


Evidence of high circulation of a Hepatitis B-like virus in traditional pig farms of the Department of Korhogo (Northern Côte d’Ivoire): first report 




Abstract
Background: Hepatitis B virus (HBV) infection remains one of the most significant public health challenges of the past two decades. It is estimated that more than two billion people have been infected with HBV, with over 400 million individuals chronically infected. 

Aims: 
The purpose of this study was to investigate two serological markers of a Hepatitis B-like virus (HBLV) in domestic pigs from the Korhogo department (northern Cote d’Ivoire) and to assess the prevalence of this virus, while considering potential risk factors such as age, sex and farm location.
Materials and Methods:

A cross-sectional serological survey was conducted between 4 January and 28 February 2021. Serum samples were tested using two enzyme-linked immunosorbent assays (ELISA) specific for Hepatitis B surface antigen (HBsAg) and Hepatitis B e antigen (HBeAg). A total of 368 serum samples were collected from pigs reared in extensive farms in four sub-prefectures of the Korhogo department, northern Côte d’Ivoire.

Results:

An overall seroprevalence of 47.83% (176 / 368) for the Hepatitis B-like virus was observed among pigs in the Korhogo department. No statistically significant association (p>0.05) was found between the sex of the pigs and their infectious status; however, prevalence was slightly higher in females (48.72%) than in males (47.17%). Depending on the age groups and sampled localities, this pathogen seroprevalence showed significant differences (p < 0.05). Thus, in older pigs, HB-like Virus prevalence was higher (53.13%) than in younger ones (35.71%). The prevalence also varied widely among localities, ranging from 30% to 91.67%. The sub-prefectures of Tioroniaradougou and Napiéléoudougou, both located in the northern part of the Korhogo department, recorded the highest prevalence rates of 91.67% and 83.33%, respectively. At the village level, all sampled villages in Tioroniaradougou and Napieléoudougou were contaminated, whereas 80% and 60% of farms were positive in the Korhogo and Lataha sub-prefectures, respectively.
Conclusion:

The study shows the prevalence of a Hepatitis B-like virus infection in pigs reared in the Korhogo department, northern Côte d’Ivoire. This infection appears to be widespread and may represent a potential health concern in traditional pig farming systems of the region. Further molecular investigations are needed to characterise the genomic diversity and evolutionary relationships of Hepatitis B-like viruses circulating in pig populations.
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INTRODUCTION
Viral hepatitis comprises a group of infectious diseases that are widely encountered worldwide and can have severe consequences for human health. Owing to their major public health impact, hepatitis B and hepatitis C are among the most closely monitored viral infections globally. 
Hepatitis B virus (HBV) infection remains one of the most significant public health challenges of the past two decades. Hepatitis  B  is an infectious disease of global significance,  with a significant health burden in Africa,   resulting in complications such as cirrhosis and liver cancer associated with the infection (Aboh et al., 2025; Ndako et al., 2021). It is estimated that more than two billion people have been infected with HBV, with over 400 million individuals chronically infected [1]. Approximately one-third of patients with chronic hepatitis B develop cirrhosis and hepatocellular carcinoma (HCC) [2]. This disease accounts for an estimated one to two million deaths annually [3-5], despite the availability of an effective vaccine [6].
In most immunocompetent adults, HBV infection is self-limiting, and lifelong immunity is generally achieved following viral clearance. Nevertheless, chronic HBV infection is responsible for over half of all hepatocellular carcinoma (HCC) cases worldwide [7] and ranks as the sixth most common malignancy globally [8]. HCC is the second leading cause of cancer-related death, and its incidence is increasing globally. Around 50% of patients with HCC receive systemic therapies, traditionally sorafenib or lenvatinib in the first line and regorafenib, cabozantinib or ramucirumab in the second line (Llovet et al., 2022). 
Emerging evidence has highlighted the presence of HBV-like viruses in African, Asian and neotropical primates, raising concerns about potential zoonotic transmission to humans [9]. Research on HBV-related viruses in animals has been ongoing since 1984 [10,11]. Recently, natural HBV infections have been reported in pigs and captive chickens in China and South Korea [12-14]. These findings, combined with the known ability of HBV to cross species barriers [15], suggest that human and non-human HBV variants may share hosts in nature.
A recent serological and partial genomic sequencing study (252-365 bp) conducted on pig samples in Brazil confirmed HBV infection in pigs and showed that the viral sequences shared 93-96 % nucleotide identity with human HBV [16]. Although animal HBV-like variants have not yet been demonstrated to infect humans, these findings underscore the need for increased attention to zoonotic risks associated with food products of animal origin [9].
In Côte d’Ivoire, the existence of HBV-like viruses in pigs has not yet been documented. This lack of information prompted us to conduct a preliminary investigation aimed at detecting HBV-like viruses in traditional pig farms in the Korhogo department (northern Côte d’Ivoire). Using ELISA kits specific for HBsAg and HBeAg, this study also sought to determine the seroprevalence of HBV-like infection in pigs according to risk factors such as sex, age, and reproductive status. 
MATERIAL AND METHODS
Study area
The study was conducted in the Korhogo department, which covers approximately 12,000 km2 and is located in northern Cote d’Ivoire, between 11°05’ and 11°56’ N latitude and 4°03’ and 5°25’ W longitude (Figure 1). The region is characterised by a Sudanese savannah landscape interspersed with residual forest. It experiences an average annual rainfall of about 1,200 mm and a mean temperature ranging from 22° to 35°C [17].
Korhogo is one of the most important zones for traditional pig farming in Côte d’Ivoire, accounting for approximately 63.37% of the country’s pig farms [18]. The pig population in the department was estimated at 43,000 head in 2015 [19]. The breeding system practised in this region is predominantly extensive, with free-ranging pigs scavenging around households and villages. This activity is carried out in more than 80% of the villages in the department [18]. 
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                Figure 1: study area


Study design and sampling method
This study employed a cross-sectional serological survey to detect two serological markers of human Hepatitis B virus (HBV) antigens in pigs. This study was inspired by Song et al. [14] work on hepatitis B virus-like agent in pigs. The investigation was conducted using 368 blood samples collected from seemingly healthy pigs reared in traditional farming systems within the Korhogo department. Sampling was conducted during the dry season, specifically from January 4 to February 28, 2021. The sample size (N) was determined using the formula established by Ancelle [20] : 
N = Z 2 × P × (1-P) / D2
With N: Sample size, Z: Confidence level 95%, P: Estimated proportion of the infected population (P= 50%), D: Error margin (D=5%). 
From this initial sample, 384 samples were selected for ELISA testing based on their quality. The study included pigs older than three months from exclusively traditional farming systems. Samples were collected in 4 out of the 18 sub-prefectures within the Korhogo department. Within each selected sub-prefecture, farms were randomly selected from a list provided by the Korhogo Department Pig Breeders’ Federation.
On each farm, sampling was restricted to animals present in confinement irrespective of sex, age, or breed. From each pig, 3-5 ml of blood was collected via the external ear vein and transported to the laboratory. Serum was separated by centrifugation at 4,000 rpm for 15 minutes and stored at -20°C until serological analysis was performed
Sample analysis
Two ELISA commercial kits specific to HBsAg and HBeAg produced by Bioneovan Co., Ltd (RP China) were used for this study. Those tests were performed according to the manufacturer's instructions. For this study, all the positive samples for one of the two tests were considered positive for HBV infection.
Statistical analysis
The prevalences were determined using this formula :



Data concerning potential risk factors were analysed in a two-step process using a 95% confidence interval (CI). First, a univariate logistic regression was applied to assess the statistical significance of all candidate risk factors, with a significance level set at P<0.05. 
RESULTATS ET DISCUSSION
Results
Seroprevalence of HBLV infection in pigs and risk factors
Out of the 368 blood samples analysed, 176 tested positive for HBsAg and/or HBeAg, yielding an overall seroprevalence of 47.83%.
The positivity rate for HBV infection was higher in female pigs (48.75%) than in males (47.12%). However, this observed difference in prevalence was not statistically significant (p > 0.05). Consequently, no association was found between HBV infection and the sex of the animals (Table 1). 
Table 1: Seroprevalence of Hepatitis B-like virus infection in pig farms and associated risk factors in the Korhogo Department

	Risk factors
	Prevalence 
NPA/NSA (%)
	OR  [CI 95%]
	P value

	Sex
	Female
	78/160
	48.75%
	Ref.
	-

	
	Male
	98/208
	47.12%
	1.07 [0.71-1.61]
	0.755

	Age group
	> 11 months
	60/96
	62.50%
	Ref.
	

	
	6 to 11 months
	84/180
	46.67%
	1.76 [1.07-2.9 ]
	0.026

	
	3-5 months
	32/92
	34.78%
	2.88 [1.6-5.19]
	0.000

	Localities
	Tioro
	44/48
	91.67%
	Ref.
	-

	
	Lataha
	12/40
	30.00%
	23.76 [7.58-95.33]
	0.000

	
	Korhogo
	80/232
	34.48%
	20.01 [7.73-69.89]
	0.000

	
	Napié
	40/48
	83.33%
	2.15 [0.61-8.88]
	0.217



NPA : Number of positive animals; NSA: Number of sampled animals; CI: confidence Interval;
Napié: Napiéoledougou ; Tioro: Tioroniaradougou; Ref.: Reference

However, the prevalence of HBV infection exhibited a marked and significant increase with the age of the animals (p < 0.05). Specifically, the lowest prevalence was recorded in pigs under six months of age (34.78%), while the highest prevalence was observed in those over 11 months old (62.50%). Furthermore, animals older than 11 months had 1.6 times and 2.88 times higher odds of being infected with the hepatitis B-like agent compared to subjects aged 6 to 11 months and those under 6 months, respectively.
The prevalence of the Hepatitis B-related virus infection also varied significantly depending on the sampling area. The highest positivity rate was found in the sub-prefecture of Tioroniaradougou (91.67%), followed by Napiéléoudougou (85.33%) and Korhogo (34.48%). The differences in prevalence between the geographical areas were highly significant (p < 0.0001), indicating a strong association between the location of sampling and the infection prevalence.
Pigs reared in the sub-prefecture of Tioroniaradougou exhibited significantly higher odds of infection, being 23.76 and 20.01 times more likely to be infected with the Hepatitis B-like virus than those from Lataha and Korhogo, respectively. This finding indicates a high degree of spatial clustering of the infection within the study area (Table 2).
Table 2: Hepatitis B-like virus Apparent Prevalence at the Village Level 
	Localities
	Number
of sampled villages
	Number
of contaminated villages
	Contaminated villages rates
	Extreme values ​​of the prevalence of HBV infection in villages

	Korhogo
	3
	3
	100%
	12.5-50%

	Lataha
	3
	2
	66.66%
	30.45-50%

	Tioro
	2
	2
	100%
	80-100%

	Napié
	2
	2
	100%
	71.42-100%

	Total
	10
	9
	90%
	12.5-100%



Napié: Napiéoledougou ; Tioro: Tioroniaradougou

The pathogen was widespread at the village level; swine from 9 out of the 10 sampled villages (90%) tested positive, with village-level prevalence ranging from 12.5% to 100%. Furthermore, in three of the four sub-prefectures investigated, all sampled villages (100%) were contaminated.
Farms contamination rate in the localities investigated
As detailed in Table 3, the infection was also pervasive at the farm level, with 84% (21/25) of the sampled farms testing positive for the Hepatitis B-related virus. The farm level contamination rate varied by sub-prefecture, with the lowest rate recorded in Lataha (60%) and the highest (100%) in Tioroniaradougou and Napiéleoudougou. The within-farm prevalence also demonstrated considerable variation, ranging from 0% to 75% in the less affected farms of Lataha, compared to 50% to 100% in the heavily affected areas of Napiéleoudougou and Tioroniaradougou.
Table 3: Farms contamination rate by Sub-Prefecture

	Localities
	TCF/ TSF
	Contaminated farms rate 
	Range ​​of HBLV infection prevalence in farms

	Lataha 
	6/10
	60%
	0-75%

	Korhogo 
	16/20
	80%
	0-100%

	Tioro 
	10/10
	100%
	60-100%

	Napié
	10/10
	100%
	50-100%

	Total 
	42/50
	84%
	0-100%



TCF: Total of contaminated farms; TSF: Total of sampled farms; Napié: Napiéoledougou; Tioro: Tioroniaradougou

Serological profiles of infected animals
Analysis of the HBV antigens present in the serum samples revealed four distinct serological profiles (Table 4). The data indicate that approximately one-third (32.52%) of the tested sera were positive for both HBsAg and HBeAg. In contrast, a smaller proportion of samples were positive for a single antigen: 13.04% (48/368) were positive for HBsAg alone, and 3.26% (12/368) were positive for HBeAg alone. It is noteworthy that all sera with an HBsAg-negative /HBeAg-positive profile originated exclusively from the sub-prefecture of Lataha.


Table 4: Serological Profiles of Infected Animals
	Localities
	Total of sampled animals
	HBsAg-/HBeAg-
	 HBsAg+/HBeAg+
	HBsAg+/HBeAg-
	HBsAg-/HBeAg+
	Infected animals
 (HBsAg+ or HBeAg+)

	
	
	NIA (%)
	NIA (%)
	NIA (%)
	NIA (%)
	NIA (%)

	Lataha
	40
	28 (70%)
	0 (0%)
	12 (30%)
	0 (0%)
	12 (30%)

	Korhogo
	232
	152 (65.52%)
	72 (31.04%)
	0 (0%)
	8 (3.44%)
	80 (34,48%)

	Tioro
	48
	4 (8.33%)
	24 (50%)
	0 (0%)
	20 (41.66%)
	44 (90,90%)

	Napié
	48
	8 (16.66%)
	20 (41.67%)
	0 (0%)
	20 (41.66%)
	40 (83,34%)

	Total
	368
	192 (52.17%)
	116 (31.52%)
	12 (3.26%)
	48 (13.04%)
	176 (47,83%)



NIA: Number of infected animals
Discussion
For this investigation, 364 serum samples obtained from local pigs were analysed using two commercial ELISA kits for the detection of Hepatitis B virus antigens (HBsAg and HBeAg). Although routinely employed in human HBV sero-epidemiology [21, 22], this technique has previously been utilised by several authors to diagnose infections with an agent closely related to human hepatitis B virus in porcine hosts [17, 19]. The present study is grounded in prior research, which has demonstrated the capacity of human HBsAg and HBeAg-specific ELISA tests to detect hepadnavirus infections in pigs [12,14]. 
Our findings indicate that 47.83% of the pigs sampled were seropositive for surface (HBsAg) and/or envelope (HBeAg)  antigens of a hepatitis B-like agent. Furthermore, among the positive subjects, a majority (65.91%) were concurrently positive for both HBsAg and HBeAg. These results corroborate previous studies from China, South Korea, and Brazil that reported the existence of a hepnadvirus in pigs closely related to human HBV [12, 14, 16]. However, the specific antigen prevalences determined in our study, 34.78% for HBsAg and 44.56% for HBeAg, were substantially higher than the rates reported in those countries: China (25.8% and 0.5%, respectively), South Korea (1.6% and 3.8%) and Brazil (0.8% for HBsAg) [12, 14, 16]. 
The disparities in the prevalence of this porcine infectious agent between our study region and other parts of the world may be attributable to fundamental differences in prevailing farming systems. The markedly elevated prevalence observed in our investigation is likely linked to the dominance of extensive, free-range pig farming in the area. In this system, animals are typically allowed to roam freely for approximately nine months of the year [18], fostering conditions conducive to pathogen transmission.
The high overall prevalence (47.82%), coupled with the widespread contamination at both the village (90%) and farm (84%) levels, underscores the endemic nature of the infections within this husbandry context. This situation can be largely explained by the common practice of free-ranging. The considerable intermingling of animals from different farms and the recurrent contacts between free-roaming pigs create extensive networks for disease spread. Furthermore, the unrestricted movement of animals within shared territories likely facilitates the environmental dissemination of the virus through excreted viral particles in their faeces, thereby contaminating the external environment and enhancing transmission opportunities. 
This environment transmission hypothesis is supported by research conducted in the State of Rio de Janeiro, Brazil, which successfully detected viral DNA in the bile and liver samples of domestic pigs [23], confirming the active replication and shedding of the virus in infected herds.
According to these authors, HBV-like DNA fragments have been isolated from both liver tissue and bile. The presence of such viral components in the bile suggests a potential for viral fragments, or even complete infectious particles, to be shed in excretions, a phenomenon well-documented in humans infected with hepatitis B [24]. 
Furthermore, our study revealed that 93.18% (164/176) of the seropositive animals were carriers of the Hepatitis B e antigen (HBeAg). This finding suggests that in these animals, the infectious agent closely related to the Hepatitis B virus was in a replication phase and was highly contagious, a characteristic similarly observed in human infections [25]. The high rate of HBeAg positivity detected in pigs from our study area could also account for the high level of contamination observed within the sampled farms. 
In the present study, the prevalence of the Hepatitis B-like virus infection in females (48.71%) was similar to that in males (47.17%), indicating that the sex of the animals had no significant influence on the prevalence of this infection. These results are consistent with observations reported for human HBV infection. Indeed, similar findings were obtained in HBV serosurveys conducted among students aged 15 to 25 in Mali and among healthcare workers in northern Tanzania [25, 26]. These authors also reported that the differences in prevalence between males and females were not statistically significant and concluded that HBV prevalence was not influenced by gender. 
Furthermore, regarding the age of the animals and the sampling locations, our study demonstrated that prevalence increased significantly with the age of the subjects and varied across locations. Specifically, in subjects aged 3 to 5 months, the prevalence was 34.78%,  compared to 46.66% and 62.50% in subjects aged 6 to 11 months and over 11 months, respectively.
A similar observation was reported in South Korea [14], where infected weaned piglets at 70 days of age did not present the HBs antigen of the virus, and only 7.4% of these subjects tested positive for HBeAg. The low prevalence of this infection in young, sexually immature and inactive animals may be attributed to the fact that the infectious agent under investigation is also sexually transmitted, analogous to human Hepatitis B.
Regarding geographical locations, HBV prevalence was considerably higher in the sub-prefectures of Tioroniaradougou and Napiéoulédougou (over 83.33%), compared to 30% and 34.48% in the sub-prefectures of Lataha and Korhogo, respectively. These disparities could be explained by livestock density, as well as by environmental hygiene. Among the sub-prefectures selected for this study, Tioroniaradougou and Napiéoulédougou exhibit the highest concentrations of traditional pig farms. Consequently, there is increased contact among animals and a higher frequency of uncontrolled mating. 
Regarding the localities surveyed, the seroprevalence of HBV was considerably higher in the sub-prefectures of Napiéoulédougou and Tioroniaradougou (exceeding 83.33%) compared to Lataha and Korhogo, which had prevalence rates of 30% and 34.48%, respectively. These disparities may be explained by a higher livestock density and differences in environmental hygiene. Among the sub-prefectures included in this study, Tioroniaradougou and Napiéoulédougou exhibited the highest concentration of traditional pig farms. This setting fosters increased contact between animals and unregulated breeding practices.
CONCLUSION
The use of two ELISA tests specific for the HBsAg and HBeAg antigens of the human Hepatitis B virus revealed the circulation of an antigenically related virus in the pig populations of the Korhogo department (Northern Cote d’Ivoire). Given the high overall seroprevalence and the spatial distribution of the infection, significant attention should be paid to this finding. Based on our results, further investigations are necessary to, firstly, assess the impact of this infection on pig production and, secondly, to perform a genomic characterisation of the HB-like virus identified in these farms.
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