
Heliyon 10 (2024) e35463

Available online 3 August 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Association between detection rate of norovirus GII and climatic 
factors in the Northwest Amazon region 
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Paulo Gagliardi Leite a, Alberto Ignacio Olivares Olivares d,e, Johan Nordgren f,1, 
Marcia Terezinha Baroni de Moraes a,c,b,1 

a Laboratory of Comparative and Environmental Virology, Oswaldo Cruz Institute, Oswaldo Cruz Foundation, Fiocruz, Rio de Janeiro, RJ, Brazil 
b CNPq/Decit/SCTIE/MS, nº 49/2022, Brazil 
c Post-Graduate Program in Tropical Medicine, Oswaldo Cruz Institute, Oswaldo Cruz Foundation, Fiocruz, Avenida Brasil, Rio de Janeiro, RJ, Brazil 
d Roraima State Health Department, SESAU/RR, Boa Vista, RR, Brazil 
e State University of Roraima, Avenida Helio Campo, s/n – Centro, Caracaraí, Boa Vista, RR, Brazil 
f Division of Molecular Medicine and Virology, Department of Biomedical and Clinical Sciences, Linköping University, Linköping, Sweden   
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A B S T R A C T   

Worldwide, approximately one fifth of all cases of diarrhea are associated with norovirus, mainly 
in children, with a defined seasonality in temperate climates, but seasonal dynamics are less 
known in tropical climates. The objective was to investigate the impact of external clinical, 
epidemiological, and climatic factors on norovirus detection rates in samples from children under 
5 years of age from Roraima, the Amazon region of Brazil. A total of 941 samples were included. 
According to climatic factors, we observed correlations between external climatic factors and 
weekly positivity rates, where temperature (P = 0.002), relative humidity (P = 0.0005), absolute 
humidity (P < 0.0001) and wind speed had the strongest effect (P = 0.0006). The Brazilian 
Amazon region presents a typical and favorable scenario for the persistence, expansion, and 
distribution of viral gastroenteritis. 
Importance: This study is important as it will serve as a basis for studies carried out in Brazil and 
Latin American countries on the epidemiological importance, seasonality, climate change, anti-
genic diversity, among other factors in the circulation of gastroenteric virus.   

1. Introduction 

Viral gastroenteritis is one of the most common causes of morbidity and mortality worldwide in children (especially <5 years old), 
with major relevance in developing countries [1,2]. According to literature data, the most common and important viral enter-
opathogenesis are norovirus (NoV) and rotavirus A (RVA), followed by sapoviruses (SaV), enteric adenoviruses (HadV) and, less 
commonly, bocaviruses (HBoV) [1–4]. 
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Norovirus has a high infectious capacity, is environmentally stable for long periods and is one of the main etiological agents for both 
outbreaks and sporadic cases of acute gastroenteritis (AGE) in adults and children around the world [5]. Approximately one-fifth of all 
cases of diarrhea worldwide are associated with norovirus [6]. In countries with rotavirus vaccination programs, norovirus is the most 
common cause of gastroenteritis in children [7]. 

Noroviruses belong to the Caliciviridae family, and the norovirus genus contains six genogroups (G), of which GI, GII and GIV infect 
humans, with GII causing the majority of diseases in humans, having greater importance in Brazil and also presenting a pattern more 
seasonal than other genogroups and are of greater epidemiological importance due to their high evolutionary capacity [8–10]. 
Although the GI genogroup is responsible for causing epidemic outbreaks in many parts of the world, a low frequency of this genogroup 
has recently been observed in samples from the Amazon region [11]. 

Norovirus, like many other gastrointestinal viruses, exhibit seasonality in the autumn and winter periods in temperate climates [12, 
13], but the seasonal dynamic is less known for tropical climates. Due to irregular epidemic patterns, with incidence peaks change 
frequently for weeks between seasons [14]. 

Previous studies in temperate climates have shown that low external temperature and relative humidity are associated with annual 
epidemics of norovirus and rotavirus [12,13,15,16], but there are also studies that show outbreaks of norovirus during the months with 
higher temperatures [17,18]. There are few studies in tropical regions and a lack of definition between seasonality and norovirus, as it 
is difficult to find robust data due to different epidemiological patterns [5,18]. 

The Amazon region covers territories of Latin American countries, most of which are in Brazil. Due to its great biodiversity, this 
region has several peculiarities, such as well-defined seasons and periods of rain and drought. The predominant climate is humid 
equatorial, with an average temperature of 27.9 ◦C during the season with the lowest humidity, and 25.8 ◦C during the season with the 
highest rainfall [19]. 

Different to other regions of Brazil, In Amazon region has only two climatic periods: dry and rainy. The first runs from October to 
June and the second from July to September. Although the temperature does not vary greatly, the hottest months are: March, April and 
May (beginning of autumn), followed by November and December (beginning of summer). The Amazon region is spending a few years 
under the effect of El Niño, meaning months of drought plus forest fires, forest destruction and higher levels of carbon dioxide (CO2) 
emissions. It was like this in 2015 and 2016, with successive negative records. During this same period, the forest was under the 
influence of a phenomenon so strong that researchers dubbed it "El Niño Godzilla", alluding to its severity [20]. 

The sky during this period has fewer clouds, less wind and humidity is higher than in the previous season, increasing the sensation 
of heat, which can be worsened under the influence of El Niño [21]. 

The objective of the study was to investigate the impact of external clinical, epidemiological and climatic factors on noroviruses 
detection rates in samples of children <5 years old from Roraima, Amazon region of Brazil. 

2. Materials and methods 

This is a retrospective, observational and cross-sectional study. 

2.1. Study population 

A total of 941 samples of convenience of children aged ≤5 years were included in this study, from October 2016 to October 2017 
and from May to July 2021. They attended exclusively the emergency care unit of the “Hospital da Criança de Santo Antonio (HCSA)”. 
Inclusion criteria were: ≤5 years, three liquid/semi-liquid bowel movements in 24 h and dehydration. The HCSA is the only hospital 
located in Boa Vista, in the state of Roraima (RR), that serves children living in the extreme north of Brazil and on the border with 
Venezuela and Guyana, including those who live in the Amazon. The pediatrician responsible for collecting the samples right after the 
children’s hospitalization attended the HCSA every day. Each child was examined and their parents or guardians were interviewed to 
collect data and fill out a form containing clinical and epidemiological information about each child. 

2.2. Sample processing 

All samples were collected from diapers with feces, where the feces were scraped and placed into a collection pote. This is a globally 
accepted method for detecting viruses that cause gastroenteritis and yields quality samples for detection by molecular methods. Feces 
were collected from all children with AGE attended in the hospital emergency room. 

All samples were sent along with the clinical-epidemiological records to the Regional Reference Laboratory for Rotavir-
us–Laboratory of Comparative and Environmental Virology (RRRL–LVCA). This laboratory is part of the ongoing national EFA sur-
veillance network and is coordinated by the General Coordination of Public Health Laboratories, Ministry of Health of Brazil. Samples 
were strictly kept at − 20 ◦C until processing. Then, fecal suspensions were prepared at 10 % in phosphate buffered saline (PBS) pH 7.4. 

2.3. Study design and detection of norovirus 

Total viral nucleic acid was obtained from 140 μL of each supernatant of 10 % fecal suspension sample that was subjected to an 
automatic nucleic acid extraction procedure using a QIAamp Viral RNA Mini kit (QIAGEN, CA, USA) and a QIAcube automated system 
(QIAGEN), according to the manufacturer’s instructions, with a final elute sample volume of 60 μL. The total viral nucleic acids 
isolated were immediately stored at − 80 ◦C until molecular analysis. For molecular detection of norovirus, quantitative duplex 
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RTqPCR (GI/GII) was performed; this technique already detects both genogroups [22]. 
Monoplex reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed for detection of Rotavirus A [23] 

and Sapovirus (SaV) [24,25], as previously described. For Enteric Adenovirus 40 and 41 (HAdV), a quantitative polymerase chain 
reaction (qPCR) assay was carried out according to that recently presented [11]. 

2.4. Meteorological data 

Data on average weekly outdoor temperature maxim and minim (degrees Celsius), vapor pressure (VP; Pa), absolute humidity (AH; 
gH2O/m3), relative humidity (RH; %), wind speed (m/s), precipitation (mm)and nebulosity (tenths of cloudy sky) for the study period 
were obtained from the National Institute of Meteorology (INMT), located at Boa Vista station in Roraima, Brazil (82.35 m above sea 
level, situated at Latitude: 2.81694443N, Longitude: 60.69083333E). Detection rates (weekly number of positive samples) of viral 
agents included in the standard of care PCR panel and the weekly means of included meteorological parameters were used to analyze 
seasonality and correlations. A total of 64 consecutive and paired weekly observations were included. To study meteorological con-
ditions during the slope of norovirus GII epidemics, subsets of weekly data were extracted. The choice to evaluate only GII was due to 
its epidemiological importance and evolutionary capacity [19]. Statistical methods. 

We performed the sample calculation using the online calculator "SurveyMonkey", which was based on the global prevalence of 
Norovirus in Brazil. As this is the minimum number of samples that have been achieved. 

We used a generalized linear mixed model (GLMM) as an extension of the generalized linear model as our data has random effects in 
addition to the usual fixed effects. 

After evaluating the data distribution, we used the Poisson distribution, including time series components. When fitting the models, 
the residuals were autocorrelated, especially for norovirus GII. The modeling was first carried out in a univariate manner in which all 
variables were entered individually in different periods, (encompassing positive and negative samples for GII – Outcome variable). 
These variables are not independent and therefore were performed together in the multivariate analyses. From this, we carried out the 
modeling of multivariate analyzes taking into account more than one variable (previously significant in univariate analysis) in a 
“group” format with the aim of finding patterns and relationships between several variables, allowing the prediction of effects and 
changes that one variable will have on the other. As this is modeling between variables, positive and negative samples are considered. 
The analyzes demonstrate how the positive samples of the outcome variable are correlated with the other variables. For the analysis of 
risk factors, we used the Mann-Whitney test and binomial logistic regression for univariate analyses. Variables with P value < 0.05 
were modeled in multivariate analyzes in which adjusted Odds ratios were estimated. 

The function in the “Forecast” R package selected models containing a combination of autoregressive and moving average terms to 
model the data. 

Optimal thresholds were identified by repeated GLMM analyses, delaying climate factors one week at a time until the highest F 
value (This is a proportion of two variances based on the mean squares ratio, that is, an estimate of the population variance that 
explains the degrees of freedom used to calculate that estimate.) for each model was determined. For example, the ’lag one’ effect 
represented the effect of the weather factor measured 1 week before, on the current week’s positivity rate. Was performed using the 
Rstudio software package version 4.3.1. 

Maps of the study site, case distribution, and spatial analysis were created using QGIS (version 3.32.2), employing computers 
provided by the Oswaldo Cruz Foundation, Rio de Janeiro, Brazil. 

Fig. 1. Weekly (each bar refers to 1 week) incidence of various gastrointestinal viruses, detected with real-time PCR. Total number of samples tested 
for month: 2016–October and November N = 16 each; December N = 17; 2017–January N = 33, February N = 62, March N = 84, April and August 
N = 120 each, May N = 93, June N = 20, July N = 53, September N = 70, October N = 36; 2021–May N = 72, June N = 114 and July N = 16. 
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3. Results 

A total of 941 samples were analyzed, of which 618 (65.6 %) were positive for at least one gastroenteric virus investigated viral GE 
agent. Noroviruses was the most common agent detected, accounting for 302 (48.8 %) of the positive samples, being a total of 281 
samples (93 %) belonging to GII genotype even though we tested for GI and GII, only 1.9 % (18/941) of the samples were positive for 
GI.  

• Distribution of viral gastroenteritis by seasonality 

Norovirus was the most prevalent 29.8 % (281/941) followed by enteric adenovirus 29 % (272/941), Rotavirus 19.3 % (181/941), 
bocavirus 13.1 % (123/941) and Sapovirus 7 % (65/941). 

Among the samples positive for norovirus when compared to other enteric viruses detected, we observed that: Coinfection between 
NoV and HaDV was the most prevalent 31.3 % (88/281), followed by RVA 17,4 % (49/281), HBoV 16,3 % (46/281) and SaV 11 % (31/ 
281) respectively. There was statistical significance correlated between norovirus GII and Sapovirus co-infection. Among the total 
samples positive for Sapovirus (N = 65), 31 of them were positive for Norovirus GII (47.6 %) (Table 3). 

Even though they were detected year-round, norovirus, sapovirus, and bocavirus followed a distinct seasonal pattern, with peaks 
during the driest period (October, May, and June), while adenovirus were detected more continuously throughout the year (Fig. 1).  

• Distribution of norovirus GII by seasonality and climatic factors 

The seasonal patterns of relative and absolute humidity, precipitation and temperature are shown in relation to Norovirus GII in 
Fig. 2, it can be seen that in drier periods there was an increase in the NoV detection rate. Still according to climatic factors, we 
observed that after some weekly drops in relative humidity and absolute humidity, there is an increase in the NoV detection rate. This 
pattern was observed in October 2016, January, May and September 2017 and between May and June 2021 (Fig. 2).Univariate an-
alyzes comparing the weekly detection rate of each virus with meteorological factors showed that low absolute humidity correlated 
with detection of all viruses, but low relative humidity and low precipitation were correlated with norovirus GII, adenovirus, and 
rotavirus. Low temperature correlated with high detection rates of norovirus GII. Furthermore, there was a positive correlation be-
tween norovirus GII and cloudiness (able 1). Univariate climate factors do not affect each other, due to the inclusion of time series 
components in statistical analyses, (Table 1). This analysis is carried to better model the multivariate analysis described in Table 2. 

In multivariate analysis, infection patterns and correlations with climatic factors were different in between gastroenteric viruses 
(supplementary table). The strongest correlations between external weather factors and weekly positivity rates were observed for 
norovirus GII. Temperature, relative humidity, absolute humidity and wind speed had the strongest effect (F value) on norovirus GII 
(Table 2).  

• Prevalence of norovirus GII in Roraima 

Fig. 2. Weekly positivity rate of norovirus infections (% right axis; red bars) according to weekly average external relative humidity (% right axis; 
blue line with a point), Absolute humidity (% right axis; green line), weekly average temperature (◦C left axis; black line with a point) and Average 
weekly precipitation (mm3 left axis yellow line) throughout the study period (2016–2017 and 2021). The red marcation indicate that when there is a 
drop in relative humidity on a weekly basis, there is an increase in the incidence of norovirus. 
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Table 1 
Correlations between gastrointestinal viruses and weather factors during the study period (Data collected daily, weekly averages calculated throughout the study period 2016–2017 and 2021).   

Virus 
Temperature Relative humidity Absolute humidity Vapor pressure Wind speed Precipitation Nebulosity 

Coeff p value Coeff p value Coeff p value Coeff p value Coeff p value Coeff p value Coeff p value 

Norovirus GII ¡0.15 0.002 ¡0.06 8x10-12 ¡0.3 2x 10-⁶⁶ − 0.01 0.9 ¡0.3 0.0009 ¡0.02 0.04 0.09 0.005 
Adenovirus 0.08 0.8 ¡0.04 1x 10-⁶⁶ ¡0.14 3x 10-⁵⁵ 1.6 0.03 0.1 0.1 ¡0.03 0.02 ¡0.19 1x10-⁵⁵ 
Rotavirus 0.04 0.4 ¡0.07 4 x 10-⁸⁸ ¡0.2 2x 10-⁸⁸ 0.2 0.9 0.16 0.2 ¡0.06 0.009 − 0.02 0.6 
Sapovirus − 0.4 0.02 0.01 0.9 ¡0.2 0.001 0.1 0.8 ¡0.8 0.003 0.10 0.001 0.18 0.07 
Bocavirus − 0.12 0.1 − 0.01 0.2 ¡0.12 0.01 0.01 0.03 ¡0.5 0.002 0.02 0.3 − 0.01 0.8 

References for average temperature variation: 27.6 ◦C (±1.15 ◦C); Relative air humidity: 77.3 % (±7.04 %); Absolute air humidity: 20.6 g/m3 (±1.68 g/m3); Precipitation: 3.69 mm3 (±3.86 mm3); 
vapor pressure: 1001.3 nPa (±4.2 nPa); wind speed: 1.56 (±1.08 m/s) and nebulosity: 4.6 tenths (±3.4 tenths).In bold, results with statistical significance (P value < 0.05)Coeff – Coefficient. 
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Table 2 
Correlations between norovirus genogroup II and weather factors during period of the study (2016–2017 and 2021). References for average 
temperature variation: 27.6 ◦C (±1.15 ◦C); Relative air humidity: 77.3 % (±7.04 %); Absolute air humidity: 20.6 g/m3 (±1.68 g/m3); 
Precipitation: 3.69 mm3 (±3.86 mm3); vapor pressure: 1001.3 nPa (±4.2 nPa); wind speed: 1.56 (±1.08 m/s) and nebulosity: 4.6 tenths (±3.4 
tenths).I  

Norovirus 

Weather factor (weekly mean) Fixed effects F Coefficient P value 

Temperature 10 ¡0.32 0.002 
Vapor pressure 0.2 0.45 0.9 
Relative humidity 30 ¡0.06 0.0005 
Absolute humidity 18 ¡0.36 3x10-⁹⁹ 
Wind speed 8 ¡0.72 0.0006 
Nebulosity 0.9 0.10 0.06 
Precipitation 0.6 − 0.004 0.8 

In bold, results with statistical significance (P value < 0.05). 

Table 3 
In the univariate analysis column, these data were evaluated in a stratified and separate manner, and consequently these data were not evaluated 
jointly. Clinical factors associated with the detection rate of norovirus GII and risk factors associated.OR – Odds ratio for univariate analysis ORa – 
Odds ratio adjusted in variables with P Value a <0.05 in multivariate analysis.   

Total sample (%) 
N◦ of Fecal Samples–Positive/Tested (%) 

Total GII (%) 2016–2017 2021 OR P value ORa (IC95 %) P value (a)  

Samples distribution (%) 941 (100) 281 (29.8) 220 (78.2) 61 (21.8) 0.9 (0.5–2.1) 0.3 1.2 (0.5–1.8) 0.9 
Region 
Boa Vista (state’s capital) 504 (53.5) 157 (56.1) 104 (47.2) 53 (86.8) 1  1  
Others 437 (46.5) 124 (43.9) 116 (52.8) 8 (13.2) 0.3 (0.2–1.8) 0.8 0.9 (0.4–1.5) 0.9 
Gender 
Female 386 [41] 123 (43.7) 92 (41.8) 31 (50.8) 1  1  
Male 555 (59) 158 (56.3) 128 (58.2) 30 (48.2) 0.5 (0.3–1.9) 0.5 0.7 (0.3–1.8) 0.9 
Diarrhea/days 
0 244 (25.9) 46 (16.3) 46 (20.9) 0 1  1  
1 564 (59.9) 221 (78.6) 171 (77.7) 50 (81.9) 1.8 (1.1–2.3) 0.02 1.1 (1.0–2.7) 0.03 
2 18 [2] 13 (4.8) 3 (1.4) 10 (16.5) 2.0 0.001 1.3 (1.0–3.2) 0.003 
3 or more 115 (12.2) 1 (0.3) 0 1 (1.6) 0.3 (0.1–1.1) 0.5   
Fever (>38◦C) 
No 173 (18.4) 37 (13.1) 32 (14.5) 5 (8.2) 1  1  
Yes 768 (81.6) 244 (86.9) 188 (85.5) 56 (91.8) 1.9 (1.3–2.4) 0.01 1.5 (1.3–2.8) 0.03 
Vomit 
No 595 (63.2) 163 (58) 138 (62.7) 25 (40.9) 1  1  
Yes 346 (36.8) 118 [42] 82 (37.3) 36 (59.1) 0.001 0.001 1.8 (1.2–4.1) 0.003 
Abdominal pain 
No 206 (21.9) 41 (14.6) 34 (15.4) 7 (11.5) 1  1  
Yes 735 (78.1) 240 (85.4) 186 (84.6) 54 (88.5) 1.8 (0.3–1.4) 0.2 1.2 (0.5–2.1) 0.1 
Dehydration 
No 863 (91.7) 263 (93.5) 207 (94) 56 (91.8) 1    
Yes 78 (8.3) 18 (6.5) 13 [6] 5 (8.2) 1.7 (1.2–3.8) 0.01 1.6 (1.3–3.1) 0.02 
Antibiotic use (days) 
No 93 (9.8) 23 (8.1) 20 [9] 3 (4.9) 1  1  
1 815 (86.6) 248 (88.2) 193 (87.7) 55 (90.2) 0.9 (0.5–3.9) 0.2 1.2 (0.7–1.8) 0.2 
2 11 (1.3) 3 (1.2) 1 (0.5) 2 (3.3) 1.1 (0.4–3.5) 0.2 1.3 (0.7–1.7) 0.1 
3 or more 22 (2.3) 7 (2.5) 6 (2.8) 1 (1.6) 2.9 (1.5–4.2) 0.01 2.1 (2.0–5.2) 0.02 
Rotavirus 
Negative 760 (80.7) 232 (82.5) 173 (78.6) 59 (96.7) 1  1  
Positive 181 (19.3) 49 (17.5) 47 (21.4) 2 (3.3) 1.1 (1.08–2.5) 0.05 0.8 (0.6–1.2) 0.09 
Adenovirus 
Negative 669 (71) 193 (68.6) 134 (60.9) 59 (96.7) 1  1  
Positive 272 [29] 88 (31.4) 86 (39.1) 2 (3.3) 0.6 (0.2–1.5) 0.1 0.9 (0.5–1.8) 0.1 
Sapovirus 
Negative 876 (93) 250 (88.9) 194 (88.1) 56 (91.8) 1  1  
Positive 65 [7] 31 (11.1) 26 (11.9) 5 (8.2) 2.1 (1.3–4.8) 0.01 1.8 (1.3–3.2) 0.03 
Bocavirus 
Negative 818 (86.9) 235 (83.6) 181 (82.2) 54 (88.5) 1  1  
Positive 123 (13.1) 46 (16.4) 39 (17.8 7 (11.5) 1.8 (0.7–3.2) 0.5 1.3 (0.7–1.9) 0.7  
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The prevalence of norovirus GII found in our study was 29.8 % (281/941), this was distributed throughout almost the entire 
territory of Roraima, with the highest found in the Capital (Boa Vista) being 56.1 % (Fig. 3). 

4. Clinical factors associated with the detection rate of norovirus GII 

The table below presents data stratified by collection periods for better observation, however, univariate (OR) and multivariate 
(ORaj) analyzes were carried out together in both periods. These were carried out to assess which risk factors (clinical/epidemio-
logical) were associated with the prevalence of GII norovirus. Climatic factors were not included in this analysis, as the statistical 
model used is different, as they rely on external factors and were evaluated weekly. 

In Multivariate Analysis. The detection of norovirus GII was associated with the following clinical factors: Children <5 years old 
who had diarrhea in the first and two days, fever, vomiting and dehydration, 3 or more days duration of antibiotic use and even though 
viral co-infection rates were high, only in co-infection with sapovirus was significant (Table 3). 

5. Discussion 

Our study is of great importance as it helps in the correlation between the dynamics of norovirus infection and climatic factors in 
the tropical region, specifically in the Northwest of Amazon region of Brazil. From the data collected from the medical documentation, 
on average, the samples were collected on the second day of diarrhea. 

It was demonstrated that the drop in temperature, humidity and wind speed were significantly correlated with the increase in 
norovirus GII throughout the study period. The drop in temperature and humidity were represented in Fig. 1, but although figures can 
be useful for visualizing data, in this case it was not visually applicable for wind speed. 

The results of our study corroborate others around the world, which state the correlation between norovirus infection and climate 
variations. This indicates that changes, whether simple or more drastic, can change the dynamics of norovirus infection. Studies have 
already indicated that increased humidity relative can potentially facilitate virus transmission through aerosols [26]. One of the 

Fig. 3. Distribution of nororvirus prevalence in Municipalities in the Roraima (RR), Brazil. The prevalence of Norovirus is represented by the color 
changes on the map, where it goes from lighter to darker (higher prevalence) and the borders of the state of Roraima encompass other South 
American countries. 
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hypotheses is: During this period of greater humidity, transmission of the infection occurs and when there is a drop in the rela-
tive/absolute humidity of the air, this is when signs and symptoms appear (24/48 h after infection).Furthermore, there is evidence that 
cases in children may begin to rise earlier in the norovirus season than cases in adults [27]. Therefore, cases in children could provide 
an early warning of seasonal norovirus [28]. 

The other hypothesis is behavioral of the population: In Brazil, culturally, individuals tend to prioritize seeking health care after the 
rainy season (even if they already have symptoms), therefore the largest number of norovirus cases were detected during the drier 
period, this could be due to the difficulty in traveling in these more economically vulnerable regions. 

The results demonstrated that the temperature limit for detecting norovirus was a maximum of 31.3 ◦C, as in this region the 
temperature does not vary as it occurs in temperate countries, the most observed climatic variation is the relative and absolute hu-
midity of the air. Our data corroborate other studies around the world; a study showed that norovirus outbreaks had inverse linear 
associations with relative humidity [13]. According to a study carried out in Japan, a rapid decrease in humidity could be the cause of 
the increase in the incidence rate of norovirus [29]. Two studies conducted in South Korea also statistically reconfirmed the finding of 
strong negative correlations of humidity with norovirus outbreaks [30,31]. Another study in France tested this correlation experi-
mentally [32]. 

One of the environmental factors most commonly cited as associated with rates of norovirus infection is temperature. Our study 
verified a negative correlation (the lower the temperature, the higher detection rate), indicating a possibly favorable physical envi-
ronment for “virions”. Similar results have already been verified in temperate climates [32–36], but more studies are needed to 
evaluate this association in tropical climates, since Roraima’s thermal amplitude is small between the hot and colder seasons [19]. 

Another correlated climatic factor was wind speed, with a negative correlation, that is, the greater presence of smaller wind was the 
detection of NoV in this study. This data is interesting to discuss, however, it is not possible to state to a certain extent that wind speed 
is an independent factor (and not related to temperature or humidity, etc.), more studies are needed to confirm this over a longer 
period of time, as the external factors mentioned above in this case can influence. What we know is that norovirus transmission is 
considered common in closed environments, with crowds and poor ventilation, which in this case corroborates our negative corre-
lation results. Furthermore, it is more common to find these viruses on contaminated surfaces, food or water [5,37]. 

In investigation of clinical factors with the prevalence of norovirus, individuals who had more than 1 day of diarrhea, fever, 
vomiting and dehydration, longer duration of antibiotic use and coinfection with sapovirus were more likely to have norovirus. 

In Brazil, according to the Management of Patients with Diarrhea, treatment with antibiotics should only be reserved for cases with 
the presence of blood or mucus in the stool (dysentery) and compromised general condition or severe dehydration, always with 
medical supervision [38], however, it is common in several countries that antibiotics have been administered or prescribed for the 
majority of non-dysenteric cases [39]. In this study we observed that longer use of antibiotics was an associated with higher prevalence 
of norovirus. This data is relevant as little is discussed about the misuse of antibiotics for viral infections. It is known that there is an 
increasing rapid emergence of multi-resistant and pan-resistant bacteria, making it necessary to implement clearer protocols and 
recommendations in case of viral infection [39,40]. 

The Brazilian Amazon region presents a typical and favorable scenario for the persistence, expansion and distribution of viral 
gastroenteritis. Advances have been made in relation to the coverage of drinking water supply and sanitation in the country; however, 
many children still die as a result of viral gastroenteritis [41]. This is mainly due to socioeconomic disparities found in the Amazonian 
region that are noticeable in some municipalities in Roraima. Despite the various studies conducted in the Amazon region [42] there is 
still much to learning partially the relationship between man, health and the environment, as the occurrence of childhood diarrheal 
diseases is partly associated with socioeconomic conditions, coverage of basic sanitation services, infrastructure and health. 

Describing that the results presented, despite preliminary and limitations, provide important evidence about the prevalence of 
gastroenteric viruses in a region with a tropical climate, but with particularities due to being located in a region with unique char-
acteristics such as the Amazon region and serve as a basis for future expanded studies in this region, Brazil and in Latin American 
countries about the epidemiological importance, seasonality, climate change, antigenic diversity among other factors in the circulation 
of gastroenteric viruses, mainly in relation to vaccination coverage for rotavirus A and the eventual and potential introduction of new 
vaccines, such as for norovirus. According to data from the “Brazilian National Immunization Program Information System”, the 
vaccination coverage rate for rotavirus in the studied region was 84.6 %, 96.5 % and 59.2 % in 2016, 2017 and 2021 respectively. This 
decrease in the vaccination coverage rate occurred generally in Brazil after the COVID 19 pandemic [43]. 

Implications and limitations 

Studies on climate variables and health have become increasingly important, as climate risks are correlated with infectious diseases 
through issues such as: warming, precipitation, floods, droughts, storms, land cover change, oceanic climate change, fires, waves of 
heat and sea level that cause the high number of pathogenic diseases and different possibilities of transmission to increase or change is 
known behavior. Extreme events introduce considerable fluctuation that can affect the dynamics of waterborne diseases, such as 
noroviruses. 

The samples in this study were collected in these periods, according to the availability of collections in a region of difficult access in 
the Amazon region, later (between 2018 and 2020) access was even more restricted due to the pandemic caused by the new coro-
navirus (COVID19), interrupting the collection period. We carried out analyzes separately before combining the two periods in uni-
variate analysis, but there was no difference in the multivariate results However, we found it important to include the 2021 results in 
the article even with a more restricted period. 

Our study had some limitations such as: Short collection period, and few genotyped samples (~30 % of positive samples). Despite 
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these limitations and the importance of environmental variables for the control of viral gastroenteritis, there is a lack of comprehensive 
investigation in tropical regions which complicates the identification of environmental indicators for norovirus outbreaks. 
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