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Abstract
Aims and design This was a community-based prospective study aimed to evaluate the prevalence and intensity of infections of soil-transmitted helminth infections and intestinal schistosomiasis among school-aged children and anti-helminthic chemoprevention non targeted group three months after anthelminthic chemoprevention campaign in the Littoral region of Cameroon. 
Place and duration of study. The study was undergone in June 2024 in four health districts of the Littoral region situated at different distances from Douala metropolis namely Mambanda HD, Dibombari HD, Abo HD and Mbanga HD. 
Methodology. All age consenting residents living in selected villages of any of health district and who provided a valid fresh stool sample was considered as study participant. The stool sample processed in laboratory using Kato-katz technique for detection and counting of stool bearing intestinal helminth eggs. Association of prevalence and intensity of specific helminth infections with respect to sociodemographic data were statistically analyzed assuming a p-value less than 0.05 as significant.
Results. A total 860 participants were included in the four health districts. The overall prevalence of soil-transmitted helminth infection and S. mansoni infections in the study area were 22.3% and 0.5% respectively. Prevalence of STH infections varied significantly between health districts , increasing from the town area at Mambanda HD (13.1%) to farther and almost rural health district at Abo HD (28.4%) and Mbanga (24.5%) (p=0.000). The prevalence of specific intestinal helminth also varied significantly between health districts, Mambanda HD and Abo HD showing the lowest and the highest prevalence respectively namely Ascaris lumbricoides 14.2% [7.6%-20.8%] (p=0.001), Trichuris trichiura 9.2% [5.6%-12%]  (p=0.001), hookworm 5.6% [3%-5.6%] (p=0.003). Sex had no influence on specific STH infections. S. mansoni infections varied also between health districts from 0% to 1% (p=0.59). Age significantly influenced A. lumbricoides infections at Abo HD (p=0.03); T. trichiura infections in the study area (p=0.04), Dibombari HD (p=0.036) and Abo HD (p=0.032). Intensities of specific intestinal helminth infections were low in all health districts without significant variation of mean density of infections between HD.
Conclusion. Prevalence of STH significantly varied between health districts, were over threshold for chemoprevention in rural and semi-urban health districts. Age influenced STH prevalence. STH intensities of infections were globally low in all health districts after chemoprevention campaign.. Schistosomiasis mansoni was hypoendemic. 
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Introduction. 
Soil-transmitted helminth (STH) infections and schistosomiasis are among the most widespread neglected tropical diseases (NTDs) with high health impact in resource-limited rural and urban areas of sub-Saharan Africa [1]. These NTDs are transmitted in areas where populations have poor access to clean water and adequate sanitation [2]. Common reported health impact of STH and schistosomiasis include impairment of nutritional status and cognitive development in children, diarrhea and blood in stools, spleen and liver enlargement, and portal hypertension in advanced cases [3]. This health impact of STH or schistosomiasis is often associated to moderate to heavy parasites loads. The World Health Organization (WHO) estimates that 820 million people are infected with roundworms, 460 million with whipworms, 440 million with hookworms and 300–600 million with Strongyloides stercoralis worldwide [1,4]. Schistosoma mansoni and S. guineensis remains the only causative of human intestinal schistosomiases in Cameroon [5,6]. The main STH namely Ascaris lumbricoides, Trichuris trichiura and hookworms (Ancylostoma duodenale and Necator americanus) contribute to an estimate 5.18 million disability adjusted life-years worldwide in 2010 [1].
Since more than a decade, STHs and schistosomiasis endemic countries implement an integrated control approach to eliminate these NTDs as a public health problem under recommendations of the 54th World Health Assembly held in 2001 [1,7,8]. The recommended integrated approach includes regular treatment of high-risk groups particularly school-aged children also termed preventive chemotherapy or chemoprevention complemented by simultaneous implementation of plans for basic sanitation and adequate safe water supplies through improvement of water, sanitation and hygiene (WASH) and behavior change, snail control and environmental management [1,3,7,8]. However preventive chemotherapy (PC) with mebendazole or albendazole for STHs or praziquantel for schistosomiasis targeting school-aged children in moderate or high transmission settings is the most commonly component control tool assessed to appreciate evolution of the control efficacy [2,3,5,6]. Previous reports indicated that mass drug administration was effective in significantly reducing the prevalence infection intensities of both hookworms, Trichuris trichiura and Ascaris lumbricoides [9]. These assessments are based on the disease endemicity within a subset of surveyed schools classified according to parasitological prevalence and the intensity of infections [1,7,10].
In 2017 and 2023, the WHO published new guidelines for control of STH and schistosomiasis respectively which recommends extension of preventive chemotherapy of these NTDs in areas where baseline prevalence of soil-transmitted helminths is 20% or higher, and where baseline prevalence of schistosomiasis is 10% or higher to decrease the worm burden in pre-school children, school-aged children, adolescent girls, women of reproductive age and pregnant women, including those coinfected with HIV [1,8]. These new guidelines intended to shift from control interventions to elimination of morbidity due to STH and/or schistosomiasis as public health problem in endemic countries by 2030 [1,3,8].
Chemoprevention against STH and schistosomiasis in Cameroon is ongoing since 2003 STH and 2006 respectively mainly focused on school-aged children [10]. Recent impact assessments of this public health intervention also reported significant decreased of prevalence as well intensity of infections of STH and schistosomiasis in the country among school-aged children in 2019 reaching up to 90% overall reduction for STH and 70% overall reduction for schistosomiasis under a national preventive chemotherapy 75% coverage [10]. Following this significant reduction of STH and schistosomiasis prevalence and intensity of infections nationwide, the National Program for Control of STH and Schistosomiasis (NPCSIH) elaborated and published in 2021 a roadmap for elimination of both STH and schistosomiasis by 2030 under the auspices of the nation public health ministry [10]. This road map advocates complete mapping precision of STH transmission settings as a cornerstone of the new approach as well as scale-up and expand access to treatment to all populations in need namely preschool-aged children and adults [10]. However, precision mapping remains the least available data and a gap to achieve this goal in Cameroon as an estimated 83% of health areas were yet to be mapped in the latest surveys [10]. There is therefore an urgent need to complete the distribution map of STH as well as schistosomiasis in all health areas of Cameroon as stated by the country national control program of schistosomiasis and STH [10]. Epidemiological studies focused only on school-aged children may be missing information on the true level of these helminth infections. Community-based assessments of the prevalence and intensities of infections of these diseases are required to recommend the elimination paradigm by 2030.
This study was therefore designed to evaluate the prevalence and density of infections of intestinal helminth infections in urban and rural areas of the Littoral regions situated at different distance from the Douala town in Cameroon.
2. Material and methods.
2.1. Study type, period and place. This was a cross-sectional study undergone from June 2024 to July 2024 for stool sample collection and laboratory analysis. The study took place in quarters of four health districts (HD) located at different distances from Douala namely the Mambanda HD, Dibombari HD, Abbo HD and Mbanga HD for recruitment of study participants.
The description of the study area herein was found in the 2022 report of the National Institute of Statistics and Littoral Regional Office of the National Institute of Statistics [11]. As shown in the figure below, Mambanda HD is an urban area located close to river Wouri edge in the Douala IV subdivision in Wouri division, whereas Dibombari HD, Abo HD and Mbanga HD belong to the Moungo division and are located at 18 km, 38 km and 65 km respectively from river Wouri bridge. The four health districts are situated in an equatorial and Guinean type climate with four seasons during a year including two main rainy seasons which extend from March to June and from September to mid-November, and two dry seasons which extend between mid-June to august and from mid-November to mid-March. Mean annual rainfall ranges between 2500 mm and 3000 mm.
The landscape is made of plains in Mambanda HD and Dibombari HD. In Abo HD and Mbanga HD, the landscape is made of both plains, highlands and hills of slight slopes. Soils are volcanic made clay and mixtures of sand and clay.
Dibombari HD is in the Moungo division at 18 km from Douala, the headquarter of the Wouri division. Its geographic coordinates are 4°11’00 ‘’ north and 39’00.
Abo HD is situated between the Dibombari HD and Mbanga HD on the national highway N°5. In Abo HD, the study took place in Souza health area which is a semi-urban area located on the national highway N°5 at 38.7 km from Douala. Its geographic coordinates are 4°14’02’’ North and 9°36’48’’ East at 75 m over the Atlantic Ocean. Mbanga HD is located at about 65 km from Douala at 140m height over the Atlantic Ocean. Mbanga HD is a semi-urban area made of 19 villages and covers 544 km2 with a population of 35 415 inhabitants. Geographic coordinates of Mbanga are 4°30’33’’ North, 9° 34′ 5″ East. 
[image: ]
Figure 1. Map of the study area [11]

The hydrographic network is dominated by tributaries streams of Mungo and Nkam rivers. Other waterbodies are made of marshes, there are some marshes located close to small streams.
Major occupations of parents in the study area are petty trading, peasant farming, civil servant. However, most residents usually practice many occupations. For example, many civil servants also practice farming. 
Housing conditions varied between health districts. In Mambanda HD, housing is made of mix-housing made of overcrowding household type build in marshy sites close to well-constructed settlements. Drains are usually opened, often never cleaned and clogged with debris and garbage, and wherever sewers exist, they are often blocked and overflow into the streets. Most quarters are flooded during and after heavy rains, and such areas are usually marshy with an overcrowding household type. Most latrines in the study area were located outside of household premises and were usually open-mouth and shared with neighboring households. In Dibombari HD, Abo HD and Mbanga HD, there is no overcrowding housing, but housing is generally made of wooden walls close to houses built with concrete blocks. Sanitation conditions are poor usually made of open-mouth latrines shared with neighboring households.
[bookmark: _Toc507016487][bookmark: _Toc517898500]2.2. Ethical statement. The study protocol was approved by the Institutional review board of the Faculty of Medicine and Pharmaceutical of the University of Douala, the Institutional Ethic Committee of the University of Douala hosted by the Faculty of Medicine and Pharmaceutical Sciences and the National Ethic Committee. The Institutional Ethic Committee of the University of Douala granted an ethical clearance for this study. Then the regional delegate of public health secured a research authorization before we started data collection. The district medical officer of each health district gave an authorization to access the population. Community health workers helped the study team in the sensitization process in the quarters.
Then the local administrative head, the medical head of the health district, the local traditional head of each quarter and the community health workers were met for presentation and explanation of the study protocol, then ask for their acceptance to undergo the study in their respective areas. Then a meeting was convened at the local traditional head to explain the aim of the study and ask for their consent to participate to the study. Each person who filled the study criteria and agree to participate in the study or who agree to let his child participate in the study was asked to sign the study inform consent before its enrollment.
2.3. Study criteria. All inhabitants of all age groups who leave continuously in selected quarters of any of the health district since at least six months was included in the study if he (she) : i) had not taken any anthelminthic treatment during the preceding four weeks; ii) signed the study informed consent; iii) gave an appropriate quantity of stool sample. For under 15 years persons, its parent or legal guardian should have signed the study informed consent.
2.4. Study sample and sample size calculation. The study sample was made of all inhabitants of the selected health area who filled the study criteria. The minimum sample size per health district was calculated using the Cochrane’s formula N= z²xp (1-p)/d². where N is the minimum sample size; P is the prevalence of STH among school aged children in the Littoral region (p=13%) [6]; d is the margin error (d=0.005, 95% CI); z is the Z-score (z=1.96; 95% CI). After calculation, the minimum sample size for each health district was N=174 participants.
2.5. Data collection. In each HD, quarters to be investigated were selected with the help of the HD medical head mostly in areas with almost squatter settlements and slums. In each quarter, residents were convened at the local health facility for recruitment. The aim and procedures of the study was carefully read and explained to the participants or the legal guardian (for children), then each participant was asked for consent before his (or his child) enrolment into the study. He (or the parent) was asked to sign the study informed consent sheet if he accepted to participate. Each resident who volunteered to participate in the study was questioned for the following data: sex, age. Participants were classified into five occupational groups namely school-aged children, housewives and others which include civil servants, traders, farmers, and jobless. Each volunteer received from the study investigators a sterile clean plastic container with a screwcap to provide a convenient stool sample early on morning the following day.
Stool samples were then immediately transported to the laboratory of the nearest health facility for microscopy analysis. Stool samples were analyzed in laboratory using the Kato-Katz technique by microscopic examination and count of all helminth eggs contained in a calibrated thick smear made from 41.66 mg molded feces [12,13]. Parasitic load of each helminth parasite for each participant was then expressed as number of eggs per gram (epg) of feces. Prevalence of each diagnosed helminth infection was then estimated as the percentage of subjects who harbored the parasites in stool sample. Classification of intestinal helminthiasis into endemicity level and intensity of infection were made according to WHO guidelines [14,15]. Infection intensities were classified into light, moderate or heavy infections using eggs counts for each helminth specie as follow: A. lumbricoides, 1–4999 epg, 5000–49999 epg, and ≥50000 epg; T. trichiura, 1–999 epg, 1000–9999 epg, and ≥10000 epg; and hookworm, 1-1999 epg, 2000-3999 epg, and ≥4000 epg, S. mansoni or S. guineensis, 1–99 epg, 100–399 epg, and ≥400 epg [8,14,15].
Data were statistically analyzed using the statistical package for the statistical package for social sciences (SPSS.20) software, the Chi-square test and the Student-t test. Differences were considered significant when p-value was less than 5%.
3. Results and discussion
[bookmark: _Toc177368750]3.1. Distribution of the study sample size. A total of 860 inhabitants of the four health districts participated in the study including 198 inhabitants at Mambanda, 208 participants at Dibombari, 250 participants at Souza and 204 inhabitants at Mbanga (Table I). Participants were recruited in four quarters at Mambanda (Bloc 16, New Star, Petit Bonassama and Precherie), two quarters at Dibombari (Bwelolo, Bonamassouka), three quarters at Souza in the Abo HD (Bayon, Haussa, Philanthropic), and two quarters at Mbanga HD (quarter 7b, quarter 8).
As shown in tables 2 and 3, participants were predominantly females in the HD with a mean 66.3% [59.5%-77.4%]. The predominant age group in the study area was made of participants aged between 5 years and 14 years. However, predominant age groups varied with HD being those aged over 25 years in Mambanda HD, Dibombari HD and Mbanga HD whereas those aged between 5 years and 14 years were predominant in Abbo HD. School-aged children were predominant.
3.2. Diversity of soil-transmitted helminth and Schistosoma species in the study area.
Three STH species and S. mansoni were found in the study area. The STH were Ascaris lumbricoides, Trichuris trichiura, hookworm. Schistosoma mansoni was the only Schistosoma specie detected in the area especially at Dibombari HD and Mbanga HD. All parasites detected were found in stool samples as eggs either as monospecific or multiple infections combining two or three parasite species.
The diversity of intestinal helminth species was like previous report in Melong HD which found Ascaris lumbricoides, Trichuris trichiura and hookworm as the main STH in stool samples, with however lower prevalence of Ascaris lumbricoides and Trichuris trichiura but higher prevalence of hookworm infections reported in Melong HD [16]. Data gathered in this study indicated that living habits in the rural and semi-urban HD were similar towards intestinal helminth infections.
3.3. Prevalence of STH and S. mansoni infections in the study area.
Table I also showed that the overall prevalence of intestinal helminth infection and STH infection were 22.3% (192/860) and 21.9% (188/860) respectively. Intestinal Schistosoma infection were recorded only in Dibombari HD and Abo HD with prevalence of 1% and 0.8% respectively, S. mansoni being the only specie found in the study area.
Prevalence of overall intestinal helminth infection varied significantly with health district ranging from 13.1% in Mambanda HD (town area) and 28.4% in Abo HD ( (p=0.001). The prevalence of intestinal helminth infection was over 20% in the rural and semi-urban areas indicating that the latest anthelminthic campaign did not decrease the disease to under public health level. The overall prevalence of intestinal helminth infection was higher compared to previous data in Douala where an overall prevalence of intestinal helminth infection was 15.2% [17] and almost twice higher than the overall prevalence of soil-transmitted helminth infections  reported more than ten years earlier by the national control program for schistosomiasis and intestinal helminth (13%) in the Littoral region among school-aged children [6]. The overall prevalence gathered in this study was however lower although close to a report some three years ago in Melong, a closer health district to Mbanga HD where a 24.6% prevalence was reported [16]. Data gathered indicated that few months after anthelminthic chemoprevention, the prevalence of overall STH infection remain over 20%, the threshold indicated for implementation of chemoprevention against the STH. Data gathered in this study and report in Melong indicated that the community prevalence of intestinal helminth infection is convenient as reference to consider move to elimination as stated in the 2021 -2030 road map. 
Regarding specific infection, A. lumbricoides infection had the highest prevalence in the study area as well as in either health district. The specific prevalence of each of the intestinal helminth specie in the study area was as follow: Ascaris lumbricoides (14,4%), Trichuris trichiura (9,5%) and hookworm (5,6%). Prevalence of each of specific intestinal helminth infection varied significantly between health districts. Mambanda HD at the lowest prevalence of infection for each of the specific helminth infection. The highest prevalence of specific infection was recorded in Abo HD for Ascaris lumbricoides and Trichuris trichiura, while the farthest Mbanga HD had the highest prevalence for hookworm. Prevalence of A. lumbricoides varied significantly between HD ranging between 7.6% at Mambanda HD and 20.8% at Abo HD (p=0.001). Data recorded indicated a lower diversity of intestinal helminth detected compared to previous report in Douala metropolis which also indicated occurrence of Strongyloides stercoralis rhabditoid larvae and Hymenolepis nana eggs [18]. Prevalence of specific intestinal helminth infection was however higher than previous report in Douala town [17] and Melong HD except for hookworm whose prevalence was lower than from the latest HD [16].
[bookmark: _Toc177368760]3.4. Prevalence of coinfection by intestinal helminths. 
As shown in Table I, a total of 51 residents harbored multiple helminth infections either two helminths or three helminth species owing a prevalence of 5.9%. These coinfections were recorded in almost all health districts with the highest prevalence of helminth coinfection at Abo HD (10%) and the lowest in Mambanda HD (2.5%). The highest prevalence of concurrent infection by two helminth species was recorded with A. lumbricoides and T. trichiura (3.6%) or infection by three helminth species in (0.5%) by A. lumbricoides, T. trichiura and hookworm. Occurrence of polyparasitic infections was in accordance with report in Douala town [18] and Melong HD [16].
Table 1. Prevalence of STH, S. mansoni infections and coinfections in the health districts 
	
Intestinal helminth specie
	Health district
	Study area
(N=860)
	
P-value

	
	Mambanda (N=198)
	Dibombari (N=208)
	Abo (N=250)
	Mbanga (N=204)
	
	

	
	N+
	%
	N+
	%
	N+
	%
	N+
	%
	N+
	%
	

	All helminth infection
	26
	13.1
	45
	21.6
	71
	28.4
	50
	24.5
	192
	22.3
	0.001

	Overall STH infection
	26
	13.1
	43
	20.7
	69
	27.6
	50
	24.5
	188
	21.9
	0.001

	Ascaris lumbricoides
	15
	7,6
	27
	13
	52
	20,8
	28
	13,7
	122
	14,2
	0,001

	Trichuris trichiura
	11
	5,6
	21
	10,1
	30
	12
	17
	8,3
	79
	9,2
	0,001

	Hookworm
	6
	3
	8
	3,8
	14
	5,6
	20
	9,8
	48
	5,6
	0,003

	Schistosoma mansoni
	0
	0
	2
	1
	2
	0.8
	0
	0
	4
	0.5
	0.59

	Ascaris+Trichuris
	2
	1.01
	7
	3.4
	17
	6.8
	5
	2.5
	31
	3.6
	0.38

	Ascaris+hookworm
	2
	1.01
	1
	0.5
	3
	1.2
	7
	3.4
	13
	1.5
	0.82

	Ascaris+S. mansoni
	0
	0
	1
	0.5
	2
	0.8
	0
	0
	3
	0.4
	1.03

	Trichuris+hookworm
	2
	1.01
	2
	1
	3
	1.2
	2
	1
	9
	1.1
	1.03

	Asc+Trich+hookworm
	0
	0
	1
	0.5
	2
	0.8
	1
	0.5
	4
	0.5
	0.71


Asc: Ascaris. Trich: Trichuris. N+: positive participants. %: prevalence of infection
3.5. Influence of sex on prevalence of specific STH and S. mansoni infections
Table 2 indicated that sex did not significantly influence the prevalence of any of the specific helminth infection in the overall area as well as in each. However, prevalence of specific helminth infection varied between sex with a predominance of higher prevalence in males for A. lumbricoides and T. trichiura infections. Prevalence of A. lumbricoides infections were higher in males in the study area and the three rural health districts (Dibombari HD, Abo HD, Mbanga HD), but higher in females in the town area of Mambanda HD. For T. trichiura infections, prevalence was higher in males in the study area and the three health districts (Mambanda HD, Dibombari HD, Abo HD), but higher in females in the semi-urban area (Mbanga HD). Prevalence of hookworm infections was higher among females in the overall study area, Mambanda HD and Mbanga HD. This prevalence trend may be due almost similar living habits in the two sex participants.
Table 2. Prevalence of intestinal helminth infections according to sex of participants
	
Helminth specie
	

Sex
	Health district
	Study area
(N=860)

	
	
	Mambanda HD
(N=198)
	Dibombari HD
(N=208)
	Abo HD
(N=250)
	Mbanga HD
(N=204)
	

	
	
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%

	Ascaris lumbricoides
	F
	128
	11
	8.6
	161
	19
	11.8
	149
	25
	16.8
	132
	20
	15.2
	570
	73
	12.8

	
	M
	70
	4
	5.7
	47
	8
	17
	101
	27
	26.7
	72
	11
	15.3
	290
	50
	17.2

	
	P
	0.43
	0.34
	0.067
	1.67
	0.08

	Trichuris trichiura
	F
	128
	7
	5.5
	161
	15
	9.3
	149
	17
	11.4
	132
	12
	9.1
	570
	51
	8.9

	
	M
	70
	4
	5.7
	47
	6
	12.8
	101
	15
	14.9
	72
	5
	6.9
	290
	30
	10.3

	
	P
	1.92
	0.34
	0.52
	0.67
	0.38

	Hookworm
	F
	128
	4
	3.1
	161
	6
	3.7
	149
	7
	4.7
	132
	15
	11.4
	570
	32
	5.6

	
	M
	70
	2
	2.9
	47
	2
	4.3
	101
	7
	6.9
	72
	5
	6.9
	290
	16
	5.5

	
	P
	0.88
	0.41
	0.41
	0.29
	1.41

	Schistosoma mansoni
	F
	128
	0
	0
	161
	2
	1.3
	149
	1
	0.7
	132
	0
	0
	570
	3
	0.5

	
	M
	70
	0
	0
	47
	0
	0
	101
	1
	1
	72
	0
	0
	290
	1
	0.3


N: sample size examined in the area. n: sample examined in the gender. n+: number of participants harboring the parasite. %: prevalence of infection

3.6. Influence of age on prevalence of specific infection
As indicated in table 3, age did not significantly influence the prevalence of any of the specific helminth infection in the study area and each of the health district. This trend indicated a similar distribution of transmission of this soil-transmitted helminth and similar hygienic habits among age groups in the study population. However, age influenced prevalence of specific infection in some health districts. Almost age groups had a prevalence a prevalence over 10% in each of the rural health districts and the overall study area indicating a persistence of intestinal helminth infection which may be responsible of recrudescence of the higher infection in the further months. Almost all age groups therefore represent a reservoir of intestinal helminth infection after antihelminth chemoprevention campaign.
Significant high prevalence of A. lumbricoides infections was recorded in Abo HD among adolescents (32.4%); school-aged children and over 25 years old participants bearing 20% and 20.9% respectively in Abo HD (p=0.003). In the overall study area and the other HD, the age range with higher prevalence varied being among school-aged children in Mbanga HD and Mambanda HD, adolescents in the overall study area and Dibombari HD.   
Age significantly influenced prevalence of T. trichiura infections both in the overall study area (p=0.04) and two health districts namely Dibombari HD (p=0.036) and Abo HD (p=0.032).Such influence of age was not recorded in the urban area in Mambanda HD (p=0.16) and Mbanga HD (p=0.68). Highest prevalence of T. trichiura infections was however recorded in almost all health districts as well as the overall study area among participants aged between 15 years and 24 years in the overall study area (13.6%), Mambanda HD (12.8%), Dibombari HD (16.7), Mbanga HD (13.9%°) and among over 25 years participants in Abo HD (22.4%). These age groups are not target groups for anthelminthic chemoprevention in Cameroon and other African endemic areas and may therefore represent a reservoir of this parasite. Also, the treatment may not be efficacious in the treatment of trichuriasis. 
Age did not influence the prevalence of hookworm infections either in the overall study area (p=0.24) or in any of the HD. However, highest prevalence of hookworm infection was recorded among school aged children in the overall study area. In the overall study area and almost all health districts, prevalence in age groups were less than 10% except in Mbanga where school-aged children and pre-school aged children had a prevalence over 10%. These data indicated that pre-schoolchildren could be considered during elaboration of helminth control strategy plan by public health ministry
Table 3. Prevalence of intestinal helminth infections according to age of participants.
	
Helminth specie
	

Sex
	Health district
	Study area
(N=860)

	
	
	Mambanda
(N=198)
	Dibombari
(N=208)
	Abo
(N=250)
	Mbanga
(N=204)
	

	
	
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%
	n
	n+
	%

	
Ascaris lumbricoides
	0-4
	24
	1
	4.2
	23
	2
	8.7
	36
	4
	11.1
	36
	3
	8.3
	119
	10
	8.4

	
	5-14
	62
	6
	9.7
	64
	8
	12.5
	110
	22
	20
	62
	11
	17.7
	298
	47
	15.8

	
	15-24
	39
	4
	2.6
	42
	6
	14.3
	37
	12
	32.4
	36
	5
	13.9
	154
	27
	17.5

	
	≥25
	73
	4
	10.3
	79
	11
	13.9
	67
	14
	20.9
	70
	10
	14.3
	289
	39
	13.5

	
	P
	0.69
	0.92
	0.03
	0.67
	0.12

	
Trichuris trichiura
	0-4
	24
	0
	0
	23
	1
	4.3
	36
	2
	5.6
	36
	2
	5.6
	119
	5
	4.2

	
	5-14
	62
	2
	3.2
	64
	10
	15.6
	110
	10
	9.1
	62
	5
	8.1
	298
	27
	9.1

	
	15-24
	39
	5
	12.8
	42
	7
	16.7
	37
	5
	13.5
	36
	5
	13.9
	154
	22
	13.6

	
	≥25
	73
	4
	5.5
	79
	3
	3.8
	67
	15
	22.4
	70
	5
	7.1
	289
	27
	9.3

	
	P
	0.16
	0.036
	0.032
	0.68
	0.04

	
Hookworm
	0-4
	24
	0
	0
	23
	0
	0
	36
	3
	8.3
	36
	4
	11.1
	119
	7
	5.9

	
	5-14
	62
	2
	3.2
	64
	3
	4.7
	110
	8
	7.3
	62
	8
	12.9
	298
	21
	7.1

	
	15-24
	39
	1
	2.6
	42
	1
	2.4
	37
	0
	0
	36
	2
	5.6
	154
	4
	2.6

	
	≥25
	73
	3
	4.1
	79
	4
	5.1
	67
	3
	4.5
	70
	6
	8.6
	289
	16
	5.5

	
	P
	0.62
	0.55
	0.32
	0.53
	0.24

	Schistosoma mansoni
	0-4
	24
	0
	0
	23
	0
	0
	36
	0
	0
	36
	0
	0
	119
	0
	0

	
	5-14
	62
	0
	0
	64
	3
	0
	110
	2
	1.8
	62
	0
	0
	298
	2
	0.7

	
	15-24
	39
	0
	0
	42
	1
	1
	37
	0
	0
	36
	0
	0
	154
	1
	0.6

	
	≥25
	73
	0
	0
	79
	4
	1
	67
	0
	0
	70
	0
	0
	289
	1
	0.3


N: sample size examined in the area. n: sample examined in the age group. n+: number of participants harboring the parasite. %: prevalence of infection

3.7. Helminthes loads and intensities of infection in the study area
As indicated in able IV, specific soil-transmitted helminth infection loads were low in the study area and all health districts whereas S. mansoni parasitic loads were moderate. 
Mean egg loads varied though significantly with distance from the town area in Mambanda to the farthest health district at Mbanga for A. lumbricoides (p = 0.107) and hookworm (p = 0.447), whereas the egg load increased up to Abo HD then decreased for T. trichiura in Mbanga HD. This indicated a homogenous infection pattern in the study area and selected health districts from urban area at Mambanda to the farther health district at Mbanga. 
Infections loads ranged between 216 and 4824 epg of feces for A. lumbricoides, 216 and 984 epg of feces for T. trichiura, 168 and 1668 epg of feces for hookworm. Egg loads of S. mansoni were moderate in all cases recorded. Schistosomiasis might not be a public health problem in the study area.  
The almost low intensities of soil-transmitted infections in he investigated health districts indicated that STH may be less harmful in the study area. Low parasite loads recorded might be due to the latest anthelminthic chemoprevention campaign against soil-transmitted helminths in the area which took place few months earlier. Efficacy of anthelminthic chemoprevention either school-based or community-based in reducing prevalence as well as intensities of infection of STH has been previously reported in Cameroon and many STH endemic countries [9,10].  Assessment of the epidemiological features of these NTDs targeted for elimination at the eve of the next chemoprevention campaign could give more light on transmission situation in the area. Regarding S. mansoni infections, the low parasite loads recorded may not be due to praziquantel chemoprevention campaign since this drug was not distributed in to school-aged children in the previous months. Further studies will highlight on the presence and transmission capacity of specific S. mansoni intermediate snail hosts collected in the area. 
Table 4. Specific helminth infection loads in the health districts.
	Helminth specie
	Health district
	Parasite loads (egg per gram of feces)

	
	
	[bookmark: OLE_LINK11]Mean ± CI 95%
	N
	Minimum
	Maximum

	[bookmark: OLE_LINK55]

Ascaris lumbricoides
	Mambanda 
	[bookmark: OLE_LINK8]1176 ± 425.2
	15
	216
	3000

	
	Dibombari 
	1076 ± 385.5
	27
	216
	4824

	
	Abo 
	[bookmark: OLE_LINK37]1267.5 ± 277.9
	52
	216
	4800

	
	Mbanga 
	[bookmark: OLE_LINK36]1022.5 ± 458
	29
	216
	4752

	
	P
	0,107

	

Trichuris trichiura  
	Mambanda 
	[bookmark: OLE_LINK47][bookmark: OLE_LINK46]520 ± 146.3
	11
	216
	816

	
	Dibombari 
	531.5 ± 91.8
	21
	216
	816

	
	Abo
	[bookmark: OLE_LINK51]644 ± 77
	32
	216
	984

	
	Mbanga
	[bookmark: OLE_LINK49]657.4 ± 105.7
	17
	216
	960

	
	P
	0,216

	

Hookworm
	Mambanda 
	[bookmark: OLE_LINK54]395.7 ± 234.4
	6
	168
	884

	
	Dibombari 
	[bookmark: OLE_LINK53]423 ± 187.2
	8
	168
	768

	
	Abo 
	545.2 ± 100.2
	14
	168
	768

	
	Mbanga 
	746.2 ± 196.7
	20
	168
	1668

	
	P
	0,447

	

Schistosoma mansoni
	Mambanda
	0
	0
	0
	0

	
	Dibombari
	240 ± 94
	2
	192
	288

	
	Abo
	276 ± 23.5
	2
	264
	288

	
	Mbanga
	0
	0
	0
	0

	
	P
	0.543


 N: number of participants infected by the specific helminth.

4. Conclusion. Ascaris lumbricoides, Trichuris trichiura and hookworm were the STH recorded in all four health districts inhabiting participants as monospecific or multiple infections, and of low intensities of infections. The overall prevalence STH infections was already over the threshold for the next chemoprevention indicating the need to continue specific chemoprevention strategy. Only Schistosoma mansoni is present in the area at low prevalence but low to moderate intensity of infection.

[bookmark: _GoBack]
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