Haemobiochemical Changes in Nigerian Indigenous Cattle with Paramphistomosis in Jos Abattoir
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Novelty Statement: This study provides the first comprehensive evaluation of haemato-biochemical alterations associated with paramphistomosis in Nigerian indigenous cattle, establishing baseline diagnostic indicators to support early detection and improved clinical management of the disease.

ABSTRACT

Paramphistomosis is a neglected parasitic disease of ruminants that contributes to substantial economic losses in livestock production. This study evaluated the haemato-biochemical alterations associated with paramphistomosis in cattle slaughtered at the Jos Abattoir, Plateau State, Nigeria. A total of 40 cattle were examined, comprising 10 non-infected and 30 infected animals. Blood samples, as well as rumen and reticulum tissues, were collected and analysed using standard laboratory techniques. Data were expressed as mean ± standard error of mean (SEM) and analysed using one-way analysis of variance (ANOVA) and Student’s t-test, with significance set at p < 0.05.
Out of the 40 cattle examined, 23 (57.50%) were positive for Paramphistomum infection. Infected cattle exhibited a significantly lower packed cell volume (32.96 ± 1.62%) compared to non-infected cattle (37.76 ± 1.24%) (p < 0.05), indicating anaemia. Although total white blood cell counts did not differ significantly between groups (p > 0.05), significant variations were observed in segmented neutrophil and lymphocyte counts (p < 0.05), suggesting an inflammatory response.
Thirteen serum biochemical parameters were evaluated. Creatinine, alanine transaminase (ALT), triglycerides, and low-density lipoprotein (LDL) cholesterol were higher in infected cattle than in non-infected cattle; however, these differences were not statistically significant (p > 0.05).
Overall, the findings demonstrate that paramphistomosis in cattle is associated with anaemia, inflammatory changes, and mild biochemical alterations indicative of acute infection. These results provide baseline haemato-biochemical data that may support the diagnosis and clinical management of paramphistomosis in cattle.
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INTRODUCTION
Parasitic diseases remain a major constraint to livestock production worldwide, particularly in developing countries where they significantly impair animal health, productivity, and economic returns (Strydom et al. 2023) Gastrointestinal parasites, including trematodes, cestodes, and nematodes, are among the most important causes of morbidity and mortality in ruminants. These infections lead to reduced meat and milk yield, poor growth performance, reproductive failure, and increased susceptibility to secondary diseases, thereby imposing substantial economic losses on livestock farmers (Maketon et al. 2021; Kagira et al. 2022). 
Ruminants are commonly infected by diverse gastrointestinal parasites, among which trematodes are of major veterinary importance  (Bekele et al. 2024). Paramphistomes, the causative agents of paramphistomosis (also known as rumen fluke disease or amphistomosis), are widely distributed trematodes affecting both domestic and wild ruminants. The disease is caused by several genera, including Calicophoron, Cotylophoron, Explanatum, Gigantocotyle, and Paramphistomum, belonging to the superfamily Paramphistomatoidea (Smith et al. 2023; Bekele et al. 2024). In cattle, important species include Paramphistomum microbothrium and Paramphistomum ichikawai (Pfukenyi and Mukaratirwa 2018). Paramphistomosis is considered a neglected tropical disease, with high prevalence in tropical and subtropical regions of Africa, Asia, Europe, and Australia (Khedri et al. 2015; Sibula et al. 2024).Young animals, particularly calves and lambs are most susceptible to infection especially during the weaning period. However, adult animals may also be affected, particularly in the absence of  prior exposure to the parasite or in the presence of immunosuppressive conditions such as malnutrition, concurrent diseases, and poor management practices. In cattle, paramphistomes grow larger, migrate more rapidly, mature earlier, and survive longer than in sheep and goats, thereby contributing to increased pathogenicity and prolonged egg shedding (Smith and Mansfield 2021).
The prevalence and severity of paramphistomosis vary according to geographical location, climatic conditions, and management systems. Temperature, rainfall, and humidity play critical roles in determining the survival and multiplication of intermediate host snails, as well as the development and transmission of infective larval stages on pasture (Bekele et al. 2023; Jones et al. 2024; Mogaji et al. 2024).
Consequently, the disease is more prevalent in tropical and subtropical regions than in temperate zones (Che-Kamaruddin and Isa 2023; Sibula et al. 2024; Rafiq et al. 2023).  In Nigeria, Paramphistomosis has been reported in several states (Elelu et al. 2018; Arowolo et al. 2020; Opara 2022), indicating its widespread distribution within the country.

Clinically, paramphistomosis is characterized by diarrhoea, anorexia, polydipsia, weight loss, submandibular oedema, and poor body condition. Severe infections, especially with immature flukes, may result in dehydration, anaemia, hypoproteinaemia, and high mortality, especially in young and immunocompromised animals (Perri et al. 2025; Shivakoti 2025). Chronic infections in adult cattle are often subclinical but may lead to long-term reductions in productivity, including decreased milk yield and poor growth performance (Iqbal and Ashraf 2023; Strydom et al. 2023).
Haematological and biochemical parameters are important indicators of disease severity, organ dysfunction, and systemic responses to parasitic infections. Alterations in packed cell volume, leukocyte profiles, liver enzymes, protein fractions, and renal markers have been reported in ruminants infected with paramphistomes. However, most available studies have focused on buffaloes, sheep, and goats, with limited information on cattle, particularly under Nigerian production systems.

Despite the documented occurrence of paramphistomosis in Nigeria, information on its  haemato-biochemical effects in slaughtered cattle in Plateau State remains scarce. Understanding these alterations is essential for improving diagnostic accuracy, clinical management, and control strategies. 
Therefore, the present study was designed to evaluate the haematological and serum biochemical changes associated with paramphistomosis in cattle slaughtered at the Jos Abattoir, Plateau State, Nigeria. The study aims to provide baseline data that will support veterinary diagnosis, enhance disease management and promote the implementation of strategic deworming and control programmes to reduce the impact of this disease on cattle production.

MATERIALS AND METHODS:
Study Area: The study was conducted at the Jos Abattoir, located in Jos, the capital city of Plateau State, Nigeria. Plateau State lies within the North-Central geo-political zone  and shares  boundaries with Bauchi, Kaduna, Nassarawa, and Taraba States to the North-Eastern, North-Western, South-Western and South-Eastern boundaries, respectively. The State is situated within the Guinea Savannah ecological zone and comprises seventeen Local Government areas, covering an estimated land area of about 30,913km2. 

The area experiences a near-temperate climate,with average temperatures ranging from 18oC to 22oC. Two major seasons are observed annually: the dry season (November-April) and the rainy season (May-September) (NiMet 2017). The major occupations of the inhabitants include crop cultivation and livestock farming. The livestock population in Plateau State is estimated at approximately 1.3 million cattle, 1.8 million goats, and 1.2 million sheep (DLS 2017).















Study Design and Sample Collection
 A case-control study was conducted on forty (40) randomly selected cattle of different ages and breeds slaughtered at the Jos Abattoir. The animals were grouped into two categories: 
· Group 1 (control group): Ten (10) apparently healthy cattle with no visible paramphistomes attached to the rumen or reticulum on gross and microscopic examination. 
· Group 2 (infected group): Thirty (30) cattle showing clinical signs suggestive of paramphistomosis, including pale mucous membranes, emaciation, rough hair coat, profuse diarrhoea, and the presence of paramphistomes confirmed microscopically.
 Blood samples were collected individually from each animal via jugular venipuncture using sterile needles and syringes. Approximately 5mL was transferred into ethylenediaminetetraacetic acid (EDTA) bottles for haematological analysis, while 8.5 mL was collected into plain tubes for serum biochemical analysis.

All samples were transported in ice packs to the Clinical Pathology Laboratory, Veterinary Teaching Hospital, University of Jos, for analysis.
Parasitological Examination
Rumen and reticulum tissues were examined post-slaughter for the presence of paramphistomes. Gross examination was conducted, followed by microscopic identification of recovered flukes using standard parasitological procedures to confirm infection status.
Haematological Analysis
Haematological parameters were determined following standard laboratory methods. Packed cell volume (PCV) was measured using the microhaematocrit method. EDTA-anticoagulated blood was drawn into capillary tubes and centrifuged at 6,000 revolutions per minute (rpm) for 10 minutes (Weiss and Wardrop 2011). The PCV was read using a microhaematocrit reader.
Thin blood smears were prepared for differential leukocyte count (DLC) by spreading a drop of blood on grease-free glass slides to form uniform smears. The smears were air-dried, fixed in methanol, and stained with Wright–Giemsa stain. Stained slides were examined microscopically under oil immersion (×1000 magnification). A total of 100 leukocytes were counted per slide, and absolute leukocyte values were calculated.
Total white blood cell count (TWBC) was determined using a New Improved Neubauer haemocytometer. White blood cells in the four corner squares were counted and multiplied by a factor of 50 to obtain the total count (Weiss and Wardrop 2011).
All procedures were carried out in accordance with standard haematological techniques.
Serum Chemistry: Blood collected in plain tubes, was allowed to clot at room temperature for 30 minutes and  centrifuged at 3000 rpm for 10 minutes to separate serum. The serum was carefully  aspirated using a disposable pipette and stored at 4°C until analysis. 
Serum biochemical parameters analysed included: aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), urea, creatinine, total protein, albumin, globulin, total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL) and triglyceride (TG).
All analytes were measured using standard enzymatic and colorimetric method outlined by Cottrell and Frings (1979). Analyses were performed using a Cobas c111 automated chemistry analyser (Roche Diagnostics International Ltd., Switzerland) following the manufacturer’s instructions.

Data analysis: Data obtained from the haematological and  biochemical analyses were expressed as mean ± standard error of mean (SEM). Statistical analysis was performed using one-way analysis of variance (ANOVA) in JMP software (Version 18). Where significant differences were detected, Student’s t-test was applied for pairwise comparisons.
 Differences were considered statistically as significant at p < 0.05.

RESULTS: 
Demographic Characteristics and Prevalence of Paramphistomosis of Cattle Slaughtered at the Jos Abattoir
Out of the forty (40) cattle examined at the Jos Abattoir, twenty-three (23), representing an overall prevalence of 57.50%, were positive for Paramphistomum infection. Adult paramphistomes were grossly observed  attached to the ruminal and reticular  walls (Figures 1a and 1b) and were confirmed microscopically (Figure 2).
 Based on sex, twenty-five (25) females were examined, of which sixteen (16) were infected, giving a prevalence of 64.00%. Among the fifteen (15) males sampled, seven (7)  were positive corresponding to a prevalence of 46.67%. Although females showed a higher prevalence than males, the difference was not statistically significant (p > 0.05).
With respect to age, cattle aged 4-5 years constituted the highest number examined (n = 20) and recorded a prevalence of 60.00% (12/20). The age group 5–6 years had the lowest number of cattle examined (n = 2),with both animals testing positive for Paramphistomum infection (100%). However, the differences in prevalence across age categories were not statistically significant (p > 0.05), though age recorded the highest odds ratio (OR = 3.201).
Assessment of plasma colour revealed that thirty-two (32) samples had yellow plasma, with sixteen (16) of these being positive for infection (50.00%). Eight (8) cattle had normal plasma colour, of which seven (7) were infected (87.50%). The differences observed were not statistically significant (p > 0.05). Overall, variations in prevalence across sex, age, breed, and plasma colour were not statistically significant, and odds ratios were generally low except for age (Table 1).

Hematological Indices of Cattle with Paramphistomosis Slaughtered in the Jos Abattoir 
The haematological parameters of Paramphistomum-infected and non-infected cattle are presented in Table 2. Non-infected cattle generally recorded higher mean values for most haematological parameters compared with infected cattle, except for total white blood cell count (TWBC), segmented neutrophils, and band neutrophils.  
The packed cell volume (PCV) of infected cattle was significantly lower than that of non-infected cattle (p < 0.05). There was no statistically significant difference (p > 0.05) in TWBC between infected and non-infected groups.
 
 Segmented neutrophil counts were significantly higher in infected cattle compared with non-infected cattle (p < 0.05). Conversely, lymphocyte counts were significantly higher in non-infected cattle than in infected cattle (p < 0.05). Monocyte and eosinophil counts were lower in infected cattle compared with non-infected cattle; however, these differences were not statistically significant (p > 0.05).
of cattle with the infection compared to those without the infection, was found to be statistically significant (p <0.05)  (Table 2).

Serum Biochemical Profile of Cattle with Paramphistomosis Slaughtered in Jos Abattoir 
A total of thirteen (13) serum biochemical analytes were evaluated (Table 3). Nine (9) analytes recorded higher mean values in non-infected cattle, while four (4) analytes were higher in Paramphistomum-infected cattle.

Creatinine, alanine aminotransferase (ALT), triglycerides, and low-density lipoprotein (LDL) cholesterol showed higher mean values in infected cattle compared with non-infected cattle; however, these differences were not statistically significant (p > 0.05).
Urea, aspartate aminotransferase (AST), alkaline phosphatase (ALP), total protein, albumin, globulin, total bilirubin, total cholesterol, and high-density lipoprotein (HDL) cholesterol were higher in non-infected cattle compared with infected cattle. None of these differences reached statistical significance (p > 0.05).

DISCUSSION
The overall prevalence of paramphistomosis recorded in this study was 57.50% (23/40), indicating a high level of infection among cattle slaughtered at the Jos Abattoir. This finding suggests that paramphistomosis remains an important parasitic problem in the study area. The prevalence recorded in this study is higher than reports from Turkey (8.95%)(Ozdal et al. 2010), Spain (18.8%)(Gonzalez-Warleta et al. 2013), France (20%)(Szmidt-Ajide et al. 2000) , and South-Eastern Iran (36.9%)(Khedri et al. 2015), but comparable to findings from Ethiopia (51.82%) and Sokoto (56%)(Bunza et al. 2008). It is, however, slightly lower than the 59.1% reported in Abuja  (Arowolo et al. 2020).  These variations may be attributed to differences in ecological and climatic conditions, grazing systems, availability of water bodies, and the distribution and abundance of intermediate snail hosts, which play a critical role in the transmission of paramphistomes.
In the present study, female cattle showed a higher prevalence (64.00%) of infection than males (46.67%), although this difference was not statistically significant (p > 0.05). Similar observations have been reported by previous authors (Davila et al. 2010; Arowolo et al. 2020), who attributed higher infection rates in females to physiological stress associated with pregnancy, parturition, and lactation, which may lead to temporary immunosuppression during these periods. Additionally, female cattle are often retained longer in herds for breeding purposes, increasing their exposure to infective stages. Differences in sample size and management practices may also contribute to this trend.
Age-related analysis revealed a higher prevalence in adult cattle (63.6%) compared to younger animals (50%), although the association was not statistically significant.This finding is consistent with earlier reports (Arowolo et al. 2020) and may be attributed to prolonged exposure to contaminated pastures and water sources. Cumulative stress factors such as hunger, fatigue, illness, and transportation, may predispose adult cattle to higher infection. Transportation and abattoir-related stress, including handling, mixing of unfamiliar animals, and disruption of social groups, may further compromise immune responses and enhance susceptibility to parasitic infections (Blecha and Swanson 2022; Smith and Doe 2022; Li et al. 2024).

The packed cell volume of infected cattle was significantly lower than that of non-infected animals, indicating the presence of anemia, which is a common feature of paramphistomosis.This finding is in agreement with several previous studies on paramphistomosis (Chauhan et al. 2015; Preethi et al. 2019; Yadav 2019; Mikolon et al. 2023;  Khan et al. 2024; Rahman et al. 2025). The observed anemia may result from hemorrhage, ulceration, and erosion of the ruminal and intestinal mucosa caused by migrating immature flukes, as well as blood loss and tissue damage associated with adult parasites. These pathological changes impair nutrient absorption and erythropoiesis, thereby contributing to reduced PCV values (Tehrani et al. 2015; Preethi et al. 2019; Nyagura et al. 2024; Shivakoti 2025). 

Leucogram analysis revealed leucocytosis characterized by neutrophilia with a regenerative left shift and lymphopenia in infected cattle. Monocytopenia and eosinopenia were also observed but were not statistically significant. Similar haematological patterns have been reported in previous
studies (Chauhan et al. 2015; Yadav 2019; Atcheson et al. 2022; Opara 2022; Ayalew et al. 2024; Wani 2024). Neutrophilia with left shift reflects an active inflammatory response to tissue damage caused by migrating parasites. However, the eosinopenia observed from this study is different from the findings of eosiniophilia from previous authors ( Chauhan et al. 2015; Preethi et al. 2019 and Yadav 2019).
Lymphopenia and eosinopenia observed in this study may be associated with stress-induced corticosteroid release, which suppresses lymphocyte and eosinophil production (Blecha and Swanson 2022; Cook et al. 2023; Endo et al. 2023; Li et al. 2024). Collectively, these changes suggest an acute inflammatory and stress response in infected animals. 

Serum biochemical analysis showed a general reduction in urea, AST, ALP, total protein, albumin, globulin, total bilirubin, total cholesterol, and HDL cholesterol, with mild increases in creatinine, ALT, triglycerides, and LDL cholesterol, although these changes were not statistically significant. The decrease in total protein and albumin observed in infected cattle is consistent with previous reports (Preethi et al. 2019; Khurana et al. 2023) and may be attributed to reduced feed intake, impaired digestion, intestinal protein loss, and liver dysfunction. Hypoproteinemia may also reflect malnutrition, as many of the examined animals appeared clinically weak and emaciated.
The reduction in AST and ALP observed in this study contrasts with reports of elevated enzyme activities in some earlier studies (Forstmaier et al. 2021; Rizwan et al. 2022; Iqbal and Ashraf 2023), suggesting possible variations in disease stage, parasite burden, and organ involvement. The mild increase in ALT may indicate hepatic stress associated with parasite migration and toxin release. Reduced serum cholesterol levels observed in infected cattle are in agreement with previous findings (Rizwan et al. 2022; Mughal et al. 2023; Ayalew et al. 2024) and may be linked to impaired lipid metabolism and reduced intestinal absorption.
Lower albumin and globulin concentrations recorded in infected cattle support earlier reports (Rizwan et al. 2022; Khurana et al. 2023) demonstrating protein depletion in paramphistomosis. Albumin reduction may result from decreased hepatic synthesis and increased loss through damaged gastrointestinal mucosa. In contrast to some studies  reporting elevated albumin-to-
globulin ratios (Preethi et al. 2019), the present findings suggest a generalized protein deficiency, possibly due to severe parasitism and poor nutritional status.
The elevated serum creatinine levels observed in infected cattle differ from some earlier reports but may be associated with dehydration and reduced renal perfusion, particularly in animals exhibiting severe diarrhoea. Dehydration-related hemoconcentration and reduced glomerular filtration may contribute to increased creatinine levels in advanced infections.
Overall, the haematological and biochemical alterations observed in this study reflect the combined effects of tissue damage, inflammation, nutritional deficiency, stress, and metabolic disturbances associated with paramphistomum infection. These changes highlight the significant impact of paramphistomosis on cattle health and productivity.
CONCLUSION: This study demonstrates a high prevalence of paramphistomosis among cattle slaughtered at the Jos Abattoir, indicating that the disease remains an important health and production challenge in the study area. The haematological findings revealed anemia, neutrophilia and lymphopenia, which reflect active inflammatory and stress responses associated with infection. Similarly, the serum biochemical changes, including reduced protein fractions and mild alterations in hepatic and renal markers reflected hepatic dysfunction, protein depletion, and metabolic imbalance. 

These haematological and biochemical abnormalities provide valuable diagnostic indicators for clinical evaluation of infected cattle and may assist veterinarians in early detection and disease monitoring. The findings underscore the need for improved parasite control strategies, regular deworming, pasture management, and public awareness to reduce infection rates and enhance cattle productivity. Early diagnosis and appropriate intervention are essential for minimizing economic losses and improving animal welfare.

RECOMMENDATION: Early diagnosis, timely therapeutic intervention, and the adoption of integrated parasite management practices are essential for reducing infection rates, minimizing economic losses, and improving animal welfare. Future studies involving larger sample sizes,
seasonal assessment, and molecular identification of paramphistome species are recommended to further strengthen control efforts and improve understanding of the epidemiology of paramphistomosis in Nigeria.
It is recommended that with the high prevalence of Paramphistomum infection in cattle in Jos, Plateau State and the severe anemia associated with the disease, there is the need for strategic routine deworming of animals. The government should set up policies that will aid in restructuring of drainages especially water logged areas so as to reduce the population of the intermediate hosts (snails) which are important in the epidemiology of the disease.
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Fig. 1a: Reticulum of a cattle slaughtered in the Jos abattoir showing paramphistomums (arrow). 
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Fig. 1b: Rumen of a cattle slaughtered in the Jos abattoir showing paramphistomums (arrows). 



[image: C:\Users\HP\Downloads\S16 INTESTINE paramphistomoum.jpg]


Fig. 2: Presence of Paramphistomum in the submucosa of the intestine(duodenum) (arrow). H&E x100 mag.













Table 1. Demograph of cattle slaughtered at the Jos abattoir
	 
	Number Examined
	Positive
(%)
	OR
(95% confidence interval)
	P-values

	Gender
	
	
	
	

	Female
	25
	16(64)
	0.786(0.112-5.490)
	0.808 

	Male
	15
	7(46.67)
	
	

	Age
	 
	 
	 
	 

	2-3years
	4
	1(25)
	3.201(0.686-14.933) 
	0.139

	3-4years
	14
	8(57.14)
	
	

	4-5years
	20
	12(60)
	
	

	5-6years
	2
	2(100)
	
	

	Breed
	 
	 
	 
	 

	Sokoto gudali
	1
	1(100)
	NA 
	 
 
 

	Red Bororo
	1
	1(100)
	
	

	White Fulani
	38
	21(55.26)
	
	

	Plasma Colour
	 
	 
	 
	 

	Normal
	8
	7(87.50)
	0.087(0.006-1.236) 
	0.071 

	Yellow
	32
	16(50.00)
	
	

	Total
	40
	23(57.50)
	
	


















Table 2. Hemogram of cattle slaughtered in Jos abattoir with Paramphistomum Infection
	Parameters
	Positive
	Negative
	F-ratio
	P-value

	TWBC (x103)
	7.31±0.53
	6.04±0.57
	0.523
	0.927

	PCV
	32.96±1.62

	37.76±1.24

	4.930
	0.032*

	Segmented Neutrophil (x103)
	5.86±0.53
	3.79±0.61
	5.645
	0.018*

	 Band Neutrophil (x103)
	0.61±0.12
	0.33±0.12
	1.170
	0.108

	Lymphocyte (x103)
	0.54±0.24
	1.40±0.31
	7.594
	0.039*

	Monocyte (x103)
	0.23±0.10
	3.04±1.08
	1.055
	0.604

	Eosinophil (x103)
	0.08±0.03
	0.21±0.07
	1.198
	0.128


Mean±SEM of multiple values of each parameter. *: p < 0.05 is considered statistically significant



















Table 3. Serum chemistry of cattle slaughtered in Jos Abattoir with Paramphistomum Infection

	Analytes
	SI Unit
	Positive
	Negative
	F-ratio
	P-value

	Urea
	mmol/L
	4.94±0.27
	4.98±0.28
	0.007
	0.934

	Creatinine
	µmol/L
	65.22±2.44
	62.35±3.69
	0.454
	0.505

	ALT
	IU/L
	44.17±3.16
	43.29±5.50
	0.022
	0.883

	AST
	IU/L
	135.49±26.47
	172.51±18.26
	1.093
	0.303

	ALP
	IU/L
	55.13±5.77
	55.62±6.05
	0.509
	0.480

	Total Protein
	g/L
	74.85±2.17
	77.55±2.37
	0.693
	0.410

	Albumin
	g/L
	33.30±1.57
	33.31±1.15
	0.000
	0.998

	Globulin
	g/L
	41.55±2.58
	44.25±2.37
	1.7093
	0.1950

	Total bilirubin
	µmol/L
	5.46±0.35
	6.29±0.64
	2.889
	0.097

	Triglyceride
	mmol/L
	0.32±0.02
	0.29±0.02
	1.016
	0.320

	Total Cholesterol
	mmol/L
	2.59±0.13
	2.72±0.23
	0.311
	0.580

	HDL Cholesterol
	mmol/L
	1.03±0.09
	1.19±0.12

	1.155
	0.289

	LDL Cholesterol
	mmol/L
	1.41±0.14
	1.29±0.17
	0.001
	0.976



 Mean±SEM of multiple values of each analyte. P < 0.05 was considered statistically significant
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