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Epidemiological characteristics of co-infection with malaria and intestinal parasitic helminths among pregnant Women at the Mother and Child Hospital of N’Djamena, Chad
Abstract
Background : In sub-Saharan Africa, gestational malaria and intestinal helminth infections are highly prevalent, and their co-infection constitutes a major public health concern. This study aimed to determine the prevalence of Plasmodium and intestinal helminths co-infection among pregnant women attending the Mother and Child Hospital in N’Djamena.

Study design : The study involved pregnant women presenting to the Gynecology Department for antenatal care or for the management of pregnancy-related complications. This is a descriptive cross-sectional study conducted on 205 participants.
Place and Duration of Study : This study was conducted in the city of N’Djamena from June to July 2025.

Methodology : Stool samples were examined using both quantitative and qualitative Kato-Katz methods, while blood samples were analyzed using two techniques : the Rapid Diagnostic Test (RDT) and the thick blood smear. Chi-square (χ²) tests were used to compare the prevalence of the different parasitic species.
Results : A total of 135 pregnant women (65.85%) tested positive for Plasmodium, 57 (27.80%) for intestinal helminths, and 23 (11.21%) were co-infected with both Plasmodium and intestinal helminths. The prevalences of Schistosoma mansoni, Ascaris lumbricoides, Ancylostoma duodenale, Trichuris trichiura, Enterobius vermicularis, and Necator americanus were 14.15%, 7.80%, 2.93%, 1.95%, 0.49%, and 0.49%, respectively. Three types of co-infection were observed : Plasmodium + S. mansoni, Plasmodium + A. lumbricoides, and Plasmodium + A. duodenale, with prevalences of 6.34%, 3.41%, and 1.46%, respectively.

Conclusion : To the best of our knowledge, this study is the first in Chad to highlight the issue of Plasmodium–intestinal helminths co-infection among pregnant women. These findings highlight the need for integrated malaria and helminth control strategies among pregnant women in Chad.
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1. INTRODUCTION
Globally, malaria and intestinal helminth infections affect around 1.5 billion people and remain among the leading causes of morbidity and mortality, particulary in vulnerable populations including pregnant women and their fetuses (WHO, 2021). In sub-Saharan Africa, an estimated 12 million cases of gestationnel malaria occur each year out of approximately 33 million pregnancies (WHO, 2022), and intestinal helminths infections are endemic in both rural and urban areas of the region (de Silva et al., 2003 ; Snow et al., 2005). Gestational malaria is an undesirable clinical condition that develops in pregnant women following infection by Plasmodium species, particularly Plasmodium falciparum (Desai et al., 2007 ; Kayentao et al., 2013). Concurrently, intestinal helminths are parasitic worms that colonize the human gastrointestinal tract (Bakibinga et al., 2020). Malaria-helminth co-infection, defined as the simultaneous presence of multiple pathogens in a single host, constitutes a major public health challenge (Brooker et al., 2007). Co-infections can occur between phylogenetically divergent species, such as helminth and malaria infection (Mazigo et al., 2010 ; Knowles, 2011), to more similar parasites (Lord et al., 1999). The direction in and extent to which virulence changes in coinfections, compared to single infections is not necessarily additive (Rigaud et al., 2010 ; Bordes & Morand, 2011 ; Eswarappa et al., 2012 ; Alizon et al., 2013 ; Vaumourin et al., 2015). 
In sub-Saharan Africa, 11-31% of pregnant women are affected by helminth infections (Montresor et al., 2020), with malaria-helminth co-infection occurring in arround 20% of cases (Minyahil et al., 2022). In this region, the most common helminth infection during pregnancy include hookworm (32%), Ascaris lumbricoides (52%), Trichuris trichiura (2.9%), and schistosomiasis (Minyahil et al., 2022). Malaria in pregnancy is associated with a three-to fourfold increase in the risk of miscarriage and stillbirth compared with pregnant women without clinically confirmed malaria infection (Bakken et al., 2021). Helminth infections induce immunological and physiological alterations that can impair fertility and exert adverse effects on conception and pregnancy outcomes (Chetty et al., 2020). Anemia during pregnancy is one of the main adverse health effects associated with Ascaris lumbricoides (Nimaw et al., 2021 ; Demeke et al.,2021) and hookworm infections (Brooker et al., 2008). Moreover, Schistosoma mansoni has associated with anemia and malnutrition during pregnancy (Brooker et al., 2008), whereas Ascaris lumbricoides has been implicated in cases of gallblader perforation (Mosawi et al., 2019). Malaria co-infection with A. lumbricoides or hookworm during pregnancy has been linked to a higher risk of P. falciparum infection (Righetti et al., 2012 ; Tuasha et al., 2019). The pathophysiological mechanisms in pregnant women co-infected with Plasmodium species and helminths are associated with adverse pregnancy outcomes, including maternal anemia, fœto-maternal hemorrhage, antepartum stillbirth (Hirst et al., 2018 ; Adam et al., 2017). Co-infection with malaria and helminths leads to elevated and dysregulated inflammatory biomarkers, such as C-reactive protein and serum hepcidin, resulting in reduced iron absorption during pregnancy (Mpairwe et al., 2014 ; Brown et al., 2014).Although malaria is endemic (Malaria consortium, 2025) and intestinal helminth infections remain relatively prevalent in the Chadian population (Brooker et al., 2002 ; OMS, 2003 ; Hamit et al.,2008), there is a lack of research on malaria-helminth co-infection among pregnant women, and consequently, little is known about its prevalence and potential impact on maternal and fetal health. This study aimed to determine the prevalence of Plasmodium and intestinal helminth co-infection among pregnant women attending the mother and child hospital in N’Djamena. 
2. MATERIALS AND METHODS
2.1 Study area 
This study was conducted in the city of N’Djamena, Chad, at the Mother and Child Hospital of N’Djamena, Chad. N’Djamena is located in the Chari-Baguirmi region, within the Sahelian zone, and covers, 30% of the national territory, with an estimed population of 1 454 671 inhabitants and an average population density of 2 356. 72 inhabitants per square kilometer (INSEED, 2018). The study population consisted of pregnant women attending the Gynecology Department for antenatal care or for pregnancy-related complications. 
2.2 Study Population and Sampling procedure
This descriptive cross-sectional and descriptive study was conducted from June to July 2025 among 205 pregnant women. It involved pregnant women presenting to the Gynecology Department for antenatal care or for the management of pregnancy-related complications. Participants’ ages ranged from 14 to 43 years. Predefined inclusion and exclusion criteria were applied to ensure methodological rigor. A stratified sampling technique was implemented to account for the heterogeneity of the study population, particularly with respect to age, parity, gravidity, and level of exposure to infectious agents. This approach was complemented by systematic sampling to optimize participant selection. The combined sampling strategy enabled the recruitment of a representative sample of pregnant women comprising the study population. Prior to enrolment, comprehensive information regarding the study objectives, methodology, potential risks, expected benefits, and data confidentiality procedures was provided to both the administrative authorities and the participants. Written informed consent was obtained before inclusion. A structured questionnaire was subsequently administered to each participant for data collection. Age categories were defined to reflect biologically and socially relevant stages in relation to the study objectives. These categories were established based on the distribution of participants to ensure statistically meaningful and robust analyses. Eligible participants included pregnant women who voluntarily agreed to participate, were followed at the University Hospital Center for Mother and Child, and had a pregnancy confirmed by a diagnostic test. Pregnant women who declined to participate were excluded from the study. 
The minimum sample size N was determined using Lorentz's formula : N=[image: image2.png]. 2
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: 
-N = required sample size ;
-t = confidence level of the analysis is 95%, corresponding to 1.96 ; 
-p = prevalence of helminthiasis : here we will refer to the work of Kemba et al. (2022) for the prevalence of helminthiasis (35.87%) ;
-m = marginal error at 5%, that is 0. 05 (Zineb et al., 2020). 
Following the calculation, the minimum required sample size was determined to be 227 participants. 
2.3 Parasitological Analysis of Blood and Stool Samples 
For the blood sample collection, an EDTA (Ethylene diamine tetra acetic acid) tube containing an anticoagulant was used. Participants were seated with their arms relaxed. A tourniquet was applied 5-10 cm above the venipuncture site, and the skin was desinfected using an antiseptic swab. The needle was then inserted into the vein, and the tourniquet was promptly released. The EDTA tube was connected to the holder and filled up to the indicated mark. After collection, both the needle and tube were removed, and the puncture site was compressed with sterile cotton. The stool and blood samples collected were subsequently transported to the laboratory for parasitological analyses. Rapid diagnostic testing and thick blood smear microscopy were used to analyze the blood samples. The malaria rapid diagnostic test (RDT) is an immunochromatographic assay designed to detect the presence of Plasmodium parasite antigens in capillary blood. The test is performed using a cassette-based device. The fingertip (distal pulp) of the middle or ring finger of the left hand of each patient included in the study was disinfected with alcohol and then pricked using a sterile lancet. The blood drop collected with a pipette was dispensed into the well labeled « S » on the test cassette. Two to three drops of assay buffer were added to the well, and the result was read 15 minutes later. The appearance of two bands (control line + test line) indicates a positive result ; the presence of a single band (control line C only) indicates a negative result ; and the absence of the control line C (with or without a test line) indicates an invalid result, in which case the test must be repeated.
The parasitological examination of stool samples was performed using both macroscopic and microscopic approaches, applying the quantitative and qualitative Kato–Katz technique in accordance with World Health Organization guidelines (WHO, 1994). Macroscopic examination consisted of assessing stool color (white, brown, or black) and consistency (formed, hard, diarrheic, mucoid, or pasty), as well as detecting the possible presence of adult worms, larvae, or Taenia cysticerci. The Kato–Katz method (WHO, 1994) was used for the concentration and identification of intestinal helminth eggs and larvae. Briefly, a portion of sieved stool was used to carefully fill the aperture (6 mm in diameter and 1.5 mm in thickness) of a standard template placed on a clean glass slide. After removal of the template, the fecal sample remaining on the slide was covered with a pre-cut cellophane strip previously soaked for at least 24 hours in Kato solution containing malachite green. Using a test tube, the fecal material was evenly spread between the slide and the cellophane strip until it became sufficiently translucent to allow printed text to be read through the preparation. Excess Kato solution was removed using absorbent paper. After 30 minutes of clearing, slides were first examined microscopically for hookworm (Ankylostoma spp.) eggs, followed by examination for other helminth eggs after adequate clearing time, as recommended by WHO (1994). Microscopic examination was performed under ×10 objective magnification and subsequently under ×40 objective magnification to enhance visualization and morphological assessment. Parasite identification was based on standard morphological criteria using WHO reference identification charts (1994) and was conducted under the supervision of an experienced laboratory technologist to ensure diagnostic accuracy and quality control.
2.4 Data Analysis
The data collected were entered into a Microsoft Excel 2016 spreadssheet, which was also used for creating graphs ; they were then transferred to SPSS 25.0 for statistical analyses. The frequencies of occurrence of eggs, larvae, and adult stages of the different parasitic species were determined. Pearson chi-square (x²) test was used to compare the isolation frequencies of the different parasitic species. Any probability value of P<0.05 indicates that the difference observed in a test is statistically significant. 
3. RESULTS AND DISCUSSION
3.1 RESULTS
3.1.1 Socio-demographic description of the study population 
A total of 226 pregnant women were initially recruited and provided written informed consent prior to participation in the questionnaire-based survey. Of these, 21 subsequently declined biological sampling, resulting in a final analytical sample of 205 participants. Participants’ ages ranged from [14-43] years, with a mean age of 28.12 ± 7.17 years and a median of 28 years. The most represented age groups were [24–28] years (23.41%), [19–23] years (22.44%), [29–33] years (20.49%), and [34–38] years (18.05%). In contrast, women aged [14–18] years and 39–43 years were less represented, accounting for 8.29% and 7.32% of the sample, respectively. With respect to occupation, half of the participants were housewives (50.73%). The remaining participants were secondary school students (20.00%), university students (13.66%), traders (9.27%), and civil servants (6.34%). Regarding educational level, more than half of the women had completed secondary school (53.17%), while 30.24% had attained higher education. Primary school and illiterate each accounted for 8.29% of the study population. Most participants were married (84.88%), whereas 15.12% were single. Obstetric characteristics showed that 37.07% of the women were nulliparous, 14.63% primiparous, and 48.29% multiparous. In terms of gravidity, 35.12% were primigravida and 64.88% multigravida. Detailed results concerning the socio-demographic and obstetric characteristics of the study population are presented in Table 1.
Table 1. Demographic and Obstetric Characteristics of Pregnant Chadian Women Admitted to the Mother and Child Hospital of N’Djamena 
	Variables 
	Categories
	       Ni
	         (%)

	Age ranges

	[14-18 years]
	17
	8.29

	
	[19-23 years]
	46
	22.44

	
	[24-28 years]
	48
	23.41

	
	[29-33 years]
	42
	20.41

	
	[34-38 years]
	37
	18.05

	
	[39-43 years]
	15
	7.32

	Total
	/
	205
	100

	Marital status

	Single
	31
	15.12

	
	Married
	174
	84.88

	Total
	/
	205
	100

	Occupation

	Pupil
	41
	20.00

	
	Student
	28
	13.66

	
	Shopkeeper
	19
	9.27

	
	Government employee
	13
	6.34

	
	Housewife
	104
	50.73

	Total
	/
	205
	100

	Level of education

	Illiterate
	17
	8.29

	
	Primary school
	17
	8.29

	
	Secondary school
	109
	53.17

	
	Higher education
	62
	30.24

	Total
	/
	205
	100

	Gravidity

	Primigravida
	72
	35.12

	
	Multigravida
	133
	64.88

	Total
	/
	205
	100

	Parity

	Nulliparous
	76
	37.07

	
	Primiparous
	30
	14.63

	
	Multiparous
	99
	48.29

	Total
	/
	205
	100


Ni: Number of women examined; (%): frequencies with respect to the total
3.1.2 Prevalence of Plasmodium, intestinal helminths and co-infection in the Study Population
Out of the 205 pregnant women recruited for our study, 135 participants (65.85%) tested positive for Plasmodium, 57 (27.80%) for intestinal helminths (soil-transmitted helminths : 13.65% ; S. mansoni : 14.15%), and 23 (11.21%) for co-infection with Plasmodium and intestinal helminths. 
The infection rate for each helminth species is summarized in Table 2. Schistosoma mansoni had the highest infection rate (29 cases, 14.15%), followed by A. lumbricoides (16 cases, 7.80%). E. vermicularis and N. americanus had the lowest infection rates (1 case each, 0.49% respectively).
Table 2. Specific parasite prevalence
	Parasite species
	ni 
	(%)

	A. lumbricoides
	16
	7.80

	A. duodenale
	06
	2.93

	E. vermicularis
	01
	0.49

	N. americanus
	01
	0.49

	S. mansoni
	29
	14.5

	T. trichiura
	04
	1.95


ni: number of infested women

3.1.3 Prevalence of Plasmodium and Intestinal helminth Co-infections in this population study
The co-infections observed in our study were Plasmodium + S. mansoni, Plasmodium +A. lumbricoides, and Plasmodium + A. duodenale, with prevalences of 6.34%, 3.41%, and 1.46%, respectively (Fig. 1). The highest prevalence was that of Plasmodium and S. mansoni (6.34%), while the lowest was Plasmodium and A. duodenale (1.46%). 
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Fig. 1. Co-infection parasite prevalence 
The prevalence of Plasmodium varied in a statistically significant manner (χ² = 12.27; P = 0.03) only according to age groups among the socio-demographic factors. The overall prevalence of intestinal helminths did not vary statistically across the different socio-demographic and obstetric factors.
Table 3. Prevalence of Plasmodium and Intestinal helminths according to Socio-Demographic and Obstetric Factors
	Variables
	Ni
	Plasmodium 
ni (%)
	χ2
	P
	Intestinal helminths
     ni (%)
	χ2 
	P

	Age ranges 
	[14-18 years]
	17
	10 (58.82) ab
	12,27
	0,03
	8(47.05)a
	10.31

	0.07


	
	[19-23 years]
	47
	       33 (71.73) ab
	
	
	  19(41.30)a
	
	

	
	[24-28 years]
	48
	37 (77.08) ab
	
	
	10(20.83)a
	
	

	
	[29-33 years]
	42
	30 (71.42) ab
	
	
	11(26.19)a
	
	

	
	[34-38 years]
	37
	19 (51.35) ab
	
	
	7(18.91)a
	
	

	
	[39-43 years]
	15
	6 (40) b
	
	
	3(20)a
	
	

	
	Total
	205
	135 (65.85)
	
	
	58 (28.29)
	
	

	Marital status
	Single
	31
	19 (61.29)a
	0,86   
	0,35
	12 (38.70)a
	1.95
	0.16

	
	Married
	174
	116 (66.66)a
	
	
	46 (26.46)a
	
	

	
	Total
	205
	135 (65.85) a
	
	
	58 (28.29)
	
	

	Level of education
	Illiterate
	17
	9 (52.94) a
	 1,53
	0,67
	5 (29.41) a
	3.25
	0.35

	
	Primary school
	17
	12 (70.58) a
	
	
	7 (41.17) a
	
	

	
	Secondary school
	109
	72 (66.05) a
	
	
	33 (30.27) a
	
	

	
	Higher education
	62
	42 (67.74) a
	
	
	13 (20.96) a
	
	

	
	Total
	205
	135 (65.85)
	
	
	58 (28.29)
	
	

	Occupation
	Pupil
	41
	27 (65.85) a
	0,98 
	0,80
	16 (39.02) a
	4.58
	0.33

	
	Student
	28
	21 (75)a
	
	
	8 (28.57) a
	
	

	
	Shopkeeper
	19
	12 (63.15) a
	
	
	7 (36.84) a
	
	

	
	Government employee
	13
	6 (46.15) a
	
	
	3 (30)a
	
	

	
	Housewife
	104
	69 (66.34) a
	
	
	24 (23.07) a
	
	

	
	Total
	205
	135 (65.85)
	
	
	58 (28.29)
	
	

	Gravidity
	Primigravida
	72
	52 (72.22) a
	2   
	0,15
	24 (33.33) a
	1.38

	0.23

	
	Multigravida
	133
	83 (62.40) a
	
	
	34 (24.81) a
	
	

	
	Total
	205
	135 (65.85)
	
	
	58 (28.29)
	
	

	Parity
	Nulliparous
	76
	56 (73.68) a
	3,81
	0,15
	25 (32.89) a
	3.63
	0.16

	
	Primiparous
	30
	20 (66.66) a
	
	
	11 (36.66) a
	
	

	
	Multiparous
	99
	59 (59.59) a
	
	
	22 (22.22) a
	
	

	
	Total
	205
	135 (65.85)
	
	
	58 (28.29)
	
	


Ni : Number of women examined ; ni : Number of women infected with Plasmodium and intestinal helminths according to age, age group, marital status, education level, occupation, gravidity, and parity ; Flagged percentages of the same letter on the same line are not statistically significant.
3.1.4 Prevalence of Plasmodium and Intestinal helminth Co-Infections According to Socio-Demographic and Obstetric Factors
Plasmodium and intestinal helminth co-infection showed no statistically significant association (P > 0.05) with the different socio-demographic and obstetric characteristics presented in Table 3.
Table 4. Prevalence of Plasmodium and Intestinal helminth Co-Infections According to Socio-Demographic and Obstetric Factors
	
Variables
	Ni
	Plasmodium and intestinal helminth co-infection
ni (%)
	χ2
	P

	Age ranges
	[14-18 years]
	17
	                     2 (0.97) a
	5.10
	0.40


	
	[19-23 years]
	46
	                     9 (4.39) a
	
	

	
	[24-28 years]
	48
	3 (1.46) a
	
	

	
	[29-33 years]
	42
	5 (2.43) a
	
	

	
	[34-38 years]
	37
	3 (1.46) a
	
	

	
	[39-43 years]
	15
	1 (0.48) a
	
	

	Marital status
	Single
	31
	3 (1.46) a
	0.08
	0.76

	
	Married
	174
	20 (9,75) a
	
	

	Level of education
	Illiterate
	17
	3 (1.46) a
	4.25
	0.24


	
	Primary school
	17
	4 (1.95) a
	
	

	
	Secondary school
	109
	9 (4.39) a
	
	

	
	Higher education
	62
	7 (3.41) a
	
	

	Occupation
	Pupil
	41
	                     6 (2.92) a
	1.66
	0.79


	
	Student
	28
	4 (1.95) a
	
	

	
	Shopkeeper
	19
	2 (0.97) a
	
	

	
	Government employee
	13
	2 (0.97) a
	
	

	
	Housewife
	104
	9 (4.39) a
	
	

	Gravidity
	Primigravida
	72
	9 (4.39) a
	0.18
	0.67

	
	Multigravida
	133
	14 (6.82) a
	
	

	Parity
	Nulliparous
	76
	10 (4.87) a
	2.16
	0.32


	
	Primiparous
	30
	5 (2.43) a
	
	

	
	Multiparous
	99
	8 (3.90) a
	
	


Ni : Number of women examined ; ni: Number of women infected with Plasmodium and Intestinal helminth Co-Infections According to Socio-Demographic and Obstetric Factors ; Flagged percentages of the same letter on the same line are not statistically significant.
3.2 DISCUSSION
Our study included 205 pregnant women aged 14 to 43 years, with a mean age of 28.12 ± 7.17 years. The most represented age groups were [24–28 years] (23.41%) and [19–23 years] (22.44%). Our findings are consistent with those reported by Nkenga-Zong et al. (2013) in Cameroon, who observed that the majority of pregnant women were under 30 years of age and attributed this to the early onset of motherhood in developing countries. In our context, this result may be explained by the high proportion of young women of reproductive age. Most participants had attained secondary (53.17%) or higher education (30.24%). The relatively high educational level may be explained by the fact that the study was conducted in an urban setting (N’Djamena), where access to education is generally better and more readily available than in rural areas. Regarding occupation, half of the women were housewives (50.73%), reflecting the persistence of traditional gender roles within the local sociocultural context. The majority of participants were married (84.88%), which is consistent with sociocultural norms that regard marriage as the primary framework for childbearing in many African settings (IJERE, 1986). This finding is in line with those of Touasha et al. (2019) in Ethiopia, who also reported a predominance of married women in their sample.
Finally, with respect to parity and gravidity, 48.29% of the women were multiparous and 64.88% were multigravida, indicating a high fertility rate characteristic of sub-Saharan African countries. These data corroborate the findings of Amuta & Houmsou (2014) in Nigeria, who similarly reported a high proportion of multigravida women.
The prevalence of Plasmodium infection in our study population was 65.85%, confirming that malaria remains a major public health concern among pregnant women in Chad. This prevalence is comparable to that reported by Touasha et al. (2019) in Ethiopia (64.7%) and by Fatimé Kourtou (2022) in Chad (72.5%), but higher than the rates documented by Yatich et al. (2009) in Ghana (36.3%), Nkengazong et al. (2013) in Cameroon (24.8%), and Amuta & Houmsou (2014) in Nigeria (27.4%). According to these authors, the lower prevalences observed in their respective studies were attributed to the high coverage of preventive interventions, particularly the widespread use of insecticide-treated nets and intermittent preventive treatment during pregnancy. In contrast, the high prevalence observed in our study may be explained by insufficient coverage and suboptimal implementation of these malaria control strategies, thereby sustaining ongoing transmission among this vulnerable population.
The overall prevalence of intestinal helminths observed in our study was 27.80%, which is considered low according to the World Health Organization (WHO, 2004) classification, as it remains below the 50% threshold. Desai et al. (2007) reported a prevalence of 47% in rural areas of sub-Saharan Africa, which is higher than that observed in our study but still falls within the same category of low prevalence based on the WHO criteria.
The overall prevalence of Plasmodium–intestinal helminth co-infection in our study was 11.21%. This prevalence is comparable to that reported by Tuasha et al. (2019), who found a rate of 11.2%. Virulence may similarly be increased by parasite facilitation in co-infection (Rafaluk et al., 2026).
Three co-infection combinations were identified in our study : Plasmodium + Ancylostoma duodenale (1.46%), Plasmodium + Ascaris lumbricoides (3.45%), and Plasmodium + Schistosoma mansoni (6.34%). The most frequent association was Plasmodium + S. mansoni. This may be explained by the high endemicity of these species in several rural areas of sub-Saharan Africa, where sanitation remains inadequate (Tchuem Tchuenté et al., 2012). To our knowledge, there is currently no distinct WHO standard classification specifically addressing parasitic co-infections. 
In our study, the prevalence of Plasmodium infection was statistically significant only across age groups (P < 0.03), highlighting the role of age as a determinant influencing the immune response to malaria. In contrast, the association with marital status was close to the threshold of statistical significance (P = 0.05). Regarding intestinal helminths, no statistically significant association (P > 0.05) was observed with the sociodemographic and obstetric parameters analyzed. According to Tchuem Tchuenté et al. (2012), the prevalence of helminth infections in endemic areas is more strongly influenced by environmental factors such as sanitation, hygiene, and access to safe drinking water than by individual characteristics.
Furthermore, both Plasmodium and intestinal helminths infected women across all levels of gravidity without significant differences. However, Nkengazong et al. (2013) and Tchuem Tchuenté et al. (2013) reported greater vulnerability among primigravidae. As noted by Desai et al. (2007), primigravidity is often associated with an increased risk of infection, as these women have not yet developed partial immunity to placental malaria. The discrepancy between their findings and ours may be explained by heterogeneity in local epidemiological and healthcare contexts or by differences in sample size.
This study has some methodological limitations. The sample size, set at 205 participants, remains relatively modest. Although the minimum required sample size was estimated at 227 women, 21 of them subsequently declined to provide samples, resulting in a final sample of 205 participants. This may explain the non-significance of some statistical tests.
4. CONCLUSION
This study is, to our knowledge, the first in Chad to highlight the issue of Plasmodium–intestinal helminth co-infection among pregnant women. Six cases of single helminth infections were identified, involving Ascaris lumbricoides, Ancylostoma duodenale, Enterobius vermicularis, Necator americanus, Trichuris trichiura, and Schistosoma mansoni. In addition, three types of Plasmodium–helminth co-infections were recorded : Plasmodium + A. lumbricoides, Plasmodium + A. duodenale, and Plasmodium + S. mansoni. In light of these findings, it is essential to strengthen the integration of parasitic disease control strategies within maternal health services, with particular emphasis on early screening, integrated case management, and health education for pregnant women. There is also an urgent need for further research assessing the virulence and clinical impact of both single infections and co-infections among pregnant women in Chad, in order to better inform public health policies and optimize preventive and therapeutic interventions in this vulnerable population.
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