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Good Dietary Pattern as a protective factor against the development of 
clinical manifestations in Oropouche infections in the Amazon region
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Abstract
Arboviruses are infections caused by arboviruses that may be either 

symptomatic or asymptomatic, according to individuals' resistance and 
immune response, which dietary patterns can influence. Thus, this study 
aimed to investigate the possible association between the occurrence 
of clinical manifestations of arboviruses and the dietary pattern of the 
population studied. The study was conducted in a rural population in the 
metropolitan area of Belém, Pará State, Brazil. The sampling consisted of 95 
individuals during a febrile outbreak. Two investigations were conducted: 
clinical-epidemiological-dietary and laboratory investigation based on 
blood samples taken for arbovirus analysis. Out of the 95 individuals 
studied, more than half (57.89%) showed clinical manifestations. 
Following the laboratory serology (HI and IgM ELISA) analyses, viral 
isolation in C6/36 cells, and viral genome detection (RT-qPCR), the final 
diagnosis of the cases was 47.37% Oropouche Fever, 2.11% Oropouche 
Fever and Chikungunya Fever, and 1.05% Mayaro Fever. Regarding 
dietary pattern, as for the comparison analyses, statistical significance was 
observed between dietary pattern and classification regarding the presence 
of symptoms (p<0.05); after the correspondence analysis, symptomatic 
cases were more associated with a bad dietary pattern, while asymptomatic 
cases were more associated with a good dietary pattern. 
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Graphical Abstract

Introduction
Arbovirus infections correspond to viral infections caused by several 

viruses transmitted by hematophagous arthropods, which have emerged 
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worldwide [1]. There is a great variety of these viruses in the 
Amazon Rainforest, regarded as the world's largest reservoir 
of arboviruses due to its rich biodiversity of arthropod 
vectors and wild vertebrates, which are the hosts for these 
viruses, besides having favorable climatic conditions for the 
maintenance of the life cycles of arboviruses [2]. 

In this scenario, more than thirty types of arboviruses 
have already been associated with diseases in humans in the 
Brazilian Amazon, including dengue (DENV), yellow fever 
(YFV), Zika (ZIKV), chikungunya (CHIKV), Oropouche 
(OROV) and Mayaro (MAYV) [2,3]. For example, the OROV 
(Orthobunyavirus, Peribunyaviridae) causes a disease called 
Oropouche fever, which can lead to symptoms such as fever, 
headache, myalgia, dizziness, nausea, vomiting, arthralgia, 
photophobia, retroocular pain, rash, and hemorrhagic signs. 
After the recovery, in some cases, the disease recurs. A 
few cases develop into Aseptic meningitis [4]. The OROV 
circulates mainly in Central and South America, causing 
human outbreaks [5]. The OROV circulates in wild and 
urban environments. Sylvatically, the virus is transmitted 
by Aedes serratus and Culex quinquefasciatus mosquitoes 
to marsupials, sloths, primates, and birds. In contrast, in 
urban environments, the OROV is transmitted by Culicoides 
paraensis insects to humans, the primary host [6].

Arbovirus infections can be asymptomatic or symptomatic. 
The symptomatic clinical forms can manifest themselves in 
different levels of clinical intensity, from oligosymptomatic 
to more severe conditions. It is worth noting that the same 
arbovirus can determine different clinical syndromes and, on 
the other hand, the same symptomatology can be determined 
by various types of arboviruses due to factors such as viral 
titer, time of exposure, virus strain, and individual resistance 
[7,8].

Regarding the factors of individual resistance that can 
alter the intensity of the symp-tomatology of arboviruses, 
the individual's dietary pattern plays a role since the immune 
response is dependent upon cell replication and the synthesis 
of active protein compounds and is, therefore, strongly 
affected by the nutritional status of the individual, which 
determines the cellular metabolic ability and the efficiency at 
which the cell reacts to stimuli, thus initiating and perpetuating 
the system of organic protection and self-repair [9].

In this regard, calories, amino acids, vitamins A, D, E, 
pyridoxine, cyanocobalamin, folic acid, iron, zinc, copper, 
magnesium, and selenium are some of the nutrients for which 
a close relationship has already been established between their 
organic status and immune system function [9]. Nonetheless, 
the effect of individual nutrients has progressively been shown 
to be insufficient to explain the relationship between food and 
health. Several studies have shown that the beneficial effect 
on disease prevention stems from the food itself and from 
combinations of nutrients and other chemical compounds that 

are part of the food matrix rather than single nutrients [10].

Thus, by taking into consideration the impact of 
arboviruses on public health in Brazil and in the world and 
the importance of nutrients and food for strengthening the 
body's defenses against diseases and acceptable minimization 
of symptoms, this study aimed to investigate the possible 
association between the occurrence of clinical manifestations 
caused by arboviruses and the dietary pattern of the population 
under study. 

Materials and Methods
The study was analytical, cross-sectional, and quantitative 

and conducted in the Expedito Ribeiro settlement, located in 
the rural area of Santa Bárbara do Pará, in Pará State, which 
has a population estimated at approximately 120 families, 
according to information from the settlement's neighborhood 
association, about 600 hectares in size, 80% of which being 
native forests (legal reserve).

The population under study included residents of the 
Expedito Ribeiro Settlement of both genders and any age 
group who were investigated during a febrile outbreak in the 
area from January to February 2018. Symptomatic individuals 
and asymptomatic individuals at the time of recruitment who 
reported having had signs and symptoms within an interval of 
up to three months before the date of the investigation were 
included in this study to identify recent infection by testing 
for IgM antibodies to certain arboviruses. Symptomatic 
individuals not infected by arboviruses were excluded, as 
well as those with incomplete data, who had moved from the 
settlement, or who were not located, thus making it impossible 
to apply the food frequency questionnaire.

Therefore, the study sampling was made up of 95 
individuals. Blood samples were taken for laboratory analysis 
of arbovirus infections, of which 40 were asymptomatic, 
each living with or near febrile cases, and 55 participants 
were symptomatic. Virological exams were performed 
for the samples collected up to the fifth day after the onset 
of symptoms: viral isolation in cell cultures and genome 
detection by real-time RT-PCR (RT-qPCR) for Dengue, 
Zika, Mayaro, and Chikungunya. Serological tests were 
performed for samples collected after the fifth day from 
the onset of symptoms: in-house IgM Enzyme-linked 
immunosorbent assay (ELISA)/Dengue, Zika, Mayaro 
(MAYV), Chikungunya (CHIKV), and Oropouche and 
Hemagglutination Inhibition assays (including a panel of 
18 types of arboviruses of different genera: Alphavirus 
(Eastern equine encephalitis, Western equine en-cephalitis, 
Mayaro, and Mucambo/MUCV), Flavivirus (West Nile, 
Yellow Fever, Ilheus, Saint Louis Encephalitis, Rocio, Zika, 
Dengue serotypes 1, 2, 3, 4) and Orthobunyavirus (Tacaiuma, 
Oropouche, Catu) [11].
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 Moreover, a clinical epidemiological form from the 
Brazilian Notification Disease Information System (SINAN) 
[12] for arboviruses was applied, aiming to obtain information 
such as the epidemiological profile and the clinical 
manifestations, which were used in performing the statistical 
analyses between clinical manifestations and dietary pattern.

To collect dietary pattern data, a Food Frequency 
Questionnaire (FFQ) (Supplementary Figure 1) was used, 
which included food options from the different food groups, 
with the respective indication of intake frequency, with the 
possibility of indicating the number of portions eaten and the 
method or type of preparation.

The dietary pattern was evaluated by analyzing food intake 
by food groups of the population being studied in comparison 
with the daily values recommended by the Brazilian Ministry 
of Health [13] for eight food group categories, namely: 1) 
Cereals, tubers, roots and derivatives; 2) Beans; 3) Fruits 
and natural fruit juices; 4) Vegetables; 5) Milk and milk 
derivatives; 6) Meats and eggs; 7) Oils, fats and oilseeds; 8) 
Sugars and sweets. The number of portions recommended for 
each food group can be observed in table 1.

The chi-square test (χ2) was performed for the statistical 
analysis, followed by the β test, to indicate the need to 
apply the correspondence analysis technique for the data 
that exhibited statistical significance. This technique seeks 
to study the relationship between qualitative variables, thus 
allowing for visualizing frequency associations amongst the 
categories of the variables.

The statistical analyses were performed at the Statistical 
Package for Social Science - SPSS 19.0 (SPSS, 1999) and 
Minitab 19®. The significance level established for all the 
tests was 5% (p < 0.05).

Results
Out of the 95 individuals investigated, more than half 

(52.63%) were female, with a predominance of the 24-34 age 
group (18.96%), with just over a third (36.83%) working as 
farmers. The average age was 36 years, the minimum was 
two years, and the maximum was 79 years.

The biological materials (blood and serum) submitted to 
the various laboratory tests allowed for the diagnosis of the 
cases investigated, and they were classified as positive or 
negative for arbovirus. From this perspective, out of the 95 
individuals studied in the outbreak, slightly more than half 
(50.53%) were classified as positive, 87.50% of which were 
symptomatic and 12,5% asymptomatic. 

After all the laboratory tests were performed, it was 
identified that the febrile outbreak in the mentioned 
Settlement in 2018 was due to OROV (47.37%). There were 
also isolated cases of MAYV infection (1.05%) and co-
infection by OROV and CHIKV (2.11%) [11]. 

Six of the 48 positive cases were asymptomatic, and 42 
were symptomatic. Regarding the dietary pattern, from the 
48 cases of positives, we were able to interview 46 cases. 
After analyzing the frequency of food intake per food 
type, the frequency of food intake per food group, and the 
intake of daily portions per food group according to the 
recommendations of the Brazilian Ministry of Health, it was 
possible to conclude that out of the 46 individuals being 
analyzed, the vast majority (91.30%) had a dietary pattern 
regarded as inadequate, with 6.52% being very poor, 54.35% 
bad, 30.43% regular and 8.70% good. It is worth noting that 
no records of a dietary pattern were classified as excellent 
(Figure 1).

After analyzing the food frequency of the population of 
the settlement, it was possible to observe a low frequency of 
consumption of processed foods, such as canned foods, soft 
drinks, biscuits, processed juice, industrialized seasoning, 
and mayonnaise, as well as low consumption of ready-to-eat 
snacks, such as pizza, snacks, and sandwiches. On the other 
hand, it was observed that the basis of this population's diet 
consists of cassava flour, rice, bread, eggs, beans, natural 

The food frequency was analyzed according to five 
categories, based on the adjustment in the consumption 
of food groups, according to the recommendations of the 
Brazilian Ministry of Health [8], as follows: 1) Very Poor; 2) 
Bad; 3) Regular; 4) Good; 6) Excellent (Table 2). 

Classification of the food 
profile

Adequacy of consumption by 
food group

Very poor 0 group

Bad 1-2 groups

Regular 3-4 groups

Good 5-6 groups

Excellent 7-8 groups

Table 2: Classification of the food profile according to the adequacy 
of consumption by food group.

Group of food Number of daily portions

Cereals, tubers, roots and derivatives 6

Beans 1

Fruits and juices of natural fruits 3

Vegetables and greens 3

Milk and dairy products 3

Meat and eggs 1

Oils, fats, and oilseeds 1

Sugars and candies 1

Source: BRASIL (2008).

Table 1: Daily portions of each food group according to the Brazilian 
Ministry of Health recommendation.
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seasonings, vegetable oil, refined sugar, tapioca, various 
types of meat (beef, pork, poultry, fish, offal, and sausages), 
seasonal fruits and natural fruit juice (Figure 2).

We also identified some foods that are not part of the eating 
habits of this population, such as dairy products (cheese, 
yogurt, cottage cheese), vegetables (lentils, peas, chickpeas, 
fava beans, and soybeans), mayonnaise, alcoholic beverages, 
nuts and tacacá (an Amazonian delicacy) (Figure 2).

After characterizing the laboratory results, clinical 
manifestations, and dietary pattern classification, we 
statistically compared the food pattern classification 
according to the presence or absence of symptoms using the 
chi-square test to identify possible associations. Our results 
showed that the food pattern classification ‘bad’ was the most 
frequent, with statistical significance since p<0.05 (Table 3).

Since statistical significance was identified in the previous 
association, a complementary analysis, called correspondence 
analysis, was performed to identify which dietary pattern 
is more associated with symptomatic and asymptomatic 
individuals. In this regard, table 4 shows that symptomatic 
individuals are more associated with bad dietary patterns, 
with a 96.06% confidence level. In contrast, asymptomatic 
individuals are more associated with good dietary patterns, 
with a 79.03% confidence level (Table 4).

Discussion
Our results indicate an association between dietary 

patterns and the development of Oropouche fever symptoms 
during the febrile outbreak that occurred in the Expedito 
Ribeiro Settlement in Santa Bárbara do Pará, Pará state, 

Figure 1: Classification of the dietary patterns of the individuals 
investigated in the Expedito Ribeiro Settlement, 2018.

Figure 2: Distribution (%) of consumption of food groups by food frequency category (daily, 1 to 2 times, 3 
to 6 times, monthly, sporadic, and never) of the individuals investigated in the Expedito Ribeiro Settlement, 
2018.

Classification according to the 
presence of symptoms

Food pattern classification - n (%)
Total p-value*

Very poor Bad Regular Good

Symptomatic 3 (6.52) 14 (30.44) 3 (6.52) 1 (2.17) 21 (45.65)

0.034Asymptomatic - 11 (23.91) 11 (23.91) 3 (6.52) 25 (54.35)

Total 3 (6.52) 25 (54.35) 14 (30.43) 4 (8.70) 46 (100.00)

*Chi-square test

Table 3: Characterization of infected individuals regarding symptoms versus the dietary pattern of the investigated individuals in the Expedito 
Ribeiro Settlement, 2018.
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Brazil, in 2018, mainly caused by OROV, although there were 
also two isolated cases of CHIKV and MAYV. We showed 
that a bad dietary profile is associated with symptomatic 
cases of Oropouche fever, while a good one is associated 
with asymptomatic cases. Our study is one of the few 
published studies associating dietary patterns and arbovirus 
symptomatology. This highlights the importance of nutrition 
as a protective factor for developing symptoms caused by the 
arboviruses, specifically the OROV.

Most of the studied population lives out of farming 
activities, which promotes contact with arbovirus vectors, 
thus prompting a sylvan outbreak by OROV in 2018 since the 
virus has already been detected in this area and surrounding 
municipalities. The Amazon Region provides highly 
favorable conditions for the OROV in nature, and this virus 
is transmitted by some vectors, especially the Culicoides 
paraensis (‘midge’), which in rural cycles has natural 
breeding sites such as barks exposed to the weather and that 
accumulate water in cocoa and other fruit crops. 

Freitas and colleagues (1982) [14] conducted a study 
during an OROV outbreak in the municipality of Santa 
Izabel, in Pará State, in 1979. They observed that the ratio 
between symptomatic and asymptomatic cases was about 
2:1, with 63% of symptomatic individuals being identified. 
Interestingly, most OROV infections are of the symptomatic 
type, which was also observed in the herein study, with 87% 
of the OROV cases being of the symptomatic type.

Regarding dietary pattern, although the diet basis of the 
population under study is made up of more natural/healthier 
foods, with low consumption of processed foods, most of the 
study population did not have an appropriate dietary pattern 
since the analysis of the daily intake of food groups by portion 
recommended by the Brazilian Ministry of Health identified 
several inadequacies, and some groups – such as cereals, 
tubers, roots, and derivatives – were consumed in a larger 
number of servings than recommended. In contrast, the group 
of vegetables was consumed in a very low number of servings 
or not consumed at all. Interestingly, the metropolitan area of 
Belém (Pará State, Brazil) is a place with a wide variety of 
regional foods and a diversity of nutrients, and the study site 
is a settlement of farmers who work in farming.

These changes cause inadequacies in the dietary pattern. 
They can negatively impact a population's health and 
quality of life since macronutrients and micronutrients are 
essential for the proper functioning of the immune system. 
Numerous nutritional states, such as malnutrition, obesity, 
and micronutrient deficiencies, can negatively impact the 
immune function. These immune dysfunctions can then lead 
to changes in host susceptibility or severity of infection [15]. 

The studied population consumes a greater quantity of 
portions of cereals, tubers, roots, and derivatives, which may 

be related to the low cost and ease of access, as well as the 
cultural influence of these foods on the dietary pattern, as 
is the case of rice and flour of cassava. Although this food 
group contributes most to the energy supply, excessive 
consumption can lead to health problems, such as excess 
weight, dyslipidemia, diabetes, and high blood pressure, 
among other chronic non-communicable diseases. 

When we analyzed the personal morbid antecedents of the 
studied population, arterial hypertension and diabetes were 
among the most frequent morbidities, given that they may 
be related to the inadequate daily consumption of portions 
of food, especially from the cereal and tubers group, as they 
are rich in simple carbohydrates and poor in fiber, causing 
constant glycemic changes that, if not adequately monitored, 
can generate insulin resistance with subsequent progression 
to diabetes, in addition to hypertension and other chronic 
non-communicable conditions. 

In this regard, when analyzing the comparisons between 
the dietary pattern and other results of the laboratory tests for 
arbovirus, we identified that there was a statistical association 
(p<0.05) between clinical manifestations and dietary pattern 
so that those who had a better, more adequate dietary pattern 
did not develop symptoms, even though they were positive 
cases, as observed in the six asymptomatic positive cases of 
OROV. 

Furthermore, when analyzing eight cases who reported 
they had Mayaro fever during a 2008 outbreak, we observed 
that one of the asymptomatic cases for this 2018 outbreak 
had a dietary pattern rated as good, and the other three 
asymptomatic cases were rated as regular. On the other hand, 
when the dietary pattern of symptomatic individuals for 
the 2018 outbreak who also had Mayaro fever in 2008 was 
analyzed, the classification of the dietary pattern ranged from 
very poor to bad, thus corroborating the result that dietary 
pattern influences the onset of clinical manifestations. 

Similar data was found by Mishra and colleagues (2017) 
[16] when studying 300 patients with dengue fever who had 
various health complications such as malnutrition, electrolyte 
imbalance, and insufficient dietary intake. After being 
admitted to the hospital, these patients were treated with 
diet and medication, and the diet was hyper-protein, low-
fat, and non-spicy. They were given liquids more frequently 
and in larger quantities. The study results showed that diet 
therapy restored food intake and favored nutritional status 
and electrolyte balance recovery.

These data strengthen the importance of an adequate diet 
for the prevention and fast recovery of organic homeostasis, 
not only to non-transmissible chronic diseases but also to 
infectious diseases that have not been well investigated and 
are associated with food and nutrition. It should be noted 
that the research herein is one of the few studies addressing 
the association between the occurrence of arboviruses and 
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food and should serve as a benchmark and stimulus for new 
studies since these diseases are recurrent in the country. Some 
are endemic to the Amazon region.

Furthermore, these data draw attention to the need to 
strengthen public policies that promote not only the avoidance 
of fast-food consumption but also reinforce the adequate 
daily consumption of the different food groups according 
to the official guides and the food pyramid. In addition, it is 
necessary to foster nutritional education activities to make the 
population aware of the importance and quality of local foods 
and their contribution to health and disease prevention.

Conclusions
Therefore, we concluded that an association was 

found between dietary patterns and the development of 
Oropouche fever-related symptoms, thus characterizing food 
as a protective factor against the development of clinical 
manifestations in Oropouche infections. However, further 
studies are required.
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Food Portion 1xday + of 1 time 
per day

1 to 2 times 
per week 

3 to 6 times 
per week

1 x per 
month E N Food 

preparation
Milk
Derivatives
Eggs
Beans
Legumes
Rice
Bread
Cookies
Potato
Pasta
Leafy vegetables
Vegetables
Fruits
Natural juice
Industrialized juice
Candy
Fried food
Mayonnaise
Vegetable oil
Oil
Margarine
Butter
Cream cheese
Refined sugar
Canned
Chips; Pizza
Soft drinks
Natural seasoning
Industrialized seasoning
Beef
Birds
Fish
Viscera
Sausages
Alcoholic beverage

Food Portion 1xday + of 1 time 
per day

1 to 2 times 
per week 

3 to 6 times 
per week

1 x per 
month E N Food 

preparation
Chestnuts
Açaí
Tacacá
Cassava flour
Tapioca 

E= eventually		  N= never

Date of the interview: ___/___/_____	 Time of the beginning/conclusion: ______/_______

Name: ______________________________________________________Gender: M (   )  F (   )

Age: _______		  Date of Birth: ___/___/_____     Weight:		  Height:                            Have you changed your 
eating habits recently or are you dieting to lose weight or for any other reason? □ No	   □ Yes	        □ Reason ______________________
________________

Are you taking vitamins, minerals and other products to supplement your diet?   

□ No			   □ Yes, regularly			   □ Yes, but not regularly

Supplementary Table 1: - Food Frequency Questionnaire (FFQ)  Food Frequency Questionnaire (FFQ)
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Group of food Number of daily portions
Cereals, tubers, roots and derivatives 6
Beans 1
Fruits and juices of natural fruits 3
Vegetables and greens 3
Milk and dairy products 3
Meat and eggs 1
Oils, fats, and oilseeds 1
Sugars and candies 1

Supplementary Table 2: Daily portions of each food group according to the Brazilian Ministry of Health recommendation.
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