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Abstract
Background The research is to explore the association between nontyphoidal salmonellosis (NTS) and subsequent gastric 
cancer.
Methods We conducted a retrospective study by analyzing hospitalization dataset from the National Health Insurance 
Research Database in Taiwan. Patients aged 20 years and older with NTS (n = 9 097) admitted between January 1, 2000, and 
December 31, 2012, were enrolled and followed up until December 31, 2013. The primary outcome was the incidence of 
gastric cancer. Cox proportional hazards regression was used to estimate the risk of malignancy, accounting for the compet-
ing risk of death. In addition, we conducted a sensitivity analysis by propensity score matching and exclusion of malignancy 
within 1 year observation to minimize measurable confounding and protopathic bias. Negative controls were applied to 
examine the presence of possible unmeasured confounders in the study.
Results The study included 18 194 patients (9097 in each NTS and non-NTS group). The median follow-up time was 7 years. 
The incidence density rate of gastric cancer was 0.72 per 1000 person-years for the NTS group and 0.40 per 1000 person-
years for the non-NTS group. The NTS group had a modestly higher risk of gastric cancer (aHR, 2.02; 95% CI 1.18–3.45) 
than the non-NTS group. The sensitivity analyses revealed consistent results.
Conclusions Patients with NTS are associated with increased risk of subsequent gastric cancer compared with non-NTS 
patients. Future research is needed to examine whether NTS is parallel, reactive or causative to gastric cancer.
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Introduction

Cancer is a well-known adversary of public health, with both 
the disease and humans striving to survive. Despite the many 
efforts devoted to the study of cancer, it remains the leading 
cause of death in human beings. Indeed, cancer cells origi-
nate from our normal cells by multi-factorial carcinogenesis, 
including chronic infections and inflammation [1, 2]. Since 
the beginning of the twentieth century, infection has emerged 
as a fundamental aspect of cancer causation, with a growing 
number of pathogens recognized as oncogenic [3]. Bacteria 
may become involved in cancer cell formation by causing 
inflammation, releasing toxins and metabolites, and repro-
gramming host cell signaling pathways during their life cycle 
[4]. Identification of such infectious pathogens is an important 
and effective way to break this potential chain of oncogenesis 
and to prevent normal cells from transforming to cancer cells; 
thus, it constitutes a priority for cancer prevention [3].

To date, many bacteria have been regarded as risk fac-
tors for cancer [5–8]. Periodontal disease related pathogens 
are regarded as having potential roles in the development of 
pancreatic cancer [9–11]. In recent studies, nontyphoidal sal-
monellosis (NTS) was found to be associated with colon can-
cer [12, 13]. The stomach plays an important role in human 
immunity and destroys swallowed or ganisms, but, besides 
Helicobacter pylori (H. pylori), is it possible that another acid-
tolerant pathogen a potential carcinogen. The incidence rate 
of salmonellosis exceeds 1,000,000 cases per year (15,600 
hospitalizations; 550 deaths) [14] in the US. NTS can resist 
the acid environment in the stomach and colonize the small 
and large intestine [15]. Infection occurs after the ingestion of 
 105–106 bacteria. Some studies have shown that salmonellae 
can resist the acidity of gastric juice and the interior environ-
ment of macrophages at a pH level of about 5–6 and become 
longer-staying persisters with heterogeneous phenotypes [16]. 
Furthermore, interest in gut microbiota and homeostasis has 
become widespread in recent years for their complex roles in 
many kinds of major catastrophic illnesses, such as autoim-
mune disease, stroke, and tumor formation [17].

Because the influence of NTS on the alimentary tract and its 
role in cancer are issues of debate, we conducted a population-
based longitudinal cohort study to provide an epidemiological 
evidence regarding the potential role of nontyphoid Salmo-
nella infection in subsequent development of gastric cancer.

Materials and methods

Data sources

This study was conducted using data from the National 
Health Insurance Research Database (NHIRD), including 

the claims data from Taiwan’s National Health Insurance 
(NHI) program, which was established in 1995 and cov-
ers over 99.99% of Taiwan’s 23 million citizens. Insurance 
benefits include inpatient, ambulatory, emergency, dental, 
and traditional Chinese medicine services. Quarterly expert 
reviews on random samples of claims data, with a sampling 
rate of 1 in 50–100, are performed by the Bureau of NHI 
to ensure accuracy. The NHI records diseases on the basis 
of the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM). Before releasing 
the database for research, the original identification numbers 
were anonymized to protect patients’ privacy.

The NHI Registry for Catastrophic Illness provided com-
prehensive utilization and enrollment information for all 
patients with severe diseases under the NHI program. All 
cancers were included in the category of catastrophic ill-
ness. Patients with Catastrophic Illness Certificates (CICs) 
are exempt from co-payments related to treatment and fol-
low-up for the specific disease. The applications of CICs are 
reviewed by the Bureau of NHI. For the approval of CICs for 
cancer, histological confirmation of malignancy and associ-
ated laboratory and imaging studies are subjected to manda-
tory peer review. Therefore, the records of CICs are reliable.

Study design

Setting

This was a population-based retrospective matched-cohort 
study using NHIRD in Taiwan. To determine the associa-
tion between NTS and gastric cancer, we compared the inci-
dence of gastric cancer in two matched groups. The study 
was approved by the Research Ethics Committee of China 
Medical University and Hospital in Taiwan approved the 
study (CMUH-104-REC2-115-(AR4)). The requirement of 
informed consent was waived, because data were collected 
from the NHIRD. The study followed the “Strengthening 
the Reporting of Observational Studies in Epidemiology” 
reporting guideline.

Participants and matching

All adults newly diagnosed with NTS (International Clas-
sification of Diseases, Ninth Revision, Clinical Modifica-
tion [ICD-9-CM] codes 003.**) admitted between January 
1, 2000, and December 31, 2012, were enrolled and followed 
up until December 31, 2013. We defined the index date as 
the first hospitalized NTS diagnosis date, and this date was 
assigned to the respective matched non-NTS-exposed indi-
viduals. Doctors responsible for the patient are required to 
make diagnoses with the appropriate ICD code according to 
comprehensive evaluation and examination, including the 
analysis of stool and/or blood culture. The coding system 
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is deemed valid, because the government regularly audits 
claims for the purpose of payment. Fines for fraud are 100 
times the amount of the false claims charged to the National 
Health Insurance Bureau. People with a history of NTS 
or gastrointestinal cancer before the index date or having 
gastrointestinal cancer after the index date within 6 months 
were excluded, as were those with incomplete age or sex 
information. To minimize surveillance bias, the non-NTS 
group was drawn through random computerized sampling 
from the same hospitalization dataset, which consisted of 
patients who had never been diagnosed with NTS. Both 
groups were frequency-matched at a ratio of 1:1 by age (with 
a unit of 5 years), gender, and index year. The patients in 
both groups were free of cancer before and on the index date. 
The same inclusion and exclusion criteria were used for the 
non-NTS group and the NTS group.

Definition of variables

We extracted clinical information from the dataset of 
records from 1998 to 2000. Underlying general conditions 
and relevant covariates associated with gastrointestinal 
malignancy consisted of hypertension (ICD-9-CM 401-
405), diabetes mellitus (ICD-9-CM 250), hyperlipidemia 
(ICD-9-CM 272), coronary artery disease (ICD-9-CM 410-
414), chronic kidney disease (ICD-9-CM 585), peptic ulcer 
disease (ICD-9-CM 531- 533), asthma (ICD-9-CM 493), 
chronic obstructive pulmonary disease (ICD-9-CM 491, 
492, 496), Helicobacter pylori (ICD-9-CM 041.86), chronic 
liver diseases (ICD-9-CM 571.4), hepatitis B (ICD-9-CM 
070.2, 070.3, V02.61), hepatitis C (ICD-9-CM 070.41, 
070.44, 070.51, 070.54, V02.62), cholecystectomy (ICD-
9-OP 51.2), alcohol-related illness (ICD-9-CM 291, 303, 
305, 571.0, 571.1, 571.2, 571.3, 790.3, A215, and V11.3), 
and gallstones (ICD-9-CM 574). We used the diagnosis of 
peptic ulcer disease (PUD) as a proxy of H. pylori infec-
tion, because about 90% of PUD patients had an H. pylori 
infection [18]. Gallstones and cholecystectomy have been 
reported in association with digestive malignancy [19]. 
Information on co-morbid medical disorders were obtained 
by tracing at least two ambulatory medical care or one in-
patient record in the NHI database before the index date.

Outcomes

The main outcome of this study was the occurrence of gas-
tric cancer (ICD-9-CM codes 151.x). A gastric cancer event 
was defined as a patient having a record of gastric cancer 
diagnosis in the CICs. All the patients were followed up until 
they were diagnosed with gastric cancer or dropped out of 
the NHI program or until the end of this study (December 
31, 2013). We also analyzed the risk for other gastrointes-
tinal malignancies individually, such as colon (ICD-9-CM 

codes 153.x, 154.x), biliary tract (ICD-9-CM codes 156.x), 
hepatic (ICD-9-CM codes 155.x), and pancreatic (ICD-
9-CM codes 157.x) cancer.

Negative control outcome analysis

Negative exposure control and falsification endpoint (or 
negative outcome control) have been used to detect residual 
confounding and bias due to unobserved confounders [20].

We chose lung cancer as the falsification endpoint (ICD-
9-CM codes 162.x), which is not associated with NTS 
according to a review of current pathophysiologic mecha-
nisms. Therefore, any association between NTS and the end-
point may indicate the presence of unmeasured confounding.

Statistical analysis

First, we compared the distribution of age, sex, and baseline 
comorbidities between the two groups using the Chi square 
test.

Second, the incidence of gastrointestinal cancer in both 
groups was calculated as the number of patients with gas-
trointestinal cancer identified during the follow-up period 
divided by the total time of follow-up in person-years. To 
present the risk of cancer between both groups, hazard ratios 
(HRs) and 95% confidence intervals (CIs) were estimated 
using single-variable and multivariable Cox proportional 
hazards regression. The covariates adopted in the multivari-
able models included sex, age, and the above mentioned var-
iables. Because death was a potential confounder and could 
bias the estimated risk of cancer, we analyzed a competing 
risk of death model to estimate the subhazard ratios and 95% 
CIs of the incidence of gastric cancer among both groups.

Third, we plotted the cumulative incidence curves of gas-
tric cancer for both groups by the Kaplan–Meier method, 
and the differences in these curves were determined by the 
log-rank test.

Data management and statistical analyses were imple-
mented in SAS 9.4 version software (SAS Institute, Cary, 
NC, USA). The significance thresholds were set at two-sided 
p < 0.05.

Sensitivity analyses

We constructed three models to validate the robustness of 
the study findings. Model 1 contained aHR after adjusting 
for age and gender. Model 2 was the main model in this 
study. Model 2 contained the aHR after adjusting for demo-
graphic variables and all mentioned comorbidities in the 
study. Model 3 used propensity score matching at a ratio 
of 1:1 to balance the baseline covariates between the two 
groups.
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As NTS is more severe in immunocompromised patients, 
we conducted another sensitivity analysis to include those 
with underlying condition of HIV infections and immuno-
suppressive therapy (Supplement Tables 1 and 2). Patients 
who ever used corticosteroids, hydroxychloroquine, and 
immunosuppressive treatment (azathioprine, cyclosporin, 
mycophenolate, sirolimus, tacrolimus) prior to the index 
hospitalization were defined as users. These additional anal-
yses were conducted for the purpose of examining whether 
the finding was robust to different assumptions.

Results

Our study included 9097 hospitalized patients with NTS 
and 9097 matched non-NTS patients. Table 1 shows that 
the NTS cohort had a higher proportion of comorbidities.

Table 2 demonstrates the results of univariate and mul-
tivariate Cox proportional hazard regression analyses. The 

subjects with NTS had a 1.24-fold increased risk of gastro-
intestinal cancer (95% CI 1.01–1.53) after adjusting for all 
covariates listed in Table 1.

Table 3 demonstrates the association between NTS and 
risks of gastrointestinal cancer in different stratifications. 
In the sex-subgroup analysis, females with NTS had a 
slightly higher risk of developing cancer (aHR, 1.29; 95% 
CI 0.91–1.83) than males with NTS (aHR, 1.23; 95% CI 
0.95–1.61). Males with NTS had the highest incidence 
rate of cancer among all sex subgroups (4.77 vs. 2.74). 
However, the p value for interaction by sex-subgroup 
was not significant (0.857). In the age-subgroup analysis, 
compared with matched non-NTS age subgroups, those 
aged 50–64 years had aHR of 1.40 (95% CI 0.93–2.10) 
for new-onset cancer. The p value for interaction in 
the age-subgroup was not significant (0.309). In peptic 
ulcer disease-subgroup, the incidence rate of gastroin-
testinal malignancy among patients without history of 
NTS is 9.91/1000 person years and the incidence rate of 

Table 1  Demographic 
characteristics and 
comorbidities of patients 
newly diagnosed Nontyphoid 
salmonellosis in Taiwan during 
2000-2012

Chi square test
a t test

Characteristics Total Nontyphoid salmonellosis p value

No
n = 9097

Yes
n = 9097

N n (%)/mean (SD) n (%)/mean (SD)

Gender 1.000
 Female 8868 4434 (48.7) 4434 (48.7)
 Male 9326 4663 (51.3) 4663 (51.3)

Age 1.000
 20-49 7838 3919 (43.1) 3919 (43.1)
 50-64 4142 2071 (22.8) 2071 (22.8)

   ≥ 65 6214 3107 (34.2) 3107 (34.2)
 Mean (SD)a 54.1 (19.6) 54.2 (19.6) 0.840

Baseline comorbidity
 Hypertension 3089 1125 (12.4) 1964 (21.6) <0.001
 Diabetes mellitus 1866 595 (6.5) 1271 (14) <0.001
 Hyperlipidemia 878 269 (3) 609 (6.7) <0.001
 Coronary artery disease 2248 816 (9) 1432 (15.7) <0.001
 Chronic kidney disease 378 77 (0.8) 301 (3.3) <0.001
 Peptic ulcer disease 1678 544 (6) 1134 (12.5) <0.001
 Asthma 540 169 (1.9) 371 (4.1) <0.001
 COPD 872 252 (2.8) 620 (6.8) <0.001
 Helicobacter pylori 34 10 (0.1) 24 (0.3) 0.016
 Chronic liver disease 263 69 (0.8) 194 (2.1) <0.001
 Hepatitis B 233 48 (0.5) 185 (2) <0.001
 Hepatitis C 216 46 (0.5) 170 (1.9) <0.001
 Cholecystectomy 381 138 (1.5) 243 (2.7) <0.001
 Alcohol-related illness 253 42 (0.5) 211 (2.3) <0.001
 Rheumatoid arthritis 110 18 (0.2) 92 (1) <0.001
 Gallstones 701 216 (2.4) 485 (5.3) <0.001
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gastrointestinal malignancy among patients with NTS is 
6.43/1000 person years. NTS was associated subsequent 
gastrointestinal cancer in general, and there were no sta-
tistically significant subgroup association between NTS 
and gastrointestinal cancer in age-, sex-, and comorbidi-
ties- stratified analyses.

Table 4 shows the incidence of specific gastrointestinal 
malignancy in the two groups with respect to the results of 
the incidence and adjusted HRs of all statistical models. In 
model 1, the aHR of NTS to gastric cancer was 2.11 (95% 
CI 1.25–3.55); in model 2, the aHR of NTS to gastric cancer 
was 2.02 (95% CI 1.18–3.45) after adjusting for gender, age, 
and comorbidities at baseline; in model 3, with propensity 
score matching (Supplement Table 3; in both groups, each 
comorbiditiy with an SMD < 0.1 indicates negligible dif-
ference), the aHR of NTS to gastric cancer was 2.82 after 
adjusting for gender, age, and comorbidities.

Table 5 displays the analysis stratified by the follow-up 
time, the NTS group had a higher risk of gastrointestinal 

cancer occurrence within 3 years after the index date 
(aHR = 1.44; 95% CI 1.04–1.99).

Death was considered a competing factor, because 
elderly patients with NTS had a higher in-hospital mor-
tality rate [21]. After adjusting for the covariates and con-
sidering death as a competing event, subjects with NTS 
had a modestly higher risk of gastric cancer than con-
trols (adjusted subhazard ratio, 1.83; 95% CI 1.06–3.14, 
in Table 6).

Another sensitivity analysis, taking HIV infections and 
immunosuppressive therapy into consideration, compared 
to those without NTS, the NTS group remains a higher 
risk of subsequent of gastrointestinal cancer (aHR = 1.45, 
95% CI 1.02–2.07, p = 0.04) (Supplement Tables 1 and 2).

The Kaplan–Meier curve reveals that the cumulative 
incidence of gastric cancer was modestly increased in the 
NTS group compared with the non-NTS group (log-rank 
test, p value = 0.0334, Fig. 1).

Table 2  Cox model measured 
hazard ratio and 95% confidence 
intervals of gastrointestinal 
cancer associated with and 
without NTS patients

HR hazard ratio, CI confidence interval, COPD chronic obstructive pulmonary disease
*Adjusted HR: adjusted for age, gender and all comorbidities in Cox proportional hazards regression

Characteristics Event Crude Adjusted

(n = 367) HR (95% CI) p value HR (95% CI) p value

NTS
 No 175 Ref. Ref.
 Yes 192 1.25 (1.02–1.53) 0.034 1.24 (1.01–1.53) 0.047

Gender
 Female 132 Ref. Ref.
 Male 235 1.77 (1.43–2.19) <0.001 1.62 (1.3–2.01) <0.001

Age at baseline
 20–49 37 Ref. Ref.
 50–64 107 6.11 (4.21–8.89) <0.001 5.77 (3.96–8.40) <0.001

  ≥ 65 223 11.34 (8.00–16.07) <0.001 10.70 (7.45-15.38) <0.001
Comorbidities
 Hypertension 79 2.26 (1.76–2.90) <0.001 0.79 (0.59–1.05) 0.109
 Diabetes mellitus 72 3.59 (2.77–4.66) <0.001 1.91 (1.43–2.56) <0.001
 Hyperlipidemia 16 1.38 (0.84–2.28) 0.206 0.67 (0.39–1.13) 0.135
 Coronary artery disease 70 2.21 (1.70–2.86) <0.001 0.91 (0.69–1.22) 0.540
 Chronic kidney disease 8 1.96 (0.97–3.94) 0.061 1.03 (0.50–2.10) 0.946
 Peptic ulcer disease 53 2.56 (1.91–3.43) <0.001 1.10 (0.80-1.52) 0.560
 Asthma 10 1.36 (0.73–2.56) 0.334 0.63 (0.32–1.21) 0.163
 COPD 25 2.72 (1.81–4.09) <0.001 0.99 (0.64–1.54) 0.973
 Helicobacter pylori 1 3.29 (0.46–23.36) 0.234 1.41 (0.19–10.27) 0.732
 Chronic liver disease 19 5.11 (3.22–8.11) <0.001 2.35 (1.43–3.86) <0.001
 Hepatitis B 12 4.18 (2.35–7.44) <0.001 2.02 (1.08–3.77) 0.028
 Hepatitis C 20 9.32 (5.92–14.66) <0.001 4.74 (2.90–7.72) <0.001
 Cholecystectomy 19 3.61 (2.27–5.73) <0.001 2.00 (1.02v3.91) 0.042
 Alcohol-related illness 12 4.22 (2.37–7.50) <0.001 2.86 (1.54–5.28) <0.001
 Rheumatoid arthritis 1 0.66 (0.09–4.69) 0.678 0.55 (0.08–3.93) 0.552
 Gallstones 27 2.90 (1.96–4.30) <0.001 0.74 (0.41–1.32) 0.310
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Negative control outcome

The result of negative control analysis showed a non-sig-
nificant association between NTS and lung cancer (aHR, 
1.11; 95% CI 0.74–1.67). Unmeasured confounding was 
not present from this point of view. Using negative con-
trols, still we can not completely deal with unmeasured 

confounding in our study, but we adopted this measure-
ment trying to address the potential magnitude of uncon-
trolled confounder is minimal.

Discussion

This study revealed an increased risk of gastric cancer in 
the NTS group compared with the age-, sex-, and index 
date-matched non-NTS group. Furthermore, after cross-
validation by sensitivity analyses and negative controls, our 
findings indicate that nontyphoid Salmonella infection may 
be an independent risk factor for gastric cancer. We re-ana-
lyzed the study by propensity score matching to minimize 
the difference in comorbidity distribution in both groups. 
The results were consistent.

In the traditional concept of gastric cancer formation, the 
disease encompasses both a chronic inflammatory state and 
direct genotoxic effects on gastric mucosa [22]. Although 
H. pylori is a well-known risk factor, merely 3% of H. 
pylori-infected people develop gastric cancer [8]. H. pylori 

Table 4  Incidence and hazard ratio of different type of gastrointestinal cancer

PY: person-years; IR: incidence rate, per 1000-person years; HR: hazard ratio; CI: confidence interval
Model 1 Frequency matched 2 groups, excluded outcome < 6 months of index date; and adjusted by age and gender in Cox proportional hazards 
regression
Model 2 Frequency matched 2 groups, excluded outcome < 6 months of index date; and adjusted by age, gender and all mentioned comorbidities 
in Cox proportional hazards regression
Model 3 Propensity score matched 2 groups, excluded outcome < 1 year of index date; adjusted by age, gender and all mentioned comorbidities 
in Cox proportional hazards regression with a robust sandwich covariance estimator

Cancer Nontyphoid salmonellosis Model 1 Model 2 Model 3

No Yes

Event IR Event IR aHR (95%CI) p value aHR (95%CI) p value aHR (95%CI) p value

Colorectal 67 1.16 55 1.07 1.03 (0.72–1.47) 0.884 1.04 (0.72–1.50) 0.844 1.50 (0.73–3.11) 0.274
Stomach 23 0.40 37 0.72 2.11 (1.25–3.55) 0.005 2.02 (1.18–3.45) 0.010 2.82 (1.00–8.11) 0.050
Biliary tract 6 0.10 11 0.21 2.23 (0.83–6.05) 0.114 1.79 (0.65–4.97) 0.264 1.66 (0.29–9.41) 0.569
Liver 64 1.11 70 1.37 1.35 (0.96–1.90) 0.083 1.03 (0.72–1.47) 0.877 1.01 (0.47–2.18) 0.980
Pancreas 9 0.16 7 0.14 0.92 (0.34–2.49) 0.876 0.81 (0.29–2.30) 0.694 0.72 (0.16–3.29) 0.668

Table 5  Incidence rates, hazard ratio and confidence intervals of gastrointestinal cancer in different stratification of follow-up years

IR incidence rates, per 1000 person-years, HR hazard ratio, CI confidence interval

Variables Non-NTS cohort NTS cohort NTS cohort vs. Non-NTS cohort

n = 9097 n = 9097 Crude HR p value Adjusted HR p value

Event Person years IR Event Person years IR (95% CI) (95% CI)

Follow-up years
 < 3 69 24855 2.78 89 22844 3.90 1.42 (1.04–1.94) 0.029 1.44 (1.04–1.99) 0.030
 ≥ 3 106 33015 3.21 103 28377 3.63 1.13 (0.87–1.49) 0.363 1.10 (0.83–1.46) 0.496

Table 6  NTS group to Non-NTS group subhazard ratio (SHR) of gas-
tric cancer estimated through competing-risks regression

Crude SHR: relative subhazard ratio
Adjusted  SHR†: multivariable analysis including all factors in the 
univariable cox model

Variable NTS p value

No Yes

Cancer
Crude SHR (95% CI) 1.00 (Ref.) 1.72 (1.02–2.91) 0.042
Adjusted  SHR† (95% CI) 1.00 (Ref.) 1.83 (1.06–3.14) 0.029
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eradication alone does not eliminate gastric cancer, indicat-
ing that a complicated underlying process and pathogens 
other than H. pylori may be involved [23]. In recent studies, 
Salmonella enterica has been associated with the develop-
ment of gallbladder cancer and colon cancer [7, 24]. On the 
contrary, attenuated strains have been evaluated as adjuvants 
in the treatment of cancer for their affinity for tumor tissue 
[25]. Our study, based on a real-world nationwide dataset, 
revealed that patients with histories of NTS hospitalization 
had a higher risk of gastric cancer.

The mechanisms for the increased risks of gastric cancers 
in the NTS population have not yet been elucidated. Notwith-
standing this, NTS is clearly versatile in at least two aspects: 
first, it causes a greater disturbance in the microbiome than 
a bout of gastroenteritis [26–29], and second, it reprograms 
the characteristics of macrophages [15]. Because of the rapid 
evolution of sequencing technology, we are now more famil-
iar with highly complex microbiota in the gut and stomach. 
Even with the acidity of the gastric environment, the gastro-
intestinal lumen is rich in microbiota. Microbial dysbiosis, 
an inner environmental issue, is also associated with gastric 
carcinogenesis [30]. It is now known that Actinobacteria, 
Firmicutes, Bacteroidetes, and Proteobacteria are the pre-
dominant phyla in the human stomach [31]. The growth 
and decline of gut microbiota are in a dynamic balance, 
which can be affected by dietary habits, the use of drugs, 
e.g., antibiotics and proton pump inhibitors, and opportun-
istic pathogens, such as NTS, all of which may extensively 
disturb microbiome homeostasis [32]. There is support-
ing evidence that generalized dysbiosis may contribute to 

carcinomatosis [33]. Another potential mechanism may 
be the interactions between immune pathways involved in 
infectious agents and cancer cells [3]. Macrophages, aris-
ing from circulating monocytes, are notable in the human 
immune system and widely distributed in the mucosal lay-
ers of the gastrointestinal lumen. There are two main types 
of macrophages—M1 and M2 phenotypes—depending on 
microenvironmental cues. Cells with the M1 phenotype 
play roles in anti-tumor immunity [34, 35], and M2 cells 
influence wound healing, pro-tumorigenic properties, and 
anti-inflammatory agents by immunosuppression [36]. Fur-
thermore, M2 cells have an impact on tumor proliferation 
and invasion [37]. Tumor-associated macrophages (TAMs) 
are referred to as M2-like, maturing in the tumor-tissue envi-
ronment after leaving the blood circulation as monocytes. 
One recent study discovered that the transcription factor 
c-Maf was highly expressed in human immunosuppressive 
TAMs and polarized M2 macrophages [38]. Another study 
revealed that c-Maf was markedly increased in Salmonella-
infected macrophages [39], and c-Maf was also involved 
in gut homeostasis by regulating  Treg and  TH17 cells [40]. 
Furthermore, Salmonellae can escape from immunological 
surveillance [17] and replicate within macrophages, den-
dritic cells, and neutrophils and become persisters, which 
can reprogram the macrophage [15]. Researchers once found 
Salmonella typhimurium entering macrophages, and some of 
them could induce the expression of the Salmonella patho-
genicity island 2 type III secretion system to inhibit M1 and 
drive M2 macrophage polarization [15]. The effect of NTS-
containing macrophages is supposed to be M2-like, which 
suppresses human anti-tumor function and causes gastric 
cancer development. Furthermore, one recent study revealed 
that the use of oral PPIs was associated with the occurrence 
of NTS [41]. It is likely that more bacteria in NTS survive 
in a relatively high pH environment. However, the detailed 
interactions between NTS and neoplastic changes in gastric 
epithelial cells need further investigation.

To the best of our knowledge, based on a literature review, 
this is a novel retrospective cohort study that used nation-
wide big data to evaluate the long-term risk of gastric can-
cer among patients with NTS. A particular strength of this 
study is its population-based study design, which allowed us 
to identify nearly all patients hospitalized with a principal 
diagnosis of NTS and cancer in Taiwan and thus minimize 
referral bias, as all medical care is covered by the national 
insurance system. The NHI program is universal and manda-
tory in Taiwan, and NHI beneficiaries are assigned personal 
identification numbers that enable them to be traced through-
out the follow-up period. Moreover, the cancer diagnoses in 
our study were verified by the Registry for Catastrophic Ill-
ness Patient Database, and the certification is linked to the 
financial entity afterward for each patient. The study used 

Fig. 1  Cumulative curve of gastric cancer for the NTS group was sig-
nificantly higher than that of the comparison groups (log-rank test, 
P = 0.0334)
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sensitivity analyses and negative control analyses to validate 
the main finding.

Some limitations of our study should be noted. First, can-
cer was not identified by medical records but defined by 
ICD-9-CM codes. Recent study showed that the sensitivity 
of ICD code for cancer was 91.5%, with a positive predic-
tive value of 93.6% [42]. Second, the inclusion of NTS cases 
that were dependent on ICD-9-CM codes may be less accu-
rate than those in a prospective clinical setting. For coding 
accuracy, the study enrolled patients hospitalized with the 
principal ICD-9-CM code of NTS [41]. The people with 
non-hospitalized NTS are beyond the scope of the study, 
because they may have a low bacterial load of nontyphoid 
Salmonella. Besides, NTS patients with milder symptoms 
do not submit claims for medical services and those may 
have been misclassified into the comparison group. If NTS 
is associated causally with gastric cancer, patient-misclas-
sification would bias the HRs estimation toward the null. 
Therefore, the results are reliable. Third, information on 
some potential risk factors, such as tobacco and alcohol 
consumption, environmental exposure, and family history of 
malignancy, was not available in NHIRD. Nonetheless, some 
smoking-related health consequences were partly reflected 
in the presentation of comorbidities such as hypertension, 
chronic obstructive pulmonary disease, and coronary heart 
disease, which were included in the analysis. Laboratory 
report including CagA-positive H. pylori infection or score 
of inflammatory cell infiltration cannot be provided in the 
NHIRD and this is a major limitation in the study. Fourth, 
Salmonella has its specific tropism to tumor microenviron-
ment, so we used the lag-time approach excluding cancer 
detection date within 1 year after the NTS diagnosis date to 
ameliorate protopathic bias. Finally, this study can not deter-
mine the direction of causality, but through a cohort study 
using insurance data with a meticulous design, including 
propensity score matching for measurable confounders and 
negative controls for unmeasured confounders, is a suitable 
alternative to a dedicated prospective one to analyze the risk 
factors [43–45].

Conclusion

Patients with histories of NTS have a modestly increased 
risk of developing gastric cancer. Our findings are helpful 
in improving gastric cancer risk evaluation and prevention. 
Whether antibiotic therapy has an influence on cancer is 
unknown. Further comprehensive prospectives research is 
required to clarify the underlying biological mechanisms of 
these associations.
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