MELIOIDOSIS

A Report of Clinical Cases end of a
Survey for Antibodies among Non Indigenous lMen Iiving
in an Endemic Area

Thesis submitted to the University of Edinburgh
for the Degree of IM.D.

by

R.N.T. Thin M.B.Ch.B, (Edin), M.R.C.P.(Bdin).




ACKNOWLEDGMENTS

I am most grateful to all those at Terendsk Camp, Malaysia, who
co~operated so enthusiastically to make this work possible. I
particularly thank Lieutenant Colonel G. Rapmund, USA MC, Officer
Commanding the United States Army Medical Research Tmit at the
Institute for Medical Research, Kuala Immpur, Malaysia, and the two
veterinerizns, Captain J.M. Strauss USA VO and Captain M. Groves USA VU,
for all their help and encouragement. I also thank Miss E. Gan, the
serologist, who kindly carried out all the serological tests. IMr A.H.
Gould B.Sc., F.I.A., Principal Scientific Officer, Ministry of Defence
(Army Depaxrtment), A.M.D. Stats., kindly did the statistical analyses.



CONTENTS

INTRODUCTION

CHAPTER I  HISTORICAL AND GEOGRAPHICAL REVIEW

Original Degcription
Berly Viork and Discovery in Malaysia, Viet Nam and
Indonesia

Melioidosis since 1939
South Bast Asia
Australia
America

Melioidogis in Other Countnies

CHAPTER II THE CASES

Introduction
The Patients
Patient INumber 1
Patient Number 2
Patient Number 3
Patient Number 4
Petient Number 5
Patient Number 6
Patient Ifumber T
Pathology
Bacteriology
lorphology
Cultural Characteristics
Biochemical Properties
Pathogenicity
Antibiotic Sensitivity
Discussion
Incidence
Predisposing Factors
Diagnosis
Treatment
lMortality

SO\ A W

13
16

26
29
34
38

38
38
39
39
39

42
AT



CHAPTER III IPIDIMIOLOGY

Introduction
Method
. Results
Discussion
Habitat of the COrgeniem
Portals of Intxry

CHAPTIR IV  THE SEROLOGICAL SURVEY

Introduction
liethods
Results
Ralsed Titres
Pogitive Titres
Age and Time Spent in Fndemic Areas
Clinical Findings Among Men with Raised Titwes
Summsxry of Resultis
Discussion
The Hoemagglutination Test
Incidence of Pogitive Titres
IExposure to Surface Water in Men with Positive Titres
Popitive Titres in New Zealanders and Impatients
Clinical Features

CONCLUSIONS

BIBLICGRAPHY

Appendix I Biographical Note on It Col Alfred Vhitmore
Appendix IT The name Pgeudomonas pseudomslled

Appendix TIT Disgmoses of Impatients

Appendix IV  Diagnoses of Outpatients

Appendix V The Haemegglutination Test

56
56
57

59
60

63
64
66
66
68

69
69

72

78
79

81
82




INTRODUCTION

Melioidosis is & rare infection due to a Gram negative bacillus,
Pgeudomonas pseudomallei. The main endemic areas are Burma, lalaysia,
Viet Hem and Tndonesia but the disease has also been found in the norxrtherm
paxrt of Austrelis and Thailand, while & few cases have been reported from
the Tnited States of America and elsewhere. Most of the patients have
been diagnosed in the Far East, but & few Buropesns and Americans have
only developed symptoms after returning to the Western Hemisphere from
endemic areas (Grant and Barwell 1943, laegraith and leithead 1964 and
Patterson, Darling and Blumenthal 1967).

The author treated seven patients suffering from melioidosis while
gtationed in Malayeia and Singspore. Three of them died and it seemed
probable thet in such patients eaxrly dicgnosis wes essential so that
vigorous treatment could be started as soon as poseible. Review of the
literature showed there was a wide spectrum of clinicel forms of melioid-
osig, and serological surveys, which mainly concerned Asians, showed that
a small proportion of the subjects had raised titres of melioidosis
antibodies (Wige 1963 and Streuss et 2l 1968). In ssymptomatic individuals
these titres may indicate previous melioidosis. The author carried out a
serological suxrvey to see if non-indigencus soldiexs in Malaysia had
raised antibody titres and men with reised titres were examined to txy
to detect fealures of previous melioidosis.

Bpidemiological studies by Ellison and his colleagues (1968) showed
that P pseudomallei wes widely distributed in the surface water of
Melaysis. As they bhad not sampled the purface weter in the locslities
where the author's patients had developed melioidosis, he collected a
number of surface water samples for bacterioclogicel examination.

The history of melioidosis will be reviewed, the seven patients will
be described, and the epidemiological and serological sgtudies will be
presented. This work was cerried out while the author held the post of
Specialist in Medicine, first at the Military Hospital at Terendak Camp in
Malaysia, end later at the British Military Hospital in Singapore.
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CEAPPER I

ORIGTVAL DESCRIPTTION

- Melioidosis wes first recognised in 1911 by Whitmore when carrying
out a post-mortem examination on the body of a Burmen in Rangoon. He
obsexved lesions identical with those of glenders, but found that the
orgenism isolated from them, although Gram negative and morphologically
resembling the glenders bacillus, differed in that it was motile and grew
more luwarisntly on culbure media. In 1912 Vhitmore and EKrishnaswamy
published an account of 38 similar patients, and in the same year Whitmore
presented a paper to the Bacteriologlcal Section of the 80th Annual General
Meeting of the British Medical Association describing the characteristics
of the orgenism which he had confirmed while working in the Bacteriology
Depextment of Guy's Hospitel in Tondon.

In 1913 Whitmore published a moxre complete account of the 38 cases.
A1l were male peupers, most were morphine addicts, and in every case the
diagnosis was only esteblished after death, many of them having been
found dead on the streets. The clinical features of those observed in
hospital were fever, prostration, cough, signs of pneumonis or pleurisy,
and diarrhoea. VWhitmore described the pathological lesions noting that
they were caseous nodules, usually present in the lumgs but also affecting
the liver and spleen. The orgenism was pathogenic for guinea pigs,
producing the Straus Reaction (Straus 1889) in male snimals and death
within & few days. VWhitmore described an experiment where feeding guinea
pigs with pure cultures of the organism produced death. Many of the
morphine addicts had abscesses at their injection sites but he never
isolated Ps pseudomallei from these abscesses, nor from the regional lymph
nodes. VWhitmore concluded that morphine addiction predisposed patients to
melioidosis by its general effects and, having isolated the bacillus from
urine, he suggested that the disease was spread by infected urine and
probably by sputum among those with unhygienic hebits end living in over-
crowded sccommodation.



EARLY WORK AND DISCOVERY TN MALAYSTA, VIEST NAM AND THDONESIA

In 1913 Fletcher (1919) observed o severe epizootic septicmemin
emong animals in the leboratories of the Institute for Medical Research
et Funls Inmpur in Melaysia. The causative orgenism was isolated and
subsequently found to be Ps psoudomallei. Stanton reported humsn cases
of melioidosis from FKuals Iampur in 1917 and during the next twelve years
Steriton and Fletcher (1952) discovered 39 Asion patients in Kuala Inmpur
of whom only two survived. In addition to the clinical features reported
by Whitmore they described vesicles and pustules, enlargement of the liver
and spleen, parotitis and wild delerium in ome patient. They observed
that lesions occurred in almost every orgen in the body.

Stanton and Fletcher thought that melioidosis occurred as a natural
infection in rats, rabbits and guinea pigs, but it appears thalt most of
the examples they quote were animals in captivity. ThoyAsingle cases in
a dog, & cal and a horse, and they observed the disease could be produced
experimentally in monkeys but not in pigs and horses. These workers
observed that the Mallein Test, so useful in diagnosing glenders in horses,
was positive in one men suffering from chronic melioidosis. They found
agglutinins to Ps pseudomellei in this men's sermum. In 1921 Stanton and
Fletcher suggested the name "Melioidosis" since Greek physicisns used
the name "Melis" for a veriety of conditions resembling glanders.

In 1925 Pons and Advier (1927) diegnosed melividosis in a woman from
a2 village near Saigon in South Viet Nam, and meny more reports from Viet
Nem have followed including those of Foumier and Chambon in 1958 and
Shohy, Deller and Weber in 1967. The first Buropean found to have
melioidosis was & tea broker in Ceylon vho died after & month's illness
characterised by pleurisy and disrrhoea (Denmy and Nicholls 1927). In
1929 Mesmaxrd, Joyeux and Gaulene reported enother Huropean patient who
died from the disease in Tonkin in North Viet Nam. Gembier (1930),
writing from Phnom Penh in Cambodis, described a Russian who, on arriving
from Bengkok, was suffering from a febrile illness which proved to be
meliocidosis end was rapidly fatal. Thieg case has been cited as evidence of
melioidosis in Cambodia, but this patient most probebly acquired his
infection in Thailand.



In 1931 Gilmour described a cese in Singepore: the initial diagnosis
wag small-pox beccuse of the demnse pustulor rash, bubt the character and
distribution were atypical snd bacteriological investigetion showed that
the correct diagnosis was melioidosis. De loor, Soekarnen end Welle
reported the first case from Indonesia in 1932 and other reports have
followed such as those of Bezemer (1935) and Sudibyo (1938).

MELIOIDOSIS SINCE 1939
South Dest Asia

During World War II melioidosis ococwxrred in Allied soldiers sexving
in South Hast Asia. Grent and Barwell (1943) and Moyer and Finlayson
(1944 ) reported chronic forms which developed after the patients had left
the Fer Fast. Herries, Lewis, Waring and Dowling (1948) described
melioidosis in five West African soldiers stationed near Rangoon in Burma.
Cox and Arbogast (1945) also reported an American serviceman who contracted
the disease in Burme. Paton, Peck and Ven de Scheaf (1947) and Peck and
Zwanenberg (1947) reported cases from Banglkok. There ave also descriptions
of melioidosis emong Japanese soldiers who had invaded South Bast Asia
(Hoyakawa 1945 and Sakihare 1952). Miriclk, Zimmerman, Maner snd Humphrey
reported two patients from Guam in 1946, and Ziskind, Pizolatto and Buff
(1954) described a patient who presented after his return to the United
States of America following service in the Philippine Islands, Guam and
Okinawa..

Australis

During the last 19 years melioidosis hes appeared in northern
Mustralia. The first cese was seen in o sheep in 1949. Since then
epizootics have developed in sheep, goats end pigs as descxibed by
Cottew in 1955. The disease has occurred in Maloysia in pigs, goats (Omax
and h (Davie and Wells 1952) but the main movement of animals is from Aus€ralia o Malayst
et a:m vie and Velle, and Stanton and Fletcher 1932), so it appears
wnlikely that melioidosis was imported from Meleysia by animals. Rimington
described six human cases from the same part of northern Australie in 1962.
This sudden appearance and explosive spread among animals suggests recent
importation, probably by Australisn servicemen returming from endemic areas

after World War II.



Anmerics

A1l the cases mentioned above occurwed in or near the main centre
of infection in South Bast Asia; or the patients visited this region.
However, there are a few reportes from the United States of America, Panama
and Ecundor concerning patients who never left the American continent, and
vho had no lmown contact with imported melioidosis. NMcDowell and Varney
desceribed the first of these patients in 1947. He was a 31 year o0ld man
vho had spent two years in Paname 17 years before, but had lived in the
United States of America for the rest of his 1life; he had had meny ill-
nesses before developing persistent ulcers and sinuses firom which
Ps pseudomallel was cultured. In 1948 Beamer, Varney, Browm, lMcDowell and
Ick reported the case of a 25 year old vwoman who had not left the United
States, and in 1954 Beamer and his colleagues described the bacteriological
features of the sirains of Ps pseudomallei isolated from these two patients.
In 1951 Gexry and Koch depcribed a third patient who had never left the
United States and there are two reporis of patients contracting melioido-
sis in Panama (Joy, Soalettar end 306%'1966,: and Rubin cited by
Biegeleison, Mosquere and Cherry 1964). Biegeleison and his colleagues
described a case from Ecuador concerning a men who died following a toe
injwry which became infected. '

Ag these are the only well documented reports of the disease arising
in the VWestern Hemisphere they mexrit careful examination. According to
Biegeleison and his collesgues, the orgenism isclated by Garry and Koch
wag later shown in snother lzboratory to be a Pseudomonas of a different
species, but they give no details. Garry and Koch discussed the atypical
features of their strain, noted that Blanc, Delege and Martin (1943) had
found e similar strain, and concluded that the organism which they had
isolated was Pg pseudomallei. Biegeleison and his collesgues were also
critical of the bacteriological findings of Beamer end his colleagues,
but they are more detailed than those of many earlier accepted reports
and appear sabtisfactory according to the account given by Haynes and
Burkholder in Bergey's Mammual of Determinative Bacteriology (1957). On
the other hand Biegeleison and his colleagues accept two cases from
Panams for which no bacteriological details have yet been published (Joy
et a2l 1960 and Rubin 1964). They described their own caveful bacteriolo-
glcal studies and stated that the identification of Pg pseudomallei was
confirmed by Dr Clara Nige who has studied this organism in some detail



(Wigg et al 1956 and Nigg 1963). It seems reasonable to accept that these
were all cases of melioidosig but their origin iz not clear.

Melioidosis Other Countries

Sutmoller, Kraneveld and Van de Schaaf (1957) reported en epizootic
of melioidosis among sheep, gosts end pigs on Aruba Island in the Dutch
West Indies, but they did not comment on the source of the Infection.
Although melioidosig mey be present naturally in the islands, the nature of
this epizootic suggests recent importetion, perhaps by settlers from
Indonesia. Aruba Island is near the Panams Canal through which many
travellers pass on their way from South Iast Asia.

In 1953 Ives and Thompson reported z patient who apparently developed
melioidosis in India. He was & British mining engineer who worked for 22
years in Central India and had only travelled between Indin and the United
Kingdom. He died after s febrile illness lasting nine months and Fs
pseudomallei was isolated at necropsy. The patient deseribed by Meegraith
and Ieithead (1964) probebly acquired his infection at Chittegong which is
in Eost Pakisten near the Burmese border.

In 1961 Professor Friug in Ankere described a patient from southern
Turkey who developed a febrile illness which wes disgnosed as melioidosis
and successfully treated. Apart from this all the cases have occurred in
verm climates. Ome area which has not been mentioned so far is Africa.
In 1931 Duke reported melioidosis as the probable cause of the death of a
native of Ugonda (Duke cited by Stenton end Fletcher 1932) and the
sbaence of further reports suggests, bul does not fonfimm, that melioido-
sis is not present there.
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CHAPTER 1T

THE CASES

INTRODUCTION

Seven patients will be described. The first six were admitted to
the Militexry Hogpitel at Terendak Camp and the seventh was admitted to
the British Militexry Hospital at Singapore.

Terendak Camp is situated near lMalacca on the west coast of the
Moloyen peninsula. British, Australian, New Zealand, Gurkha snd
Malaysisn soldiers and their families were stationed there., The Terendsk
Militaxry Hospital was a smell modexn generzl hospital. Vhile the author
was there he had a close link with the United States Army Medical Research
Unit in the Imstitute for Medical Research at Kuala Iumpur, Malaysiaj
this wnit kindly carried out all the serological tests for the suthor, and
confirmed the presence of Ps pseudomallei in the positive cultures.

The British Military Hospital at Singapore is a general hospital
gitunted on Singapore Island.

THE PA S -

Petient Number 1

A 39 yeaxr old white British sergeant was admitited to hospital with a
history of increasing thirst and polyuria over the preceding ten weeks.
Hleven days before admission he had developed 2 painful swelling of the
right Imee. He hod served in Malaysia for three years and was a stereman
for most of this time. He frequently drank beer to excess, and his
father suffered from disbetes mellitus.

On examination he was obese, confused end dehydrated. His temperature
was 99.0° Tohwenheit. The right pupil was smaller than the left but they
both reacted briskly to light. There was a sparse pustular resh, the right
knee wae acutely inflamed and there were several old and recent scars on his
legs. His liver extended one inch below the right costal marging it was
smooth, firm and non~tender. The spleen was not palpable. Crepitations
were present over the lower zones of both lungs and his Dlood pressure was
110/64 millimetres of mercury.



Invegtigations The haemoglobin was 14.6 grammes per 100 millilitres,
total white count was 5,400 cells per cubic millimetre with 76 per
cent neutrophils end the erythrocyte sedimentation rate was 70 millimetres

in the first hour (Westergren). No malerie parasites were present in
numerous filme of higs peripheral blood. On admission his urine contained
sugar and acetone end his blood sugar was 276 milligrammes per 100 milli-
litres, thereafter varying between 100 and 300 milligrammes per 100
millilitres. The serum glutamic pyruvic trenseminase was 100 Smith Frenkel
wnits per millilitre. Serial portable chest radiographs showed an ill-
defined rounded opacity in the zight mid-zome (Figure 1). Pg pseudomallei
was grown in pure culture from the blood, sputum, skin pustules and from
synovial fluid aspirated from the right lmee. The urine remained sterile,
the stools did not contain any pathogens, and nose and throat swabs showed
verious organisms. The cerebrospinel fluid was normal. The electro=-
caxrdiogram showed sinus rhythm, a PR intervel of 0.24 seconds, depressed
ST segments and inverted T waves in all leads. The serum elecirolytes were
within nommal limits throughout. The Widsl Reaction, Weil TFelix, Frucella
Agglutination, Panl Bumnel, Ieptospirosis Hoemolytic and Toxoplasma Dye
Tents, and the Venerezl Diseases Resesrch ILaboratory slide test were all
negetive. The melioidosis haemagglutination titre was 12640, the
egglutination titre rose from 1:160 to 1:320 and the complement fixation
titre was 1:20. These ave all positive titres.

Progress After the initial investigations had been carried out diabetic
ketosis and septicaenmia were diagnosed and treatment was stexrted with
intravenous fluids, water soluble insulin, penicillin and streptomycin.
Within a few hours he became hypotensive requiring intravenous hydrocortisone
to restore his blood pressure. Thereafter his pressure fell vwhenever
corticosteroid supplements were temporarily withdrawm. He was a little
better on the day afier admission when melioidosis wes considered to be

& possible cause of his septicmemiz, so chloremphenicol in a daily oral

dose of 2 grammes wag started and, once the results of the sensitivity tesis
were aveilable, he was algo given chlortetracycline in the same dose. His
diabetes was readily controlled with waier soluble insulin but his general
condition slowly worsened. He developed & coarse irregular tremor, plucking
ot the bedclothes, profuse watery dinxrrhoes, and he died four weeks after
sdmission. He received 2 total of 29.75 grammes of chloramphenicol and

21.0 grammes of chlortetracycline. :



Post-mortenm findings HMany ceseous nodules and abscesses were found in
the lungs and the right middle lobe contained an sbscess 4.5 centimetres

in dismeter. The liver wes enlarged, contained o few small nodules and
histology showed marked fatty degeneretion. The kidneys contained many
tiny nodules Just visible macroscopically, and an abscess hed largely
destroyed the prostate. The spleen was enlarged. The pancreas waes
macroscopically normal and histological sections showed marked inter—
stitial fibrosis but no abnommality of the Islets of Iengerhans. Ps
poeudomallei wes isolated in pure culture from the heert blood and
abscesses in all ‘the affected orguns.

Sormory

This patient had a histoxy of thirst;, polyuris and a painful knee.
He wes found to have diabetic ketosis and septicaemia. The diagnosis of
melioidosis was established by isolating Ps psendomellei and he developed
positive hoemegglutination, a&lutina'&ian end complement fixing titres.
He died four weeks after admission to hospital despite trestment with
chloramphenicol and chlortetracycline. HNecropsy showed multiple abscesses
and falty degeneration of fthe livex.



Patient Number 1

Figure 1.

This is a portable radiogreph showing a

lower zone.

rounded opacity in the right
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Patient lumber 2

A 32 year old white New Zealand sergeant was admitted to hospital
with one month's history of malaise, neusea, vomiting, diarrhoea and
weight loss of two stones. During the five days before admission his
condition had worsened with fever, shivering, sweating, thirst and
painful swelling of both lmees preventing weight bearing.

Three months before admission he had been treated elsevhere for o
carbuncle bubt swabs had not been taken for culture. He had been in
Maleysin for a total of three years. He worked as 2 cook in an infantry
battalion and was a hesvy beer drinker.

On examination he was obese, pale and breathless at rest. His
temperature was 105.0° Fohrenheit. e hed = left ptosis and soute
inflammation of both kmees. A few pustules were present over the trumk
end limbs, and there were several small scars on his knees. Breath
sounds were diminished over the bases of both lungs but no adventitious
sounds were present. The liver extended one inch below the right costal
merging it was smooth, firm and nen~tender. His blood pressure was 120/90
millimetres of mercury,

Investisetions The haemoglobin was 13.1 grammes per 100 millilitres,
the totel white count was 9,200 cells per cubic millimetre with 75 per
cent neutrophils and the erythrocyte sedimentetion rate was 115 milli-
metres in the first hour. No malaria parasites were found in mmerous
films of his peripheral blood. His serwm bilirubin was 3.1 milligrammes
pexr 100 millilitres but other ftests of liver function were normal. The
serum electrolytes remained within nommal limits. A portable chest
-radiograph showed a raised »ight hemidisphrasm without obvious pulumonaxy
collspse or consolidation (Figure 2). The electrocardiogram was noxmal.
Ps pseundomallei was isolated in pure culture from the blood and from 2
pustule overlying the right kmee. Urine and synovial fluid sspirated from
the left knee on admission were sterile, and no pathogens were isolated
from his stools. The cerebrospinal fluid was normal. The melioidosis
hoemagglutination titre was 1:640, the agglutination titre 1:320 and the
complement fixation titre 1:20.
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Progress The initial diagnosis was septicaemia, poseibly due to typhoid
fever as there was an outbreak in Mplacca at the time. Treatment was
gtarted with orzl chlorzpphenicol end ampicillin, 0.5 grzmmes of each
every G hours. The following day he was worse with dysphagia, profuse
watery diszwhoen, an increese in the mmber of pustules, a coarse Ilrregular
tremor and plucking et the bed-~clothes. As the clinical picture resembled
the previcus patient, melloidosis wes considered to be & possible cause

of the septicaemia so treatment wag chenged to 1 gramme of chloramphenicol
end 0.5 grammes of élllortetracyclina G hourly by intrazmescular injection.
On the third day he only passed 320 millilitres of urine and his blood
ures rose to 242 milligrammes per 100 millilitres. He died suddenly on
the fourth day after admission. He was given a total of 23.5 gremmes of
chloramphenicol and 10.5 grammes of chlortetracycline.

Post-mortem Tindings Abscesses were scaitered throughout both lungs and
en inflemmatory vegitation wes attached to the endocardium. The liver
wes enlarged and showed the histological changes of cirrhosis. The
enlarged spleen contained one abscess. A diffuse abscess was present in
the subcutoneous tissue of the scalp and snother overlay the frontal
cortex of the brain. Pg pseudomallei was isolated in pure culfure from
the heart blood, the intracardiac vegetation and from sbscesses in all the
affected orgens,

Supmary

This patient had a history of malaise, weight loss and painful
Imees. He was febrile, had a sparse pustular rash and acube infleammaetion
of both knees. The diagnosis of melioidosis wes established by isolating
Pg pseudomallei, and he had positive haermsgglntination, sgglubtination and
complement fixation titres. He died four days after admission to hospital

despite treatment with chloramphenicol and chlortetracycline. Necropsy
revealed multiple abscesses and hepatic cirrhosis.



Patient Number 2.

Figure 2.

This is a portable radiograph showing only a raised right hemidiaphragm.
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Patient Iumbex 3

A 26 year old Maori infantry soldier was admitted to hospital with
a four day history of malaise, hesdoche, lassitude, tighitnmess in the chest
and watery brown diarrhoea without blood or micous. He had been in
Maleysia for five wecks.

On examination his temperature was 106.6° Fehrenheit. He hed o
few pustules on the trunk and axms and signs of consolidation over the
niddle and lewer zones of the right lug. There were numerous old and
recent gcars on both legs. IHis blood pressure was 120/70 millimetres of

MerCcuTy.

IDnvestigations The haemoglobin was 12.2 gremmes per 100 millilitres,

the total white coumt was 16,000 cells per cubic millimetre with 88 per
cent neubtrophils and the erythrocyte sedimentstion vate was 101 millimetres
in the first hour. No malaris parasites were found in numerous films of
hig peripheral blood. Sexizl chest radiographs showed cavitated segmental
consolidation in the xight middle lobe and in the apical segment of the
right upper lobe vhich gradnally healed (Figures 3 to 5). Stool cultures
did not show any pathogens and wrine and blood cultures were sterile,
Serial sputum and slkin swabs produced growths of various orgenisms. His
Heaf test was positive, Grade 2. The routine serological tests listed
for Patient mumber ome (page 10) were zll negative. The melioidosis
heemegelutinetion titre rose from 1:10 to 1:320, the agglutination titre
rose from 1:10 to 1:160 and the complement fixation titre rose from 1:5 to
1:20. These are all rises to diagnostic levels,

Progpess A few hours after admission his condition worsened with profuse
wetery diarrhoes, 2 cough productive of mucopurulent sputum, right sided
pleuritic pain, confusion, coarse tremors and plucking at the bedclothes.
The initial disgnosis was acubte pneumoniz perheps duwe to Klebsic
Dneumonise, He was given 0.5 grarmes of tetracycline orally every 6 hours
wvith slow improvement after the first few days. A month after admission
his melioidosis heemagglutination titre was found to be positive but es
he was improving chloramphenicol was not added +o his regime. Although
he required a long period of convalescence he was entirely well when last
seen six months after admission and he was lmown to be well 21 months later.
He received a total of 100.5 grammes of tetracycline.



7

Sunmazy

This patient had a four day history of malaise, tightness in the
chest and diaxrhoea. On exanination there was evidence of right sided
pneunonia which was confirmed rediogwraphically. The diagnosis of
melioidosis was estzblished by a rise in the titre of all three serological
tests. Slow bub setisfectory improvement followed treatment with oral
tetracycline.
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Patient Iumber 4

A 32 year old white British infaniry sergeant was admitted to
hospital with one day's history of fever, headache and malaise. He had
been in Helaysia for seven months. He was 2 keen footballer who had
received meny minor injuries, and one monih before admission he had
received on extensive abrasion which had become infected but swabs had
not been taken for culture.

On exemination his temperature was 100.2° Fahwenheit, there were
several scers on his legs bul no other sbnormelity was detected. His
blood pressure was 114/68 millimetres of mercury.

Investigations The haemoglobin was 14.8 grammes per 100 millilitres,
the total white comnt was 9,200 cells per cubic millimetre with a normal
differential count end his exythrocyte sedimentation rete was 25 milli-
metres in the first hours Wo maleoris porasites were found in numerous
filmgs of his peripheral blood. The only abnormal liver funciion teat was
& raised bete~globulin on electrophoresis of his serum proteins. Iy
pgevdomalliel was isolated in pure culture from his gputum. His urine was
sterile and no pathogens were isolated from his stools. His Heaf test
wag positive, Grade 3.« His chest radiograph showed a rounded cavitated
opacity in the left upper zone 1.5 centimetres in diameter (Figure 6)
which enlarged before resolving (Figures 7 to 10). The melioidosis haem-
agglutination titre rose from 1:40 to 1:640 and the agglutination titre
roge to 1:160 but no complement fixing antibodies were detected., :

Progxesg The clinical diagnosis was pyrexia of unlmown origin but this
wag changed to lung abscess when the ebnormality on his chest radiograph
was found. A course of cloxacillin produced no improvement so pulmonaxry
tuberculosis was tentatively diagnosed and triple chemotherapy prescribed.
Despite this he deteriorated with 2 non-productive cough, enlargement of
his liver and spleen, elevation of his exythrocyte sedimentation rate to
79 millimetres in the first hour and the lesion on his chest radiograph
enlarged. Two months after admission he developed haemoptysis and a few
days later Ps pseudomallel was isolated from his sputum. His treatment
was at once chenged to chloramphenicol, 3 grammes daily by intramscular
injection, and chlortetracycline, 3 grammes daily by mouth. He improved
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satizfactorily and when last seen four months after his dischexge from
hospital he was entirely well. A report was received 18 months later
that he remained well. His total antibiotic treatment was €9 grammes of

chloramphenicol and 93 grammes of chlortetracycline.

Suzmazy

This patient had a 24 hour history of malaise and fever, and the
principal finding was a cevitated opecity on his chest rediograph. The
diagnosis of melioidosis was established by isolating Ps pseudomallei from
his sputum and by the development of positive titres of melioidosis
hoemagplutining and agglutinine.© He responded setisfectorily to chloram-
phenicol and chlortetracycline. ' |



Patient Number 4

Figure 6.

This radiograph shows the cavitated opacity in the left upper zone.
(This film was taken on the day after this patient's first admission to
confirm the abnormality; this is why it has the number 2. It shows the
cavity better than the first film.)
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Pationt Number 5

A 31 year old Meori infantry soldier was admitted to hospital with
a two day history of malaise, anorexia, shivering and sweating. His
gtools had been loose but had not contained any blood or mucous. He had
been in Malaysia For nine months and he had been drinking very heavily
during the month before admission.

On examination his temperature wes 104.2° Fohrenheit. There were
‘meveral vecent abrasions on his lege and gigns of consolidotion over the
middle and lower zones of the left lung. The liver exbtended one inch
below the right costal marging it wes smooth and soft but not tender.
His blood pressure was 110/64 millimetres of mercury.

Investigations The haemeglobin wes 14.8 prammes per 100 millilitres, the
 total vhite cownbt was 20,000 cells pex cubic millimetre with 88 per cent

neutrophils and the erythrocyte sedimentotion rate was 96 millimetres in
the first hour. No malaria parasites were found in films of his peripheral
blood. The liver function tests wers normel apart from a2 rise in the serum
glutamic pyruvic trenseminase to 56 Smith Frankel units per millilitre.
Serum electrolytes were within normel limits bul the blood urea rose
terminelly to 83 milligrammes per 100 millilitres. The chest radiograph
initially showed consolidation in the loft lower zove (Figure 11) and later
in both lower zemes (Figure 12). Ps pseudomallei was isolated in puve
culture from the blood and sputum. His urine and swabs from pustules were .
sterile. Stool culture did not show any pathogens. The melioidosgis
haemsgglutination, agglutination and complement fixetion tests, and the
routine serological tests listed for paticnt mmber one (page 10) were all
negotive. '

Progress On the evening of admission he developed & cough productive of
tenncious mucoid sputum containing a few strecks of blood. Intramscular
penicillin was started. After 24 hours a blood culture contained an
orgenism with the appearance of Ps pseudomallei. Treaiment was al once
changed to intravenous chloramphenicol and chlortetrecyeline, 6 grammes of
each every 24 hours. Despite this he worsened with signs of consolidation
over the right lung, dysmoaa, cyenosis, profuse walery diarrhoea, & sparse
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pustular rash and mental confusion. Ie was given oxygen, physiotherapy
and, later; bronchoscopy and tracheostomy were carried.out, but he died
on the fifth day after admission. During the last 86 hours of his illness
he received 21 gremmes of chloramphenicol end the same dose of chlor-
tetracycline, both intrevenously.

Pogt-mortem Findings Bobh lungs showed widespread bronchopneumonis and
mzl"biple abecesnes, There was histologicel evidence of hepatitis and
myocarditis, and the spleen showed septicaemie changes. Ps pseu 3
wag isolated in pure culture from heart blood and from all abscesses
sanmpled.

Swumery

This patient had a two day history of malaise and fever. On
exanination he had gigns of left sided pneumonia vhich was confirmed
rediographically. Pg pseudomallei was isolated from his blood and sputum
but he did not have any homologous serum antibodies. He died five days
after admission despite treatment with intravenous chloramphenicol and
- chloxrtetracycline, and vigorous supporiive measures. lecropsy showed
widespread bronchopneumonia snd multiple lung abscesses.
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Patient Mumber 6

L 36 yeex old white British housewife was admitted to hospital with
& two month history of maleise, lethergy, headache, weight loss and
recurrent sore throats associated with fever. ©£he did not have a cough.
Three weeks before admipsion she had noticed aching pains in her wrists,
elbows, lmees and ankles. Ghe had been in Melaysis for two years and
wag a keen gerdener.

On exomination hoy temperature was 100.4° Fehrenheit. There was
pain on passive movement of all the affected joints which were waxrm and
slightly tender. &he had a few small scars on her hands and one on her
right lmee, but there were no other ebnommalities. Her blood prossure was
104/72 millinmetres of mercury.

Investigations The haemoglobin was 10.5 grammes per 100 millilitres,

the totel white count was 7,300 cells per cubic millimetre with 84 per
cent neutrophils end itle exyilirocyte sedimentation rate was 78 millimetres
in the first hour. No malaris parasites were foumd in the periphemal
blood films., The liver fumction tests were normal apart from a raised
alpha 2 globulin on electrophoresis of the serum proteins. Sewial chest
radiographs showed a cavitated opacity in the left upper zone which
worsened before clearing (Figures 13 Yo 18). Repeated blood cultures,
urine cultures, gostric washings and lsryngeal swabs were negative on
culture. Her Heaf test wes positive, grade 3. Serum wos tested on three
occasions for rheumatoid factor. In the second specimen the latex test
was weakly positive and the Rose Waaler test was positive, but the other
semples were negative. The specimens sent for the mmbi-streptolysin "O"
titre were 21l reported to be wnsuitable for testing. lNo entimmclear
factor was present, nor were lupus erythemetosus cells found, the semm
wric aeid was nomal end the Gonococeal Complement Fixation Test wes
negative. The routine serological procedures listed for Patient mumber
one (page 10) were all negative throughout. The melioidosis hasmagprlutina-
tion titre zose from 1:40 to 12160 and the agglutination titre rose from
1210 to 1:160 but no complement fixing antibodies were detected.



Profpess  While the initial investigations were being carried oub she
was given methicillin, but she remained febrile and developed a dry
cough. The chept radiograeph showed slightly increased consolidation after
two weeks so pulmonary tuberculosis was suspected and triple chemotherapy
prescribed. This did nmot produce any clinical improvement and the
appearence of the chest radiogreph did not chenge. After anothex two
weeks 0.5 grommes of chlorbetracycline every six hours were added to hex
regime because ndioidosis was considered Yo be a possible cause of hew
iliness, Ghe slowly began to improve. Six weeks after sdmission hew
melioidosis haemagglutinetion titre rose to a disgnostic level; as she
was improving chlortetracycline was continued alone. She made an
uneventful recovery and one year a.i‘ter_her discharge & report was
received that she remained well. She received a total of 66 grarmes of
chloxtetracycline.

Sumery

This women had two months'! history of malaise, weight loss and vague
Joint pains. On exanination she was febrile and her chest rediogreph
showed o cavitated opacity in the left upper zone. Ulelioidosin wes
suspected when she failed to mespond to methicillin followed by anti-
tuberculous chemotherapy, and confirmed by diagnostic rises in the
hoenmegglutination and agglutination titres. She responded slowly but
satisfactorily to oral chlortetracycline.
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tient Bumber 7.

A AT year old white British housewife wes admitted %o hospital with
2 two week history of malsise, headache znd fever but no cough. Ghe had
been in Melaysie and Singapore for a total of two years end nine monmths.

On examination her temperature was 103.2° Fahrenheit and her spleen
wag palpable bul no other abmormality was found.

Investigntions ‘The haemoglobin was 12.8 grammes per 100 millilitres,

the totel white count was 10,200 cells per cubic millimetre with 86 per
cent neutrophils end the erythrocyte sedimentation mate was 65 millimetres
in the first hour. No malaria parasites were found in her peripheral
blood films. Her chest radiograph showed en ill-defined imvegular cavitated
opacity in the left middle zone (Figure 19) which worsened before it
gradually cleaved (Figuves 20 %o 22).  Her Heaf Test was negative.

Pg pseudomalled was nob cultured fiem the single specimen of sputun she
covghed upy nor wes it iselated from laryngeal swabs, blood or urine.

The melioidosis heemagglutination titre rose from 1340 To 1:2560, the
agglutination titre rose to 13320 end the complement fixation titre rose
to 1340« The rowtine serological tests licted for Patient mmber one

(pegé 10) were all negative.

'_E;_d@sg The initial dia@osié was aspiration pneumonia and she was given
250 milligrames of chlorbetmacycline every six hours by mowth, but hex
condition graduslly worsened with persisting fever, dry cough end enlarge-
ment of her spleen. As soon se the disgnosis of melisidosis was suspected
from her rising hsemsgglutination titre, the dose of chlortetracycline was
inoreased to 1 gramme every six hours by mouth and she wes also given 1
grorme of chloramphenicol every eight hours by intramscular injection.
Clinical and radiographic response wes sstisfactory but five weeks after
starting chloramphenicol she developed pancytopenia with a haemoglobin of
7.0 grammes per 100 millilitres, a total vhite cowmt of 2,400 cells per
cubic millimetre and a platelet count of 100,000 cells per cubic millimetre.
Chloramphenicol was stopped. She mede a satisfactory recovery from this
incident and by the time of hor dischaxge she was well, her blood picture.
was noxmal snd hor chest radiograph was clesr. Ghe received a total of
112 grammes of chlorsmphenicol and 107 gremmes of chlortetrecycline.



35

Surmair

This woman hed & $wo week history of melaise end fever. Her spleen
wes pelpeble and her chest radiograph showed an ill-defined opacity in
the left middle zone. The diagnosis of melioidosis was established by
o rise in the titves of all three serological tests. She responded
satisfactorily to chloramphenicol and chlortetracycline although her
recovery was complicated by a trensient episode of pancytopenis attributed
o chloremphenicol.
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PATTIOLOGY

Thess case and necropsy reports showed that lesions occurred most
froquently in the lungs and, in descending order of frequency, in the
liver, spleen and kidneys, but almost evexry organ could be affected.

The lesions sterbted ss micwoscoplc focl which developed into inflametory
nodules end multiple nodules coalesced to form abscesses.

The lesions were characteristic. They started as collections of
nentrophils surrounded by zomes of congestion. When lavger they had
centres of necrotic, pink staining, caseous meterisl containing nmuclear
debris, surrounded by a nerrow zone of move proliferative ectivity with
Iymphocytes and histiocytes, end a thin developing capsule of fibrous
tissue. At the periphery intensely congested dilated eapillarics formed
a distinctive collax sharply demarcating the lesion from the surrounding
tissue. Grem negetive bacilli were not demonstrated.

BACTERTOLOGY
All the ptreing were identical.

Hoxphology

The orgenism was a short Grem negetive rod with rounded ends
showing no characterdstic arrangement. Bipolar staining was well
Gemonstrated in Ieishman steined films. Tt was actively motile st 37°
and 24° Centigrede.

Cultural Charsoteristics |

o growth wos observed on blood cgor affer 24 hours incubation at
37° Centigrode, it after 48 hours smooth, wound, low convex, translucent,
greylsh vhite colonies one or two millimetres in diameter sppearved.
Farther incubation produced large rough wrinkled colonies snd slight
heenolyeis. g

Small pink "poached egg" colonies appeared on locConkey Agex after
48 houra incubation.

Tubtrient agar incorporating 3 per cent glycerol and 1:200,000
crysial violet (Miller et al 1948) proved to be the most useful medium
for the study of this organism. Colonies, deeply tinted by the dye, were
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vigible after 24 hours incubstion at 570 Centigrade. They gra.&ually
enlerged o o meximm Of seven millimetres affer 14 days incubstion when
they hod a dry wrinkled beaten-zluminium sppearance.

Pyenty four hous incubation at 37° Centigrede in mutrient broth
produced an even turbidity and an early surface ‘pellicle. A heavy
viscous deposit appeared efter a few days.

" Blochemicel Broperties y

 There wes o faint acid vesction without gas formation after 24
hours incubstion with glucose, sucrose, moltose and mammite; no further
chsnge occurred after 21 deys. Adomitol, dulcitol and lactose gave no
recchion after 30 deys incubation at 51° Centigrede. These veactions
were studied using peptone water and Andrade's indicator. It is Jmown
that weal end unrelisble gugar reactions oceur in liquid media when the
orgenism oxidises ouge®y and this wae assumed heve so the exidation
fermontation test was not carried out (Hugh and Leifson 1955 end Cowan
and Steel 1965)s

Catalose wes produced, the oxidase test was positive, gelatin was
‘1iguified and growth occurred in Potessium Cyanide medium. Neither
indole nor hydrogen sulphide were produced and urease sctivity was absent.

Paihomenicity

Temale guines pige died on the fifth day after intre-peritoneal
inoculation of 0.05 millilitres of 1:10 end 15100 dilutions of overnight
broth culiures. At necropsy nodules were present in the lungs and
transverse colon. The organiesm wes icolated from the nodules and from
heart blood. DMale animals could not be oblained to demonsiraie the
Strous Reaction (Straus 1889).

Antibiotic Sensitivity

: A11 strains were markedly sensitive to chloramphenicol, moderstely
sensitive to the tetracyclines, particularly to chlorteiracycline, and

- glightly sensitive to novobiocin, sulphetriad, ampicillin end neomycin.

- They were resictant to benzylpenicillin, methicillin, cloxacillin,

streptomycin, erythromycin, cephaloridine, fucidin, colemycin, kanamycin



and polymyxin B. These findings were identicel in necropsy isolates.

Sensitivity wos tested using "Multodiske” (Messrs. Oxoid Itd.) but the
technique used was not sufficlently reproducible to allow the mininmm

inhibitory concentrations to be estimated.

Where possible sensitivity tests were carried out daily during
treatment. Mo evidence of drug resistance developed. Simple tests
showed no evidence of synergism or antagoniem between chloramphenicol
and ‘the betrecyclines, but sophisticated technigues such as those
described by Gerrod and Waterworth (1962) were not aveilsble.



cidence

Thege patients presented over the course of two and a half years
in & comparatively 'ma:l.l population and no other cases of melioidosis
were disgnosed in Vest Malaygis during the same period. Vhitmore's
wveport of 38 cases discovered in Rangoon in one year appears to be the
highest documented incidence, though Cooper (1967) indicates a high
incidence among Americen soldlers in South Viet Nam. Stanbon and Tletcher
(1932) reported 39 patients discovered in end around Fusls Immpur over
'bwelﬁn years and this is probably a higher incidence than ihe authorts
There Have only béen océasionsl reports from Malnysie since then, mocent
ones being those of Khaira, Young and Hart in 1959, Montgomery in 1963
and Baird ond Meers in 1965. Host early reports concemed Agian patients
but recently many of the publiéhad acoounts have been of non-indigenous
pationts suggesting that cases among Asisns are being missed. The
sporadic pattern of the reports and the change in the type of patient.

. suggest that nelioidoeis is only diagnosed where there ie not 'only
awereness of its exdstence but also edeguate laboratory facilities for
isolation and identification of the causative orgenism. Stanton end
Flebcher (1932) estimated from their necropsy findings that melioidosis
was vesponsible for 200 desths in the Federabed Malay States every year,
but it is impossible to estimate the incidence of melioldosis at the
present time, It is probably more common then is realised.

Predisp osing Factors

Thore was evidence of pre-existing disease in the first two fatal
cazes end possible in the third, Patient 5. tvients 2 and 4 had local
cubaneous infections before the onset of melioidosis, and the single
poai‘b-ﬁe Roze Wealer Test in Patient € may haye been due to early rheumetoid
arthritis but is of doubiful significence. Thus only patients 3 and 7 were
definitely well before they developed melioidosis.

Predisponing factors have been mentioned. by o mumber of writers.
The genoral effect of morphine addiction has already been noted, the
patient described by MeDowell end Varney (1947) hed = long history of
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- porious infections and five of the gix petients Rimington deseribed in

" 1962 had severe undorlying disesse. Momtgomery (1963) sugsested that
ddabotics are particularly liable to melioidosis, but diabetics ave
susceptible to zll bactexisl infections. Kalazar, pertussis and syphilis
have boen memtionod ag predisposing foctors, but there are no xeports
 of Luberculosis predisposing patients %o melioidosis. Although Tournier
and. Chambon (1958) considered that predispesing factors were important
there do not oppenr to be any conditions perticularly associated with
melioiflosis. gw-appews Yo be & widespresd ususlly '
avimlont orgenism vhich ravely becomes egbablished in the body unless
vepistance is lowersd by some other comdition.

Disgnosis _

- Mthough a review of the literature shows that melioidosis
‘produces very varieble clinical fegtures even in the acute form, the
clinical pictures of the suthor's acutely ill patients were remnrlably
alile. There was ovidence of seplicasmiz, pneumonis, profuse watexry
dinawhoea, confusion, cosrse tremors end pluclking at the bedelothes,
The sub-zcube cases had various clinical festures but were all febrile
and they 21l had pulmonavy lesions. Several classifications of melioidosis
have been suggested and the sub-division into acute, sub-acute and chronic
forne put forwsad by Alain, St Btienme and Reymes in 1949 is the most
prectioal., Patients 1, 2 and 5 had acute melicidosis and the remsinder
~ had sub-scute melioidosis.

Simple laboratory invesbigations helped little towards dingnosis.
Mo patients hed o marked newtrophil leucocytosis and three had a
relntive neutrophiliz, the highest newtrophil response being in one of
the fatal ceses and the lovest in ome of the moderately sovere ceses.
Othor sccownts show equally varisble findings. Raiced cxythrocyte.
pedinentetion rates were, hovever, prominent in these patients during
active infection varying from B§ fo 115 millimetren in the first hour.
High eryihrvocyte sedimentation rates have not been emphasised by othexr
anthors, but the very high velues found in Patients 2 and 5 on admission
were helpful in moking an early diagnosis, However high erylhwocyte
gedimentation rates are found in meny conditions. 2
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Like other workers the author concluded that the most satisfactory
method of diagnosing melividosis is to isolate Pg pseudomallei and
demonstrate rising homologous entibody titres, but if isolation is not
possible it is necesgery to rely on antibody studies alone. The
bacillus wes isoleted from the blood in all the acule cases and the
presence of bipolar rods in blood cultures from these patients after 24
hours incubation was tihe first bacteriological indication of the diagnosis.
Other workers have also found blood culture to be a valuable investigation
(Whitmore 1913 and Fournier end Chembon 1958). Cultures should be taken
fron all febrile patients suspected to be suffering from melioidosis,
since patients who have positive blood cultures are likely to be just
those in whonm early diagnosis is vitally important to save their lives.

Ps pseudomallei was also isolated from sputum, pustules and synovial
fluid from the acutely ill patients. Iutrient agar containing glycerol
and crystal violet proved to be particularly useful for isolating this
orgenism and colonies were visible earlier on this medium than on any
other. Although Miller and his colleegues first described the medium in
1948, it does mot appear to be widely used. TFoumier and Chambon (1958)
end Cooper (1967) do not mention it although it was used by Sheshy, Deller
and Weber (1967) and some other Americen wwiters. It wes used routinely
in the U.S. Axmy Medical Reseaxch Unit at the Institute for Medical
Research in Kuala Inmpur and in the laboratory at the Terendak Military
Hogpital.

 Pg pseudomellei was isolated from only one of the sub-acute ceses,
the remainder being disgnosed by rises in their antibody titres. Heither
the agglutination nor the complement fixation tests differentiate between
Ps pseudomallei and Ps mallei, but the hoemagglutination test is specific
for Ps pseudomellei and more sensitive then the other two (Fournier and
Chambon 1958). Several workers including Darby end Mendez (1960) have
degcribed patients disgnosed-by serological methods alone. However
Patterson, Derling and Blumenthal (1967) point out that serological studies
ghould not be relied on to disgnose acute cases, for they may die without
developing antibodies. Patient number five wos one such patient. It
therefore appesrs that the place for serological studies is in the
disgnosis of the less acute forms of melioidosis.



Although none of the patients presented with pulmonary symptoms
they all had pulmonary abnormalities on their chest radiographs smd these
were the principal findings in the sub-ocute cases. The abnormalities
varied bubt four patienis had caviteted lesionss in two patients these
lesiong were tentatively disgnosed as pulmonaxy tuberculosis and this
condition wes also considered in the other two. Cooper (1967) mentions
that pulmonary infection appears to be the most common presentation, and
Toumier and Chambon (1958) and Spotnitz, Rutnitzky and Rembaud (1967)
indicate thet pulmonary cavitation and confusion with pulmonary tubercu-
losis are cormon. Fowrnier and Chambon also mention that pulmonary
lesions are often bilateral; +his wes true for the authorts acute cases,
but none of his sub-acute cases had bilateral radiogrephic changes. It
appears that melioidosis should be considered in the differential disgnosis
of all patients with pulmonary abnormalities on their chest radiographs.

Profuse watery diarrhoea was prominent in the acutely ill patients
and the ensuing electrolyte disturbance was probebly partly responsible
for the fatalities. Vhitmore in 1913 and Stanton and Fletcher in 1932
mentioned diaxrrhoea as o feature of melioidosis but since then other
writers have ravely commented upon it. Though meny of the acute
diarrhoeal illnesses occurring in endemic areas are relatively benign,
melioidosis may be fatal. It seems prudent therefore, to confider
melioidosis in the differentiel disgnosis of all such patients presenting
in endemic axeas.

Trentment

Tntil the discovery of antibiotics, supportive measures and
surgical drainsge of abscesses formed the only treatment for melioidosis.
llow, though vigorous supportive measures and drainage of accesgible
ebscesses may still be requived, chemotherapy is the most important part
of treatment.

The three patients suffering from acute melioidosis were treated
with chloramphenicol and chlortetracycline. Patient 1 died following
conventional doses of both drugs so Patient 2 was given larger doses.
After Patient 2's death it was decided to treat any further acute cases
more intensively and Patient 3 was given 6 grammes of each drug intra-
venously evexy 24 hours, but he also died.



45

The remaining four patients had sub-acute melioidosis. Two
patients, numbers 4 and T, were diagnosed before definitive chemotherapy
wag started, and responded satisfactorily to intramisoular chloramphenicol
and oral chlortetracycline in doses of 3 or 4 grommes daily. Patient T's
response was interesting: before the diegnosis was established she was
slovly deteriorating while receiving chlortetracycline alone but improved
rapidly as soon as chloramphenicol was added to her treatment. The other
o patients, numbers 3 and 6, were given tetracyclines slone and only
improved slowly. ‘

All writers agree that chlorvamphenicol is the drug of choice in
the treatment of melioidosis, and Fournier and Chambon (1958) recormend
3 or 4 grammes daily for several weeks, implying that this is adequate
even for septicaenmic cases. However this dose was insufi‘icient for two
of the author's septicaemic patients. According to recent American
accounts from South Viet Nem (Cooper 1967 and Sheehy, Deller and Weber
1967) the best chemotherapy for acute cases is a combination of chlor-
amphenicol, kanamycin and novobiocin, 2ll given intravenously in messive
doses. laboraiory studies of the action of this combinetion on
Ps pscudomallei have not yet been published, but asre due to appear
shortly (Weber, Stalkemp and Dougles cited by Sheehy, Deller and Vebex
1967). Kanamycin was not comsidered by the suthor for all the strains
isolated from his patients were resistant to this drug in vitro and at
that time he wes not aware that the Americans were using it. Furthermore,
Meegraith and Ieithead (1964) mention that their patient was vmable to
tolerate 1 graxme of kanamycin daily for more than five days, so at the
monent it is difficult to determine the place of the large doses (4 grammes
per 24 hours) recommended by American writers. There was only very slight
sensitivity Yo novobiocin in vitro, and as there are contraindications to
prescribing & bacteriocidal agent with bacteriostatic drugs such as
chloramphenicol and tetracyclines (Jawetz end Cunmison 1952), novobiocin
was not given.

Khaira, Young end Hart (1959), writing from Kuela Iumpur, success—
fully treated three patients suffering from sub-acute melioidosis with
chloramphenicol and tetracyclines prescribed in moderate daily doses in
short courses of one ox two weeks. The sirains of Pg pseudomallei
isolated from the author's patients showed greater in vitro sensitivity
to chlomaphénicol and chlortetracycline than to any other antibiotics
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and peveral workers have made pimiler observations. In addition, in -
the only publiched accounts of the in vitro action of antibiotic
combinations on Pg peeudomalloi the authors (Chembon, Iajudie and
Fournier 1954 end Fournier and Chambon 1958) found that this combination
is more often synergistic than any other. However Chombon (1955a)
observed thet this combination may induce resistance to chloramphenicol
in the laboratory but the author has been umable to trace any other
report confirming this work. Fournier and Chambon mention that several
French authors found resistance to chloramphenicol developing in
patients treated with this drug 2lone but it appears that they were
gilving smell doses in long courses. All these reports came from Viet
Nam end there have been no repoxrts of drug resistance in Malaysia ox
elsevhere, so it was decided to prescribe chloramphenicol and chlomr-
tetracycline together. No resistance developed in the authort's patients
and the combination was satisfactory in Patients 4 and 7 vho improved
more repldly than the patients treated with tetracyclines alone.

Patient mumber seven developed pancytopenis after a month's
treatnent with chloramphenicol. Blood dyscrasiss are a well known
complication of chloramphenicol therapy occurring in 1:10,000 to
1:100,000 patients receiving the drug according to Dunlop and Murdoch
(1960). In view of the poor prognosis of severe melioidosis the suthor
has no doubt that chloramphenicol should be prescribed as soon as the
diagnosis is reasonably certain. In acube ceses and in cub-scute cases
not responding to conventionzl therapy, it appecxrs that dosage should be
higher then that given to Patient nmumber five, and ten or twelve grammes
. per 24 hours are probably required for such patients as indicated by
- Americen writers. The drug should probebly be given intravenously at
first, the course lasting at least four weeks. In acute cases it seems
advisable to add other drugs, the choice depending on sensitivity tests
and previous experience in the 1oea.li'by; Chlortetracycline appeared to
be the choice in Malaysia but kanamycin and novobiocin may be better
elpevhere. However,; until the ZAmericens publish full details of their
experience in Viet Nem it is difficult to determine the most satisfactory
trectment for acute melioidosis. In sub-acute melioidosis 3 or 4 grommes
of chloramphenicol and the same dose of chlortetracycline will probebly
be sufficient. In mild ceses chlorteiracycline alone may be adequate as
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shovn by Spotnitz, Rudnitzlky and Remboud (1967) who successfully treoted
nine patients suffering from dulmonary melioidosis with tetracyclines
aglone.

Moxrtality

The mortality among the author's patients was 3 out of 7 or 43 pexr
cent, and the three patients who died were suffering from acute melioidosis.
Before the introduction of chemotherapy the mortality rate wss 95 to 100
per cent for all cases (Whitmore 1913 and Stanton and Fletcher 1932) btut
since the discovery of antibiotics the mortality has fallen. It was 31
per cent in the French Expeditionary Torce to Viet Nam in the eaxrly
1950's and 23 per cent among Patients in the care of the U.S. Army Medical
Services in South Viet Nam in early 1967. However these rates are not
entirely compaxeble for the proportion of scute cases is not Imown, and
as recently ac 1967 Sheehy, Deller and Weber indicated that the mortality
in acute fulminating cases moy still exceed 90 per cent. Although the
overall prognosis is very much better than it was, much remains to be
done to reduce the mortality.
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CHAPTER I I T

LEIDITIOLOGY

JLITERODUCTION

Vhitmore originally suggested thal melioidosis was spread by infected
excreta contaminating food and water, end the form of the epizocotic in
1913 in Foala Lumpur suggested to Fletcher (1919) that the infection was
due to soiling of foodstuffs by rat excreta. These suppositions appear
to hove led to e widespread belief thot the disease is spread by xodents,
especially rats, but review of the litersture shows no evidence to
support this view. In fact there is considersble evidence to the contrary.
Stanton and Fletcher (1932) observed that melioidosis was rore smong the
large number of rats examined at Kuala Immpur. Necropsy examination of
20,000 rats at the Pasteur Institute of Saigon did not show any of the
characteristic lesions and blood culture of several thousand of them were
negotive (Delbove end Reymes 1942). IHorries and his colleagues (1948) did
not find melioidogis in 500 rats exsmined at Rangoon. Strauss and his
associates (1968) carried out a careful study of 421 rats trapped on
Carey Islend off the west coast of lalaysia, an island where melioidosis
is endemic, and their only positive finding was one rat with a haemagglu-
tination titre of 1:80.

On the other hand there is an increasing body of evidence that
Ps peeudomallei is present in surface water. Vaucel (1937) infected
guinea pigs by immersing them in lekes and rice paddies in Viet Nem after
scarifying their flanks and legs. Chambon (1955b) found seven strains of
Ps pseudomallei in 150 specimens of water, earth and mud collected from
lokes, stresms and rice paddies around Saigon. Iews and Hall (1964)
discovered Pg pgeudomallei in water specimens collected at Townsville in
northemn Australia, and Ellison and his colleegues (1968) found the
orgenism in meny parts of Melaysia, but they did not study Terendak Camp
or Singapore Island. The author therefore collected samples in these
latter areas.
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Samples were collected in sterile conteiners and sent to the U.S.
Army HNedical Regeaxch Tnit at the Imstitute for Medical Research in
Kuala Inmpur where they were exemined. Two millilitre doses of watexr
were injected intraperitoneally into weanling hamsters. Heart blood of
all hamsters dying between the first and gixth days after injection was
Inpculated on to three per cent glycerol sgar containing 1:200,000
erystel wvioclet. Colonies that appeared to be Bs pseudomnllei were
exanined by the methods previously outlined. This technique is described
by Strouss and his colleagues (1968) who used it in their study of Carey
Islend. It was also used by the same group (Ellison et al 1968) in
their study of the surface woter of lalaysia.

RESULTS

Thirty one specimens were collected at Terendsk Camp from playing
fields, the golf course, drains, streams and private gardens. Twenty
of them contained Ps pseudomallei. At Singapore 121 samples wexe
collected from playing fields, a golf course, drains, streams, private
goxrdens and the roadside. Ps pseudomallei was isclated from eight
gpecinmens. The resulis are tabulated below.

No.of Samples Ho.Positive Percentoge
Terendak 31 20 64.5
Singepore 121 8 6.6

DISCUSSION

Iabitet of the Organism

The collection of waler samples was not systematic, but the
positive results show that Ps psoudomallei is present in the surface water
and can be readily isolated, especially at Terendsk. This is the first
report of Pg pseudomsllei in the surface water of Singapore. This technique
appears to be a sensitive method for deteeting the bacillus in surface
water.
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During this study the author observed that Ps pseudomallei was more
frequently isolated when the water was fresh than vhen it had been lying
for some time., Many of the positive isolates were from specimens
collected shortly after rain had started to £2ll. Similexly Strauss and
his colleagues (1968) observed that the ongenism was isolated from
drains on Carey Island more often after rain than during dry periods.
Rain either improves the conditions for multiplication of the bacillus
or washes it oul of the soil into the surface water. The latter suggestion
is leps likely since the orgenism has only ravely been isolated from soil.
The type of soil may bBe relevant but hydrogen ion concentration and
exposure to the mun seem to be wmimportent. The disappearance of the
bacillus from water which has been lying is curious since it swrvives fox
months in specimens kept in the leboratory at room temperature (Strauss
et al 1968).

French workers observed that meliocidosis frequently occurred during
the wainy season (Fournier and Chembon 1958), Patient muiber seven
developed her infection towards the end of en exceptionnlly wet season in
Singepore. Despite widespread flooding in Malaysia and Singapore ot this
time no other ceses of melioidosis occurred in Singspore, and none were
found in Kuals Iumpur, Malacca or Kota Bohxu (personal commmications from
Snelling, Eapen and Cheah Tjong Siong in 1967). It may be thet although
a little rain is associated with an increase in the mmber of Ps pseudo-
mallei in the surface water, massive flooding washes them awey in the
same mammer a8 Ieptospirae.

Portels of Intry

It appears to be more likely that melioidosis is ascquired from
surface water than from rats. Although Ps pseudomallei may enter the
hmen body by ingestion or by inhaletion, Fournier and Chambon (1958),
vho had wide experience of melioidosis in Viet Namgeoonsider that entry
is wsually through lacerations and abrasions. They point out that there
ere numerous accounts of men developing melioidosis efter accidents in
vhich open injuries were contaminated in padi fields or drains. If this
is so it is perhaps surprising that melioidosis is apparently so rare
among Asian women and children,
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There is one possibility that has not been mentioned by othex
suthors. Ieeches carry Ps pseudomallei (Strauss personsl commmication
1966) so the orgenism may be introduced directly into the leech bites
suffered by all who go into the jungle in Malaysia. All the author's
male patients had been in the Jjungle.

Although 211 the author's patients with melioidosis had recent
injuries exposed to surface waber, so had some of the other patients
admitted to hospital wnder his care. It therefore appears that
insufficient evidence has so far been found to determine the usual portal

of entxy of Pg pgeudomallei.
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Ps pseudomallei was isolated from surface water on this pitch.
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CHAFPDER L.V

THE SEROLOGICAL SURVEY

TITRODUCTION

Serological surveys, mainly among native populations, have ghown
tha:'t: a. small proportion of people living in endemic areas have positive
titres of melioidosis antibodies in their blood (Nigg 1963 and Streuss
et al 1968). Vhen there is no evidence of active discase positive titres
may indicate previous melioidosis, usually mild and self-limiting.

The author carried oub 2 seroclogical survey among non-indigenous
soldiers at Terendal Camp to see if any of them had raised antibody
titres. Nen with raised titres were examined to txzy to detect features
of previous melioidosis.

JETHODS

During a 30 week period two groups of smoldiers were studied. The
first consisted of all soldiers admitted to the mein medical werd of the
hospital (the Impatient Group). The second comprised all the Outpatients
attending the Venereal Disesses Clinic with a fresh infection plus
heelthy soldiers (together they form the Other Subject Group). Both
groups included British, Australisns and New Zealanders. The healthy
goldiers consisted of the hospital staff, who were ell British, and New
Zealenders selected from the New Zealand Infentry Battelion by using their
regimental numbers and random sampling numbers (Hill 1966).

A pemple of venous blood wae token from each subject; the serum
was separated and sent to the U.S. Army Medical Research Tnit in the
Institute for Medical Research at Kuela Immpur where the melioidosis
hoemegzlutination test was carried out as described in Appendix V.

Acute and convalesceni specimens of blood were taken from inpatients

with pyrexias of unlmown origin; pneumonias of obscure setiology and non-
gpecific enteritis. GChortly afterwards simple individual questionairves
were sent to the wmits of the men comcerned requesting details of their
work, age and time spent in endemic areas chn'ing previous and current
tours. The men were also asked if they played rugby football, association
football or hockey. A pilot study showed that this was a more accurate
method of obtaining the information than questioning the men when the
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blood was taken, for it enabled the units to check the answers.

A1 patients were examined on admission to hospital. They
suffered from a wide varlety of conditions and their disgnoses are
detailed in Appendices IIT (Impaiients) and IV (Outpatients). Three
patients who had melioidosis have already been described (Patients 4,
5 end 6 in Chapter II) and will not be considered further here.
Usually the results of the haemagglutination tests arrived after the
patients had been dischenged from hospital, so soldiers with raised
titres were reviewed ag outpatients at a follow-up clinic where they
were oxamined, blood wes teken for another haemagglutinstion titre and
& routine blood count, and they all had a chest radiograph. Their
personal medicel documents were scrutinised to confimm details of previous
ilinesses.

later, for comparison, the documents of another group of 350
Britich infantrymen were examined after their return ‘to the United
Kingdom following & two and a half year tour at Terendal.

With the help of an experienced British officer each man was
placed in one of four grades of exposure to surface water according to
his outdoor work. These grades have been mumbered I to IV, Grade I being
meximm exposure, Grades IT and III being intemmediate and Grade IV being
ninimm exposure. Subjects in Grede I included infantrymen, field
gumners, combat engineers, field signallers and field medical orderlies.
Drivers, tank crew snd wireless operators were in Grade II. Mechanics
and other technicians were in Grade IIT, while storemen,;clerks and other
personnel who rerely left their offices were in Grade IV.

RESULTS

A total of 1,287 specimens of blood were collected fwom 905
subjects. There were 339 inpatients and 556 Other Subjects. The British
predominated with 548 men, and there were 176 Australions and 181 New
Zeolonders (see Table 1 overleaf).



TABLE 1 HATIONAL DISTRIBUTION
atients Other Subjects Total
British 204 344 548
Australisns 88 88 176
New Zealanders AT 134 181
Zotals 339 566 905
Raiged Titres

Raised Titres have been divided into doubtful titres of 1:10 and
1:20, and positive titres of 1:40 and higher. A total of 47 men had
raised titres (5.2 per cent of the total studied)s 18 were positive
(2.0 per cent) and 29 doubtful (3.2 per cent),

Inpatients had 18 doubtful and 10 positive titres and Othexr
Subjects 11 doubtful and & positive titres (see Toble 2 below). The
incidence of raised titres smong Inpatients (8.3 per cent) wes
gignificantly higher (p<0.01) than the incidence emong Other Subjects
(3.3 per cent).

TABLE 2 DISTRIBUTION OF SUBJECTS WITH RATSED TITRES
Ioapatients Other Subjects

E 2 £ R 2 -3 KR
British 189 132 15 (7.4%) ° 36 & 3 8 (2.3%)
Australions 84 2 2 4 (4.55) 87T =01 % @35
Hew Zeelonders 336 9(19.2%) I 6 4 10 (7.55)

Totals 311 18310 28 (8.3%) - SAT 11 - 8 19 (3.3%)

I Negative Titres

D Doubtful Titres (1:10 and 1:20)

P Positive Titres (1:40 and highex)

R Raised Titres Doubtful plus Positive Titres)

- llew Zealenders had a higher incidence of raised titres than British
or Justralians. It is convenient to compare New Zealenders with British
plus Australians added together to form one group. ‘mong Impatients 19.1
‘per cent of New Zemlaonders hod raised titres, but only 6.5 per cent of
British plus Australians hed reised titres. Among Other Subjects 7.5 per
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cent of New Zealanders had raised titres, but only 2.1 per cent of
British ond Australisns had raised titres (see Table 3 below).

TABLE 3 COMPARTSON OF NUW ZEATANDERS WITH BRITISH AND AUSTRALIANS
Inpatients Othexr Subjects
Titres Negetive  Baised Hogotive  Balsed
New Zealanders 38 9 19.1% 124 10  7.5%
Bé&A 273 19 6.5% 425 9 2,1%

B & A Britigh and Austrslians

Vhen gemes pleyers and non-players were compared, players had
7.3 per cent of raised titres overall and non-players had 4.1 per cent
(see Table 4 below). The highest incidence was 23 per cent in New
Zealand players (Section la). The only sub-group in which this finding
was reversed was British and Australian Inpatients: players had 6.0 per
cent raised titves and non-players 7.1 per cent (Section 1b).

TABLE 4 RATSED TTTRES
COMPARISON OF PLAYERS AND NON PLAYERS
PLAYIRS HON PLAYERS
(1) DPATDNTS
8. Nedis %
Raised Titres 6 23% 2 157
Negative Titres 20 11
be Be & A -
Raised Titres 6 6,06 1207 F3%
Hogative Titres 95 157
(2) OmIR SUBJECTS
9‘. }IIZ. 2
Reiged Titres 8 .9.4% 3 2.3%
Hegative Titres T 43
b. B. & A. : ;
Baised Titres 4 3.0% 5 1:9%
llegative Titres 127 255
Raised Titres 24 Te3% 20 4.9
Hegative Titres 319 466

H.%, = New Zealenders B. & A, = British & Australian
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Vhen the men were distributed into the four grades of exposure
to suxrface waler at work, more subjects in Grade I had raised titres
than in any other grade. Seven point five per cent of all subjects in
Grads I had raised titres, 5.3 per cent in Grade II, 1.4 per cent in
Grade IIT and 3.9 per cent in Grade IV (see Table 5 below). The highest
incidence in CGrade T was 27.0 per cent among New Zealand Inpatients
(Section 1a).

TABLE 5 EXPOSURE TO SURFACE VATER AT WORK BY GRADES
| I II III v
(1) DepArTEmS
a.2.%.
Roised Titres T 2705 1 12.5% 0 0
Negative Titres 19 7 5 0
beB. & A. :
Baised Titres 5 6.0% 7 8.4% 1 1.6% 5 12.2%
Hegative Titres 78 76 62 36
(2) OmHER SUBIROTS
BelleZis :
Raised Titwes 8 8.50 1 5,08 0 0
Negetive Titres 86 19 15 0
beBe & A, :
Raised Titres 4 3.2% 4 3,04 1 1.9% 0
Negetive Titres 114 129 52 a7
ZOTAL : . =
Raised Titres 24 755 13 5.3% 2 145 5 3.9
Negative Titwes 297 231 134 123

Posit Titre

The relative proportions of men with positive titres were similar
to those of men with raised titres in the various sub~groups (see Table
6 overleaf). e

Three per cent of Impatients had positive tiires, but only 1.4
per cent of Other Subjects (see Section 1). Five point five per cent
of New Zealanders had positive titres compared with 1.2 per cent of
British and Australians (Section 2).

When players and non-players were compared; the incidence of
positive tiltves was higher in players (Section 3), being highest in New
Zealanders who had 7.2 per cent (Section 3c).
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When the nen were distributed into the four grades of exposure
to surface water ot work the percentoges of positive tiires were higher
in Grade I than in the other grades (Section 4). The highest incidence
of positive titres in Grade I was 7.5 per cent in Wew Zealandexs, (Section

4¢).

TABLE 6 POSTIIVE TITRES
sEeTToN (1) COMPARISON OF TNPATILINTS AND OTHER SUBJECTS
' NPATTIRTS OTHER SUBJECTS
Positives 10 3.0 8 L%
Ramainders 329 558

SECTION (2) COMPARISON OF NS/ ZEALANDERS AND BRITISH .+ AUSTRALIANS
N/ ZEALANDERS — BRITISH 4 AUSTRALIANS

Positives 10 5.5 8~ La.20
Remeinders 171 : 553
SECTION (3) co Ol OF GAMES PLAYIRS NON PIA
PLAYERS NON PLAYERS
(a) INPATIENTS Positives 5 4.3% 5 2.7
Remainders 112 177
(b) OIHER SUBJECTS Positives T 329 1 0.3%
Remainders 209 303
(c) MW ZEATAWDERS Positives 8 T2 - 2 B
Remainders 103 55
(@) B&A Positives 4 L.7% 4 0,9
Remoinders 228 425
SECTTON (4) EXPOSURE TO SURFACE WATER BY GRADES
: II IIT v
(a) DPATTENTS
Positives 6 550 4 445 0 0
Remainders 103 8T 68 41
(b) OTHER SUBJECTS :
Positives 6 2.,8% 1 0.65% 1 .55 0
Remainders 206 152 67 a7
(c) NEW ZRALANDERS
Positives 9 T.5% 1 3.6% 0 0
Remainders 111 27 20 0
(@) B&a
Positives 3 1.5% 4 1.8% 1 0.65% 0o
Remainders 196 212 115 128

B & A = British and Australisns
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Age and Time Spent in Jndemic Areas

The age distribution and mean time spent in endemic areas was
gimilaxr in men with raised and negotive titres.

lMost of the soldlers in the camp were young men. Seventy eight
point one per cent of subJects with negative titres were between 20 and
29 years old and the ages of those with doubtful and positive titres did
not differ significantly from this.

. The mean time spent in endemic areas was 20 months for those with
negetive titres, 19 wmonths for those with doubtful titres and 20% months
for those with positive titres.

Clinical T A len with ged Titres

Vhen the men with raised tibtres were exemined at the follow-up
clinic no abnormal physical signs were found. However 14 of the 18 men
with positive titzes (77.8 per cent) had 2 history of short term fever
gsince arriving in Malaysia, compared with 20.7 per cent among those with
doubtful titres and 18.8 per cent among the 350 DBritish infentrymen whose
documents were examined after their retumm to the Thited Kingdom from
Terendsk. The groups are compared in Table T below and the high incidence
in men with positive titres is significant (p<0.0l). C(ne man with a
positive titre had no personsl medical documents end as his history could
not be confirmed elsewhere he has been omitted,

TABLE 7 CLINICAL FIDINGS

Iio Tever Tever Pemaﬁtaga
No. with Pogitive Titres 3 ; 14 77.8
No. with Doubtful Titres 23 6 20.7
Other British Infantrymen 284 66 18.8

Yo significant differences were found when the incidence of other illnesses
end accidents were compared. '

During the short term fevers the men had complained of headache
end mzleice, snd on examination they had been pyreidal but no abnommal
clinical sigms had been found. Hine of the men with positive titrefaa%d
had neutrophilias and seven had had raised erythrocyte sedimentstionsvhile
acutely ill. CSeven had had chest radiogrephs taken while they were
febrile but 21l had been normal. Bacteriological investigations had not
shown eny pathogens and bacierial and viral serological studies had been
negative. All had recovered satisfactorily.
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At the follow-up clinic the melioidosis heemagglutination tests
were repeated. Among men with positive titwes, 6 titres Iﬁﬂﬁfﬁed' the
same, 10 fell, 1 wose and then fell and 1 rose (see Table S4for details).
Hacmoglobin estimations, white cell counts and erythrocyte sedimentation

rates were gsll normel, and they all had normal chest radiographs.

Summaxy of Result

Torty seven men (5.2 per cent of the total) had raised titres:
18 were positive (2.0 per cent) and 29 doubtful (3.2 per cent). Raised
titres were more common among games players then non-pleyers ond among
outdoor workers then office woxlkers. Inpotients had a higher incidence
of raised titwes than Other Subjects, and New Zealanders z higher
ineidence than the British and Australisns. Men with positive titres
had a significantly higher incidenco of short tem fever since exrriving
in Malaysia than men with doubtful titres ox a conirol group of British
infantrymen. :



TARLT 8 DITATLES OF SUBJECTS WITH POSITIVE TITRES
HATTON DIAGHOSIS PAST EISTORY GRADE GAMES
DPATTITS
Britich Duodenal Ulcexr P.U.0. IT 1o
L Acule Infective Hepatitis Tone I To
Mistralisn Chronic Urethritis P.U.0. II Yes
il P.U.0. P.U.0. IT To
llew Zealander Aspiration Pneumonis P00 I To
o Chronic Otitis Medis 2004 1 - Yes
" P.UiOc POUIOO I YGB
" ?anO- :P.U-O- I YeB
" Aspiration Pneumonia P.U.0, g o
n Acute Tonsillitis P U.0s II Yes
Britich Urethritis PJU0.0. I . Yes
" Urethritis Acute Interitiz IIT  Yes
" Urethritis ot lmowmn iT Yes
Migtralion Urethritis Pal.0s 1 Yo
SUBJECTS
Hew Zealsnders 2,0.0. I Yes
¥ Iaceration of Ieg I Yes
" B Ha0s T Tes
" P.U.0. I Yes

P.U.O« = Pyrexia of Unknown Origin
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ZITRES

1:40,1240
1320,1340,1220

1:80,1:80
1:40,1:20

1:40,1:20
1160,1:160
1160,1:160,1:40
1:80,1380,1:40
1:80,1:80
1:40,1240

1:40,1:10
1:40,1:40
1:40,1:20
13:40,1:20

1:80,1:40,1:20
1210,1:4280, 14280
1:160,41:20,1:20
1:80,1:20

The second titre was 3 to 6 weeks after the first
The third titre was § to 12 months after the second.
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DISCUSSION

The Hoemegzlubination Tegt

Dr. A,D. Alexsnder developed the haemagglutination test used in the
examination of these sera at the Wallexr Reed Institute for Research in
Washington DC, and several thousend sera have been examined there and at
the U.5. Army Medical Research Thit in the Imstitute for Medical Research
at Fuale Iumpur (Bepmmd personal commmication 1966). Melioidosis is not
endemic in the United States of America, but tilves of 1:10 and 1:20 were
found in sers from 700 Tnited States residents, though none of them had
higher titres. Titres of 1:40 and more develop in patients suffering from
sctive melioidosis. 'Therefore titres of 1:10 and 1:20 are considexred to
be of doubtful sigmificance and higher titres ave regarded as positive.

Doubtful titres may reprosent minor exposure to Eg 1lei
ingestion oxr inhalotion of the baeillus, for ingested or inhaled antigens
produce less antibody response than antigens imbhoduced parenterally.

They are unlikely to opresent cross reactions with other antigenically
related agents for careful tests have not shown any such resctions. One
possible cause iz the smemmestic response, but this is also unlikely for
doubtful titwes were found in some men very soon after their first arrival
in Melayaiaz.

It is not kmowm if these or any of the other detectable antibodies
are oesociated with fmmmity.

Incidence of Positiyve Titres

Brygoo (1953) discovered 2 per cent of positive titres of more than
1:60 using the agglutination test to examine sera from 465 Buropeens and
Asisng living in Seigon. The incidence was lower in Huropeans than in
Agisngs. Cook (1962) discovered one positive complement fixotion titre among
sera from 619 subjects living in & zegion of northern Austrelis whexve
melioidosis is endemic. lost of his subjects were meat or stock handlers,
go it is interesting that the positive titre was from o canefield woxker.
Dr. Claze Nige (1963) found 8.3 per cent of positive titres among 337 sera
from Thai males exemined with a complement fixation test, and using 2
haemagslutination test based on the method of Chen and Meyer (1554) she
found 29.1 per cent of positive titres smong 405 sera from Thais. Strauss
end his colleagues (1968) discovered positive titres among 1.8 to 15.7 per
cent of 1,606 gewra from a mixed population of Malaysiens; - they employed
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the haemagglutination test used for the authorts sera. The lowest
ineidence wes among Forest Aborigines, subjects from plantations were
intermediate and the incidence wes highest smong people from rice growing
cxeas. This ccorrelates with a low isolation of g pseudomallei from
Jungle ptreams, intermediate rate from plentations and high isolation rate
from rice growing avees found by the seme group of workers (Hllison et al
1968).

The authorts subjects were selected in that meny were patients.
Howevexr, all the milifary uwnits were represented and the numbers in the
vexrious nationalitles and occupations were proportional to the mumbers in
the population the hospital served. The age distribution of men with
popltive end negative titres was the same, so it appears that sge was not
an dmportent factor in the sppearance of melioldosis hoemagglutinins in
this population. The mean time spent in endemic aveas wes also similar in
men with positive and negative titres so it is comcluded that meen time
spent in endemic areas was algo unimportant. This is in keeping with the
different times spent in Malaymia by the patients with clinical melioidosis.

The incidence of positive titres among the author's subjects was
the seme as the overall incidence in Brygoo's series end higher than the
incidence he found among Huropeans. It was similar to the incidence among
Foregt Aborigines siudied by Strauss and his colleagues. The soldiers
were exposed for a relatively short time, but Terendak Carp appeared to be
heavily contaminated with Pg peeudomallei, This may explain why in such
e short time the soldiers had the same incidence ams the Aborigines. The
higher incidence among the other Asians studied by Strouss snd his
colleagues is presumably due to life~long exposure in heavily contaminated
aress. The lower incidences repoxrted by Brygoo and Cook may be because
they used less sensitive tests or their subjects may have been less exposed
to Eg psevdomallied.

The suthor's sers were examined for leptospiral antibodies using
the leptospirosis haemolytic test (Cox et al 1957). Only eight had
positive titres (0.88 per cent). Hart (personal commmication 1968), who
studied 1000 New Zealand infantrymen observed that a similar proportion
developed positive leptospirosis antibody titres after a three yeaxr tour
in Melaysiao. These figures indicate thaet mild self-limiting melioidosis
is glightly mowe common than mild self-limiting leptospirosis, so supporting
the suggestion that melioidosis may prove to be more common than is at
present realised.
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Ixposure to Surface We.t_gg in Men with Positive Titres

ne man who initially had no melioldosis antibodies reported again
when his titwe had xisen to the high level of 1:1280§ during the inter-
vening period he had xeceived a laceration while playing rugby footbell
ot Terendak., Otrouse (persanal commmication 1966) observed sn equally
high titre in a serum semple taken from a lalay woman living in a district
where Fs pseudomallei was present in the surface water. §he had a history
of a recent laceration to her foot. It seemed likely that similar
injuries occurred ameng other footbelleérs snd in men engeged in rough outdoor
work such as infantrymen., This prompted the questions sbout the mens!t
games' pleying habits with particular reference to rughy football,
aspociation football and hockey. The resulis showed more positive titres
anong gemes players and oubdoor workers.

lost Wew Zesland players played rugby foolbell but only half the
Britich and Austrslian players were rugby footballers, the rest playing
aesoclation football and hockey. JTewer injuries are sustained during
aspociation football and hockey and they are less liable to contamination
with surface woter than rugby injuries. Since New Zealand players had a
higher incidence of positive titres than British and Australian players,
the findings suggest injuries exposed to surface water ere associated with
positive titres of melioidosis antibodies. The presence of Pz pseudomallel
in sunface water suggests that the bacillus may be inoculated directly into
such injuries and mey lead to melioidosis.

Fowrnier and Chembon (1958) based their suggestion for the
orgenisies! entry through superficial injuries on their observation thet
melioidosis often followed the contemination of injuries by surface water.
A11 the authorts patients with clinical melioldosis had scers from recent
superficial injuries which had been exposed to surface water in lMelaysias,
and the two Timoris, Patients 3 and 5, had received injuries playing rugby
football at Terendak. The histories of Patients 4 and 7, in particular,
support this suggestion for Ps pseudomalleits portel of entry. Patiemt 4
who hed suffered sn extensive infected abrasion shortly before admission
t0 hospital, had received this playing agsociation football at Terendalk,
Two weeks before the onset of Fatient T's illness she had cut her feet and
had then walked bazefoot in o region where Dg pseudonalled was present in
the surface waler. '
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Positive Titwes in New Zealanders snd Inpationts

The high incidence of positive titres emong New Zealanders may have
been due to their heavy exposure to surface walter since many were rugby
footbellers and infantrymen.

The reasons for the high incidence of positive titres among
Inpatients arve not clear. They had a slightly higher percentage of
Players and more were heavily exposed at work than the Other Subjects, but
the differences are less marked than among the New Zealanders. Although
seven hed acute infective illncases (see Table &) these did not appear to
be associated with melioidosis. '

Cliniesl TFeatures

Some deteils of the short temm fevers were taken from the menst
personsl medicel documents. Acceptance of the diagnoses primaxily
depended aon the temperature records, and discussion with the doctors
concerned showed that they hed personslly confimed the raised temperatures,
but wherever possible other documents were consulted for confirmation.

Short term fever, or pyrexia of unknown origin, is a common diagnosis
for mild febrile illness emong Buropeans living in hot climates. The
patients complein of the non-specific symptoms of fever and clinical signs
ave usvally absent. Simple laboratory investigations are unhelpiul and
sophigticated tests are sometimes difficult to carry oult because of lack
of nearby facilities. Most patients recover before the second specimen of
blood for merological studies should be taken, and mey be unwilling to
atiend sgain affer & velatively trivial illness, so no definite disgnosis
mey be reached. However, Deller and Russell (1967), writing from South
Viet Tam; demonstroted thet meny such fevers can be diegnosed when
vigomously investigeted. It is interesting to note that in their series
of 110 patienis they discovered 2 cases of melioidosis and only 1 of
leptompiroris.

The high incidence of previous short term fever in the men with
positive titrves suggests that these eplsodes might have been mild
melioidosis, Review of the seven patients with clinical melloidosis shows
that five of them had varying periods of vegue febrile illness before
adnission o hospital. These early sympboms resembled those of the short
term fevers, so vague febrile illness appears to be 2 feature of mild
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melioidosis and an early manifestation of severe melioidosis. Short

term fover is ususlly a benign self-limiting condition, but melioidosis
may be fatal, Therefore, investigation of all patients with & fever of
mmknovn origin developing while they sxre in an endemic area, or after

they have visited any of these areas, should include bacterioclogical and
serological studies for Pg pseudomallei. In view of the long latent period
vhich mey elepse after patients have left endemic sxeas and the

incresging volume of world travel, any doctor may be consulted by a
patient suffering from melioidosis, mso all doctors should be aware of

this disease end its dangewxs.



COHCLUSIONS

de Debilitated individuels appear to be more susceptible to melioidosis
than healthy people.
2. The clinical features are variable and although acute cases may show

o characberistic clinical picture, the diagnosis can only be established
by bacteriological studies.

S Treatment met be vigorous, particularly in acule cases, and even
wilth such treatment the mortality in acute cases remains high.

4o Pseudononas pscudomallei, the causative organism, is present in the
gurface water in Malaysia snd Singzpore.

S A small proportion of non-indigenous men at a military cemp in
Valsyeia hed pogitive titres of melioidogis amtibodies.

e Pogitive titres were more common emong men engsged in vigorous
outdoor activities than among other men.

Ta Infection may occur when open injuries arve contaminated with surface
water conteining Is pseudomolled.

8. Tever appears to be an important feature of mild melicidosis and an
early sign of severe melioidosgis.
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APPENDIX 1 Biographical Note on Lt Col Alfred Vhiitmore

The original descriptions of melioidosis were published by
Whitmore in 1912 and 1913.

Alfred Whitmore was born in 1876 at Botcherley in Cumberland vhere
his father was clergymen. He received his early education at S5t Bees
School before going up to Cembridge University. After graduating B.A. he
went to St. Maxy's Hospital for his clinical training. He obtained the
B.Chir., in 1900, the M.B. in 1903 and proceeded to the degree of M.D. in
1913. He was commissioned into the Indian Medical Service in 1903 and
spent most of the nmext twenty years in Rangoon where he served as pathologist
and surgeon. He pleyed an importent part in the early development of the
Burme Medical School. After retiring from the Indian Medlcal Sexvice in
1927 he worked in the Pathology Department of the University of Cambridge
wntil he died in 1946. As far as the author can discover Vhitmore did not
publish any papers apart from those on melioldosis,

Infortunately no record of his M.D. Thesis remains but the style of
his sccond paper, published the seme year as he received his doctorate,
suggests that it was founded on o thesis.

The suthor is indebted to the Registrary of the University of
Cambridge and the Clerk to Gonville and Caius College for much of this
information. Some details were taken from Dr. Whitmorets obituary in the
British Medical Joumal (1946, ii, 68).
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APPINDIX IT The name P seudomalled
Since Vhitmore suggested the name Becillus pseudomsllei for the

causative organism in 1913, many other names have been suggested such as
Boeillus Vhitmori, Ioefflerella whitmori, Loefflerella pseudomelled,

Pfeiferells wvhitmori end Malleomyces pseudomallei. The last two have been
widely used but have been rejected, the first by the Judicial Commission
of the International Committee on Bacteriasl Homenclature (Report 1958)
-and the second in the Report of the Imbtemmational Bulletin of Bacterial
Nomenclature (1959). I have adopted the term Pseudomonas psendomalled
because it is ueed by Haynes and Burkholder in Bergey's Mamual of
Determinative Bacteriology (1957).



APPINDIX IIT Diagnoses of In~Patients

Pyrexia of unknown origin

Scrub Typhus

Leptospirosis

Malignant Malaria

Benign Tertien Malaria

Bronchopnewnonia

Acute Tomsillitis

Other Acute Upper Respiratory Infections
Peptic Tlcer (Duodenal 15, Gastric 1.)
Acute Infective Hepatitis

lononucleosis

Acute Enteritis

Bacillary Dysentery

Amoebic Dysentery

Acute Meningo-encephalitis
Helninthiasis

Patients stung by Jellyfish

Pulmonary Tuberculosis

Bronchitis and Asthme

Pgychiatric Disorders

Skin Conditions

Venereal Infections

Melioidosis

o Disease found 10
Iiscellaneous Conditions 73

SworBuasrsuvwabRaolbabuowhih

W =3

Total 339

The terminology is adapted from the recommendations of "The Nomenclature
of Diseage" eighth Miition, published by H.M.S.0. 1960.
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APPINDIX IV Diasgnoses of Out-Patients

Bexly Syphilis 4
Chencroid of Penis 32
Urethral Gonorrhoes 233
Non-gonococcal Urethritis 17
Iymphogranulome. Venexum 3
No disesse found 46

Total 395
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APPIIIDIX V The Haemagglutination Test

This heemegglutination test is a modification of the method
described by Tleri in 1965 using sensitised sheep erythrocytes.

+ tion

A culture of a smooth strain of Pg pseudomallei was inoculated into
‘& broth medium with a pH of 7.0 to 7.2, and incubated for two weeks at
37° Centigrade. The culture was then autoclaved at a pressure of 15 pounds
per square inch for 15 mimutes. After centrifuging for one hour at 1600g
the supermatant fluid was removed, preserved with 0.5 per cent phenol and
stored ot 4° Centigrade.

Freperation of Sensitised Sheep Cells

Sheep blood was mixed with en equal volume of Alsever's Solution and
stored at 4° Centigrade for two to four weeks. On the day of the test the
preserved cells were centrifuged at 1000g for five minutes and washed three
times in physiological saline. They were centrifuged again and physioclogical
galine was added to the cells to give a ten per cent suspension. The
erythrocytes were sensitised by adding ten volumes of a predetermined
dilution of antigen to one volume of the cell suspension. The mixture was
placed in a water bath at 37° Centigrade for one hour. It was then
centrifuged for five mimmies at 1000g. The supernatant fluid was removeds
and the sensitised cells were washed in physiological saline and
centrifuged again. The supernatent fluid was removed, and the cells were
re~-puspended in sufficient physiological saline to give & one per cent

suspension.

The sppropriate sensitising dose of antigen was determined by
titrating the antigen ageinst a standard anti-pseudomallei rabbit serum
wvith a heemegglutination titre of approximately 1:40,960, The optimum
sensitising dilutions of antigen veried from 1:50 to 1:100.

The Tegt

The sera for examination were inactiveted by warming them in a water
bath at 560 Centigrade for 30 minutes. VWaghed non-sensitised sheep
erythrocytes were added to remove non-specific antibodies that might
egelutinate sheep cells; +the mixture was incubated at 37° Centigrade and
then centrifuged to remove the cells. The sera were then serially diluted
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two-fold with physiologicel saline starting with a dilution of 1:10.

To 0.4 millilitwe of each dilution 0.1 millilitre of the one per cent
suspension of sensitised sheep erythrocytes was added. The tubes were
incubated at room temperature and shaken intermittently. Readings were
made after two hours and after 18 hours; they were usually the same.
Normal serun, antigen, diluent and antiserum controls were included with
each test. Results were graded as follows: 4 plus for complete granular
agglutination, 3 plus for a smooth mat with folded edges on the bottom of
the tube, 2 plus for a smooth mat with irregular edges on the bottom of
the tube, 1 plus for a narrow ring of red around the edge of a smooth
mat, and negetive for a discrete red button in the centre on the bottom of
the dube. The titre was the highest dilution of the sexrum giving a
reading of 2 plus or greater.

Regults

Preliminaxy evaluation studies were made on serial serum samples from
bacteriologically proven cases of melioidosis, 500 sera from normal human
beings, and rabblt sera for 14 strains of Ps pseudomallei, 3 of Psg mallei,
one each of Ps seruginosa, Pasteurells Tularensis, Pasteurella Pestis,
Ligteria monocytogenes, Brucella sbombus, Salmonella dublin, Hovells species
and Leptospirs species. The results showed excellent specificity and
sensitivity (unpublished data, Walter Reed Army Institute of Research,
Washington D.C., U.S.4,, cited by Strouss et al 1968).




