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Abstract

Each year, 4.3 million pregnant women are exposed to malaria risk in Latin America and the
Caribbean. Plasmodium vivax causes 76% of the regional malaria burden and appears to be
less affected than P. falciparum by current elimination efforts. This is in part due to the parasi-
te’s ability to stay dormant in the liver and originate relapses within months after a single mos-
quito inoculation. Primaquine (PQ) is routinely combined with chloroquine (CQ) or other
schizontocidal drugs to supress P. vivax relapses and reduce the risk of late blood-stage
recrudescences of parasites with low-grade CQ resistance. However, PQ is contraindicated
for pregnant women, who remain at increased risk of repeated infections following CQ-only
treatment. Here we apply a mathematical model to time-to-recurrence data from Jurua Val-
ley, Brazil’'s main malaria transmission hotspot, to quantify the extra burden of parasite recur-
rences attributable to PQ ineligibility in pregnant women. The model accounts for competing
risks, since relapses and late recrudescences (that may be at least partially prevented by
PQ) and new infections (that are not affected by PQ use) all contribute to recurrences. We
compare recurrence rates observed after primary P. vivax infections in 158 pregnant women
treated with CQ only and 316 P. vivax infections in hon-pregnant control women, matched for
age, date of infection, and place of residence, who were administered a standard CQ-PQ
combination. We estimate that, once infected with P. vivax, 23% of the pregnant women
have one or more vivax malaria recurrences over the next 12 weeks; 86% of these early P.
vivax recurrences are attributable to relapses or late recrudescences, rather than new infec-
tions that could be prevented by reducing malaria exposure during pregnancy. Model simula-
tions indicate that weekly CQ chemoprophylaxis extending over 4 to 12 weeks, starting after
the first vivax malaria episode diagnosed in pregnancy, might reduce the risk of P. vivax
recurrences over the next 12 months by 20% to 65%. We conclude that post-treatment CQ
prophylaxis could be further explored as a measure to prevent vivax malaria recurrences in
pregnancy and avert their adverse effects on maternal and neonatal health.
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Author summary

Plasmodium vivax, a malaria parasite that can stay dormant in the liver and originate
relapses within months after a single mosquito inoculation, causes 76% of the malaria bur-
den in Latin America. Pregnant women are ineligible for primaquine (PQ), the only cur-
rently available drug that is able to prevent P. vivax relapses. Here we apply a
mathematical model to real-life data from Brazil’s main malaria transmission hotspot and
estimate that, once infected with P. vivax, 23% of the pregnant women will have one or
more vivax malaria recurrences over the next 12 weeks. Significantly, 86% of these early P.
vivax recurrences are attributable to relapses or late recrudescences, which could be pre-
vented by PQ administration. Repeated vivax malaria infections during pregnancy are
associated with adverse effects on maternal and neonatal health. We show that weekly CQ
chemoprophylaxis extending over 4 to 12 weeks, starting after the first vivax malaria epi-
sode diagnosed in pregnancy, might reduce the risk of P. vivax recurrences over the next
12 months by 20% to 65%, and should be investigated as a measure to lower the burden of
repeated vivax malaria during pregnancy.

Introduction

Plasmodium vivax causes over 14 million clinical malaria cases each year worldwide and
appears to be less affected than P. falciparum by current elimination efforts in Latin America
and the Asia-Pacific Region [1]. One distinctive feature of P. vivax associated with its increased
resilience is the ability to stay in the liver as a dormant stage, the hypnozoite, following a pri-
mary infection. As a result, repeated episodes of blood-stage infection, known as relapses, may
originate over the next weeks or months from hypnozoites reactivating at different time points
following a single mosquito inoculation [2].

Radical cure of P. vivax infections entails the use of primaquine (PQ), the only hypnozoito-
cidal agent currently available in endemic settings, combined with one or more schizontocidal
drugs, such as chloroquine (CQ) or artemisinin derivatives. Interestingly, PQ can also syner-
gize the blood schizontocidal effect of CQ and thereby reduce the risk of recrudescence of par-
tially CQ-resistant blood-stage parasites [3, 4]. However, not all patients can benefit from PQ
use. First, some subjects cannot properly metabolize PQ, an inactive pro-drug. Because bio-
transformation mediated by the cytochrome P450 (CYP) isoenzyme CYP2D6 is required for
PQ antirelapse activity [5], patients carrying low-activity CYP2D6 variants may present
relapses despite PQ treatment [6]. Second, not all patients can take PQ. This drug cannot be
administered to subjects with severe forms of glucose-6-phosphate dehydrogenase (G6PD)
deficiency, since they may develop life-threatening hemolysis following treatment. Moreover,
PQ is contraindicated for pregnant and lactating women and children below six months of
age, because of the risk of hemolysis in fetuses and infants of unknown G6PD status [7].
Finally, not all patients adhere to the 7-day PQ regimen commonly used in Latin America [8,
9].

Despite the major recent progress towards malaria elimination in Latin America and the
Caribbean, with an overall 62% decrease in incidence between 2000 and 2015, focal transmis-
sion persists mostly across the Amazon Basin [10]. An estimated 4.3 million Latin American
women are at risk of malaria during pregnancy each year [11] and between 6,000 and 9,000
laboratory-confirmed malaria cases, over two thirds of them due to P. vivax, are notified yearly
among pregnant women in Brazil [12].
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The present study addresses the impact of PQ ineligibility on P. vivax malaria burden in
pregnant women using real-life data from Jurud Valley, Brazil's main malaria transmission
hotspot [13]. In this setting, repeated P. vivax infections during pregnancy have been associ-
ated with significantly reduced maternal hemoglobin concentrations and impaired fetal
growth [14, 15]. Here we fit a mathematical model to time-to-recurrence data to quantify
recurrence rates and estimate the period during which a pregnant woman is at increased risk
of relapsing after her primary, PQ-untreated P. vivax infection, compared to PQ-treated non-
pregnant control women. Moreover, we estimate the potential effectiveness of post-treatment
chemoprophylaxis with weekly CQ to reduce the burden of repeated P. vivax infections during
pregnancy in malaria-exposed populations.

Material and methods
Ethics statement

The study protocol was approved by the Institutional Review Board of the Institute of Biomed-
ical Sciences, University of Sdo Paulo, Brazil (CEPH-ICB 1368/17).

Study area and population

We analyze malaria case notifications from the municipalities of Cruzeiro do Sul (07°39’ 54"S,
72°39’ 01"W) and Mancio Lima (07°36’ 51"S, 72°53’ 45"W), both situated in the upper Jurua
Valley, next to the border between Brazil and Peru. With <0.5% of the Brazilian Amazon's pop-
ulation (82,075 inhabitants in Cruzeiro do Sul and 17,545 inhabitants in Mancio Lima), these
municipalities together account for 15.7% of 194,000 cases recorded countrywide in 2017 [16].
With a typical equatorial humid climate, Jurua Valley receives most rainfall between November
and April, but malaria transmission occurs year-round and is mainly due to Anopheles darlingi.
The annual parasite incidences (API) have been estimated in 2016 at 436.4 cases per 1,000
inhabitants in Mancio Lima, the country’s highest API, and 231.9 cases per 1,000 inhabitants in
Cruzeiro do Sul, the country’s fourth highest API. Approximately 89.2% of the local infections
are due to P. vivax and 10.8% due to P. falciparum, P. malariae or mixed species [16].

Study design and data collection

This retrospective observational cohort study primarily aimed to compare the time to P. vivax
recurrence following treatment, over 12 months of follow-up, in two groups of vivax malaria
patients living in Cruzeiro do Sul or Mancio Lima: (i) PQ-untreated cases, defined as women
who reported to be pregnant and had a P. vivax infection treated with CQ alone (total dose, 25
mg of base/kg over 3 days), and (ii) non-pregnant control women presenting with an uncom-
plicated vivax malaria episode at the baseline and treated with the standard CQ-PQ regimen
(CQ total dose, 25 mg of base/kg over 3 days; PQ, 0.5 mg of base/kg/day for 7 days) currently
recommended in Brazil [17]. Parasite recurrences may be due to relapses (hypnozoite-derived
infections), late recrudescences (due to CQ failure to clear partially resistant blood stages
beyond day 28 of treatment) or new infections (originating from a new infectious mosquito
bite). We assume that adding PQ to the treatment reduces the risk of both relapses and late
recrudescences, but does not affect the risk of new infections. We do not attempt to estimate
separately the anti-relapse and anti-recrudescence efficacy of PQ. Pregnant women receiving a
weekly prophylactic CQ dose of 300 mg over 12 weeks following CQ-only treatment or until
delivery, a regimen that was recommended in Brazil at the time of the study (2014-16) to treat
P. vivax malaria recurrences observed during pregnancy [17] but was rarely prescribed in the
study site, were not eligible for inclusion. In fact, only one patient was excluded on this basis.
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To identify cases and controls and find repeated malaria episodes following treatment, we
retrieved from the Malaria Epidemiological Surveillance and Information System (SIVEP)
database of the Ministry of Health of Brazil (http://200.214.130.44/sivep_malaria/) 68,869 elec-
tronic records of malaria episodes that were laboratory-confirmed in the study sites from 1
January 2014 through 30 September 2016. Access to this database has been granted by the
Ministry of Health of Brazil to study the burden of malaria in pregnancy in our study site [14].
Because malaria is a notifiable disease in Brazil and diagnosis is not offered by local private lab-
oratories and antimalarials cannot be purchased in drugstores, we assume that virtually all
malaria episodes in these municipalities were diagnosed and treated in public facilities and
notified to the Ministry of Health. Giemsa-stained thick blood smears routinely have at least
100 fields routinely examined for malaria parasites under 1000x magnification by experienced
local microscopists. We recorded information on patients’ age, pregnancy status, place and
date of diagnosis, parasite species, and treatment administered at the time of the baseline infec-
tion and subsequent malaria episodes.

Over 90% of P. vivax relapses in Brazil occur within the first 6 months after the primary
infection [18-20]. We thus used a 6-month window to minimize the risk that the baseline epi-
sodes were actually relapses or late recurrences of a recent P. vivax infection, instead of being
new infections. This is crucial because only infections originating from mosquito bites will
generate hypnozoites and expose patients to the risk of relapses over the next months. To this
end, we excluded from the analysis all pregnant and control women who had vivax malaria
cases diagnosed within 6 months before the baseline episode and those with a primary vivax
infection between January and June 2014, the first six months of follow-up, since the 6-month
window before the baseline episode could not be examined.

To minimize the confounding effects on malaria risk of age-related immunity, seasonality
and spatial differences in transmission intensity, two controls were matched for every case
according to: (i) subjects’ area of residence, using the malaria clinic providing diagnosis as a
proxy, (ii) age (£5 years), and (iii) date of diagnosis (+30 days). The matching process consid-
ered the 6-month window mentioned above; individuals with vivax episodes were eligible only
if they had no malaria episode diagnosed in the previous 6 months from their respective base-
line episode. Study participants were considered to be malaria-unsusceptible between days 1
and 28 after the 3-day CQ course was started, due to the prolonged post-treatment prophylac-
tic effect of CQ. Indeed, day-28 (early) recrudescences following CQ-alone or CQ-PQ regi-
mens remain very infrequent in our study site [21, 22].

Because our database comprised malaria case records rather than unique individuals, the
same subject could have multiple records if one or more recurrences were diagnosed after
the baseline infection. Since the database did not include unique patient identifiers, we used
the patient’s name, the patient’s mother’s name and the date of birth to identify repeated
vivax malaria episodes in the same subjects, either cases or controls [23]. To compare
names, we used the Jaro-Winkler string distance [24] as implemented in the R software
package stringdist [25], which partially accounts for typographical variation in letter strings
such as given names or surnames. Comparisons were limited to pairs of individuals with a
maximum age difference of 2 years. We next used the nearest neighbours’ approach [26]
implemented in the R software package Matchlt to find two suitable controls for each case.
Starting with the baseline case (episode 0) in a pregnant woman, the nearest neighbours’
approach finds the two most similar controls to the baseline case, among all vivax malaria
episodes diagnosed in the same malaria clinic in non-pregnant women of about the same
age (£ 5 years) within a maximum interval of 30 days. We excluded pregnant women for
whom we failed to find two matched controls.
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Data analysis

We primarily aimed to compare cases and controls according to the time between the baseline
episode and the first P. vivax recurrence (to ;) observed over the next 12 months. A secondary
analysis considered the time between the first and the second recurrences (t;_,). The study out-
come (failure) was defined as any recurrent episode of P. vivax parasitemia recorded in the
database, irrespective of parasite density or symptoms, that was diagnosed in study partici-
pants by thick-smear microscopy until the end of follow-up (30 September, 2016). Participants
with incident P. falciparum infection during the follow-up were censored at the time of
diagnosis.

We first performed standard survival analysis and used log-rank tests to compare t, ; and
t;.» in PQ-untreated pregnant women and PQ-treated non-pregnant control women. We
note, however, that competing risks should be accounted for in this time-to-recurrence analy-
sis, because recurrences may be due to either relapses/recrudescences (that may be at least par-
tially prevented by PQ) or new infections (that are not affected by PQ use). To deal with this
fact, we considered two recurrence dynamics: (i) a fast dynamics driven mostly by relapses or
late recrudescences and (ii) a slow dynamics mostly driven by new infections. Because we
excluded subjects with one or more vivax malaria episodes within 6 months before the baseline
episode, we assume that the study population is essentially free of hypnozoites at baseline.
Moreover, cases and controls are exposed to a similar risk of new infections. Note that the
6-month window also excluded subjects who are at an exceptionally high risk of repeated
infections. Therefore, we assume that the hazard of new infections is constant and equal in
both groups and we model the time to recurrence as an exponential distribution. This assump-
tion is supported by our analysis of the time elapsed between the baseline episode and the
most recent previous vivax malaria episode recorded in cases and controls (S1 Text). With
respect to the fast dynamics, we also considered constant hazard for relapses and late recur-
rences because we assume that these events are randomly distributed over time.

The mathematical formulation is as follows. Regarding the first P. vivax recurrence, we con-
sider that a proportion p,, of the cases (pregnant women) are susceptible to either relapses or
recrudescences (rate B,) and new infections (rate f8,,), characterizing a typical competing risk
problem. The remaining proportion 1 — py, is susceptible only to new infections (rate 8,). The
proportion of subjects who remain uninfected at a given time t (survival function), with a
28-day delay due to the prolonged post-treatment prophylactic effect of CQ, is indicated by

.

1 <28
. e (BrtBy)(t-28) — . e~ (Bn)-(t=28)

p, - e PR (1 —p ) - eI e > 28

S,(6 (P Bry Bu)) = { (1)

The same formulation is applied to the control group. Following the baseline episode, a pro-
portion p, of the control group is susceptible to either relapses/recrudescences or new infec-
tions with the same rates as the cases (that is, with rates B, and B,). However, we assume that a
Pc # Pp» because relapses and late recrudescences are partially prevented by PQ [3, 4]. The
remaining proportion of the control group 1 — p. is considered to be susceptible only to new
infections. Therefore, the proportion of control women who remain uninfected at a given time
t (survival function) is indicated by (2).

<28

1
S(t; (pe; Byr By)) = { (2)

p. - e B9 (] _p ). e B ¢ 08
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Model fitting

In order to fit the model to empirical data, let Y be the time to event (clinical malaria epi-
sode) with survival distribution function S(-, 8) and density function f(-, 8), where @ is a
parameter vector (8 = (p,B,,B,)). Let Z be the time to a censoring event (P. falciparum epi-
sode or the end of follow-up) such that the observable time variable (X) is the minimum
between Y and Z, and §, an indicator variable denoting whether a time of malaria episode
or a time of censoring was observed. The actual data to be observed for each subject may
then be represented by

X =min(Y,Z)and 0 = I(X =Y).

Assuming independent and non-informative censoring, we compute the likelihood for
both cases and controls based on all N individuals for inference on 0 as follows

N

10(x.8) = | [ e o - sex,. 0 ()

i=1

with X = (X;,.. ., Xy) and 8 = (8;,. . ., dx). Because B, is assumed to be the same for both
cases and controls, as well as B,,, we maximized the product I, - I. of the likelihood of preg-
nant and non-pregnant groups, respectively, over the parameters (pp, pc, By Bn). To obtain
the maximum likelihood estimates and 95% credible intervals for each parameter, we used
Markov Chain Monte Carlo (MCMC) for continuous random vectors using a Metropolis
algorithm implemented in the R software package mcmc [27] considering 10° iterations.

Results
Study subjects

Fig 1 shows the study flow diagram considering the primary outcome. We identified 272 preg-
nant women in our database with one or more vivax malaria episodes treated with CQ alone
between January 2014 and September 2016. None of them was prescribed weekly CQ prophy-
laxis after treatment. Of them, 72 pregnant women were excluded because they had a vivax
malaria episode within 6 months before the baseline episode or might have had an episode dur-
ing this period. An additional 42 pregnant women were excluded because we failed to find two
suitable non-pregnant controls. The final analysis comprised 158 cases defined as PQ-untreated
pregnant women (mean age, 22.8 years; range, 14-43 years) and 316 PQ-treated non-pregnant
control women (mean age, 22.5 years; range, 10-42 years) (data available in S1 Data).

Primaquine use and the first Plasmodium vivax recurrence

Overall, 59 (37.3%) of 158 pregnant women (51 were censored at day 365 and 48 were cen-
sored between days 28 and 365) and 80 (25.3%) of 316 matched controls (127 were censored at
day 365 and 109 were censored between days 28 and 365) had one or more laboratory-con-
firmed P. vivax recurrences diagnosed within 12 months after their baseline vivax malaria epi-
sode. The average intervals to first recurrence, without considering censored individuals, were
tPo.1 = 93.7 days for pregnant cases (59 experiencing recurrences) and t%.; = 127.5 days for
non-pregnant controls (80 experiencing recurrences). The survival curves in Fig 2A show a
significantly longer t%_; interval, compared to t%y ;, with a hazards ratio (HR) = 1.73; (95% CI,
1.23-2.42; Log-rank test, p = 0.001). We interpret the significant difference between t¥,_, and
t%.1 intervals as due to PQ-preventable relapses or late recrudescences of parasites with low-
grade CQ resistance.
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272 pregnant women with at least one
vivax malaria treated with CQ only

| 51 cases excluded due to primary vivax malaria
between January and June 2014

A
221 pregnant women with the first vivax
malaria episode after the first 6 months of
follow-up and treated with CQ only

21 cases excluded due to previous vivax malaria
within 6 months before the baseline episode

A

200 cases (PQ-untreated pregnant women)
with no previous vivax malaria within 6
months before the baseline episode and
treated with CQ only

316 non-pregnant control women identified with | 42 cases excluded (<2
at least one vivax malaria treated with CQ and PQ N matched controls identified)

v

158 cases (PQ-untreated pregnant women)
and 316 controls (PQ-treated non-
pregnant women matched for place of
residence, age and date of diagnosis) with
no previous vivax malaria within 6 months
before the baseline episode

Fig 1. Study flow diagram. We identified 272 women who had one or more vivax malaria episodes during pregnancy
diagnosed and treated with chloroquine alone between January 2014 and September 2016, and were not administered
weekly chloroquine prophylaxis after treatment. Reasons for exclusion and the final number of subjects analyzed are
indicated.

https://doi.org/10.1371/journal.pntd.0008526.9001

Dynamics of the first Plasmodium vivax recurrence

Fitting our survival model (Eq 3) to the time to first recurrence data (using the MCMC
approach described in the Materials and Methods section) yielded estimates of B, B,,, p. and p,,
(Fig 3). The fitted model estimated that 29.2% (95% CI: 19.8-40.2%) of pregnant (f)p) and
11.7% (95% CI: 4.6-20.6%) of control women (p.) were susceptible to relapses or late recrudes-

cences, with an average time to relapse/recrudescence of ~46 days (8, = 0.02157512 (95% CI:
0.01277316-0.03481974)). The average time to a new infection was estimated at ~1440 days

(Bn = 0.0006942688 (95% CI: 0.0003773581-0.0010288483)). We estimated that 28.3% of the
pregnant women had a relapse or late recrudescence and 15.7% had a new infection causing
their first vivax malaria recurrence within 12 months after the baseline episode. In contrast,
11.4% of the PQ-treated controls were estimated to have a relapse or late recrudescence and
18.8% were estimated to have a new infection causing their first recurrence over the same
period of follow-up. Therefore, PQ-preventable relapses and late recrudescences were esti-
mated to account for 64.4% and 37.7% of the first P. vivax recurrences observed in cases and
controls, respectively, over 12 months of follow-up.

To better illustrate the dynamics of vivax malaria described by the model, we present
the cumulative proportions of cases (Fig 4A) and controls (Fig 4B) that are expected to
experience one of more recurrences over different follow-up periods. The model indicates
that 35.3% of the cases and 20.1% of the controls will experience at least one vivax malaria
recurrence within the first 6 months after treatment; most early recurrences are likely due
to relapses or late recrudescences, rather than new infections, in both PQ-untreated cases
(77.5%) and PQ-treated controls (54.5%). We next focus on the 12-week interval following
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Fig 2. Time-to-recurrence over 12 months of follow-up in PQ-untreated pregnant women and PQ-treated non-pregnant control experiencing a primary vivax
malaria episode. The shaded areas indicate the 95% confidence bands. PQ-untreated pregnant women were eligible for the second recurrence analysis if PQ was not
given to treat the first episode. (A) Time to first vivax malaria recurrence, control vs. pregnant women; (B) Time to second vivax malaria recurrence, control vs.
pregnant women; (C) Time to first recurrence vs. time to second recurrence, control women; (D) Time to first recurrence vs. time to second recurrence, pregnant
women.

https://doi.org/10.1371/journal.pntd.0008526.g002

the primary vivax malaria episode, because this is the minimum duration of post-treat-
ment CQ prophylaxis recommended in Brazil at the time of the study [17] but rarely pre-
scribed in practice in the main malaria hotspot in this country. We estimate that 23.3% of
cases and 11.6% of controls will experience one or more vivax malaria recurrences within
12 weeks after the primary episode, the vast majority of them (85.9% in cases and 69.2% in
controls) being attributable to relapses or recrudescences. Therefore, a large proportion of
repeated infections in pregnant women could be averted if CQ prophylaxis were adminis-
tered following their first vivax malaria diagnosed during pregnancy, but the Ministry of
Health of Brazil restricted the 12-week CQ prophylactic regimen following CQ-only treat-
ment to recurrent (but not primary) vivax malaria episodes in pregnant women [17]. We
further explore different scenarios of CQ prophylaxis after the primary vivax malaria epi-
sode in pregnancy in a separate section of this article.
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Fig 3. Fitting of the mathematical model (Eqs 1 and 2) to the time to the first P. vivax recurrence over 1-year
follow-up in PQ-untreated pregnant women and PQ-treated non-pregnant controls.

https://doi.org/10.1371/journal.pntd.0008526.g003

Subsequent recurrences

We next examined the intervals between the first and second recurrences in 24 cases (t*;_,)
and 82 non-pregnant controls (t° ,) (Fig 2B). Pregnant women were eligible for this analysis
only if their first recurrence was treated with 3 days of CQ only-we therefore excluded women
who were no longer pregnant at t?;, being thus given PQ, as well as those who received the
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Fig 4. Cumulative distribution function of first vivax malaria recurrences among PQ-untreated pregnant women and PQ-treated non-pregnant controls. (A)
First recurrence in pregnant women; (B) First recurrence in control women. The dark grey area in the graphs represents the proportion of subjects experiencing
relapses/recrudescences and the light grey area represents the proportion of subjects experiencing new infections.

https://doi.org/10.1371/journal.pntd.0008526.g004
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12-week post-treatment CQ prophylaxis. Overall, 11 (45.8%) of 24 pregnant women and 25
(30.5%) of 82 controls had repeated P. vivax episodes diagnosed up to 12 months after their
first recurrence.

The average intervals between the first and the second recurrence, without considering cen-
sored individuals, were t¥;_, = 118.7 days among pregnant women (11 experiencing a second
recurrence) and t;_, = 112.6 days among non-pregnant controls (25 experiencing a second
recurrence). Figs 2C and 2D compare the times to the first (t;) and second (t; ,) recurrence in
control and pregnant women, respectively. We found no significant difference between t%_;, and
t;.» (Log-rank test, p = 0.2; Fig 2C) or between t°; ; and t*; , (Log-rank test, p = 0.4; Fig 2D).

After the first recurrence, some subjects may be free of hypnozoites while others may not
be, especially PQ-untreated women. Therefore, we do not fit exponential distributions to the
time to second recurrence.

Preventing the first Plasmodium vivax recurrence with weekly chloroquine
prophylaxis

There is no chemoprophylactic intervention that is widely recommended to reduce the burden
of repeated vivax malaria infections in pregnancy in endemic settings worldwide. We thus
examined whether weekly CQ chemoprophylaxis, introduced after the first primary, PQ-
untreated vivax malaria episode during pregnancy, would reduce substantially the risk of sub-
sequent parasite recurrences. We consider CQ regimens with a duration of 4, 8 or 12 weeks.
Because compliance with unsupervised CQ prophylaxis may be relatively low and some degree
of CQ resistance is possible, we assume that the regimens’ efficiency in supressing P. vivax
parasitemia while being administered, regardless of the origin of infecting parasites (hypno-
zoite- or mosquito bite-derived), ranges widely from 60% to 100%. We estimate that 4 weeks
of post-treatment CQ prophylaxis administered to pregnant women in our study site would
reduce by 20.4-34.0% the incidence of new blood-stage infection over the next 12 months (Fig
5). The vivax malaria incidence would decrease between 32.1% and 53.5% with 8 weeks of
post-treatment prophylaxis and between 39.2% and 65.4% with 12 weeks of post-treatment
prophylaxis after a primary PQ-untreated infection in pregnancy.

Discussion

Until recently, the clinical and public health consequences of vivax malaria in pregnancy had
been largely underestimated [28, 29]. Overall, P. vivax infections in pregnancy are associated
with an increased prevalence and severity of maternal anemia, as well as with adverse birth
outcomes such as low birth weight, preterm delivery, and miscarriage, both across Latin Amer-
ica [14, 15, 30] and globally [28-30]. These adverse effects are expected to be greater in areas of
relatively low transmission, where there is little or no maternal immunity. Importantly,
adverse birth outcomes are more common and severe among women experiencing repeated
vivax malaria episodes during pregnancy, which are very common given their PQ-ineligibility,
compared to mothers with a single antenatal infection [14, 31].

Since October 2012, the World Health Organization recommends that intermittent preven-
tive treatment with sulfadoxine-pyrimethamine (IPTp-SP) be given at each antenatal care visit
to prevent P. falciparum malaria in pregnancy in Africa. A minimum of three IPTp-SP doses,
at least one month apart from each other, should be administered. However, as of 2017, the
coverage of this regimen remains around 22%, on average, in the 39 African countries that
have adopted the IPTp-SP policy [16]. No similar chemoprophylactic approach is currently
recommended to prevent malaria in pregnancy in endemic settings outside Africa, where P.
vivax is often the predominant infecting species, with the exception of Papua New Guinea.
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Fig 5. Simulation of the potential effectiveness of post-treatment chemoprophylaxis with weekly chloroquine (CQ) to prevent P.

vivax recurrences after a primary infection. We considered scenarios with CQ prophylaxis being given over 4 (panels A, B and C), 8

(panels D, E and F) or 12 (panels G, H and I) weeks, being able to suppress 60% (panels A, D and G), 80% (panels B, E and H) or 100%
(panels C, F and I) of blood-stage infections (regardless of its origin, whether hypnozoite- or mosquito bite-derived) during the period
of administration. Dashed lines (“Ref.”) represent the scenario without intervention; the dark grey area represents the cumulative

proportion of subjects with P. vivax relapses/recrudescences over time and the light grey area represents the cumulative proportion of
subjects with new P. vivax infections.

https://doi.org/10.1371/journal.pntd.0008526.9005

Moreover, experts convened by the World Health Organization in October 2017 concluded
that current evidence does not support a change in the current recommendations on preven-
tion, early diagnosis and treatment of vivax malaria in pregnancy followed by weekly CQ pro-
phylaxis to reduce the risk of relapses [32]. In Brazil, repeated malaria screening with
conventional microscopy or rapid diagnostic tests is recommended since 2006 as part of the
standard antenatal care across the Amazon Basin, with prompt treatment of positive cases
[12]. In Indonesia, routine malaria screening of pregnant women is also recommended since
2012, but testing is currently limited to the first antenatal care visit [33]. Malaria screening can
be easily incorporated into the standard antenatal care in endemic settings, since blood sam-
ples are already collected from mothers for additional testing [34]. Nevertheless, only 6.8% of
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the pregnant women attending antenatal care visits in three sentinel sites in the Brazilian Ama-
zon were regularly tested for malaria in 2007-08 [35].

According to official malaria treatment guidelines in Brazil, the first P. vivax infection diag-
nosed during pregnancy should be treated with a CQ-only regimen over 3 days. At the time of
the study (2014-16), the weekly prophylactic CQ dose following the regular 3-day regimen, to
be administered over 12 weeks or until delivery, was limited to P. vivax recurrences, but not
primary episodes, diagnosed during pregnancy [17]. However, this post-treatment prophylac-
tic regimen was rarely prescribed in the main endemic setting of Brazil, leaving women at
increased risk of repeated infections during the course of pregnancy. The reasons why weekly
CQ prophylaxis remained neglected in our field site remain unclear. We speculate that the
requirement for previous vivax malaria episodes during the course of the same pregnancy to
introduce the prophylactic regimen may have drastically limited its use, since the attending
physician does not have prompt access to this information. Importantly, however, the most
recent malaria treatment guidelines of the Ministry of Health of Brazil, published in January
2020, now recommend the early introduction of weekly CQ prophylaxis, since the first vivax
malaria episode diagnosed during the pregnancy, to be extended until delivery [36].

We estimate that 23% of the P. vivax-infected pregnant women in Jurua Valley present,
over the next 12 weeks, one or more vivax malaria recurrences that could be potentially sup-
pressed by post-treatment CQ prophylaxis starting after the primary infection. Approximately
86% of these early P. vivax recurrences (within 12 weeks of the baseline episode) are estimated
to result from relapses or late recrudescences, rather than new infections. These findings indi-
cate that measures to reduce malaria exposure in pregnant women, such as insecticide-treated
bednet distribution during antenatal care visits, would prevent only a small proportion of
these repeated malaria episodes. In contrast, our modeling simulations suggest that CQ che-
moprophylaxis following the primary P. vivax infection in pregnancy might suppress between
20% (4-week CQ prophylaxis with 60% efficiency) and 65% (12-week CQ prophylaxis with
100% efficiency) of the first blood-stage recurrences experienced over the next 12 months,
with major potential implications for mothers’ and neonates’ health.

We note that the modeling approach described in this article can be readily applied to dif-
ferent scenarios, such as clinical trials [37-39] and prolonged antimalarial stock outages [40],
to estimate how many recurrences can be prevented by PQ or tafenoquine (T'Q) in the pres-
ence of competing risks originating from new infections, provided that PQ- and TQ-untreated
comparison groups are available. Importantly, our analysis does not assume complete relapse
suppression by treatment, but rather estimates the proportion of infections described by the
fast dynamics, consistent with real-life scenarios with partially efficacious drugs and relatively
poor adherence of patients. However, we suggest that time-to-recurrence studies should be
carefully designed in order to (i) minimize the risk that the t0 episode is actually a relapse from
arecent infection, rather than a new infection that may generate hypnozoites, and (ii) exclude
subjects with exceptionally high risk, as their fast infection dynamics might be heavily affected
by new infections in addition to relapses. Here we impose a six-month malaria-free window
before t0 as an inclusion criterion, but even longer windows may be required in temperate set-
tings where late P. vivax relapses are common [2].

The present study has some limitations. First, malaria episodes diagnosed in pregnant
women and controls were retrieved retrospectively from a case notification database. No
blood samples were available for further confirmatory (e.g., molecular) diagnostic tests and
compliance with the prescribed treatment was not evaluated. We assume that nearly all clinical
malaria episodes diagnosed by microscopy and treated in cases and controls were retrieved.
Accordingly, over 99% of clinical malaria cases diagnosed in Brazil are estimated to be entered
in the electronic malaria notification database [41]. However, routine surveillance and case
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notification overlook transient subpatent and asymptomatic P. vivax recurrences, which are
very common in endemic settings across the Amazon [42]. Because antenatal malaria screen-
ing is not widely applied in our study site, nearly all malarial infections diagnosed and treated
during pregnancy had been identified passively, when febrile women sought treatment in
malaria outposts. This precludes any analysis of the burden of repeated asymptomatic parasite
carriage in this population, which may lead to the formation of a large hypnozoite pool. Sec-
ond, some repeated episodes in pregnant and control women may have been missed by our
matching strategy in the absence of unique patient identifiers [23]. Nevertheless, we argue that
this is unlikely to introduce a major bias in our comparisons, since similar proportions of mis-
matches are expected for cases and controls. Finally, we assume that pregnant women and
non-pregnant controls are similarly exposed to infectious mosquito bites and similarly suscep-
tible to malaria-related illness upon infection. This may not be the case, at least for P. falcipa-
rum malaria in Africa [28]. In fact, pregnant women appear to be more attractive to African
malaria vectors [43], although not necessarily to mosquitoes in the Neotropics, where P. vivax
predominates [28]. Moreover, pregnant women are more likely than non-pregnant women to
develop clinical illness due to P. falciparum given the parasite’s ability to massively sequester
and multiply in the intervillous spaces of the placenta [29]. In contrast, P. vivax does not seem
to sequester and accumulate in placental tissues [44, 45] and it remains uncertain whether
increased risk of disease upon infection in pregnant women, compared to non-pregnant coun-
terparts, also applies to P. vivax. Available evidence is conflicting, but there may be a slightly
increased overall risk of P. vivax malaria during pregnancy, compared to non-pregnancy [28].
Nevertheless, the few studies that investigated the risk of P. vivax malaria in pregnancy did not
attempt to distinguish between relapses (that are more common in pregnancy due to PQ-ineli-
gibility) and new infections. Here we provide evidence to support the assumption that preg-
nant cases and non-pregnant controls have the same rate of new infections (B,) in our study
population. We show that the common f, parameter inferred from the time-to-the-next-event
analysis (Fig 3) can also describe the rate of new infections in the time-to-the-previous-event
starting six months before the baseline (S1 Text), when most “pregnant cases” were not yet
pregnant. These findings imply that study participants experience the same average rate of
new infections before and after the baseline, being little influenced by their pregnancy status
that changed over time. Therefore, the extra burden of repeated P. vivax infections in preg-
nancy in our population is essentially due to PQ-preventable relapses and late recrudescences,
rather than more frequent new infections.

We conclude that more widely prescribing post-treatment prophylaxis with weekly CQ in
the management of vivax malaria in pregnancy may minimize the consequences of PQ ineligi-
bility, by preventing parasite recurrences and averting adverse effects on mothers’ and neo-
nates’ health.

Supporting information

S1 Checklist. STROBE Checklist.
(PDF)

S1 Data. Data. Excel spreadsheet with time-to-event data from cases and controls.
(XLSX)

S1 Text. Time-to-previous-episode. Time-to-previous-episode analysis over 12 months of fol-
low-up in PQ-untreated pregnant women and PQ-treated non-pregnant control experiencing
a baseline vivax malaria episode.

(PDF)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008526  July 31, 2020 13/16


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008526.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008526.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008526.s003
https://doi.org/10.1371/journal.pntd.0008526

PLOS NEGLECTED TROPICAL DISEASES Plasmodium vivax recurrences in pregnant women

Acknowledgments

We thank Dr. Arnold Reynaldi (University of New South Wale, Kirby Institute) and Dr. Timo-
thy Schlub (University of Sydney, School of Public Health) for helpful discussions.

Author Contributions
Conceptualization: Rodrigo M. Corder, Miles P. Davenport, Marcelo U. Ferreira.
Data curation: Marcelo U. Ferreira.

Formal analysis: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Steffen S.
Docken, Miles P. Davenport, Marcelo U. Ferreira.

Funding acquisition: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Miles P.
Davenport, Marcelo U. Ferreira.

Investigation: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Steffen S.
Docken, Miles P. Davenport, Marcelo U. Ferreira.

Methodology: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Steffen S.
Docken, Miles P. Davenport, Marcelo U. Ferreira.

Project administration: Miles P. Davenport, Marcelo U. Ferreira.
Software: Rodrigo M. Corder, David S. Khoury, Steffen S. Docken.
Supervision: Miles P. Davenport, Marcelo U. Ferreira.

Validation: Rodrigo M. Corder, David S. Khoury, Steffen S. Docken.

Visualization: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Steffen S.
Docken, Miles P. Davenport, Marcelo U. Ferreira.

Writing - original draft: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury, Steffen
S. Docken, Miles P. Davenport, Marcelo U. Ferreira.

Writing - review & editing: Rodrigo M. Corder, Antonio C. P. de Lima, David S. Khoury,
Steffen S. Docken, Miles P. Davenport, Marcelo U. Ferreira.

References

1. Battle KE, Lucas TCD, Nguyen M, Howes RE, Nandi AK, Twohig KA, et al. Mapping the global endemic-
ity and clinical burden of Plasmodium vivax, 2000-17: a spatial and temporal modelling study. Lancet
2019; 394:332-343. https://doi.org/10.1016/S0140-6736(19)31096-7 PMID: 31229233

2. White NJ, Imwong M. Relapse. Adv Parasitol 2012; 80:113-50. https://doi.org/10.1016/B978-0-12-
397900-1.00002-5 PMID: 23199487

3. Baird JK, Valecha N, Duparc S, White NJ, Price RN. Diagnosis and treatment of Plasmodium vivax
malaria. Am J Trop Med Hyg 2016; 95(6 Suppl):35-51.

4. Commons RJ, Simpson JA, Thriemer K, Humphreys GS, Abreha T, Alemu SG, et al. The effect of chlo-
roquine dose and primaquine on Plasmodium vivax recurrence: a WorldWide Antimalarial Resistance
Network systematic review and individual patient pooled meta-analysis. Lancet Infect Dis 2018;
18:1025—-1034. https://doi.org/10.1016/S1473-3099(18)30348-7 PMID: 30033231

5. Marcsisin SR, Reichard G, Pybus BS. Primaquine pharmacology in the context of CYP 2D6 pharmaco-
genomics: current state of the art. Pharmacol Ther 2016; 161: 1-10. https://doi.org/10.1016/].
pharmthera.2016.03.011 PMID: 27016470

6. BennettJW, Pybus BS, Yadava A, Tosh D, Sousa JC, McCarthy WF, et al. Primaquine failure and cyto-
chrome P-450 2D6 in Plasmodium vivax malaria. New Eng J Med 2013; 369:1381-2. https://doi.org/10.
1056/NEJMc1301936 PMID: 24088113

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008526  July 31, 2020 14/16


https://doi.org/10.1016/S0140-6736(19)31096-7
http://www.ncbi.nlm.nih.gov/pubmed/31229233
https://doi.org/10.1016/B978-0-12-397900-1.00002-5
https://doi.org/10.1016/B978-0-12-397900-1.00002-5
http://www.ncbi.nlm.nih.gov/pubmed/23199487
https://doi.org/10.1016/S1473-3099(18)30348-7
http://www.ncbi.nlm.nih.gov/pubmed/30033231
https://doi.org/10.1016/j.pharmthera.2016.03.011
https://doi.org/10.1016/j.pharmthera.2016.03.011
http://www.ncbi.nlm.nih.gov/pubmed/27016470
https://doi.org/10.1056/NEJMc1301936
https://doi.org/10.1056/NEJMc1301936
http://www.ncbi.nlm.nih.gov/pubmed/24088113
https://doi.org/10.1371/journal.pntd.0008526

PLOS NEGLECTED TROPICAL DISEASES Plasmodium vivax recurrences in pregnant women

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

27.

Baird JK, Battle KE, Howes RE. Primaquine ineligibility in anti-relapse therapy of Plasmodium vivax
malaria: the problem of G6PD deficiency and cytochrome P-450 2D6 polymorphisms. Malar J 2018;
17:42. https://doi.org/10.1186/s12936-018-2190-z PMID: 29357870

Grietens KP, Soto V, Erhart A, Ribera JM, Toomer E, Tenorio A, et al. Adherence to 7-day primaquine
treatment for the radical cure of P. vivaxin the Peruvian Amazon. Am J Trop Med Hyg 2010; 82:1017—
23. https://doi.org/10.4269/ajtmh.2010.09-0521 PMID: 20519594

Thriemer K, Bobogare A, Ley B, Gudo CS, Alam MS, Anstey NM, et al. Quantifying primaquine effec-
tiveness and improving adherence: a round table discussion of the APMEN Vivax Working Group.
Malar J 2018; 17:241. https://doi.org/10.1186/s12936-018-2380-8 PMID: 29925430

Ferreira MU, Castro MC. Malaria situation in Latin America and the Caribbean: residual and resurgent
transmission and challenges for control and elimination. Methods Mol Biol 2019; 2013:57—70. https:/
doi.org/10.1007/978-1-4939-9550-9_4 PMID: 31267493

Dellicour S, Tatem AJ, Guerra CA, Snow RW, ter Kuile FO. Quantifying the number of pregnancies at
risk of malaria in 2007: a demographic study. PLoS Med 2010; 7: €1000221. https://doi.org/10.1371/
journal.pmed.1000221 PMID: 20126256

Marchesini P, Costa FTM, Marinho CRF. A decade of malaria during pregnancy in Brazil: what has
been done concerning prevention and management. Mem Inst Oswaldo Cruz 2014; 109:706-708.
https://doi.org/10.1590/0074-0276140047 PMID: 25185009

Ferreira MU, Castro MC. Challenges for malaria elimination in Brazil. Malar J 2016; 15:284. https://doi.
org/10.1186/s12936-016-1335-1 PMID: 27206924

Pincelli A, Neves PAR, Lourengo BH, Corder RM, Malta MB, Sampaio-Silva J, et al. The hidden burden
of Plasmodium vivax malaria in pregnancy in the Amazon: an observational study in Northwestern Bra-
zil. Am J Trop Med Hyg 2018; 99:73-83. https://doi.org/10.4269/ajtmh.18-0135 PMID: 29741155

Dombrowski JG, de Souza RM, Silva NRM, Barateiro A, Epiphanio S, Gongalves LA, et al. Malaria dur-
ing pregnancy and newborn outcome in an unstable transmission area in Brazil: A population-based
record linkage study. PLoS One 2018; 13:e0199415. https://doi.org/10.1371/journal.pone.0199415
PMID: 29928025

World Health Organization. World Malaria Report 2018. Geneva, World Health Organization, 2018.
Available at: http://www.who.int/malaria/publications/world-malaria-report-2018/en/

Practical guidelines for malaria therapy [in Portuguese]. Brasilia, Ministry of Health of Brazil, 2010.
Available at: http://bvsms.saude.gov.br/bvs/publicacoes/guia_pratico_malaria.pdf

Boulos M, Amato Neto V, Dutra AP, di Santi SM, Shiroma M. Frequency of malaria relapse due to Plas-
modium vivax in a non-endemic region (Sdo Paulo, Brazil). Rev Inst Med Trop Sao Paulo 1991;
33:143-146 (in Portuguese). PMID: 1844384

Battle KE, Karhunen MS, Bhatt S, Gething PW, Howes RE, Golding N, et al. Geographical variation in
Plasmodium vivax relapse. Malar J 2014; 13:144. https://doi.org/10.1186/1475-2875-13-144 PMID:
24731298

Simdes LR, Alves ER Jr, Ribatski-Silva D, Gomes LT, Nery AlF, Fontes CJF. Factors associated with
recurrent Plasmodium vivax malaria in Porto Velho, Rondonia State, Brazil, 2009. Cad Saude Publ
2014; 30:1403-17 (in Portuguese).

Negreiros S, Farias S, Viana GM, Okoth SA, Chenet SM, de Souza TM, et al. Efficacy of chloroquine
and primaquine for the treatment of uncomplicated Plasmodium vivax malaria in Cruzeiro do Sul, Brazil.
Am J Trop Med Hyg 2016; 95:1061—-1068. https://doi.org/10.4269/ajtmh.16-0075 PMID: 27549633

Ladeia-Andrade S, Menezes MJ, de Sousa TN, Silvino ACR, de Carvalho JF Jr, Salla LC, et al. Monitor-
ing the efficacy of chloroquine-primaquine therapy for uncomplicated Plasmodium vivax malaria in the
main transmission hot spot of Brazil. Antimicrob Agents Chemother 2019; 63:e01965—18. https://doi.
org/10.1128/AAC.01965-18 PMID: 30782991

Daher A, Silva JCAL, Stevens A, Marchesini P, Fontes CJ, ter Kuile FO, et al. Evaluation of Plasmodium
vivax malaria recurrence in Brazil. Malar J 2019; 18:18. https://doi.org/10.1186/s12936-019-2644-y
PMID: 30670020

Winkler W. String comparator metrics and enhanced decision rules in the Fellegi-Sunter model of
record linkage. American Statistical Association 1990 Proceedings of the Section on Survey Research
Methods, pp. 354-359.

van der Loo MPJ. The stringdist package for approximate string matching. R Journal 2014; 6:111-122

Ho D, Imai K, King G, Stuart E. Matching as nonparametric preprocessing for reducing model depen-
dence in parametric causal inference. Polit Anal 2007; 15:199-236.

Tierney L. Markov chains for exploring posterior distributions (with discussion). Ann Stat 1994;
22;1701-1762.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008526  July 31, 2020 15/16


https://doi.org/10.1186/s12936-018-2190-z
http://www.ncbi.nlm.nih.gov/pubmed/29357870
https://doi.org/10.4269/ajtmh.2010.09-0521
http://www.ncbi.nlm.nih.gov/pubmed/20519594
https://doi.org/10.1186/s12936-018-2380-8
http://www.ncbi.nlm.nih.gov/pubmed/29925430
https://doi.org/10.1007/978-1-4939-9550-9_4
https://doi.org/10.1007/978-1-4939-9550-9_4
http://www.ncbi.nlm.nih.gov/pubmed/31267493
https://doi.org/10.1371/journal.pmed.1000221
https://doi.org/10.1371/journal.pmed.1000221
http://www.ncbi.nlm.nih.gov/pubmed/20126256
https://doi.org/10.1590/0074-0276140047
http://www.ncbi.nlm.nih.gov/pubmed/25185009
https://doi.org/10.1186/s12936-016-1335-1
https://doi.org/10.1186/s12936-016-1335-1
http://www.ncbi.nlm.nih.gov/pubmed/27206924
https://doi.org/10.4269/ajtmh.18-0135
http://www.ncbi.nlm.nih.gov/pubmed/29741155
https://doi.org/10.1371/journal.pone.0199415
http://www.ncbi.nlm.nih.gov/pubmed/29928025
http://www.who.int/malaria/publications/world-malaria-report-2018/en/
http://bvsms.saude.gov.br/bvs/publicacoes/guia_pratico_malaria.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1844384
https://doi.org/10.1186/1475-2875-13-144
http://www.ncbi.nlm.nih.gov/pubmed/24731298
https://doi.org/10.4269/ajtmh.16-0075
http://www.ncbi.nlm.nih.gov/pubmed/27549633
https://doi.org/10.1128/AAC.01965-18
https://doi.org/10.1128/AAC.01965-18
http://www.ncbi.nlm.nih.gov/pubmed/30782991
https://doi.org/10.1186/s12936-019-2644-y
http://www.ncbi.nlm.nih.gov/pubmed/30670020
https://doi.org/10.1371/journal.pntd.0008526

PLOS NEGLECTED TROPICAL DISEASES Plasmodium vivax recurrences in pregnant women

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4,

42,

43.

44,

45.

McLean A, Ataide R, Simpson J, Beeson J, Fowkes F. Malaria and immunity during pregnancy and
postpartum: A tale of two species. Parasitology 2015; 142:999-1015. https://doi.org/10.1017/
S0031182015000074 PMID: 25731914

Rogerson SJ, Desai M, Mayor A, Sicuri E, Taylor SM, van Eijk AM. Burden, pathology, and costs of
malaria in pregnancy: new developments for an old problem. Lancet Infect Dis 2018; 18:e107—-e118.
https://doi.org/10.1016/S1473-3099(18)30066-5 PMID: 29396010

Bardaji A, Martinez-Espinosa FE, Arévalo-Herrera M, Padilla N, Kochar S, Ome-Kaius M, et al. Burden
and impact of Plasmodium vivaxin pregnancy: A multi-centre prospective observational study. PLoS
Negl Trop Dis 2017; 11: e00056086. https://doi.org/10.1371/journal.pntd.0005606 PMID: 28604825

Moore KA, Simpson JA, Wiladphaingern J, Min AM, Pimanpanarak M, Paw MK, et al. Influence of the
number and timing of malaria episodes during pregnancy on prematurity and small-for-gestational-age
in an area of low transmission. BMC Med 2017; 15: 117. https://doi.org/10.1186/s12916-017-0877-6
PMID: 28633672

World Health Organization. Meeting report of the WHO Evidence Review Group on Malaria in Preg-
nancy. Background document for the Malaria Policy Advisory Committee Meeting, Geneva, Switzer-
land, 17—19 October 2017. Geneva, World Health Organization, 2017. Available at: https://www.who.
int/malaria/mpac/mpac-oct2017-erg-malaria-pregnancy-session8.pdf?ua=1

Hill J, Landuwulang CUR, Ansariadi, Hoyt J, Burdam FH, Bonsapia |, et al. Evaluation of the national
policy of single screening and treatment for the prevention of malaria in pregnancy in two districts in
Eastern Indonesia: health provider perceptions. Malar J 2018; 17:309. https://doi.org/10.1186/s12936-
018-2426-y PMID: 30143041

Mayor A, Menéndez C, Walker PGT. Targeting pregnant women for malaria surveillance. Trends Para-
sitol 2019; 35:677-686. https://doi.org/10.1016/j.pt.2019.07.005 PMID: 31395496

Luz TC, Suarez-Mutis MC, Miranda ES, Moritz AF, Freitas LF, Brasil JC, et al. Uncomplicated malaria
among pregnant women in the Brazilian Amazon: local barriers to prompt and effective case manage-
ment. Acta Trop 2013; 125:137-142. https://doi.org/10.1016/j.actatropica.2012.11.004 PMID:
23178220

Guidelines for malaria therapy in Brazil [in Portuguese]. Brasilia, Ministry of Health of Brazil, 2020. Avail-
able at: https://portalarquivos2.saude.gov.br/images/pdf/2020/janeiro/29/af-guia-tratamento-malaria-
28jan20-isbn.pdf

Lacerda MVG, Llanos-Cuentas A, Krudsood S, Lon C, Saunders DL, Mohammed R, et al. Single-dose
tafenoquine to prevent relapse of Plasmodium vivax malaria. N Engl J Med 2019; 380:215-228. https://
doi.org/10.1056/NEJMoa1710775 PMID: 30650322

Llanos-Cuentas A, Lacerda MVG, Hien TT, Vélez ID, Namaik-Larp C, Chu CS, et al. Tafenoquine ver-
sus primaquine to prevent relapse of Plasmodium vivax malaria. N Engl J Med 2019; 380:229-241.
https://doi.org/10.1056/NEJMoa 1802537 PMID: 30650326

Taylor WRJ, Thriemer K, von Seidlein L, Yuentrakul P, Assawariyathipat T, Assefa A, et al. Short-
course primaquine for the radical cure of Plasmodium vivax malaria: a multicentre, randomised, pla-
cebo-controlled non-inferiority trial. Lancet 2019; 394:929-938. https://doi.org/10.1016/S0140-6736
(19)31285-1 PMID: 31327563

Douglas NM, Poespoprodjo JR, Patriani D, Malloy MJ, Kenangalem E, Sugiarto P, et al. Unsupervised
primaquine for the treatment of Plasmodium vivax malaria relapses in southern Papua: A hospital-
based cohort study. PLoS Med 2017; 14:e1002379. https://doi.org/10.1371/journal.pmed.1002379
PMID: 28850568

Ministry of Health of Brazil. Malaria: Case Monitoring in Brazil in 2014 [in Portuguese]. Brasilia, Ministry
of Health of Brazil, 2015. Available from: http://portalarquivos2.saude.gov.br/images/pdf/2015/agosto/
18/2015-009—Mal—ria-para-publica—-o.pdf.

Van den Eede P, Soto-Calle VE, Delgado C, Gamboa D, Grande T, Rodriguez H, et al. Plasmodium
vivax sub-patent infections after radical treatment are common in Peruvian patients: results of a 1-year
prospective cohort study. PLoS One 2011; 6:e16257. https://doi.org/10.1371/journal.pone.0016257
PMID: 21297986

Lindsay S, Ansell J, Selman C, Cox V, Hamilton K, Walraven G. Effect of pregnancy on exposure to
malaria mosquitoes. Lancet 2000; 355:1972. https://doi.org/10.1016/S0140-6736(00)02334-5 PMID:
10859048

McGready R, Davison BB, Stepniewska K, Cho T, Shee H, Brockman A, et al. The effects of Plasmo-
dium falciparum and P. vivax infections on placental histopathology in an area of low malaria transmis-
sion. Am J Trop Med Hyg 2004; 70:398—407. PMID: 15100454

Souza RM, Ataide R, Dombrowski JG, Ippdlito V, Aitken EH, Valle SN, et al. Placental histopathological
changes associated with Plasmodium vivax infection during pregnancy. PLoS Negl Trop Dis 2013; 7:
€2071. https://doi.org/10.1371/journal.pntd.0002071 PMID: 23459254

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008526  July 31, 2020 16/16


https://doi.org/10.1017/S0031182015000074
https://doi.org/10.1017/S0031182015000074
http://www.ncbi.nlm.nih.gov/pubmed/25731914
https://doi.org/10.1016/S1473-3099(18)30066-5
http://www.ncbi.nlm.nih.gov/pubmed/29396010
https://doi.org/10.1371/journal.pntd.0005606
http://www.ncbi.nlm.nih.gov/pubmed/28604825
https://doi.org/10.1186/s12916-017-0877-6
http://www.ncbi.nlm.nih.gov/pubmed/28633672
https://www.who.int/malaria/mpac/mpac-oct2017-erg-malaria-pregnancy-session8.pdf?ua=1
https://www.who.int/malaria/mpac/mpac-oct2017-erg-malaria-pregnancy-session8.pdf?ua=1
https://doi.org/10.1186/s12936-018-2426-y
https://doi.org/10.1186/s12936-018-2426-y
http://www.ncbi.nlm.nih.gov/pubmed/30143041
https://doi.org/10.1016/j.pt.2019.07.005
http://www.ncbi.nlm.nih.gov/pubmed/31395496
https://doi.org/10.1016/j.actatropica.2012.11.004
http://www.ncbi.nlm.nih.gov/pubmed/23178220
https://portalarquivos2.saude.gov.br/images/pdf/2020/janeiro/29/af-guia-tratamento-malaria-28jan20-isbn.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2020/janeiro/29/af-guia-tratamento-malaria-28jan20-isbn.pdf
https://doi.org/10.1056/NEJMoa1710775
https://doi.org/10.1056/NEJMoa1710775
http://www.ncbi.nlm.nih.gov/pubmed/30650322
https://doi.org/10.1056/NEJMoa1802537
http://www.ncbi.nlm.nih.gov/pubmed/30650326
https://doi.org/10.1016/S0140-6736(19)31285-1
https://doi.org/10.1016/S0140-6736(19)31285-1
http://www.ncbi.nlm.nih.gov/pubmed/31327563
https://doi.org/10.1371/journal.pmed.1002379
http://www.ncbi.nlm.nih.gov/pubmed/28850568
http://portalarquivos2.saude.gov.br/images/pdf/2015/agosto/18/2015-009Malria-para-publica-o.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2015/agosto/18/2015-009Malria-para-publica-o.pdf
https://doi.org/10.1371/journal.pone.0016257
http://www.ncbi.nlm.nih.gov/pubmed/21297986
https://doi.org/10.1016/S0140-6736(00)02334-5
http://www.ncbi.nlm.nih.gov/pubmed/10859048
http://www.ncbi.nlm.nih.gov/pubmed/15100454
https://doi.org/10.1371/journal.pntd.0002071
http://www.ncbi.nlm.nih.gov/pubmed/23459254
https://doi.org/10.1371/journal.pntd.0008526

