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Abstract
Purpose Anaemia remains a serious concern among pregnant women, and thus, it is closely monitored from the onset 
of pregnancy through to delivery to help prevent adverse maternal and neonatal outcomes. In malaria-endemic settings, 
continuous low-level carriage of P. falciparum parasites is common and its contribution to maternal anaemia should not be 
underestimated. In this study, we evaluated the impact of adherence to malaria control measures [number of antenatal clinics 
(ANC) attended, supervised intake of sulphadoxine pyrimethamine (SP), and use of insecticide treated bed nets (ITNs)] on 
asymptomatic malaria and anaemia outcomes among pregnant women on ANC in hospitals in the Central region of Ghana.
Methods The study was conducted during two seasons; October–November 2020 (dry season, n = 124) and May–June 2021 
(rainy season, n = 145). Among the women, there was a high adherence to the control measures for both seasons (ANC ≥ 3 
visits; ~ 82.0%, intake of SP; ~ 80.0% and ITNs use; ~ 75.0%).
Results Asymptomatic P. falciparum carriage was high for both seasons (44.4% for the dry season; 46.9% for the rainy sea-
son). Correspondingly, the occurrence of anaemia was high for both seasons (57.3% for the dry season; 68.3% for the rainy 
season) and was strongly predicted by carriage of P. falciparum parasites. Despite the high adherence to ANC protocols, 
asymptomatic P. falciparum infection was common and contributed to the high burden of maternal anaemia.
Conclusions Our findings emphasize the need for improved control measures that can clear asymptomatic/sub-microscopic 
P. falciparum infection and protect against malaria-induced anaemia among pregnant women attending ANC in malaria 
endemic-settings.
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Background

The level of exposure to malaria parasites remains high 
among women in endemic regions. In 2021, of an estimated 
33.8 million pregnancies in Sub-Saharan Africa, close to 
11.6 million (34%) were exposed to Plasmodium falciparum 
infection [1]. Within the Sub-Saharan Africa region, West 
Africa (where Ghana is located) recorded an even higher 
exposure of pregnancies to P. falciparum infection; thus 
40% of an estimated 15.7 million pregnancies were exposed 
to malaria [1]. Clinical manifestations of malaria in preg-
nancy vary depending on the parasite species circulating, the 
transmission intensity and the levels of naturally-acquired 
immunity [2, 3]. In West Africa, where P. falciparum is the 
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principal causative agent of malaria, malaria in pregnancy is 
often stealthy, but can nevertheless have dire consequences 
including maternal anaemia [4], intrauterine growth retar-
dation [5, 6], preterm delivery [5, 6], low birth weight [1, 
6], foetal loss [7] and perinatal mortality [6, 7]. Diagno-
sis of asymptomatic malaria is based on the detection of 
Plasmodium species in peripheral blood of an individual 
with axillary temperature < 37.5 °C who shows no malaria-
related symptoms. Detection of asymptomatic malaria can 
be facilitated by the use of rapid diagnostic tests (RDTs), 
microscopy and molecular assays. In Sub-Saharan Africa, 
the prevalence of asymptomatic malaria in pregnancy ranges 
from 3.0 to 21.0% (using microscopy), 8.0 to 36.0% (using 
rapid diagnostic kits), and 20.0 to 40.0% (using molecular 
methods) [4].

Anaemia in pregnancy is a serious health concern due 
to the inability of the body’s red blood cells to meet physi-
ological needs. Globally, anaemia affects 1.62 billion (24%) 
of the world’s population [8]. Among pregnant women in 
Sub-Saharan Africa, the prevalence of anaemia is reported 
to be 57.1%, with the highest rate of 61% recorded in West 
Africa [8]. Though the occurrence of anaemia in pregnancy 
is quite complex, it is more prevalent in Sub-Saharan Africa, 
predominantly owing to nutritional deficiencies in iron, folic 
acids and other micronutrients due to insufficient consump-
tion of these nutrients before and during pregnancy [9]. That 
notwithstanding, within Sub-Saharan Africa, the contribu-
tions of infectious diseases including HIV, schistosomiasis 
and malaria to maternal anaemia is significant [4, 10, 11]. 
The pathogenesis of these infectious diseases, especially 
malaria, could increase erythrophagocytosis and decrease 
erythropoiesis leading to maternal anaemia and iron deple-
tion [12]. During pregnancy, there is an increased demand 
for iron and folate, which are required for red cell mass and 
plasma volume expansion, and for the growth and develop-
ment of foetal and utero-placental organs [13]. Deficiency in 
iron during pregnancy can therefore lead to adverse maternal 
and neonatal outcomes. Adverse maternal outcomes includ-
ing pre-term deliveries, postpartum haemorrhage, and mor-
talities are all associated with maternal anaemia [14]. Also, 
adverse neonatal outcomes such as birth asphyxia, low birth 
weight, stillbirths and neonatal deaths are associated with 
maternal anaemia [15]. Consequently, babies born from 
anaemic mothers have an increased risk of mental and physi-
cal impairment [16]. Particularly, pre-term babies born from 
anaemic mothers have an increased risk of growth retarda-
tion within first year of life due to low iron stores [17].

Provision of quality health services through antena-
tal clinics (ANC) is paramount in addressing malaria and 
anaemia in pregnancy [18]. Through ANC, pregnant women 
benefit from health care services such as health awareness, 
education, counselling, screening, diagnosis, treatment 
and monitoring. Together, these help in promoting both 

maternal and foetal well-being. In this regard, pregnant 
women, especially those within the second and third tri-
mester, are encouraged to attend at least three ANC to enjoy 
maximum benefits [19]. In Ghana and other Sub-Saharan 
African countries, anaemia and malaria control strategies, 
including monitoring of maternal haemoglobin levels at 
each ANC visit, rapid diagnostic testing of malaria at each 
ANC, provision of insecticide treated bed nets, intermittent 
preventative therapies using sulphadoxine pyrimethamine 
(IPTp-SP) for malaria, provision of iron and folic acid sup-
plementations and deworming, have been deployed through 
ANC and targeting pregnant women. However, across differ-
ent health facilities in Ghana, these control strategies suffer 
from implementation challenges and some health facilities 
lack the capacity to execute some of the control strategies.

The main objective of malaria control strategies in preg-
nancy such as use of SP is to prevent adverse maternal and 
neonatal outcomes [20]. However, the current focus of its 
use has been on averting the rates of low birthweight due 
to maternal anaemia. According to the 2021 world malaria 
report, 74% of all pregnant women attended ANC at least 
once, 57% received at least one SP dose, with 46% and 32% 
receiving at least two and three doses respectively. This SP 
coverage is estimated to having averted over four hundred 
thousand low birthweights in 2020 alone [1]. However, 
several reports in Sub-Saharan Africa, including Ghana, 
have shown high prevalence of maternal anaemia despite 
IPTp-SP [4, 21]. Furthermore, some studies indicate that 
SP intake (irrespective of the number of doses) has limited 
effect against maternal anaemia [20, 22], although other 
studies in West Africa found reduced maternal anaemia after 
intake of at least three doses of SP [23, 24]. In any case, the 
burden of asymptomatic carriage of P. falciparum infection 
appears to be on the rise [4]. Additionally, control measures 
such as the use of IPTp-SP and ITNs have been reported to 
be ineffective in clearing P. falciparum infections during 
pregnancy [25–27]. This evidence points to a need for a re-
evaluation of the impact of current malaria control measures 
on asymptomatic P. falciparum parasitaemia and anaemia 
among pregnant women. Malaria parasite transmission can 
either be highly seasonal or perennial with peaks during the 
rainy seasons, and it is unclear how this variation influences 
the impact of various control measures.

Methods

Study design, population and sampling sites

This was a cross-sectional study conducted at health facili-
ties in the Central Region of Ghana at two different seasons; 
October–November 2021 (dry season) and May–June 2022 
(Rainy season) (Fig. 1). The study involved pregnant women 
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presenting at routine ANCs at health facilities in four com-
munities; Abura Dunkwa, Moree, Effutu-Cape Coast, and 
Mankessim, all situated in the Central Region of Ghana.

Ethical approval

Approval for the study was granted by the ethical review 
committee of the Ghana Health Service (GHS-ERC 
005/08/20) and the institutional review board of the Nogu-
chi Memorial Institute for Medical Research (NMIMR-IRB 
CPN 005/20-21). Written informed consent was obtained 
from each study participant. For women below 18 years of 
age, additional consent was sought from their guardians or 
husbands.

Evaluation and recruitment

Women with gestational age of ≥ 14 weeks (second trimes-
ter and above), who were permanent residents in the study 
communities, showed no disease signs or symptoms and 
signed the informed consent were included in the study. 
During the sampling period, most pregnant women, who 
appeared for ANC visits were either in their second or 

third trimester. Considering that women in their first 
trimester do not receive SP as malaria prophylaxis, we 
decided to sample pregnant women within their second 
trimester and above. Midwives, Physician Assistants and 
Medical Officers examined the pregnant women, and all 
necessary tests required were done to determine partici-
pation eligibility and to allow routine diagnosis per each 
health facility procedure. Trained field workers explained 
the study procedures and requirements to participants in a 
language they understood, and a copy of the informed con-
sent was given to them to complete. Once consented, qual-
ified enumerators administered a structured questionnaire 
to the participants in their own language to obtain obstetric 
and socio-demographic information (age, gestational age, 
parity, number of ANCs, use of ITNs and supervised use 
of malaria prophylaxis). Blood samples were then drawn 
by an experienced phlebotomist with butterfly needles into 
heparin tubes and labelled appropriately. The remaining 
blood from the butterfly needles was spotted on Whatmann 
grade 3 filter paper to allow detection of asymptomatic P. 
falciparum carriage by PCR and also used to estimate hae-
moglobin (Hb) levels for each participant using HemoCue 
machine. Anaemia was defined as Hb < 11.0 g/dL [28].

Fig. 1  Sampling procedure and prevalence of asymptomatic malaria and anaemia among pregnant women recruited in health facilities in Abura 
Dunkwa, Moree, Effutu-Cape Coast, and Mankessim in the Central Region of Ghana. In the figure n = frequency
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Extraction of genomic DNA from dry blood spot 
samples

Three blood spots on Whatman filter paper were labelled 
with patients' study numbers, air-dried, and individually 
placed into plastic bags marked with the patients' initials. 
The bags were stored at room temperature. Genomic DNA 
was extracted using the Chelex method [29]. Briefly, a spot 
of about 100 μL blood was excised into a 1.5 mL microcen-
trifuge tube and soaked with 1 mL 0.5% saponin in 1 × PBS. 
Microcentrifuge tubes with contents were next vortexed and 
supernatant suctioned. Spots were washed twice with 1 × 
PBS and DNA was boiled out with 200 μL of 20% Chelex 
100 solution (Bio-Rad Laboratories) prepared in nuclease 
free water. The DNA was stored at − 20 °C until it was used 
for the amplification reaction.

Detection of asymptomatic P. falciparum infection

A PCR assay was used to amplify the seryl-tRNA synthetase 
gene of P. falciparum in the extracted DNA. The total reac-
tion volume of 10 μL consisted of 0.5 μL each of 10 μM 
forward and reverse primers, 5 μL Low ROX PerfeCTa 
SYBR green SuperMix (Quanta Biosciences Inc., Gaithers-
burg, USA), 2 μL nuclease free water and 2 μL DNA. Ther-
mal cycling was performed on a Quant Studio 5 real-time 
PCR system. Cycling conditions were: initial denaturation 
at 95 °C for 5 min followed by 40 cycles of denaturation 
at 94 °C for 15 s and annealing and extension at 60 °C for 
1 min. A melt curve stage of 95 °C for 10 s, 60 °C for 1 min 
and 95 °C was included. To confirm positive and negative 
samples from the amplification plots obtained, the PCR 
products were resolved on 1.5% agarose gel electrophoresis 
with an expected amplicon size of 120 bp for the amplified 
gene.

Study variables

Two main binary variables: asymptomatic carriage of P. fal-
ciparum (Yes or No) and anaemia (Yes or No), were assessed 
in this study. Factor variables such as socio-demographic 
information (age), obstetric characteristics (gestational age 
and parity), and ANC protocols (number of ANC visits, use 
of ITNs, intake of SP) were assessed as well. Age was strati-
fied as < 20 years, 20–30 years, and > 30 years. Gestational 
age was grouped into second (14–27 weeks) and third tri-
mester (≥ 28 weeks). Among the women, the gestational 
age ranged from 25 to 41 weeks. With regards to parity, the 
women were put into nulliparous (parity = 0), primiparous 
(parity = 1), secundiparous (parity = 2) and multiparous (par-
ity ≥ 3) groups. Number of ANC visits by participants was 

stratified into 1, 2 and ≥ 3 visits, use of ITNs was stratified 
into Yes or No, while supervised intake of SP was stratified 
into 0, 1, 2, and ≥ 3 number of doses taken.

Statistical analyses

Statistical analyses were performed using GraphPad Prism 
version 9.3.1 (GraphPad Software, La Jolla, CA) and SPSS 
version 28.0. Both continuous and categorical variables were 
presented as numbers and percentages. Prevalence of asymp-
tomatic P. falciparum infection and anaemia were estimated 
based on the proportion of women who tested positive by 
PCR and had Hb < 11.0 g/dL, respectively. Association 
between categorical data was evaluated using Chi-Square or 
Fisher’s exact test. For each outcome (asymptomatic malaria 
and anaemia), multinomial logistic regression analyses were 
carried out with predictor variables. Variance-inflation fac-
tors (VIF) were computed using linear regression to ensure 
there were no multi-collinearity between predictor variables. 
Additionally, correlations among predictor variables were 
evaluated using Pearson’s test. Variables with VIF of < 2.000 
and Pearson’s correlation coefficient (r) of < 0.400 were 
considered. Two-tailed p-values < 0.05 were considered as 
statistically significant.

Results

Demographic and obstetric characteristics 
of participants

For the first sampling period (dry season, n = 124, Fig. 1), 
the age range of the women was 15–46 years. The majority 
(53.2%) were 20–30 years, while 35.5% were > 30 years, and 
11.3% were < 20 years (Table 1). For the second sampling 
period (rainy season, n = 145, Fig. 1), the age range was 
14–42 years. Most (49.7%) were 20–30 years, 36.6% were 
> 30 years while the remaining 13.8% were < 20 years. For 
both seasons, the majority (~ 80.0%) of women, who turned 
out for ANC were in their third trimester and many (~ 37.0%) 
were multiparous (Table 1). Comparison analysis showed 
the proportions of women in the different age (χ2 = 0.52; 
p = 0.772), trimester of pregnancy (χ2 = 0.13; p = 0.721) and 
parity (χ2 = 0.78; p = 0.854) groups were similar for both 
sampling periods (Table 1).

Adherence to malaria control measures 
among participants

In this study, high adherence to malaria control measures 
was evident from the high number ANC visits by partici-
pants (ANC visits ≥ 3), by the dominant supervised intake 
of at least three SP doses and by the widespread use of ITNs 
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during pregnancy. For both sampling periods, the number 
of ANC visits ranged from 1 to 9, and a high coverage of 
~ 82.0% was observed among the women (Table 1). Super-
vised SP intake ranged from 0 to 5 doses. High proportions 
of 75.0% and 80.0% of the women received at least one 
dose of SP during the dry and rainy seasons, respectively 
(Table 1). Out of this number, many, (35.5% and 44.8% for 
dry and rainy season respectively), received at least three 
doses of SP (Table 1). Use of ITNs was common, with 75.0% 
(dry season) and 62.1% (rainy season) claimed to be sleeping 
under ITNs (Table 1). Comparison analyses showed ANC 
coverage (χ2 = 0.80; p = 0.672) and SP intake (χ2 = 5.07; 
p = 0.167) were similar between the two seasons (Table 1). 
However, use of ITNs was lower in the rainy season com-
pared to the dry season (χ2 = 5.14; p = 0.023, Table 1).

Prevalence of asymptomatic malaria

The prevalence of asymptomatic P. falciparum infection was 
44.4% (95% CI 35.4–53.6%) in the dry season and 46.9% 
(95% CI 36.8–55.4) in the rainy season (Fig. 1), and the 
rates were similar for both seasons (χ2 = 0.17; p = 0.677). For 
each season, the proportion of women with asymptomatic 
parasitaemia was similar across the different age, gestation 
and parity groups (χ2 < 6.45; p > 0.05 for all comparisons) 
(Fig. 2). That notwithstanding, in the dry season, parasite 
carriage rates were highest among younger (57.1%, Fig. 2a) 
and secundiparous women (68.2%, Fig. 2a). In the rainy sea-
son, the rates were highest among younger (65.0%, Fig. 2b) 
and nulliparous women (54.1%, Fig. 2b). For both seasons, 
the prevalence of parasite carriage was not significantly 
related to ANC coverage or SP intake (χ2 < 3.60; p > 0.05 for 
all comparisons, Fig. 3). Despite this observation, in the dry 
season, parasites were most commonly found in women with 
low ANC coverage (one ANC visit; 63.6%, Fig. 3a) and in 
those who did not receive SP (58.1%, Fig. 3a). Women who 
did not sleep under ITNs more often carried parasites than 
those who did (61.3% in the dry season; Fig. 3a and 54.5% 
in the rainy season; Fig. 3b); this association was only sig-
nificant in the dry season (χ2 = 4.80; p = 0.028 for, Fig. 3a).

Prevalence of anaemia

Among the women, anaemia was diagnosed in 57.3% (95% 
CI 48.1–66.1%) and 68.3% (95% CI 60.0–75.7%) respec-
tively in the dry and rainy seasons (Fig. 1). The proportions 
of women diagnosed with anaemia were similar in both 
seasons (χ2 = 3.49; p = 0.062). The occurrence of anaemia 
was significantly associated with asymptomatic parasite car-
riage (χ2 = 7.53; p = 0.006; for dry season; Supplementary 
Fig. 1a, χ2 = 7.33; p = 0.005; for rainy season; Supplemen-
tary Fig. 1b). With regard to demographic and obstetric dis-
tribution, anaemia was highest (range 48.1–78.6%) across 

Table 1  Distribution of demographic and obstetric information 
among women sampled across the dry and rainy seasons

n (%) = number (percentage); p-value considered statistically signifi-
cant at < 0.05 (2-tailed)

Factors Dry season 
(total = 124)

Rainy season 
(total = 145)

Chi-square (χ2); 
p-value

n (%) n (%)

Age, years
 < 20 14 (11.3) 20 (13.8) χ2 = 0.52; p = 0.772
 20–30 66 (53.2) 72 (49,.7)
 > 30 44 (35.5) 53 (36.6)

Gestation
 Second trimester 27 (21.8) 29 (20.0) χ2 = 0.13; p = 0.721
 Third trimester 97 (78.2) 116 (80.0)

Parity
 0 28 (22.6) 37 (25.5) χ2 = 0.78; p = 0.854
 1 28 (22.6) 27 (18.6)
 2 22 (17.7) 27 (18.6)
 ≥ 3 46 (37.1) 54 (37.2)

Parity ≥ 3
 3 21 (16.9) 21 (14.5)
 4 14 (11.3) 15 (10.3)
 5 4 (3.2) 10 (6.9)
 6 3 (2.4) 5 (3.4)
 7 3 (2.4) 1 (0.7)
 8 1 (0.8) 2 (1.4)

Number of ANC visits
 1 11 (8.9) 15 (10.3) χ2 = 0.80; p = 0.672
 2 12 (9.7) 10 (6.9)
 ≥ 3 101 (81.5) 120 (82.8)

ANC visits ≥ 3
 3 14 (11.3) 19 (13.1)
 4 25 (20.2) 25 (17.2)
 5 17 (13.7) 21 (14.5)
 6 17 (13.7) 17 (11.7)
 7 17 (13.7) 12 (8.3)
 8 8 (6.5) 14 (9.7)
 9 3 (2.4) 12 (8.3)

Supervised SP intake
 0 31 (25.0) 29 (20.0) χ2 = 5.07; p = 0.167
 1 24 (19.4) 17 (11.7)
 2 25 (20.2) 34 (23.4)
 ≥ 3 44 (35.5) 65 (44.8)

SP intake ≥ 3
 3 20 (16.1) 31 (21.4)
 4 14 (11.3) 24 (16.6)
 5 10 (8.1) 10 (6.9)

Bednet use
 No 31 (25.0) 55 (37.9) χ2 = 5.14; p = 0.023
 Yes 93 (75.0) 90 (62.1)
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Fig. 2  Comparison of prevalence of asymptomatic carriage of P. 
falciparum across age, gestational age and parity groups among 
pregnant women during the a dry season; sampling 1—October–
November 2020, and b rainy season; sampling 2—May–June 2021. 

Proportions were compared by Chi-square analysis, with χ2 indicating 
the chi-square value and p representing the p-value which is consid-
ered significant at < 0.05 (2 tailed)

Fig. 3  Association of prevalence of asymptomatic carriage of P. fal-
ciparum with number of antenatal visits, use of insecticide-treated 
nets and SP intake among pregnant women during the a dry season; 
sampling 1—October–November 2020, and b rainy season; sampling 

2—May–June 2021. Proportions were compared using Chi-square or 
fisher’s exact test, with χ2 indicating the chi-square value and p repre-
senting the p-value which is considered significant at < 0.05 (2 tailed)
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all age, gestation and parity groups in both sampling peri-
ods (Fig. 4). The proportions of women with anaemia were 
similar across the different age, gestation and parity groups 
(χ2 < 3.12; p > 0.05 for all comparisons in both sampling 
periods, Fig. 4). With regards to adherence to ANC pro-
tocols, anaemia rates were highest among women with ≥ 3 
ANC visits (58.4% in the dry season; Fig. 5a and 70.8% 
in the rainy season; Fig. 5b), among those who used ITNs 
(53.8% in the dry season; Fig. 5a and 72.2% in the rainy 
season; Fig. 5b) and among those who received ≥ 3 doses of 
SP (59.1% in the dry season; Fig. 5a and 58.5% in the rainy 
season; Fig. 5b). Comparisons showed that the proportions 
of women with anaemia were similar in those using and not 
using ITNs (χ2 < 1.90; p > 0.05 for all comparisons in both 
sampling periods, Fig. 5) and irrespective of intake or non-
intake of SP (χ2 < 6.20; p > 0.05 for all comparisons in both 
sampling periods, Fig. 5). However, the comparison analyses 
revealed that, in the dry season, a significantly higher pro-
portion of women on their first ANC visit and those with ≥ 3 
ANCs had anaemia (Fig. 5a).

Predictors of asymptomatic malaria among women 
during the dry and rainy seasons

Multinomial logistic regression analysis was used to eval-
uate the relative contributions of age, gestation, parity, 

number of ANC visits, SP intake, ITN use and anaemia as 
predictors of asymptomatic P. falciparum among the women 
(Table 2). Of the predictors, anaemia (in the rainy season 
only) or parity, ITN use and anaemia (in the dry season) 
were associated with asymptomatic malaria (Table 2). In 
the dry season, there was a significant increase in risk of 
asymptomatic malaria in secundigravidae (AOR = 5.080, 
95% CI 1.440–17.915, p = 0.011, Table 2) and anaemic 
women (AOR = 3.286, 95% CI 1.353–7.979, p = 0.009, 
Table 2), while women who used ITNs had a significantly 
reduced risk of asymptomatic malaria (AOR = 0.376, 95% 
CI 0.150–0.940, p = 0.036, Table 2). In the rainy season, 
women who were anaemic had a significantly increased 
risk of asymptomatic malaria (AOR = 3.283, 95% CI 
1.451–7.427, p = 0.004, Table 2).

Predictors of anaemia among women during the dry 
and rainy seasons

Similarly, multinomial logistic regression analysis was used 
to evaluate the relative contributions of age, gestation, par-
ity, number of ANC visits, SP intake, ITN use and asymp-
tomatic malaria as predictors of anaemia among the women 
(Table 3). In the dry season, only asymptomatic parasite car-
riage contributed to anaemia as infected women had a sig-
nificantly increased risk of anaemia (AOR = 3.303, 95% CI 

Fig. 4  Comparison of prevalence of anaemia across age, gestational 
age and parity groups among pregnant women during the a dry sea-
son; sampling 1—October–November 2020, and b rainy season; sam-
pling 2—May–June 2021. Chi-square or fisher’s exact test was used 

to evaluate differences between proportions. On the graphs, χ2 and p 
indicate the chi-square value and p-value respectively. Significant sta-
tistical associations were considered at p < 0.05 (2 tailed)
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1.358–8.032, p = 0.008, Table 3). In the rainy season, there 
was a significantly increased risk of anaemia in women who 
did not receive SP (AOR = 3.895, 95% CI 1.077–14.084, 
p = 0.038, Table 3), and in those who had asymptomatic 
malaria (AOR = 3.247, 95% CI 1.428–7.380, p = 0.005, 
Table 3).

Discussion

This study was conducted to assess the impact of malaria 
control strategies including increased numbers of ANC vis-
its, supervised intake of SP during ANC visits and use of 
ITNs and associated factors (age, gestation and parity) on 
low level or asymptomatic P. falciparum carriage and anae-
mia among pregnant women on ANC in the Central region 
of Ghana during the dry and rainy seasons. These variables 
are useful in assessing the effectiveness of the control strate-
gies in both the dry season where parasite transmission is at 
its lowest and in the rainy season where it peaks.

Generally, the women sampled in the two seasons were 
similar with regard to their demographic (age) and obstet-
ric characteristics (gestation and parity). The majority of 
the women were within the 20–30 years and > 30 years 
age brackets, which is unlike other studies in Ghana where 
most women appearing for ANC were younger (< 20 years) 

[22, 30]. Available evidence suggests that pregnant women 
< 20 years of age are less likely to show up for subsequent 
ANC, thereby not benefiting from health interventions [30]. 
Based on the age category, it was not surprising that most of 
the women who participated in this study were multiparous 
and ANC visits coverage of ~ 82.0% was observed. This high 
ANC coverage resulted in high IPTp-SP coverage (intake of 
at least one dose of SP; 75.0% dry season and 80.0% rainy 
season) relative to the 74% coverage recently reported in the 
2021 world malaria report [1]. There was an improvement in 
the women who received at least three doses of SP (35.5% in 
dry season and 44.8% in the rainy season) in comparison to 
the 32% recently reported [1]. Interestingly, the use of ITNs 
among the study participants was higher (75.0% in the dry 
season and 62.1% in the rainy season) compared to the 43% 
use previously reported among Ghanaian pregnant women 
[31]. The higher ITN use reported in this study could be 
ascribed to the frequent ANC visits, which has been shown 
to be a determinant of ITN utilization among Ghanaian preg-
nant women [32].

Though the transmission of malaria has declined signifi-
cantly in recent years, malaria still remains a major public 
health burden in Ghana [33]. Generally, reliable and acces-
sible area-specific information on malaria transmission is 
not available for the selected communities in the Central 
region of Ghana where this study was conducted. That 

Fig. 5  Association of occurrence of anaemia with number of antena-
tal visits, use of insecticide-treated nets and doses of SP intake among 
pregnant women during the a dry season; sampling 1—October–
November 2020, and b rainy season; sampling 2—May–June 2021. 

Comparisons were evaluated using Chi-square or fisher’s exact test. 
On the graphs, χ2 indicate the Chi-square value while p represent the 
p-value which is considered significant at < 0.05 (2 tailed)
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notwithstanding, the study sites (Moree, Abura Dunkwa, 
Effutu-Cape Coast and Mankessim) are characterized by 
high P. falciparum transmission intensity among pregnant 
women as evidenced in this study and a previous study by 
Nwaefuna et. al. in 2015 [34]. The prevalence of asymp-
tomatic P. falciparum carriage peaked at 44.4% in the dry 
season and 46.9% in the rainy season. The rates reported 
here are slightly higher relative to 30% asymptomatic 
parasite carriage rates reported among pregnant women in 
Sub-Saharan Africa in general [4]. The rates were high irre-
spective of age, gestation, and parity for the two sampling 

seasons, showing that the women were consistently carrying 
parasites and at risk of adverse consequences at any time 
of the year. These underscore the need to maintain effec-
tive control measures throughout the entire course of preg-
nancy. However, the highest risk of asymptomatic parasite 
carriage in the study occurred among secundiparous women 
during the dry season. This risk factor has been reported 
among African women during low parasite transmission 
periods [35, 36], mainly culminating from parasites carried 
into pregnancy until first contact with ANC visit [25, 26]. 
Anaemia was a very prevalent condition among the women 

Table 2  Multinomial logistic regression analyses of factors that predict asymptomatic carriage of P. falciparum across the two sampling seasons

Reference category: un-infected (PCR negative) women
B regression coefficient, Exp(B) exponent of B = adjusted odd ration (AOR), 95% CI 95% confidence interval
p-value considered significant at < 0.05 (2-tailed)
a Redundant sub-category group

Parameter Category Dry season Rainy season

B Standard error Exp(B)/AOR 
(95% CI AOR)

p-value B Standard error Exp(B)/AOR 
(95% CI AOR)

p-value

Age, years < 20 0.594 0.996 1.811 (0.257–
12.743)

0.551 0.752 0.777 2.121 (0.463–
9.718)

0.333

20–30 − 0.036 0.545 0.965 (0.331–
2.809)

0.948 − 0.212 0.498 0.809 (0.305–
2.146)

0.670

> 30 0a 0a

Parity 0 − 0.119 0.793 0.888 (0.188–
4.201)

0.881 − 0.139 0.633 0.870 (0.252–
3.011)

0.826

1 − 0.103 0.638 0.902 (0.258–
3.153)

0.872 − 0.105 0.626 0.900 (0.264–
3.072)

0.867

2 1.625 0.643 5.080 (1.440–
17.915)

0.011 0.067 0.581 1.069 (0.342–
3.341)

0.909

≥ 3 0a 0a

Gestation Second trimester 0.396 0.531 1.486 (0.525–
4.207)

0.455 − 0.592 0.542 0.553 (0.191–
1.600)

0.275

Third trimester 0a 0a

ANC visits 1 0.379 0.773 1.460 (0.321–
6.644)

0.624 − 0.144 0.619 0.866 (0.257–
2.912)

0.816

2 1.012 0.750 2.750 (0.633–
11.957)

0.177 − 0.730 0.810 0.482 (0.099–
2.359)

0.368

≥ 3 0a 0a

SP doses intake 0 0.297 0.591 1.346 (0.423–
4.285)

0.615 − 0.189 0.551 0.828 (0.281–
2.437)

0.732

1 − 0.346 0.638 0.708 (0.203–
2.469)

0.588 − 0.362 0.679 0.696 (0.184–
2.634)

0.594

2 − 0.291 0.605 0.747 (0.228–
2.447)

0.630 0.057 0.523 1.059 (0.380–
2.952)

0.913

≥ 3 0a 0a

Use of bednets Yes − 0.978 0.468 0.376 (0.150–
0.940)

0.036 − 0.681 0.389 0.506 (0.236–
1.086)

0.080

No 0a 0a

Anaemia Yes 1.190 0.453 3.286 (1.353–
7.979)

0.009 1.189 0.417 3.283 (1.451–
7.427)

0.004

No 0a 0a
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of all ages, gestation and parities, and this observation is 
consistent with studies conducted in other parts of Ghana 
and Africa [4, 35]. The rates of anaemia were higher for 
the two seasons, peaking at 57.3% in the dry season and at 
68.3% in the wet season indicating a corresponding impact 
of asymptomatic P. falciparum carriage across the two sea-
sons. The strong dependency of anaemia on asymptomatic 
parasitaemia was not surprising because it is consistent with 
several other reports among pregnant women in Sub-Saha-
ran Africa [4, 35]. Asymptomatic malaria, which is often 
chronic can culminate into increased erythrophagocytosis 

and decreased erythropoiesis [12]. These changes contribute 
to maternal anaemia, leading to adverse outcomes, including 
mortality during pregnancy or postpartum, and dire neona-
tal outcomes such as foetal/infant mortality [12]. Moreover, 
pregnant women with asymptomatic malaria infection usu-
ally go undetected and untreated, serving as silent reservoirs 
for the transmission of natural P. falciparum infection to 
the general population [37, 38], thus, jeopardizing efforts to 
eliminate malaria.

Currently, the most common malaria control strate-
gies employed during pregnancy are ITNs, IPTp-SP, and 

Table 3  Multinomial logistic regression analyses of factors that predict anaemia across the two sampling seasons

Reference category: no anaemia
B regression coefficient, Exp(B) exponent of B = adjusted odd ration (AOR), 95% CI 95% confidence interval
p-value considered significant at < 0.05 (2-tailed)
a Redundant sub-category group

Parameter Category Dry season Rainy season

B Standard error Exp(B)/AOR 
(95% CI AOR)

p-value B Standard error Exp(B)/AOR 
(95% CI AOR)

p-value

Age, years < 20 0.800 1.062 2.227 (0.278–
17.862)

0.451 − 1.075 0.886 0.341 (0.060–
1.937)

0.225

20–30 − 0.018 0.507 0.982 (0.363–
2.655)

0.971 − 0.214 0.555 0.808 (0.272–
2.397)

0.700

> 30 0a 0a

Parity 0 0.052 0.766 1.054 (0.235–
4.728)

0.946 0.929 0.727 2.531 (0.609–
10.529)

0.202

1 0.142 0.627 1.152 (0.337–
3.938)

0.821 0.250 0.692 1.284 (0.331–
4.989)

0.718

2 − 0.697 0.622 0.498 (0.147–
1.684)

0.262 0.428 0.640 1.534 (0.437–
5.380)

0.504

≥ 3 0a 0a

Gestation Second trimester − 0.518 0.528 0.596 (0.212–
1.677)

0.327 − 0.439 0.600 0.645 (0.199–
2.088)

0.464

Third trimester 0a 0a

ANC visits 1 0.926 0.898 2.524 (0.434–
14.666)

0.302 − 0.778 0.638 0.459 (0.132–
1.604)

0.223

2 − 1.426 0.803 0.240 (0.050–
1.160)

0.076 − 0.018 0.845 0.982 (0.188–
5.143)

0.983

≥ 3 0a 0a

SP doses intake 0 0.268 0.624 1.307 (0.385–
4.438)

0.667 1.360 0.656 3.895 (1.077–
14.084)

0.038

1 − 0.449 0.625 0.638 (0.188–
2.172)

0.472 1.526 0.803 4.599 (0.953–
22.200)

0.057

2 0.256 0.584 1.292 (0.411–
4.061)

0.661 0.591 0.578 1.806 (0.582–
5.605)

0.306

≥ 3 0a 0a

Use of bednets Yes − 0.268 0.499 0.765 (0.287–
2035)

0.591 0.733 0.425 2.082 (0.905–
4.790)

0.085

No 0a 0a

Asymptomatic 
malaria

Yes 1.195 0.453 3.303 (1.358–
8.032)

0.008 1.178 0.419 3.247 (1.428–
7.380)

0.005

No 0a 0a
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supplementation of iron and folic acids during ANC visits. 
In this regard, pregnant women within the second to third tri-
mester are recommended to have at least three ANC contacts 
to enjoy the maximum benefits [19]. Despite the high ANC 
coverage and high adherence to the malaria control strate-
gies among the women studied here, asymptomatic parasite 
carriage and maternal anaemia were still found to be very 
common. SP intake irrespective of the number of doses did 
not influence asymptomatic carriage of P. falciparum infec-
tion (Table 2), leaning credence to previous studies implying 
the ineffectiveness of SP in clearing infections during preg-
nancy [27]. That notwithstanding, increased (≥ 3) SP intake 
was associated with maternal anaemia outcomes only in the 
rainy season where women who took less than three doses 
had an increased risk of anaemia (Table 3). This observa-
tion is corroborated by studies with seasonal stratifications 
that observed a beneficial effect of increased (≥ 3) SP intake 
on maternal anaemia [23], which is unlike studies without 
such seasonal stratifications [22, 39]. Thus, it appears that 
SP protects against malaria-induced maternal anaemia 
during seasons with intense parasite transmissions prob-
ably because women may carry higher parasitemia unlike 
in lower transmission seasons. This further buttresses the 
reported ineffectiveness of SP in clearing infections [27]. 
ITNs by their nature are supposed to prevent new infections 
rather than clearing them [25, 26], and this was evident 
as its use appeared to be protective only in the dry season 
(Table 2), mainly because of its increased utilization during 
this period (Table 1). Considering that pregnant women in 
malaria endemic settings can control and chronically propa-
gate P. falciparum infection during pregnancy [2, 40], the 
use of ITNs as a preventative measure is limited as they can-
not clear chronic infections. In this regard, the widespread 
use of ITNs among our study participants did not influence 
anaemia outcomes.

Limitations and strengths of the study

The study did not assess nutritional determinants and other 
co-morbidities as risk factors of anaemia in pregnancy and 
this could potentially influence the outcomes of the find-
ings presented here. That notwithstanding, malaria-induced 
maternal anaemia is a well appreciated condition observed 
in Sub-Saharan Africa and as presented here. System-based 
studies are therefore needed to understand the contributory 
effect of malaria-induced anaemia in maternal anaemia. 
Such studies will also help to monitor and understand the 
effectiveness of malaria control measures such as chemopro-
phylaxis with SP and other partner drugs. Additionally, the 
study could not account for P. falciparum positive partici-
pants who potentially could have had delayed clearance of 
the parasite DNA after SP intake but not peripheral asympto-
matic infection as captured here [41]. However, considering 

chronic and persistent P. falciparum infections are wide-
spread in hyper-endemic malaria settings [2, 40], such as our 
study area, the aforementioned limitation might potentially 
not influence the outcomes of this study. Our findings pro-
vide useful information that can influence policy formulation 
and implementation on several fronts. Firstly, it stresses the 
need for the use of more sensitive point-of-care diagnostics 
to enable the detection of asymptomatic/sub-microscopic P. 
falciparum infections among pregnant women during ANC 
visits. Additionally, it prompts the use of alternative and 
suitable treatment regimens that can clear asymptomatic and 
chronic P. falciparum infections among pregnant women on 
ANC. Furthermore, it backs calls on the need for vaccines 
that can protect pregnant women against the adverse effects 
of placental malaria including malaria-induced maternal 
anaemia. Lastly, it stresses the need for nutritional and diet 
remedies. ANC care givers should intensify education and 
awareness on diet during pregnancy. Measures should be put 
in place to ensure compliance in consumption of foods forti-
fied with iron, folic acid, and other micronutrients among 
pregnant women. Also, there should be strategies to ensure 
the availability and compliance in consumption of iron and 
folic acid tablets for women.

Conclusion

Our data suggests the presence of a high burden of asymp-
tomatic carriage of P. falciparum and anaemia among preg-
nant women in the Central region of Ghana despite high 
ANC coverage, increased intake of SP doses and high use 
of ITNs. The findings imply that SP and ITN use are not 
effective tools in fighting asymptomatic P. falciparum car-
riage among pregnant women across different transmission 
seasons. This demonstrates a pressing need for alternative 
measures to control asymptomatic/sub-microscopic malaria 
in pregnancy and its corresponding impact on maternal 
anaemia.
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