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ABSTRACT

Background and Objectives: Nutrition, in addition to its physiological function, plays an important role in the
recovery of individuals with malaria, a disease that still represents a serious public health problem in the world. The
objective of this study was to assess nutritional determinants in the frequency of food intake and the occurrence of
anemia in children and adolescents with P. vivax malaria. Methods: A cross-sectional analytical study was carried
out between 2014 and 2015 in the Marajo Island. The hemoglobin level was measured by the colorimetric enzymatic
reaction and a questionnaire of food intake frequency was used to assess the consumption of different types of
food. Results: A total of 67 patients met the inclusion criteria, from which 62.7% were children and 37.3% were
adolescents. There was a high consumption of ultra-processed foods in both age groups. Anemia occurred in 52.2%
of patients, and in most of them it was moderate. There was no significant association between anemia and sex, age
group or parasitemia at admission. However a significant association was found between anemia and the ingestion
of ultra-processed foods. Conclusion: The ingestion of ultra-processed foods contributes to anemia in children and
adolescent with malaria by P. vivax.

Keywords: Plasmodium vivax; Anemia; Nutritional Status;, Food Consumption.

RESUMO

Justificativa e Objetivos: A nutricdo, além de sua funcdo fisioldégica, desempenha um papel importante na
recuperacdo de individuos com maldria, uma doencga que ainda representa um grave problema de saude publica
no mundo. O objetivo deste estudo é avaliar os determinantes nutricionais na frequéncia da ingestdo alimentar e a
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ocorréncia de anemia em criancas e adolescentes com malaria por P. vivax. Métodos: Estudo transversal analitico,
realizado entre 2014 e 2015 na ilha do Marajé. O nivel de hemoglobina foi medido pela reacdo enzimatica colori-
métrica e um questionario de frequéncia de ingestdo alimentar foi utilizado para avaliar o consumo de alimentos.
Resultados: Um total de 67 pacientes atendeu aos critérios de inclusdo do estudo, dos quais 62,7% eram criangas
e 37,3% adolescentes. Houve alto consumo de alimentos ultraprocessados em ambas as faixas etarias. A anemia
foi detectada em 52,2% dos pacientes e, na maioria deles, foi moderada. Ndo houve associagdo significativa entre
anemia e sexo, faixa etaria ou parasitemia na admissdo. No entanto, encontramos uma associagao significativa entre
presenca de anemia e ingestao de alimentos ultraprocessados. Conclusao: A ingestdo de alimentos ultraprocessados
contribui para a anemia em criancas e adolescentes com malaria por P. vivax.
Palavras-chave: Plasmodium vivax; Anemia; Estado nutricional; Consumo alimentar.

RESUMEN

Justificacion y objetivos: La nutricion, ademas de su funcion fisioldgica, juega un papel importante en la
recuperacion de las personas con malaria, una enfermedad que todavia representa un importante problema de
salud publica en el mundo. El objetivo de este estudio es evaluar los determinantes nutricionales en la frecuencia del
consumo de alimentos y la ocurrencia de anemia en nifios y adolescentes con malaria por P. vivax. Métodos: se realizé
un estudio analitico transversal entre 2014 y 2015, en la Isla de Marajé. El nivel de hemoglobina fue evaluado por
ensayos enzimaticos colorimétricos y se utilizé un cuestionario de frecuencia de consumo de alimentos para evaluar
el consumo. Resultados: Un total de 67 pacientes cumplid los criterios de inclusion en el estudio, de los cuales el
62,7% eran nifios y el 37,3% adolescentes. Se registr6 un alto consumo de alimentos ultraprocesados en nifios y ado-
lescentes. La anemia se detectd en el 52,2% de los pacientes, de caracter moderada principalmente. No se encontrd
una asociacion significativa entre anemia y sexo, grupo de edad o parasitemia al ingreso. Sin embargo, se encontré
una asociacion significativa entre la anemia y la ingestion de alimentos ultraprocesados. Conclusién: La ingesta de
alimentos ultraprocesados se asocia con la presencia de anemia en nifios y adolescentes con malaria por P. vivax.

Palabras clave: Plasmodium vivax; Anemia, Estado Nutricional, Consumo Alimentario.

INTRODUCTION anorexia, nausea, and vomiting caused by the disease,
which lead to an inadequate food intake and contribute
to the negative nitrogen balance.?

The objective of this study was to evaluate nutritio-
nal determinants in the frequency of food intake and the
occurrence of anemia in children and adolescents with

malaria by P. vivax.

Malaria is still one of the major health public
problems in the Brazilian Amazon with approximately
145,000 cases reported every year. Plasmodium vivax is
the most prevalent species in the Region of the Ameri-
cas, representing 82% of the cases notified to the health
surveillance system in the Amazon Region.*? As a rule,
the parasite density in P. vivax malaria is lower than in P.
falciparum. However, it is worth mentioning that P. vivax
infection can range from asymptomatic cases to serious
complications that can lead to death. Groups at risk for
severe disease are children, pregnant women, and prima-

METHODS

Study site and participants
This was a cross-sectional descriptive study of cases

ry infected patients.>®

Anemia is common in vivax malaria, and the exact
mechanisms are still unclear. Several host-related factors
contribute to anemia in these patients. These include
genetic and environmental factors as intestinal helmin-
thes, comorbidities, and inadequate alimentary habits.®
The latter is relevant because it can lead to the deficiency
of essential nutrients including vitamin A, zinc, iron, and
folate, which contribute to the increase in the rate and
intensity of anemia in patients with malaria. Moreover,
the adequate intake of nutrients is important for an
adequate immune response of the human host against
infections.” In malaria, the deficit of essential nutrients
can be due to either the inadequate alimentary habits re-
lated to low levels of education and low economic status
of most of the people who live in endemic areas or to the

carried out from January 2014 to December 2015 in the
municipality of Anajas in the Marajo Island (00° 59' 21"S
e 49° 56' 24"W). The municipality has an area of about
6,913,068 km?and a population estimated at 24,759 inha-
bitants, most of them (61.6%) living in rural areas. Anajas
has a very low human development index of 0.484. The
municipality concentrates most of the cases of malaria in
the State of Para, and 3,004 cases were notified in 2013.
Plasmodium vivax accounted for 90% of the cases.>*°
The criteria for inclusion were children and ado-
lescents with slide-confirmed infection by P. vivax who
spontaneously searched for assistance in the malaria
health facility of the municipality and displayed signals
and symptoms of the disease. The criteria for exclusion
were children and adolescents with other infectious or
chronic-degenerative diseases, signals and symptoms of
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severe malaria (parasitemia above 5%, jaundice, pulmo-
nary impairment, altered levels of consciousness), GGPD
deficiency, congenital diseases and/or antimalarial use
three to six months prior to the inclusion in the study.

Data collection

A semi-structured questionnaire was applied to the
guardian of the children and adolescents included in the
study. Data regarding sex, age range, history of malaria,
parasitemia at admission, economic status of family, and
education level of the mother were registered in an ap-
propriated database.

Laboratory analysis

Blood samples were collected at enrollment from
patients in the study for parasite count and hemoglobin
measurement. Parasite count was performed according
to the Walker technique. The number of parasites was re-
corded in 200 white blood cells, considering a total count
of 8,000/mL of white blood cells.®® The measurement
of hemoglobin was based on photometric detection of
cyanmethemoglobin which is a stable compound derived
from hemoglobin, using Labtest diagnostic Kits, follo-
wing good laboratory practices. The diagnosis of anemia
and its severity followed the criteria of the World Health
Organization, which consider anemia in children from 6
to 59 months when hemoglobin < 11 g/dl, for children
from 5 to 11 years when hemoglobin < 12.5g/dl, for chil-
dren from 12 to 14 years and non-pregnant adolescents
when hemoglobin < 12g/dl and for adolescent males
when hemoglobin < 13g/dl.*2

Frequency of food intake

A food frequency questionnaire (FFQ) previously
validated for the Brazilian population was used to esti-
mate the frequency of foods intake. The questionnaire
was applied to the guardians of the children and ado-
lescents at their enrollment in the study. The instrument
is composed of 100 different foods, which are classified
in two categories: a) in natura or minimally processed,
including fresh fruits, milk and eggs, beef, vegetables
and cereals and flours; b) ultra-processed foods such as
fast foods and savory snacks, canned foods, treats and
sweets, and sweet drinks. The intake of these foods was
considered regular if ingested 5 or more times in a week.
The categories and the classification of weekly ingestion
were based on the guidelines of adequate and healthy
food intake for the Brazilian population.t

Data analysis

Data was presented as frequency of occurrence for
categorical variables. The Chi-square test and the Fisher's
exact test were performed for comparisons of these
quantitative variables. Continuous variables are presented
as median (interquartile range), and were compared using
the Mann-Whitney test. Data was analyzed in WHO progra-
ms AnthroPlus and SPSS software v.21.0 (IBMinc, Chicago,
IL, USA), and a p-value <0.05 was considered significant.

Ethical aspects

The present study was revised and approved by
the ethical committee of Institute of Health Sciences
of the Federal University of Para, under the number
261.593/2013 and CAAE 207199612.0.0000.0018. The
parents or guardians of the patients provided consent
for their inclusion in the study.

RESULTS

Atotal of 67 patients met the criteria for the inclusion
in the study. The mean age was 9.5 (8.0-12.8) years and
children represented 62.7% of the casuistic (p > 0.05). In
most cases, the mother was the guardian of the children
and adolescents (91%), they have a low education level,
live with a monthly stipend below $100.00 and they were
included in social programs of cash transfer (Table 1).

Table 1. Socioeconomic characteristics of the families
of patients included in the study, Anajas-Para, 2015.

Characteristic n % | (o
Guardian
Mother 61 91.0 81.5-96.6
Other 6 9.0 34-185
Education (years in school)
0 15 224 131-342
1-4 24 35.8 245-485
5-8 13 194 10.8 -30.9
>9 11 16.4 8.5-275
Not reported 4 6.0 1.7-14.6

Employment situation of the
person in charge of the house

Self Employed 11 16.4 8.5-275

Unemployed 51 76.1 64.1-85.7

Employee / Retired 5 7.5 25-16.6
Family income

<1 Minimum wage 55 82.1 70.8 -90.4

> 1 Minimum wage 12 179 9.6-29.2
Cash transfer program

Yes 59 838.1 77.8-94.7

No 8 11.9 53-222

The frequency of anemia was 52.2% and in most
cases moderate (74.3%), with classification of microcytic
(51.4%). The sex, age group, and parasitemia at admission
were similar between patients with and without anemia
(Table 2).

The frequency of ingestion of in natura or mini-
mally processed foods was similar in both anemic and
non-anemic patients, with a low ingestion of fresh fruits
(64.2%), vegetables (53.7%), and a regular intake of beans
(77.6%), beef (86.6%), milk and eggs (74.6%) and cassava
root (89.5%). The frequency of processed foods ingestion
was higher in anemic patients compared to non-anemic
ones. Patients reported a low frequency of ingestion of
canned foods (95.5%) and treats and sweet (74.6%), but
a regular ingestion of fast food (52.2%) and sweet drinks
(52.2%). Data is presented in table 3.
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Table 2. Baseline characteristics of patients. Anajas-Para, 2015.

Characteristic Total (n= 67) Anemic (n= 35) Non-Anemic (n= 32) P
Sex (%)
Male 37 (55.2) 16 (45.7) 21 (65.6) 0.164*
Female 30 ( ) 19 (54 11 (34.4)
Age group (%)
Child (2-10 years) 42 (62.7) 19 (54.3) 23 (71.9) 0.217*
Adolescent (<10-16 years) 25(37.3) 16 (45.7) 9(28.1)
Anemia level (%)
Light - 26 (74.3) - -
Moderate - 9(25.7) -
Mean Corpuscular Volume (MCV) -
Classification (%)
Microcytic - 18 (51.4) - -
Normocytic - 10 (28.6) -
Macrocytic - 7 (20.0) -
Parasitemia at admission** 2,500 (500-7,000) 2000 (750-5,750) 3000 (500-10,000) 0.482+
Red blood cells, millions, M/pL** 39 (3.4-4.3) 35(3.2-4.1) 41 (3.8-4.5) 0.002+
Hemoglobin, g/dl ** 11.1(10.1-12.2) 10.2 (9.8-10.9) 12.3(11.8-13.0) <0.0001+
Hematocrit, % ** 30.3 (27.7-33.7) 29.2 (26.2-32.1) 32.0(29.9-34.0) 0.024+

* Chi-square test; ** median (interquartile range); +Mann-Whitney test.

Table 3. Distribution of food consumption of patients and the presence of anemia. Anajas-Para, 2015.

Variables Total n (%) Anemic n (%) Non-anemic n (%) P

In natura or minimally processed
Fresh fruits
<5 times 43 (64.2) 22 (62.9) 21 (65.6) >0.99*
S 5 times 24 (35.8) 13 (371 11 ¢( )

Vegetables
< S times 36 ( 21 (60.0) 15 (46.9) 0.405*
s 5 times 314 14 (40.0) 17 (53.1

Beans
<5 times 52 (7 28 (80.0) 24 (75.0) 0.770*
> 5 times 15 (22.4) 7 (20.0) 8 (25.0)

Cereals and flours
<5 times 7 (10.5) 4 (11.4) 3(9.4) >0.99**
S 5 times 60 (89.5) 31 (88.6) 29 (90.6)

Beef
<5 times 9(13.4) 4(11.4) 5(15.6) 0.885**
S 5 times 58 (86.6) 31 (88.6) 27 (84.4)

Milk and eggs
<5 times 17 (25.4) 11 (31.4) 6 (18.8) 0.362*
S S times 50 (74.6) 24 (68.6) 26 (81.2)

Ultra-processed

Fast Foods and savory snacks
< 5times 32 (47.8) 11 (31.4) 21 (65.6) 0.010*
> 5 times 35(52.2 24 (68.6) 11 (34.4)

Canned foods
< 5 times 64 (95.5) 33(94.3) 31(96.9) >0.99**
> 5 times 34.5) 2(57) 131

Treats and sweets
< 5 times 50 (74.6 26 (74.3) 24 (75.0) >0.99*
> 5 times 17 (25.4) 9 (25.7) 8 (25.5)

Sweet drinks
< 5 times 32 (47.8) 18 (51.4) 14 (43.8) 0.701*
> 5 times 35(52.2) 17 (48 18 (56.2)

*Chi-square test; ** Fisher's Exact test
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DISCUSSION

The study was designed to assess the frequency of
ingestion of different types of foods and the occurrence
of anemia in children and adolescents with vivax malaria
from the Brazilian Amazon. The evaluation of the alimen-
tary habits of the population that lives in endemic areas
could provide relevant information about determining
factors of anemia in subjects with malaria. In the area of
the study, most of the inhabitants live below the poverty
line and have a low level of education, and this could
contribute to an inadequate intake of essential nutrients.
In fact, the social and economic profile of children and
adolescents enrolled in the study are in agreement wi-
th other reports about the epidemiology of malaria in
the Brazilian Amazon. Moreover, the repeated episodes
of the disease in children and adolescents with a low
parasite count when compared to P. falciparum cases is
common in this endemic area.

The analysis of the food frequency questionnaire
showed an ingestion of fruits and vegetables below that
recommended by the WHO.** A similar result was found
by a study that included children and adolescents from
an endemic area in the state of Amazonas.’> Moreover,
there is a high ingestion of ultra-processed foods by
both children and adolescents. This scenario reflects a
potential change in the nutritional standard of Brazilian
population, which might promote negative consequen-
ces for the health of those individuals, especially in
areas of food insecurity, as in natura foods are important
sources of essential macronutrients and micronutrients
that are required to an adequate immune response to
environmental stressors. In addition, the intake of fruits
and vegetables by the native population of the Amazon
is lower than in other regions of the country.16-18

Anemia is an important complication of vivax
malaria and the exact mechanism underlying is still un-
clear. In the present study, around half of the patients
experienced moderate anemia which is in accordance
with previous studies of the same endemic scenario that
reported a high prevalence of anemia.”

In children from the Brazilian Amazon, anemia has
been associated with the deficiency of iron and of other
micronutrients, including folate, vitamin A, and vitamin
B12. This is a result from genetic or environmental factors
such as intestinal and other parasitic infections as well as
chronic infection or non-infectious diseases, and the ina-
dequate ingestion of essential nutrients.’*2°22 In the pre-
sent study, we could not find association between anemia
and sex, age, or parasite count at admission. However, the
presence of anemia was associated with high frequency of
weekly intake of ultra-processed foods, which have high
levels of free sugars and total, saturated, and trans-fat, and
low levels of proteins, dietary fibers and, especially micro-
nutrients (vitamins and minerals),2 demonstrating the low
nutritional quality of the population studied.

Overall, population groups with low socioeconomic
status and low educational levels have a lower prevalence
of healthy food consumption. Therefore with a low con-
tent of essential nutrients, they are more vulnerable to

micronutrient deficiencies,??* such as iron, which is an
important cause of anemia. The association between iron
deficiency and malaria incidence by P. vivax was observed
in a study carried out with children in the Amazon Region.
Thus, the deficiency of this micronutrient, besides being
a marker of a serious socioeconomic problem, represents
a greater risk for malaria.?

On the other hand, there was no significant asso-
ciation between the frequency of ingestion of in natura
foods with the occurrence of anemia in children and
adolescents included in the study. These results could be
due to the low ingestion of foods from this group by the
patients included in the study.

The results of the current study are relevant to un-
derstand the factors underlying anemia in patients with
malaria by P. vivax from the Brazilian Amazon. Surprisin-
gly, people living in this forest area have a low ingestion
of fruits, vegetables and usually have meals with a high
content of ultra-processed foods. Finally, there is a signi-
ficant association between anemia and the consumption
of foods with low content of essential nutrients.
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