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1 | INTRODUCTION

Foodborne illnesses are frequent community-acquired infections,
accounting for up to 9 million episodes per year in the United States.
Campylobacter, Salmonella, Shigella, enteropathogenic (EPEC), en-
terotoxigenic (ETEC), enteroinvasive (EIEC), or enterohemorrhagic
(EHEC) Escherichia coli, Yersinia, and Listeria monocytogenes may
be transmitted by consumption of specific food products includ-
ing undercooked or raw meat or eggs, or unpasteurized cheese.
Campylobacter and non-typhoidal Salmonella are the bacteria most
commonly causing clinically significant foodborne infections.?

While bacterial foodborne infections result in mild and self-resolving
gastroenteritis in the general population, invasive infections and severe
diarrhea may occur with advanced age, underlying diseases, and immu-
nosuppression.®™ In particular, solid organ transplant (SOT) recipients
are at risk for invasive infections because of underlying immunosup-
pression.®” In addition, diarrhea in SOT recipients may influence patient
and allograft survival.®? Accordingly, SOT recipients are generally rec-
ommended to avoid foods associated with an increased risk of infection
and to apply rigorous hygiene measures to reduce epidemiological expo-
sure and therefore potential complications from foodborne infections.*
However, recent data suggest that adherence to food-safety recom-
mendations by SOT recipients is heterogeneous in real-life.!!

Despite potentially significant epidemiological exposure and im-
pact on patients and allografts related outcomes, the epidemiology
and the consequences of bacterial foodborne infections in SOT re-
cipients remain largely unexplored. In this study, we aimed to assess
the epidemiology, clinical presentation, and outcomes of bacterial
foodborne infections in a large cohort of SOT recipients prospec-

tively followed after transplantation.

2 | METHODS

2.1 | Study design and participants

The Swiss transplant cohort study (STCS) is a prospective, observa-
tional, nationwide cohort enrolling consecutive patients undergo-
ing solid organ transplantation at one of the six transplant centers in

Salmonella (33.3% [5/15]) compared to Campylobacter (3.2% [4/125]; p = .001).
Hospital and ICU admission rates were 47.7% (69/145) and 4.1% (6/145), respectively.
A composite endpoint of acute rejection, graft loss, or death occurred within 30 days
in 3.3% (5/151) of cases. In conclusion, in our cohort bacterial foodborne infections
were late post-transplant infections and were associated with significant morbidity,

supporting the need for implementation of food-safety recommendations.

clinical research/practice, complication: infectious, epidemiology, infection and infectious
agents - bacterial, infectious disease, patient safety

Switzerland (Basel, Bern, Geneva, Lausanne, St. Gallen, and Zurich)
since May 2008.12 Patients enrolled from May 2008 until April 30,2018
were included in this study. We considered a follow-up until December
31, 2018 (censoring), dropout, first graft-loss, or death, whichever came
first. Patients without written informed consent at enrollment or with
subsequent consent withdrawal were excluded. The local ethics com-
mittees at each participating center approved the STCS. The local ethics
committee at the Lausanne University Hospital approved the protocol
of the present study (Protocol number 2019-01750).

2.2 | Data collection, definitions, and endpoints
In the STCS, clinical and laboratory data (including comorbidities,
graft related outcomes, immunosuppression drugs, antimicrobial
prophylaxis, and infections) are prospectively collected from hospi-
tal medical charts and referral documentations of outpatient events
in an electronic case report form (eCRF) for all participants at trans-
plantation, 6 and 12 months after transplantation, and yearly there-
after.!? Infections are diagnosed as part of routine clinical practice
by treating physicians at each center according to local guidelines;
thus microbiological tests are chosen and performed at each center
when deemed indicated. Nucleic acid amplification tests (NATs) and
panel tests for the detection of enteropathogens in stool samples are
available in Switzerland since 2016, and widely used in all participat-
ing centers since 2017-2018. Infections diagnosed during follow-up
are reviewed and collected in the STCS database using a standard-
ized eCRF by transplant infectious diseases specialists, according to
the definitions developed by the STCS infectious diseases working
group. 1314

We identified episodes of microbiologically confirmed bacterial
foodborne infection through search in the STCS database during the
study period for Campylobacter spp., Salmonella spp., Shigella spp.,
Yersinia spp., Listeria monocytogenes, EPEC, ETEC, EIEC, and EHEC
E. coli infections. We verified all episodes of bacterial foodborne in-
fection by chart review at participating centers. For each episode,
we retrospectively collected additional variables not included in the
STCS database (detailed clinical presentation, need for hospital or
intensive care unit [ICU] admission because of bacterial foodborne
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infection, microbiological test used for identification of entero-
pathogens in stool samples, antibiotic therapy, and international
travel before infection).

We defined bacterial foodborne infection as the detection of
Campylobacter spp., Salmonella spp., Shigella spp., Yersinia spp.,
Listeria monocytogenes, EPEC, ETEC, EIEC, or EHEC in stool, blood,
or other primary sterile samples (i.e., joint aspirate, bone). Invasive
infection was defined as bacteremia, mycotic aneurysm, or detec-
tion of foodborne bacteria in a primary sterile sample with or with-
out concomitant gastrointestinal infection. Infection was considered
severe when hospital admission was required because of bacterial
foodborne infection. Graft failure was defined as re-transplantation;
death due to cardiac, respiratory, hepatic or renal failure according
to the type of transplant; return to dialysis for kidney transplant re-
cipients; or recurrence of insulin-dependent diabetes for pancreas
and islets transplant recipients. In the STCS, immunosuppression
reduction is defined as withdrawal or at least 50% dose reduction
of one drug.

The primary endpoint of the study was the incidence of bacterial
foodborne infections after solid organ transplantation. Secondary
endpoints were the occurrence of invasive infection, of severe in-
fection with a need for hospital admission, and the occurrence of
adverse patient and graft outcomes (a composite endpoint including
treated acute rejection, graft failure, and death) within 30 days after
bacterial foodborne infection.

2.3 | Statistics

We used descriptive statistics to illustrate baseline characteristics of
study participants with and without bacterial foodborne infection,
and characteristics of bacterial foodborne infections. Categorical
variables were represented as numbers and percentages, and con-
tinuous variables as medians and interquartile ranges (IQR) and com-
pared using two-sided Fisher exact test and Mann-Whitney U test,
respectively. We calculated cumulative incidence of first bacterial
foodborne infection and of first Campylobacter and first Salmonella
infections, treating death and graft failure before infection as com-
peting risks, as well as incidence rates of bacterial foodborne in-
fection and of each specific infection per 1000 patient-years. We
calculated age-adjusted, and overall standardized incidence rates
(SIR) by comparing the incidence of Campylobacter and Salmonella in-
fections in SOT recipients between 2010 and 2018 to their incidence
in the general Swiss population, using yearly incidence per 100 000
people in Switzerland from mandatory laboratory notification (public
available at www.bag.admin.ch). We used multivariable logistic re-
gression to identify risk factors for severe bacterial foodborne infec-
tion. In addition to age and sex, risk factors that were statistically
significant in the univariate analysis were included in the multivari-
able model. The statistical softwares R version 3.6.1 (R Foundation
for Statistical Computing) and STATA version 14 (StataCorp) were
used for statistical analyses.

3 | RESULTS

3.1 | Study population

Over the 10-year study period, 4781 patients underwent solid organ
transplantation in Switzerland, of whom 92% (4405; 2467 [56%]
kidney, 944 [21%)] liver, 335 [8%)] heart, 403 [9.2%] lung, 30 [0.7%]
islets, 13 [0.3%] pancreas, 1 small-bowel, and 212 [4.8%] combined
transplant recipients) were included in this study. Median age at en-
rolment was 53 years (IQR 41-61). Most of the participants received
induction immunosuppression with basiliximab (70.2% [3093/4405])
and were on an initial immunosuppression regimen consisting of tac-
rolimus (70.2% [3269/4405]), mycophenolate (89.5% [3943/4405])
and prednisone (90.9% [4005/4405]). Characteristics of the study
population are detailed in Table 1. The median follow-up was
4.2 years (IQR 1.9-7.0).

3.2 | Epidemiology of bacterial foodborne
infections in SOT

During the study period, 151 microbiologically confirmed bacte-
rial foodborne infections (131 Campylobacter spp., 15 non-typhoidal
Salmonella, 1 Shigella spp., 2 Yersinia spp., and 2 Listeria monocytogenes)
occurred in 137 (3.1%) of 4405 SOT recipients (92/2467 [3.7%) kid-
ney, 19/944 [2%] liver, 14/335 [4.2%] heart, 6/403 [1.5%] lung, 5/212
[2.4%] combined, and 1/13 [7.7%] pancreas transplant recipients).
Enteropathogenic E. coli was detected simultaneously in two episodes
of Salmonella and one Campylobacter infections. There were no cases
of concomitant detection of parasites or C. difficile. The median time
from transplantation to infection was 1.57 years (IQR 0.58-3.40).
Three infections occurred within the first week after liver trans-
plantation (one Listeria monocytogenes bacteremia [5 days] and two
Campylobacter gastroenteritis [6 days]) and were probably acquired
before surgery. The overall cumulative incidence of bacterial food-
borne infections was 4.0% (95% Cl 3.4-4.8). Cumulative incidences
were 3.5% (95% Cl 3.0-4.3) for Campylobacter spp. infections and 0.4
(95% C10.2-0.7) for salmonellosis (Figure 1). The overall incidence rate
of bacterial foodborne infections was 7.6 (95% Cl 6.4-8.9) per 1000
person-years. Specifically, incidence rates per 1000 person-years
were 6.6 (95% Cl 5.5-7.8) for Campylobacter spp., 1.1 (95% Cl 0.6-1.7)
for Salmonella spp., 0.3 (95% Cl 0.01-1.6) for Shigella spp., 0.5 (95%
Cl 0.06-1.7) for Yersinia spp., and 0.4 (95% CI 0.05-1.4) for Listeria
monocytogenes infections. Of 131 Campylobacter infections, 32 (24%)
occurred in January and December, and 56 (43%) in May to August.
Standardized incidence rates (SIR) of Campylobacter and Salmonella
infections compared to the Swiss general population were 7.4 (95% ClI
6.2-8.7) and 4.6 (95% Cl 2.6-7.5), respectively. SIRs adjusted by age
are illustrated in Figure 2. International travel history was found in 10
(15%) of the 68 episodes of infection for whom this information was
available, including travel to developing countries before six episodes

of infection: one Campylobacter, four Salmonella, and the only episode
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No bacterial Bacterial .
foodborne foodborne population
All SOT infection infection
(n = 4405) (n=4268) (n=137)

Age at enrollment, median (IQR) 53 (41-61) 54 (42-61) 51 (37-60)
Sex (female), n (%) 1599 (36.3%) 1553 (36.4%) 46 (33.6%)
Type of transplantation, n (%)

Kidney 2467 (56.0%) 2375 (55.7%) 2(67.2%)

Liver 944 (21.4%) 925 (21.7%) 19 (13.9%)

Heart 335 (7.6%) 321 (7.5%) 4(10.2%)

Lung 403 (9.2%) 397 (9.3%) 6 (4.4%)

Combined® 212 (4.8%) 207 (4.9%) 5(3.7%)

Other® 4(1.0%) 43 (1.0%) 1(0.7%)
Living donor, n (%) 1075 (24.4%) 1028 (24.1%) 47 (34.3%)
Re or second transplantation at 470 (10.7%) 446 (13.3%) 24 (17.5%)

enrollment, n (%)
Induction immunosuppression,
n (%)
Basiliximab 3093 (70.2%) 3000 (70.3%) 93 (67.9%)
Anti-lymphocyte globulin 1007 (22.9%) 974 (22.8%) 33(24.1%)

Maintenance
immunosuppression,® n (%)

Tacrolimus 3269 (74.2%) 3166 (74.2%) 103 (75.2%)
Cyclosporin 944 (21.4%) 911 (21.3%) 33(24.1%)
Mycophenolate (MMF or 3943 (89.5%) 3812 (89.3%) 131 (95.6%)
MPA)
Azathioprine 76 (1.7%) 74 (1.7%) 2 (1.5%)
mTOR inhibitors 143 (3.3%) 140 (3.3%) 3(2.2%)
Prednisone 4005 (90.9%) 3878 (91.0%) 127 (92.7%)
TMP-SMX prophylaxis, n (%) 3880 (88.1%) 3755 (88.0%) 125(91.2%)
Months of TMP-SMX, median 6.1(4.9-12.4) 6.1(4.9-12.4) 6.3 (5.3-13.4)
(IQR)
Follow-up in years, median (IQR) 4.2 (1.9-7.0) 4.2 (1.9-7.0) 5.7 (3.8-7.9)
Outcome at end of follow-up,
n (%)
Lost to follow-up 46 (1.0%) 44 (1.0%) 2 (1.5%)
Patients with graft failure®® 452 (10.3%) 441 (13.2%) 11 (8.0%)
Death® 538 (12.2%) 529 (15.8%) 9 (6.6%)
Death with functioning 444 (10.1%) 435 (13.0%) 9 (6.6%)

allograft

Abbreviations: IQR, interquartile range; MMF, mycophenolate mofetil; MPA, mycophenolic
acid; mTOR, mammalian target of rapamycin; SOT, solid organ transplant; TMP-SMX,

trimethoprim-sulfamethoxasole.

Including kidney-pancreas (93), kidney-kidney (43), kidney-liver (38), kidney-islets (16), kidney-
heart (8), liver-lung (4), pancreas-small bowel (2) heart-lung (1), kidney-lung (1), islets-liver (1),
liver-pancreas (1), kidney-kidney-pancreas (2), kidney-islets-liver (1), islets-liver-lung (1) transplant

recipients.

bIncluding islets (30), pancreas (13), and small bowel (1) transplant recipients.

“Maintenance immunosuppression represent immunosuppression at day 30 after transplantation.
YIncluding primary non-function (50).
¢Death and graft failure occurred on the same day in 94 patients.

TABLE 1 Characteristics of study
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FIGURE 1 Cumulative incidence of
bacterial foodborne infections in SOT
recipients. Cumulative incidence and

95% confidence interval (black line and
gray shading) of first bacterial foodborne
infection, treating death and graft

failure before infection as competing

risks (A). Cumulative incidence and 95%
confidence interval of first Campylobacter
(red line and light red shading) and

first Salmonella (blue line and light blue
shading) infections, treating death and
graft failure before infection as competing
risks (B) [Colour figure can be viewed at 0
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of Shigella infection. Episodes of foodborne infection in our cohort

were not linked to outbreaks.

3.3 | Clinical characteristics and management of
bacterial foodborne infections in SOT

Detailed clinical characteristics were available for 139 (90%) of 151
bacterial foodborne infections. At least one gastrointestinal symp-
tom was present in 132 (95%) of 139 episodes. Diarrhea was the
most frequent presenting symptom (93.5% [130/139]), followed
by abdominal pain (39.6% [55/139]), fever (36.7% [51/139]), and
nausea or vomiting (24.5% [34/139]). Blood in stool was present in
only four (2.9%) of 139 episodes. Diarrhea was more common with
Campylobacter when compared to Salmonella (97.5% vs. 73.3%;
p = .003), while there was a trend for more frequent fever with sal-
monellosis (53.3% vs. 32.8%; p = .15; Figure 3).

Most of the bacterial foodborne gastrointestinal infections were
diagnosed through the culture of stool (86.3%, 113 of 131 episodes
with bacteria detected in a stool sample for whom the microbiolog-
ical test used was known); while 7.6% (10/131) were diagnosed by
nucleic acid amplification test (NAT), and 6.1% (8/131) by both NAT
and culture.

Invasive infection occurred in 11 (7.6%) of 145 episodes (extra
intestinal localization could not be assessed in six infections); there
were three Campylobacter jejuni bacteremia, one Campylobacter
fetus septic arthritis, three Salmonella bacteremia, one Salmonella
bacteremia with septic arthritis, one Salmonella mycotic aneurysm,
and two Listeria bacteremia (invasive and gastrointestinal infections
according to the type of transplantation and pathogen are illustrated
in Supplementary Table S1). Invasive infection was more common
with Salmonella (33.3% [5/15]) compared to Campylobacter (3.2%
[4/125]; p = .001). Treatment for acute rejection was administered
during the previous 180 days in 27.3% (3/11) of the patients with
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FIGURE 3 Clinical characteristics of Campylobacter and Salmonella
infections in SOT recipients. Proportion of episodes with diarrhea,
abdominal pain, blood in stool, nausea or vomiting, and fever in
Campylobacter (black bars) and Salmonella (white bars) infections (p = .003
for diarrhea, p = .78 for abdominal pain, p = 1.0 for blood in stool, p = .36
for nausea/vomiting, and p = .15 for fever in Campylobacter vs. Salmonella)

invasive infection compared to 7.5% (10/134) of those with infection
limited to the gastrointestinal tract (p =.021). In contrast, there were
no differences in age, sex, time from transplantation, transplanted

globulins in bacterial foodborne infections with and without extra
intestinal dissemination (Table 2).

Overall, antibiotics were administered for 117 (86.7%) of 135 bac-
terial foodborne infections and immunosuppression was reduced in
12 (10%) of 121 bacterial foodborne infections for whom this infor-
mation was available. Initial antibiotic treatment for Campylobacter
infections consisted of a quinolone in 39.7% (46/116), a macrolide
in 37.9% (44/116), and a carbapenem in 1.7% (2/116). In the 46 ep-
isodes treated initially with a quinolone, the regimen was modified
for a macrolide in 10 episodes. In 14.7% of Campylobacter infections
(17/116) no antibiotic were administered. In median antibiotics were
administered for five days (IQR 3-10) for Campylobacter gastro-
enteritis. All the untreated episodes of Campylobacter gastroenteri-
tis spontaneously resolved, without immunosuppression reduction.
Initial treatment for Salmonella consisted in a cephalosporin in six, a
quinolone in five and a macrolide in two episodes. One Salmonella

infection did not receive an effective treatment.

34 |
in SOT

Outcomes of bacterial foodborne infections

Hospital and intensive care unit admission were required respec-
tively in 47.7% (69/145) and 4.1% (6/145) of the bacterial food-
borne infections. The calculated incidence of hospital admission for
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TABLE 2 Risk factors for invasive - A .
infection Gastroenteritis Invasive infection
(n=134) (hn=11) p
Age at infection, median (IQR) 54 (41-62) 32 (21-66) 0.113
Sex (F), n (%) 42 (31.3%) 3(27.3%) 1.000
Years after transplantation, 1.6 (0.6-3.2) 2.1(1.3-4.0) 0.424
median (IQR)
Transplanted organ, n (%)
Kidney 93 (69.4%) 6 (54.6%) 0.326
Liver 17 (12.7%) 2 (18.2%) 0.638
Heart 12 (9.0%) 2(18.2%) 0.287
Lung 6 (4.5%) 1(9.1%) 0.431
Combined 5(3.7%) 0 1.000
Other 1(0.8%) 0 1.000
Salmonella, n (%) 10 (7.5%) 5(45.5%) 0.002
Maintenance
immunosuppression,® n (%)
Tacrolimus 103 (76.9%) 8(72.7%) 0.720
Mycophenolate (MMF or MPA) 120 (89.6%) 10 (90.9%) 1.000
Prednisone 98 (73.1%) 10 (90.9%) 0.290
Azathioprine 4 (3.0%) 1(9.1%) 0.330
TMP-SMX prophylaxis,® n (%) 39 (29.1%) 2 (18.2%) 0.729
Acute rejection,” n (%) 6 (4.5%) 3(27.3%) 0.021
Use of anti-lymphocyte globulin,® 5(3.7%) 1(9.1%) 0.383

n (%)

Note: Two-sided Fisher exact test and Mann-Whitney U test were used for comparison of
categorical and continuous variables, respectively. Invasive infection could not be assessed for six

episodes.

Abbreviations: F, female; IQR, interquartile range; MMF, mycophenolate mofetil; MPA,
mycophenolic acid; TMP-SMX, trimethoprim-sulfamethoxazole.

#Maintenance immunosuppression and TMP-SMX prophylaxis at time of infection.

PTreated acute rejection within 180 days before infection.

“Use of anti-lymphocyte globulin within 180 days before infection.

bacterial foodborne infection was 3.45 (95% Cl 2.69-4.37) per 1000
patient-years. In a multivariable logistic regression model, a longer
time after transplantation was significantly associated with an in-
creased risk for severe infection with a need for hospital admission
(adjusted odds ratio [OR] 1.35 per year, 95% Cl 1.11-1.66; p = .003).
The need for hospital admission was not found to be significantly
associated with age, sex, type of transplantation or immunosup-
pression, infection with Salmonella, and treatment for acute rejec-
tion during the six months preceding infection (Table 3). Salmonella
infections more frequently led to ICU admission (20% [3/15]) when
compared to Campylobacter (2.4% [3/125]; p = .017).

Within 30 days after infection, acute rejection, graft failure or
death occurred in five patients corresponding to 3.3% (5/151) of
bacterial foodborne infection episodes. One kidney transplant re-
cipient developed acute humoral rejection following Campylobacter
gastroenteritis, one liver transplant recipient had rejection concom-
itantly to Salmonella bacteremia, and one kidney-pancreas recipient
had pancreas rejection after Campylobacter gastroenteritis, which
ultimately led to pancreas graft failure. None of the patients with

subsequent acute rejection had immunosuppression reduction be-
cause of bacterial foodborne infection. One additional patient had
liver graft failure due to arterial thrombosis after Campylobacter in-
fection. One kidney transplant recipient died because of ruptured

Salmonella aortic aneurysm.

4 | DISCUSSION

In this study, we present an updated epidemiology of bacterial
foodborne infections in SOT recipients. Over a ten-year period, we
identified 151 episodes of medically attended and microbiologically
confirmed bacterial foodborne infections in a nationwide cohort in-
cluding 4405 SOT recipients with a median follow-up of 4.2 years.
The incidence rate of bacterial foodborne infections was 7.6 per
1000 patient-years, resulting in 3.5 hospital admissions per 1000
patient-years.

Although severe cases of Campylobacter and Salmonella infec-
tions in SOT recipients are described in the literature,®” there are
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TABLE 3 Risk factors for hospital

OR (95% CI) p g‘;’;s:;j OR p ?dmis.sion for bacterial foodborne
infection

Age at infection 0.98 (0.96-1.00) 0.078 0.98 (0.96-1.00) 0.108
Sex (F) 0.78 (0.39-1.59) 0.500 0.67 (0.32-1.44) 0.307
Years after transplantation 1.32(1.08-1.61) 0.007 1.35(1.11-1.66) 0.003
Transplanted organ

Kidney 0.48 (0.24-0.99) 0.046 0.53(0.25-1.13) 0.099

Liver 1.44(0.53-3.89) 0.471

Heart 2.13(0.68-6.70) 0.196

Lung 2.89 (0.54-15.41) 0.214
Salmonella infection 1.29 (0.44-3.77) 0.639
Maintenance

immunosuppression®
Tacrolimus 0.54 (0.24-1.21) 0.133
Mycophenolate (MMF or 0.42 (0.13-1.28) 0.127
MPA)

Prednisone 0.56 (0.26-1.21) 0.139
TMP-SMX prophylaxis® 0.81(0.39-1.68) 0.577
Acute rejection® 0.87 (0.22-3.39) 0.846

Note: Hospital admission was unknown in six episodes.

Abbreviations: Cl, confidence interval; F, female; MMF, mycophenolate mofetil; MPA,
mycophenolic acid; OR, odds ratio; TMP-SMX, trimethoprim-sulfamethoxazole.

At time of infection.
bTreated acute rejection within 180 days before infection.

surprisingly few reliable data on the burden of bacterial foodborne
infections in this population as, to the best of our knowledge, their
epidemiology was never assessed in prospective cohorts. In studies
evaluating SOT recipients presenting with diarrhea, the prevalence
of bacterial foodborne infections ranged from 1% to 12%,718 with
a higher prevalence of bacterial pathogens when stool samples were
tested by nucleic acid amplification tests.? However, all but one of
these studies were limited to kidney transplant recipients, spanned
a relatively short period of time (1 year), and, most importantly, did
not allow an estimation of the incidence because of the lack of a
denominator.

In our cohort, Campylobacter was by far the most common
pathogen (87% of the infections, followed by Salmonella) and we ob-
served a second winter peak of Campylobacter infections, mirroring
the epidemiology in the Swiss general population.?®?* While cam-
pylobacteriosis most commonly occur during warm months, infec-
tions occurring between December and January in Switzerland have
been attributed to the consumption of chicken meat fondue by Swiss
during Christmas and New Year.202 Taking advantage of mandatory
laboratory declarations of microbiologically confirmed bacterial
foodborne infections in Switzerland, we found a significant increase
in the incidence of Campylobacter (overall SIR 7.4) and Salmonella
(overall SIR 4.6) in SOT recipients compared to the general popu-
lation. Although data for salmonellosis need to be interpreted more
cautiously because of low numbers, significantly higher incidence
of Campylobacter infection is observed also in older SOT recipients.
Underdiagnoses of mild and spontaneously resolving infections in

the general population altogether with increased testing in SOT
recipients might contribute to these findings. Nevertheless, 47%
of the infections in our cohort required hospital admission, while
reported hospital admission rates in the general population range
from 14% to 20%, and from 22% to 28% for Campylobacter and
Salmonella, respectively.>*?° Although the threshold for hospital
admission might be lower in SOT recipients, our results confirm the
significant burden associated with bacterial foodborne infections in
SOT recipients, since most of the infections detected in our cohort
were clinically significant. For comparison purposes, the incidence
of hospital admission for bacterial foodborne infection (3.5 per 1000
patient-years) approach influenza, which is an important pathogen in
the transplant population (5.9 hospital admissions per 1000 patient-
years in a previous study in our cohort).??

Invasive infection (including bacteremia or infection of other
normally sterile sites) occurred in up to one-third of Salmonella com-
pared to 3% of Campylobacter infections. In the general population,
invasive infection occurs in 4% to 6% of nontyphoidal Salmonella
and 1% of Campylobacter infections.3>?2° Highlighting the role of
immunosuppression in facilitating invasive disease, we also found
an association between previous treatment for acute rejection and
development of extra intestinal dissemination. Overall, our data sug-
gest an increased susceptibility to infection and to a more severe
disease in SOT recipients. However, since bacteremia, long-term
vascular complications, and invasive infections remain rare, their in-
cidence should be more precisely estimated in larger cohorts of SOT
recipients.
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Besides direct morbidity resulting from invasive infections,
bacterial foodborne infections may impair allograft and patient
outcomes by several mechanism. In particular, diarrhea, the most
common presenting symptom in our cohort, may cause acute kidney
failure, increased absorption of tacrolimus resulting in drug toxic-
ity, or may lead to a reduction of immunosuppression or withdrawal
of mycophenolate potentially leading to an increased risk of rejec-
tion.8242% |n our cohort, episodes of acute rejection were not ex-
plained by the reduction of immunosuppression. Whether episodes
of rejection result from immune activation triggered by bacterial
foodborne infection is unknown.?® Overall, early adverse outcomes
(including death, graft failure, or acute rejection) only occurred in
3.3% of bacterial foodborne infections in our cohort. Because of the
low number of events (five), we were not able to assess whether
the bacterial foodborne infection is an independent risk factor for
acute rejection, graft failure, or death, which will need to be tested
in further studies.

We found bacterial foodborne infections to be a late post-
transplant infection occurring at a median of 1.6 years after trans-
plantation, when most of the SOT recipients probably resumed their
normal lifestyle. We previously demonstrated that SOT recipients
less stringently followed food-safety recommendations beyond the
first year after transplantation. Although food-safety behavior of
study participants is unknown, taken together, these results sug-
gest a need for continuous specific patient educational programs
on food-safety measures, and vigilance and a high degree of clinical
suspicion for the clinicians caring for those patients, particularly late
after transplantation.

Notably and although early post-transplant period is charac-
terized by more intense immunosuppression and a higher risk for
infection,” we found late-onset to be associated with more severe
infection. Changes in patients’ behavior, including less meticulous
respect of food-safety, but also delay in seeking for medical care
in case of symptoms, and higher physicians’ threshold for test-
ing late after transplantation potentially resulting in an overrep-
resentation of more severe infections, may partially explain this
finding.

Most of the episodes of bacterial foodborne infections in our
cohort were treated with antibiotics according to current guide-
lines.?”?8 Of note, quinolones were used as initial treatment in over
one-third of Campylobacter infections. High resistance rates for
quinolones are reported in Switzerland (71.5% for Campylobacter
coli and 60.8% for Campylobacter jejuni).?’ Although we do not know
resistance patterns in our cohort and we therefore cannot assess
appropriateness of antimicrobial therapy, alternative empirical treat-
ment should be considered when Campylobacter gastroenteritis is
suspected. Because of the small number of untreated infections, it
is difficult to estimate the frequency of spontaneous resolution of
Campylobacter gastroenteritis based on our data.

Some limitations of our study need to be acknowledged. First,
we included only microbiologically confirmed bacterial foodborne
infections potentially leading to an underrepresentation of milder
episodes that might remain undiagnosed. The inclusion of viral

pathogens (such as norovirus and hepatitis E) would have increased
the observed burden of disease. We decided to focus our analysis
only in bacterial foodborne infections since these viral pathogens
may not be exclusively foodborne. Heterogeneity in testing across
different centers and type of transplantations may result on differ-
ences in the incidence of foodborne infections. In particular, epide-
miology of foodborne infections may vary over time according to
the increased use of molecular methods (widely used in Switzerland
since 2017-2018), which are associated with improved sensitivity
as compared to stool culture.” Because the epidemiology of food-
borne infections varies worldwide according to different cultural
norms and food habits, as well as food processing procedures, across
geographical areas, our results might not be extrapolated to all other
countries.?’ The retrospective collection of clinical characteristics of
foodborne infections and travel histories, led to some missing data.
Despite the considerable number of patients included in our cohort,
the relatively small number of events limited the analysis of risk fac-
tors for invasive infections. Finally, we could not assess the role of
food-safety measures, because behavior of participants is unknown,
and this preclude the performance of a meaningful analysis of the
risk factors for foodborne infection in our study. However, since
more than 92% of the SOT recipients in Switzerland are included
in our cohort and systematically followed, our study allows a rep-
resentative estimation of the epidemiology and burden of bacterial
foodborne infections, a relatively unexplored but potentially signifi-
cant and preventable complication in SOT recipients, in our country.

In conclusion, in our cohort bacterial foodborne infections were
a late post-transplant infection and were associated with significant
morbidity. This study provides the first estimation of the epidemiol-
ogy and the burden represented by bacterial foodborne infections
in SOT recipients, and a rationale supporting the implementation of

food-safety recommendations.
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