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Abstract: This study aimed to investigate the malaria infection prevalence and predisposing risk factors among some 
pregnant women in Greater Khartoum area, Sudan. Following informed consent, eight hundred thirty six pregnant women 
were interviewed and thick blood films were prepared and examined for malaria parasites. Parasite densities were 
determined by counting parasites against 200 leukocytes assuming a white blood cells count of 6,000/µl. PCR was 
performed using outer and nested primers to enhance detection of parasitemia below the microscopy threshold, after DNA 
extraction by chelex method. Microscopy and species-specific PCR results showed that 26.2% and 56.5% of women were 
positive respectively. Low parity and young-aged pregnant women were significantly associated with parasitemia 
(p=0.001, 0.004). Second trimester pregnancy [adjusted odd ratio (aOR), 3.2 (95% CI, 2.9-5.8,)] and season of antenatal 
visit [(aOR), 1.7 (95% CI, (0.9-1.1)] constituted a significant risk factor for contracting malaria. In a multivariate analysis, 
mothers <20 years [(aOR), 2.4 (95% CI, 1.3-3.0)], first and second pregnancies [(aOR), 2.0 (95% CI, 1.1-1.9)], poverty-
related factors (low-income, illiteracy) were independent predictors for P. falciparum infection. Pregnancy-associated P. 
falciparum malaria is prevalent among Sudanese pregnant women with evidence of close correlation to low parity, young 
age and socioeconomic status. 
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INTRODUCTION 

 It has long been observed that there is an increase in the 
severity of malaria during pregnancy, resulting in certain 
negative outcomes as maternal anemia and low birth weight, 
with an increase in maternal and infant mortality [1,2]. 
Pregnancy-associated malaria is a cause of morbidity and 
mortality to mothers and their developing fetuses in sub-
Saharan Africa, where it is well documented that pregnant 
women are more susceptible to malaria infection compared 
to before pregnancy and to their non-pregnant counterparts. 
It is known that the key malaria interventions are vector 
control using insecticide-treated nets (ITNs), indoor residual 
spraying (IRS), intermittent preventive treatment of malaria 
in pregnancy (IPTp) and effective treatment. Artemisinin-
based combination therapy (ACT). Between 2000 and 2006, 
ITN distribution increased three- to ten-fold in most coun-
tries including Sudan. Subsidized or free ITNs have inc-
reased bednet coverage. ITN distribution is linked to 
antenatal care. 
 In addition, P. falciparum malaria is a particular danger 
in pregnancy and can have significant adverse consequences 
for both the mother and the developing fetus, including  
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abortion, stillbirth, low birth weight and maternal anemia [2-
5]. The increased susceptibility of pregnant women to P. 
falciparum infection is partially due to physiological 
alterations of immunity. Moreover, clinical malaria has been 
attributed to specific strains of P. falciparum that are able to 
adhere to chondroitin sulphate A in the placenta [6].  

 In endemic areas, the prevalence of clinical and asympto-
matic malaria is highest in young women and those in their 
first and second pregnancies. The vulnerability decreases, 
however, with increasing numbers of pregnancies suggesting 
that women acquire a gravidity–form of immunity, resulting 
in a decrease in both prevalence and severity of the disease 
[7, 8]. The prevalence of malaria infection and parasite den-
sities in pregnant women are reported to be highest through-
out the second trimester [4, 9]. Regardless of the pre-preg-
nancy level of immunity against malaria, the most frequent 
consequence of malaria during pregnancy is anemia. Several 
studies have reported malaria infection as the primary cause 
for anemia among pregnant women, and the changes in the 
immune system associated with pregnancy increasing the 
susceptibility to anemia [7, 10, 11]. Many studies pointed to 
alarming the prevalence of malaria in pregnant women in 
several African countries, only a hand full of studies have 
evaluated such situation in Sudan [5, 12].  

 In this study, we aimed to investigate the malaria preva-
lence and its predisposing risk factors during pregnancy 
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among Sudanese pregnant women in Greater Khartoum area, 
Sudan. 

MATERIALS AND METHODS 

Study Site 

 During the period from July 2003 to December 2004, 
pregnant women attending the routine antenatal clinics at 
Omdurman Maternity Hospital were enrolled. Omdurman 
Maternity Hospital is a major public hospital serves residents 
of around 5 million people in central Sudan. Omdurman city 
has a mixed rural, tribal, and urban population. The Study 
protocol was reviewed by the ethical and scientific com-
mittees of the Institute of Endemic Diseases, University of 
Khartoum and the Directorate of Research, Federal Ministry 
of Health, Khartoum, Sudan.  

Data Collection 

 Enrolled volunteers were consented and a pre-designed 
questionnaire that included socio-demographic data, infor-
mation on maternal age, gravidity and gestation was com-
pleted. Volunteer ethnicity, residence and income to past 
history of malaria and the use of anti malarial drugs during 
pregnancy were also included. Women were scheduled for 
follow up visits on a monthly basis until delivery. Gravidity 
was categorized as primigravidae, secundigravidae, multigra-
viade (gravida 3-5) and grand multigraviad (gravida ≥ 6). 
The following age groups were used: teenagers (<20 years 
old), young women (20–24 years old) and older women (>24 
years old). Length of gestation was estimated based on the 
number of weeks between the self-reported date of last 
menstrual period (LMP) and antenatal visit date. Trimesters 
were defined as first (<14 weeks), second (14-27 weeks) and 
third (>27 weeks) and residence was classified as urban, 
semi-urban and rural areas; women at the 3 sites were com-
pared. Women attending the antenatal clinic were given one 
month's supply of iron (II) sulfate tablets and folic acid 
tablets. Similarly, expected date of delivery for each partici-
pant was also calculated.  

Laboratory Tests 

 Collection of samples was based on the seasonality of 
malaria prevalence in the various seasons of the year. The 
rainy season usually starts in July and continued to October. 
Particularly the weather in Sudan characterized by a 3-month 
following the rainfall season known as post rainy season and 
this extends from November to early February followed by 
the dry season in the remaining (March-June) period. 

 Blood samples were collected, at each visit, for parasito-
logical and molecular evaluations. Finger prick blood sam-
ples were collected for thick and thin blood films and DNA 
extraction on No. 3 whatman filter paper. Films were stained 
with 3% Giemsa and 100-oil immersion fields were exa-
mined microscopically by two independent technicians. 
Parasite densities were determined by counting parasites and 
200 leucocytes assuming white blood cells count of 6,000/µl. 
Parasitemia were graded as low (1-999µl), moderate (1000–
9999/µl) and high (>10000/µl). Hemoglobin (Hb) was mea-

sured using a colorimetric method and Hb levels were 
defined as normal and anemic (<11 g/dl). 

Parasite DNA Extraction and PCR Amplification 

 DNA was extracted from filter papers using chelex 
method as described by Plowe et al. [13]. PCR was carried 
out using outer and nested primers to enhance detection of 
parasitemia below the microscopy threshold. All samples 
were screened for P. falciparum DNA using nested PCR 
amplification of the small subunit ribosomal RNA gene, as 
previously described [14]. The amplified DNA products 
were then analyzed electrophoretically on 1.5 % agrose gels 
and stained with ethidium bromide. Bands were visualized 
under UV trans-illumination, and photographed. 

Statistical Analysis 

 Following data entry, rechecking and verification, data 
were analyzed using Epi-Info 2002 software. Chi-square 
analysis and Fisher exact test were used to compare 
proportions within and among groups. Logistic regressions 
were performed with malaria as the dependent variable, 
using age, gravidity, season and gestation as independent 
variables. Ninety five percent (95%) confidence intervals 
(CIs) were considered.  

RESULTS 

Description of Study Population  

 The majority of pregnant women were between 21-30 
years of age with women ≤20 years constituting less than  
 
Table 1. Baseline Characteristics of the Study Population 

(n=836) 
 

Characteristics Number (%) 

Age groups: 
≤20 

 21-25 
 26-30 
 >30 

Gravidity: 
Primigravidae 

Secundigravidae 
multigraviadae 

Grand multigraveida 
Gestational age at recruitment: 

First trimester 
Second trimester 
Third trimester 

Residence: 
Urban 

Semi urban 
Rural 

Educational level: 
Able to read 

Illiterate 
Anemic (Hg <11) 

 
154 (18.5%) 
263 (31.3%) 
238 (28.5%) 
181 (21.7%) 

 
355 (42.5%) 
238 (28.5%) 
139 (16.6%) 
104 (12.4%) 

 
306 (36.6%) 
402 (48.1%) 
128 (15.3%) 

 
142 (17.1%) 
426 (51.3%) 
268 (31.6%) 

 
542 (64.8%) 
294 (35.2%) 
557 (66.6%) 
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20% of the study volunteers. About half of women attended 
in the second trimester (48.1%) with few attendees in the 
third trimester (15.3%). Almost half (51.3 %) of the women 
came from semi-urban areas (p=0.06). The proportion of 
primigravidae was higher among those who came from 
urban areas. Illiteracy was detected in nearly third (30.1%) of 
the study group. Most of the pregnant women (66.6%) had 
hemoglobin levels less than 11.0 grams/dL (i.e. anemic) 
(Table 1). 

Malaria Prevalence by Age and Gravidity 

 Microscopy and species-specific primers PCR diagnosis 
showed that 26.2% (219/836) and 56.3% (471/836) of 
women were positive respectively, with P. falciparum as the 
dominant spp. Both microscopy and PCR showed significant 
malaria prevalence among women ≤20 years of age com-
pared to those over 20 years (p<0.005). However, gravidity 
was associated with a decrease in the prevalence of malaria 
detected by microscopy (Table 2). There was malarial infec-

tion in 30.2% of pucigravidae (women ≤ 2 pregnancies) 
compared to 16.1% in multigravidae (p=0.001). The malaria 
prevalence declined as women became older. Infection 
among primigravidae was associated with higher parasi-
taemia compared to that among multigraviade (p=0.003). 

Predisposing Factors for Malaria Infection 

 Malarial infection was significantly higher in women 
from rural and semi-urban areas compared to woman from 
urban areas (p<0.003). The microscopic frequencies of 
malaria infection among women from various areas were 
35.1 %, 27.2 % and 6.3% for rural, semi-urban and urban 
areas respectively, while the PCR frequencies were 78.6 %, 
56.8% and 14.1 % for the same areas respectively. 
 Univariate analysis showed malaria risk factors to inc-
lude: maternal age "p=0.001", gravidity "p=0.004" and tri-
mester and living in rural areas "p<0.0001") as diagnosed by 
blood films. After correlating other variables in a multiva-

Table 2. Prevalence of Pregnancy-Associated Malaria by Maternal Age and Gravidity (n=836) 
 

 Maternal Age (years) No. of Pregnancies 

 ≤ 20 >20 p 1-2 ≥ 3 p 

Malaria 
positive 

Microscopy 
(n=219) 

59.7%  
 (92/154) 

18.6% 
(127/682) 0.004 30.2% 

(179/593) 
16.1%  

(40/243) 0.001 

PCR 
(n=471) 

70%  
 (107/154) 

57.8% 
(394/684) 0.02 40.8 % 

(242/593) 
62.6%  

(152/243) 0.025 

 

Table 3. Risk Factors for Malaria Infection (Positive Blood Film) 
 

Unadjusted OR Adjusted OR 
Risk Variable No. Infected (%) 

(95% CI) p (95%CI) p 

Age (years): 
≤20 

21-25 
25-29 
>30 

 
92/154 (95.7%) 
61/263 (23.3%) 
46/238 (19.2%) 
20/181 (11.0%) 

 
2.9 (2.4–3.6) 
1.5 (1.3-2.1) 

1 
0.6 (0.9-1.1) 

 
0.0002 
0.008 

 
0.03 

 
2.4 (1.3-3.0) 
2.0 (1.3-1.8) 

1 
1.1(0.9-1.4) 

 
0.06 
0.002 

 
0.001 

Gravidaty: 
Pucigravidae 
Multigravidae 

Grandmultigravidae 

 
179/593 (30.2%) 
28/139(20.7%) 
12/104 (11.0%) 

 
2.5 (1.5-2.8) 

1 
0.8 (0.7-1.1) 

 
0.0001 

 
0.02 

 
2.0(1.1-1.9) 

1 
0.1 (0.2-0.5) 

 
0.001 

 
0.03 

Trimester: 
First 

Second 
Third 

 
34/306 (11.1%) 1 
162/402 (48.3%) 
23/128 (17.8%) 

 
1 

2.9 (2.0-6) 
2.1 (0.5-1.6) 

 
 

0.006 
0.03 

 
1 

3.2(2.9-5.8) 
0.9 (1.2-2.6) 

 
 

0.0008 
0.04 

Season of antenatal visit: 
Rainy season 
Dry season 

 
180/523 (34.4%) 

29/313 (9.3%) 

 
1.3 (0.8-1.0) 

1 

 
0.05 

 
1.7 (0.9-1.1) 

1 

 
0.01 

Socio-economic class: 
Low 
High 

 
173/462 (37.4%) 
46/374 (12.3%) 

 
1.7 (1.0-2.1) 

1 

 
0.002 

 
2.3 (1.3-4.0) 

1 

 
0.001 
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riate analysis and by microscopic detection, pucigravidae, 
below 20 years, trimester and season were independently 
associated with malaria infection (Table 3). 
 Infection rates were higher among those in the second 
trimester, by both microscopy and PCR (33.1% and 77.4%), 
followed by women in the third trimester and then those in 
the first one (Fig. 1). Women with microscopic positivity 
were more symptomatic compared to those who were diag-
nosed by PCR and those who were negative for malaria 
parasite (90.4%, 33.8% and 13.9% respectively). Ethnicity 
was not associated with increased malaria infection; an app-
roximate equal proportion was noticed (49.1 % in non-Arab 
and 50.9% for Arabs (p=0.7).  
 Malaria positivity (both by microscopy and PCR) in 
antenatal visits varied by season and was highest during and 
after the rainy season with averages of 15.3% and 29.6% 
compared to 2.3% and 6.4% in the post rainy dry season (p= 

0.002, p= 0.001) (Fig. 2). There was a strong correlation bet-
ween the occurrence of anemia and positive blood films, 
where 34.4 % of anemic women were parasitemic compared 
to 7.3% of women with normal hemoglobin level 
(p=0.0001). The mean hemoglobin levels decreased signifi-
cantly as parasite counts increased (p<0.01). The prevalence 
of anemia was higher among pregnant women in their 
second and third trimesters compared to those in their first 
trimester (p=0.02). Anemia prevalence was higher in women 
living in rural and semi-urban areas compared to those from 
urban areas 63.1% (168/286), 44.6 % (190/426) and 20% 
(29/142) respectively (p<0.05). 

DISCUSSION 

 It is well documented that pregnant women living in 
many parts of sub-Saharan Africa have an increased risk of 

 
Fig. (1). Prevalence of pregnancy associated malaria by microscopy and PCR in all trimester. 

 
Fig. (2). Prevalence of pregnancy associated malaria by microscopy and PCR during the study period (July 03-Oct. 04). 
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malaria infection, but limited data have been reported from 
Sudan [5, 12]. Sudan is a vast country with more than two 
hundreds ethnic groups which resulted mainly from Afro-
Arab admixture. This study showed that malaria prevalence 
varies in different trimesters, a finding that has been reported 
in other parts of the world with varied malaria endemicity [3, 
4, 7, 8, 19]. The risk of infection was higher among pucigra-
vidae particularly among women below 25 years of age. This 
could be explained by the fact that acquisition of immunity 
to malaria increases with successive pregnancies. Such 
immunity is thought to be due either to priming of memory T 
cells or to production of antibodies against P. falciparum 
chondroitin sulfate A (PfCSA) that prevent parasites’ 
sequestration in the placenta [15, 16, 21]. The study also 
indicated that malaria parasite density decreased with 
increasing parity and age further reinforcing the belief that 
the ability to control malaria parasitemia is parity and/or age-
dependent.  
 Parasitemia was more frequent during the second tri-
mester, probably points to the time of maximum malaria risk 
during pregnancy [4, 9, 17]. The present study indicated that 
the malaria risks could also be poverty-related like illiteracy; 
low income and residence in rural areas, where health care 
facilities and malaria control programmes are meager and 
less effective. Women living in urban areas have access to 
adequate health care and malaria control facilities as well as 
their better health education [9, 18].  
 Our study confirmed the facts that, the overall prevalence 
of microscopic parasitaemia had seasonal variation, being 
highest at the post rainy season [4, 20].  
 In conclusion, pregnancy-associated P. falciparum mala-
ria is prevalent among Sudanese pregnant women with sea-
sonal variations. There is close correlation between malaria 
prevalence of malaria among pregnant women and the 
socioeconomic status. 
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