widespread epidemic ii the inoculated
person is bitven by vectors whilst the virus is
circulating in his or her blood stream. For these
reasons the live virus vaccines have largely been
superseded in practice by killed virus types. Of the
various methods which have been employed in preparing
the latter, those of Durand and Giroud, Cox and Craigi
have been most widely used in recent years. All
British persohnel at Belsen had been inoculated with
the Creigie type of vaccine. It did not fully protect
them in that a total of twenty four cases developed
louse-borne typhus fever. All these cases had been
inoculated within four months of entsring the camp ,
excepting one who had been inoculated fifteen months
beforenand. Those effected were the personnel vho
had been in most intimate contact with infested inter-
nees. There were no deaths among them but the mortal-
ity among forty four unvaccinated German cases was at
least sixteen.

" In the vaccinated the course of the disease
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disease/ was shorter than usual, none running a fever

beyond the ninth day. It tended to be less severe

in neture only eight cases developing the typhus stats

AY'd

and showing an extensive rash; the others had a
nilder form of discase.

Of two groups of workers in which the risk
of infection was approximately equal the one group,
forty nine unvaccinated German nurses showed thirty
two cases of typhus; the other consisting of fifty
five vaccinated British afmy personnel showed eighteen

Craigie's
cases. This suggests that/vaccine does afford some
protection against infection with typhus fever. The
mortality figures and the clinical course . of the
disease ih the vaccinated definitely prove that
Craigie's type of vaccine affords a high degree of

protection against fatal results.

SUMMARY .

On 15th April,1945 the concentration camp at
Belsen, near Celle in North West Gefmany was liberated
by the British army.  Some fifty eight thousand living
internees were found in the camp; ten thousand
unburied bodies lay around the huts and grounds. The
living had had no food or water for about seven days,
after a long period of starvation. Gross overcrowding
was found in every hut in the camp and the noﬁ-exist-
ence of hygiene and sanitation led to scenes of

squalor and filth which almost beggar description
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Disease was rife in the camp and a description of

fhe more prevelent types is given. The syndrome.of
starvation was most widespread there being few
internees who did not exiibit it to some degree.”

The incidence of pulmonary tuberculosis hiasg been est-
imated as high as 40 per cent. Diarrhoea became
widespread after liberation due to the internees
being given an unsuitable diet by the liberating
forces. Some three thousand five hundred cases of
louse~borne typhus fever were found. Clinically they
presented no unusual featureanapa;tAfrom?the co-
existence of other syndromes mentioned above. The
origin of the infection is unknown but was probably
due to the mass movement of population and slave
labour from the endemic areas of eastern Europe. Once
infection had entered the cemp the outbreak was pre-
cipitated by the famine and overcrowdéd conditions
preveiling.

A detailed description of the camp area is
given. Nearby was a large Wehrmacht barracks which
was converted into a hospital area and transit camp.
Bult for the existence of these buildings the problem
of Belsen may well have been insurmountable.

The measures adopted to cope with the situat-
ion are also described, more particularly in raspect
of the outbreak of typhus. Certain deductions and
concuﬂ?ions are made on the control of the latter.

The sudden ending of tlie outbreak is attributed
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attributed/ solely to the universal dusting of inter-

ct

nees with a 5 to 10 per cent sirength of D.D.T.powder
in an inert powder.and to tihie isolation of iyphus

coses. llo mass batuning of internees was carried out;

typhus cascs however were tihioroughly washed and dusted

with D.D.T. pnowder before asmission vo hospital.

his is tihie first epidenmic in vhich dusting with D.D.T

powder and woshing with soap and water were the sole
means of disinfestation employved. 1Ilo toxic effect
from the use of D.D.T. powder was observed in British
workers in the camp and it is comsidered that used

a8 an insecticide in powder form tiie substence is
harmless to man and materials such..as clothing,fabric|
leather and metal. Iloreover its use is extremely
simple and is a considercble advance on the older

methiods of disinfestation an account of which is givej

in the Thesis. A description of tiic metiiod of dusting

~

withh D.D.T. powder is detailed.

In spite of elaborate precautions against

typlius which Included the wearing of anti-typhus ol

cloining (excedting goggles and masks) and dusting
with 5 to 10 per cent D.D.T. powder eighteen members
of the author's unit developed typhus rever. They had
all been in intimate contzct withh infested typlius
oses. Mone became infested at any time and it is
considered that infection was due to the innalation
of dried louse faeces or to the intraocular entry of

tlie virus from the latter.
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An account of warious vaccines viiich have
been employed in preventing typiaus is given and their
merits and disadvantages considered. Iixperiences
with Craigie type of vaccine at Belsen are recorded.
In assessing by field experience tihe value of vaccine
as a means of preventing infection it is stressea
tnat other factors must be taken invo congiderastion.
Such factors are the risks of infection to which
subJects arc exposed and any other anti-typhus meas-
ures adopted by these subjects. 1In a group of fifty
five vaccinated British workers at Belsen eighteen:
acquired typhus. Of forty nine unvaccinated German

workers in which the risk of infection and precaution:

adopted were similar thirty two contracted the diseas¢

This suggests that the Craigie type of vaccine with
which the British personnel were vaccinated is of
value in preventing the disease. The protective
value in the developed case 1s assessed from the

| mo:taliﬁy;figureSsin:twp:groups of cases. O0Of a total
of twenty four cases in vaccinated subjects none died
0f forty four unvaccina£6dicases at least sixteen
died. Iloreover in sixteen of the vaccinated the
disease was mild in nature. These figures prove the
high protective value of Craigie's type of wvaccine

in preventing fatal results.
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