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Background. Despite growing concerns about the invasiveness of Campylobacter infections in patients with comorbidities, the 
clinical features of campylobacteriosis in immunocompromised hosts remain unclear.

Methods. We conducted a retrospective cohort study on campylobacteriosis to investigate the clinical features of patients with 
immunosuppressive conditions in a university hospital in Japan between 2010 and 2023. The patients were classified into 
immunocompetent and immunocompromised groups. The clinical characteristics of the disease were compared between the 
groups.

Results. In total, 200 patients were included: 126 in the immunocompetent group and 74 in the immunocompromised group. 
Patients in the immunocompromised group were significantly associated with bacteremia, especially hematopoietic stem cell 
transplant recipients, those with hematological malignancies, and those who received chemotherapy or steroids. Among cases 
with enteritis, compared with the immunocompetent group, the immunocompromised group was more likely to lack bloody 
stool. Prolonged duration of diarrhea over 30 days was observed in 6% of cases with diarrhea and was associated with 
hematological malignancy, receipt of chemotherapy, low immunoglobulin G level, and the use of rituximab. Concomitant 
infection with cytomegalovirus was commonly seen among cases with a prolonged duration of diarrhea.

Conclusions. Our findings indicate that the clinical presentation of campylobacteriosis is affected by the patients’ immune 
status.
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Campylobacter is a major cause of foodborne bacterial gastro
enteritis worldwide [1]. Recently, an increasing number of 
Campylobacter invasive infections, typically accompanied by 
bacteremia, have been reported in multiple studies, which re
vealed that bacteremia mainly occurs in elderly patients with 
comorbidities, including immunocompromised conditions 
[2–7]. However, most studies were case series of bacteremia, 
and the remaining studies focused on the differences in pa
tients’ backgrounds and clinical features between bacteremic 
and nonbacteremic campylobacteriosis. Although some previ
ous studies have focused on the clinical features of campylobac
teriosis in patients with specific immunosuppressive 

conditions, such as people with HIV and hematopoietic stem 
cell and solid transplant recipients [8–14], most of these were 
case series and did not compare the differences in the clinical 
characteristics of campylobacteriosis between immunocom
promised hosts and immunocompetent hosts. Thus, despite 
growing attention to the importance of campylobacteriosis as 
an invasive infection among immunocompromised hosts, there 
have been limited data regarding the clinical characteristics of 
campylobacteriosis among immunocompromised patients 
compared with immunocompetent patients.

Understanding the variations in the presentation of campy
lobacteriosis in immunocompromised hosts could lead to ear
lier diagnosis and prompt, appropriate management. This 
study aimed to describe the detailed clinical features of 
Campylobacter infections in immunocompromised patients 
in comparison with immunocompetent patients.

METHODS

Study Population, Design, and Ethics

This single-center retrospective cohort study was conducted at 
Kyoto University Hospital, a university hospital in Kyoto, 

Variations in Campylobacteriosis by Immune Status • OFID • 1

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/12/8/ofaf406/8192835 by Kyoto U

niversity user on 15 D
ecem

ber 2025

https://orcid.org/0000-0001-8934-0375
https://orcid.org/0000-0003-1306-3652
https://orcid.org/0000-0002-7822-3269
https://orcid.org/0000-0001-8595-8944
https://orcid.org/0000-0002-8886-6145
mailto:shinoharakoh@kuhp.kyoto-u.ac.jp
mailto:shinoharakoh@kuhp.kyoto-u.ac.jp
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ofid/ofaf406


Japan, which has a capacity of 1131 beds. We included all pa
tients with Campylobacter infections, defined by the identifica
tion of Campylobacter spp. in clinical samples (blood, feces, or 
other site culture) of patients, over a 14-year period (January 1, 
2010–December 31, 2023). The molecular testing, including 
multiplex polymerase chain reaction (PCR) panels for gastroin
testinal infections and antigen tests for Campylobacter spp., is 
not approved in Japan and not included in the identifying 
methods in this study. This study was approved by the Ethics 
Committee of Kyoto University Graduate School and Faculty 
of Medicine (R4499). This study was conducted in accordance 
with the principles of the Declaration of Helsinki. The require
ment for informed consent was waived because of the retro
spective nature of the study.

Data Collection and Microbiological Analysis

We retrospectively collected clinical data regarding demo
graphic and baseline characteristics and underlying conditions, 
clinical signs and symptoms, antibiotic treatment, and out
comes through medical chart review. When a patient had mul
tiple episodes of Campylobacter infection, demographic and 
baseline characteristics at the time of the first episode were 
included. Laboratory results were also obtained. In microbio
logical diagnosis, until 2015, strains were isolated to the species 
level by biochemical tests, and then by matrix-assisted laser 
desorption/time-of-flight ionization mass spectrometry 
(Microflex; Bruker Daltonics, Bremen, Germany) since 2016. 
Antimicrobial susceptibility test results to macrolides, tetracy
clines, fluoroquinolones, ampicillin, and meropenem were col
lected when tested. Antimicrobial susceptibility testing was 
interpreted according to the recommendations of the Clinical 
and Laboratory Standards Institute (CLSI) M45 (third edition) 
for C. jejuni and C. coli [15]. When CLSI breakpoints were not 
defined, the criteria of the National Antimicrobial Resistance 
Monitoring System (NARMS) or recommendations from the 
Antibiogram Committee of the French Society of 
Microbiology and European Committee on Antimicrobial 
Susceptibility Testing were used [16, 17]. For non-jejuni or 
-coli Campylobacter spp., the criteria for C. jejuni were applied.

Definitions

Immunocompromised patients were defined as having any of 
the following conditions associated with immunosuppression: 
hematological malignancy, solid organ cancer, receipt of hema
topoietic stem cell or solid organ transplantation, liver cirrho
sis, HIV infections, connective tissue diseases, primary 
immunodeficiency, receipt of cytotoxic chemotherapy, ste
roids, immunosuppressants, biologics or small molecules with
in the previous 3 months, and B-cell-depleting therapy within 
the previous year. In patients with inflammatory bowel diseases 
(IBDs), those with 5-aminosalicylic acid treatment or no treat
ment were not considered the immunocompromised group. 

Serum immunoglobulin (Ig) G levels within 1 month before 
onset or during disease were collected. We defined serum 
IgG levels <500 mg/dL as low serum IgG levels. Bacteremia 
was defined by Campylobacter spp. isolation from blood cul
ture. Diarrhea was defined as the passage of 3 or more loose 
or liquid stools per day. Enteritis was defined as if a case had 
diarrhea and positive stool culture or blood culture with 
Campylobacter spp. We classified the types of infections into 
5 categories: (1) enteritis, (2) bacteremia with enteritis, (3) bac
teremia without enteritis, (4) other, and (5) asymptomatic. 
Sepsis was diagnosed if the patient had ≥2 of the following cri
teria (qSOFA score): respiratory rate ≥22/min, altered menta
tion, or systolic blood pressure ≤100 mmHg [7, 18]. Suspected 
consumption history was defined as follows: eating raw or 
undercooked meat or raw eggs or visiting yakiniku or yakitori 
restaurants within 7 days before onset. Yakiniku restaurants are 
Korean/Japanese-style barbeque restaurants where people eat 
self-grilled beef, pork, and chicken that can be undercooked, 
and some of them serve raw or seared beef. Yakitori restaurants 
are Japanese-style restaurants that serve raw or seared chicken 
in addition to grilled chicken. Antimicrobial treatment was 
considered appropriate if the strain was susceptible to ≥1 of 
the administered antibiotics. Campylobacter spp. are naturally 
resistant to cephalosporins, piperacillin, and piperacillin/tazo
bactam [5, 19], and these antibiotics were considered 
inappropriate.

Data Analysis

We used the chi-square test and Fisher exact test to compare 
categorical variables, as appropriate, and the Mann-Whitney 
U test to analyze continuous, nonparametric data; we consid
ered a 2-sided P < .05 statistically significant. We performed 
all statistical analyses using R, version 4.4.0 (The R 
Foundation for Statistical Computing; https://www.r-project. 
org).

RESULTS

During the study period, 210 Campylobacter infection episodes 
in 200 patients were identified and included in the study 
(Supplementary Figure 1). The number of cases increased before 
2020, and a temporal fall was observed during 2020–2022; the 
number then increased again in 2023 (Supplementary 
Figure 2). The number of episodes peaked during summer 
(Supplementary Figure 3).

Differences of Baseline and Clinical Characteristics of 
Campylobacteriosis Between the Immunocompetent and 
Immunocompromised Groups

The baseline patient characteristics are summarized in Table 1. 
There were 126 cases (63%) in the immunocompetent group 
and 74 (37%) in the immunocompromised group. C. jejuni 
(n = 172) was the most frequently identified species regardless 
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of the disease type, whereas C. coli (n = 16) was identified only 
in enteritis or asymptomatic cases, and 3 of 4 cases with C. fetus 
were accompanied by bacteremia. We compared the clinical 
characteristics of campylobacteriosis between the immuno
competent and immunocompromised groups (Table 2). The 
median age (interquartile range [IQR]) was higher in patients 
in the immunocompromised group (54 [26–69] years) than 
in patients in the immunocompetent group (23 [19–43]; 
P < .001) (Supplementary Figure 4). Suspected consumption 
histories were reported in 49 (25%) of 200 cases; these numbers 
were similar between the groups. Cases in the immunocompro
mised group were significantly associated with bacteremia 

compared with those in the immunocompetent group 
(26% vs 9%; odds ratio [OR], 3.61; 95% CI, 1.61–8.11; 
P = .002), and bacteremia without enteritis was significantly 
more frequent in the immunocompromised group than in 
the immunocompetent group (16% vs 1%; OR, 24.19; 95% 
CI, 3.08–190.31; P < .001). Among the underlying conditions 
associated with immunocompromised status, history of hemo
poietic stem cell transplantation (HSCT; 5/8 [63%] cases; OR, 
17.42; 95% CI, 3.66–82.86; P < .001), hematological malignancy 
(7/14 [50%] cases; OR, 10.45; 95% CI, 3.10–35.29; P < .001), re
ceipt of cytotoxic chemotherapy (7/17 [41%] cases; OR, 7.31; 
95% CI, 2.32−23.04; P = .001), solid organ tumor (4/13 [31%] 
cases; OR, 4.65; 95% CI, 1.23–17.57; P = .035), and steroid 
use (8/31 [26%] cases; OR, 3.64; 95% CI, 1.32–10.03; 
P = .026) were significantly associated with bacteremia, com
pared with the immunocompetent group (11/126 [9%] cases). 
Cases of C. fetus infection were exclusively observed in the im
munocompromised group. Seven episodes (3%) were compli
cated by sepsis, and 3 of these (1%) progressed to septic 
shock. All patients with sepsis were aged 80 years or older, 
and 3 were in the immunocompromised group.

Antimicrobial treatments were administered to 58% of all 
patients, with a higher frequency in the immunocompromised 
group (70% vs 49%; P = .020). However, only 37% of all pa
tients received appropriate antibiotics, 55% in the immuno
compromised group. Among the cases who presented with 
bacteremia without enteritis, empiric antibiotic treatment was 
appropriate in 5 of 13 cases (38%), and 3 of these cases involved 
the use of carbapenems. The median time from symptom onset 
to administration of appropriate treatment was 4 days, with no 
significant difference between the groups. In the immunocom
promised group, appropriate antibiotics were more often ad
ministered after culture results were reported compared with 
the immunocompetent group (11/74 [15%] vs 5/126 [4%]; 
P = .012). Nine of these 16 cases—including 6 immunocom
promised patients—had experienced prolonged fever or diar
rhea, while 7 cases were clinically improving or had already 
improved by the time antibiotics were administered. 
Although 5 of the 16 cases had suspected consumption histo
ries, the histories were taken after reporting the culture results.

Concurrent infections were observed significantly more fre
quently in the immunocompromised group (14/74 [19%] cas
es) than the immunocompetent group (4/126 [4%]; P < .001). 
Cytomegalovirus (CMV) enteritis was the most common con
current infection (7 cases); 6 of these cases occurred in the im
munocompromised group, and the other 1 case occurred in a 
patient with IBD. In other concurrent infections, 
Clostridioides difficile infection (2 cases) was only observed in 
the immunocompromised group, and concurrent infections 
outside the focus of Campylobacter infection were more com
monly seen in the immunocompromised group.

Table 1. Baseline Characteristics of Patients With Campylobacter 
Infections, Kyoto University Hospital, Kyoto, Japan, 2011–2023 (n = 200)

Variables No. (%)

Age, median [IQR], y 29 [21–60]

Sex …

Male 119 (59)

Female 81 (41)

Group/underlying conditions …

Immunocompetent group 126 (63)

Immunocompromised group 74 (37)

Solid organ tumor 13 (7)

Hematologic malignancy 14 (7)

HSCT 8 (4)

SOT 12 (6)

Cirrhosis 4 (2)

HIV 2 (1)

Collagen diseases 17 (9)

IBDa 11 (6)

Receipt of cytotoxic chemotherapy within 3 mo 17 (9)

Immunosuppressant use 27 (14)

Steroid use 30 (15)

Rituximab use within 6 mo 5 (3)

Type of infections …

Enteritis 171 (86)

Bacteremia with enteritis 17 (9)

Bacteremia without enteritis 13 (7)

Otherb 6 (3)

Asymptomatic 3 (2)

Isolated species …

C. jejuni 172 (86)

C. coli 16 (8)

C. fetus 4 (2)

C. ureolyticus 3 (2)

C. curvus 1 (1)

C. concisus 1 (1)

C. upsaliensis 1 (1)

Campylobacter spp. 2 (1)

Abbreviations: IBD, inflammatory bowel disease; IL, interleukin; IQR, interquartile range; 
HSCT, hemopoietic stem cell transplantation; SOT, solid organ transplantation.
aDetails of IBD treatment included: mesalazine alone 12, mesalazine + azathioprine 3, 
mesalazine + azathioprine + infliximab 2, mercaptopurine alone, mesalazine + mercaptopurine, 
mesalazine + infliximab (anti–tumor necrosis factor–α monoclonal antibody), mesalazine +  
mercaptoprine + infliximab, azathioprine + prednisolone, ustekinumab (anti-IL12/23 p40 
monoclonal antibody), 1 for each.
bUrinary tract infections, 3; subcutaneous abscess, 3.
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We then compared the detailed clinical features of enteritis, 
regardless of bacteremia, according to immune status (Table 3). 
There were 118 cases in the immunocompetent group, 50 in the 
immunocompromised group. The median age was higher in 
the immunocompromised group (Supplementary Figure 4). 
At presentation, bloody stool was less common in the immuno
compromised group than in the immunocompetent group 
(OR, 0.33; 95% CI, 0.13–0.79; P = .014). The proportion of pa
tients who obtained blood cultures and the positive rates of 
blood cultures were not significantly different between the 
immunocompromised and immunocompetent groups. Com
pared with the immunocompetent group, appropriate antibiot
ics were administered significantly more frequently in the 

immunocompromised group (OR, 2.46; 95% CI, 1.28–4.71; 
P = .006). Patients in the immunocompromised group were 
hospitalized more frequently than those in the immunocompe
tent group (OR, 3.13; 95% CI, 1.64–5.97; P < .001).

Antimicrobial Susceptibility

Among the 210 Campylobacter isolates, resistance rates to mac
rolides, tetracyclines, ampicillin, and fluoroquinolones were 3% 
(5/199), 18% (36/199), 38% (75/199), and 58% (116/199), 
respectively. C. fetus was more resistant to macrolides than 
C. jejuni (2/8 [25%] vs 2/172 [1.2%]; P = .010), and C. coli was 
more resistant to ampicillin than C. jejuni (11/16 [69%] vs 62/ 
172 [36%]; P = .015). Fluoroquinolone resistance rates were 

Table 2. Comparison of the Clinical Features of the Cases With Campylobacter Infections According to Host Immune Status, Kyoto University Hospital, 
Kyoto, Japan, 2011–2023 (n = 200)

Variables
Immunocompetent  

Group (n = 126)
Immunocompromised  

Group (n = 74) Odds Ratio (95% CI) P Value

Age, median [IQR], y 23 [19–43] 54 [26–69] … <.001

Male 75 (60) 44 (59) 1.00 (0.56–1.79) .993

Suspected consumption history 33 (26) 16 (22) 0.78 (0.39–1.53) .468

Consumption of raw meat or egg 21 (17) 11 (15) 0.89 (0.40–1.96) .767

Type of infection … … …

Enteritis 108 (86) 53 (72) 0.42 (0.21–0.86) .015

Bacteremia with enteritis 10 (8) 7 (9) 1.21 (0.44–3.33) .794

Bacteremia without enteritis 1 (1) 12 (16) 24.19 (3.08–190.31) <.001

Other 4 (3) 2 (3) 0.85 (0.15–4.74) 1

Asymptomatic 3 (2) 0 0 (0–inf) .297

Bacteremia 11 (9) 19 (26) 3.61 (1.61–8.11) .001

Isolated species … … …

C. jejuni 108 (86) 64 (86) 0.94 (0.41–2.16) .879

C. coli 12 (10) 4 (5) 0.54 (0.16–1.75) .420

C. fetus 0 4 (5) Inf .018

C. ureolyticus 3 (2) 0 0 (0–inf) .297

C. curvus 0 1 (1) Inf .368

C. concisus 1 (1) 0 0 (0–inf) 1

C. upsaliensis 0 1 (1) Inf .368

Campylobacter spp. 2 (2) 0 0 .531

Concurrent infection 5 (4) 14 (19) 5.65 (1.94–16.41) <.001

CMV enteritis 1 (1) 6 () 11.03 (1.30–93.51) .011

Clostridioides difficile infection 0 2 (3) Inf .136

Bacteremia from Enterobacterales 1 (1) 2 (3) 3.47 (0.31–38.97) .556

Others: polymicrobial infections at the focus 2 (2) 2 (3) 1.72 (0.23–12.49) 1

Other: concurrent infection outside the focus 1 (1) 4 (5) 7.14 (0.78–65.16) .062

Hospitalization 47 (37) 52 (70) 3.92 (2.12–7.26) <.001

Length of stay, median [IQR], d 7 [5–13] 11 [7–29] … .016

Any antimicrobial administration 62 (49) 53 (70) 2.61 (1.41–4.81) .020

Appropriate antimicrobial treatment 33 (26) 41 (55) 3.50 (1.91–6.42) <.001

Onset to appropriate treatment, median [IQR], d 4 [3–7] 4 [2–7] … .862

Duration of appropriate treatment, median [IQR], d 5 [3–7] 7 [5–14] … .017

Outcome … … …

Admission to ICU 0 3 (4) Inf .049

Mechanical ventilation 0 1 (1) Inf .368

Catecholamine use 1 (1) 1 (1) 1.71 (0.11–27.79) 1

90-d Mortality 1/75 (1) 1/69 (1) 1.09 (0.07–17.74) 1

Abbreviations: CMV, cytomegalovirus; ICU, intensive care unit.
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significantly lower in the second half (2017–2023, 58/112 [52%]) 
of the study period, compared with the first half 
(2010–2016, 58/87 [67%]; P = .035), and macrolide resistance 
(5 isolates) was observed only in the second half. Resistance rates 
to each antimicrobial were not significantly different between the 
immunocompetent and immunocompromised groups, whereas 
4 of 5 (80%) macrolide-resistant isolates were isolated from the 
immunocompromised group (Supplementary Table 1).

Campylobacteriosis in Hemopoietic Stem Cell Transplant Recipients 
and Solid Organ Transplant Recipients

There were 8 cases with a history of HSCT, including 1 patient 
who had a history of both HSCT and solid organ transplant 
(SOT), who presented with enteritis without bacteremia 
(Table 4).

In HSCT recipients, transplantation types were allogeneic in 
7 cases and autologous in 1 case. Six of the 8 patients (75%) had 
1 of the following factors: (i) prior diagnosis of graft-vs-host 

disease (GvHD) with immunosuppressive treatment (3 cases) 
or (ii) neutropenic status due to high-dose chemotherapy 
(3 cases). Among the 8 HSCT cases, 5 (63%) had bacteremia, 
4 without enteritis. All patients with GvHD presented with bac
teremia without enteritis. Concomitant infections were ob
served in 3 of 8 cases (38%): CMV enteritis, CMV retinitis, 
and microbiologically confirmed disseminated aspergillosis, 1 
case each.

Among SOT recipients, there were 8 kidney, 2 liver, and 1 lung 
transplant recipients (Supplementary Table 2). Ten patients re
ceived grafts from living donors, 6 of whom were 
ABO-incompatible. All cases occurred >1 year after transplanta
tion, and 8 (73%) occurred >5 years after transplantation. 
Among the cases, 3 (27%) had bacteremia and 2 had bacteremia 
without enteritis. Although the 3 cases with bacteremia were 
treated with appropriate antimicrobials, only 1 of 8 cases 
(13%) with enteritis was treated with appropriate antimicrobials. 
Although 1 case was diagnosed with chronic active antibody- 

Table 3. Comparison of the Clinical Characteristics of the Cases With Enteritis According to Immune Status, Kyoto University Hospital, Kyoto, Japan, 
2011–2023 (n = 178)

Variables
Immunocompetent Group 

(n = 118)
Immunocompromised Group 

(n = 60)
Odds Ratio  
(95% CI)

P Value, Immunocompetent vs 
Immunocompromised

Age, median [IQR], y 23 [19–39] 51 [25–68] … <.001

Male 71 (60) 35 (58) 0.93 (0.49–1.74) .813

Symptoms at presentation … … … …

Fever 82 (69) 45 (75) 1.32 (0.65–2.66) .442

Abdominal pain 77 (65) 33 (55) 0.65 (0.35–1.23) .183

Bloody stool 34 (29) 7 (12) 0.33 (0.13–0.79) .014

Vomiting 11 (9) 4 (7) 0.69 (0.21–2.28) .547

Max No. of diarrhea  
episodes/d

… … … …

>10 times 32/80 (40) 20/44 (45) 1.25 (0.59–2.63) .574

3–10 times 48/80 (60) 24/44 (55) … …

Examination … … … …

Abdominal CT 39 (33) 23 (38) 1.26 (0.66–2.40) .484

Colonoscopy 18 (15) 10 (17) 1.11 (0.48–2.58) .807

Blood culture obtained 46 (39) 28 (47) 1.37 (0.73–2.57) .325

Bacteremia 10/46 (22) 7/28 (25) 1.2 (0.40–3.62) .781

Hospitalization 42 (36) 38 (63) 3.13 (1.64–5.97) < .001

Hospital d 6 [5–10] 8 [5–18] … .111

Administration of antibiotics, 
any

59 (50) 39 (65) 1.86 (0.98–3.53) .057

Administration of appropriate 
antibiotics

31 (26) 28 (47) 2.46 (1.28–4.71) .006

Days from onset to appropriate 
antibiotics

4 [3–7] 4 [2–7] … .812

Isolated species … … … …

C. jejuni 105 (89) 55 (92) 1.36 (0.46–4.02) .793

Non-jejuni Campylobacter 13 (11) 5 (8) … …

Outcome … … … …

90-d all-cause mortality 0/69 1/59 (2) Inf .461

Reinfection/relapse 3/67 (4) 3/57 (5) 1.19 (0.23–6.11) 1

>30 d from onset to resolution 
of diarrhea

0/71 7/54 (13) Inf .002

Abbreviation: CT, computed tomography.
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mediated rejection via a scheduled kidney biopsy—performed 4 
months after the detection of donor-specific antibodies and co
inciding with the isolation of C. jejuni from a stool culture due to 
diarrhea that began a few days prior—the clinical course suggest
ed that the campylobacteriosis did not trigger the rejection.

Clinical Features of the Campylobacteriosis Cases With Prolonged 
Duration of Diarrhea Over 30 Days and the Cases With Multiple Episodes

Among the 188 cases of enteritis, regardless of bacteremia, the 
duration of diarrhea from onset to resolution was followed in 
125 cases (Table 5). Seven (6%) patients required >30 days 
from symptom onset to resolution. All 7 cases were in the im
munocompromised group, and 4 were treated with a regimen 
including rituximab for malignant lymphoma or primary mac
roglobulinemia. Three of the 7 cases (43%) had concurrent 
CMV enteritis, all pathologically confirmed. Antimicrobial 
treatments were administered in 4 of the 7 cases, whereas only 
2 received antimicrobial agents susceptible to the isolates. In 
these 2 cases, with the administration of appropriate antimicro
bial treatment, the diarrhea was prolonged over 1 month after 
the administration of susceptible antibiotics, and 1 case was re
solved after secondary treatment. One of the remaining 3 pa
tients without antibiotic administration was treated for 
concurrent CMV enteritis, which was refractory and resolved 
after ∼7 months. None of the patients underwent a follow-up 
stool culture for diarrheal symptoms. Significant risk factors as
sociated with prolonged duration of diarrhea symptoms for >30 
days were underlying hematological malignancy (OR, 19.87; 
95% CI, 2.80–164.52; P = .001), receipt of cytotoxic chemother
apy within 3 months of onset (OR, 7.85; 95% CI, 1.01–54.16; P  
= .024), receipt of rituximab within a year of onset (OR, 156.00; 
95% CI, 16.60–1346.42; P < .001), and low serum IgG level (IgG  
<500 mg/dL) within a month before onset or during the disease 
(OR, 38.19; 95% CI, 2.53–2493.1; P = .002) (Supplementary 
Table 3). All 3 cases with concurrent CMV enteritis had low se
rum IgG levels. Two of the 4 cases with prolonged diarrheal 
symptoms and low serum IgG levels received intravenous im
munoglobulin during the disease; however, diarrheal symptoms 
continued for 14 days after administration in both cases.

Cases With Multiple Episodes of Campylobacteriosis

Seven (4%) patients experienced multiple episodes of campylo
bacteriosis during the study period (Supplementary Table 4). In 
2 (29%) cases, the causative organisms were different between 
episodes. In the other 5 cases, the same species were identified 
throughout the episodes; however, the intervals of the episodes 
were at least 4 months. One patient experienced 5 episodes of C. 
fetus bacteremia, received prednisolone for vasculitis and auto
immune hepatitis, and was implanted with a cardiac pacemaker.

DISCUSSION

In this study, we revealed detailed clinical presentations of cam
pylobacteriosis according to immune status. Some previous 
studies have focused on the differences between bacteremic 
and nonbacteremic campylobacteriosis cases [20, 21]; however, 
few studies have assessed differences in the detailed clinical pre
sentations of campylobacteriosis according to immune status. 
Patients in the immunocompromised group were more likely 
to present with bacteremia without enteritis, especially those 
at high risk among hematopoietic stem cell transplant recipi
ents. In the immunocompromised group, enteritis was less like
ly to be accompanied by abdominal pain and bloody stool, 
which might resemble sepsis with nonspecific diarrhea rather 
than bacterial enteritis. This might be associated with the high
er rates of appropriate antibiotic administration in this group. 
Sepsis was observed in only 3% of patients, and the diseases 
were generally mild even in the immunocompromised group. 
The median duration from symptom onset to administration 
of appropriate antibiotics was 4 days, with no significant differ
ence between groups. There are several possible explanations 
for this delay. The first is the difficulty of diagnosing campylo
bacteriosis in patients without diarrhea. In our study, only 38% 
of bacteremic patients without enteritis received appropriate 
empiric therapy. The second reason is the relatively long time 
required to report culture results. The median duration from 
sample collection to reporting was 5 days. In most cases, the 
symptoms were getting better before the results were reported. 
In addition, among immunocompromised hosts, multiple po
tential causes of diarrhea—such as CMV enteritis—make it dif
ficult to consider campylobacteriosis as the primary cause 
without a clear history of suspected food consumption. 
Indeed, appropriate antibiotics were administered after culture 
results were reported in 15% of immunocompromised patients.

Campylobacteriosis is one of the most frequently encoun
tered foodborne diseases [10, 11]. However, the detailed char
acteristics of campylobacteriosis in these patients remain 
unclear. In our study, 2 distinct clinical features of HSCT recip
ients appeared to be associated with campylobacteriosis. One 
was the underlying GvHD, and the other was neutropenic con
ditions with high-dose chemotherapy as conditioning regimens 
for HSCT or chimeric antigen receptor T cell (CAR-T) therapy. 
Bacteremia was commonly observed in the HSCT recipients (5 
of 8 cases, including a patient with both HSCT and SOT), and 
interestingly, all 3 cases with underlying GvHD presented as 
bacteremia without enteritis, whereas 2 of 3 neutropenic 
HSCT cases presented with enteritis. In a previous case series 
of foodborne infections in HSCT recipients, 5 cases of campy
lobacteriosis were reported, and all cases had a history of gut 
GvHD or neutropenia [11], which supports our findings. Our 
study highlights the importance of Campylobacter as a cause 
of bacteremia in HSCT recipients and that GvHD and 
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neutropenia might be among the risk factors for developing in
vasive campylobacteriosis.

Campylobacter is also a leading cause of bacterial foodborne 
infections in SOT recipients [13, 22]. In our study, bacteremia 
occurred in 3 of 12 (25%) campylobacteriosis cases in SOT re
cipients, a rate higher than that reported in nationwide studies 
in Switzerland (3% [3/125]) and France (5% [16/326]) [12, 13]. 
Although a small number of cases and the single-center nature 
of this study set in a university hospital would be major causes 
for this difference, the high proportion of living donor trans
plantation (91% [11/12]) and a history of rejection, including 
ABO-incompatible antibody-mediated rejection (2 of 3 bac
teremic cases had histories of rejection), might be associated 
with the higher incidence of bacteremia in our study.

In our study, prolonged duration of diarrhea was observed in 
6% of the enteritis cases with an identified duration of symptoms, 
and all the cases were in the immunocompromised group or the 
IBD group with receipt of immunosuppressive biological prod
ucts. Low IgG levels and use of rituximab, a B-cell-depleting 
anti-CD20 monoclonal antibody, were significantly associated 
with prolonged duration of diarrhea. Previous case series and co
hort studies reported prolonged or recurrent diarrheal symptoms 
of Campylobacter enteritis among patients with primary immuno
deficiency with very low immunoglobulin levels, such as X-linked 
agammaglobulinemia and common variant immunodeficiency 
(CVID), which supports our results [23–26]. However, the results 
should be interpreted with caution because follow-up culture was 
not performed in our cases and concurrent CMV enteritis, ob
served in 3 of 7 cases, might play a key role in some cases.

Suspected consumption history, defined as a recent history 
of eating raw meat or eggs and visiting yakiniku/yakitori restau
rants, was reported in approximately one-fourth of the cases 
and was not significantly different among the groups. 
Bacterial foodborne pathogens such as Listeria monocytogenes, 
Salmonella, and Campylobacter are more likely to cause inva
sive infections, with substantial morbidity and mortality in pa
tients with immunosuppressive conditions [5, 27, 28]. A recent 
study in solid organ transplant recipients revealed that al
though the majority of recipients felt concerned about food 
safety, only 27% were able to recognize all risks of foodborne 
infection in hypothetical scenarios [22]. Education to avoid 
foods that are high-risk for foodborne pathogens among high- 
risk populations should be emphasized.

In this study, the number of campylobacteriosis cases peaked 
during the summer season. Previous studies have reported the 
same seasonal trend in campylobacteriosis in other regions [29, 
30]. Considering the strong tide of the warming climate and ex
treme weather events associated with climate change, the inci
dence of campylobacteriosis is expected to increase [31], as in 
the cases of Vibrio infections [32] and E. coli bloodstream infec
tions [33]. Understanding the clinical features of campylobac
teriosis in immunocompromised hosts is critical to confront 

the upcoming increased burden of campylobacteriosis in this 
group.

In conclusion, we found that the clinical presentation of 
campylobacteriosis varied according to the underlying immune 
conditions of the patients. Hematological malignancy, receipt 
of cytotoxic chemotherapy, and HSCT were associated with 
bacteremia, whereas humoral immune defects, often related 
to rituximab use, were associated with a prolonged duration 
of diarrheal symptoms. Our findings underscore the impor
tance of patient background for the presentation of 
campylobacteriosis.
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