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Bacterium typhi-murium, commonly known 
as Bad. artrycke, is a natural pathogen of 
rodents; it causes a typhoid-like disease, partic- 
ularly in mice. In man it causes an acute 
gastro-enteritis. It has also been known to cause 
infection of guinea-pigs, parrots, sheep, turkeys, 
chicks, pigeons, canaries, ducks and duck's eggs, 
but so far as is known it has not yet been re- 
corded as having caused a fatal bacteremia in 
human beings. The following case report there- 
fore merits publication. 
Case report.?A child of four months, general- 

ly breast-fed, had acute diarrhoea and vomiting 
suddenly on 14th July, 1947. The recovery was, 
however, quick and apparently complete by the 
17th. The family commenced a 48-hour 

railway journey the next day for a transit camp 
near Bombay, and in the train the child had 
what was described by the parents as trouble- 
some vomiting. On arrival at destination on 
the 20th, the child was apparently better, 
and it continued to stay in the camp with its 

parents under supervision by the army medical 
authorities. On the 22nd, at- 0400 hours, 
it became ill suddenly. It had severe convul- 
sions and when admitted into the neighbouring 
military hospital at 0800 hours, it was comatose. 
The other findings noted on admission were 

a temperature of 101.6?F., a pulse rate of 160, 
and a respiration rate of 40 per minute. Con- 
vulsions continued to repeat themselves, and the 
head was drawn to one side, there was twitching 
of the hands and the feet, and some shaking 
of the head. The anterior fontanelle was 

depressed, other signs of dehydration such as 
a dry tongue, a dry skin, and sunken eyes were 
also present. There was no rigidity of the neck, 
the knee jerks were noted as normal, the abdom- 
inal reflexes were considered as doubtful, 
Kerriig's sign was - absent, and the plantar re- 

flexes were flexor. On the whole the neurol- 

ogical features were considered to be of negative 
value and this conclusion, though. faulty (vide 
infra), was not recognized as such either at the 
time or subsequently in the course of the 
disease. 

Leucocytes were 4,850 ])er c.mm. with 

neutrophils 1,600, lymphocytes 2,958, monocytes 

194, and eosinophils 98 per c.mm. The stool 
during the course of the day was not abnormal. 
Several blood films were examined for malarial 
parasites during the illness with negative result. 
Treatment was essentially symptomatic and 
dehydration was met with a continuous intra- 
venous glucose saline drip, the right saphenous 
vein being cut down upon and the needle tied 
in situ. From 1700 hours penicillin was given 
in three-hourly doses of 1,500 units, continued 
till just before death. On the first day the 

only other treatment was grain 1/8 of pheno- 
barbitone to control convulsions. 

23rcl July.?Dehydration had been corrected 
and the glucose saline drip was discontinued. 
Other physical signs were unchanged, and the 
temperature ranged between 103 and 104?F. 

Mepacrine methsulphonate 0.025 gm. was 

injected intravenously, but with no visible effects. 
The phenobarbitone repeated this day failed to 
control the convulsions, and one dram of paral- 
dehyde achieved the result. 

24th July.?The child developed four bright 
red spots on the right side of the face and these 
were taken to be rose spots of enteric fevers. 
The general condition was unchanged and there 
was no appreciable alteration in the physical 
signs. The child was nearly comatose all the 

time, and the convulsions were now attended 
with cyanosis, to correct which oxygen was 

administered through a nasal catheter during the 
fits. Paraldehyde was repeated in the same dose 
at 2200 hours. 

2oth July.?Temperature 102 ?F., the urine 
had a trace of sugar, an occasional pus cell, and 
an epithelial cell. Cheyne-Stokes' breathing- 
commenced in the afternoon, the child went 

downhill rapidly, and expired at 2015 hours. 
The autopsy was performed at 1100 hours 

the next day and the report in part reads as 
follows : 

1 No evidence of dehydration, nutri- 
tional state good, no adenopathy, no rash, 
icterus or haemorrhage; pupils dilated but equal, 
external orifices normal. Heart normal, lungs 
showed hypostatic congestion, intestinal mucosa 
was congested especially the last three feet of 
the ileum, Peyer's patches showed some swelling 
and circum-injection, mesenteric glands were 

enlarged and one was particularly large in the 
ileo-caecal region, liver and kidneys were con- 
gested, the spleen was enlarged with cut 
surface diffluent; the head showed no injury, 
there was extensive purulent exudation over the 
vertex and the base of the brain deep to the 
meninges; the brain was soft and friable. 
Smears from this pus showed numerous gram- 
negative bacilli, while culture from this pus and 
from the spleen pulp, the heart's blood and from 
the intestinal contents gave a growth of Bact. 
typhi-murium. The death was due to Salmonella 
septicaemia.' 
Discussion.?The illness ran a course which 

is not uncommon in acute gastro-enteritis; th<; 
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apparent cures were merely phases in the same 
illness. Had the rail journey not been under- 
taken, the outcome of the case might have been 
more fortunate. On final admission into the 

hospital, it would appear that serious cerebral 
or intra-cranial damage was not suspected in 

spite of several presenting features. Coma, 
convulsions, twitchings and head shaking were all 
indications for performing a lumbar puncture 
which would have revealed the more serious 

part of the illness. The flexor plantar response 
in a child of four months is abnormal. In the 
first eight weeks of life 92 per cent of children 
give an extensor response (Monrad-Krohn, 
1945). And again 

' The plantar reflex, however, 
assumes the extensor distribution in the first 

year or so of infancy...' (Holmes, 1946). 
With achievement of control by the cerebral 
cortex through the pyramidal tracts over the 

spinal reflex/ the extensor reflex gradually 
changes to flexor plantar reflex of the adult by 
the third year of life, by which time all children 
have learnt to walk and the cerebral control 
has become established. A plantar reflex in an 
infant therefore has nearly the same signi- 
ficance as an extensor one in an adult, and 
should have in this case roused suspicion of 
cerebral damage, even if the other presenting 
features could probably have been attributed to 
some other illness. Of course it is doubtful if 
a correct diagnosis at this1 late stage of the 
illness would' have allowed sufficient time for 
effective treatment to have been undertaken 
The four spots on the face were probably part 
of the bacteremia, and the abnormalities in the 
urine are to be explained by the same cause. 

The exhibition of mepacrine, if not quite correct, 
can, however, be justified in a country like India 
where malaria is the greatest mimicker, and the 
clinical picture as in this case is sometimes 
simulated by>i malaria caused by Plasmodium 
falciparum (malignant malaria). . The case 

should have received a trial of treatment by 
sulphaguanidine. 

Bacteriological studies.?The bacterium isolat- 
ed from the heart's blood was identical with 
those obtained from the other sources mentioned 
above. 

Morphology.?Gram-negative motile bacillus 
growing in all common media. 

Biochemistry.?Acid and gas were produced 
in glucose, mannitol, arabinose, inosite, xylose, 
sorbite and maltose. Lactose, saccharose, 
adonite and inulin were unchanged. Indole was 
not produced." , 

Serology.?A slide agglutination showed 
marked reaction with Bad. para. B serum and 
to a less extent with para. A and typhosum, the 
0 serum being used in each case. Dreyer's test 
showed agglutination to the following titres :? 

;+?T oo , , 

With Bad. para. A titred to 250 25 j Uging Q eerum 
' t 

" 

typhosim I' '250 25/ ^ each case, 

The conclusion was that the unknown organ- 
ism, X, had probably the somatic antigen of 
the groups to which the three above organisms 
respectively belonged; a reference to Kauffmann 
White scheme (the KW scheme) showed these 
groups to be A, B and D. 

An absorption test was then done. The 0 
anti-serum of Bad. para. B titred to 250 was 
first absorbed with the O antigen of X, and then 
put up against Bad. para. B 0 antigen, but no 
agglutination resulted proving that all the anti- 
bodies were used up by the O antigen of X. 
A similarly absorbed serum was then put up 
against the O antigen of X, and again there was 
no agglutination. The 0 anti-serum of Bad. 

para. B titred to 250 after absorption with the 
O antigen of X had therefore no agglutinin 
left to agglutinate either its homologous anti- 

gen {Bad. para. B antigen) or the 0 antigen 
of X; in other words the somatic antigens in the 
unknown organism were identical with those of 
Bad. para. B. From the KW scheme these 
somatic antigens are IV, V and XII. 

Identification of the flagellar antigen 
As X was a motile organism it must have 

a flagellar antigen also. The organism was 

plated out and six of the colonies seeded into 
broth; of these, four were agglutinated by the 
H antigen of Bact. cholera sins var. kunzeridorj, 
which organism, it may be mentioned, is mono- 
phasic, existing in phase II only, the non-specific 
phase and containing the flagellar antigens 1 
and 5. The other two colonies were likely to 
be in the specific phase I. The phase I antigen 
of X from the two colonies was then put up 
for agglutination against the phase I or specific 
phase anti-sera of all the nine members of 

group B, and only the anti-serum for Bact. 

typhi-murium agglutinated to the diagnostic 
titre of 250, proving that the X phase I antigen 
was identical with the phase I antigen of Bact. 
typhi-murium. This from the KW scheme was 
found to be i. It was by now clear that X was 
a biphasic organism and was probably Bact. 

typhi-murium. Further absorption tests were 

then performed as under :? 

1. Bact. typhi-murium H phase I anti-serum 
titred to 250 - 

absorbed with 

X phase I antigen 
versus 

Bact. typhi-murium H phase I antigen .. . 

No agglutination. 
" 

^ 
2. Bact. typhi-murium H phase I anti-serum 

titred to 250 - 

^ absorbed with 

X phase I antigen .V'\' 
versus . Y 

? j -.. 

X H phase X antigen .... No agglutination, . 
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This proved the identity of the H phase I 
antigen in X with that of phase I antigen in 
Bact. typhi-murium which is i. 

Identification of the phase II antigen 
1. Bact. typhi-murium var. binns H phase 

II anti-serum titred to 250 

versus 

X H phase II antigen agglutinated to 250, 
the diagnostic titre, proving that X could be 
agglutinated by the agglutinins in Bact. typhi- 
murium var. binns H phase II anti-serum. This 
organism is known to be mono-phasic, existing 
in phase II only and contains the flagellar 
antigens 1, 2 and 3, vide the KW scheme. 

2. Bact. cholera suis var. kunzendorf H 
anti-serum titred to 250 

versus 

X phase II of H antigen .... agglutination to 
50 only, showing that X can only be partially 
agglutinated by Bact. cholerce suis var. kunzen- 
dorf H anti-serum; in other words the flagellar 
antigens were only partially common to the two 
organisms. 

3. The finalizing of the identification was 
performed by the following two absorption 
tests :? 

(-4) Bact. typhi-murium var. binns H phase 
II anti-serum 

absorbed with 

X phase II H antigen 

versus 

Bact. typhi-murium var. binns H phase II 

antigen .... No agglutination. 

(B) Bact. typhi-murium var. binns H phase 
II anti-serum 

absorbed with 

X phase II H antigen 
versus 

X phase II H antigen .... No agglutination. 
In both instances the agglutinins were com- 

pletely absorbed, and this proves the identity 
of phase II antigens of X with phase II antigens 
of Bact. typhi-murium var. binns, that is 1, 
2. and 3. The organism has therefore the 
somatic antigens IV, V and XII, flagellar phase 
I antigen i, and flagellar phase II antigens 1, 2 
and 3. These are the specific properties of Bact. 
typhi-murium, vide the KW scheme. 

Summary 
A fatal case of Salmonella bacteremia in a 

child is described. The case notes are discussed 
and a common enough fallacy in the interpreta- 
tion of plantar reflex analysed. Autopsy report 
is included. Studies on the organism causing 

death is detailed, proving it to bp Bact.ityphi- 
murium. - y' 

Thanks are due to the authorities of the British 
Military Hospital at Deolali, for allowing access to 
the case records, to the DMS in India for permission 
to report the case, to Lieut.-Colonel M. Ahuja, Director 
of the Central Research Institute at Kasauli, for helpful 
criticism j and to Lopamudra Bardhan for help in the 
preparation of the paper. 
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