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Abstract: This study evaluated the epidemiological and genetic susceptibility profile caused by coronavirus 2
(SARS-CoV-2) in children <3 years of age with acute gastroenteritis (AGE) or acute respiratory infection (ARI),
living in the northwestern region of the Amazon (NWAR). Fecal and saliva samples collected from 202 children
(n=404) were subjected to detection of SARS-CoV-2 by RT-qPCR. Polymorphisms in the angiotensin-converting
enzyme (ACE rs4646994) and ACE2 G8780A; rs2285666) genes were detected by SYBR GREEN real-time PCR
and PCR/Alul digestion, respectively. Secretory and Lewis status of histo-blood group antigen (HBGA) was
performed using phenotyping/ELISA. Frequencies for the AGE group: SARS-CoV-2; 8.9%; ARI group: SARS-
CoV-2; 2.9%. The ACE 1/l homozygous polymorphism gene was majority. Males with the ACE2 G8780A SNP
were more susceptible to ARI symptoms than AGE (OR = 3.85; 95% CI-1.42-10.38; P 0.007). Most children were
secretory FUT2 phenotype (92.6%). Surveillance of diarrhea and respiratory infections in children, along with
understanding their causes, are crucial for identifying prevention and control strategies and for prioritizing
and developing new vaccines. Clinical manifestations of COVID-19 in children <3 years of age include AGE.
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1. Introduction

Brazil has had one of the highest pediatric COVID-19 mortality rates during the pandemic [1-
3]. The COVID-19 disease is characterized by symptoms that include high fever, chills, cough and
shortness of breath or difficulty breathing, and may also present other symptoms such as diarrhea,
myalgia, fatigue, expectoration, and hemoptysis [4]. After acute respiratory infection (ARI), acute
gastroenteritis (AGE) is the second leading cause of morbidity and mortality in children <5 years of
age and is related to ~1.4 million deaths in children < 5 years of age annually [5-7]. AGE has been
associated with COVID-19, although less common than respiratory symptoms [8]. Coronavirus 2
(SARS-CoV-2) that causes COVID-19 reaches the gastrointestinal tract through ACE2 receptors
present on the epithelial cells of the small intestine, causing gastrointestinal symptoms. Recognizing
the gastrointestinal symptoms of COVID-19 is important, especially in patients without typical
respiratory symptoms, facilitating early diagnosis and preventing transmission of the disease [8,9].
The host’s genetic factors, such as polymorphisms in the genes that code for cell receptors, can alter
susceptibility to infection. There is growing evidence of interactions between histo-blood group
antigens (HBGA) and enteric viruses, and with respiratory viruses such as SARS-CoV-2 [10,11]. The
basis of HBGA are carbohydrates expressed in the membranes of red blood cells and other tissues of
the respiratory tract, as well as in body secretions (saliva) and plasma, which serve as receptors and
co-receptors for viral infections [12-14]. Angiotensin converting enzyme 2 (ACE2) is the cell
membrane receptor of SARS-CoV-2, mediating viral entry into cells [15-18]. The insertion/deletion
(I/D) polymorphism of the ACE gene (rs4646994) and the single nucleotide polymorphism (SNP)
G8790A of the ACE2 gene (rs2285666) were associated with greater host susceptibility with Sars-CoV-
2[19].

The risk of new COVID-19 waves will depend on a series of factors but might include the
existence of groups of unvaccinated children living in hard-to-reach areas [20]. This study is an
epidemiological survey with children <3 years of age living in the Northwest Amazon region
(NWAR), where the frequency of SARS-CoV-2 and the presence of polymorphisms in the ACE 1/D
and ACE2 G8780A28 genes were investigated. The profile of HBGA (secretory/non-secretory and
Lewis), as a genetic susceptibility factor, was also verified.

2. Materials and Methods

2.1. The Epidemiological Inquiry

This epidemiological inquiry took place at Santo Antonio Children’s Hospital (HCSA) from May
to June 2021. The HCSA treated exclusively children <12 years old from the city of Boa Vista, capital
of the state of Roraima (RR) or Amazonas (AM), bordering Venezuela and Guyana, in villages in
indigenous lands, in areas from demarcated indigenous areas in the NWAR, Brazil. For this inquiry,
a total of 404 fecal and saliva (collected at least 1h before or after breastfeeding) samples were
collected in parallel from 202 children <3 years old (two samples/child): 101 presenting acute
respiratory infection (ARI); and 101 presenting AGE (inclusion criteria according to the World Health
Organization (WHO) [21].

2.2. SARS-CoV-2 Detection

Total viral nucleic acid was obtained according to what was previously described. Reverse
transcription-quantitative polymerase chain reaction (RT-qPCR) was performed for detection of
SARS-CoV-2 E, N and RdRp genes separately as monoplex with primers and probes according to the
WHO protocols [22]. All the reactions were conducted on the Applied Biosystems 7500 Real-Time
PCR System (Applied Biosystems, California, USA) using 5uL of total viral nucleic acid extracted
from feces and saliva and the SuperScript™ III PlatinumTM One-Step qRT-PCR (Invitrogen,
California, USA) kit, according to the manufacturer’s recommendations. All samples that showed
signals for at least one of the three genes (E, N or RdRp) crossing the threshold line in both replicas
up to a threshold cycle (Ct) value of 40.00 and presented a characteristic sigmoid curve were regarded


https://doi.org/10.20944/preprints202407.2398.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2024 d0i:10.20944/preprints202407.2398.v1

3

as positive and transformed into viral load in copies per milliliter. Negative and positive control
samples were obtained from the biorepository bank of the Regional Rotavirus Reference Laboratory—
Laboratory of Comparative and Environmental Virology (RRRL-LVCA), Oswaldo Cruz Institute,
Fiocruz.

2.3. Genotyping of Polymorphism in the ACE I/D and ACE2 G8780A Genes

Polymorphism in the ACE I/D (r54646994) gene was verified by SYBR Green Real time PCR
according to the previously described protocol modified [23] using the SYBER™ Green PCR Master
Mix (Thermo Fisher Scientific, Waltham, Massachusetts, USA), following the manufacturer’s
instructions. Amplification and detection were performed with the ABIPrism 7500 Sequence
Detection System (Applied Biosystems, California, USA) using 5uL of total viral nucleic acid
extracted from saliva. All reactions were performed in duplicate and the PCR temperature cycling
conditions and analysis of melting peaks for I and D alleles were carried out as previously described
[23,24]. The single nucleotide polymorphism (SNP) of the ACE2 G8790A (rs2285666) gene was
detected by restriction fragment length polymorphism PCR (PCR-RFLP), as previously described
using iTaq™ DNA Polymerase (Bio-Rad Laboratories, California, USA) and Alul (Invitrogen,
California, USA), according to manufacturer instructions. After digestion, the 281 and 185 bp
fragments identifying the A allele and 466 base pair (bp) band identifying G were visualized by
electrophoresis on SYBR™ green I stained (Invitrogen, California, USA) agarose, LMP, preparative
grade for small fragments (Promega, California, USA) [23].

2.4. Histo Blood Group Antigen Phenotyping and Blood Testing

HBGA phenotyping was performed using the processed saliva samples via Enzyme Linked
Immuno Sorbent Assay (ELISA), as previously described [25]. The lectin-based ELISA, detect A, B,
and Lewis antigens. Blood type data collection was performed at the Nossa Senhora de Nazaré
Maternity Hospital (HMINSN), located in Boa Vista City, RR State [16].

2.5. Statistical Analysis of Data and Maps

The Statistica 12.6 software was used for all statistical analysis. The statistical tests were Pearson
Chi-Square (differences were considered statistically significant at P > 0.05). Odds ratio (OR) values
were calculated according to Hoppe et al. 2008 [26]. Maps of the, case distribution, and spatial
analysis were created using QGIS (version 3.34.3).

3. Results

3.1. Clinical and Epidemiological Features of the Children Living in Northwestern Region in the Amazon

The samples in this inquiry were collected in the months of May (35.6%; 72/202), June (56.5%;
114/202) and July (16/202); with an equal percentage for AGE and ARI. This percentage did not
correspond to the frequency of treatments at the HCSA emergency in the months mentioned here.
The children were aged 1-3 years; 59.9% (121/202) were boys and 40.1% (81/202) girls. Most of the
children in this study lived in RR state, (98.1%, 198/202), but 1.9% (4/202) lived in the Brazilian state
of Amazonas (AM), bordering Venezuela and Guyana, in villages in indigenous lands. Most of the
children from the state of RR lived in Boa Vista city (73.7%, 146/198). The remaining children live in
at least 12 of the 15 municipalities in the state of RR (26.3%, 52/198), in isolated areas in the Amazon
rainforest. The number of children presenting AGE (48.6%, 71/146) e ARI (51.4%, 75/146) in the city
of Boa Vista presented similar frequencies. All four children admitted to the HCSA coming from the
state of Amazon presented AGE. Table 1 presents the frequency of occurrence of clinical symptoms,
which the children in this study presented when treated at the HCSA. Fever >38.5°C was the most
common, with frequencies of over 90% for both AGE and ARI children. Mucus in feces was more
frequent in children with AGE (64.3%, 65/101) than those with ARI (1%, 1/101), coughing more
frequent in children ARI (87.1%, 88/101) than AGE (21.8%, 22/101). Vomiting was more associated
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with AGE (59.4%, 60/101) than ARI (29.7%, 30/101) in this epidemiological inquiry, abdominal pain
was more associated with AGE (98%, 98/101) than ARI (63.3%, 64/101). Bronchiolitis and pneumonia
were only identified in ARI (4,95%, 5/101 and 84.1%, 85/101, respectively). Four children had no
vaccine information available in the clinical information form.

Table 1. Main clinical observed in the children in accordance with the recorded form in children up
to 3 years old, living in the Northwestern Amazon region (NWAR), presenting acute gastroenteritis
(AGE) or acute respiratory infection (ARI). N correspond total number.

Clinical Group of children
AGE (N =101) ARI (N =101)

Frequency N (%)

Fever >38.5°C 94 (93.1) 90 (89.1)
Mucus in feces 65 (64.3) 1(1)

Vomit 60 (59.4) 30 (29.7)
cough 22 (21.8) 88 (87.1)
abdominal pain 99 (98) 64 (63.3)
Bronchiolitis 0 5(4.95)
Pneumonia 0 85 (84.1)

3.2. ACE2 G8780A Gene Differed between Male and Female and Males with rs2285666 SNP Were More
Susceptible to ARI Symptoms than AGE

Considering all children, with AGE and ARI, with the ACE (rs4646994) I/l homozygous
polymorphism gene, the frequencies were similar and predominant in relation to I/D and D/D
profiles (Figure 1); these being 89.1% (90/101) and 85.1% (86/101) respectively. Children with the ACE
(rs4646994) 1/D heterozygous (AGE 4.95%, 5/101; ARI 9.9%, 10/101) and D/D homozygous (AGE
5.94%, 6/101; ARI 5% 5/101) polymorphisms gene were at a lower frequency. No significant
association between ACE I/D (rs4646994) polymorphisms gene and all children with clinical
symptoms of AGE or ARI, whether male or female, was observed. Table 2A shows these results in
detail. 28.6% (18/63) of male children with AGE presented an A nucleotide at position 8790 of the
ACE2 gene corresponding to the rs2285666 SNP; 58.7% (37/63) presented a G. The frequencies of A
and G for male children with ARI were similar and corresponded to 37.9% (22/58) and 34.5% (20/58)
respectively. Female children with AGE or ARI were, respectively, AA homozygous at 15.8% (6/38)
and 18.6% (8/43); AG heterozygous at 28.9% (11/38) and 16.3% (7/43); and GG homozygous at 39.5%
(15/38) and 28.9% (11/43) (Figure 2). Males with an A nucleotide at position 8790 of the ACE2 gene
were more susceptible to ARI clinical symptoms than AGE, according to the OR = 3.85 (95% CI-1.42-
10.38; P 0.007). No significant association was observed considering the ACE2 rs2285666 SNP and
clinical symptoms of AGE or ARI (Table 2A). 13.8% (14/101) and 22.8% (23/101) of DNA samples
collected from children with AGE and ARI, respectively, were not of good enough quality to be
evaluated for the presence of the ACE2 G8780A SNP. The combination of the ACE ID + ACE2 G8780A
polymorphisms was analyzed to investigate its association with the clinical diagnosis of AGE or ARIL.
No significant association was observed (Table 2B).

Table 2. A: Polymorphisms in the ACE I/D and ACE2 G8780A genes in children up to 3 years old,
living in the Northwestern Amazon region (NWAR), presenting acute gastroenteritis (AGE) or acute
respiratory infection (ARI).

Clinical Symptom
AGE male AGE female AGE all ARI male ARI female
Pol hi i 1
olymorpaism children children children! children children ARI (alg_cll:;ll;lren
(N= 63) (N=38)  (N=101) (N=58) (N=43) )
ACE1/D Frequency N (%)

11 55(87.4)  35(92.1) 90 (89.1) 49 (845)  37(86) 86 (85.1)
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I/D 4 (6.3) 1(2.6) 5(4.95) 4(6.9) 6 (14) 10 (9.9)
D/D 4 (6.3) 2 (5.3) 6(5.94) 5(8.6) None 5(5)
OR1 1.22 (95% CI1 0.21 to 7.00 8.94 (95% CI10.48 to
(P=0.82) 166.27 (P =0.14)
OR 2 0.82 (95% CI 0.24 to 2.79 (P = 0.76)
ACE2 G8780A
Allele A 18 (28.6) None 242 (23.8) 22(37.9) None 302 (29.7)
Allele G 37 (58.7) None 633 (62.4) 20 (34.5) None 483 (47.5)
Allele AA None 6 (15.8) None 8 (18.6)
Allele AG None 11 (28.9) None 7 (16.3)
Allele GG None 15 (39.5) None 21 (48.8)
Indeterminate 8 (12.7) 6 (15.8) 14 (13.8) 16 (27.6) 7 (16.3) 23 (22.8)
OR 3 2.10 (95% CI1 0.74 to 6.03 3.85 (95% CI 1.42 to
(P=0.16) 10.38 (P = 0.007)
OR 4 1.64 (95% CI 0.85 to 3.15 (P = 0.13)

Subtitle:? All children (male and female) 2 A+AA; 3 G+tAG+GG.

Table 2. B: Combinations of polymorphisms in the ACE I/D and ACE2 G8780A genes in young
children living in the Northwestern Amazon region (NWAR).

Polymorphism Combination

ACE 1D + ACE2 GS780A AGE all children (N=87) ARI all children (N=78)
I/T+ Allele A 18 (20.7) 19 (24.3)
I/I+ Allele G 32 (36.8) 16 (21.0)

I/T+ Allele AA 6 (6.9) 6(7.7)
I/T+ Allele AG 8(9.2) 7 (9.0)
I/I+ Allele GG 15 (17.2) 18 (23.0)
I/D + Allele A None 1(1.2)
I/D + Allele G 2 (2.3) 2(2.5)
I/D + Allele AA None 2(2.5)
I/D + Allele AG 1(1.1) None
I/D + Allele GG None 3(3.8)
D/D + Allele A None 2 (2.5)
D/D + Allele AA 2 (2.3) None
D/D + Allele AG 3(3.5) 2(2.5)

Subtitle: Statistical analyses were performed for: _OR 1 = male children (D/D + A) x female children (DD + AA)
=0.63 (95% CI 0.08 to 4.72 (P = 0.65); OR 2 =0.58 (95% CI 0.09 to 3.56 (P = 0.55); group of AGE children (D/D + A
and D/D + AA) x group of ARI children (D/D + A and D/D + AA). Abbreviations: ACE= angiotensin-converting
enzyme; OR= Odds rate; CI= confidence interval.
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Figure 1. Polymorphisms in the ACE gene in children up to 3 years old, living in the Northwestern
Amazon Region (NWAR), presenting acute gastroenteritis (AGE) and acute respiratory (ARI).
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Figure 2. The ACE2 polymorphic genes in children up to 3 years old, living in the Northwestern
Amazon Region (NWAR), presenting acute gastroenteritis (AGE) and acute respiratory (ARI).

3.3. Prevalence of Secretor Phenotype of Young Children Living in the Northwestern Amazon Region

The secretor phenotype was 92.6% (187/202) of children. Non-secretor children (7.4%; 10/202)
had either Le (a-b-) (5%, 10/202) or Le (a+b-) phenotypes (2.5%, 5/202). Blood group O was the most
predominantly detected (57.4%, 116/202) followed by A (31.7%, 64/202). Few children were blood
typed as B (9.9%, 20/202) or AB (1%, 2/202).

3.4. Characteristics of the SARS-CoV-2 Positive Samples in this Study

Of the 12 samples in which the SARS-CoV-2 E gene were detected, 9 (75%) were from children
presenting AGE (5 from saliva samples and 4 from feces). Ten of these samples were detected in the
state of RR: 8 in the city of Boa Vista, one in city of Alta Alegre e Caracarai. Two sample was detected
in the state of Amazonas. Three samples were from children presenting ARI (2 feces/1 saliva), these
last ones all being from children living in the town of Boa Vista. The children’s ages were varied, and
the viral load detected in the qRT-PCR was not lower than 29.65 (Table 3). All SARS-CoV-2 positive
children presented the ACE I/l homozygous gene polymorphism gene (rs4646994) profile, except for
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one sample (named 32344) from a female child in the town of Boa Vista with the I/D profile. This
child is also the only one from the B blood group and which presented the lowest viral load detected
in the samples, from feces in this case (AGE). This child’s ACE2 gene polymorphism (rs2285666) gene
profile (sample 32344) was heterozygous (GA). Of the 12 SARS-CoV-2 positive samples from male
children (50%, 6/12), 3 presented the A SNP (ACE2 gene rs2285666). Two samples were G and one
sample’s ACE2 rs2285666 SNP profile was unidentifiable. Most of the female children infected by
SARS-CoV-2 presented the GA profile for the ACE2 gene SNP (rs2285666). All SARS-CoV-2 children
were secretors (Lea-b+/Lea+b+), 58.3% from the O (7/12), 33.4 % from the A group (4/12) and 8.3%
(1/12) from the B blood groups (Table 3).

Table 3. Characteristics of the severe acute respiratory syndromes caused by coronavirus 2 (SARS-
CoV-2) positive samples in children up to 3 years old, living in the Northwestern Amazon region
(NWAR), presenting acute gastroenteritis (AGE) and acute respiratory infection (ARI).

Gene

1 1 Viral load ACE2
T TR AglGender % S0 Commssse  HBCA
yp P 154646994
32200 AGE/feces 4 months/Male  8,39E+04 i G A, secretor,
Leatb+
32229  AGE/saliva 1 year, 4 1,43E+05 i ga O secretor, Lea-
months/Female b+
32344  AGE/feces 1year, 11 822E+05  1I/D GA B, secretor, Lea-
months/Female b+
32416  AGE/feces 4 months/Male  2,94E+03 i A A Secritfr’ Lea-
L -
32477  AGE/saliva 3 year, 9 3,71E+04 11 ga O secretor Lea
months/Female b+
32489  AGE/saliva 2 months/Male  3,53E+04 i A Os ecr‘;tor’ Lea-
2 years, 4 O, secretor, Lea-
1 E 167E
32512 AGE/feces months/Male ,67E+05 I/1 G b-
32517  AGE/saliva 2 years, 5 262E+04 11 cg O secretor Lea-
months/Female b+
A tor, Lea-
32529  AGE/saliva  7months/Male  2,73E+04  I/I  Indeterminate’ "~ ecr;or’ ca
32198  ARlffeces 2 months/Male  3,16E+04 i A A, secretor,
Leatb+
O, secretor, Lea-
32414 ARI/feces 2 months/Female 8,51E+04 I/1 GA bt
32531  ARl/saliva 1year, 1 4, 38E+04 11 apn  Osecretor Lea-
months/Female b+

Subtitle:! ID= Identification number; 2 Clinical symptom and type of sample; Viral load /SARS-CoV-2, gene E.
Abbreviations: ACE= angiotensin-converting enzyme; HBGA= histo-blood group antigen.

4. Discussion

In this enquire viral shedding in feces was accompanied by gastrointestinal symptoms such as
nausea, vomiting, and diarrhea in approximately 18% (12-25%) of cases. In a cross-sectional study
recently presented by Dos Santos et al. 2022 [27], with data obtained from 677 medical records of
patients infected with SARS-CoV-2 treated in hospitals in Sao Paulo, Brazil, from March to November
2020, diarrhea was more associated with children <4 years old (12.7%, 18/142) than those in older age
groups (5-19 years old) [28]. In this study, saliva samples were used instead of the nasopharyngeal
swab, the former that has been verified to be more sensitive to the detection of the Delta SARS-CoV-
2 variant and of equal sensitivity for the Omicron variant even during the different stages of infection.

d0i:10.20944/preprints202407.2398.v1
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The Omicron variant started circulating in Brazil in December 2021, after the collection of the samples
in this study. Susceptibility in children was found to be around half of the susceptibility in adults,
and even lower for very young children (preschoolers) [29]. Heirstraeten et al. 2022 [40] verified
limited transmission of SARS-CoV-2 in Belgian day-care centers among young children aged 6-30
months during May 2020-February 2022 [30].

In previous studies SARS-CoV-2 detection in asymptomatic children was greater than adults
[31,32]. Symptomatic individuals had lower Ct values (which corresponded to higher viral RNA
levels) than asymptomatic individuals. We could propose therefore that, in our epidemiological
inquiry, the detection of only the E gene in young children might indicate an asymptomatic profile,
where the replication of SARS-CoV-2 has not been efficient in these young children. The reasons due
to which children mostly do not develop serious conditions have not been completely elucidated.
One hypothesis is that the child might present the angiotensin-converting enzyme 2 (ACE2) protein,
the main binder for SARS-CoV-2 in human cells - in different configurations or densities. Another
possibility is a lower capacity of binding to the virus, or even that the response from the alveolar cells
to ACE2 might be less harmful; in other words, the intracellular response induced by ACE2 might
differ in children and adults, especially in the elderly. There’s also the hypothesis related to
immunological immaturity itself, both from the innate (the inflammatory reaction particularly) and
adaptive (antibodies and T-cells) responses [31,32].

Pre-existing diseases such as hypertension and diabetes mellitus are associated with increased
morbidity and mortality in adults with SARS-CoV-2 infection [33]. Most of children (84.1%; 85/101)
had pneumonia. Garde et al., 2007 [34], describes that the role of ACE insertion/deletion (I/D) in
pneumonia. The disease severity was correlated with lower ACE activity [30]. Recently was
presented that ACE rs4646994 D/D-genotype and ACE2 rs2285666 G/G-genotype carriers had a
significantly increased risk of developing severe COVID-19 in adults and younger children under 2
years old [35]. The only study available in Brazil, with samples from the Midwestern region (state of
Goids) demonstrated that ACE rs4646994 D/D-genotype and ACE2 52285666 GG-genotype combined
effects may play a role in hypertension [19]. In this study, the frequencies detected for the ACE
154646994 polymorphism gene were distributed among the I/I, I/D and D/D genotypes, so that for
AGE it was 89.1%, 4.95% and 5.94% respectively, and for ARI the distribution among the I/I, I/D and
D/D genotypes was 85.1%, 9.9% and 5%. The frequency detected for the D/D-genotype in our study
was about 5%; the children, both male and female, with AGE and ARI, were predominantly of the I/I
genotype. The ACE I/D polymorphism gene may also be associated with pneumonia because people
with the D/D genotype have a lower cough reflex compared to I/I and I/D and carriers of the D/D
genotype have higher serum levels of the pro-inflammatory angiotensin-II [36,37]. Morimoto et al.,
2002 [38], have already shown that the D allele is an independent risk factor for (fatal) pneumonia in
an adult Asian population. This unprecedented data might be a characteristic of the indigenous
NWAR population that which predominantly of secretor HBGA profile [39].

5. Conclusions

The low frequency of positivity for SARS-CoV-2 (around 6%) in this study gives our analysis
low statistical power and is a limitation, but it does provide important data on the virus susceptibility
profile and epidemiology to help public and private authorities with tools to control and prevent the
disease in a socially vulnerable population of children.
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