


Seasonal dynamics of haemoparasites in Guinea Fowl and Traditional Chickens processed at Korhogo Poultry Slaughterhouse (Northern Côte d'Ivoire)

Abstract
The objective of this study was to determine the seasonal prevalence of haemoparasites in chickens and guinea fowl reared in traditional farms and slaughtered at the poultry market in Korhogo. A total of 280 blood smears were collected, including 140 from chickens and 140 from guinea fowl, randomly selected during both the dry and rainy seasons. The smears were stained with GIEMSA and examined under a light microscope. Microscopic examination revelead five genera of haemoparasites in these poultry species: Aegyptianella, Leucocytozoon, Haemoproteus, Plasmodium, and Anaplasma. Parasites of the genus Anaplasma significantly infested chickens (15.71%) compared to guinea fowl (1.43%). For the other haemoparasites, infestation rates did not vary significantly between host species. However, all poultry species studied were parasitized in both seasons. In chickens, the prevalence of Haemoproteus was significantly higher during the rainy season (22.86%) compared to the dry season (11.43%). Conversely, in guinea fowl, only Plasmodium spp. and Leucocytozoon spp. showed higher infestation rates in the dry season than in the rainy season. Mixed infections were frequently observed in both poultry species. During the dry season, the most common co-infection in chickens was Aegyptianella-Haemoproteus (11.43%), while in guinea fowl, the predominant co-infection was Aegyptianella-Plasmodium (20%). Mixed infections occurred in both species during both the dry and rainy seasons. These findings  highlight the widespread prevalence of haemoparasites in domestic poultry under traditional farming systems. Etablishing appropriate medical prophylaxis programs based on these results could help reduce the impact of haemoparasite infections on the productivity of traditional poultry farming.
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INTRODUCTION

Traditional poultry farming constitutes a form of saving, investment, and insurance for smallholder farmers and represents a crucial source of income for rural communities (Sonaiya et Swan, 2004). Beyond its economic value, traditional poultry production plays an essential socio-economic role. Nevertheless, this production system is confronted with multiple constraints that significantly limit its productivity. Diseases are commonly identified as the principal causes of high mortality rates and reduced performance in these flocks. While infectious diseases are frequently regarded as the main factor negatively impacting production, the insidious effects of parasitic diseases, particularly haemoparasitoses, should not be underestimated. Although avian haemoparasites are rarely the direct cause of high poultry mortality, they impose significant economic burdens by reducing production and overall animal performance (Bonfoh, 1997). These parasites occur worldwide (Marzal, 2012) and are known to be pathogenic in poultry (Bennett et al., 1993). The most commonly reported unicellular haemoparasites in poultry include Haemoproteus spp, Plasmodium spp, Leucocytozoon spp, Trypanosoma spp, and Microfilariae (Raharimanga et al., 2002). In Côte d'Ivoire, several studies have investigated avian haemoparasites. For instance, N'dri et al. (2019) examined Plasmodium spp. and Leucocytozoon spp. in indigenous chickens from the forested regions of southern Côte d'Ivoire, reporting a prevalence of 8.36% for Plasmodium spp., while Leucocytozoon spp. was not detected.
In northern Côte d'Ivoire, particularly in the Poro region, the epidemiology of haemoparasitosis in traditional poultry remains poorly understood. This study addresses this gap by investigating haemoparasites in indigenous chickens and guinea fowl from the Korhogo department. Its objectives are to identify the haemoparasite species present in these birds and assess their seasonal prevalence.

MATERIALS AND METHODS
Study Area

The Savanes District, located in northern Côte d'Ivoire, is bordered to the north by Mali and Burkina Faso, to the west by the Denguélé district, to the east by the Zanzan District, and to the south by the Woroba District and the Bandama Valley. Covering 40,323 km², it had an estimated population of 2,159,434 inhabitants in 2021 with a population density of 53.55 inhabitants per km². The district experiences a Sudanese climate, with a single rainy season  from mid-April to October-peaking between July and October-followed by a pronounced dry season from November to March (INS, 2022).

Study area, period, and site selection					                   
The study was conducted at the main small-scale (artisanal) poultry slaughterhouse in Korhogo, the capital of the Savanes District. Korhogo was selected as the study site because it is a convergence point for traditional reared poultry from across the region. The city hosts significant poultry markets and the two largest small-scale slaughterhouses in the district. For this preliminary investigation, sampling was conducted at the largest slaughterhouses during two distinct seasons: the rainy season (October to November 2022) and the dry season (December 2022 to January 2023).
Blood Sample Collection
Blood samples were obtained from the animals during morning exsanguination, between 7:00 and 9:00 AM. A total of 280 traditional domestic poultry (140 chickens and 140 guinea fowl) destined for slaughter at the main artisanal slaughterhouse in Korhogo, located in the Soba neighbourhood’s small-market, were randomly selected irrespective of breed, age, or phenotype. For each animal, blood was collected by puncturing a wing vein prior to exsanguination. The sample was collected using microcapillary tubes, one end was brought into contact with the blood droplet, allowing it to ascend via capillary action to fill the tube. One blood smear was prepared per animal.

The blood smears were air-dried at ambient temperature in the Korhogo Regional Laboratory of the National Laboratory for Agricultural Development Support. After drying, the smears were fixed in 95% methanol for 5 minutes, air-dried again, and then stained with a 10% Giemsa solution for 20-30 minutes. Subsequently, the smears were rinsed under running tap water and air-dried at room temperature for one hour. The stained smears were examined by light microscopy under 100x oil immersion. For each slide, a minimum of 50 microscopic fields were observed before a sample was considered negative.

Data Analysis
Two parameters were assessed in this study: the specific frequency and the prevalence of haemoparasites. The specific frequency (%) of each haemoparasite was calculated as follows:
F = (n /N) X 100
n: number of surveys containing the species ; N: total number of surveys.

The prevalence of haemoparasitic infections was determined using the formula below:

Differences in prevalence were assessed using a Chi-square test, with statistical significance defined at 5% (p < 0.05).
RESULTS AND DISCUSSION

Results

Inventory of haemoparasites identified
Analysis of the 140 blood serum revealed five haemoparasite species from the families Anaplasmataceae, Leucocytozoidae, Haemoproteidae, and Plasmodiidae families (Table 1).
Table 1: Haemoparasites identified in blood samples from chickens and guinea fowls

	Order
	Family
	Species

	Rickettsiales
	Anaplasmataceae
	Aegyptianella spp

	
	
	Anaplasma spp

	
	Leucocytozoidae
	Leucocytozoon spp

	Pseudomonadota
	Haemoproteidae
	Haemoproteus spp

	
	Plasmodiidae
	Plasmodium spp

	
	
	




The most prevalent parasites identified in this study were Aegyptianella spp. and Plasmodium spp. (Table 2). In chickens, the prevalence was 41.67% for Aegyptianella spp. and 23.81% for Plasmodium spp. Conversely, in guinea fowls, the prevalences were 42.35% and 30.59%, respectively. In contrast, Leucocytozoon spp. and Anaplasma spp. were detected at lower prevalences (7.14%) and (1.18%) in chickens and guinea fowls, respectively. 

Table 2: Prevalence of haemoparasites by poultry species

	Haemoparasites
	        Chickens
	 Guinea fowls

	
	NSOOS/NSOAS
	%
	NSOOS/NSOAS
	%

	Aegyptianella spp
	35/84
	(41.67%)
	36/85 
	(42.35%)

	Anaplasma spp
	11/84
	(13.10%)
	1/85
	(1.18%)

	Leucocytozoon spp
	6/84
	(7.14%)
	10/85
	(11.76%)

	Haemoproteus spp
	12/84
	(14.29%)
	12/85
	(14.12%)

	Plasmodium spp
	20/84
	(23.81%)
	26/85
	(30.59%)



NSOOS : Number of specimens observed of a species ; 
NSOAS : Number of specimens observed for all species

Haemoparasite Prevalence in Chickens and Guinea Fowls

As detailed in Table 3, the overall prevalence of Aegyptianella, Haemoproteus and Plasmodium infections did not differ significantly (p>0.05). between chickens and guinea fowls. In contrast, significant differences were observed for other haemoparasites. The prevalence of Leucocytozoon spp. infection was significantly lower in chickens (8.57%) than in guinea fowls (14.29%). Conversely, the infection rate of Anaplasma spp. was significantly higher in chickens (15.71%) compared to in guinea fowls (1.43%).

Table 3: Overall prevalence of haemoparasites in chickens and guinea fowls

	Haemoparasites
	Prevalence in chickens 
	Prevalence in guinea fowls
	P-value

	Aegyptianella spp
	50 %
	51,43 %
	0,866

	Leucocytozoon spp
	8,57 %
	14,29 %
	0,288

	Haemoproteus spp
	17,14 %
	17,14 %
	1

	Plasmodium spp
	28,57 %
	37,14 %
	0,28

	Anaplasma spp
	15,71 %
	1,43 %
	0,002



Over the entire study period, the only statistically significant difference observed between chickens and guinea fowl concerned the prevalence of Anaplasma spp infection (P< 0.05).
Seasonal prevalence of haemoparasites in traditional poultry
   Seasonal prevalence of haemoparasite mono-infections in poultry

As detailed in Table 4, the prevalence of haemoparasites mono-infections in chickens ranged from 8.57% to 48.57% during the dry season and from 8.57% to 51.43% during the rainy season. For most haemoparasites identified, prevalence rates did not differ significantly (p>0.05) between seasons. However, a notable exception was Haemoproteus spp. infection, the prevalence of  which was significantly higher in the rainy season (22.86%.) compared to in the dry season (11.43%). Aegyptianella spp. was the most prevalent haemoparasite in both seasons, infecting 48.57% and 51.43% of the tested animals during the dry and rainy seasons, respectively. In contrast, the prevalence of Leucocytozoon spp. remained consistently low and across both seasons (8.57%).




Table 4: Seasonal prevalence of haemoparasites mono-infections in investigated poultry 

	Haemoparasites
	Chicken
	Guinea fowl

	
	D S (%)
	R S (%)
	P-value
	D S (%)
	R S (%)
	P-value

	Aegyptianella spp
	(17/35) 48.57 a
	(18/35) 51.43a
	0.775
	(20/35) 57.14a 
	(16/35) 45.71a
	0,259

	Leucocytozoon spp
	(3/35) 8.57a 
	(3/35) 8.57a  
	1
	(7/35) 20 a
	(3/35) 8.57 b
	0,030*

	Haemoproteus spp
	(4/35) 11.43a
	(8/35) 22.86 b
	0.048*
	(6/35) 17.14a 
	(6/35) 17.14a 
	1

	Plasmodium spp
	(9/35) 25.71a 
	(11/35) 31.43a
	0.449
	(16/35) 45.71a
	(10/35) 28.57b
	0,046*

	Anaplasma spp
	(4/35) 11.43a 
	(7/35) 20a 
	0.124
	(1/35) 2.86  
	(0/35) 0 
	-


*Significant; Values in the same row with different letters (a and b) are significantly different at p ≤ 0.05
DS: dry season  RS: rainy season.



The prevalence haemoparasites in guinea fowl was higher during the dry season than the rainy season; these seasonal preferences were not statistically significant, with the exception of  Leucocytozoon spp. and Plasmodium spp. (Table 4). The prevalence of Leucocytozoon spp. decreased from 20% in the dry season to 8.57% in the rainy season, while that of Plasmodium spp. decreased from 45.71% to 28.57%. Throughout the study period, Aegyptianella spp. showed the highest prevalences, at 57.14% and 45.71% during the dry and rainy seasons, respectively.  In contrast, the prevalence of Anaplasma spp. infection was low, at 2.86% in the dry season and absent in the rainy season.   

    Prevalence of co-Infections in poultry according to the Study Season
 Prevalence of co-Infections in chickens according to the Study Season

As illustrated in Figure 1, cases of co-infection were detected in chickens during both the dry and rainy seasons. The same types of dual infections were observed in both seasons : Aegyptianella-Haemoproteus, Aegyptianella-Plasmodium, Aegyptianella-Anaplasma, and Leucocytozoon-Plasmodium. Overall, the prevalence of these co-infections was higher during the rainy season compared to the dry season. 
During the dry season, the most prevalent of co-infections were Aegyptianella-Haemoproteus and Aegyptianella-Plasmodium, affecting 11.43% and 8.57% of chickens, respectively. In contrast, during the rainy season, Aegyptianella-Plasmodium was the most common co-infection, with a prevalence of 14.29%, followed by Aegyptianella-Anaplasma at 11.43%. The prevalences of Leucocytozoon-Plasmodium and Aegyptianella-Anaplasma co-infections during  the dry season were comparatively lower, each at 5.71%.



Figure 1: Prevalence of co-infections in chickens according to the study season

Furthermore, two types of triple infections were observed in chickens: Aegyptianella-Plasmodium-Anaplasma and Leucocytozoon-Plasmodium-Anaplasma. The former was observed exclusively during the rainy season, with a prevalence of 5.71%. The latter was recorded only in the dry season, exhibiting a lower prevalence of 2.86%.

Prevalence of co-infections in guinea fowl by season

Cases of co-infection in guinea fowl were more frequently detected during the rainy season compared to the dry season (Figure 2). During the dry season, only three types of dual infections were observed: Aegyptianella-Plasmodium, Aegyptianella-Haemoproteus and Haemoproteus-Plasmodium. The prevalence of Aegyptianella-Plasmodium co-infection was higher in the dry season (20%) than in the rainy season (8.57%). In contrast, the prevalence of Haemoproteus-Plasmodium was lower during the dry season (2.86%) than in the rainy season (8.57%).
Additionally, four other dual infections Aegyptianella-Leucocytozoon, Aegyptianella-Anaplasma, Leucocytozoon-Haemoproteus, and Leucocytozoon-Plasmodium were detected solely in the rainy season, with prevalence rates ranging from 2.86% to 5.71%.

Dry season
Rainy season

Figure 2: Prevalence of co-infections in guinea fowls by season

Two distinct types of triple infections were identified in domestic guinea fowls during this study: Aegyptianella-Leucocytozoon-Haemoproteus and Aegyptianella-Leucocytozoon-Plasmodium. These cases of polyparasitism were observed exclusively during the dry season, with a prevalence of 5.71%.

Discussion

Inventory of haemoparasites identified

Blood sample analyses revealed that chickens and guinea fowls from the Korhogo department were infected with five haemoparasites genera: Aegyptianella spp., Leucocytozoon spp., Haemoproteus spp., Plasmodium spp. and Anaplasma spp. This diversity contrasts with the findings of N’Dri et al. (2019), who reported only Plasmodium spp. infections in chickens from the Abidjan and southern Agneby-Tiassa regions of Côte d'Ivoire. The observed infections in this study are likely attributable to the free-ranging nature of the birds, which frequently cohabited with other avian species that could act as reservoirs for vector-borne pathogens. These results align with observations by Murphy (1998) and Daszak et al. (2000), who noted that birds could serve as reservoirs for numerous infectious agents (including viruses, rickettsiae, bacteria, and microscopic fungi) and for arthropods that transmit these pathogens. 

Prevalence of mono-infections in chickens and guinea fowls in the study area

Among the haemoparasites identified, Aegyptianella spp. was the most prevalent, infecting 51.43% of guinea fowl and 50% of chickens, followed by Plasmodium spp. with prevalence rates of 37.14% and 28.57%, respectively. In contrast, Anaplasma spp. infected a higher proportion of chickens (15.71%) than guinea fowl (1.43%). The high prevalence of Aegyptianella spp. infection observed in both guinea fowl and chickens is consistent with findings reported by Touré et al. (2022) in central Côte d'Ivoire. Those authors noted a high level of infestation with Aegyptianella pullorum in rural areas. This parasite, which is transmitted by soft ticks of the genus Argas, appears to be particularly well-adapted to the region’s ecological conditions and traditional farming practices (Guèye et al., 2004; González, 2017). Furthermore, the high infection rates may be attributed to the longer multiplication cycle of Aegyptianella. As demonstrated by Berson (1968), once the parasite is present within a bird's red blood cell, the schizont undergoes extensive multiplication, producing 4 to 20 merozoites, a number which is higher than that observed for other haemoparasites.
The results of the present study contrast with those obtained by Piebeng et al. (2014) in the village weaver in Cameroon. These authors observed a high infection rate of Haemoproteus and Plasmodium in the village weaver. The difference in results could be explained by the fact that the village weaver and the chickens do not share the same living environment.
The study also revealed a higher prevalence of Plasmodium spp. in guinea fowls during the dry season. While this result may appear counterintuitive, it could be explained by the persistence of mosquito vectors in residual wet areas or the recrudescence of chronic infections during this period, as previously documented in a longitudinal study from the Yamoussoukro region (Tia and Yao, 2020). Moreover, haemoparasite infections in chickens and guinea fowls are associated with several factors, including the extensive rearing system, fluctuating food resources from environmental pecking, inadequate provision of feed and water, poor housing conditions, low genetic potential, and broader socio-economic constraints (Ayssiwédé et al., 2013).


Prevalence of co-infections in chickens and guinea fowls by study season
In chicken, the results indicated co-infections with two haemoparasites during both the dry and rainy seasons. The detected dual infections were Aegyptianella-Haemoproteus, Aegyptianella-Plasmodium, Aegyptianella-Anaplasma, and Leucocytozoon-Plasmodium. Additionally, Haemoproteus-Anaplasma co-infection was observed exclusively during the rainy season. Moreover, triple infections were identified, but were season-specific: Aegyptianella-Plasmodium-Anaplasma was found only in the rainy season with a prevalence of 5.71%, while Leucocytozoon-Plasmodium-Anaplasma was detected only in the dry season with a prevalence of 2.86%. Notably, the prevalence of the Aegyptianella-Haemoproteus co-infection was more prevalent in the dry season (11.43%) compared to the rainy season (2.86%). The occurrence of triple infections (5.71%) support the hypothesis that local poultry are regularly exposed to a diversity of vectors transmitting blood parasite. As observed in Burkina Faso, the co-circulation of multiple parasites within a single host is common feature in extensive farming systems with limited biosecurity measures (Ouédraogo et al., 2021). 

In contrast, in guinea fowls, only co-infections involving Aegyptianella-Plasmodium and Haemoproteus-Plasmodium were detected, with infection rates of 20% and 8.57% during the dry and rainy seasons, respectively. The high prevalence of co-infections, particularly Aegyptianella-Plasmodium, during the dry season, indicates high parasitic pressure. Previous studies in Burkina Faso (Zida et al., 2016) demonstrated that such co-infections exacerbate health issues in poultry by increasing the total parasite load and triggering a destabilizing immune response. Polyparasitism, as reported here, has also been documented in the Village Weaver (Ploceus cucullatus) in Madagascar (Raharimanga et al., 2002). 

The observed mixed infections in chickens and guinea fowls were likely facilitated by host immunosuppression. This finding is consistent with the work of Ogunrinade and Adegoke (1982), who suggested that co-infections two to three parasite species could promote intercurrent infections by reducing host resistance a consequence of the immunosuppressive effects of ployparasitism. 

CONCLUSION

The investigation of haemoparasites in traditional chickens and local guinea fowl from the city of Korhogo revealed five haemoparasite taxa: Aegyptianella, Leucocytozoon, Haemoproteus, Plasmodium, and Anaplasma. Aegyptianella spp. was the most prevalent in both guinea fowl and chickens, followed by Plasmodium. These blood parasites were found to infect poultry throughout the year. Chickens were more frequent infected with Haemoproteus during the rainy season, while guinea fowl were predominantly infected with Plasmodium spp. and Leucocytozoon spp. during the dry season. Both bi-infections and tri-infections were observed in chickens and guinea fowl across all seasons. This study demonstrated that chickens and guinea fowl sold at the Korhogo poultry market were infected by blood parasites capable of causing anemia, growth retardation, reduced productivity, and mortality. The findings provide valuable insights and practical guidance for veterinary clinics, researchers, students, and farmers in the ongoing efforts to combat avian haemoparasites in Côte d'Ivoire.
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