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immune serum and not with Inaba monospecific
serum. The WHO International Reference Centre
for Vibrio Phage-typing, Calcutta, reported the
strain as being an El Tor Ogawa vibrio belonging to
phage type 6.

In view of the unexpected positive fermentation of
arabinose with a serologically agglutinating vibrio
strain, a finding not noted in this laboratory over the
past 30 years (J. M.), the WHO International
Reference Centre for Vibrio Phage-typing was
especially requested to check this reaction. Another
laboratory also undertook to check this fermentation
reaction. Both laboratories confirmed our finding
that the strain was Heiberg group III.

Heiberg's contention that all true cholera vibrios
belong to group I has been confirmed by most
workers. Late arabinose fermentation had been
noted in a few strains by Yu (reported by Pollitzer a).
Hugh 9 has observed that some strains of V. cholerae
may ferment arabinose and fail to produce indole;
the former was noted with the strain investigated by

g Hugh, R. (1965) Nomenclature and taxonomy of Vibrio
cholerae Pacini 1854 and Vibrio eltor Pribram 1933. In: Pro-
ceedings of the Cholera Research Symposium, Honolulu, 1965,
Washington, D.C., US Department of Health, Education,
and Welfare, p. 1.

us. It would be well to recognize such possibilities
with regard to cholera vibrios as variations from
conventional reactions are being increasingly re-
ported with regard to many " intestinal pathogens ".
Atypical biochemical reactions in Providence species
have been reported.h Indole-positive Salmonella
anatum and acetyl-methyl-carbinol-forming Salmo-
nella suipestifer have been noted.b A naturally
occurring lactose fermenting strain of Salmonella
typhi has also been isolated.'
The strain reported has been deposited with the

WHO International Reference Centre for Vibrio
Phage-typing, Calcutta.

* *

The authors are indebted to Dr S. Mukerjee, Director
of the WHO International Reference Centre for Vibrio
Phage-typing, Calcutta, and to Professor S. N. De,
Medical College, Calcutta, for their valuable help and
comments. The permission of the Dean, Medical College,
Baroda, and of the Director, All-India Institute of Hy-
giene and Public Health, Calcutta, to publish this report
is gratefully acknowledged.

h Sen, R. (1962) Indian J. med. Res., 50, 627.
Falkow, S. & Baron, L. S. (1962) J. Bact., 84, 581.

Antistreptolysin Titres in Schoolchildren in Khartoum

by J. M. DUNBAR,a Professor ofBacteriology and Parasitology, and HASHM H. ERWA,
Lecturer in Bacteriology and Parasitology, School of Medicine, University ofKhartoum, Khartoum, Sudan

An attempt was made to obtain evidence of past
streptococcal infection among schoolchildren in the
Khartoum Municipality by measuring the anti-
streptolysin 0 (ASO) in the sera ofrandomly selected
children. The Municipality includes the town of
Khartoum and its recently annexed suburbs; it has
a total population of about 124000.
The survey was undertaken as part of an investi-

gation of rheumatic heart disease in schoolchildren.
This condition was previously considered to occur
infrequently in this region, though the recent investi-
gations of Halim & Jacques b suggest that it is more

a Present address: Department of Microbiology, Gros-
venor Road, Belfast 12, Northern Ireland.

b Halim, A. M. &Jacques, J. E. (1961) Brit. Heart J., 23, 383.

prevalent than it had been previously supposed.
These workers have produced evidence for an in-
crease in the frequency of the disease and have stated
that it now constitutes 25% of all the cardiac condi-
tions seen in the Sudan.
Acute streptococcal pharyngitis is also considered

to be uncommon, though it has been noted that there
is a high incidence of chronic tonsillitis in young
Sudanese people. The records of the ear, nose and
throat clinic at Khartoum Hospital show that an
average of 1400 tonsillectomies are performed an-
nually, some 400 of them on children under 10 years
of age.

In this survey it was decided to measure the ASO
in sera from children ranging in age from 7 to 11
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years. Throat swabs were also collected from the
same children and examined culturally for haemo-
lytic streptococci. With the help of the Department
of Statistics of the Sudan Government, a random
sample was taken consisting of 8 children from each
of the 34 elementary schools in Khartoum, 2 from
each of the 4 classes. Sera were obtained from 267
of the 272 selected children, and titrations were car-
ried out on 258 of the sera; the remaining 9 were
either haemolysed or insufficient in amount.

Methods
ASO determinations. The method of Rantz &

Randall,c as modified by Johnson,d was used. The
streptolysin 0 reagent, streptolysin 0 buffer solution,
and standard antiserum were all obtained from a
commercial source (Difco). Blood samples were col-
lected at the schools between 7 a.m. and 9 a.m., and
sera were separated and placed in the refrigerator
within a few hours. As far as possible the tests were
performed the next day. Serum dilutions (1/12, 1/50,
1/100, 1/125, 1/166, 1/250 and 1/333) in 1-ml volumes
were made in the buffer solution. Streptolysin 0
(1 Todd unit in 0.5-ml volume) was added to each
tube. After shaking to mix, the tubes were incubated
at 37°C for 15 minutes. Human blood was obtained
from the blood bank, and the erythrocytes were
washed 3 times in normal saline. They were rejected
unless the supernatant after the third washing was
colourless. A 5% suspension of washed erythro-
cytes was prepared, and 0.5 ml was added to each
tube; the tubes were shaken to mix. The result of
the test was read after 30 minutes' incubation at
37°C. The tubes were reshaken once during incuba-
tion and again at its end, then centrifuged at 1000
rev/min to facilitate reading. The end-point was the
highest dilution of serum showing no haemolysis.
The reciprocal of the dilution thus gave the ASO
content of the serum in Todd units.
The following controls were included with all tests:

(1) a red-cell control (1.5 ml buffer + 0.5 ml 5%
red cell suspension) to detect spontaneous haemo-
lysis of the cells; (2) a streptolysin control without
serum: 1.0 ml buffer + 0.5 ml streptolysin 0 + 0.5
ml 5% red-cell suspension; and (3) a titration of the
standard serum which contained 166 Todd units
ASO.
Repeated tests of some serum samples gave com-

parable end-points, and a batch of 20 sera, selected

c Rantz, L. A. & Randall, E. (1945) Proc. Soc. exp. Biol.
(N.Y.), 59, 22.

d Johnson, G. D. (1955) J. clin. Path., 8, 296.

to cover a wide range of end-points, were also sent
to the Streptococcus Reference Laboratory, Colin-
dale, London, England, for confirmatory tests. Des-
pite the different range of dilutions used in the two
laboratories, there was good agreement between our
results and those obtained at Colindale.

Culture of throat swabs. The throat swabs were
also collected between 7 a.m. and 9 a.m. Each child
was placed on a couch, and a sterile tongue depressor
was inserted into the open mouth. A dry cotton-
wool throat swab was used to swab both tonsils
firmly, without touching the tongue or the oral
mucosa. The swab was immediately returned to its
sterile container, which was labelled and transported
to the laboratory. Eight swabs were collected daily
and were cultured before 10 a.m. on the same day.
The interval between the collection of the swab and
the inoculation of plates never exceeded 11/2 hours.
Swabs were inoculated on to separate plates of

blood agar (5% defibrinated horse blood in Oxoid
nutrient agar), which were incubated overnight in
air at 37°C. Haemolytic colonies were subcultured
to fresh plates. Cultures consisting of Gram-positive
cocci were further subcultured to Todd-Hewitt broth
(Oxoid). Grouping was carried out on the deposit
from the broth cultures by the Lancefield method.
Grouping sera for groups A, C and G (Wellcome
Research Laboratories) were used.

Results
Table 1 shows the results of ASO determination

on 258 sera. No child showed complete absence of
ASO, and 99% of the children's sera contained 50
Todd units ASO/ml or more. Over a quarter (29 %)

TABLE 1
ANTISTREPTOLYSIN 0 CONTENT OF SERA
OF 258 KHARTOUM SCHOOLCHILDREN

Todd units T] Cumulative
(ASO/mi) Number of sera percentage

12 2 100

50 32 99

100 40 87

125 58 71

166 50 48

250 26 29

2333 50 19
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TABLE 2
ANTISTREPTOLYSIN 0 CONTENT OF SERA IN RELATION

TO AGE AND SEX OF CHILDREN TESTED

Number with ASO
Age Sex Number (Todd units)
(years) Se in

(Years) group <100 100-166 .250
(negative) (doubtful) (significant)

7 Boys 45 5 28 12

Girls 22 3 13 6

8 Boys 45 6 23 16

Girls 20 4 8 8

9 Boys 42 6 30 6

Girls 20 2 9 9

10 Boys 45 7 25 13

Girls 19 1 12 6

Boys 177 24 106 47
Total _

Girls 81 10 42 29

gave values of 250 units or more, and 19% values
of 333 units or more.
The sample included sera from 177 boys and 81

girls. Table 2 shows the number of sera from boys
and from girls of different ages which contained (1)
less than 100 Todd units, (2) 100-166 Todd units, and
(3) more than 250 Todd units ASO. From this it can
be concluded that there was no significant difference
between the percentage of significant findings (> 250
units) in boys (27%) and girls (36%). There was
also little difference between the proportion in each
age-group (7 years 27%, 8 years 37%, 9 years 24%,
and 10 years 30 %).
Out of the 34 schools that were visited there were

only 2 in which none of 8 children tested had sera
containing 250 Todd units or more. In 20 schools,
the sera of 2 or more children contained this amount
of ASO.
The throat swabs from only 3 of the 267 children

yielded group A haemolytic streptococci. Strepto-
cocci of other Lancefield groups were not isolated.
None of the children complained of sore throat or

had signs of acute pharyngitis at the time of taking
the blood sample and throat swabs. A detailed ex-
amination of the whole skin surface was not under-
taken, but no septic lesions were observed on the
arms, legs and faces of the children.

Discussion

Robinson, Crawford & Roholt e have demonstra-
ted the value of antistreptolysin 0 estimations for the
detection of host exposure to most streptococcal in-
fections and also for epidemiological studies. How-
ever, Wannamaker & Ayoub f stated that some 15 %
to 20% of people may fail to show an antibody res-
ponse to streptolysin 0 following a streptococcal
infection. Williams g noted that, following an acute
streptococcal infection, the titre rose to a maximum
generally within 2-4 weeks and then began to decline
over the following 3 months, although Stollerman et
al. hhad previously observed that it might sometimes
take 6-12 months to return to the pre-infection
level. The upper limit for normal adults and children
over the age of 5 years is usually taken as 200 Todd
units per ml, though Hollinger i in a survey of ASO
titres in 1904 apparently normal children over 5 years
of age found 14.8% with levels over 200 units. Levels
of 50 or less are considered to exclude recent strepto-
coccal infections.

In this series of 258 children aged 7 to 10 years,
29 % gave values of 250 units or more. If sera con-
taining over 166 units were included, then 126 (48 %)
of the children had demonstrable antibodies at this
level or higher. This is suggestive ofmarked response
to streptococcal infections in recent months. The
children had probably experienced streptococcal in-
fections before entrance to school at the age of 7
years, because sera containing 250 units of antibody
were found as often in those of this age as in older
children. Furthermore, in almost 60% of the schools
in this survey, 2 or more of the 8 children tested had
significant amounts of antibodies (250 units or more),
suggesting that streptococcal infection had recently
been widespread in the community. However, dur-
ing the period of the survey (October-December)
only 3 children were found to harbour streptococci
of group A, and none had clinical evidence of strep-
tococcal infection. Based on a single specimen, this
gives an isolation rate of 3 samples out of 267 chil-
dren, or just over 1 %. Quinn i reported a study of
carrier rates of haemolytic streptococci in school-

e Robinson, J. J., Crawford, Y. E. & Roholt, D. M.
(1952) Amer. J. clin. Path., 22, 237.
f Wannamaker, L. W. & Ayoub, E. M. (1960) Circulation,

21, 598.
g Williams, R. E. 0. (1958) Bull. Wld Hith Org., 19, 153.
h Stollerman, G. H., Arthur, J. L., Schultz, I. & Taranta, A.

(1956) Amer. J. Med., 20, 163.
i Hollinger, N. F. (1953) Amer. J. publ. Hlth, 43, 561.
J Quinn, R. W. (1965) Amer. J. Epidem., 82, 1.
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children of 8 to 11 years of age in Tennessee. He
found that in throat swabs taken every 2 weeks over
a period of 8 months, the isolation rates of these
organisms varied between 8% and 19 %.

In view of the observation that a large proportion
of Khartoum schoolchildren had high ASO titres,
the low rate of isolation of group A haemolytic strep-
tococci from their throat swabs was surprising. There
are several possible explanations for this: first, a
widespread outbreak of streptococcal infection may
have occurred in Khartoum in the few months prior
to our survey. This is unlikely, because it is difficult
to believe that the infection would have disappeared
simultaneously from all the schools. Second, our
methods may have been unsuitable for the detection
of the streptococci. The cultural method used was
an orthodox one, and swabs were inoculated without
delay on to a medium made from a standard com-
mercial base and containing horse blood. The ab-
sence of large numbers of haemolytic colonies which
were not groupable with the sera for groups A, C
and G suggests that we were not missing infections
which might have caused the appearance of ASO.
Third, it is possible that we may have overlooked
some extrarespiratory streptococcal lesions in the
children, though none was apparent on the unclothed
parts of the body. Finally, there is the possibility

that a nonspecific inhibitor of streptolysin 0 is com-
monly present in the sera of Khartoum children.
Cholesterol, in amounts found in normal sera, does
not seem to inhibit streptolysin O,f but an excess of
3-lipoprotein due to liver disease has been shown to
cause a non-specific increase of ASO titre. k The pos-
sibility that some common metabolic disturbance in
the children might therefore have been responsible
for the serological findings merits further investi-
gation.

Nevertheless, the suspicion remains that strepto-
coccal disease is common among Khartoum children.
Longitudinal studies of further groups of school-
children and of their home contacts will be needed,
with a careful search for streptococcal lesions in the
respiratory tract and on the skin. Until this is done,
the prevention of rheumatic fever by the intensive
treatment of the initial streptococcal illness will be
difficult. * *

We are grateful to the Ministry of Health for their
co-operation and for the supply of reagents in this survey.
We would also like to thank Dr M. T. Parker of the
Streptococcus Reference Laboratory, Colindale, London,
England, for estimations of the ASO levels in the sera
submitted.

k Halen, J. (1963) Acta path. microbiol. scand., 57, 301.

Early Serological Non-Response in Human Plague Infections

by JoHN D. MARSHALL, Jr,a US Army Medical Research Team (Walter Reed Army Institute ofResearch)
Viet-Nam, F. L. GIBSON, US Army Medical Research Team (Walter Reed Army Institute of Research)
Viet-Nam, T. C. DUNG, Institut Pasteur, Saigon, and D. V. QUY, Institut Pasteur, Saigon, Viet-Nam

A widespread outbreak of plague in Viet-Nam
during 1965 and 1966 provided the opportunity to
compare the use of a serological test with the stand-
ard isolation techniques as a diagnostic procedure
during the early acute phase of the disease. The
haemagglutination test utilizing Pasteurella pestis
Fraction I antigen (FI), as originally developed by
Chen & Meyer band modified to a microtechnique by

a Present address: Microbiology Division, US Army
Medical Unit, Fort Detrick, Maryland 21701, USA.

b Chen, T. H. & Meyer, K. F. (1954) J. Immunol., 72,
282-298.

Cavanaugh et al.,c was chosen because of its high
degree of sensitivity and specificity. The comple-
ment-fixation test was not employed due to a
shortage of highly purified Fl. Sera from a total
of 360 patients with clinical bubonic plague were
tested, P. pestis being isolated from bubo aspira-
tions or blood cultures in 104. As patients absented
themselves from treatment when they felt well
rather than waiting to be discharged by medical
personnel, 291 persons were. bled on admission

c Cavanaugh, D. C. et al. (1965) Bull. Wld Hlth Org., 32,
197-203.
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