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The recrudescence of infection with Campylobacter jejuni after appropriate antibiotic treatment has not been
previously reported in an immunocompetent adult. We present the complete clinical, microbiologic, and
immunologic evaluation of a closely monitored healthy male with recrudescent C. jejuni infection occurring in
the absence of immunodeficiency following experimental infection with a well-characterized strain. After
antibiotic treatment, the initial infection was clinically cleared and microbiologically undetectable. Subse-
quently, two episodes of recrudescence occurred, with no change in in vifro antibiotic sensitivity being detected.
The immune responses of the individual were compared to those of other participants in the experimental
infection study: innate immune responses, including fecal cytokines and C-reactive protein, were intact;
however, measures of Campylobacter-specific adaptive immune responses were absent, including serum anti-
bodies, antibody-secreting cells, and in vitro gamma interferon responses. No primary or secondary immuno-
deficiency was identified. Recrudescent Campylobacter infections after treatment may be more common than
has previously been appreciated. This work adds to our understanding of the human immune response to
natural Campylobacter infection and reiterates the importance of pathogen-specific adaptive immune responses

to this globally important pathogen.

Campylobacter jejuni is a leading cause of food-borne bacte-
rial enteritis throughout the world (5, 39). The clinical mani-
festations of campylobacteriosis include inflammatory diarrhea
associated with fever, malaise, and abdominal cramping (11).
In healthy individuals, extraintestinal disease from C. jejuni is
rarely reported and gastrointestinal manifestations often re-
solve completely without the use of antibiotics. When antibi-
otic use is necessary for severe disease and is used early, symp-
toms abate rapidly in healthy hosts (36).

Unlike individuals with immunodeficiencies, recrudescent
infection with C. jejuni in healthy hosts who have received
antibiotic therapy has not been previously reported (13, 21,
27). The recrudescence of infection with or without illness and
in the absence of repeat exposure suggests that the original
pathogen has not been completely eliminated from the host
due to an insufficient immunologic response, containment of
the microbe beyond the reach of antibiotics or host immunity,
or the development of antibiotic resistance.

We report the first description of a healthy adult who expe-
rienced two episodes of C. jejuni recrudescence after appro-
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priate antibiotic therapy and the findings of immunologic and
microbiologic evaluations of this individual.

CASE REPORT

The subject (subject 006) was a healthy 23-year-old male
with no significant medical history except mild, well-controlled
depression. In particular, the subject had no known immuno-
deficiency, atopy or allergies, recurrent sinopulmonary or gas-
trointestinal disease, or risk factors for HIV infection. The
screening laboratory results performed for study eligibility are
summarized in Table 1.

As illustrated in Fig. 1, a stool sample collected 23 h after
dosing with C. jejuni CG8421 grew Campylobacter. At 48.5 h,
the subject became symptomatic with diarrhea, mild malaise,
back pain, fatigue, and myalgias. Fever, vomiting, dysentery,
and severe abdominal cramping were not present. Although
the subject was never hypotensive or dizzy and drank oral
fluids without difficulty, he met the study criteria for severe
diarrhea (more than six loose/liquid stools in 24 h or >800 g
loose/liquid stools in 24 h) at 58 h and, according to the pro-
tocol, received early antibiotics and 1 liter of intravenous nor-
mal saline. Azithromycin was given at 500 mg orally for three
daily doses in the hospital under supervision. The total loss
through diarrhea for the episode was 2,978 g in 14 diarrheal
stool samples. Similar to the other dosed subjects, he had a
rapid clinical improvement during the azithromycin treatment,
and the stool cultures became and remained negative by 75 h
postdosing. He was asymptomatic at discharge on day 6 post-
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TABLE 1. Clinical immunology at screening (preinfection), during the period of the second recrudescence, and at resolution”

Clinical findings at:

Laboratory assay

Normal range

Screening Recrudescence Resolution
Complete blood count
Leukocytes 6,900 7,600 4,000-10,400/mm?
Hematocrit 44.3 42.8 39.5-50.2%
Platelets 175,000 242,000 141,000-320,000/mm?
Lymphocytes 14.8 16.0 15.0-46.8%
Neutrophils 75.1 73.0 45.5-79.9%
Monocytes 7.6 7.0 1.8-12.0%
Eosinophils 22 2.0 0.03-0.61%
Basophils 0.02 0 0.01-0.11%
Serum chemistry
Total protein 7.4 7.7 6.5-8.3 g/dl
Albumin 4.9 4.9 3.4-4.9 g/dl
Serum or salivary levels
Serum IgA 104 81 100 82-453 mg/dl
IgAl 73> —
IgA2 25° —
Serum IgG 800 950 650-1,500 mg/gl
1gG1 438 490-1,140 mg/dl
1gG2 326 150-640 mg/dl
1gG3 26.6 20-110 mg/dl
1gG4 27.9 8-140 mg/dl
Serum IgM 149 171 60-300 mg/dl
Serum IgE 29 0-41 mg/dl
Total complement 60 30-75 U/ml
Mannose binding protein 1,282¢ 1,000-3,000 ng/ml
Salivary IgA 5.4 6.2-14.5 mg/dl

“ The clinical assays performed before recruitment to the study included assays for antibodies to HIV and hepatitis C virus, hepatitis B virus surface antigens, and
HLA-B27. The results of these tests were negative. At the time of recrudescence, antibodies to diphtheria and tetanus were present and the absolute CD4 count was

600 Ulliter (range, 602 to 1,791 Ulliter). A repeat test for HIV was negative.
b Units are mg/dl.
¢ —, no clinically validated reference range.

@ Testing for total mannose binding lectin was repeated with samples collected on days 7, 9, and 28 postinfection; and there was no significant change in the results.

dosing. Stool cultures remained negative at follow-up visits 9
and 14 days after dosing.

On day 28, the final day of outpatient observation, the sub-
ject remained asymptomatic; however, a stool sample collected
on this date demonstrated the growth of C. jejuni on Campy
CVA agar. On day 31, the subject noted three episodes of
loose stools with visible blood and mild abdominal cramping.
He was treated with a second course of azithromycin (500 mg
orally for 5 days) and became asymptomatic within 24 h. The
bacterial isolate was found to be identical to the original C.

Jjejuni strain by pulsed-field gel electrophoresis (Fig. 2). A com-
plete antibiotic sensitivity panel confirmed at two clinical lab-
oratories revealed no change in antibiotic sensitivities, includ-
ing sensitivity to ciprofloxacin (MICs, 0.064 and 0.032 pg/ml)
and azithromycin (MICs, 0.125 and 0.094 pg/ml) (Table 2).
After the second course of azithromycin, a follow-up stool
culture was performed 7 days after the end of antibiotic treat-
ment and was negative for C. jejuni.

On day 53 after dosing (18 days after the last antibiotic
administration), the subject again experienced mild diarrhea

Day 0
(Inoculation)

Symptomatic
Relapse

Symptomatic
Relapse

WK 8

WK 9

WK10 | WK 11

WK12 |  WK13 | WK14 | WK 15

WK 16

FIG. 1. Clinical time course of initial inoculation and recrudescence episodes. A and C, the subject’s courses of azithromycin and ciprofloxacin,
respectively; black boxes, positive culture for C. jejuni CG8421; speckled boxes, negative culture for C. jejuni.
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FIG. 2. Pulsed-field gel electrophoresis performed with genomic
DNA from C. jejuni reference strain 81-176 (lane 1), the original C.
Jjejuni CG8421 inoculum strain (lane 2 and 5), and strains cultured
during the first and second recrudescence episodes (lanes 3 and 4,
respectively).

and fatigue. A stool culture grew a C. jejuni strain and was
confirmed to be the same strain (CG8421), and the antibiotic
sensitivities remained unchanged (Fig. 2; Table 2). A more
complete clinical immunologic workup was initiated (Table 1).
While awaiting the antibiotic sensitivity results, the subject was
restarted on azithromycin (500 mg orally daily), and ciprofloxa-
cin at 500 mg orally twice daily for 5 days was added. Since the
subject was out of contact with reliable medical care on a
cross-country bicycling trip (2,800 miles, begun on day 29),
azithromycin was continued until his return, for a total of 22
days.

The subject was reevaluated upon his return, 10 days after
the cessation of antibiotic treatment. He appeared healthy and
robust and had no physical findings of postinfectious sequelae
or malnutrition. To increase the sensitivity of detection, six
CVA agar plates were used for each culture performed.
Weekly cultures were done for an additional 4 weeks, and all
remained negative. The subject remained healthy and asymp-
tomatic thereafter.

MATERIALS AND METHODS

Screening and clinical trial. The subject participated in an inpatient clinical
trial designed to develop a challenge model of human Campylobacter jejuni
infection for future use in Campylobacter vaccine testing (44). The trial was
approved by the Institutional Review Boards of the University of Vermont and
the U.S. Naval Medical Research Center and was performed under Good Clin-
ical Practices and a Food and Drug Administration Investigational New Drug
(IND) application. The genome of the C. jejuni challenge strain (CG8421) has
been fully sequenced, and structural studies indicated that the lipooligosaccha-
ride of the strain has no molecular mimicry to human gangliosides that are
associated with Guillain-Barré syndrome (38). The subjects were healthy adults
who were excluded if they had evidence of prior infection with C. jejuni, serum
IgA to C. jejuni glycine extract (titer, >1:2,000), or C. jejuni-specific in vitro
gamma interferon (IFN-y) levels of >400 pg/ml of culture supernatant (see
below). The enrolled subjects were monitored as inpatients for up to 10 days. The
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challenge inoculum was taken orally in a bicarbonate buffer as a dose of 10°
CFU. Seven other individuals were dosed at the same time as the case subject
(immunological data for three other subjects are presented).

The subjects were treated with azithromycin (500 mg orally daily for 3 days)
starting at day 6 postdosing or if they met the study criteria for early antibiotic
treatment (20). The subjects were discharged after two serial stool cultures were
negative for Campylobacter and the symptoms had resolved. While they were
inpatients, all subjects had a minimum of two stool specimens cultured daily for
Campylobacter on Campy CVA agar at 42°C under microaerophilic conditions.
Stool cultures were performed by a research microbiology laboratory qualified to
perform validated procedures for the detection of Campylobacter jejuni. The
subjects were reevaluated; and postdischarge stool cultures were performed on
days 14, 21, and 28. The subjects were instructed in strict hand-washing tech-
niques throughout the study.

Immune responses. C. jejuni CG8421 glycine extract antigens were used for
the detection of antibodies in serum or fecal extracts by enzyme-linked immu-
nosorbent assay (ELISA) and for the detection of antibody-secreting cells
(ASCs) by enzyme-linked immunospot (ELISPOT) assay, and a formalin-fixed
whole-cell preparation was used to detect cellular immune responses by the in
vitro induction of IFN-y. All immunological laboratory assays employed have
been described elsewhere (6, 7). The total IgA titer in each stool homogenate
(1:2, wt/vol) was determined by ELISA, and the antigen-specific titers were
adjusted to 1,000 pwg/ml of total IgA. For cellular (IFN-v) responses, peripheral
blood mononuclear cells (PBMCs; 10°) were stimulated in vitro with 10° forma-
lin-fixed C. jejuni CG8421 whole-cell particles. Following 72 h of incubation at
37°Cin 5% CO,, the culture supernatant was collected and the IFN-y levels were
determined by a Luminex bead assay (Bio-Rad, Hercules, CA). The fecal inter-
leukin-1 (IL-1) and IL-8 levels were determined with human-specific cytokine
Luminex bead kits (Bio-Rad). Plasma levels of C-reactive protein (CRP) were
determined with a commercially available kit (RapiTex; Dade Behring, Marburg,
Germany). Clinical immunology assays (for immunoglobulins and subsets, sali-
vary IgA, and mannose-binding lectin [MBLY]) are described elsewhere.

PFGE. The C. jejuni strains were grown for 18 h on Mueller-Hinton agar plates
at 37°C under microaerobic conditions. Cells were harvested and adjusted to an
optical density at 600 nm of 1.7 to 1.9. The bacterial cells were aliquoted to
100-pl plugs (Bio-Rad) with low-melting-point agarose (Invitrogen) and were
allowed to solidify for 15 min at 5°C. The bacterial cells within the plugs were
lysed by standard procedures (28). The plugs were resuspended in 1 ml of 1x
restriction buffer for 1 h at room temperature. The plugs were removed and put
into 500 pl of fresh restriction buffer and BssHII enzyme (8 U; New England
Biolabs, Beverly, MA), and the mixture was incubated overnight at 37°C.

Pulsed-field gel electrophoresis (PFGE) was done with a contour-clamped
homogeneous electric field (CHEF) apparatus (Bio-Rad) (12). Samples were
electrophoresed in 1% pulsed-field gel agarose (Bio-Rad) and electrophoresed
with a switch time of 2.2 to 17.6 s and a field strength of 6 V/cm for 23 h. The gels
were stained in ethidium bromide, visualized under UV light, and photographed
in a Kodak Image Station 2000 (29).

PCR analyses. Strains isolated from the subject were also compared to the
original inoculum strain by PCR analyses of four genes that were identified by

TABLE 2. Antibody sensitivity panels performed with C. jejuni
CG8421 used for the initial study inoculum and at the first
and second episodes of recrudescence

Etest (pg/ml) MIC for
C. jejuni CG8421°

Antibiotic Recrudescence
Original First Second
isolate isolate
Ciprofloxacin 0.064 0.047 0.032
Levofloxacin 0.094 0.064 0.047
Tetracycline 32 32 12
Trimethoprim-sulfamethoxazole ~ >32 >32 >32
Azithromycin 0.125 0.125 0.094
Erythromycin 0.75 1 0.5
Ampicillin 0.5 0.5 1
Imipenem 0.016 0.016 0.032

“C. jejuni CG8421 is a known tetracycline-resistant strain. All susceptibility
testing was performed in accordance with CLSI guidelines.
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TABLE 3. Comparison of Campylobacter-specific inmune responses of the case subject (subject 006) with those of
other subjects dosed concurrently”

Case subject 006

Subject 002

Subject 004 Subject 008

Response Postinfection

Postinfection Postinfection Postinfection

Preinf;ction response Preinf;ction response Preinf;ction response Preinf?ction response
findings (fold)? findings (fold) findings (fold) findings (fold)
Systemic humoral response
Plasma IgA titer (mg/dl) 640 2 640 8 1,280 4 1,280 16
Plasma IgG titer (mg/dl) 6,400 2 1,600 2 5,120 1 1,600 16
Plasma IgM titer (mg/dl) 1,600 4 12,800 8 6,400 8 6,400 16
Mucosal response
Antigen-specific fecal IgA titer 4 1 108 3 48 3 1,296
(mg/dl)
Total fecal IgA (ug/ml) 1,975 10,090 1,550 870 1,745 4,510 1,995 2,885
No. of IgA ASCs/10° PBMCs <1 1 31 <1 78 <1 448
No. of IgG ASCs/10° PBMCs <1 1 <1 <1 <1 2 <1 38
Cellular immune response, 99 91 211 1,265 279 736 80 319
antigen-specific IFN-y
(pg/ml)
PHA (pg/ml) 97,884 95,650 86,113 84,144 107,810 113,270 87,710 84,742
Inflammatory response
Plasma CRP (ug/ml) 3 48 48 3 3 3 12
Stool IL-1 (pg/ml) 4 95,457 3,518 7 560 3 1,924
Stool IL-8 (pg/ml) 9 665 161 0.5 30 0.5 86

“ Assay detection limits are as follows: for ASCs, 1 ASC/10° PBMCs, and values below the detection limit are assigned a value of <1; for all cytokines, 1 pg/ml, and
a sample showing a value below the detection limit was assigned a value of 0.5; and for CRP, 6 pug/ml, and samples showing levels below the detection limit were assigned

a value of 3.

b Postinfection responses are the maximum fold rise after infection from the value at the baseline.

complete genome sequencing of strain CG8421, as shown in Table S1 in the
supplemental material (38). The genes amplified by these primers are found in
a phage-like element found in CG8421 that was originally described in a Campy-
lobacter coli strain, strain RM2228 (2, 16). An additional PCR amplification was
done with primers pg06.14 and pg06.15 to amplify the C. jejuni-specific fspA
gene, as shown in Table S1 in the supplemental material (37). PCR amplification
was done for 30 cycles, as follows: denaturation at 94°C for 30 s, annealing at
56°C for 30 s, and an extension at 72°C for 1 min. Controls included DNA from
C. jejuni strains CG8421 and 81-176 and negative controls lacking DNA tem-
plates. The PCR products were analyzed on 0.8% agarose gels.

RESULTS

Immunology and microbiology results. Table 1 demon-
strates that the clinical immunology assay results for the sub-
ject conducted at the screening, during the second recrudes-
cence, and upon resolution were all within normal reference
ranges for all measures except the serum IgA and IgGl titers
(at recrudescence) and the salivary IgA titer at resolution,
which were slightly lower than the reference range but which
were not likely to be clinically significant.

The PFGE band pattern demonstrates that the two recru-
descent strains were indistinguishable from each other and
from strain CG8421, and their pattern was distinct from that of
a reference strain, strain 81-176 (Fig. 2). PCR primer sets were
designed for four genes that have not been described together
in the same strain of C. jejuni except in the genome of strain
CG8421 (13). Both recrudescent strains were positive for these
four genes (see Table S1 in the supplemental material). The
antibiotic sensitivities of the C. jejuni strain used for initial
dosing and the two isolates obtained during the recurrence

were similar, as determined by Etest. Hence, no evidence of a
change in antibiotic susceptibility was seen.

The Campylobacter-specific immune responses and the non-
specific innate inflammatory responses for subject 006 and
three other subjects dosed simultaneously are shown in Table
3. In contrast to the other three subjects who did not experi-
ence clinical or microbiologic recrudescence, subject 006
showed low and transient seroconversion detected only by the
presence of Campylobacter-specific serum IgM, whereas no
change in serum IgA or IgG was seen. Similarly, no evidence of
mucosal immune stimulation postinfection was detected in
subject 006, whereas the other three subjects showed vigorous
increases in the Campylobacter antigen-specific fecal IgA titers
as well as IgA ASCs in the circulation postinfection. The pre-
and postinfection IFN-y levels produced by the PBMCs of
subject 006 remained the same, whereas the other three sub-
jects showed three- to sixfold increases in IFN-y levels after
infection. The levels of IFN-y detected from phytohemagglu-
tinin (PHA)-stimulated PBMCs were vigorous and were simi-
lar in all subjects (Table 3).

In contrast to the acquired immune responses, the innate
immune response to C. jejuni infection in subject 006 was
vigorous and was distinct from that in the other subjects. In
particular, a dynamic increase in the levels of the inflammatory
cytokines IL-1B and IL-8 was seen. The magnitude of the
change in IL-1p levels from pre- to postinfection in subject 006
was >2 log units higher than that in the other three subjects,
who did not experience clinical or microbiologic recrudes-
cence.
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DISCUSSION

We report two episodes of recrudescence of C. jejuni infec-
tion in a young healthy adult who had been appropriately
treated with strain-sensitive antibiotics, who had no evidence
of a known underlying primary or secondary immunodefi-
ciency, and who had no family history of infectious disease
susceptibility. Infection with Campylobacter is the second most
common cause of food-borne bacterial disease in the United
States and a common cause of enteritis throughout the world
(5, 39). Despite the frequency of Campylobacter infections, the
recrudescence of campylobacteriosis after appropriate antibi-
otic use has never been described in an immunocompetent
adult. To assess this individual, we were fortunate to have
comparable clinical data from other subjects who received the
C. jejuni inoculum simultaneously, as well as specimens and
isolates for immunologic and microbiologic testing. Clinical
assessments as well as the microbiologic evaluation of the C.
Jejuni isolate demonstrated that recrudescence was not due to
antibiotic resistance and was unlikely to have been related to
increased strain virulence. In the case subject, the evidence of
a robust nonspecific (innate) inflammatory response was evi-
dent postinfection, as measured by increases in C-reactive pro-
tein and fecal IL-8, IL-1B, and total IgA levels. However,
Campylobacter-specific systemic (plasma IgG and IgA), muco-
sal (circulating IgG and IgA antibody-secreting cells and fecal
IgA), and cellular (INF-y) immune responses were strikingly
absent. A brief and nonsustained increase in the plasma IgM
level was seen. In contrast, robust humoral and cellular re-
sponses were mounted by the other subjects. Our subject ap-
peared to have failed to make protective Campylobacter-spe-
cific immune responses, despite protracted exposure to the
pathogen.

Campylobacteriosis in healthy hosts is generally associated
with a spontaneous recovery and the full resolution of symp-
toms, although postinfectious sequelae (including reactive ar-
thritis, Guillain-Barré syndrome, and irritable bowel syn-
drome) are well described (3, 22, 43). The use of antibiotics for
the treatment of Campylobacter infections is generally reserved
for patients with moderate or severe disease (dehydrating di-
arrhea, dysentery), signs of systemic infection (fever, prostra-
tion) or underlying immunodeficiency (42). The antimicrobial
therapy recommended for C. jejuni infection includes a mac-
rolide antibiotic (i.e., azithromycin or erythromycin) for 3 days,
as was initially done for our case subject (20). In general,
fluoroquinolone use is limited secondary to the mounting of
Campylobacter resistance, but it is highly effective against sen-
sitive strains (14).

In contrast to healthy hosts, prolonged clinical symptoms
and the recrudescence of disease have been specifically re-
ported in subjects with HIV infection and those with hypoga-
mmaglobulinemia (1, 13, 21, 25, 27, 31, 35). In these popula-
tions, campylobacteriosis may be associated with protracted
shedding and gastrointestinal symptoms, as well as systemic
disease. Evaluation of the case subject for underlying primary
or secondary immunodeficiency was performed and included
testing for HIV and measurement of immunoglobulin classes,
IgG/IgA subclasses, secreted IgA (via salivary IgA), total com-
plement, and mannose binding lectin. A single IgG1 measure-
ment for the case subject was slightly below the reference
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range of normal, but it is not likely to have been clinically
significant. The subject’s ability to mount an adaptive antibody
response was confirmed by measuring antibodies to recently
given protein-based vaccines (diphtheria, tetanus). Functional
T-cell testing was measured by stimulation of peripheral lym-
phocytes with the mitogen phytohemagglutinin. We considered
the possibility of transient immunodeficiency due to intense
exercise; however, the first microbiologic relapse occurred
prior to the onset of the subject’s prolonged bicycling trip
(17-19, 30). Despite our attempts, no previously characterized
immunodeficiency was detected.

In otherwise healthy adults and in the absence of antibiotics,
a relapse of infection with C. jejuni has been reported. In
untreated patients of all ages infected with C. jejuni or C. coli,
Kapperud et al. found that 17.8% of patients shed C. jejuni or
C. coli a mean of 31 days after they became asymptomatic. The
proportion of infections due to C. jejuni and the patient ages
were not reported in that case series (26). In infants and chil-
dren, Pai et al. reported shedding of Campylobacter spp. for a
mean of 16.8 days in untreated patients, whereas antibiotic-
treated patients shed for 2.1 days after antibiotic treatment
(34). As noted above, apart from the report of one child who
had a relapsed Campylobacter jejuni infection after a course of
erythromycin, there have been no reports of recrudescent C.
jejuni infections in healthy adults following a course of strain-
sensitive antibiotics (34). An asymptomatic recrudescent infec-
tion after antibiotic therapy that is not explained by acquired
resistance or biliary disease is well described for acute nonty-
phoidal salmonellosis (Salmonella java) (33).

Knowledge about what constitutes a disease-limiting or pro-
tective immune response in humans infected with Campy-
lobacter is incomplete, although epidemiologic studies and hu-
man challenge models have helped define innate and adaptive
humoral and cellular markers of infection which likely contrib-
ute to the host’s overall defense (7, 8, 45). Work with human
intestinal cell lines and primary human intestinal tissues has
evaluated the role of innate immune responses and demon-
strated that these responses at the epithelial surfaces include
the rapid production of antimicrobial peptides and proinflam-
matory chemokines and cytokines, with both Thl and Th2
cytokines being represented (4, 23, 47). These data are consis-
tent with clinical observations of inflammatory diarrhea. For
humoral immunity, a large number of trials have demonstrated
the production of Campylobacter-specific antibodies in re-
sponse to infection or exposure; however, it is unknown which
(if any) antibodies represent correlates of immunity (24, 40, 41,
46). In our subjects, IgG (plasma and antibody-secreting cell)
responses were not uniformly positive in all subjects; IgG may
be less critical for the control of this nonsystemic infection.
ASC data and the presence of antibodies in fecal specimens
demonstrate the likely importance of IgA at mucosal surfaces
for Campylobacter control.

In contrast to several studies evaluating antibody responses,
work on adaptive cellular immune responses to human campy-
lobacteriosis is limited (7, 9, 10, 32). For adaptive cellular
immunity, previous challenge models and a recent comprehen-
sive evaluation of an incidentally infected patient (with speci-
mens being available pre- and postinfection) suggest that
IFN-y may be a marker of protection against infection; the
functional role of T-cell subsets and the importance of other
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cytokines have not been clarified (7, 8; D. Tribble, S. Baqar, D.
Scott, M. Oplinger, F. Trespalacios, D. M. Rollins, R. I.
Walker, J. D. Clements, S. E. Walz, P. Gibbs, E. F. Burg, A. P.
Moran, and A. L. Bourgeois, submitted for publication).

Other reasons for recrudescence in this individual were con-
sidered, including the possibility of accidental self-reinfection;
the improper administration or early use of antibiotics; and
carriage or shielding of Campylobacter in a gut location, such as
a diverticulum, crypt abscess, or biofilm (15). Gallbladder
carriage of Campylobacter has never been described. We hy-
pothesize that either the organism was shielded from both
antibiotics and the immune system in a gut focus or a Campy-
lobacter-specific immunodeficiency was present. The latter is
unlikely in an otherwise healthy adult; however, antigen-spe-
cific responses were not mounted after three episodes of symp-
tomatic disease.

As noted, the final resolution of infection occurred after the
use of prolonged antibiotics and the addition of a 5-day course
of ciprofloxacin to azithromycin. Since the subject was travel-
ing out of reach of predictable medical services at that time,
antibiotics were continued for a protracted period (22 days). In
this setting, it remains unclear whether the infection would
have cleared spontaneously or whether either the addition of a
fluoroquinolone or the extended duration of antibiotic treat-
ment was responsible for the final clearance of infection.

In summary, we have identified a young healthy male with
normal innate inflammatory immune responses but with no
Campylobacter-specific immune responses. This work reiter-
ates the importance of adaptive immunity for the complete
eradication of infection. We suspect that in the absence of
extensive follow-up for positive stool cultures, as performed in
this clinical study, “healthy” individuals with protracted or
recrudescent Campylobacter infection may be underrecog-
nized. We hypothesize that, similar to our case, these individ-
uals may not mount adaptive immune responses. Further work
on the systemic and gut immune responses to Campylobacter
may shed light on the precise immunologic deficit of our sub-
ject and/or a hidden locus of infection in the gut. As we work
toward vaccines and better therapeutics for Campylobacter in-
fections, the immunologic evaluation of this subject adds im-
portant information to our understanding of the human im-
mune response to Campylobacter infection.
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