








Figure 1 Follow-up plan.

compared with those without malaria after adjusting for
parity, maternal age and SES (table 4).

Lastly, with an OR of 1.02 (95% CI 0.26 to 4.01), there
was no difference in perinatal mortality between preg-
nant women with malaria and those without malaria after
adjusting for caesarean section. Women who underwent
caesarean section had a five times greater risk of perinatal
death than those who did not have caesarean section
(table b).

Sensitivity analysis in both the univariate and multiple
log binomial regression models did not change the
direction or strength of the estimates compared with the
logistic regression model for preterm birth, even though
the OR marginally exaggerated the relative risk to some
magnitude (table 6).

DISCUSSION

In this study, malaria was found in nearly 10% of preg-
nant women. The study also investigated the associations
between malaria and preterm birth, LBW and perinatal
mortality.

Prenatal malaria was found to be substantially linked
with preterm birth and LBW after correcting for parity,
mother’s age, G6PD, SES and neonatal hospitalisation
at birth, but not with perinatal death after adjusting
for caesarean section. Indeed, Nkwabong et af' previ-
ously reported that third trimester malaria increased the
chance of preterm delivery by 5 times and LBW by 2.8
times, which is consistent with our findings. Similarly,
Vogel and colleagues® found that exposure to malaria
increased the risk of spontaneous preterm term birth
by 1.67 times with a secondary analysis of data from 22
low-income and middle-income countries. van den Broek

and colleagues® similarly conclude from their data
that maternal malaria significantly increased the risk of
preterm birth by 1.99 times. In Tanzania, similar studies
have shown that malaria parasites in mothers’ red blood
cells are associated with 3.2 times the risk of premature
birth.** Compared with people without placental malaria,
preterm birth rates increased by 4.7% to 5.6% among
pregnant women with placental malaria.* 2

In Brazil, researchers reported that P falciparum
species were significantly associated with preterm births,
although accounting for less than 40% of the total.”’ In
contrast, some authors suggest that such correlations are
non-significant. For example, a recent comprehensive
study of malaria at birth in Uganda that studied three
different parasite detection methods, including periph-
eral and placental blood microscopy, placental blood
loop-mediated isothermal amplification (LAMP), and
placental histopathology, found no statistically significant
link between malaria and preterm birth for any of the
methods.” In this study, it was not possible to distinguish
between the various species of malaria. However, previous
studies have shown that, regardless of the species, malaria
can lead to poor birth outcomes. For example, P. falci-
parum in placental blood increased the risk of LBW by
around 1.7 times in Malawi® and about 8.7-fold increase
in Zaire.” Furthermore, in Nigeria and Uganda, approx-
imately 33% and 19% of mothers with placental malaria,
respectively, delivered LBW babies compared with those
without placental malaria.* *!

One interesting aspect that emerged from the analysis
is the finding that women who delivered via caesarean
section were about five times more likely to suffer peri-
natal mortality. Notwithstanding, we found that there was
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Table 1 Baseline characteristics of pregnant women
Delivery period
Frequency (%),

Variables N=1323
Maternal age (mean+SD) 27.3+5.2

15-24 394 (29.8)

25-34 782 (59.1)

35-48 147 (11.1)
Marital status

Married 1310 (99.0)

Unmarried 13 (1.0)
Ethnicity

Mole Dagbani 1274 (96.3)

Others 49 (3.7)
Maternal education

Primary/no education 997 (75.4)

JHS/middle school 147 (11.1)

SHS/technical/vocational 89 (6.7)

At least diploma 89 (6.8)
Maternal occupation

No employment 302 (22.9)

Trader 834 (63.1)

Labourer 74 (5.6)

Factory/industry 24 (1.8)

Formal employment 87 (6.6)
Socioeconomic status

Poor 473 (35.8)

Moderately rich 439 (33.2)

Rich 411 (31.1)
Residence

Urban 762 (57.6)

Rural 561 (42.4)
Housing

Separate house 68 (5.14)

Semidetached 43 (3.25)

Compound house (sandcrete) 850 (64.25)

Compound house (mud) 362 (27.36)
Alcohol

Yes 4 (0.3)

No 1319 (99.7)
Medical history

Parity

First pregnancy 633 (47.9)

2-3 pregnancies 494 (37.3)

4 or more pregnancies 196 (14.8)
Malaria

Positive 125 (9.5)

Continued

Table 1 Continued
Delivery period
Frequency (%),

Variables N=1323

Negative 1198 (90.5)
Sickle cell

Positive 77 (6.4)

Negative 1120 (93.6)
Genotype

Hb AS 24 (36.4)

Hb SC 9(13.6)

Hb SS 33 (50.0)
Anaemia

<11g/L 582 (47.9)

>11g/L 633 (52.1)
Sulfadoxine/pyrimethamine usage

Yes 1137 (88.9)

No 154 (11.9)
Glucose-6-phosphate dehydrogenase

No defect 1029 (86.9)

Partial defect 98 (8.3)

Full defect 56 (4.7)
Respiratory condition

Yes 10 (0.8)

No 1313 (99.2)

Hb, haemoglobin; JHS, Junior High School; SHS, Senior High
School.

no significant increase in the odds of pregnancy mortality
in both adjusted and unadjusted models. In contrast,
other studies, such as the one conducted in Zaire in 1993,
reported that maternal malaria with chloroquine prophy-
laxis increased the risk of perinatal death by 12 times after
adjusting for parity and prenatal clinic visits.”* In addition,

Table 2 Incidence of pregnancy outcome and malaria
Negative Positive

Pregnancy Frequency Frequency
outcomes, N=1323 (%) (%) Total
Preterm birth

Term 780 (65.1) 60 (48.0) 840

Preterm 418 (34.9) 65 (52) 483
Birth weight

Normal birth weight 1137 (94.9) 112 (89.6) 1249

Low birth weight 61 (5.1) 13 (10.4) 74
Type of delivery

Live birth 1176 (98.4) 123 (98.4) 1299

Neonatal mortality 19 (1.6) 2 (1.6) 21
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Table 3 Logistic regression of preterm and malaria

Preterm Crude OR (95% CI) P value Adjusted OR (95% CI)* P value
Malaria

No 1 1

Yes 2.02 (1.39 t0 2.93) <0.001 2.02 (1.36 to 2.99) <0.001
Parity

First pregnancy 1 1

2-3 pregnancies 0.83 (0.65 to 1.07) 0.147 0.79 (0.61 to 1.03) 0.087

4 or more pregnancies 0.59 (0.42 to 0.85) 0.004 0.62 (0.42 to 0.93) 0.021
Maternal age (years)

15-24 1

25-34 1.23 (0.96 to 2.85) 0.102 1.35(1.02 to 1.77) 0.034

35-48 0.75(0.49 to 1.13) 0.170 0.92 (0.57 to 1.48) 0.720
G6PD

Normal 1 1

Partial defect 1.55 (1.02 to 2.35) 0.039 1.54 (1.01 to0 2.37) 0.047

Full defect 1.07 (0.61 to 1.87) 0.803 0.98 (0.54 to 1.76) 0.934
Neonatal admission at birth

No 1 1

Yes 2.10(1.17 to 3.79) 0.004 1.98 (1.09 to 3.60) 0.025

*Significant confounders adjusted in the multiple log binomial model: parity, maternal age, G6PD and neonatal admissions at birth.
G6PD, glucose-6-phosphate dehydrogenase.

P. falciparum malaria during pregnancy increased the risk
of neonatal deaths by 2.6 times.”” Infants delivered to
mothers with acute placental infections had a fivefold risk

of death.*

Multiple variables such as gender, mother’s age and
SES can result in adverse birth outcomes. Therefore, in
this study, we adjusted for these significant confounders
in the multiple logistic regressions and maintained the

Table 4 Logistic regression of LBW and malaria

LBW Crude OR (95% CI) P value Adjusted OR (95% CI)* P value
Malaria

No 1 1

Yes 2.04 (1.16 to 3.61) 0.014 2.06 (1.09 to 3.93) 0.027
Parity

First pregnancy 1 1

2-3 pregnancies 1.21 (0.71 to 2.06) 0.480 1.32 (0.76 to 2.28) 0.322

4 or more pregnancies 1.72 (0.91 to 3.23) 0.093 2.13 (1.03 to 4.39) 0.041
Maternal age (years)

15-24 1

25-34 0.79 (0.47 to 1.32) 0.373 0.70 (0.41 to 1.22) 0.210

35-48 0.72 (0.30 to 1.71) 0.457 0.45(0.17 to 1.19) 0.109
Socioeconomic status

Poor 1 1

Moderately rich 0.57 (0.33 to 0.99) 0.050 0.60 (0.34 to 1.07) 0.082

Rich 0.52 (0.28 to 0.93) 0.028 0.54 (0.29 to 0.98) 0.044

*Significant confounders adjusted in the multiple log binomial model: parity and socioeconomic status.

LBW, low birth weight.
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Table 5 Logistic regression of perinatal mortality and malaria

Perinatal mortality Crude OR (95% CI) P value Adjusted OR (95% CI)* P value (adjusted models)
Malaria

No 1 1

Yes 1.01 (0.23 to 4.37) 0.993 1.02 (0.26 to 4.01) 0.983
Mode of delivery

Normal 1 1

Caesarean section 5.18 (1.88 to 14.26) 0.001 5.17 (1.87 to 14.36) <0.001

*Significant confounder adjusted in the multiple log binomial model: mode of delivery.

significant confounders. Women with multiple pregnan-
cies are protected from premature birth. This is appar-
ently due to the extra protection provided by antibodies
in subsequent pregnancies against the parasite variant
surface antigen VAR2CSA.** %

Furthermore, regardless of the period of exposure,
the effect of malaria exposure on fetal development was
detected during the third trimester of pregnancy and has
been blamed for poor birth outcomes.® **® This might be
because the pathway that connects the mother to the baby
throughout pregnancy may impact the fetus’ survival at
delivery or even beyond, since the placenta delivers nutri-
tion to the newborn via the umbilical cord. For example,
Ouédraogo and his colleagues37 found a connection
between umbilical cord parasitaemia and maternal periph-
eral blood parasitaemia. Also, malaria during pregnancy

may have induced excessive stimulation and dysregulated
Hb-scavenging system and bioavailability of nitric oxide
and L-arginine, which may be associated with poor vascular
development and adverse birth outcomes.™ Although we
used RDT with peripheral blood, our findings were consis-
tent with the majority of studies on placental malaria.** *°
This is because peripheral blood infections may promote
the sequestration of parasites in the placenta and activate
immune reactions of antibodies and antigens that may
cause complications during delivery.”* ** Furthermore,
Kapisi et af’ found that women who had a high burden of
malaria had a 14-fold increased risk of placental malaria
by blood microscopy and a fourfold increased risk of
LAMP. This could indicate that our group had a higher
malaria burden, correlating with previous research using
a different technique for diagnosis.*

Table 6 Sensitivity analysis using log binomial regression for preterm and malaria

Preterm Crude RR (ClI) P value Adjusted RR (CI)* P value
Malaria

No 1 1

Yes 1.49 (1.24 to 1.23) <0.001 1.45(1.20to 1.78) <0.001
Parity

First pregnancy 1 1

2-3 pregnancies 0.89 (0.78 to 1.04) 0.150 0.87 (0.74 to 1.02) 0.087

4 or more pregnancies 0.72 (0.57 to0 0.91) 0.006 0.74 (0.57 to 0.96) 0.025
Maternal age (years)

15-24 1

25-34 1.14 (0.98 to 1.35) 0.106 1.19 (1.01 to 1.42) 0.039

35-48 0.81 (0.61 to 1.09) 0.181 0.93 (0.67 to 1.29) 0.670
G6PD

Normal 1 1

Partial defect 1.29 (1.03 to 1.60) 0.025 1.27 (1.02 to 1.59) 0.036

Full defect 1.04 (0.74 to 1.48) 0.803 0.98 (0.67 to 1.44) 0.935
Neonatal admission at birth

No 1 1

Yes 1.47 (1.13 to 1.91) 0.004 1.39 (1.07 to 1.83) 0.015

*Significant confounders adjusted in the multiple log binomial model: parity, maternal age, G6PD and neonatal admissions at birth.

TRR, Relative Risk

G6PD, glucose-6-phosphate dehydrogenase.
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This study benefited from a large sample size. To date,
we have not found any studies that examined the rela-
tionship between maternal malaria during delivery and
the results of birth in Tamale in the Northern Region of
Ghana. In this cohort, RDT was used to diagnose malaria,
although the sensitivity to malaria was 19% lower than
a microscopic examination of peripheral and placenta
blood. However, RDT has been reported to have outper-
formed microscopy in identifying malaria in other
settings.”* Furthermore, RDT is useful in environments
like ours because it produces quick results, requires fewer
training and equipment, and has virtually no power inter-
ruption. Consequently, especially in hospitals with limited
human resources and equipment, rapid malaria detec-
tion techniques are imperative for initiating care.

A potential drawback of our study was that we relied
on standard laboratories at each hospital to collect data
on malaria. While we took every attempt to observe and
monitor compliance with established testing techniques,
we were unable to account for any measurement bias
among laboratory staff for the exposure variable (malaria).
However, it should be noted that the RDT method for
malaria diagnosis during pregnancy is used routinely in
our context and is performed by state-licensed labora-
tory professionals to diagnose malaria in our population.
We also cannot explain the impact of malaria on birth
outcomes during the early stages of pregnancy since we
only included pregnant women in their third trimester as
long as they had done at least one RDT prior to recruit-
ment. This study also failed to account for the number
of doses of sulfadoxine/pyrimethamine taken by preg-
nant women. This denied us the opportunity to measure
its confounding effect on malaria and birth outcomes.
Nevertheless, our research is comparable with similar
studies on the subject matter.

Taken together, these findings indicate that maternal
malaria within the third trimester of pregnancy may be
a major contributor to LBW and preterm birth in the
Northern Region of Ghana.
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