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Abstract
Introduction: Acute gastroenteritis (AGE) is one of the most common causes of morbidity and mortality, especially among 
children from developing countries. Human adenovirus (HAdV) and sapovirus (SaV) are among the agents that cause AGE. The 
present study aimed to detect and genotype HAdV and SaV in 172 fecal samples from children with AGE, collected during a 
surveillance study carried out in a low-income community in Belém, Pará, between 1990 and 1992. Methods: HAdV was detected 
by nested PCR, using primers Hex1deg/Hex2deg and NeHex3deg/NeHex4deg. SaV was assayed by reverse transcription PCR 
(RT-PCR), nested PCR, and quantitative PCR. The nucleotide sequence was determined by direct cycle sequencing. Results: 
Overall, 43% (74/172) of samples were positive for HAdV, of which 70.3% (52/74) were sequenced and classified as belonging 
to five different species, mostly A and F. For SaV, positivity was 5.2% (9/172) and genotypes GI.1, GI.7, GII.1, and GV.2 
were detected. Conclusions: The present results reinforce the need for further studies to obtain epidemiological data about the 
circulation of these viruses in Brazil, especially in the Amazon Region, where data from the early 1990’s are scarce. Furthermore, 
the study describes for the first time the detection of SaV genotypes GI.7 and GV.2 in Brazil, showing that these types circulated 
in the region more than 25 years ago.
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INTRODUCTION

Acute gastroenteritis (AGE) remains a serious global health 
problem, especially among children in developing countries. It 
is estimated that more than 700,000 deaths occur annually in 
children below the age of five due to episodes of acute infectious 
diarrhea, with approximately 70% of these cases being caused 
by enteric viruses. Among the major causative viral agents of 
AGE are rotaviruses (RV), caliciviruses [norovirus (NoV) and 
sapovirus (SaV)], human astroviruses (HAstV), and enteric 
adenovirus (AdE)1.

There are currently 70 human adenovirus (HAdV) types 
arranged in seven species (A-G)2. HAdV belongs to the family 
Adenoviridae, genus Mastadenovirus, and presents a diameter 

of 70-90nm. HAdV displays an icosahedral symmetry, is non-
enveloped, and possesses a double-stranded deoxyribonucleic 
acid (DNA) genome. AdE infection varies according to the 
species. Types 40 and 41 are related to the increased prevalence 
of AGE sporadic cases and outbreaks in children. Other species, 
such as A (serotypes 12, 18, and 31) and G (serotype 52) are 
also associated with gastroenteritis episodes3.

Sapovirus is an etiological agent of both outbreaks and 
sporadic cases of human AGE detected in all ages. It belongs 
to the Caliciviridae family, has an icosahedral symmetry, is a 
non-enveloped virus, has a diameter of 27-40nm, and possesses 
a single-stranded ribonucleic acid (RNA) genome. It is classified 
into five genogroups (GI-GV), of which GI, GII, GIV, and GV 
are associated with AGE in humans3. 

Epidemiological data have shown that both viruses are 
circulating around the world, with prevalence rates of 16.2-
19.3% for HAdV detected by immunochromatography4,5 and 
0.8-5% for SaV6,7 detected by reverse transcription polymerase 
chain reaction (RT-PCR). In Brazil, some investigations have 
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reported HAdV and SaV infections among hospitalized children 
in the Northern Region, with prevalence rates of 2-10% and 
2.5-5.9%, respectively, based on enzyme immunoassay (EIA), 
PCR, and RT-PCR methodologies8-11. 

With the advent of molecular techniques, it is now possible 
to detect and genotype enteric viruses, and thus improve our 
knowledge of their molecular epidemiological profiles. This is 
particularly important in the Northern Region of Brazil, where 
data on the occurrence of such viruses are scarce. 

The present study aimed to investigate the occurrence of 
HAdV and SaV infections at the community level, utilizing a 
collection of fecal samples from children, who were followed up 
for acute gastroenteritis during 1990-1992 in Belém, Northern 
Brazil.

METHODS 

Patients and specimens

Fecal specimens were collected from 540 children, who 
were enrolled in a 2-year, prospective, double-blind, placebo-
controlled, randomized trial, conducted in the community of 
Belém, Brazil, from April 1990 to July 1992. In that study, the 
infants received three doses of placebo or tetravalent rhesus-
human reassortant rotavirus vaccine (RRV-TV) and were 
followed up from birth to two years of age12,13.

Of the 3,075 samples collected throughout the study period, 
1,990 were from diarrheic children, of which 4.6% (91/1,990) 
and 5.4% (34/624) were positive for rotavirus and astrovirus, 
respectively13,14. Of the remaining 1,865 rotavirus- and- 
astrovirus-negative samples, we randomly selected a subset 
of 172 samples, which represented approximately 10% of the 
overall samples collected during each month. Those samples 
were further tested for the presence of HAdV and SaV with a 
sampling error of 5% and a confidence interval of 95%. All fecal 
specimens were kept frozen during these years, at a temperature 
of -20°C, stored in sterile containers, and manipulated at times. 

Ethical considerations

Research involving HAdV and SaV was approved by the 
Human Research Ethics Committee of the Evandro Chagas 
Institute (Approval Number 1,053,357 dated April 30th, 2015).

Fecal suspensions 

Fecal suspensions were diluted in 0.01 M Tris/HCl/Ca2+,  
pH 7.2, buffer, to a final concentration of 10% (w/v).

Viral RNA extraction 

Samples were subjected to total nucleic acid extraction using 
a commercial PureLink® Viral RNA/DNA Mini Kit (Invitrogen, 
Carlsbad, CA, USA), according to the manufacturer's 
instructions.

Molecular detection

Adenovirus: nested PCR was performed for HAdV detection 
and genotyping, using primer pairs Hex1deg (5′-GCC SCA RTG 
GKC WTA CAT GCA CAT C-3′), Hex2deg (5′-CAG CAC SCC 
ICG RAT GTC AAA-3′), and NeHex3deg (5′-GCC CGY GCM 

ACI GAI ACS TAC TTC-3′), NeHex4deg (5′-CCY ACR GCC 
AGI GTR WAI CGM RCY TTG TA-3′) in the first and second 
rounds, respectively. These primers amplify a region of 301 base 
pairs (bp) by PCR and 171bp by nested PCR, respectively15.

Sapovirus: reverse transcription, using a random hexamer 
primer, was perfomed to yield the complementary deoxyribonucleic 
acid (cDNA). Subsequently, samples were subjected to two 
different PCRs, with primers p289 (5′-TGA CAA TGT AAT 
CAT CAC CAT A-3′) and p290 (5′-GAT TAC TCC AAG TGG 
GAC TCC AC-3′)16 to produce a fragment of 331 bp, and SV-
F13 (5′-GAY YWG GCY CTC GCY ACC TAC-3′), SV-F14 
(5′-GAA CAA GCT GTG GCA TGC TAC-3′), SV-R13 (5′-GGT 
GAN AYN CCA TTK TCC AT-3′), and SV-R14 (5′-GGT GAG 
MMY CCA TTC TCC AT-3′) to generate a fragment of 800bp. 
Additionally, nested PCR was performed with primers SV-F22 
(5′-SMW AWT AGT GTT TGA RAT G-3′) and SV-R2 (5′-
GWG GGR TCA ACM CCW GGT GG-3′), with an amplicon of 
420bp17. Finally, quantitative polymerase chain reaction (qPCR) 
was performed with the Super Script III Platinum One-Step 
Quantitative RT-PCR System kit (Qiagen, Hilden, Germany) for 
the detection of all SaV genogroups within the same reaction18.

Nucleotide sequencing

Samples undergoing nucleotide sequencing were purified 
with the QIAquick® PCR Purification and QIAquick® Gel 
Extraction (Qiagen) commercial kits according to the 
manufacturer's instructions.

Sequencing was performed on all samples whose PCR 
products were of sufficient quantity and quality for further 
analyses. The primers used were the same as those used for 
the PCR and nested PCR. We used the Big Dye Terminator 
Kit Cycle Sequencing Ready Reaction Kit (v. 7.0) (Applied 
Biosystems, Foster City, CA, USA) and sequences were 
compared using the BLAST tool with cognate sequences 
available in the GenBank database. 

Sequence assembly and editing

The nucleotide sequence was determined by direct cycle 
sequencing and the chromatograms were analyzed using the 
Geneious 9.1.8 software and compared with other sequences 
deposited in the GenBank database19.

Genotyping

Genotyping was performed using the IQ-TREE program 
(v.1.3.2) to choose the most appropriate evolutionary model 
and maximum likelihood analysis. A non-parametric test with 
a bootstrap of 1000 replicates was applied. Figtree (v.1.4.2) 
software was used to edit the generated phylogenetic tree20. The 
sequences obtained in this study were deposited in the GenBank 
database under accession numbers KY883386-KY883441.

Statistical analysis

Statistical analysis was performed using BioEstat 5.0 
software21. The G test with Yates correction for independent 
samples was used to set up comparisons of positive cases to the 
age groups studied; a p value <0.05 was considered to indicate 
statistical significance.
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RESULTS 

Human adenovirus was detected in 43% (74/172) of samples, 
of which 70.3% (52/74) were sequenced, resulting in the 
characterization of five different species (Table 1). Nine (5.2%) 
out of the 172 tested samples were found to be SaV-positive by 
qPCR. Of these, 55.5% (5/9) were positive by nested PCR and 
PCR. Of all the SaV-positive samples, 44.4% (4/9) were sequenced. 

Molecular analyses showed that HAdV species A and F were 
the most prevalent, accounting for 28.8% and 26.9% of isolates, 
respectively. Species B, C, and D could also be identified albeit 
at lower positivity rates: 7.7%, 21.1%, and 15.4%, respectively 
(Figure 1 and Table 1). 

Four SaV-positive samples showed good-quality products 
and were further analyzed, yielding genotypes GI.1, GI.7, GII.1, 
and GV.2 (Figure 2).

FIGURE 1 - Phylogenetic analysis based on the hexon gene of human adenoviruses detected in 52 samples from children with 
gastroenteritis in Belém, Brazil, between 1990 and 1992. HAdV: human adenovirus.

Species (%) Types Samples
n (%)

A (28.8) 12
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8 (15.4)

Total (100.0) 52 (100.0)

TABLE 1
Adenovirus species and types detected in 52 positive fecal samples from 

children with gastroenteritis in Belém, Pará, Northern Brazil, between 1990 
and 1992.
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The stratification by age groups showed a slight increase in 
the number of HAdV-positive cases among children aged 18-24 
months, but without being statistically significant according to 
the chi-square test [G = 1.33; p = 0.24 (Table 2)]. With regard 
to SaVs, a higher frequency was demonstrated in the 18-24 
months age group, which was statistically significant compared 
to the remaining age groups (G = 6.21; p = 0.01).

With regard to the HAdV monthly distribution, a typical 
seasonal pattern was not apparent, even though a 100% 
positivity rate was achieved in the months of September and 
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FIGURE 2 - Phylogenetic trees based on the partial sequencing of the (A) polymerase and (B) capsid regions of sapovirus (331bp and 410bp, respectively) using 
the maximum likelihood method with General Time Reversible (GTR) evolution model analysis of 1,000 bootstrap replicates.

Age group
(months)

Adenovirus
positive/total (%)

p value Sapovirus
positive/total (%)

p value

1–6 28/64 (43.7) 0.9911 0/64 (0.0) 1.0000

6–12 11/35 (31.4) 1.0000 2/35 (5.7) 1.0000

12–18 23/52 (44.2) 1.0000 3/52 (5.8) 0.8682

18–24 12/21 (57.1) 1.0000 4/21 (19.0) 0.0346

Total 74/172 (43.0) ---- 9/172 (5.2) -----

TABLE 2
Prevalence rates by age of adenovirus- and sapovirus-positive cases detected in children with acute gastroenteritis between 1990 and 1992.

December 1991 (Figure 3). In contrast, SaV circulated mostly 
during the months corresponding to the rainy season in the 
Amazon: in 1991, January (n = 2), February (n = 2), and June  
(n = 1); and in 1992, January (n = 1), February (n = 2), and March 
(n = 1). There were no SaV-positive cases in 1990.

DISCUSSION

Childhood gastroenteritis remains a major cause of 
morbidity and mortality worldwide, particularly in individuals 
younger than five years. In the present study, we observed  
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FIGURE 3 - Monthly distribution of adenovirus-positive cases observed in children with gastroenteritis, collected from April 1990 to March 1992.  
POS: positive; %: percentage.

a higher prevalence of HAdV infection (43%) in children 
followed up in the community than in hospitalized children, 
as reported in Sudan (16.2%), Tanzania (3.5%), and Albania 
(23.2%)5,22,23. The higher values could be attributed to a 
number of factors. For one, 20 years ago when our samples 
were collected, the overall situation, such as different health 
awareness, population awareness, sanitary norms, access 
to health/vaccination programs, was different from that 
encountered in more recent studies. Nevertheless, a subset of the 
children from the present study were vaccinated with a rotavirus 
vaccine (RRV-TV) that was 75% effective against pure rotavirus 
infection24. Similar results were observed with the current 
rotavirus vaccine (strain RIX4414, GlaxoSmithKline-GSK, 
Belgium), reflecting the situation in other countries. Second, in 
the years 1990-1992, there was no access to methodologies as 
sensitive as those used today for detecting viruses. Third, the 
primers used in this study can detect all types of HAdV (enteric 
and non-enteric) that have the capacity to replicate in the gut 
and are excreted in the feces. Fourth, in this study, a nested 
PCR technique was used, which has greater sensitivity than 
the commonly used EIA. In contrast, for SaV, the proportion 

in our study (5.2%) was lower than that reported previously in 
Brazil (9.8%)25, and was similar to the rate found in the United 
Kingdom (5%)7.

Phylogenetic analysis showed a wide variety of HAdVs. In 
this context, species A was found to be predominant (28.8%), 
and HAdV type 12 was detected at the highest rate (17.3%). 
Recently, HAdV type 12 was reported as the main cause of an 
AGE outbreak in Rio de Janeiro (83.3%) involving children 
under 25 months of age in a low-income setting26. Although 
this genotype uses the gut as its main replication site, this was 
the first report in Brazil to relate such genotype to a specific 
outbreak. In the present study, five (9.6%) out of 52 positive 
samples were genotyped as HAdV 31. This rate was lower 
than that reported in Beijing, China, between 2011 and 2012, 
where HAdV 31 was responsible for 15.7% of the children 
hospitalized with acute AGE27. These findings provide evidence 
that both HAdV type 12 and type 31 may cause sporadic cases 
or outbreaks. 

Human adenovirus belonging to species F also accounted for 
a significant (26.9%) proportion of diarrheal cases in our study. 
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The prevalence of HAdV species F in our study was lower than 
that (42.4%) reported through a survey conducted in Albania 
among hospitalized children, possibly because this type was 
related more intimately with severe AGE23. In line with our 
findings, a number of other studies have indicated that HAdV 
species F accounted for 4.4-9.8% of gastroenteritis cases among 
hospitalized children under three years of age26,28. In Belém, a 
2003 surveillance study at both hospital and ambulatory level 
showed the presence of HAdV in 6.3% (24/380) of tested 
samples, with species F representing 58.3% of the HAdV-
positive children (14/24)9. It should be noted that different and 
somewhat less sensitive methods were used in these studies 
(including EIA). Moreover, some previous studies effectively 
addressed the presence of only enteric adenoviruses 40 and 41, 
whereas the broad-range assay used in the present study can 
detect all known HAdV genotypes.

Other non-enteric HAdVs, such as species B, C, and D that 
are known to cause respiratory and ocular diseases23,29,30, were 
also detected in our study. This observation may be explained 
by the ability all species have of replicating in the intestine and 
being excreted in the feces26,31. It is important to mention that all 
children who participated in this study presented diarrhea at the 
time of feces collection. While there are reports in the literature 
associating this clinical manifestation with respiratory disease26, 
in the present study the lack of clinical records of these children 
did not allow us to verify a correlation with respiratory infection. 
This could be considered a limitation of the present study.

We were able to detect four different SaV genotypes in our 
study, namely GI.1, GI.7, GII.1, and GV.2. A previous study 
in Belém showed that SaV was detected in 4.9% (15/305) of 
stool samples collected in 2003, and included genotypes GI.1 
(20%, 3/15), GI.2 (13.3%, 2/15), and GII.1 (66.7%, 10/15)32. 
Our results indicate that such genotypes were already circulating 
in Belém as early as the 1990´s.

SaV GI.1 is known to be the predominant genotype 
worldwide. In Europe, this genotype was identified as the cause 
of 11 outbreaks of gastroenteritis; in most of them, the patients 
were adults older than 60 years33. In addition, genotype GII.1 
presents a high prevalence compared to other SaV genotypes. 
For example, in 2003, its frequency was 66.7% among children 
with AGE in the State of Pará, Brazil32. In South Africa, 
during the period 2009-2013, this genotype was considered 
predominant among children hospitalized due to AGE34.

Of note, studies conducted in four provinces of South Africa, 
from 2009 to 2013, as well as in a periurban community in 
Peru, from 2007 to 2010, reported the detection of GI.7 strains 
in stool samples from children with gastroenteritis, at positivity 
rates of 1.8% (4/221) and 1.7% (5/299), respectively34,35. The 
first description of genotype GI.7 was made by analyzing all 
capsid proteins using universal primers for specific genogroups 
detected in samples from three prefectures (Chiba, Ehime, 
and Ishikawa) in Japan between 1999 and 200517. In the 
present study, this genotype was described in a diarrheic case, 
demonstrating its circulation in Belém, Brazil, since 1990.

The GV genome group, which includes the GV.2 genotype, 
was initially reported in fecal samples from children hospitalized 

for AGE in Thailand36. In addition, the GV.2 genotype was found 
to be circulating during an outbreak of food-borne gastroenteritis 
in Japan37. In Brazil, there were reports of a GV.1 genotype in 
a fecal sample collected during a surveillance study in Rio de 
Janeiro during 2012-201438. 

To the best of our knowledge, this is the first time that such 
unusual SaV genotypes, such as GI.7 and GV.2, have been 
documented in Brazil. Comprehensive molecular surveillance 
of the viral strains may be used in future studies targeting 
vaccine design. Furthermore, our results demonstrate that 
these genotypes were already in circulation, reinforcing the 
importance of using more effective techniques to facilitate their 
detection and understand their spreading.

The highest prevalence of HAdV infection, involving all 
species, was detected among children aged 18-24 months 
(57.1%), even though the number of samples tested in this 
specific group was small. A study among children in Turkey 
found a lower prevalence (18.8%) in the same age group, 
whereas a study on 13.5-month old children in Albania found 
a greater prevalence23,39. In Tanzania, the highest prevalence 
of HAdV gastroenteritis was noted among children aged 7-12 
months (62.5%, 15/24)22.

In our study, the highest positivity rate of SaV infection was 
also seen in the 18-24 months age group (19%), a rate similar 
to that reported in São Luís, Maranhão, but different from that 
reported in Japan among children older than 36 months24,40. 
The prevalence of acute gastroenteritis in children less than 
two years of age reveals that this range is more predisposed to 
hydroelectrolytic disorders and more severe clinical conditions 
due to immunological immaturity and propensity for secondary 
infections.

The prevalence of HAdV infections in Belém did not 
differ significantly throughout the 2-year surveillance period, 
as no marked seasons are seen in this part of Brazil. The year 
encompasses a typical rainy season from December to May, 
followed by a drier (though with some rainfall) period from 
June to November. In contrast, a study conducted on adults 
without diarrhea in Esteio city, Rio Grande do Sul State, a part of 
southern Brazil characterized by well-defined seasons, reported 
a higher prevalence of HAdV infection during the summer 
(43.8%), as compared with the winter (21.6%)41.

Owing to the low positivity rate obtained (5.2%, 9/172) 
and short time of surveillance (only two years), it was difficult 
to establish a seasonality of SaV infections. It is possible that, 
having the samples been collected more than 25 years ago 
and manipulated at times thereafter, results may have been 
influenced by these events. Besides that, SaV is an RNA virus, 
which makes it more unstable than HAdV, a DNA virus, and 
can be degraded more easily. Further and broader studies 
are therefore needed in an attempt to better understand the 
epidemiological features of HAdV and SaV as causes of infantile 
gastroenteritis in our region. 

In conclusion, this study showed: 1) Circulation of HAdV 
and SaV in Belém, with HAdV detected at a high prevalence 
(43%) among children in the community; 2) A great diversity 
of HAdV species, highlighting the higher prevalence of A and 
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F species; 3) The first description of genotypes GI.7 and GV.2 of 
SaV in Brazil, and their circulation since 1990; 4) Higher HAdV 
and SaV frequencies in children aged 18–24 months, in line with 
published data; and 5) HAdV presence in almost every month of 
the studied years, highlighting the high circulation of this agent.

In summary, our findings will contribute substantially to the 
information already available about the circulation and genetic 
diversity of these viruses, creating a more complete picture of 
their molecular-epidemiological distribution, particularly in the 
Northern Region of Brazil, as well as in relation to the two SaV 
genotypes detected for the first time in the country.
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