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One hundred eighty-five enteric Campylobacter strains isolated from diarrheic or healthy children in Bangui
(Central African Republic) were studied to determine their species and serotypes. C. coli was identified in
38.9% of all strains and in 43.9% of strains from diarrheic children. By the hemagglutination technique for
heat-stable antigens, 73.5% of the strains could be serotyped. Of the typeable strains, 75% were distributed
among 13 more frequent serotypes. C. coli serotype Pen 37,56 was the most common serotype from diarrheic
children.

Since practical techniques for the isolation of Campylo-
bacter jejuni and C. coli have become available, numerous
studies on the etiological role of these bacteria in human
diarrhea in many countries have been reported. The results
show a different epidemiological pattern in developed coun-
tries than in developing countries. In developed countries,
the incidence of Campylobacter infection is low, and there
are few healthy carriers (3, 23). In developing countries, the
incidence of Campylobacter infection in diarrhea is higher,
and there are numerous healthy carriers (2, 4, 7). The
prevalence of Campylobacter infection in Bangui (Central
African Republic) is similar to that in other developing
countries. An epidemiological study conducted in Bangui
from March 1981 to February 1982 showed C. jejuni and C.
coli to be the third most prevalent enteric pathogens identi-
fied in the stools of diarrheic children. The study also
demonstrated that many instances of asymptomatic carriers
occur, such that the difference between the two groups is not
significant (6). The serotype of an isolate can be used as a
marker to study the epidemiology of Campylobacter infec-
tions. Several techniques have been recently developed for
serotyping C. jejuni and C. coli: a passive hemagglutination
technique based on heat-stable antigens (13, 20), a slide
agglutination technique based on heat-labile antigens (15),
and a direct immunofluorescence technique (9).

In the present paper, we present the results of a study of
enteric Campylobacter strains isolated from the stools of
children in Bangui from May 1982 to October 1984. For all
isolates, we determined the species and serotype by the
passive hemagglutination technique of Penner and Hennessy
(20) to determine if there were differences in strains between
diarrheic and healthy children.

MATERIALS AND METHODS
Isolation and identification. All Campylobacter strains were

isolated from fecal specimens of diarrheic or healthy children
under 15 years of age, and all strains were from sporadic
cases. We did not observe an outbreak during that period. Of
the diarrheic children, 81% were recruited in the city of
Bangui (30% in the pediatric department of the hospital and
51% in a medical day care center) and 19% in a rural village.

* Corresponding author.

The healthy children came from the same care center or

belonged to a cohort of children followed by our laboratory
from birth to 2 years of age.
Each fecal specimen was plated on Butzler medium (Ox-

oid Ltd.) (5). The plates were incubated at 42°C in an
anaerobic jar with a gas-generating pack but without cata-
lyst. After incubation for 48 h, enteric campylobacters were
identified by colony morphology, Gram stain, motility by
dark-field illumination, and the presence of catalase and
oxidase (16).
Each strain was tested for susceptibility to nalidixic acid

with 30-[Lg disks; this method distinguishes C. laridis (nali-
dixic anid resistant) from C. jejluni and C. coli (nalidixic acid
susceptible) (24). Any zone of inhibition of growth was

considered susceptible. The distinction between C. jejuni
and C. coli was made on the basis of the rapid hippurate
hydrolysis technique described by Harvey (8). Hippurate-
positive strains were classified as C. jejuni and hippurate-
negative strains as C. coli (24).

Serotyping. Immune antisera were prepared in our labora-
tory against Penner reference strains 1 to 56 by immunizing
rabbits by the technique described by Penner and Hennessy
(20) modified by using formalinized bacteria in place of live
bacteria for the first three immunizations and live organisms
for the fourth and fifth injections. Penner reference strains
were provided by G. Morris from the Campylobacter refer-
ence laboratory at the Centers for Disease Control, Atlanta,
Ga. Each antiserum was tested against all 56 reference
strains. The homologous titers of the immune sera varied
from 1/160 to 1/10,240. Nonabsorbed sera were used to
serotype strains. The serotype of each strain of C. jejuni and
C. coli was determined by testing each strain in the 56
immune antisera diluted 1/40 in microtitration plates as

described by Penner and Hennessy (20). For each positive
reaction, the titer was determined by serial twofold dilutions
of the antisera in microtitration plates. Dilutions were car-
ried out with manual microdilutors. Weak and strong antigen
activities were determined by comparing the titer of the
tested strain with the titer of the reference (immunizing)
strain (20). Strains were retested if only a weak reaction or

no reaction occurred, and strains consistently showing only
weakly reacting antigens were described as weak. Strains
were not retested if strong antigens were present; therefore,
transient antigens (19) were not detected. The serotype was
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TABLE 1. Age distribution of diarrheic and healthy
Campylobciter-infected children

No. of diarrheic No. of healthy
Age cases (%) cases (%)

0-11 mo 49 (39.8) 47 (75.8)
12-23 mo 52 (42.3) 10 (16.1)
2-15 yr 22 (17.9) 5 (8.1)

indicated by listing all reactive antisera in order by strength
of titer, with the antiserum giving the strongest reaction
listed first.

RESULTS
We studied 185 enteric Campylobacter strains, 123 from

diarrheic children and 62 from healthy children. The age
distribution of the two groups of children is summarized in

Table 1. For 64% of the diarrheic children from whose feces
enteric campylobacters were isolated, they were the only
enteropathogens.
None of the strains were resistant to nalidixic acid;

therefore, none were identified as C. laridis. All strains were

C. jejini or C. coli. The distribution of the two species is
summarized in Table 2, with 61.1% of the strains identified
as C. jejluni and 38.9% as C. coli.

Serotyping results for each strain are listed in Table 3. The
immune antisera we prepared serotyped 136 (73.5%) strains;
26% of the strains of symptomatic carriers and 27.4% of the
strains of controls were untypeable. Thirty-five different
serotypes were recognized; however, 14 serotypes were

identified only once. Of the typeable strains, 102 (75%) were

distributed among 13 serotypes (Table 3). We included in the
typeable strains 12 which reacted weakly in antisera 8 (8
strains) and 41 (4 strains). These reactions may represent
cross-reactions with an unknown serotype not yet identified.
Fifty-two (38.2%) of the strains agglutinated in two or more

antisera. Thirty-one strains distributed in six different
serotypes reacted in both C. jejiuni and C. coli antisera
(Table 3; serotypes Pen 5,31,39; 24,19; 34,26,40; 34,40,53;
37,56; and 49,53).
Only one strain, C. coli serotype Pen 37,56 occurred much

more frequently among diarrheic children (18 cases) than in
the control group (2 cases), the difference being statistically
significant (P < 0.02; Fisher exact test). Three other strains,
C. jejiuni serotypes Pen 5, 8, and 53, were found more

frequently in diarrheic than in healthy children, but the
difference was not statistically significant.

DISCUSSION
We observed a high percentage of C. coli in the enteric

Campylobacter strains isolated in Bangui. The occurrence of
C. coli was 38.9% of all strains identified compared with
43.9% of strains of symptomatic subjects only. C. coli is
commonly isolated from pigs (25); however, isolation from

TABLE 2. Distribution of C. jejini and C. coli among diarrheic
and healthy children

No. (%t) No. (%') No. (17()
Species among anmong among all

diarrheic healthycae
cases

cases cases

C. jejlni 69 (56.1) 44 (71.0) 113 (61.1)
C. co/i 54 (43.9) 18 (29.0) 72 (38.9)

humans is infrequent and has been reported to be 3.2% by
Karmali et al. (12), 5% by Skirrow and Benjamin (24), 13.4%
by Kapperud et al. (11), and 17.6% by Lior (14). This is the
first report of the distribution of the two species C. jejiini and
C. coli in Africa, and the frequency of occurrence of the two
species seems to be different from that found elsewhere.
We were able to serotype 136 strains isolated in the

Central African Republic (73.5% of the strains) with immune
sera prepared against strains isolated elsewhere; 26.5% of
the strains were untypeable and may represent new
serotypes. We found a high diversity of serotypes of C.
jejiuni and C. coli in Bangui; 35 different serotypes were
identified. However, 75% of the strains belonged to 13
serotypes. Among these most frequent serotypes, six
serotypes, Pen 2, 3, 5, 8, 13, and 23,36 have been previously
identified by other authors as occurring frequently (12, 18,
21). They represent 44 strains, that is, 23.8% of all the tested
strains. We did not find strains of serotype Pen 1 or 4, which
are reported by those authors as frequent. On the other

TABLE 3. Serotypes of C. jC'juni and C. (Coli isolated in Bangui"
No. of isolates of No. of isolates of

Serotype" C. jejltini from: C. coli from:

Patients Normals Patients Normals

1,3' 4 3 1
4 1

3'' 3
3,17 1
5'' 6 2 1
5,2 1
5,3 1
5,31 1
5,31,39 1
8w'''7 7 1

4
17 1 2
19 1 1
24 2
24,19 1 1
29 1
30 1 2
31 1
34' 1 1 1
34,26,40 1
34,40.53 1
35 1
36,23'' 2 2 3
37,56' 1 18 2
40 1
40,53 1
41W'<I 4
43 1
46 2 1
46,49 1
48 1 1
49" 3 3
49,53' 1 3 1
51'' 2 2
53' 7 1

" Of the C. jejioii isolates from patients, 45 were typeable and '4 were not;
of those from healthy children. 28 were typeable and 16 were not. Of the C.
coli isolates from patients, 46 were typeable and 8 were not; of those from
healthy children, 17 were typeable and 1 was not.

C. coli antisera are underlined.
Most frequently identified serotypes.
WXWeak reaction only.
Strain may react in one or more of antisera 4, 13, 16, and 50.
Strain may react in antisera 34 and 26.
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hand, C. coli serotype Pen 37,56, which is infrequently
isolated elsewhere, was the enteric campylobacter most
frequently isolated from the stools of diarrheic children in
Bangui and represented 10.8% of all the strains. The dif-
ferent isolates of these strains did not seem to be related,
since they were isolated at different times during the 2 years
from 14 different areas of the city and also from a rural area.
Half of the families in which these strains were identified had
an individual water supply (well). This strain appears to be
interesting for two reasons. (i) It was isolated with a signif-
icantly higher frequency in the patient group than in the
control group. (ii) The species C. coli is rarely isolated from
human specimens. Of the serotypeable strains, 22.8% were
found to react in both C. jejuni and C. coli antisera. This
observation has been reported previously, although not as
frequently as, in the Bangui study (10-12).
The higher number of healthy carriers of C. jejuni and C.

coli in developing countrjes remains unexplained. Two pos-
sibilities can be considered to explain this difference: lower
pathogenicity of the strains from developing countries and
early immunization of children due to the low level of
hygiene in these countries, thereby allowing a high preva-
lence of the bacterium. Two different mechanisms are now
thought to explain Campylobacter pathogenicity: entero-
invasive ability and elaboration of toxins (3, 5, 22). A study
conducted in India, where the number of healthy carriers of
enteric campylobacter is very high, has shown no difference
in enterotoxigenicity between the strains isolated from diar-
rheic children and those from healthy children (17). A recent
study conducted by Blaser et al. (1) makes the second
possibility more probable. They have shown that the level of
enteric Campylobacter serum-specific antibodies in healthy
children was higher in a developing country (Bangladesh)
than in a developed country (the United States). In our
study, we identified a predominant serotype of C. coli in
patients. Further studies, such as pathogenicity tests and an
understanding of the immune status of the children, are
needed to clarify the role of C. jejuni and C. coli in diarrhea
in developing countries.
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