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Abstract

We estimated the prevalence of astrovirus, sapovirus, and norovirus among patients enrolled in 

research protocols and receiving medical care at the Clinical Center of the National Institutes 

of Health, Bethesda, MD, a clinical research hospital with a large immunocompromised patient 

population. We identified patients whose fecal specimens were submitted to the Clinical Center 

for testing on the Biofire FilmArray Gastrointestinal Panel from September 15, 2015 through 

November 30, 2016. Among 442 patients with fecal specimens submitted for multiplex testing, 

11% had norovirus identified, 2% had astrovirus, and 2% had sapovirus. Like norovirus, astrovirus 

was detected in multiple sequential samples from a single patient, consistent with chronic infection 

or the occurrence of multiple reinfections. Coinfection with non-viral gastrointestinal pathogens 

was detected in 31% of patients with positive results for norovirus, astrovirus, or sapovirus. 

Norovirus remains common in this immunocompromised patient population, and both sapovirus 

and astrovirus are present.
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1. Introduction

Norovirus is now considered the primary viral causative agent of acute diarrhea (Lopman et 

al., 2016; Verstraeten et al., 2016, 2017). Astrovirus, a member of the family Astroviridae, 

and sapovirus, a member of the family Caliciviridae, are also known viral causes of 

acute gastroenteritis (AGE); however, the prevalence of these agents in immunodeficient 

populations has not been well described. Two large studies of pediatric and adult outpatients 

in managed-care organizations in multiple regions of the United States found norovirus in 4–

6% of fecal samples submitted for routine clinical testing, and sapovirus and astrovirus in 1–

2% of these (Grytdal et al., 2016; Hall et al., 2011). The estimated community incidence was 

65–152.2 per 1000 person-years for norovirus, 9–22.5 per 1000 person-years for sapovirus 

and 8.5–18 per 1000 person-years for astrovirus (Grytdal et al., 2016; Hall et al., 2011).

While infections with norovirus, astrovirus, and sapovirus are self-limiting in 

immunocompetent patients, chronic excretion of all of these viruses has been reported 

among immunodeficient patients (Osborne et al., 2015; Roos-Weil et al., 2011; Wunderli 

et al., 2011). Estimates of the prevalence of sapovirus and astrovirus for immunodeficient 

patients are limited, and available only for pediatric populations. One study at a tertiary 

care children’s hospital found that for immunocompromised patients, 15% were positive 

for norovirus and 5% for astrovirus (no sapovirus was detected), similar to the general 

patient population of the same hospital (Osborne et al., 2015). A study of predominantly 

immunocompromised pediatric patients at a tertiary care hospital in the UK found similar 

rates of 10% for norovirus, 1% for astrovirus, and 6% for sapovirus (Brown et al., 2016).

The implementation of the BioFire FilmArray Gastrointestinal (GI) Panel for detection of 

GI pathogens at the National Institutes of Health Clinical Center has allowed for detection 

of these viruses in all fecal samples sent for testing as part of routine clinical care. The 

multiplex FilmArray panel provides simultaneous detection of 22 different enteric pathogens 

directly from fecal specimens (Spina et al., 2015). To assess the impact of this new 

testing method on the detection of less prevalent GI pathogens, we analyzed data from 

patients enrolled in research protocols and receiving medical care at the Clinical Center. 

The objective of this study was to estimate the prevalence of astrovirus, sapovirus, and 

norovirus in this immunocompromised population among patients whose fecal samples were 

submitted for diagnostic testing, as well as to describe chronic excretion and coinfections.

2. Materials and methods

We identified all patients for whom fecal specimens were submitted to the Clinical Center 

for testing on the FilmArray between September 15, 2015 and November 30, 2016, and 

who had norovirus, sapovirus, astrovirus, adenovirus, or rotavirus identified. The NIH 

Clinical Center is a clinical research hospital, where all patients are enrolled in IRB-

approved protocols and many are immunocompromised, through either primary or acquired 

immunodeficiency conditions, or secondary to immunosuppressive therapy for conditions 

such as hematologic malignancies and solid tumors (Bok et al., 2016). This retrospective 

analysis was conducted as part of a quality improvement study for the hospital following the 
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implementation of the FilmArray panel and was determined to be exempt from IRB review 

by the NIH Office of Human Subjects Research Protections.

For all patients testing positive for these viruses, data on primary diagnosis, underlying 

immunodeficiency, immunosuppressive medication in the 30 days prior to testing, 

coinfecting pathogens detected by the multiplex panel, and selected clinical features 

were abstracted from medical records. Medications considered immunosuppressive 

included corticosteroids, anti-T-cell agents, TNF inhibitors, and other immunosuppressive 

monoclonal antibodies (S1 Table). Clinical features were compared between viruses and 

statistical significance was assessed at P < 0.05 using Fisher’s exact test. Chronic excretion 

was defined as more than one positive test for a given virus greater than 30 days apart. As 

this diagnostic method does not allow for genotyping of strains, these sequential positive 

tests may represent chronic excretion of a single strain or reinfection with the same virus.

3. Results

Over the study period, 932 fecal samples from 442 patients were tested on the FilmArray. 

Of these 442 patients, 48 (11%) tested positive for norovirus, 11 (2%) tested positive for 

sapovirus, and 7 (2%) tested positive for astrovirus (Table 1). No patients tested positive for 

either adenovirus or rotavirus. One of these patients had a sample that tested positive for 

both sapovirus and norovirus, and one tested positive for astrovirus and sapovirus in separate 

samples, for a total of 64 study patients. The median age of the virus-positive study patients 

was 33 (range 3–79), with 1 (2%) patient aged <5 years and 10 (16%) between 5 and 18 

years (Table 2). At the time of their first positive result, 33 (54%) were inpatients. Of the 

63 patients with available symptom data, most patients presented with diarrhea (58, 92%), 

while approximately half presented with nausea/vomiting (32, 51%) and abdominal pain 

(34, 54%). No significant differences in symptoms were seen by virus.

Overall, 58 (91%) of 64 patients were immunocompromised due to a primary 

immunodeficiency (PID), human immunodeficiency virus/acquired immunodeficiency 

syndrome (HIV/AIDS), a hematologic malignancy, or immunosuppressive medication, 

including 43 (74%) of 48 norovirus-positive patients, 7 (100%) of 7 astrovirus-positive 

patients, and 10 (91%) of 11 sapovirus-positive patients (Table 2). Of the 64 study patients, 

35 (55%) patients had a PID; the most common PIDs were Common Variable Immune 

Deficiency (10/34, 29%) and X-linked Severe Combined Immune Deficiency (6/34, 18%). 

Hematologic malignancies were diagnosed in 20 (31%) patients, 39 (61%) had received 

immunosuppressive medication, and 3 (5%) patients were diagnosed with HIV/AIDS.

Among norovirus patients, 16 (33%) of 48 were identified with chronic excretion, with 

a median duration of 189 days (range 72–372; Table 1). Of these 16 patients, 15 were 

known to be immunocompromised due to one or more causes: 12 patients were diagnosed 

with PIDs, 4 had hematologic malignancies, and 3 had received immunosuppressive 

therapy. Of 7 astrovirus-positive patients, one had evidence of chronic excretion (132 days 

between positive samples). This patient was diagnosed with myelodysplastic syndrome and 

was receiving immunosuppressive therapy following a stem cell transplant. No sapovirus-

positive patient had evidence of chronic excretion.
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Coinfection with a non-viral pathogen was detected in at least one fecal sample from 20 

(31%) of 64 patients, including 16 (33%) of 48 norovirus-positive patients, 2 (29%) of 7 

astrovirus-positive patients, and 2 (18%) of 11 sapovirus-positive patients (Fig. 1). The two 

most commonly detected coinfecting pathogens were C. difficile and enteropathogenic E. 
coli (EPEC). Of 11 pediatric patients, 6 (55%) had coinfections, compared with 14 (26%) of 

53 adult patients. However, this difference was not statistically significant.

4. Discussion

The prevalence of norovirus, astrovirus, and sapovirus found in this primarily 

immunocompromised patient population is similar to previous reports in adult populations. 

The prevalence of norovirus is slightly higher, at 11% compared to 4–6%, while the 

prevalence of astrovirus and sapovirus is 2% each, within the range of 1–2% in other studies 

(Grytdal et al., 2016; Hall et al., 2011). These estimates are also similar to the two published 

reports in pediatric immunocompromised patient populations, which found a prevalence of 

10–15% for norovirus, and a prevalence of ≤6% for astrovirus and sapovirus (Brown et al., 

2016; Osborne et al., 2015). These results indicate that sapovirus and astrovirus, although 

less common than norovirus, are important to the etiology of AGE in immunocompromised 

patients.

The high rate of coinfection (31%) found in this study is consistent with previous laboratory-

based studies using the FilmArray, which have found rates of multiple pathogen detection 

of approximately 30% (Spina et al., 2015; Stockmann et al., 2016). The high prevalence 

of C. difficile coinfections was also consistent with past studies of norovirus epidemiology 

at this research hospital, which found that C. difficile was the most common coinfection 

among patients with norovirus, at 9% (Bok et al., 2016). This prevalence of coinfection 

is particularly relevant following recent epidemiologic studies in low and middle income 

settings, suggesting that synergy between coinfecting GI pathogens can increase the risk 

of diarrhea(Bhavnani et al., 2012), or increase the severity of AGE (Shrivastava et al., 

2017; Zhang et al., 2016). Moreover, the increased detection of GI coinfections due to 

the expanded implementation of multiplex assays poses questions for interpretation of the 

results and clinical management of AGE patients, but a paucity of information is available 

on this topic (Liesman and Binnicker, 2016). Given the high rates of coinfection, further 

research is needed to address the role of coinfection in pathogenesis and clinical outcomes 

among immunodeficient and other populations.

Chronic excretion of norovirus or astrovirus was frequent in this primarily 

immunocompromised patient population, although such excretion was more common for 

norovirus. Because chronic excretion is often debilitating and sometimes fatal (Saif et 

al., 2011; Woodward et al., 2015; Wunderli et al., 2011), the frequent occurrence and 

prolonged duration of viral shedding observed in our study has important implications 

for proper clinical management of immunocompromised patients. The limitations of this 

study include the lack of viral genotype information, the relatively small sample size 

and the short time period of observation. As this is a retrospective study of data from 

clinical diagnostics, samples were not saved and therefore not available for genotyping. 

Thus, among patients with multiple positive samples, our methods could not distinguish 
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between chronic infections and reinfections with different strains of the same pathogen. 

However, a previous study of norovirus among immunodeficient patients at this center, 

which did include genotyping, found that all patients with sequential norovirus-positive 

samples had chronic excretion of a single virus strain, rather than reinfection (Bok et 

al., 2016). Therefore, most of these sequential positive samples likely represent chronic 

infection rather than reinfection. The short time frame (14 months) of the study period likely 

led to an underestimation of both the prevalence and duration of chronic excretion, as some 

patients may have been excreting the virus either before or after the period captured. In 

addition, given the severity of disease in the Clinical Center patient population, these results 

may not be generalizable to immunodeficient populations at other centers. Nevertheless, 

the implementation of the multiplex assay allowed for the increased detection of previously 

underrecognized viral pathogens in this immunodeficient population, and highlighted new 

questions raised by this diagnostic technique, including the clinical interpretation of 

coinfections. Expanded implementation of the FilmArray GI panel will allow systematic 

screening to determine the true prevalence of astrovirus, sapovirus and other rarely assayed 

pathogens.

Supplementary data to this article can be found online at https://doi.org/10.1016/

j.diagmicrobio.2018.05.017.
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Fig. 1. 
Prevalence of patients coinfected with another GI pathogen, among those with norovirus, 

astrovirus, or sapovirus. EPEC = Enteropathogenic E. coli; n = no. of coinfected patients.
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Table 1

Prevalence and chronic excretion of norovirus, astrovirus, and sapovirus among 442 patients tested at the 

National Institutes of Health Clinical Center between September 15, 2015 and November 30, 2016.

Norovirus Astrovirus Sapovirus

Prevalence (of 442 patients tested) – n, (%) 48 (11) 7 (2) 11 (2)

Patients with chronic excretion – n(%) 16 (33) 1 (14) 0 (0)

Days of chronic excretion – median (range) 189 (72–372) 132 NA

NA = not applicable.
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