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Abstract
Background Gastrointestinal (GI) symptoms are recognized sequelae of acute respiratory illness (ARI), but their prevalence 
is not well documented. Our study aim was to assess the incidence of GI symptoms in community ARI cases for persons of 
all ages and their association with clinical outcomes.
Methods We collected mid-nasal swabs, clinical, and symptom data from Seattle-area individuals during the 2018–2019 
winter season as part of a large-scale prospective community surveillance study. Swabs were tested by polymerase chain 
reaction (PCR) for 26 respiratory pathogens. Likelihood of GI symptoms given demographic, clinical, and microbiological 
covariates were analyzed with Fisher’s exact, Wilcoxon-rank-sum, and t-tests and multivariable logistic regression.
Results In 3183 ARI episodes, 29.4% had GI symptoms (n = 937). GI symptoms were significantly associated with pathogen 
detection, illness interfering with daily life, seeking care for the illness, and greater symptom burden (all p < 0.05). Control-
ling for age, > 3 symptoms, and month, influenza (p < 0.001), human metapneumovirus (p = 0.004), and enterovirus D68 
(p = 0.05) were significantly more likely to be associated with GI symptoms than episodes with no pathogen detected. Sea-
sonal coronaviruses (p = 0.005) and rhinovirus (p = 0.04) were significantly less likely to be associated with GI symptoms.
Conclusion In this community-surveillance study of ARI, GI symptoms were common and associated with illness severity 
and respiratory pathogen detection. GI symptoms did not track with known GI tropism, suggesting GI symptoms may be 
nonspecific rather than pathogen-mediated. Patients presenting with GI and respiratory symptoms should have respiratory 
virus testing, even if the respiratory symptom is not the primary concern.
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Introduction

Many common respiratory pathogens, including seasonal 
coronaviruses and influenza, can present with gastrointesti-
nal (GI) symptoms like diarrhea, nausea, and vomiting [1]. 
However, for most respiratory pathogens, the incidence and 
severity of these symptoms are not well characterized [2, 

3]. Given the significant burden of disease caused by pri-
marily respiratory infections [4, 5], it is important to better 
characterize their diverse presentations to help guide rapid 
identification and appropriate clinical management.

Few prospective community-based surveillance studies 
of multiple respiratory pathogens and their symptomatol-
ogy have been reported in the era of sensitive molecular 
diagnostics. However, previous studies suggest high rates 
of GI symptoms may be associated with coronavirus, influ-
enza, and respiratory syncytial virus [1]. Most studies have 
been limited to hospitalized patients, children, or a single 
pathogen. Case–control studies of adults and children with 
diarrhea have identified pathogens with known respiratory 
manifestations such as adenovirus [6] and bocavirus [7] as 
causes of GI symptoms. There is a need for community-
based sampling across age groups with broad pathogen 
testing and detailed symptomatic data collection to better 
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understand the burden of GI symptoms in patients with res-
piratory infections.

The objective of this study was to assess the prevalence 
of GI symptoms in acute respiratory infections among cases 
detected through prospective community-based surveil-
lance and the association between GI symptoms and clini-
cal outcomes.

Methods

Population and Setting

Mid-nasal swabs and self-reported questionnaire data were 
collected from individuals with acute respiratory illness 
(ARI) between November 2018 and April 2019 as part of 
the Seattle Flu Study, a large-scale community surveillance 
study in Seattle, WA [8]. The study protocol and detailed 
methods have been previously published [8]. In brief, indi-
viduals were enrolled at community sites, which included 
clinics, workplaces, homeless shelters, daycares, and 
schools. Community members were also able to participate 
through an online self-initiated screening process.

Eligibility Criteria

Individuals of any age were eligible for participation if they 
had two or more of the following symptoms: fever, head-
ache, sore throat, nausea or vomiting, rhinorrhea, fatigue, 
myalgia, dyspnea, diarrhea, ear pain or discharge, or rash. 
Subjects were also eligible to participate if they had new or 
worsening acute cough without additional symptoms. Indi-
viduals could not enroll more than once every 14 days or if 
symptoms were chronic.

Survey Methods

Participants aged 13  years and older then completed a 
symptom survey online accessed on their own device or on 
a tablet. Participants aged 7–12 years could have the survey 
completed by or in collaboration with their LAR. The LAR 
completed the symptom survey for individuals under age 
7 years. Self-reported demographic, medical, and behavior 
data pertinent to the ARI episode were also collected as part 
of the survey. After survey completion, a mid-nasal swab 
was collected.

Sample Collection and Processing

Mid-nasal swabs from adults were self-collected and those 
from children were collected by a trained staff member at 
the time of enrollment. All used a nylon flocked swab that 
was transported in universal viral transport medium (Becton 

Dickinson, Franklin, NJ). Samples were tested by Taq-Man 
RT-PCR on the Open Array platform (ThermoFisher) for 
26 respiratory pathogen targets (Supplemental Table 1). 
Because of high rates of asymptomatic carriage of S. pneu-
moniae, and low rates of other bacterial target detection, 
non-viral pathogens were excluded from the analyses.

Statistical Methods

GI symptoms were defined as self-reported diarrhea or a 
combined symptom of nausea or vomiting. Participants 
without respiratory tract symptoms (i.e., breathing trou-
ble, cough, runny nose, sore throat, ear pain, n = 327) were 
excluded from our analysis, as they were not be considered 
to have ARI symptoms. Individuals with multiple pathogens 
detected were analyzed for each pathogen. Likelihood of GI 
symptoms given demographic, clinical, and microbiological 
covariates were analyzed with Fisher exact tests and t-tests 
or Wilcoxon-rank-sum test, as appropriate, for comparisons 
between groups. Two-tailed tests were used and p < 0.05 
was considered statistically significant. Multivariable logis-
tic regression was used to estimate the adjusted odds of GI 
symptoms by pathogen, controlling for reporting greater 
than three symptoms (a marker of disease severity), age, and 
month of sample collection. All analyses were conducted in 
R (version 3.5.0).

Results

Of 3,183 ARI encounters with symptom data reported, 
29.4% reported GI symptoms (n = 937, Table 1). Encounters 
for which the individual reported GI symptoms were more 
likely in individuals who were older (mean age 34.4 years 
vs. 29.0 years), those who had not received an influenza vac-
cination in the past year, and those who had public insurance 
(Table 1, all p < 0.001). Adults were more likely to report 
GI symptoms than children (30.8% in people ≥ 18 years vs. 
26.2% in people < 18 years), though children were more 
likely to report nausea or vomiting (Supplemental Table 2) 
Episodes where the individual reported GI symptoms were 
more likely to have a respiratory pathogen detected (34.2% 
of episodes with GI symptoms had ≥ 1 pathogen detected vs. 
30.3% of episodes without GI symptoms, p = 0.03, Table 2). 
Of encounters with a pathogen detected, 208 (20.3%) had 
detection of two or more respiratory pathogens (Supplemen-
tal Table 3). Children (age < 18 years) were more likely to 
have a pathogen detected than adults (p < 0.001). There was 
no significant difference in the likelihood of GI symptoms 
in encounters with one pathogen detected versus multiple 
pathogens detected (p = 0.79, Fig. 1).

Nausea or vomiting was the most common GI symptom 
reported (Table 2), and this was true in both children and 
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adults (Supplemental Table 2). On average, individuals 
reporting GI symptoms were significantly more likely to 
report more symptoms overall (mean 6.9 symptoms reported 
for encounters with GI symptom vs. 4.1 no GI symptom, 
p < 0.001, Table 2). Episodes with GI symptoms were also 
significantly more likely to be associated with interference 
with daily life, visiting a doctor, and having received antibi-
otics for the illness episode (all p < 0.001).

Overall, 1001 of ARI encounters (31.4% of all encoun-
ters) had pathogen testing that was positive for at least one 
agent. Of these encounters with positive pathogen testing, 
individuals reported ≥ 1 GI symptom in 32.1% of them 
(n = 321). In ARI encounters without pathogens detected, 
individuals reported ≥ 1 GI symptom in 28.2% (n = 616), 
which was significantly low than in encounters with posi-
tive pathogen testing (p = 0.03). However, after controlling 
for age, and reporting ≥ 3 symptoms, there was no signifi-
cant association between pathogen detection overall and 
GI symptoms (p = 0.21). In unadjusted analyses, enterovi-
rus-D68, influenza, human metapneumovirus, and human 

parainfluenza were the pathogens most commonly associated 
with GI symptoms (Fig. 2).

Among episodes where a pathogen was identified, after 
controlling for potential confounders of age, reporting > 3 
symptoms, and month of testing, episodes with seasonal 
coronavirus or rhinovirus were significantly less likely to be 
associated with GI symptoms than episodes with no patho-
gens detected, and influenza, human metapneumovirus, and 
enterovirus-D68 were significantly more likely to be asso-
ciated with GI symptoms, relative to individuals with no 
pathogens detected (all p < 0.05, Fig. 3).

Based on our finding that influenza was significantly 
associated with GI symptoms, we conducted an additional 
analysis to see whether influenza vaccination modified this 
relationship. Among episode where people tested positive 
for influenza, influenza vaccination was not associated with 
an increased risk of GI symptoms, controlling for number 
of symptoms reported, age, and month. In all episode (with 
and without pathogens detected), influenza vaccination 
was also not associated with a reduction in the risk of GI 

Table 1  Characteristics of 
subjects with acute respiratory 
illness by presence of 
gastrointestinal symptoms

All values n (%) unless otherwise stated
AIAN American Indian/Alaska Native, GI gastrointestinal

Variable Total GI symptoms No GI symptoms p-value
(n = 3183) (n = 937) (n = 2246)

Age  < 0.001
 < 1 year 14 (0.5%) 3 (0.3%) 11 (0.5%)
 1–5 years 629 (19.7%) 127 (13.6%) 502 (22.4%)
 5–18 years 334 (10.5%) 126 (13.4%) 208 (9.3%)
 18–65 years 2030 (63.4%) 611 (65.2%) 1419 (63.2%)
 65+ years 175 (5.5%) 70 (7.5%) 105 (4.7%)

Male sex 1770 (55.6%) 554 (59.1%) 1216 (54.1%) 0.033
Race/ethnicity 0.002
 AI/AN 37 (1.1%) 13 (1.4%) 24 (1.1%)
 Asian 415 (13.0%) 94 (10.0%) 321 (14.3%)
 Black, non-Hispanic 434 (13.6%) 154 (16.4%) 280 (12.5%)
 Black, Hispanic 17 (0.5%) 3 (0.3%) 14 (0.6%)
 Hawaiian/Pacific Islander 30 (0.9%) 7 (0.7%) 23 (1.0%)
 White, non-Hispanic 1480 (46.5%) 436 (46.5%) 1044 (46.5%)
 White, Hispanic 104 (3.3%) 26 (2.8%) 78 (3.5%)
 Other 333 (10.5%) 113 (12.1%) 220 (9.8%)
 Multiracial (> 1 race listed) 333 (10.5%) 91 (9.7%) 242 (10.8%)

Received a flu shot 0.004
 No 1139 (35.8%) 378 (40.3%) 761 (33.9%)
 Yes 1985 (62.4%) 540 (57.6%) 1445 (64.3%)
 Do not know 59 (1.7%) 19 (2.0%) 40 (1.7%)

Insurance  < 0.001
 Public 1366 (42.9%) 537 (57.3%) 829 (36.9%)
 Private 1482 (46.6%) 293 (31.2%) 1189 (53.0%)
 Uninsured 162 (5.1%) 58 (6.2%) 104 (4.6%)
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symptoms, controlling for number of symptoms reported, 
age, and month.

Discussion

In this community-based surveillance study of individuals 
of all ages, GI symptoms were a common feature of ARI. 
Episodes with GI symptoms were more severe, though they 
were not more likely to have a pathogen detected than in 
episodes without GI symptoms. The prevalence of GI symp-
toms varied significantly by pathogens. Infections with sea-
sonal coronavirus and rhinovirus were slightly less likely 

to be associated with GI symptoms, and influenza, human 
metapneumovirus infection, and enterovirus-D68 were more 
likely to be associated with GI symptoms. There was no 
significant association between influenza vaccination and 
GI symptoms.

GI symptoms were reported in 32% of all episodes with 
an identified pathogen or pathogens on nasal swab. These 
episodes were also those where individuals were more likely 
to have sought medical care and to have received a course 
of antibiotics for their illness. This is congruent with that 
noted in the literature, with hospitalized individuals with 
ARI often reporting higher prevalence of GI symptoms 
than community-dwelling individuals with ARI [9, 10]. 

Table 2  Illness severity, 
symptoms, and pathogens 
detected in subjects with acute 
respiratory illness by presence 
of gastrointestinal symptoms

All values n (%) unless otherwise stated
GI gastrointestinal, SD standard deviation

Variables Total GI symptoms No GI symptoms p-value
(n = 3183) (n = 937) (n = 2246)

Daily interference  < 0.001
 No 724 (22.7%) 159 (17.0%) 565 (25.2%)
 Yes, a little 1117 (35.1%) 320 (34.2%) 797 (35.5%)
 Yes, a lot 888 (27.9%) 428 (45.7%) 460 (20.5%)

Visited a doctor for illness 990 (31.1%) 427 (45.6%) 563 (25.1%)  < 0.001
Received antibiotics 419 (13.2%) 175 (18.7%) 244 (10.9%)  < 0.001
Symptoms
 Mean (SD) 4.93 (2.37) 6.66 (2.11) 4.12 (1.96)  < 0.001
 Diarrhea 515 (16.2%) 515 (55.0%) 0 (0%)  < 0.001
 Nausea or vomiting 662 (20.8%) 714 (70.7%) 0 (0%)  < 0.001
 Cough 2470 (77.6%) 783 (83.6%) 1687 (75.1%)  < 0.001
 Difficulty breathing 994 (31.2%) 430 (45.9%) 564 (25.1%)  < 0.001
 Sore throat 1575 (49.5%) 507 (54.1%) 1068 (47.6%) 0.001
 Rhinorrhea 2776 (87.2%) 819 (87.4%) 1957 (87.1%) 0.879
 Ear pain 461 (14.5%) 197 (21.0%) 264 (11.8%)  < 0.001
 Fever 1441 (45.3%) 609 (65.0%) 832 (37.0%)  < 0.001
 Headache 1332 (41.8%) 533 (56.9%) 799 (35.6%)  < 0.001
 Rash 200 (6.3%) 108 (11.5%) 92 (4.1%)  < 0.001
 Myalgia 1273 (40.0%) 549 (58.6%) 724 (32.2%)  < 0.001
 Fatigue 1996 (62.7%) 736 (79.5%) 1260 (56.1%)  < 0.001

Pathogens
 Mean (SD) 0.39 (0.67) 0.42 (0.64) 0.38 (0.65) 0.118
 Adenovirus 156 (4.9%) 55 (5.9%) 101 (4.5%) 0.122
 Enterovirus 16 (0.5%) 5 (0.5%) 11 (0.5%) 0.999
 Enterovirus-D68 12 (0.4%) 7 (0.7%) 5 (0.2%) 0.060
 Influenza 286 (9.0%) 121 (12.9%) 165 (7.3%)  < 0.001
 Respiratory syncytial virus 117 (3.7%) 36 (3.8%) 81 (3.6%) 0.827
 Human coronavirus 227 (7.1%) 44 (4.7%) 183 (8.1%) 0.001
 Human bocavirus 47 (1.5%) 5 (0.5%) 42 (1.9%) 0.007
 Human metapneumovirus 77 (2.4%) 35 (3.7%) 42 (1.9%) 0.003
 Human paraechovirus 2 (0.1%) 0 (0.0%) 2 (0.1%) 0.890
 Human parainfluenza 39 (1.2%) 16 (1.7%) 23 (1.0%) 0.155
 Rhinovirus 201 (6.3%) 44 (4.7%) 157 (7.0%) 0.019
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It is possible that for individuals who received antibiotics, 
this may have modified whether they had GI symptoms. 
However, we did not collect longitudinal data to determine 
whether GI symptoms pre-dated antibiotics. Overall, iden-
tifying community-based studies to compare our results to 
is difficult because there is heterogeneity among studies in 
both designs and results [3] and not all clinical presentations 
of pathogens included in our study have been rigorously 
studied [2].

We found that the prevalence of GI symptoms varied by 
pathogen, with seasonal coronaviruses and rhinovirus being 
less likely to have GI symptoms reported compared to no 
pathogen detection in adjusted analysis. Influenza, human 
metapneumovirus, and enterovirus-D68 were significantly 
more likely to have GI symptoms reported. In our study, 
GI symptoms were reported in 19% of encounters where 
coronaviruses were detected. This is significantly lower than 
the prevalence of GI symptoms reported in a prior clinic-
based study, where they found 78% of individuals with ARI 
and coronaviruses detected reported GI symptoms [1]. Of 
note, 22% of encounters with rhinovirus detected had GI 
symptoms reported. This is less than the 33% reported by 
prior clinic-based work and higher than the 10% found in 
a prospective infant cohort [1, 10]. A meta-analysis of GI 
symptoms in influenza reported 3–30% of individuals had GI 
symptoms with differences between viral strains [3]. Entero-
virus D68 has been reported to cause GI symptoms [11], 
but no community-level estimates of the incidence of these 
symptoms are available.

Interestingly, there was not a clear correlation between 
pathogens with known enteric tropism and GI symptoms. 
For example, some strains of coronaviruses have docu-
mented enteric tropism, but in our study the prevalence of 

GI symptoms in episodes with coronaviruses was lower than 
for respiratory syncytial virus, which does not replicate in 
the GI tract [12, 13]. One possible reason is under-ascertain-
ment of seasonal coronavirus infections, as they are diverse 
and only two targets were included on our panel. However, 
another possibility is that the mechanisms of GI symptoms 
in ARI may be diverse, including direct infection of the GI 
tract and secondary damage from immune activation. This 
may vary not only by virus but by strain. For example, some 
influenza strains, like H5N1, can directly infect human tissue 
[14] while others cause GI damage by Th17-reated immune 
activation [15]. The latter mechanism may help explain why 

Fig. 1  Proportion of encounters with diarrhea, nausea and vomiting, 
cough, or runny nose in episodes of acute respiratory illness, by num-
ber of pathogens detected

Fig. 2  Presence of A diarrhea and B nausea and vomiting during epi-
sodes of acute respiratory illness by virus detected. AdV adenovirus, 
CoV coronavirus, EV enterovirus, HBoV human bocavirus, hMPV 
human metapneumovirus, hPIV human parainfluenza virus, RSV res-
piratory syncytial virus, RV rhinovirus
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more severe cases of ARI were more likely to have GI symp-
toms reported in our study.

We found no association between influenza vaccina-
tion and GI symptoms overall or in individuals with PCR-
confirmed influenza. Possible explanations for this include 
limited effectiveness of the 2018–2019 vaccine, inadequate 
study power to detect an effect, or a mechanism for GI symp-
toms that is independent of vaccine-related protection. The 
2018–2019 influenza vaccine had only 29% efficacy across 
all age groups [16]. Assuming a 29% reduction in the inci-
dence of GI symptoms, a baseline incidence of GI symptoms 
in in influenza infections of 42%, and an alpha of 0.05, we 
would have needed roughly 242 vaccinated individuals and 
242 unvaccinated individuals with influenza to have 80% 
power—nearly double the number of influenza cases we 
identified in our study.

Strengths of our study include the description of clinical 
presentations of a wide range of viral respiratory pathogens 
in a community-based sample of both adults and children. 
Prior studies have mostly been conducted in healthcare set-
tings, among children, or both. Because our sampling was 
not limited to a healthcare setting, we may have been able 
to capture more individuals with mild ARI and otherwise 
healthy individuals who may not typically seek medical care. 
As this study was conducted prior to the SARS-CoV-2 pan-
demic, the results are not affected by changes in infection 
prevention behaviors. Lastly, our study included a detailed 
symptom questionnaire that included non-respiratory 

symptoms, which allowed us to describe the diverse clini-
cal manifestations of viral respiratory infections.

One major limitation of our study is that we did not col-
lect stool specimens. Therefore, we may have missed cases 
of enteric pathogens presenting with respiratory symptoms. 
Enteric pathogens can be identified in patients with ARI 
symptoms, with 13% of episodes of ARI having enteric 
pathogens detected in one study [1]. An additional limita-
tion is that data on antibiotic administration was collected at 
the same time as symptom data and did not specify whether 
there was a temporal relationship between antibiotics and 
subsequent GI symptoms that may not have been present 
at the start of the ARI episode. A further limitation is 
GI symptoms were included in the list of symptoms that 
identified eligible participants. It is possible that this may 
have inflated the proportion with GI symptoms, though we 
excluded individuals without respiratory symptoms from our 
analysis. Other limitations include convenience sampling in 
our population, which yielded a cohort that is not representa-
tive of the overall US population and under-sampled elderly 
individual; reliance on self-report for symptoms and care-
seeking data; lack of follow up; lack of a comprehensive set 
of GI symptom questions; and possible missed infections 
that were not included on our panel.

This research raises several important questions for 
future research. These include the role of GI symptoms in 
spreading canonically respiratory pathogens, the predictive 
value of GI symptoms in determining who will go on to 
have severe illness from influenza, and the causal pathway 
by which respiratory pathogens lead to GI symptoms and 
whether this has other immunologic implications.

Conclusions

In this community-surveillance study for respiratory disease, 
GI symptoms were common. GI symptoms were associated 
with higher illness severity and more interference with 
daily activities. There was variation between the viruses as 
to their association with GI symptoms, even after adjusting 
for severity and other potential confounders. However, this 
did not track directly with known enteric viral tropism. This 
suggests that GI symptoms may be nonspecific responses 
to infection in many infections rather than pathogen-medi-
ated. Patients presenting with GI and respiratory symptoms 
should have respiratory virus testing, even if the respiratory 
symptom is not the primary concern because presence of 
respiratory viruses may affect recommended isolation and 
treatment recommendations.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10620- 023- 07976-4.

Fig. 3  Adjusted odds ratios and 95% confidence intervals for pres-
ence of GI symptoms among individuals with acute respiratory ill-
ness, adjusted for presence of greater than three symptoms, number 
of pathogens detected, age, and month of illness. Odds ratios reflect 
odds of GI symptoms for individual infected with pathogen relative 
to individuals with acute respiratory illness but no pathogen detected. 
AdV adenovirus, CoV coronavirus, EV enterovirus, GI gastrointesti-
nal, HBoV human bocavirus, hMPV human metapneumovirus, hPIV 
human parainfluenza virus, RSV respiratory syncytial virus, RV rhi-
novirus
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