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Abstract

Background: Acute gastroenteritis (AGE) remains a significant cause of diarrhea
that affects children worldwide. It is usually caused by viral agents, including ro-
tavirus (RV), norovirus (NoV), adenovirus (AdV), astrovirus (AstV), and sapovirus
(SaV), and the disease severity varies accordingly. Here, we report the association of
clinical severity among AGE-infected pediatrics caused by a single viral pathogen,
coinfection (viral-viral), mixed infection (viral-bacterial), and AGE-negative samples.
Methods: A total of 901 pediatric patients were admitted with AGE to the Pediatric
Emergency Center of Hamad Medical Corporation in Qatar from June 2016 to June
2018. The age of the subjects ranged between 3 months and 14 years (median
of 16 months). Virus antigens detection was performed by using Film Array
Gastrointestinal (Gl) Panel kit. AGE severity was assessed using the Vesikari Clinical
Severity Scoring System. Multivariable multinomial logistic regression was used
to model the five AGE viral agents' likelihood in relation to severity versus
co-infection, mixed infection, and AGE-negative samples.

Results: AGE was most common in pediatrics aged 1-3 years (median age = 1.25
years) and more frequent in males than females, with a ratio of 1:0.8. About 19.2%
of the infections were caused by NoV, followed by RV (18.2%), AdV (6.5%), SaV
(2.3%), and AstV (1.8%). The majority of viral agents were detected higher in mixed
infection (32.1%) than coinfection (4.9%). Based on the Vesikari score system, se-
vere clinical illness was recorded among pediatrics infected with RV (82.2%) and
NoV (75.7%). Further on multivariable analysis, compared to testing negative, the
odds of detecting RV was three times significantly higher in children with severe
symptoms relative to those with moderate (adjusted-odds ratio [a-OR] = 3.10; 95%
confidence interval [Cl]=1.82-5.28). Similar results were observed when con-
sidering RV relative to co-infection and mixed infection (a-OR=2.59; 95%
Cl=1.23-5.48 and a-OR =2.06; 1.28-3.30, respectively). About one-third of the
study sample were Qatari children with AGE (33%), whereas 35% and 32% were
pediatrics from the Middle East and North Africa region, excluding Qatari and

nonregions.
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1 | INTRODUCTION

The diarrheal disease due to acute gastroenteritis (AGE) remains
the second leading cause of deaths and hospitalizations worldwide.
According to recent estimates from the World Health Organiza-
tion, 2017, around 1.7 billion diarrhea cases are reported every year
among children under five; about one-third of them die due to the
disease's severity.” AGE is the most common inflammatory condition
of the intestinal tract among children, caused by various bacterial,
viral, and parasitic organisms. Among the pathogens, rotavirus (RV)
has been reported to be the leading cause of severe or persistent
diarrhea, followed by norovirus (NoV), adenovirus (AdV), astrovirus
(AstV), and sapovirus (SaV). Although the introduction of the RV
vaccine significantly decreased the incidence of AGE in children,?®
however, it still remains a significant cause of hospitalization due to
clinical severity. The primary source of these viruses' transmission is
through the fecal-oral route and possibly by contaminated surfaces
and hands.* Typically, AGE's clinical course can show a broad spec-
trum of symptoms ranging from mild, watery diarrhea to severe
gastroenteritis with vomiting, abdominal pain, fever, and dehydra-
tion, which may last for 3-8 days.”

Moreover, it has also been reported that the severity of AGE
varies according to enteric pathogens that affect children in different
populations.®? Hence, it becomes crucial to correlate clinical se-
verity among pediatrics caused by different AGE pathogens. Besides
viral pathogen, the association of host-related factors, including age
and gender, is essential to understand the overall burden of the
disease. Therefore, this study was designed to estimate disease se-
verity associated with AGE pathogens, including coinfected, mixed
infected, and AGE-negative samples among pediatrics hospitalized
in Qatar.

2 | METHODS

2.1 | Patient enrollment and data collection

AGE-positive samples were collected from pediatrics admitted to the
Pediatric Emergency Center (PEC) of Hamad Medical Corporation
(HMC) with signs of AGE (frequent diarrhea and vomiting [>2] in the

Conclusion: This study underlines the association of disease severity among
AGE-infected pediatrics in Qatar. The overall Vesikari median score was
significantly high, followed by more frequent hospitalization among RV-infected
pediatrics compared to others. There was no reduction in the disease severity

among RV-infected regardless of the vaccine dose.

acute gastroenteritis infection, clinical manifestations, coinfection, disease severity, mixed

last 24 h) between June 2016 and June 2018. Fecal samples were
tested at HMC for the presence of five viruses (RV, NoV, AdV,
AstV, and SaV), 12 bacteria's (Campylobacter, Clostridium difficile,
Plesiomonas shigelloides, Salmonella, Yersinia enterocolitica, Vibrio
cholera, Enteroaggregative Escherichia coli, Enteropathogenic E. coli,
Enterotoxigenic E. coli, Shiga-like toxin-producing E. coli, E. coli 0157 and
Shigella/Enteroinvasive E. coli) and four parasites Cryptosporidium,
Cyclospora cayetanensis, Entamoeba histolytica, and Giardia lamblia
using the Film Array Gastrointestinal (Gl) Panel kit (BIOFIRE). IRB
approval for the study was obtained from HMC (#16173/16) and
written informed consent was obtained from the children's parents
to use their samples in the study. In addition to the samples, we also
collected demographics (age, gender, and nationality) and the en-
rolled children's clinical data. The clinical data sheet included fever,
duration/frequency of diarrhea and vomiting, date of symptoms on-
set, admission and discharge dates, antibiotics and other treatments,
RV vaccination, neurological symptoms, degree of dehydration, and
underlying illnesses. All viral AGE-positive pediatrics (n = 901) were
followed up to 7 days, and their clinical manifestations were

reported.

2.2 | Vesikari score system for severity

We evaluated the disease severity of AGE-infected children by ap-
plying the Vesikari score system'® according to clinical manifesta-
tions: total score less than 7 considered mild; 7-10 considered
moderate; and more than 10 (up to 20) considered severe. The
scoring system considered general AGE symptoms: duration of
diarrhea and vomiting episodes, temperature, and dehydration (mild
dehydration: treat at home; moderate dehydration: treat using oral
rehydration salts, 1%-5% loss body weight, and severe dehydration:
treat using intravenous therapy, greater than or equal to 6% loss

body weight).'°

2.3 | Statistical analysis

The calculated severity score was categorized into four pathogen
groups. Comparative data analysis was done between single viral
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agent infection (RV, NoV, AdV, AstV, and SaV), coinfection (more
than one viral agent including RV, NoV, AdV, AstV, and SaV infec-
tion), mixed infection (bacterial plus viral agents infections), and
AGE-negative samples (no viral agent detected). Percentages,
medians, and interquartile ranges (IQR) were calculated for each
group. Kruskal-Wallis test was used to assess differences in
Vesikari severity scores among the different infection groups. x?
tests were used to assess the associations between individual
symptoms, Vesikari severity score categories, and infection groups.
Univariate and multivariable multinomial logistic regression was
used to model the likelihood of detecting each of the five AGE viral
agents in relation to severity versus detecting co-infection, mixed
infection, and negative samples; Odds ratios (OR) and adjusted odds
ratios (a-OR) with 95% confidence intervals (Cl) were reported.
Based on face validity, gender, and age of children were adjusted
for in the multivariable analysis. Stata MP version 16 was used in all
analyses.**

3 | RESULTS

3.1 | Demographic data of pediatrics

During the study period between June 2016 and June 2018, a total
of 901 reported to PEC with AGE symptoms. Of those, 433 pedia-
trics (48%) were infected with the single viral pathogen, 44 (4.9%) of
them with coinfection, 289 (32.1%) with mixed infection, and 135
(15%) were AGE-negative samples. In terms of gender, the number
of males (n=89) infected with RV was higher than females (n=75).
Further, concerning age, the majority of infected were aged
1-3 years (43.6%), and the least was over 3 years old (median
age = 1.25 years; IQR =0.75-2.08) (Table 1). However, age was sig-
nificantly different between viral pathogen groups and AGE-negative
samples (p=.03). In an assessment of the AGE incidence among
nationalities, about one-third were Qataris (33.2%), followed by in-
dividuals from the Mena region excluding Qatari nationality (34.9%)
and non-MENA region (32%).

3.2 | Distribution of viral pathogen

Most of the pediatrics were positive for NoV (19.2%) and RV (18.2%),
followed by AdV (6.5%), SaV (2.3%), and AstV (1.8%) infections, re-
spectively. The age distributions of the pediatrics differed according
to virus type and groups. RV (47.9%), NoV (44.8%), and SaV (47.6%)
were found mostly in those aged between 1 and 3 years. A similar
pattern of observations was noticed in the mixed infection groups
(50.5%), while the same age distribution was seen in the coinfection
group at <1 (41.9%) and 1-3 (41.9%) years. The incidence of AstV
was least among younger children <1 year (25.0%), while for coin-
fection, it was least among older children >3 years (16.3%). AdV
infection (48.3%) and AGE-negative samples were mostly seen
among the youngest age group (<1 year) (43.7%).

3
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3.3 | Association of disease severity with AGE
infection

In the severity analysis, the overall Vesikari median score was 12
with (IQR) 10-13; it was significantly associated with the infection
groups (p <.001) (Table 2). The median Vesikari scores were highest
among samples infected with RV (13, IQR=10-14) and least
among those infected with SaV and virus-negative samples
(11, IQR = 10-13, for both) (Figure 1). Compared to other groups,
severe presentations of AGE was most profound in samples with RV
(82.2%) and NoV (75.7%) (Table 2).

3.4 | Association of clinical and patient
characteristics with AGE infection

In the severity analyses, most pediatrics presented with six or more
diarrhea episodes per day (40%) lasting for 1-4 days (90.1%), vo-
miting five or more times per day (39.7%) lasting for one day (48.7%),
in terms of duration and frequency. Most pediatrics hospitalized
children presented with temperatures between 37.1 and 38.4 de-
grees Celsius (86.5%) and with some dehydration amounting to
1%-5% loss of body weight (52.4%) (Table 2). Most of the pediatrics
were rehydrated with intravenous rehydration therapy or oral re-
hydration therapy (88%). The symptoms of vomiting, temperature,
and diarrhea duration were significantly different among samples of
infection groups and negative samples (Table 2). Crude ORs from
logistic regression are presented in Table S1. On multivariable ana-
lyses, compared to children with mixed infection, the odds of those
with RV having severe symptoms is about two and a half times sig-
nificantly higher when compared to those presenting with mild or
moderate symptoms (a-OR =2.58; 95% Cl = 1.22-5.44) (Table 3 and
Figure 2). Similar results on severity were observed for children with
RV compared to those with mixed infection (a-OR=2.04; 95%
Cl=1.27-3.27) and AGE-negative samples (a-OR=3.07; 95%
Cl =1.80-5.25). There was also a significantly increased severity
among children with NoV compared to those with AGE-negative
samples (a-OR =2.05; 95% Cl =1.25-3.36). Severity results of the
other viral agents relative to coinfection, mixed infection, and AGE-
negative samples were not significant. When compared to negative
infections, there was an increased odds of children with coinfection
and mixed infection having severe symptoms (a-OR=1.20; 95%
Cl=0.58-2.50 and 1.51; 95% Cl = 0.98-2.32, respectively); however,

there was no statistical significance (Table 3 and Figure 2).

3.5 | Association of disease severity with
hospitalization

About 10% of pediatrics had moderate or severe hospitalization; of
these, only four patients had severe hospitalization (Table 2). Out of
the 638 patients with severe disease presentation (Vesikari
score=11-20), 13% had moderate or severe hospitalization
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Rotavius Norovirus Adenovirus

FIGURE 1

Astrovirus

Sapovirus Coinfection Mixed infection Negative

Association between acute gastroenteritis viral pathogens and clinical illness in infected children as measured with Vesikari

Clinical Severity Scoring System. The viral pathogens are represented in Y-axis, and the Vesikari score is represented in Y-axis (mild: score < 7,

moderate: score 7 < score < 10, and severe: score: > 10)

TABLE 3 a-ORs and 95% Cls from
multinomial logistic regression of severity
of AGE in viral agents in comparison with
coinfection, mixed infection, and negative
samples

Severity of
Rotavirus
Norovirus
Adenovirus
Astrovirus
Sapovirus
Coinfection

Mixed infection

Reference category
Coinfection

Mixed infection Negative

2.58 [1.22,5.44]
1.72 [0.84,3.54]
0.83[0.37,1.90]
1.34[0.39,4.65]
1.17 [0.39, 3.56]

2.04 [1.27,3.27]
1.36 [0.89,2.09]
0.66 [0.37,1.19]
1.06 [0.35,3.18]
0.93 [0.36,2.39]

3.07 [1.80, 5.24]
2.05 [1.25,3.36]
1.00 [0.53,1.87]
1.60 [0.52,4.90]
1.40 [0.53,3.71]

1.20 [0.58,2.50]
1.51[0.98,2.32]

Note: Adjusted odds ratios (aORs) and 95% confidence intervals (Cl) from multinomial logistic
regression, adjusting for gender and age.

compared to 3% with mild or moderate severity presentation
(Vesikari score =0-10). Figure 3 depicts the association between
hospitalization and disease severity for all virus agents, coinfection,
mixed infection, and AGE-negative samples. Patients admitted with
severe presentation who tested positive for RV and AdV were more
likely to have severe hospitalization, while those with positive NoV
were the least likely. None of the children with AstV infection was
hospitalized.

3.6 | Association of disease severity and RVV

The association between disease severity and RVV is presented in
Figure 4. Among pediatrics who tested positive for RV, the percen-
tage of severe presentation increased from 79% RV-infected with no
vaccination to 86% and 91% for those who received RV one and two
doses, respectively (Figure 4). This increase in severity by dose was
also seen in patients with coinfection. In AGE samples with mixed
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Rotavius vs Coinfection
Norovirus vs Coinfection
Adenovirus vs Coinfection
Sapovirus vs Coinfection

Astrovirus vs Coinfection

Rotavius vs Mixed
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infection, AGE-negative infection, NoV, AdV, AstV, and SaV, children
who received one dose were the least likely to have a severe pre-
sentation. In general, the results did not show a reduction in severe

illness regardless of the doses.

4 | DISCUSSION

AGE is the second leading cause of pediatrics infections worldwide,
resulting in at least two million hospitalizations annually.*? Viruses
remain the primary cause of AGE worldwide, specifically RV and
NoV, followed by AstV, AdV, SaV, and others.'? An earlier study
conducted in Qatar (2013) reported around 45.5% of the viral pa-
thogens among pediatrics with AGE illness.® However, the study
was limited to 1 year and did not investigate the correlations of viral
etiology and its disease severity.

This study highlights the vital contribution of several enteric
viruses and their association with the degree of clinical manifesta-
tions among AGE-infected pediatrics in Qatar between June 2016 to
June 2018. Our study found higher single infection rates among
pediatrics (48%) than coinfection (4.9%) and mixed infection (15%);
this difference was statistically significant (p <.01). Further, con-
cerning gender, the ratio of the infection of male to female children
was 1:0.8; this result is concordant with several studies reported on
AGE."'° This ratio is also in agreement with the finding that male

children are twice susceptible to AGE illness than females.'®”

Generally, AGE infections are mostly reported in <1 year of age
children.*®~2° However, in this study, we demonstrate a higher in-
fection rate among pediatrics aged 1-3 years (43.9%), and the least
was over 3 years old (median age = 1.25 years; IQR = 0.75-2.08).

In addition to the above, we investigated the most prevalent
AGE virus and its incidence among the nationalities. In our study,
NoV (19.2%) surpassed RV (19.2%) as a leading cause of AGE in a
similar fashion, as reported in the United States, Brazil, and
Peru.?*3° This has been observed in several recent studies from
various countries after implementing RV vaccination.®*** In addition
to NoV and RV, AdV (6.5%) was the most frequently detected virus
in patients with AGE, followed by SaV (2.3%) and AstV. (1.8%).
Moreover, the age distribution among pediatrics differed according
to virus type. Of note, the incidence of AdV was higher among
younger children <1 year while it was for pediatrics aged 1-3 years
for other viral pathogens. In an assessment of the AGE incidence
among nationalities, about one-third were Qataris (33.2%) compared
to other nationalities (66.8%).

Concerning clinical features, diarrhea was prominent among all
infected pediatrics, followed by vomiting and dehydration. The clin-
ical severity associated with RV and NoV infections were in agree-
ment with previous reports on these infections in hospitalized
pediatrics.>>%¢ Based on the multivariable analyses, pediatrics with
RV infection having severe symptoms was significantly higher than
those presenting with mild or moderate symptoms (a-OR = 2.58; 95%
Cl = 1.22-5.44). Likewise, significant severity was also noticed among
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NoV-infected pediatrics (a-OR = 2.05; 95% Cl = 1.25-3.36) compared
to others.

To address disease severity, we evaluated the clinical outcomes
among AGE-infected pediatrics using the Vesikari Clinical Severity
Scoring System. The overall Vesikari median score was 12 with
IQR = 10-13; it was significantly associated with the infection groups
(p <.001). It was interesting to observe that 82.2% of our admitted
pediatrics with RV-infections had severe symptoms with a high
Vesikari score (score = 10), indicating severe symptoms were ob-
served in pediatrics with RV-positive. The findings of this study are
consistent with previous studies, globally reporting that RV causes
AGE that is more severe and of longer duration than gastroenteritis
caused by other viral pathogens.>” ¢

Moreover, this study also illustrates another finding, namely severe
RV Vesikari score was found to be a significant risk factor for hospita-
lization. This report is in line with a recent study from Bulgaria, namely
that both the RV-status and the Vesikari score of the cases were in-
dependent risk factors for hospitalization.** Of particular interest in our
cohort is the association identified with AGE disease severity and RVV.
We observed a notable impact on the increase of disease severity among
two-dose vaccinated (91%) compared to those not vaccinated (79%) and
one-dose vaccinated (86%). We observed pediatrics who received a
single RVV dose were less protected against RV, similar to pediatrics who
received a complete RVV dose. Our finding is inconsistent with other
studies that have reported that one-dose RVV does confer sufficient
immunity and reduces the disease's severity.*> A possible explanation
may be that the RV infections observed in this study are from nonvaccine
strains; hence, the vaccine does not impact the disease's severity. Future
molecular studies could look at the strains.

5 | CONCLUSION

This study underlines the association of disease severity among AGE-
infected pediatrics in Qatar. Our finding highlights the high pre-
valence of NoV compared to RV infection. The severity of the disease
varied with respect to different AGE viral pathogens. The overall
Vesikari median score was significantly high and was associated with
the infection groups. Moreover, hospitalization for AGE-related
clinical symptoms was also more frequent among RV-infected pe-
diatrics compared to others. There was no reduction in the disease
severity among RV-infected regardless of the vaccine dose. There-
fore, preventive measures, including RVV strategies, are necessary to

reduce AGE-related disease severity further.
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