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Campylobacter Immunity and Quantitative Excretion Rates in Thai Cﬁildren

David N. Taylor, Daniel M, Perlman,*
Peter D. Echeverria, Udom Lexomboon,
and Martin J. Blaser*

Depariment of Bacteriology. Armed Forces Research Institute of
Medicine. and Children’s Hospital, Bangkok. Thailand; Division of
Infectious Diseases. Department of Medicine, University of Colorads
School of Medicine, and Department of Veterans Affairs Medical Center,
Denver, Colorado

Campylobacter species were isolated from 61 (15%) of 416 Thai children <5 years old with
diarthea. Although the baseline levels of Campylobacter-specific antibody increased with age,
80.3% of Campylobacter-infected children seroconverted compared with 12.9% of 45 Shigella-
infected patients used as controls. The response to acute infection was greatest in the 6- to
12-month-old group. Nonseroconverters had higher initial IgG levels than did seroconverters (P
= ,001). Quantitative cultures showed a range of 1-8 log,, Campylobacter cfu/g of stool (median,
6.0 log,o), and the seroconversion rate was highest in those with the highest Campylobacter
excretion. Fecal Campylobacter excretion was inversely related to age (x* for trend, P = .03).
These studies indicate that endemic Campylobacter exposure frequently induces seroconversion
in young children, whether Campylobacter is isolated as a single pathogen or one of multiple
pathogens, and that fecal excretion of the organism is inversely related to the age-related immune

response to infection.

In developing countries such as Thailand, infection with
Campylebacter species is highest in children <1 year of age,
and the case-to-infection ratio falls with age [1]. a pattern
found in other developing areas [2]. Because most Campylo-
bacter infections occurring in persons >2 years of age in such
populations are asymptomatic. it is likely that disease-speci-
fic immunity develops during early childhooa [3].

Recent studies have indicated that the expression of illness
after Campylobacter infection is influenced b, both strain
characteristics and preexisting immunity [[~3]. However,
the role of Campylobacter species in polymicrobial infections
is unclear. In vitro studies suggest that other pathogens, in-
cluding Shigella and Salmonella species and Escherichia coli,
can enhance invasiveness of Campylobacter jejuni [4]. Fur-
thermore, the finding of Campylobacter infection in asymp-
tomatic subjects suggests that under some circumstances
Campylobacter may be nonpathogenic [5]. To demonstrate
how primary and secondary infections induce the develop-
ment of protective immunity, we investigated the immune
response in the case of polymicrobial infection in which
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Campylobacter and another enteropathogen were isolated
and the relationship between intensity and duration of infec-
tion as man:fested by quantitative stool load and immunity.

Materials and Methods

Patient population. From 1 July to 31 December 1987, we
studied children <3 years old who presented to the outpatient
department at Children’s Hospital (Bangkok) with acute diar-
rhea (defined as three or more loose stools in 24 h or one loose
stool plus fever, vomiting, or abdominal pain). Patients were
excluded if the diarrhea had lasted >3 days or if the patient had
recently received antibiotics. Age, symptoms, and clinical and
treatment data were recorded. and stool and serum specimens
were collected. Any patient with a positive stool culture for
Campylobacter or Shigella species was visited at home 2 and 4
weeks later for collection of clinical data and stool and serum
specimens. Statistical analysis was done by the ¢ test. x%, or
Fisher’s exact test. using SAS (SAS Institute, Cary, NC) and
Abstat (Anderson-Bell, Canon City, CO) software.

Microbiologic protocol. Stool specimens were plated onto
MacConkey and Hektoen enteric agar (Difco, Detroit) before
and after enrichment in Selenite-F enrichment broth (Becton
Dickinson Microbiology Systems, Cockeysville, MD) as previ-
ously described [6]. £. coli were processed by DNA hybridiza-
tion assays [7). Cryptosporidium species, Giardia and amoeba
cysts. and helminthic ova were detected as previously described
[7). Rotavirus was identified by monoclonal antibody ELISA
{7]). Stool white and red blood cells were quantitated by direct
microscopy.

Campylobacter species were isolated using the membrane fil-
tration technique {8] or an antibiotic-containing Campylo-
bacter-selective enrichment medium {9] followed by subcultur-
ing using the membrane filter technique after overnight
microazrobic incubation. Campylobacter isolates were con-
firmed by standard procedure, identified to the species level us-
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ing hippurate hydrolysis, and serotyped according to the Lior
system [10]. Quantitative cultures were done whenever Campy-
lobacter species were isolated, using a standard dilution tech-
nique as follows: 1 g of stool was suspended into | mL of sterile
normal saline, and then five serial 10-fold dilutions were done;
0.1 mL from each dilution was spotted into 0.45-um sterile
membrane filters (Millipore, Bedford, MA) that previously had
been placed on Brucella agar containing sheep blood without
antibiotics [8]. After incubation as above, colonies were counted
to determine the number of colony-forming units per gram of
stool, and results were rounded to the nearest log,, integer.

Serology. Sera, stored at —20°C on the day of collection.
were tested in an ELISA using C. jejuni group-specific surface
proteins as the antigen and immunoglobulin class-specific per-
oxidase conjugates as previously described {11]. Sera were as-
sayed at single screening dilutions, 1:50 for [gA, 1:100 for IgG.
and 1:200 for IgM.

Results

Epidemiology of Campylobacter infection. A total of 416
children (56% boys) with acute diarrheal illnesses were
enrolled in the study. Their mean age was 15.1 months
(1SD, 8.9). Campylobacter species were isolated from 18.8%
of children <12 months of age. 12.3% of those 12-23
months, and 10.3% of those 24-59 months. The age-related
decrease in isolation rate was statistically significant (P =
.04). The isolation rates were'similar in boys and girls.

Microbiology. Shigella species were isolated from 20%
and Campylobacter species from 15% of 416 children with
diarrhea. Mixed infections involving two or more enteric
pathogens were observed in 91 children.

Clinical features of Campylobacter infections. Children
were divided into three age groups (<12, 12-23, and 24-59
months). Among 37 patients infected with only Campylo-
bacter species, the proportion with watery stools rose (from
21% to 40%) and the proportion with blood and mucus in
stools fell (from 31% to 0) with increasing age. The age-re-
lated decrease in bloody stools was significant (P = .02). In
comparison, among the children not infected with Campylo-
bacter species, no such trends were found. For none of the
other clinical features were any age-related trends noted.

Features of sole Campylobacter infeciions and mixed
infection. Of the patients from whom Campylobacter spe-
cies were isolated, 37 (60.7%) had only that pathogen identi-
fied, while 24 (39.3%) had mixed infections. C. jejuni was
isolated from 29 patients as the sole organism and from 15
patients concomitantly with another pathogen. Campylo-
bacter coli was isolated from 4 patients as the sole pathogen
and from 3 patients as part of a mixed infection. Nine isolates
were group 2 aerotolerant Campylobacter species (now re-
ferred to as Arcobacter butzleri [12]) and | was Campylo-
bacter upsaliensis [13]. Shigella species were the most com-
mon pathogen identified in this study, but only one
coinfection with Campylobacter species was recognized,

'
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probably because most Campylobacter infections involved
children <2 years whereas the opposite was true for Shigella
species.

The 63 Campylobacter isolates from 61 patients at the ini-
tial visit included 44 C. jeuni strains represented by nine
Lior serotypes: in addition, 5 C. jejuni strains were untype-
able. The six most common Lior serotypes were 9 (14%), 4
(14%). 19 (14%), 11 (11%). and 28 (11%). In addition, 9
isolates of C. coli were identified. representing seven Lior
serotype groups. This degree of heterogeneity has been ob-
served in previous studies [1). On follow-up visits at 2 and 4
weeks after the initial enrollment visit, 21 other isolations
were made. In 10 cases the same serotype was isolated on
two or more visits: 5 of these 10 patients had C. jejuni sero-
type 9.

Of the patients who initiallv did not have Campy/obacier
isolated and for whom follow-up testing was done, stool cul-
tures were positive for Campylobacterin 18 (8.3%)of 216 on
the 2-week visit and 8 (10.4%) of 77 on the 4-week visit. The
serotypes of these isolates were similar in spectrum to the
serotypes from the patients who were Campylobacier-posi-
tive at the initia! visit. In addition, 4 and 9 patients initially
found to be infected with Campylobacier had a new serotype
at the 2- and 4-week follow-up visits, respectively. Of the 24
patients from whom Campylobacter was isolated on the fol-
low-up visits, 11 (45.8%) were asymptomatic.

Quantitative microbiology. The 54 Campylobacter-in-
fected children for whom quantitative studies were done
shed from 10" to 10® cfu/g of stool (median, 10° cfu/g). We
then assessed the relationship between quantitation of Cam-
pylobacier infections and features of infe-tion (table 1).
Twenty-two (40.7%) of the 54 children shed <10’ cfu/g of
stool. Children infected with C. jejuni had higher fecal excre-
tion than those with other Campylobacter species (P < .001).
Conversely, fecal Campylobacter loads were inversely related
to the presence of fecal leukocytes; however, this trend did

Table 1. Epidemiologic and clinical characteristics of 54 Canipy-
lobacter-infected patients in relation to quantitative bacteriologic
findings.

Loe

2,0 Campylobacter cfu/g of stool

<29 3.0-49 50-69 7.0-8.9

Charactenistic (n=12) (n=10) (n=22) (n=10)

Mean age (months) 19.2 14.1 13.5 1.7
Mixed infections 25 70 32 20
Campylobacter jejuni involved 25 80 82 100
Fecal WBC 75 70 68 60
Fecal RBC 58 50 59 50
Diarrhea for <24 h 42 k[ 50 20
Mean no. of stools/24 h 6.5 6.9 5.9 6.7

NOTE. Unless indicated. data are € with characteristic.
* p= 03, x? for trend.
t p < .001. x? for trend.
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not reach statistical significance (P = .08). There was a signif-
icant inverse relationship between children’s age and the
logo number of Campylobacter colony-forming units in
stools. Children <2 years of age were significantly (P = .04,
Fisher’s exact test, one-tailed) more likely to excrete higher
numbers (>10%) of Campylobacter organisms in stools than
were older children.

Serologic results. Baseline and follow-up sera were avail-
able from 56 of 61 Campylobacter-infected patients and 3|
randomly selected Shigella-infected patients (as controls):
these were assayed for antibodies against Campylobacter
group antigens. For each immunoglobulin class, seroconver-
sion occurred significantly (P < .05) more often in the Cam-
pylobacter-infected than in the Shigella-infected group.

The Campylobacter-infected patients were stratified by age
to determine differences in immune response (figure 1). Ini-
tial (visit 0) antibody levels were lowest in the children <6
months old, and there was little response during the follow-
up period. In those 6-11 months old, the serologic response
was substantially greater but rapidly declined in both IgA
and IgM; IgG remained elevated at the 4-week foliow-up
visit. There was a significant increase in visit O level for each
immunoglobulin class concomitant with increasing age; P =
.003 (IgG). P < .001 (igM). and P = .02 (IgA). analysis of
variance for trend (figure 1).

We examined optical density values in the IgA., IgG, and
IgM assays for the 61 Campylobacter-infected patients in re-
lation to their initial symptoms, using sera from the initial
and 2- and 4-week follow-up visits. No significant differences
in serologic responses were seen between groups, including
those with and without bloody diarrhea, with and without
mucus in stools, or with and without fever, nor were differ-
ences in responses seen in relation to the level of dehydration
at presentation (data not shown). The immune response in
I2A, IgG, and IgM did not vary according to severity of ill-
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ness. However, these analyses were confounded by mixed
infections.

On initial presentation, 10 of 61 Campylobacter-infected
patients had one or more other pathogens present on stool
examination; 9 presented with one other pathogen and |
presented with two other pathogens. When we compared
these 10 patients to age-matched patients from whom only
Campylobacter species were isolated, there was no significant
difference in the immune response to Campylobacter anti-
gens in any immunoglobulin class.

Discussion

We isolated Campylobacter species from 13% of children
with diarrhea, confirming the frequency of these pathogens
in Thailand [2, 14]. Our data indicate that the diarrheal ill-
ness associated with Campylobacter species is expressed as a
broad spectrum of symptoms, yet most children have loose
stools with mucus, along with fever and vomiting. However,
Campylobacter infection was clinically indistinguishable
from diarrheal illnesses caused by other pathogens that are
common in the same population. While bloody diarrhea is
seen in more than half of the Campylobacter-infected per-
sons who seek medical attention in the United States [15], it
was seen in one-quarter of patients in Thailand, predomi-
nantly in children <2 years old.

Using extensive bacteriologic protocols to test every stool
specimen submitted, we found that 38% of ill children had
more than one enteric pathogen isolated, confirming that
mixed Campylobacter infections are common in the develop-
ing world [3. 7}. Age. sex. and symptoms wece similar in
patients from whom Campylobacter organisms were the sin-
gle pathogen identified and in those with mixed infection,
and the prevalence of fecal blood and leukocytes was similar
in both groups. Such findings suggest that the Campylobacter

141
—O— IgG
1.2 —— IgM
—O— lgA Figure 1. Campylobacter-specific im-
1 mune response in children with Campylo-
g bacter species isolated in setting of acute
§ 08- diarrheal illness, Bangkok. Time of visit
_— rafers to initial (O) or 2- or 4-week follow-
2 up visits. Age-related increase in baseline
o 087 immunoglobulin levels was significant; P
~ =.003 (IgG). P < .00! (IgM). and P =
0.4 .02 (IgA). analysis of variance for trend.
Increase from baseline to 2 weeks was sig-
02 /\ nificant (P < .03, Wilcoxon signed rank
' test) for IgG. IgM. and IgA in those 6-11
0 0/0\0 months, IgA in those 0-5 months, and
s L] i ] T L] M
Time of Visit 0 ; 4 A 5 A o A 4 0 2 R 1gG in those 12-23 months.
(weeks)
Age Group 0-5 6-11 12-23 z24

{months)
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species play a role in the illness among persons with mixed
infections.

In developed countries, acutely symptomatic Campjylo-
bacter-infected persons shed 10°~10° cfu/g of stool [16]. An
earlier study suggested that the intestinal load of these patho-
gens may be lower in Thai children and that there is an age-
related gradient, as indicated by differential positivity rates
with enrichment techniques [1). In this study, we found that
older children excrete fewer Campylobacter organisms and
less often have grossly bloody stools, findings consistent with
the development of immunity. The frequent acquisition of
new infections in the population studied demonstrates the
hyperendemicity of Campylobacter species, providing a basis
for the development of immunity. ‘

Because there is not a simple animal model for Canipyio-
bacter infection, studies in humans are the best approach to
understanding the manifestations of infection and immune
response. Previous reports from developing countries [1-3]
indicate that Campylobacter species mainly cause disease in
the youngest age groups, with age-related infection rates de-
creasing with coincident increases in immune response to
Campylobacter antigens. Studies in volunteers [17] also indi-
cate that Campylobacter-specific antibody production is stim-
ulated by infection. Collection of sera from patients who had
diartheal disease in a community in which Campylobacier
infection rates are high gave us the opportunity to anaiyze
the development of naturally acquired immunity by a variety
of parameters.

Campylobacter infections occurring in the first 6 months
of life induced minimal serologic response. Poor serore-
sponse may occur because it is a primary response to Canps-
lobacter organisms or because of maternal antibodies from
placental transfer or from breast feeding. Previous studies in
the same population have shown that 38% of children <l
year old received breast milk.

We found that development of Campylobacter-specific
serum antibodies was age-dependent; older children were
more seroresponsive and with maturation, the baseline anti-
body levels also increased (figure 1). The inverse correlation
between rising serum antibody levels and falling rates of in-
fection suggest that previous infection, as measured by pres-
ence of serum antibody, protects against subsequent infec-
tion with Campylobacter species. The age-dependent
increase in baseline antibodies also was noted in patients
diagnosed with Shigella infections (data not shown), indicat-
ing that the acquisition of serum antibodies recognizing
Campylobacter antigens is a general phenomenon in this pop-
ulation, reflecting a high frequency of exposure to Campylo-
bacter antigens, regardless of the cause of any particular
acute illness.

Campylobacter infections occurring after 6 months of age
induce the highest serologic responses, stimulated by pre-
sumed repeated exposure to the antigens, associated with a
secondary or anamnestic-type response [ 1, 3]. Antibody lev-
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els decreased rapidly after their peak and were only slightly
above baseline | month after infection (figure 1). However,
we speculate that the age-related increase in antibody levels
results from the cumulative effect of multiple exposures and
the parallel development of immunity [3]. This phenome-
non occurred in all three antibody classes, so we cannot de-
termine which is the most significant. The age-related de-
crease in fecal excretion of Campylobacter organisms that we
observed parallels this development of immunity, as pre-
dicted from our earlier study [1]. That the isolation of multi-
ple pathogens did not alter the serologic response to the con-
comitant Campylobacter infection likely reflects ability of
the immune system to develop many antigen-specific re-
sponses simultaneously.

In conclusion, in a Thai population in which enteric infec-
tions are frequent, Campylobacter infections are hyperen-
demic. As children age. their Campylobacter infections
become milder, they excrete fewer organisms, and Campylc-
bacter-specific scrum antibodies nse progressively. All of
these findings are consistent with the development of immu-
nity, which suggests that development of a vaccine against
Campylobacter infections should be possible.
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Capsular Types of Vibrio vulnificus: An Analysis of Strains from Clinical and
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Vibrio vulnificus produces a capsular polysaccharide (CPS) that is essential for virulence. CPS
from V. vulnificus clinical strain MOG6-24 has been purified and the structure determined. In
preliminary screening with antisera raised to M0O6-24 CPS, 4 (19%) of 21 clinical isolates (in-
cluding MO6-24), but none of 67 environmental V. vulnificus isolates, agglutinated with anti-
MO6-24 antisera (P = .003). CPS was isolated from a subset of 12 clinical and 7 environmental
isolates and analyzed by high-performance anion-exchange chromatography and one-dimen-
sional nuclear magnetic resonance. MOG6-24 and 1 other serologically positive strain had identi-
cal CPS structures; the other 2 serologically positive strains had substitutions in two of four sugar
residues. Thirteen other capsular types were identified among the remaining 15 strains from

which CPS was extracted.

Vibrio vulnificus is a gram-negative bacterium that is ubig-
uitous in the estuarine environment. It can cause a syndrome
of primary septicemia in susceptible hosts, including persons
with a history of cirthosis, alcohol abuse, hemochromatosis,
or immunosuppression. Primary septicemia occurs most of-
ten after ingestion of raw oysters or other shellfish. After
incubation for 24-48 h, patients present with fulminant sep-
ticemia, without an apparent focus of infection, that is rap-
idly and frequently fatal (mortality >50%) [1, 2}. Wound
infections associated with exposure to seawater can also oc-
cur. These infections may mimic gas gangrene, with meta-
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static cellulitic lesions progressing to bullae formation, skin
necrosis, necrotizing fasciitis, and myositis [2]; sepsis is a not
infrequent complication.

Many virulence factors have been suggested for V. vulnifi-
cus, including production of a polysaccharide capsule [3, 4],
expression of extracellular products, such as cytolysin, pro-
tease/elastase, and collagenase, and the ability of the organ-
ism to acquire iron from the host [5]. Deletion or mutation of
genes involved in expression of either the cytolysin or the
protease/elastase have resulted in little or no change in the
virulence of the organism, as measured by LDy, in mice {6,
7]. In contrast, mutants that lack the capsular polysaccharide
(CPS) show an increase in LDy of more than four orders of
magnitude [4]. This capsule has been shown by our labora-
tory and others to be important in defense against comple-
ment-mediated killing and phagocytosis 3, 4]. Antibodies to
the CPS of the infecting organism are found in the serum of
some patients who have had V. vulnificus septicemia [8].

While polysaccharide capsules serve as a general defense
mechanism for bacteria, the virulence and disease manifesta-
tions associated with a specific bacterial strain are often de-
pendent on the capsular type or structure (e.g., Haemophilis
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