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Abstract.

The new recommendations to prevent malaria in pregnant women have recently been implemented in

Gabon. There is little information on the pregnancy indicators that are useful for their evaluation. A cross-sectional study
for the assessment of the prevalence of peripheral, placental, and cord malaria and anemia among delivering women was
performed at the largest public hospital of Gabon. Malaria prevalence was 34.4%,53.6%, and 18.2% for maternal periph-
eral, placental, and cord blood respectively, with no difference between primigravidae and multigravidae. Submicroscopic
infections were frequent and concerned all the positive cord samples. Maternal peripheral, late placental, and cord
infections were all associated with a reduced mean birth weight in primigravidae (P = 0.02). Anemia prevalence was
53%, low birth rate was 13%, and prematurity was 25%. The use of intermittent preventive treatment with sulfadoxine-
pyrimethamine (greater than or equal to one dose) combined with bed net was associated with a reduction in infection
only in multigravidae and with a reduced risk of maternal anemia.

INTRODUCTION

In highly endemic malaria regions where adult women
have acquired premunition, Plasmodium falciparum infection
during pregnancy is often asymptomatic. Placental infection
frequently occurs, despite the absence of parasites in periph-
eral blood, and results in the accumulation of P. falciparum-
infected erythrocytes in the intervillous space. This effect is a
key feature of placental malaria (PM) and is caused by the
cytoadherence of infected erythrocytes to placenta-specific
receptors.! Clinical consequences of pregnancy-associated
malaria include maternal anemia, low birth weight (LBW) for
newborns, pre-term delivery, and increased perinatal morbid-
ity.>* Pregnant women residing in malaria-endemic regions
are targeted for antimalarial prophylaxis. The use of insecti-
cide-treated bed nets and 2-3 doses of intermittent preventive
treatment with sulfadoxine-pyrimethamine (IPTp/SP) during
the second and third trimester for all pregnant women is rec-
ommended.* Studies performed in stable transmission areas
have shown that this intervention is safe and effective.>”’ In
2003, the Gabonese Ministry of Health adopted the IPTp/SP
protocol, and it was subsequently implemented in 2005.% It has
already been shown that this implementation was followed by
a reduction of maternal P. falciparum infection.” However, few
data were available concerning placental malaria and its con-
sequences in Gabon. This study aimed to assess the prevalence
of maternal, placental, and cord-blood P. falciparum infection
and its association with pregnancy outcome in a population of
women living in Gabon.

MATERIALS AND METHODS

Study site. This observational cross-sectional study was con-
ducted from September 2005 to January 2006 in Libreville, the
capital city of Gabon. The population of Gabon is estimated
at 1.5 million with ~40% of the population living in Libreville.
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In this area, malaria is endemic, predominantly caused by P. fal-
ciparum, and a stable perennial mode of transmission. Data on
the efficacy of sulfadoxine-pyrimethamine in children showed
a therapeutic efficacy rate of 88.4% at day 28 in 2005.1°

This study was reviewed and approved by the Gabonese
Ministry of Health.

Data collection. As part of a study assessing the sensitivity
and specificity of a rapid diagnostic test for the diagnosis of
PM at delivery, data were collected from delivering pregnant
women in the obstetric department of the largest public hospi-
tal of Libreville (Center Hospitalier de Libreville), which had
signed informed consent. The women were mainly primigravi-
dae, which are known to be at increased risk of malaria. They
were clinically examined by a nurse and the research physician.
The following data were recorded in an observation file: socio-
demographics, parity, treatment of fever using antimalarial
drugs during the current pregnancy, bed net and IPTp/SP use.
Because of the absence of the number of SP doses received by
the women in the antenatal-care visit (ANC) card, these data
were considered as absent or present and were recorded as
“at least one dose IPTp/SP.” Gestational age was determined
by the date of the last menstrual period and confirmed by the
morphometric measurement of the uterus. Newborns were
weighed immediately at delivery using a hanging scale.

Peripheral, placental,and cord-blood samples were obtained
from women who had an uncomplicated pregnancy and gave
birth through the vaginal canal. Peripheral blood was collected
by venipuncture, placental blood was collected by incising the
cleaned maternal surface of the placenta and aspirating the
blood welling from the incision with a sterile syringe (immedi-
ately at the delivery), and cord blood was taken directly from
the umbilical vein.

Malaria diagnosis. Malaria diagnosis was performed using
three different methods: microscopy, P. falciparum histidin-
rich protein-2 (HRP-2) detection, and polymerase chain reac-
tion (PCR).

Giemsa-stained thick blood films from peripheral, placen-
tal, and cord blood were examined by two trained microsco-
pists; 15 UL of blood were spread on a fixed area (1.8 cm?),
and the entire area was read.! Parasitaemia was expressed as
the number of asexual forms of P. falciparum per microliter
(p/uL). Ten percent of all slides were randomly selected and
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reread by a third microscopist for a quality-control procedure.
The film was considered to be negative if there were no asex-
ual forms of the parasite identified in the entire slide. In pla-
cental films, the presence of leukocyte-associated haemozoin
was also recorded.

The HRP-2 detection was done by a rapid immunochro-
matographic test, the Binax Now Malaria dipstick test (Binax
Inc., Scarborough, ME), directly at the delivery. Each woman
with a positive test received an antimalarial drug according to
the national policy.

Within a few hours of collection, blood samples (2 mL) were
centrifuged to separate the pellet containing the packed eryth-
rocytes from the plasma, and then, they were frozen at —80°C.
After DNA extraction (QIAmp, Qiagen, BmbH, Hilden,
Germany), nested PCR for the genotyping of the merozo-
ite-surface protein-2 (MSP2) of P. falciparum was performed
according to Ntoumi and others."

Haemoglobin measurements. Haemoglobin (Hb) con-
centrations were estimated using a Coulter counter (SKTS,
Beckman Coulter Corporation, Brea, CA).

Definitions. According to their age, women were classified
as < 20 (young), 20-24, and > 25 years old (older). History of
possible malaria infection (HPMI) was defined as any episode
of fever that occurred during the current pregnancy that was
treated with any antimalarial drug. A positive blood sample
with at least one of the three methods described above was
considered infected. Based on placental thick-film microscopy,
the stage of placental infection was categorized as follows:
early (only parasites visible), late (both parasites and pigment
visible), resolved (only haemozoin), and none or absent (nei-
ther parasite nor pigment visible).!* Women with Hb between
10.9 and 8 g/dL and Hb < 8 g/dL were considered to have
low and moderate to severe anemia, respectively. LBW was
defined as a birth weight < 2500 g, and prematurity for gesta-
tional age was < 37 weeks.

Statistical analysis. Data were entered twice and cleaned
using Epi info (version 6.04b, CDC, Atlanta, GA). Stata ver-
sion 10 (Stata Corp., College Station, TX) was used for descrip-
tive and comparative analysis. A control of data entry was
performed before the statistical analysis. Medians with inter-
quartile ranges (IQR) of parasite densities among the micro-
scopically infected women are presented. Continuous variables
were compared using the Mann-Whitney U test or the Kruskall
Wallis test for the comparison of distributions. Differences
between proportions were tested with the x? or Fischer’s exact
tests. Age, fever, HPMI, bed net use, IPTp-SP use, and parity
were each examined in a univariate analysis to identify pre-
dictors of maternal or placental infection, LBW, and maternal
anemia. Those predictors that were significant at a P value <
0.20 were included in a multivariate logistic regression model
using backward selection. The odds ratio, either crude (OR) or
adjusted (aOR) for confounders, with 95% confidence inter-
vals (95% CI) are presented.

RESULTS

Study population and use of malaria prophylaxis. Char-
acteristics of the 203 delivering women who met the inclusion
criteria and their newborns are shown in Table 1. Primigravidae
accounted for 77% of the women. The mean age was 22.7
(£5.1) years, and multigravidae was significantly higher (26.5 +
6.0 years) compared with primigravidae (21.5 + 3.3 years;

P <0.01);73% of all the women were < 25 years old. The mean
gestational age assessed in 185 women was 38.7 (£2.9) weeks
in multigravidae and 37.8 (+3.2) weeks in primigravidae; one
quarter of all women delivered prematurely (Table 1). The pro-
portion of pregnant women who reported sleeping under a bed
net was 37% (N =76). At least one dose of IPTp/SP was taken
by 83 (41%) of 203 enrolled women, and 34 (17%) reported
concomitant bed net use. Fever was rare (5%) and present only
in primigravidae women. Mean birth weight was 3,022 g (+494
¢) and slightly higher in primigravidae (3,046 + 505 g) than in
multigravidae (2,939.3 + 451 g). Thirteen percent of the single-
ton newborns had LBW. Hb level was measured in 120 primi-
gravidae; the mean Hb concentration was 10.7 (+1.8) g/dL. A
total of 56 (47% ) delivering women were not anemic, 54 (45%)
had low anemia, and 10 (8% ) had moderate to severe anemia.

Young age (< 20 years) was associated with higher risk
of premature delivery (Table 2A-B). Pregnant women with
moderate to severe anemia were younger (19.0 + 3.3 years
old) than those with normal Hb level (21.6 = 3.3 years old,;
P =0.02) or with low anemia (21.3 + 3.3 years old; P = 0.04).
After multivariate analysis, younger age and maternal anemia
remained independently associated with premature delivery
(Table 2B).

There was a reduced risk of maternal anemia in the IPTp/
SP plus bed net group (Table 2A-B). Additionally, there was a
higher mean Hb level in this group (11.6 + 1.3 g/dL) compared
with women without malaria prophylaxis (10.5 + 1.2 g/dL;
P =0.02).

An HPMI occurred more frequently in women without
malaria preventive measures during pregnancy (Table 2A).

Maternal malaria. P. falciparum was the only malaria spe-
cies identified. Peripheral infection was detected in 12.4%
(N =25/202),13.3% (N = 27/203), and 27.6% (N = 56/203) of
samples by microscopy, HRP-2 test, and PCR, respectively. In
the group of infected women, the parasite load was higher in
primigravidae (median of parasitaemia = 44 [IQR = 23-868]
p/uL) than multigravidae (median of parasitaemia = 16 [IQR =
13-239] p/uL) women (P = 0.03).

Irrespective of the diagnostic method used, the global prev-
alence of maternal P, falciparum infection was of 34.5% (N =
70/203), and there was no difference between primigravidae

TaBLE 1
Characteristics of the studied women

Number %

Age (years)

<20 60 30

20-24 88 43

>25 55 27
Parity

Primiparous 157 77

Multiparous 46 23
Gestational age < 37 weeks* 46 25
IPTp/SP use 49 24
Bed net use 42 21
IPTp/SP plus bed net use 34 14
HPMI+ 22 11
Fever at delivery# 8 5
Maternal anemia§ 64 53
Low birth weight 27 13
Total 203

#N = 185.

T History of possible malaria infection, N = 202.

EN=177.

§ Hb level measured in only 120 primigravidae.
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TABLE 2A
Relations between maternal and neonatal characteristics as well as age, IPTp/SP use, and bed net use

Age (years)

Malaria prophylaxis

<20 20-24 25 P IPTp/Sp Bed net use IPTp/Bed net use No prophylaxis P
(N =60) (N =88) (N=55) (N=49) (N=42) (N=34) (N=78)
Primiparous 88% 84% 55% <0.01 27% 23% 16% 34% 0.08
Multiparous 12% 16% 45% <0.01 15% 13% 20% 52% 0.08
Gestational age, mean 38 39 39 0.20 39 39 39 39 0.50
HPMI* 8% 10% 15% 0.55 4%t T%F 12% 17% 0.12
Premature delivery 41% 17% 19% <0.01 29% 22% 22% 25% 0.84
Maternal anemia 65% 49% 49% 0.17 54% 59% 33%T 63% 0.15
LBW 13% 9% 20% 0.17 14% 9% 12% 15% 0.82
Maternal malaria 23% 31% 42% 0.40 37% 26% 15%t 46% <0.01
Placental malaria 47% 51% 51% 0.85 49% 48% 38% 56% 0.35
Cord-blood infection 13% 17% 26% 0.22 16% 21% 3%F 24% 0.05

*History of possible malaria infection during pregnancy.
1P < 0.01 for comparison with the group without malaria prophylaxis.

(33.1%; N = 52/157) and multigravidae (39.1%; N = 18/46)
women (P = 0.45). Among the 14 samples considered infected
with the absence of MSP2 gene detection, all were HRP-2 pos-
itive, and three were positive by microscopy (parasitaemia was
below 18/uL).

HPMI during pregnancy was associated with a higher risk
of peripheral maternal infection. Delivering women in the
bed net (26%) and the IPTp/SP plus bed net (15%) groups
were less frequently infected in peripheral blood compared
with those who did not use malaria-prevention measures
during pregnancy (46%) (Table 2A). Univariate analy-
sis indicated that HPMI and bed net use alone or combined
with IPTp/SP decreased the risk of maternal parasitaemia
(Tables 2A-B).

Among primigravidae women, all febrile women had periph-
eral parasitaemia (Table 3A). Maternal P. falciparum infec-
tion was also related to a HPMI that was reported by 19%
of the infected primigravidae compared with only 5% of the
uninfected ones (P < 0.01). Two more associations were found
with maternal P. falciparum infection: first, there was a trend
toward a reduced proportion of those infected who took SP
and slept under bed nets, and secondly, the infected primigrav-
idae had newborns with a lower mean birth weight (202.3 g
reduction; P = 0.02). The proportion of infected primigravidae

TaBLE 2B

Univariate and multivariate logistic regression analysis of factors asso-
ciated with pregnancy outcome in all the studied population

Univariate analysis Multivariate analysis

Crude OR Adjusted OR
Factors (95% CI) P (95% CI) P
HPMI
IPTp/SP 0.3 (0.06-1.3) 0.08 0.3(0.03-2.1) 0.2
Prematurity
Age <20 years 2.8(14-5.5) <0.01 3.9(1.5-10.0) <0.01

maternal anemia
Maternal anemia

32(15-69) <001 29(1.1-73) <001

Age <20 years 2.1 (0.9-4.7) 0.06 1.6 (0.7-3.7) 0.3

IPTp/bed netuse 0.4 (0.1-0.9) 0.03 0.4 (0.1-0.9) 0.04
Maternal malaria

HPMI 3.0(1.2-7.2) 0.02 2.3 (1.2-7.7) 0.02

Bed net use 0.3 (0.2-0.9) 0.03 0.4 (0.1-1.4) 0.1

IPTp/bed netuse 0.3 (0.1-0.8) <0.01 0.7 (0.2-2.1) 0.2
Placental malaria

IPTp/bed netuse 0.3 (0.3-1.2) 0.1 1.4(0.5-3.9) 0.5
LBW

Age =20-24 years 0.5(02-12) 009 19(08-21) 07

women who used any malaria-prevention measure during
pregnancy was significantly higher (59% ) than that of infected
multigravidae women (16%; P < 0.01) (Table 3A).

Among the multigravidae women, none of those in the IPTp/
SP plus bed net group had peripheral infection. Reported use
of malaria prophylaxis was associated with a reduced risk of
peripheral malaria in univariate analysis (Table 3B).

Maternal malaria was not a risk factor for anemia, prema-
ture delivery, or LBW in univariate and multivariate analysis.

The median maternal parasite density was higher among
the youngest women (523 [21-1316] p/uL in women < 20 years
old versus 26 [18-60] p/uL in women 18-24 years old and 11
[12-368] p/uL in older women; P = 0.02). Table 4 shows that
maternal parasite densities were highest in women who had
HPMI, anemia, premature babies, or children with LBW.

Placental malaria. Overall 53.6% (N = 109/203) of women
examined had placental malaria (PM) detected either by
microscopy (presence of infected erythrocytes = 23.4% [N =
46/197] or presence of haemozoin = 27.9% [N = 55/197]) and/
or HRP-2 test (13.3%; N = 27/203) and/or MSP2 genotyp-
ing (29.1%; N = 59/203). Among the 50 samples considered
infected despite a negative result in PCR, 35 had only pigment
detected by microscopy and 15 had detectable low parasitae-
mia (< 14 p/uL); among these 15 samples, 13 were also positive
with HRP-2 testing. Prevalence of PM did not vary between
primigravidae (54.8%; N = 86/157) and multigravidae (50.0%;
N = 23/26) women and was not associated with either age or
maternal anemia in primigravidae women. Occurrence of pre-
mature delivery and LBW was not directly related to the pres-
ence of placental infection (Table 3A).

Median placental parasitaemia was lower in the IPTp/SP
and IPTp/bed net groups and higher in groups of women with
HPMI or LBW children (Table 4).

In primigravidae women, HPMI during pregnancy was the
only risk factor for PM; 14 of 15 primigravidae who reported
treatment of fever with an antimalarial drug had PM at deliv-
ery (Tables 3A-B).

Concerning multigravidae women, the use of IPTp/SP alone
or combined with bed net was a protective factor for PM (Table
3B); among the 15 women who slept under a bed net during
the current pregnancy, only 4 (26.6%) had PM (P = 0.04).

The presence of pigmented leukocytes in the placenta was
associated with a lower gestational age at delivery (37.7 + 1.3
weeks versus 39.2 + 1.6 weeks in the group of women without
malaria pigment in their placenta; P < 0.01).
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TABLE 3A
P. falciparum infection and pregnancy outcome among primigravidae and multigravidae women

Primigravidae

Multigravidae

N Infected Uninfected P N Infected Uninfected P
Peripheral infection N =52/157 N =105/157 N =18/46 N =28/46
Fever 8 16% 0% <0.01 0 0% 0% -
HPMI* 15 19% 5% <0.01 7 18% 14% 0.76
IPTp 42 31% 24% 0.35 7 11% 18% 0.84
Bed net 36 19% 25% 0.44 6 5% 18% 0.84
IPTPp/bed net use 25 9% 19% 0.13 9 0% 32% 0.02
Mean Hb 120 10.2 g/dL 10.9 g/dL 0.18 - - - -
Maternal anemia 120 58% 51% 0.70 - - - -
Prematurity 141 29% 28% 0.97 44 11% 15% 0.68
Mean birth weight 157 2,909 g 3112 ¢g 0.02 46 2973 g 2917 g 0.37
LBW 157 17% 9% 0.16 46 17% 18% 0.92
Placental infection N =86/157 N =178/157 N =23/46 N =23/46
HPMI 15 18% 1% <0.01 7 19% 12% 0.54
IPTp 42 28% T 26% 0.72 7 9%t 21% 0.50
Bed net 36 22% 24% 0.38 6 14% 13% 0.70
IPTPp/bed net use 25 15% 17% 0.56 9 4% 34% 0.02
Mean Hb 120 10.7 g/dL 10.7 g/dL 0.96 - - - -
Maternal anemia 120 51% 43% 0.47 - - - -
Prematurity 141 25% 32% 0.34 44 15% 13% 0.68
Mean birth weight 157 3,037¢g 3,056 g 0.85 46 2915¢g 2961 g 0.74
LBW 157 15% 9% 0.23 46 18% 17% 0.89
Cord-blood infection N =27/157 N =130/157 N =10/46 N =16/46
HPMI 15 25.9% 6.1% 0.02 7 22% 14% 0.54
IPTp 42 18% 28% 0.25 6 30% 11% 0.55
IPTPp/bed net use 25 9.% 19% 0.13 9 0% 25% 0.24
Mean birth weight 157 2855¢ 3,085 g 0.02 46 3,042 g 2931 g 0.43

*History of possible malaria infection during pregnancy.

fDifference between infected primigravidae and infected multigravidae statistically significant with P < 0.05.

Placental infection was classified in the 197 women whose
placenta was tested using the three techniques as early (13.1%;
N =26),late (10.1%; N = 20), resolved (17.7%; N = 35), submi-
croscopic (14.1%; N =28),and absent (44.4%; N = 88) (Table 5).
This distribution did not differ according to parity and ges-
tational age. Detection of infected erythrocytes and haemo-
zoin by microscopy revealed a PM prevalence of 40.9% (81
women). Among the 35 women with resolved placental infec-
tion, only 2 women were HRP-2 positive.

HPMI was a risk factor for late (27.3%; OR =6.5;95% CI =
2.2-17.3; P < 0.01) and submicroscopic (22.3%; OR =4.3;95%
CI =1.1-15.5; P = 0.01) placental infection (Table 5).

There was a trend toward an association between frequent
resolved or absent infections (P = 0.09) and less prevalent
early infection (P = 0.03) with reported malaria prophylaxis
use (Table 5). These associations were more pronounced in
multigravidae women. Among those who had no PM, only

16% did not report using any prophylaxis (P < 0.01), and none
of those with PM who used a bed net and/or IPTp/SP during
pregnancy had an early infection (P < 0.01). Only one of nine
multigravidae from the IPTp plus bed net group had a placen-
tal infection (i.e., a resolved infection).

Women with late PM had lower mean Hb concentration
(P =0.04) and a 315-g reduction in mean birth weight (P =
0.03) (Table 5). There was a strong association between the
presence of placental submicroscopic infection and cord infec-
tion (P < 0.01).

Cord-blood infection. Infection of cord blood was submi-
croscopic and only detected by PCR in 18.2% (N = 37) of the
newborns. Data analysis in the group of primigravidae women
showed an association of cord infection with a HPMI and with
absence of IPTp/SP use (aOR =3.02;95% CI=1.17-8.17; P =
0.02). Maternal infection (OR = 9.2; 95% CI = 4.1-21.08; P
<0.01) and placental infection (OR =11.9;95% CI = 4.1-25.1;

TasLE 3B
Analysis of risk factors for pregnancy outcome associated with P. falciparum infection in primigravidae and multigravidae women

Primigravidae

Multigravidae

Factors OR (95% CI) P aOR (95% CI) P OR (95% CI) P aOR (95% CI) P

Associated with peripheral infection

HPMI 48 (1.5-153) <0.01 2.0 (1.4-9.9) 0.02  1.2(0.2-6.2) 0.8 0.8 (0.1-5.8) 0.8

IPTp 1.3 (0.6-2.8) 0.4 1.6 (0.5-4.7) 0.4 0.6 (0.1-1.0) 0.06 0.3 (0.05-2.3) 0.3

Bed net 0.7 (0.3-1.6) 0.4 0.5 (0.1-1.9) 0.3 0.3(0.03-1.2) 0.07 0.2 (0.01-2.5) 0.2

IPTPp/bed net use 0.4 (0.1-1.3) 0.1 0.8 (0.2-3.0) 0.7 - - - -
Associated with placental malaria

HPMI 16.6 (2-234) <0.01 13.3(1.4-136.1) 0.02 1.6 (0.3-8.0) 0.6 3.3(0.3-33.4) 0.3

IPTp 1.1 (0.6-2.3) 0.7 1.7 (0.6-4.8) 0.3 0.4 (0.06-23) 0.2 0.1 (0.01-1.4) 0.09

IPTPp/bed net use 0.9 (0.4-2.1) 0.8 1.6 (0.5-5.1) 0.4 0.1 (0.01-1.0)  0.08  0.02 (0.001-0.4) <0.01
Associated with cord-blood infection

HPMI 53(1.7-17.0) <0.01 12.0(1.8-79.8) 0.01 1.6 (0.2-9.7) 0.6 10.6 (0.5-235) 0.1

IPTPp/bed net use 0.2 (0.02-1.3) 0.05 1.3 (0.2-7.9) 0.7 2.0(0.3-133) 04 16.1 (0.7-384) 0.08
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TABLE 4

Distribution of median parasite densities according to the presence of
some studied variables

Variable

Parasitaemia (p/uL) P

Maternal parasitaemia
HPMI 264 (25-1400) No HPMI 17 (11-62)  0.10
Anemic 1480 (372-1840) Non-anemic 24 (13-53) <0.01
Prematurity 1640 (748-1880) Normal delivery 16 (13-48)  0.02
LBW 485 (23-1920) Normal 18 (13-58)  0.09
birthweight

Placental parasitaemia

IPTp 12 (12-17)  No prophylaxis 76 (34-145) < 0.01

IPTp/bed net 15 (12-21) No prophylaxis 76 (34-145) 0.02

HPMI 109 (23-296)  No HPMI 15(13-18)  0.04

LBW 48 (13-742)  Normal 17 (12-16)  0.06
birthweight

P < 0.01) were risk factors for cord-blood infection, and the
odds ratio was higher when considering only submicroscopic
infections (data not shown). Neonates with submicroscopic
cord infection had a mean birth weight reduced to 230 g in
primigravidae women only (P = 0.02) (Table 3).

DISCUSSION

At the time of implementation of the World Health
Organization (WHO) recommendations for malaria preven-
tion in Gabon, it was essential to better document indicators
of malaria in pregnancy. In this observational study performed
in Libreville, an urban area, delivering women had high preva-
lence of maternal and placental malaria and anemia.

Malaria diagnosis was based on a combination of different
methods, namely microscopy, malaria rapid-diagnostic test,
and PCR, to allow active and sensitive detection; the con-
ventional parasite detection by microscopy alone is associ-
ated with an underestimation of malaria prevalence.'*!* The
method used for microscopic detection of P. falciparum asexual
forms, different from the conventional thick-film microscopic
examination, allowed a better estimation of the parasitaemia.
A precise volume of blood (15 uL) was spread on the slide and
that one was read entirely before the report of the results. This
could explain the slight discrepancy between PCR and micros-
copy results. Although the PCR methods are able to detect

parasite DNA in the case of microscopic and subpatent para-
sitaemia, sensitivity is known to be dependent of the parasite
density, parasite viability, and markers used for genotyping.'>-1
Furthermore, absence of parasite DNA amplification in the
presence of microscopic parasitaemia is not uncommon, and
the limit of PCR detection is reported to be between 0.01/uL
to 500/uL.151720 Tt is important to notice that 95% of the micro-
scope positive samples that were negative by PCR had low
parasitaemia (< 18/uL) and were HRP-2 positive, suggesting
an old infection with probably a large number of non-viable
parasites detected by microscopy. Nevertheless, PCR remains
more repeatable, less subjective, and more sensitive than
microscopy for low-grade parasitaemia. Our results highlight
the need for using both PCR and microscopy for active para-
site detection in areas where parasite densities are low.

Prevalence of microscopic maternal infection (12.4%) is
lower compared with that reported at the first antenatal care
visit (57%) in pregnant women from Libreville in 1997.! But
when also considering submicroscopic infections, this preva-
lence jumped to 34.5%. The same range of maternal P. falci-
parum malaria prevalence (31%) was found in Lambaréné,
a city located 237 km south of Libreville.?> Submicroscopic
infections seem to be more frequent than microscopic infec-
tions in Gabon, probably because of improved case manage-
ment and use of preventive strategies that contribute to better
control of parasitaemia.

The malaria parasites frequently sequester in the placenta,
and this is a more appropriate place to evaluate malaria-
prevention strategies, because it is directly linked to the new-
born (the focus of the prevention). We considered placental
malaria infection as one of the main parasitological indica-
tors of infection in pregnancy. The global prevalence of pla-
cental infection (53.6%) was comparable to that observed in
Ghana (59.4%), where microscopic detection of asexual form
and malaria pigment, associated with HRP-2 testing and PCR,
was used for the diagnosis.'”* Adegnika reported a lower prev-
alence using microscopy and PCR (31%) in Lambaréné, but
haemozoin detection was not performed.?? The detection of
pigmented leukocytes, although less sensitive than histological
examination of the placenta because it neglects placental hae-
mozoin deposition, allowed determination of late or resolved
infections (cleared since at least 1 week as confirmed by the

TABLE 5

Distribution of the studied variables according to the stages of placental infection

Stage of infection

Early (N =26) Late (N =20) Resolved (N = 35) Submicroscopic (N = 28) None (N = 88%)
Outcomes (n) n % n % n % n % n %
Primiparous (155) 21 135 14 9.0 30 19.4 21 13.5 69 44.5
Multiparous (42) 5 11.9 6 14.3 5 11.9 7 16.7 19 452
IPTp (80) 9 11.2 6 7.5 16 20.0 10 12.5 39 48.8
Bed net use (74) 7 9.5 S 6.7 15 20.3 10 13.5 37 50.0
HPMI (22) 4 18.2 6 27.3 3 8.6 5 22.3 4 18.2
Prematurity (44) 8 182 5 114 7 159 5 114 19 432
Maternal anemia (64) 11 17.2 3 4.7 11 17.2 5 7.8 34 53.1
LBW (26) 3 11.5 6 23.1 3 11.5 4 15.4 10 38.5
Cord infection (37) 6 16.2 3 8.1 5 13.5 23 62.2 0 0.0
Continuous outcomes

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Haemoglobin (g/dL) 10.3 (1.7) 9.9 (1.6) 11.3 (1.6) 10.8 (1.8) 10.7 (2.3)

Birthweight (g) 3084.2 (466) 2832.0 (520) 3147.9 (487) 2961.4 (428) 3038.2 (507)

*Six samples were not tested with the three techniques.
SD = standard deviation; N = number.
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absence of HRP-2 detection).”? Late PM was associated with
low Hb level and reduction of mean birth weight as reported
in Ghanaian pregnant women.” This technique is easier,
cheaper, and when coupled with parasite detection, was able
to identify most of the placental infections (81/109). For epide-
miological purposes, microscopic detection of infected eryth-
rocytes and leukocytes associated with haemozoin can be used
as an alternative method for the diagnosis of PM in endemic
settings where placental histology is not routinely available.

Prevalence of cord infection, although always submicro-
scopic, was high (18.2%). This could be explained by the high
frequency of submicroscopic placental infection that is now
recognized as a predictor of submicroscopic cord infection.*
In the present study, 62% of children with cord-blood infec-
tion were born from women with only submicroscopic PM.

Although this was not a randomized controlled study for
the evaluation of the efficacy of malaria-preventive measures,
analysis of the association of reported IPTp and/or bed net
use with pregnancy outcome was performed. At the time of
the study, free distribution of IPTp/SP and insecticide-treated
bed nets to women attending ANC was ongoing in the country.
However, less than one-half of the delivering women received
at least one SP dose, and one-third used a bed net, indicat-
ing a low or irregular ANC attendance, especially when con-
sidering the WHO recommendation of four ANC visits. One
year after the study, 83% and 57% of delivering women par-
ticipating in the study performed in Libreville and Lambaréné
had taken one and two doses of SP during pregnancy, respec-
tively.” During this period in Gabon, only 70% of pregnant
women attended two ANC during pregnancy, this propor-
tion decreased to < 40% for four ANC (MK Bouyou-Akotet,
unpublished data).* The global frequency of malaria infection
was comparable between primigravidae and multigravidae. It
is argued that with the use and spread of antimalarial preven-
tive strategies, the susceptibility to malaria does not differ in
pregnant women, regardless of parity.”?° But when taking into
account the use of IPTp plus bed net, it is obvious that primi-
gravidae remained at a higher risk to be infected. Indeed, in
the IPTp/SP plus bed net group, parasitaemia and prevalence
of maternal and placental P. falciparum infection were lower
in multigravidae women. This could be explained by the asso-
ciation of their effect with the level of parasite-specific immu-
nity that is known to be stronger in multigravidae compared
with primigravidae. Another consideration is the impact of SP
use on pregnancy outcomes depending on parity.”?’ One SP
dose is able to significantly reduce malaria prevalence in preg-
nant women, as observed in multigravidae women, and thus,
higher dosing is needed for primigravidae women.?** This
is confirmed by the lowest proportion of maternal- (11%)
and placental-infected (13%) multigravidae women who had
taken at least one SP dose during pregnancy compared with
primigravidae women from the same group who had maternal
(40%) and placental (43%) infection. As opposed to Mbaye
and others??'*? in Gambia, a significant reduction of mater-
nal and PM in multigravidae was achieved in the group using
IPTp/SP plus bed net during pregnancy, which was reported
by other authors.”*'%> Women who had taken IPTp/SP alone
or combined with bed net use, particularly multigravidae, had
less early placental infection. Similar results were observed in
Mozambique and Malawi, confirming the ability of SP to cure
recent infections and the necessity of giving a prophylactic
dose near the end of term.?303334

Higher reduction (with strong odds ratios) of PM by IPTp/
SP and/or bed net use and of LBW by IPTp in multigravidae
compared with primigravidae have been observed.?*26303233
Effort must be taken to improve access and use of insecti-
cide-treated bed nets combined with recommended dosage of
IPTp/SP.

HPMI was found to be the strongest predictor of malaria
infection at delivery in primigravidae women.?** Women in
their first pregnancy seem to be unable to clear peripheral par-
asites, thereby increasing the risk of placental and cord infec-
tion at the end of the pregnancy. The risk of having HPMI is
also reduced by IPTp/SP use.®* Among women with HPMI,
the proportion of those without IPTp/SP was two-fold higher
compared with the ones in the IPTp/SP group.

Anemia is considered a good indicator for maternal health.
Its prevalence was high in primigravidae women, and it was
associated with a higher parasite density. Uninfected women
had a higher hemoglobin concentration (0.7 g/dL difference),
but this difference was not statistically significant, probably
because of the small sample size. IPTp combined with bed
net use reduced the risk of maternal anemia, but even in the
women who used these preventive strategies, the prevalence
of anemia was still high. The impact of IPTp and/or bed net
use on anemia depends on the dosing and is found to be gener-
ally low or absent.”?-2731-% Proper antenatal care that includes
surveillance of the pregnancy and management of all risk
factors for pregnancy outcomes is essential to improving Hb
levels.7»28

Birth weight is a strong predictor of infant health and there-
fore, a good indicator for the control of malaria-preventive
strategies. A mean birth-weight reduction of > 200 g was
observed in the case of primigravidae women with maternal
and cord-blood infection. This result is comparable with pre-
vious studies, and the relationship between cord infection and
lower mean birth weight in primigravidae has been observed
in Cameroon.*¢ The absence of an association between PM
and birth weight is probably caused by the small sample size
of women with late and submicroscopic placental infections
that were associated with a lower mean birth weight. Both
are independent risk factors for LBW and mean birth weight
reduction.'®?

Despite the small sample size, the lower and non-controlled
dosing of SP, and the observational nature of the data pre-
sented, this overview of malaria-associated pregnancy indi-
cators is useful for providing a baseline for assessing future
programs and recommendations.

CONCLUSION

The burden of malaria and anemia among pregnant women
is still high in Gabon. Submicroscopic infections, which have
a negative impact on neonate outcomes, are frequent. Bed
net use and IPTp/SP coverage, although low and insufficient,
have some degree of positive impact on the frequency of the
infection in multigravidae women and on mean birth weight in
primigravidae women. Efforts must be made for a full and cor-
rect implementation of the recommended WHO strategies for
malaria prevention during pregnancy throughout the country,
and new assessment of malaria-associated pregnancy outcome
in comparison with the presented data must be scheduled in
the near future for the estimation of the impact of these strat-
egies. Furthermore, better attendance to antenatal visits is
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needed for the prevention and management of other causes of
anemia, prematurity, and LBW.
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