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Abstract

Background The use of gastrointestinal disease multiplex polymerase chain reaction (Gl PCR) testing has become
common for suspected gastrointestinal infection. Patients often test positive for multiple pathogens simultaneously
through Gl PCR, although the clinical significance of this is uncertain.

Methods This retrospective cohort study investigated risk factors and clinical outcomes associated with detection
of multiple (as opposed to single) pathogens on GI PCR. We included adult patients who underwent Gl PCR test-

ing from 2020 to 2023 and had one or more pathogens detected. We compared patients with multiple versus those
with single pathogens and hypothesized that immunosuppression would be a risk factor for detection of multiple
pathogens. We further hypothesized that, during the 90 days after Gl PCR testing, patients with multiple pathogens
would have worse clinical outcomes such as increased rates of emergency department (ED) visits, death, hospitaliza-
tion, or ambulatory care visits.

Results Gl PCR was positive in 1341 (29%) of tested patients; 356 patients had multiple pathogens and 985 had

one pathogen. The most common pathogens included Enteropathogenic Escherichia coli (EPEC, 27%), norovirus
(17%), and Enteroaggregative E. coli (EAEC, 14%) in both multi- and singly positive patients. Immunosuppression

was not associated with multiple pathogens (adjusted odds ratio [aOR] 1.35, 95% Cl 0.96, 1.86). The factors most asso-
ciated with multiple pathogens were Hispanic ethnicity (OR 1.86, 95% Cl 1.42, 2.45) and chronic kidney disease (OR
1.69, 95% Cl 1.13, 2.49). Patients with multiple pathogens were more likely to have ED visits during the 90 days after Gl
PCR testing (40% vs. 32%, p <0.01), but they were not more likely to die, be hospitalized, or to have ambulatory medi-
cal visits.

Conclusions Immunosuppression was not associated with detection of multiple as opposed to single patho-
gens on Gl PCR testing. There were worse clinical outcomes associated with detection of multiple pathogens,
although these effects were modest.
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Introduction

The gastrointestinal disease multiplex polymerase chain
reaction (GI PCR) is common and growing in popular-
ity as a tool to diagnose diarrheal illnesses with greater
sensitivity compared to traditional culture. Traditional
culture-based testing rarely proves positive for more
than one pathogen in a given sample, but GI PCR often
detects co-infections with multiple diarrhea-causing
pathogens. While GI PCR can identify co-infections, it
is not always clear whether all detected pathogens are
clinically relevant or if some represent colonization,
particularly in patients with altered immune function
[1-4]. This distinction is crucial as it can significantly
impact clinical management decisions [5].

Despite widespread use of GI PCR, few studies have
characterized the prevalence and types of organisms
present in samples with multiple positive results. Addi-
tionally, there is a lack of understanding of the clini-
cal implications of detecting multiple pathogens as
opposed to a single pathogen on patient outcomes. This
study aims to fill this knowledge gap and provide valu-
able insights into the interpretation of GI PCR results,
especially in immunocompromised patients.

We hypothesized that immunocompromised patients
would be at increased risk for multiple as opposed to
single pathogens on GI PCR testing. In individuals with
weakened immune systems, such as those with HIV/
AIDS or undergoing cancer treatment or organ trans-
plantation, the body’s normal defense mechanisms
against colonization by gut pathogens are compromised
[6-11]. Similarly, patients with comorbidities that dis-
rupt the gut microbiome, such as cancer, diabetes,
heart failure, chronic kidney disease, or inflammatory
bowel disease (IBD), are more prone to enteric infec-
tions [9, 12—18].

We further hypothesized that the presence of mul-
tiple pathogens would be associated with measurably
worse clinical outcomes even after adjusting for other
factors—i.e., that these patients would have true co-
infection which would lead to increased healthcare
utilization compared to singly-infected patients. A null
hypothesis is that the detection of multiple pathogens
usually represents colonization, and that such patients
fare similarly to those with just one pathogen present
(1,5, 19].

By examining outcomes in those with multiple as
opposed to single pathogens on GI PCR, we aimed to
inform the clinical question of infection versus coloni-
zation. The overarching goal of the study was to guide
future GI PCR testing decisions and to better interpret
results when patients test positive for multiple enteric
pathogens.
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Methods

Population

This was a single-center, retrospective cohort study
conducted at Columbia University Irving Medical
Center (CUIMC). Patients aged 18 years or older who
had undergone a GI PCR test between February 2020
and March 2023 were included. Children were excluded
because of the differences in gut pathogens affecting
adults and children [20]. The primary analyses were
focused on the subset of patients who tested positive
for one or more pathogens (i.e., a positive GI PCR test
result). In instances where multiple positive stool tests
were recorded for a single patient, the first test result
was selected to ensure that each included test repre-
sented a unique individual. To minimize loss to follow-
up, only individuals who had received primary care or
specialist outpatient care within the two-month period
preceding the assay GI PCR test were included. The
study protocol was approved by the institutional review
board of CUIMC.

Gl PCR testing

Patients were classified as testing positive for multiple
pathogens if they had two or more organisms detected on
GI PCR; they were classified positive for a single patho-
gen if only one organism was detected. The stool sam-
ples collected from the patients were processed using
the FilmArray GI Panel (BioFire Diagnostics, Salt Lake
City, UT) according to the manufacturer’s instructions.
Freshly excreted stool samples were collected by nurses
and an aliquot of stool was placed directly into Cary
Blair transport media at the bedside. These samples were
mixed with the manufacturer’s reagents, loaded onto
a cartridge, and placed in the FilmArray instrument for
automated analysis. The FilmArray GI Panel utilizes a
closed-system disposable pouch to qualitatively detect
DNA or RNA from 22 different gastrointestinal patho-
gens including bacteria, parasites, and viruses [21]. The
treating physicians had access to the GI PCR results
when formulating treatment plans for their patients.

Classification of immunosuppression

The main focus of interest was immunosuppression,
which was classified categorically. Patients were clas-
sified as immunosuppressed if they had auto-immune
diseases, history of solid organ transplant, or if they
took an immunosuppressive medication in the 90 days
before GI PCR testing (Supplemental Table 1) [22-26].

Co-variables
Using automated queries of the electronic medi-
cal record, we gathered demographic, clinical
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Table 1 Patient characteristics at the time of GI PCR testing, stratified based on Gl PCR result

Variable Negative (N=3363) Positive PCR P value
Multiple (N=356) Single (N=985)
Female sex 2089 (62%) 183 (51%) 529 (54%) 049
Age (years)
18-40 1013 (30%) 134 (38%) 367 (37%) 0.059
41-60 926 (28%) 117 (33%) 267 (27%)
61+ 1399 (42%) 103 (29%) 342 (35%)
Race
Asian 67 (2%) 6 (2%) 21 (2%) 017
Black 353 (11%) 41 (12%) 119 (12%)
Other 1139 (34%) 157 (44%) 369 (38%)
White 1804 (54%) 152 (43%) 476 (48%)
Ethnicity
Hispanic 770 (23%) 134 (38%) 239 (24%) <001
Non-Hispanic 2019 (60%) 172 (48%) 581 (59%)
Other 574 (17%) 50 (14%) 165 (17%)
Insurance status
Commercial 2267 (67%) 275 (77%) 779 (79%) 0.67
Medicaid no medicare 289 (9%) 47 (13%) 99 (10%)
Medicaid with medicare 198 (6%) 24 (7%) 69 (7%)
Medicare 145 (4%) 7 (2%) 1 (2%)
Immunosuppression (overall) 726 (22%) 68 (19%) 147( 5%) 0.08
Immune-mediated disease™ 0 (6%) 54 (15%) 2 (11%) 0.07
Solid organ transplant 296 (9%) 33 (9%) (8° ) 032
HIV/AIDS 75 (2%) 17 (5%) 8 (4%) 0.55
Immunosuppressive medication® 726 (22%) 68 (19%) 147 (15%) 0.08
Serum markers
Albumin (<3.4 g/dL) 54 (2%) 6 (2%) 15 (2%) 0.82
Creatinine (> 1.1 mg/dL) 359 (11%) 72 (20%) 148 (15%) 035
Comorbidities
Cardiovascular disease 1143 (34%) 140 (39%) 338 (34%) 0.10
Diabetes 380 (11%) 51 (14%) 111 (11%) 0.16
COPD 4 (3%) 4 (1%) 19 (2%) 0.44
CKD or ESRD 187 (6%) 44 (12%) 76 (8%) 0.01
Obesity 866 (26%) 84 (24%) 258 (26%) 0.37
Inflammatory bowel disease 321 (10%) 31 (9%) 94 (10%) 0.72
Malignancy 440 (13%) 41 (12%) 116 (12%) 0.97
Smoker (ever) 0 (3%) 17 (5%) 35 (4%) 0.39
Autoimmune disease 530 (16%) 62 (17%) 144 (15%) 0.24
Medications received
PPl'in prior 90 days 647 (19%) 83 (23%) 204 (21%) 0.21
Antibiotics in prior 90 days 884 (26%) 112 (32%) 323 (33%) 0.40
Hospitalized in prior 30 days 253 (8%) 26 (7%) 88 (9%) 040

" Continuous variables reported as mean + standard error or median (IQR). Categorical variables reported as N (%)
* As defined by Supplementary Table 1

characteristics, and comorbidities and classified them at the time of the GI PCR test (Supplemental Table 1).
based on codes documented using the 10th revision of  The ICD-10 system is used for billing in all U.S. health-
the International Statistical Classification of Diseases care settings and contains hierarchically structured
and Related Health Problems (ICD-10) coding system medical diagnoses and reasons for healthcare visits
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[22]. (Supplemental Table 1). As of May 2024, ICD-10
is a medical classification list that standardizes disease
and health condition coding across the globe and is
maintained by the World Health Organization [27]. Age
and BMI were split into quartiles. Laboratory values
were defined as normal or abnormal based on the insti-
tutional laboratory reference ranges as of May 1, 2024
[28]. Age and serum markers were categorized to aid in
risk stratification and clinical decision-making, provid-
ing clearer ranges for interpretation.

Clinical outcomes

We compared clinical outcomes during the 90 days after
GI PCR testing including mortality, hospitalization, ED
visits, receipt of antibiotics, and ambulatory medicine
visits, between groups testing positive for multiple versus
single pathogens by gathering data from electronic medi-
cal records with automated queries and classifying out-
comes as present or absent.

Statistical approach

Continuous data were expressed as means with stand-
ard deviations (SD) or as medians with interquartile
ranges if the data were not normally distributed. Data
were compared using t-tests for continuous data or chi-
squared tests or Fisher’s exact tests for categorical data.
Two multivariable models were constructed. First, a
model was constructed for the outcome of testing posi-
tive for multiple as opposed to single pathogens on GI
PCR. This model included immunosuppression a priori,
with additional variables added stepwise, retaining those
in the final model that independently predicted multiple
pathogens. Second, a model was constructed for each
clinical outcome. The primary focus of interest in this
model was testing positive for multiple as opposed to
single pathogens and we additionally pre-specified that
age, immunosuppression, and insurance status would
be included because these factors are likely to associate
with poor outcomes. Logistic regression modeling was
used to investigate risk factors for detection of multiple
as opposed to single pathogens on GI PCR. Crude (unad-
justed) odds ratios were used for descriptive purposes
and adjusted odds ratios were used to control for poten-
tial confounding variables and to estimate the independ-
ent effects of predictor variables. Two-tailed test with a
p-value of <0.05 was considered statistically significant.
All statistical analysis was performed using RStudio
[44], using packages forestplot [45], lubridate [46], olsrr
[47], vtable [48], checkmate [49], report [50], tibble [51],
abind [52], R language and environment [53], Table 1
[54], reshape [55], ggplot2 [56], stringr [57], forcats [58],
tidyverse [59], dplyr [60], purrr [61], readr [62], tidyr [63],
and kableExtra [64].
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Results

Patient characteristics

There were 4704 patients who underwent GI PCR test-
ing during the study period. Of these, 29% tested positive
(either singly or multiply) and were included in the main
analyses. The majority of patients were female (60%),
with a median age of 53 years (IQR 35-68). Over half
were White (52%), and nearly a quarter were Hispanic
(24%), (Table 1).

Multiple as opposed to single pathogens detected

Out of the total patients tested, 1341 (29%) had a posi-
tive result on the GI PCR test. Of those with a positive GI
PCR test, 985 (73%) were positive for a single pathogen,
while 356 (27%) had multiple pathogens detected. Among
the identified pathogens, the most prevalent were Enter-
opathogenic E. coli (EPEC), norovirus, and Enteroaggre-
gative E. coli (EAEC). These accounted for approximately
70% of GI PCR results in patients with a single pathogen
detected and 60% of PCR results in patients with mul-
tiple pathogens detected (Fig. 1). Patients with multiple
positive GI PCR were slightly more likely to be immuno-
suppressed without reaching statistical significance (19%
vs 16%, p=0.07). They were more likely to be Hispanic
(38% vs. 24%, p<0.01) and to have end-stage renal dis-
ease (12% vs. 8%, p=0.01) (Table 1). Among those with
multiple pathogens detected on GI PCR, heat maps
showed that the pathogen combinations most often co-
present were EPEC and EAEC, EAEC and norovirus, and
EPEC and norovirus. Higher rates of observed compared
to expected combinations of co-positivity were seen for
Enterotoxigenic E. coli (ETEC) and EAEC, Shiga toxin-
producing E. coli (STEC) and ETEC, STEC and EAEC,
and Giardia and Campylobacter (all p<0.01) (Fig. 2).

Logistic regression model for multiple vs. single pathogens
In the final model, immunosuppression was not sig-
nificantly associated with multiple pathogens (aOR 1.35,
95% CI 0.96-1.86) (Table 2). Hispanic ethnicity was
associated with increased risk for multiple pathogens
(aOR1.86, 95% CI 1.42-2.45).

Detection of multiple pathogens and clinical outcomes

Within 90 days of GI PCR testing, 24 (0.5%) patients
died, 568 (12%) recorded ED or urgent care visits, 2673
(57%) recorded ambulatory medicine visits, and 161
(3.4%) were hospitalized. Patients with multiple positive
pathogens were more likely to have ED/urgent care visits
compared to those with single positive PCR results (40%
vs. 32%, p<0.01) but were not more likely to experience
any of the other outcomes (Fig. 3). Next, we used logis-
tic regression modeling to investigate the independent
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Table 2 Logistic regression model for risk factors for multiple as
opposed to single pathogens on Gl PCR

Patient variable Unadjusted odds Adjusted
ratio (95% Cl) odds ratio
(95% Cl)

Immunosuppression

No immunosuppression Reference Reference

Immunosuppression 1.35(0.97-1.84) 1.35(0.96, 1.86)
Ethnicity

Non-Hispanic Reference Reference

Hispanic 1.89 (1.44,2.48) 1.86 (1.42,2.45)
Age

Age 18-41 Reference Reference

Age 41-60 1.20 (0.89, 1.61) 1.08 (0.79, 145)

Age 65+ 0.83(0.61,1.11) 0.77 (0.57,1.04)
Medication usage in prior 90 days

No PPI Reference -

PPI 0.86 (0.65, 1.15) -

No antibiotics Reference -

Antibiotics 0.94(0.72,1.22) -
Comorbidities

No CVD Reference -

CVD 1.24(0.97,1.59) -

No CKD/ESRD Reference -

CKD/ESRD 1.69(1.13,2.49) -

No diabetes Reference -

Diabetes 1.32(0.92,1.87) -
Race

White Reference -

Asian 0.90 (0.32,2.13) -

Black 1.08(0.72, 1.60) -

Other 1.33(1.03,1.73) -

association between multiple pathogens and 90 day ED
visits. After adjusting for other factors, detection of mul-
tiple (as opposed to single) pathogens was associated with
increased risk for ED visits (aOR 1.44, 95% CI 1.11-1.87)
(Table 3). Other factors that were independently associ-
ated with ED visits were immunosuppression (aOR1.95,
95% CI 1.43-2.66), and Medicaid insurance (aOR 2.51,
95% CI 1.74, 3.62). The rates of receiving an antibiotic
prescription were similar between patients with multiple
vs. single positive GI PCR results (33% vs 32%). When
looking specifically at the rates of receiving two or more
antibiotic prescriptions, patients with multiple positive
results had slightly higher rates compared to those with a
single positive result (23% vs 19%, p=0.03).

Discussion

This study assessed the clinical significance of detecting
multiple as opposed to single pathogens on the GI PCR
test, a common occurrence that was observed in 24% of
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all positive tests. We assessed risk factors for multiple
pathogens, including immunosuppression. We also char-
acterized the prevalence and types of enteric infections
and the differences in clinical course and outcomes, com-
paring patients who tested positive for multiple gut path-
ogens versus those who tested positive for one pathogen
alone. Overall, the baseline characteristics and outcomes
of the two groups were more similar than we expected.
A priori, we hypothesized that patients positive for mul-
tiple pathogens would be more likely to be immunosup-
pressed and would have increased medical comorbidities.
We found that immunosuppression was not statistically
associated with multiple pathogens. Downstream from
this, we found only very modest differences in clinical
outcomes when comparing those with multiple patho-
gens versus a single pathogen. Patients positive for mul-
tiple pathogens, including the more commonly detected
but less clinically relevant EAEC, had a slightly higher
rate of emergency room visits than those positive for a
single pathogen, suggesting a potential additional health
burden. However, the overall similarity between these
two groups in terms of risk factors and the lack of thor-
ough measures of clinical outcomes, such as severity of
disease, duration of symptoms, or antibiotic requirement,
makes it difficult to conclusively determine whether co-
infection with multiple enteric pathogens represents a
substantial health burden or is more likely an incidental
finding. The higher prevalence of EAEC, an organism
with less certain clinical relevance, among patients with
multiple pathogens further supports the notion that these
co-infections may not necessarily lead to worse clinical
outcomes. While the increased emergency room visits
among patients with multiple pathogens points to some
additional health burden, the clinical course after GI PCR
testing otherwise appeared largely similar between the
two groups.

In contradiction to our results, prior studies have sug-
gested that immunocompromise is associated with mul-
tiple gut pathogens, although many prior studies focus
on enteric viruses and on children [3, 6, 29]. Specific
immunocompromised subpopulations including chil-
dren who are solid organ transplant recipients [29], those
with HIV/AIDS [9, 12], and liver and stem cell trans-
plant recipients [30, 31] are associated with higher rate of
multiple pathogens on stool testing. The use of corticos-
teroids has also been associated with an increased likeli-
hood of multiple pathogens on GI PCR among patients
with IBD [32]. In a study of GI PCR testing in patients
with HIV, Axelrad et al. found that 25% of men who
have sex with men patients had multiple gut pathogens
regardless of their degree of immunosuppression [11,
33]. Our study was not powered to look at specific cat-
egories of immunosuppression and it is likely that there
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was heterogeneity in the degree of immunosuppression
within the diverse group of immunosuppressed patients
included in the study.

Interestingly, Hispanic ethnicity was the most impor-
tant predictor of multiple pathogens on GI PCR. Prior
research has documented differences in microbiome
structure between racial and ethnic groups [34—37]. His-
panic ethnicity may be associated with the detection of
multiple pathogens on GI PCR due to a combination of
host genetics, geographic location, and socioeconomic
factors such as diet, living environment, pathogen expo-
sures, access to medical care, travel, and other social
constructs that shape the gut microbiome and influence
susceptibility to enteric pathogens [35-38]. This study
could not determine the specific factors underlying the
association between Hispanic ethnicity and higher inci-
dence of multiple pathogens on GI PCR testing.

Prior studies of viral diarrhea in children have sug-
gested that there is greater severity of diarrhea when mul-
tiple viruses are detected, but less is known in adults and
with bacterial enteropathogens [39]. After adjusting for
other factors including age, insurance status, and immu-
nosuppression, detection of multiple pathogens was
associated with a 44% increased risk for subsequent ED
visits compared to detection of a single pathogen. Those
with multiple pathogens were also more likely to receive
more than one antibiotic, although overall rates of anti-
biotic use were similar comparing those with multiple

vs. single pathogens. There was no association between
multiple pathogens and other clinical outcomes (death,
hospitalization, or increased likelihood of an ambulatory
care visit). Future diagnostics—particularly those using
sequencing technologies—may provide more granular
clinical information by reporting on the relative abun-
dance of a given organism which could influence the
decision of whether and how to treat.

When we looked at patterns of co-positivity, we found
several pathogen pairs which appeared at a rate greater
than expected by pure chance: ETEC and EAEC, STEC
and ETEC, STEC and EAEC, and Giardia and Campylo-
bacter. Whether these represent synergistic relationships
or rather shared environmental risk factors is unknown.
In prior studies, ETEC has been found to co-occur more
often with EPEC, and with Campylobacter [40]. Prior
studies have also suggested that bacteria-bacteria pairs
appear together more frequently than virus-bacteria pairs
[40, 41]. It is plausible that viral-bacterial coinfection
could augment the severity of diarrhea [42]. One study
employed a cluster analysis and hierarchical clustering
approach to PCR-based data and demonstrated that such
co-infections were likely to be clinically relevant [43].

This study has strengths, and some limitations. This
study builds on the limited body of existing research
that investigates patient variables and clinical outcomes
associated with multiple pathogens on GI PCR. It was
relatively large and looked at the presence of multiple



Mannstadt et al. Gut Pathogens

(2024) 16:45

Table 3 Logistic regression for patient variables associated with
ED visits in 90 days following GI PCR

Patient variable Unadjusted odds Adjusted odds
ratio (95% Cl) ratio* (95% Cl)

PCR pathogen result type

Single positive pathogens Reference Reference

Multiple positive pathogens 147 (1.15,1.89) 144(1.11,1.87)
Ethnicity

Non-Hispanic Reference -

Hispanic 3.54(2.73,4.60) -
Immunosuppression

No immunosuppression Reference Reference

Immunosuppression 2.12(1.57,2.85) 1.95 (143, 2.66)
Age groups

18-41 years Reference Reference

41-60 years 1.30(0.98,1.72) 1.05(0.78,1.42)

65+ years 1.39(1.06, 1.83) 1.23(0.91, 1.66)

Insurance type
Private
Medicaid without medicare
Medicaid with medicare
Medicare only
Comorbidities
No CKD/ESR
CKD/ESRD
No CVD
cvD
Race
White
Asian
Black
Other

Reference

2.29(1.61,3.26)
4.49(2.89,7.10)
0.94 (0.39, 2.09)

Reference
2.61(1.79,3.83)
Reference
2.59(2.05,3.28)

Reference

1.25(0.51,2.82)
2.90 (2.03,4.16)
1.98 (1.54, 2.54)

Reference

2.51(1.74,3.62)
3.97 (2.52,6.36)
0.81(0.33,1.84)

pathogens from several angles. Limitations include a ret-
rospective design, lack of granular data related to hygiene
and lifestyle factors which may influence GI PCR posi-
tivity, and lack of detailed patient symptom and severity
data. Future studies should investigate the impact of GI
pathogens on patient outcomes and explore strategies to
prevent and manage these infections.

In conclusion, we found that patients testing positive
for multiple pathogens on GI PCR did not exhibit sub-
stantially different baseline characteristics or clinical
outcomes compared to those testing positive for a single
pathogen. The unexpected finding of Hispanic ethnicity
as a predictor of multiple pathogens highlights the com-
plex interplay between environmental, socioeconomic
factors, and enteric infections. Patients who tested posi-
tive for multiple pathogens were more likely to have ER
visits afterwards compared to those who tested positive
for single pathogens, but no other harm was observed to
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be associated with multiple pathogens (no increased rate
of death or hospitalization). On balance, these results
argue that in many multi-positive GI PCR patients, one
or more of the organisms is likely to be a colonizer.
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