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Abstract

Introduction: The antimalarial drugs can cause irreversible sensorineural hearing loss, and chloroquine phosphate
use can be ototoxic to the fetus. Objective: To compare the results of hearing screening in newborns of mothers
treated for malaria in pregnancy with the results of newborns of mothers untreated and check for increased risk of
hearing alterations in the group exposed to treatment. Method: Retrospective cohort study which involved 284 infants,
30 in the exposed group to malaria treatment and 254 in the unexposed group, matched for gestational age, birth
weight and risk indicators for hearing. They underwent hearing screening by means of transient evoked otoacoustic
emissions and/or auditory brainstem response automatic. The variables were collected in an interview with the
parents in the health record and the screening database. Results: The prevalence of fail in exposed group (6.7%)
was significant when compared with the unexposed group (1.2%). The risk of failing in the hearing screening in the
exposed group was 5.64 (Cl 1.17 to 27.3). Conclusion: Newborns of mothers treated for malaria in pregnancy had a
prevalence of fail in hearing screening at 6.7% and 5.64 higher chances to fail than newborns of untreated mothers.
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INTRODUCTION

Hearing is one of the main individual means of
contact with the outside world, playing a key role in
their integration with society’. It allows the processing
of acoustic events like speech, making possible to
communicate with the expression of thinking?. Therefore,
the hearing is in a precondition for the acquisition and
development of language®.

A child in acquiring your functions phase uses
the language to organize your universe, understand the
surrounding world, understand each other, transmit and
abstract thoughts and feelings, interact with environment
and acquire knowledge. In a child with hearing loss, the
inability to communicate, can become an introverted
individual, with problems of nervous origin, and end up
isolating themselves from the surroundingworld because
not understanding and not being understood*.

There are several risks to which it is exposed the
child’s hearing, when they were present in the pre, peri
and post-natal. Some congenital infections have been
described as high risk for hearing loss in childhood,
such as toxoplasmosis, rubella, cytomegalovirus, herpes
simplex and syphilis®. Malaria is an infection with risk of
vertical transmission and important cause of mortality
in the neonatal period and can lead to severe damage
to the fetus®.

Malaria is described as infectious disease caused
by the plasmodium parasites, transmitted in nature by
the bite of infected mosquitoes Anopheles type. It is
considered one of the major public health problems
because the plasmodium are found in an area which
is home to nearly half the world’s population and when
it occurs during pregnancy is responsible for broad
spectrum of complications’.

Currently in Brazil, malaria transmission is basically
restricted to the Legal Amazon (Acre, Amapa, Amazonas,
Maranhao, Mato Grosso, Para, Rond6nia, Roraima and
Tocantins), and Ronddnia is among the four states where
it has the highest incidence®.

The effects in newborns of mothers infected with
malaria in pregnancy have been insufficiently studied
and so far it has been suggested that infection with
Plasmodium Vivax is associated with low birth weight®.

Another effect that is insufficiently studied is the
ototoxic potential of the drugs used to treat malaria.
These drugs can cause irreversible sensorineural hearing
loss' and it was shown that chloroquine phosphate use
in the third quarter can be ototoxic to the fetus!'. In other
national studies, the authors identified cases of hearing
loss in newborns of mothers infected with malaria during
pregnancy'?13,

Since hearing loss can be extremely harmful
to children’s development and the lack of studies

investigating the ototoxic effect of antimalarial drugs,
it was necessary to conduct this study, which aimed to
compare the results of newborn hearing screening (NHS)
of newborns of infected mothers and treated for malaria
in pregnancy with results in newborns from uninfected
mothers.

METHOD

This study is part of a project entitled “Study of
hearing in a neonatal hearing screening program in
the Amazon region”, which was approved by the ethics
committee on human research under the number 567/11.
Parents whose newborns were part of this study, agreed
to participate by signing the consent form.

This is an observational analytical study of
retrospective cohort.

Data collection occurred in the NHS program
conducted in a tertiary referral hospital in the care of
pregnant women and newborns at high risk of Porto
Velho (Rondonia), from February 2011 to February 2013.

The sample set to convenience or consecutively
was estimated from the number of live births in the
hospital where the study was conducted in the years
2011 and 2012, which was 6249 newborns. So we were
using the sample calculation and adopting an error of 5%
and 90% confidence level was reached on a minimum
sample size of 260 newborns.

Newborns that participated in the study whose
progenitors were infected with malaria during pregnancy
and underwent treatment with antimalarial drugs
(exposed group) and newborns of progenitors not
infected by malaria in pregnancy who did not undergo
treatment with antimalarial drugs (unexposed group).
To be part of the study the newborn should have been
submitted to the NHS and their parents or guardians
should agree by signing the consent form.

To achieve the expected number in the sample
were invited to participate in the study 335 parents and
their newborns. However, 51 were excluded, 37 because
they have not completed the NHS process, 13 due to
the absence of the variables of interest (birth weight
and/or gestational age) in the chart of the newborn, and
a foreign mother newborn because of the difficulty for
communication. Therefore, the sample consisted of 284
newborns, these 30 made up the exposed group and
254 non-exposed group.

The variables of interest in this study were
collected in health records of mothers’ and/or interview
with the mother or guardian, in their health records of
newborn screening and database. In the chart and/
or interview with the mothers’ or guardians there was
the history of infection and treatment for malaria during
pregnancy, type of plasmodium, type of antimalarial
drugs and trimester she started treatment. In addition,
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there was the occurrence of risk factors for hearing
loss (RFHL)® such as toxoplasmosis infection, rubella,
cytomegalovirus, herpes, syphilis and family history
of hearing loss in childhood. In the health records
of newborns, it was verified the gestational age and
birth weight, as well as occurrence of RFHLS, stay in
neonatal intensive care units, use of ototoxic drugs,
mechanical ventilation, extracorporeal membrane
oxygenation, hyperbilirubinemia with serum level
requiring exchange transfusion, syndrome associated
with hearing impairment and craniofacial malformations.
In the NHS database (HITRACK SOFTWARE 3.5) were
verified the tests and their results (pass or fail).

The NHS program from hospital where the study
was conducted following the protocol suggested by the
Support Group Universal Newborn Hearing Screening.
Screening is performed by electrophysiological
measurements with transient otoacoustic emissions
(TOAE) and/or automatic auditory brainstem response
(AABR). Newborns considered low risk (without RFHL)
for hearing loss are submitted to NHS through TOAE
and high risk (with RFHL) are screened using the
combined technique of TOAE/AABR. In this program,
as a criterion of the service itself, newborns of infected
pregnant women for malaria during pregnancy, are also
screened with use of the protocol for high-risk newborn
hearing loss.

The equipment used by the NHS service to the
research of TOAE and AABR is the automatic model
portable MADSEN AccuScreen®, GN Otometrics. Initially,
all newborns were tested for TOAE and following (after
fixing the electrodes) the AABR was tested in the group
exposed and unexposed in newborns identified as high
risk for hearing loss in childhood, according to program
protocol.

To perform the TOAE, the equipment has been
calibrated by the manufacturer for automatic analysis
of responses to the following parameters: evaluation
by binomial statistics; stimulus type nonlinear click a
sequence with 60 Hz speed; intensity of 70-84 dB SPL
(45-60dB NS); frequency spectrum from 1.5 to 4.5 kHz;
artifact lower than 20%. When parameters have been
achieved the record “pass” was obtained.

In the record of the AABR, after checking the
impedance of the electrodes (acceptable < 12 KOhms),
the equipment made automatic analysis of responses
with considering the following parameters: evaluation by
binomial statistics; click stimulus of about 80Hz speed
and intensity of 35 dB NS. When the optimal parameters
were achieved, the equipment recorded “pass”.

The criteria for analyzing the results of the
screening is to pass (no probability of hearing loss) and
fail (there is probability of hearing loss and needs a full
assessment). The low-risk newborns obtained aurally

satisfying answers (pass) when showed the presence of
TOAE bilaterally in the test or retest. High-risk newborns
obtained aurally satisfying answers (pass) when showed,
atleast, the presence of AABR bilaterally. In the event that
the result of the NHS was “fail”, newborns were referred
for diagnostic and conduct evaluation.

For purposes of this study, it was analyzed data
only include the detection (pass/fail) of hearing loss, ie,
the NHS.

For the exposed group, it was found that 33.3%
(n = 10) of the women were infected with malaria in the
first trimester of pregnancy, 26.7% (n = 8) in the second,
30.0% (n = 9) inthe third and 13.3% (n = 4) did not know
their gestational period; 80% (n = 24) were infected with
Plasmodium Vivax, 10% (n = 3) for Falciparum, 6.7% (n
= 2) for both Plasmodium and 3.3% (n = 1) did not know
the type of plasmodium. Finally, 66.7% (n = 20) were
treated with chloroquine, 10% (n = 3) with primaquine,
6.7% (n = 2) Coartem, 3.3% (n = 1) Quinine and 16.6%
(n = 5) did not know the medicine used in treatment.

After the formation of the groups and to ensure that
they were matched on possible confounding variables
(gestational age, birth weight and risk factors for hearing
loss in childhood), they were compared for mean
gestational age and birth weight through the ANOVA test
and on the frequency of risk factors for hearing loss in
childhood through the equality test of two proportions.
It was observed that the pairing of the groups regarding
gestational age and birth weight were no significant
differences (P = 0.151 and 0.455, respectively). Besides
having low coefficient of variation which showed that the
sample is homogeneous (Table 1).

Also, significant difference was not detected
between groups with RFHL, but it was identified a case
of craniofacial malformations in the exposed group,
significant compared with the group not exposed
(Table 2). However, this particular case did not present
altered results in the NHS.

To achieve the proposed objectives in this study,
after the composition of the groups they were compared
for NHS results. For this analysis we used the equality test
of two proportions. Finally, it has been found the relative
risk in exposed group of the NHS fails.

Statistical tests showed a 0.05 significance level
(5%).

RESULTS

The comparison between the result of the NHS
(pass/fail) between the exposed and unexposed groups
to malaria during pregnancy and their treatment, there
was significant difference (P-value = 0.031) and the risk
of fail in the exposed group was 5.64 (Cl = 1.17 t0 27.3)
(Table 3).
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Table 1. Comparison of weight and gestational age in newborns of infected mothers and treated for malaria in pregnancy and
newborns of mothers not infected during pregnancy.

Birth weight GA?

Groups
Unexposed Exposed Unexposed Exposed

Mean 2998 3111 37.32 38.10
Median 3083 3213 38 39
Standard Deviation 800 620 2.87 2.25
Cvr 27% 20% 8% 6%
Minimum 1.005 1.785 28 32
Maximum 5.270 4.730 42 41
Ne 254 30 254 30
cu 98 222 0.35 0.80
P-value® 0.455 0.151

Statistical test: ANOVA,; Statistical significance: P < 0.05. Legend: a = gestacional age; b = coefficient of variation; ¢ = number of individuals; d
= confidence interval; e = significance level.

Table 2. Comparison of risk indicators for hearing in newborns of infected mothers and treated for malaria in pregnancy and
newborns of mothers not infected.

Unexposed Exposed :

RIHL?2 P-value'

NP %° N %

NWRIHL® 142 55.9 20 66.7 0.260
NICU® 43 16.9 6 20.0 0.674
Ototoxic 88 34.6 7 23.3 0.214
MECV! 14 55 0 0.0 0.187
Oxygen Therapy 80 315 6 20.0 0.195
Syndrome 1 0.4 0 0.0 0.731
Malformation 0 0.0 1 3.3 0.004
HL9 in the family 11 4.3 0 0.0 0.245
Toxoplasmosis 7 2.8 2 6.7 0.248
Rubella 2 0.8 0 0.0 0.626
Syphilis 2 0.8 0 0.0 0.626
HIVh 5 2.0 0 0.0 0.438

3.3 sanguinidade
RN de msto e o np
Consanguinity 3 1.2 1 a freuqerificar upos 0.344
quanto a sua ocorr
por mal

Statistical test: equality test of two proportions; Statistical significance: p < 0.05. Legend: a = risk indicator for hearing loss; b = number of
individuals ¢ = percentage; d = newborn without risk indicator for hearing loss; e = neonatal intensive care unit; f = mechanical ventilation; g =
hearing loss; h = human immunodeficiency virus; i = significance level.

Table 3. Comparison of result Pass/Fail in hearing screening in newborns of infected mothers and treated for malaria in pregnancy
and newborns of mothers not infected.

Result Fail Pass pval RRY Cle
esults -value®
Na %> N % (95%)
Exposed 2 6.7 28 93.3
0.031 5.64 1.17-27.3
Unexposed 3 1.2 251 98.8

Statistical test: equality test of two proportions; statistical significance p < 0.05. Legend: a = number of individuals; b = percentage; ¢ = significance
level; d = relative risk; e = confidence interval.
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DISCUSSION

The use of ototoxic substances is one of the causes
of hearing loss™. The antimalarial drugs are considered
ototoxic, it can cause irreversible sensorineural hearing
loss™. In this study, chloroquine was the most common
antimalarial drug (66.7%), which can be explained by the
frequency of infection by Plasmodium vivax (80%), as this
is the treatment recommended by the Ministry of Health®
in infected pregnant women.

The use of chloroquine in the third trimester of
pregnancy may be ototoxic to the fetus''. In the current
study, malaria infection showed similar distribution in the first
(83.3%), second (26.7%) and third trimester of pregnancy
(30%), which would make the most of the less exposed
fetuses to the effects of chloroquine treatment. However,
in cases where there is a malaria relapse pregnant women
that received conventional treatment (three days) and after
they are subjected to a strict weekly plan where chloroquine
was administered for 12 consecutive weeks'®. The type of
treatment plan that was submitted to the pregnant woman
was not the objective of our research, but it is known that
long plan with prophylactic uses, may expose the fetus to
the effects of this medicine.

The fight against malaria is another major challenge
for the Brazilian public health. Malaria is responsible for
serious complications during pregnancy'’, including the
fact is that your treatment can be harmful to the hearing
organ of the neonate'. In this study, the group exposed to
malaria and its respective treatment showed a prevalence
of 6.7% alterations in the NHS, still having newborns in the
exposed group presented 5.64 higher chances to fail in
NHS compared with the unexposed group.

The results suggest that newborn of mothers
infected with malaria and treated with antimalarial drugs
during pregnancy have higher risk of alteration in the
NHS and presented hearing loss. Both the screening with
otoacoustic emissions (OAE) and with ABR can be used
to detect sensorineural hearing loss. When considering
that the newborns of mothers infected with malaria during
pregnancy and their treatment, the program which was
conducted this study are submitted to NHS through
the combined technique of TOAE/AABR and that this
methodology and detect alteration at the peripheral and
neural level, decreases the number of false positives® 89, it
is believed that most of newborns that failed presents some
degree of hearing loss.

The results differ from that was observed in two
studies in newborns of mothers Sudanese treated with
antimalarial drugs during pregnancy, which did not
identify hearing loss in this population?°2', However,
these studies did not show clearly the methodology
used to investigate the occurrence of hearing alterations
in newborns. For auditory evaluation of newborns and

children are indicated electrophysiological methods (OAE
and ABR)52 because of the difficulty of observing reliable
behavioral responses in this age group. Thus, these
procedures were not respected in these studies. Another
factor that may have supported for different results is
the type of malaria presented by pregnant women and
their treatments. Sudanese studies in pregnant women
were treated with Quinine for uncomplicated falciparum
malaria, while in this study most of the patients presented
the type vivax malaria and were treated with chloroquine.

This research further agrees with that observed in
a study in which the authors, when analyzing the ABR
in newborns of mothers who used antimalarials drugs
during pregnancy, it was identified 11.2% of the sample
with unilateral sensorineural hearing loss and chloroquine
as main drug used by mothers', It corroborates with a
study that identified a prevalence of hearing loss by 3%
in newborns of mothers with gestational malaria® in the
same NHS program which this study was conducted.
However, among the diagnosed cases, only one had
sensorineural hearing loss, which is compatible with
ototoxicity, and the mothers’ had made use of primaquine
for the treatment of malaria.

In another study, also conducted in the same NHS
program, the authors identified a prevalence of fail in
NHS in newborns whose mothers underwent treatment
for malaria during pregnancy similar to that found in this
study. However, following the procedures of audiological
diagnosis, the authors showed no relation to hearing
loss found with the use of antimalarial drugs during
pregnancy?.

For the composition of the groups in this study, it
performed the pairing of newborns considering birth weight
and gestational age in order to minimize the interference of
these variables in the occurrence of the fail test in the NHS.
This procedure was necessary because of malaria during
pregnancy is related to low birth weight and prematurity?,
and when they are associated increase the chance of
newborns present hearing loss®.

In the newborn, hearing loss is associated with the
permanence for more than five days in NICU and regardless
of length of stay, the need for extracorporeal membrane
oxygenation, use of ototoxic drugs and serum level requiring
exchange transfusion for hyperbilirubinemia®, and family
history of hearing loss in childhood, syndromes associated
with hearing loss in childhood and craniofacial malformation,
considered RFHL.

The RFHL were observed in both groups with
similar distribution, except for the indicator of craniofacial
malformation, which was significant in the exposed group.
However, despite this indicator have occurred exclusively
in the exposed group (n = 1), this was not responsible for
the largest number of fails because this specific case did
not present alteration in the NHS.
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Symptoms of ototoxicity related to Chloroquine
Phosphate are similar to those caused by aminoglyco-
sides' and these can cause permanent hearing loss in
later onset®. These statements and the fact that malaria
during pregnancy associated with prematurity increases
the chance of the child present alteration in the devel-
opment?® makes us conclude the need to monitor the
hearing of this population with early identification of the
occurrence of hearing loss and/or alteration in develop-
ment hearing.

An important limitation to conduct this study was the
low number of scientific publications related to the theme,
besides the fact of not using methodologies recommended
for the investigation of hearing loss in newborns and when
used the correct methodology, the studies were merely
descriptive.

Thus, it is concluded that newborns of mothers
treated for malaria in pregnancy have prevalence of fails the
hearing screening at 6.7% and 5.64 higher chances to fail in
screening than newborns of untreated mothers. Considering
the impact that hearing loss causes in child development
and the high incidence of malaria worldwide, more studies
are needed that rejected or proved the relation between
the use of antimalarial drugs during pregnancy and the
development of hearing alterations in newborns, in order
to prevent or identify earlier this alterations.
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