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ABSTRACT

Further studies could also explore the potential for combining multiple diagnostic methods for a more accurate 
and reliable diagnosis of Haemonchus contortus infection in small ruminants. Additionally, the development 
of rapid diagnostic tests for haemonchosis could greatly benefit small ruminant farmers by providing quick 
and accurate results in field settings. This study included 79 small ruminants with suspected gastrointestinal 
nematode infections. Faecal samples were analysed using the floatation technique to identify strongyle-
type nematode eggs. The number of eggs per gram was estimated using the McMaster counting technique, 
represented by the FEC/EPG. For animals with positive FEC results, larval cultures and Packed cell volume 
tests were performed to confirm the presence of Haemonchus contortus larvae. The investigation revealed a 
statistically significant negative association between the test methods of faecal egg count (FEC) and packed cell 
volume (PCV). Animals with higher faecal egg counts, indicating heavier parasite burdens, had lower PCV levels, 
aligning with the expected anaemia caused by haemonchosis. While both faecal egg count (FEC) and packed cell 
volume (PCV) provided insights into potential Haemonchosis infection, the study suggests limitations with PCV. 
Faecal egg count (FEC) offers a more direct measurement of parasite burden through egg count, whereas PCV 
is influenced by various factors beyond parasite infection. Additionally, larval culture confirmed the presence 
of Haemonchus contortus in animals with a positive faecal egg count (FEC). Overall, the findings from this study 
contribute to our understanding of haemonchosis diagnosis and highlight the importance of early detection for 
targeted selective treatment in small ruminants.
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Introduction
In Ethiopia, where there are over 25.5 million sheep and 24.06 

million goats, small ruminants are vital to the livelihoods of farmers 
who lack resources [1,2]. Small ruminants (sheep and goats) are vital 
to the livelihoods of Ethiopian farmers, particularly those that lack 
resources [3,4]. Important gastrointestinal strongyle nematodes that 
infect small ruminants include Haemonchus contortus, Teladorsagia 
circumcincta, and the intestinal species Trichostrongylus [5,6]. Sheep 
are usually infected with one or more nematodes, but the severity 
of the disease can vary considerably [7,8]. Disease is predominantly 

linked to factors such as the species and number of worms infecting 
the host, the immunological and health status of the host, and envi-
ronmental factors such as climate and pasture type, stress, stocking 
rate, management, and/or diet [9,10]. Three main groups of animals 
are susceptible to high-intensity infections:

i.	 Young, non-immune animals;

ii.	 Adult, immune-compromised animals;

iii.	 Animals exposed to large numbers of L3s from the environ-
ment [10-13].
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Nematode populations in sheep are usually over-dispersed, with 
the majority of sheep having low and only a few sheep with high in-
tensities of infection, respectively [10,13,14]. In addition to support-
ing research into the ecology and epidemiology of nematode infec-
tions, correct diagnosis is essential for the successful management of 
these diseases and can significantly aid in monitoring anthelmintic 
resistance in strongyle populations [10]. Because of the overuse and 
unregulated use of broad-spectrum anthelmintic (which fall into 
three main classes: benzimidazoles, imidazothiazoles, and macro-
cyclic lactones), such resistance has become a significant economic 
and bionomic issue [15]. A variety of clinical symptoms, including 
scouring, anaemia, loss of body condition, and mortality in extreme 
situations, are indicative of gastrointestinal nematode-caused disease 
[16,17]. The type and quantity of worms present, the host’s nutrition-
al status, and the host’s immunological and reproductive state all have 
an impact on the nature and severity of clinical manifestations, as in-
dicated by the Hungerford indicators [18]. These clinical approaches 
are also arbitrary and nonspecific [19-21]. The most commonly used 
technique for diagnosing gastrointestinal nematode infections is the 
counting of worm eggs in excrement. This technique can be used in 
most diagnostic situations because it is low-cost, simple to apply, and 
does not require sophisticated instrumentation. One of the important 
uses of this technique is the estimation of infection intensity [6,22]. 
Traditionally, Faecal Egg Count (FEC) using the modified McMaster 
technique has been the primary method for diagnosing gastrointes-
tinal parasites and determining the need for anthelmintic treatment 
[23].

Although Faecal Egg Count (FEC) is widely used and relatively in-
expensive, it has significant drawbacks and detection delays. It takes 
three to four weeks for worm eggs to appear in faeces after infection, 
by which time the animal might already be experiencing negative 
health consequences [13,24-26]. This method involves mixing faeces 
with a saturated salt or sugar solution (e.g., sodium nitrate or sucrose; 
specific gravity: 1.1–1.3) to float parasite eggs (with the exception of 
trematode eggs) on the surface of the suspension. An aliquot of this 
suspension was aspirated, eggs were counted, and the number was 
expressed as eggs per gram (EPG). This delay necessitates explora-
tion of alternative diagnostic techniques. Therefore, effective diag-
nostic tools are crucial for managing Haemonchosis and preserving 
the health and productivity of small ruminants [27,28]. Larval culture 
involves incubating faecal samples containing eggs of strongyle nem-
atodes to allow L1s to hatch and then develop into L3s; the latter are 

examined microscopically and differentiated morphologically/mor-
phometrically. 

A number of protocols have been published by different research-
ers [29,30], which differ in the temperatures, times and media used 
for culture, and the approach of larval recovery [15,31]. In addition to 
conventional copro-diagnostic methods, various immunological and 
biochemical methods have been assessed or established, aimed at the 
specific diagnosis of infection [32-34]. These methods rely mainly on 
the detection and measurement of parameters, such as pepsinogen, 
gastrin or specific antibody in serum, which might be indicative of 
parasite infections as illustrated in [15,24] protocols for the specific 
diagnosis of gastrointestinal nematode infections in small ruminants 
[25,35]. The Packed Cell Volume (PCV) measures the percentage of 
red blood cells in an animal’s blood sample. Haemonchus contortus 
feeds on blood from the abomasum (fourth stomach) of ruminants, 
leading to anaemia and a decrease in PCV levels [36]. This suggests 
that PCV could potentially serve as a rapid diagnostic indicator of hae-
monchosis. 

Exploring alternative diagnostic tools, such as PCV, alongside FEC 
holds promise for more efficient haemonchosis management. Identi-
fying infected animals allows for timely intervention and minimizes 
the negative impacts on animal health and productivity [25,37,38]. 
Therefore, based on the hypothesis that packed cell volume (PCV) 
techniques might be a superior diagnostic tool than estimation of 
parasite burden or intensity, this study was aimed to compare the ef-
ficacy, and sensitivity of the three methods such as faecal egg count 
(FEC) and larval culture (LC), with packed cell volume (PCV) tech-
niques under field settings for the diagnosis of haemonchosis in small 
ruminants grazing on communal pastures in Bishoftu town, Ethiopia.

Materials and Methods 
Study Area 

The study was carried out in Bishoftu town in Ethiopia, situated at 
9°N latitude and 40°E longitude, with an elevation of approximately 
185 m (1.15 mi) in the central highlands of Ethiopia as illustrated in 
Figure 1. Bishoftu City experiences an annual rainfall of about 866 
mm (2.84 ft), with 84% occurring during the rainy season from June 
to September, which is bimodal. The average annual maximum and 
minimum temperatures were approximately 26°C and 14°C, respec-
tively.
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Figure 1: Map of Ethiopia Showing the Study Area of Bishoftu Town.

Study Animals 

Small ruminants were used in this study. Accordingly, data repre-
senting the categories of sex, species, age, and body condition scores 
were recorded during sample collection.

Faecal Sample Collection and Examinations

Faecal samples for parasitological examination were collected di-
rectly from the rectum of each sheep and goat using disposable gloves, 
placed in a universal bottle, and kept in a cooler box with ice packs. 
The samples were then transported to the CVMA Veterinary Parasi-
tology Laboratory at Bishoftu, and immediately examined or stored at 
4°C until further examination. Three grams of Crushed faecal samples 
were mixed with 40–50 ml of sodium chloride (flotation solution) and 
stirred. The suspension was filtered through a tea strainer using a 2. 
The filtered suspension was then poured into test tubes, and a cov-
er slip was placed on top of the filled test tube. Eggs were allowed 
to float for 10–15 min. Finally, the samples were examined under a 
10x magnifying microscope. For faecal samples that were positive 
for strongyle-type nematodes, the Modified McMaster egg counting 
technique was used to identify the degree of infestation, as described 
previously [39]. The McMaster quantitative technique was used to 
determine the number of eggs per gram of faeces, and each number 
obtained was multiplied by a factor of 100 to obtain an approximate 
number of eggs per gram of faeces. A sub-sample was drawn from 

each sample using disposable pipettes, and both chambers of the Mc-
Master slides were filled and observed under a microscope at 100× 
following standard procedures. Finally, the total number of eggs per 
animal was recorded.

Identification of Nematode Larvae, and Counting of Total 
Larvae 

Faecal samples that screened positive for strongyle-type nem-
atode eggs were cultured for harvesting and identification of third-
stage larvae of the Haemonchus species harbouring sheep and goats, 
according to [39,40] for individual animals. The samples were placed 
in a jar and left for an entire week. Water was added to the culture ev-
ery two days throughout this time. The larvae were harvested by add-
ing water to the culture jar until the water meniscus protruded above 
the jar lip, covering the jar mouth with an overturned Petri dish, and 
holding the Petri dish in place while the jar was inverted. The cul-
ture jar was then filled with water and left to stand for a few minutes 
to allow air to escape from the culture. Water was then added to the 
Petri dish and the rim of the jar was lifted slightly from the bottom 
of the dish on one side by slipping two glass microscope slides un-
der it. The preparation was left for a few hours for L3 to migrate into 
the water and settle before the water in the Petri dish was removed 
with a pipette for larval identification and counting. The culture was 
repeatedly harvested over several days by holding the jar at a slant 
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with the mouth pointing downwards, spraying the inner walls with a 
wash bottle, and allowing the larval suspension to drain into suitable 
containers. The larvae were counted and subjected to morphological 
examination to identify genera. A few drops of iodine solution were 
added to the tube to immobilize and stain the larvae, and each lar-
va was examined under a microscope using (10-40X times) objective 
lenses as procedure by [13,40].

Blood Sample Collection and Determination of Packed Cell 
Volume

Blood samples were collected from the jugular vein of each animal 
using EDTA tubes containing anticoagulants. Blood samples collected 
in anticoagulants were transported to the laboratory using an icebox 
at the Parasitology Laboratory of the AAU-CVMA. The packed-cell 
volume technique was employed. The third quarter of the blood was 
collected using a capillary tube and slanted. The sealed microhemato-
crit capillary tubes containing blood were centrifuged using a micro-
hematocrit centrifuge for 5 min at 12,000 rpm. After centrifugation, 
the packed cell volume (PCV) value was recorded for the estimation 
of anaemia using a haematocrit reader as per the protocol described 
previously [40,41].

Data Analysis

After different data were collected, they were entered into an Ex-
cel format, and descriptive statistical tests were used to verify the as-

sociation between variables. After comparing the groups of variables, 
p-values were calculated using STATA software packages of general-
ized linear models.

Results
Descriptive Statistic for the Test Methods Analysis 

According to these findings, 79 animals tested positive for gastro-
intestinal nematode eggs resembling strongyle-type eggs using fae-
cal floatation technique protocols [38,42]. A faecal egg count (EGP) 
was performed for each animal that tested positive. Based on the 
faecal egg count, the findings showed that there is a high burden of 
gastrointestinal nematode infection, with a maximum of 9300 eggs in 
single animals. The average number of eggs counted (EPG) (means) 
was 1646.84+238.77, indicating a higher level of infection of the ani-
mals with strongyle-type nematode eggs, particularly on the basis of 
blood-feeding nematode parasites. However, because our investiga-
tion focused on the field of haemonchosis, it was necessary to com-
pare the results with the packed cell volume as illustrated in Table 1. 
The findings showed that PCV values detected ranged from to 17-44. 
Whereas the average value is 28.32+0.79 (mean + SE) as indicated 
in Table 1. In the step of faecal larval count techniques, the total lar-
val count was conducted per sample of the individual animals that 
tested positive for strong nematode eggs following the procedures 
described by [43]. 

Table 1: Descriptive Statistic for Faecal Egg Count (EPG), Packed Cell Volume (PCV), And Total Larval Count (TLC).
Comparison of Test Methods Minimum Mean value Maximum Standard error

Faecal egg count (FEC/EPG) 100 1646.84 9300 238.77

Total larval culture (TLC) 2 38.94 95 2.69

Packed cell volume (PCV) 17 28.32 44 0.79

After the total number of harvested larvae was counted per in-
dividual animal sample, their identification was performed based 
on the characteristic features of their cranial and caudal extremities, 
as previously described [40]. Based on this, using a fixed volume of 
larval suspension of (5ML) the presence of Haemonchus species was 
identified and the percentage was calculated. Based on this proce-
dure, the results show the percentage of Haemonchus contortus spe-
cies fell within the range of 2-95%. Average value of haemonchus. 
contortus larvae detected (Means) was 38.94+2.69 which indicating 

that it is preferable to use PCV to detect the presence of naturally oc-
curring infections in small ruminants, as illustrated in Table 1. The 
graph indicated in Figure 2 shows the relationship between Eggs Per 
Gram (EPG) of faeces by faecal floatation technique using McMaster 
counting technique and Packed Cell Volume (PCV), providing valuable 
insights into the diagnosis of haemonchosis. The negative correlation 
between EPG and PCV highlights the potential for using these tech-
niques as diagnostic tools for naturally occurring haemonchosis in 
sheep under field conditions.
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Figure 2: Correlation of EPG & PCV- Techniques in Diagnosis of Naturally Occurring Haemonchosis.

Association of Faecal Egg Count (FEC_EPG) with PCV and 
Risk Factors

This study explored an initial insight on the relationship between 
the test methods of faecal egg count (FEC/EPG), packed cell volume, 
and various factors. Accordingly, the use of packed cell volume (PCV) 
techniques for the diagnosis of haemonchosis in small ruminants in 
field conditions as parasitological tests has a statistically significant 
negative association (P-value = 0.027) with faecal egg count (FEC/
EPG). This suggests that due to parasite burden, as the faecal egg 
count (FEC) increases, the PCV (red blood cell count (PCV) tends to 
decrease, which aligns with haemonchosis causing anaemia as indi-
cated in Table 2. In parallel to conducting the faecal examinations and 
blood examinations by packed cell volume tests, other factors, such as 
species, age, sex, and body conditions of the animals were analysed. 
Based on this, species and sex were not significantly (P>0.05) asso-
ciated with the faecal egg count (FEC/EPG) as potential factors. Age 
showed a statistically significant positive association (p = 0.010) with 
FEC_EPG. This suggests that older animals may have a higher para-
site burden than younger animals. There was a statistically significant 
positive association (p = 0.001) between body condition score and 
FEC/EPG. This suggests that it might be because animals with poor 
body conditions are more likely to be heavily parasitic than animals 
with a good body condition score due to increased nutrient intake 
(compensatory feeding).

Table 2: Table 1. Association of Fecal Egg Count Technique with PCV 

and Across Risk Factors.
FEC_EPG Coefficients Stand. Error P-value

PCV -212.285 96.155 0.027

Species -1007.158 1497.105 0.501

Sex 1119.426 1259.864 0.374

Age 2627.707 1014.481 0.010

Body condition 3247.021 1017.987 0.001

_Constant 12.22812 4726.042 0.998

Association of Total larval count (TLC) with PCV and Risk 
Factors

Faecal culture was also conducted after the number of eggs was 
counted for each animal. The larvae were then isolated from individ-
ual animals and the number of H. contortus larvae was counted after 
the total count of parasite larvae. Accordingly, there was a significant 
negative association between the number of H. contortus larvae, de-
termined using the total larval count technique, and PCV (p = 0.000). 
This suggests that animals with higher larval species in the genus 
Haemonchus. contortus had a lower PCV. However, there was no sig-
nificant association between the total larval count and species (p = 
0.257), sex (p = 0.868), or body condition score (p = 0.179). However, 
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age had a statistically significant positive association with the total 
larval count (p = 0.017). This suggests that older sheep tend to have 
higher total larval counts, representing parasites harbouring small 
ruminants. These findings also revealed the presence of Haemonchus 
contortus species in the total larval count increased by (0.711) fac-
tors, and the level of packed cell volume significantly decreased by a 
factor of 0.01796, owing to the presence of blood-feeding parasites. 

The Correlation coefficients of PCV are shown in Table 1. There 
was a negative correlation between species and PCV, and there were 
significant correlations between species and PCV (P=0.000). Howev-
er, there was no significant association the between the total larval 
count and species (p = 0.257), sex (p = 0.868), or body condition score 
(p = 0.179). However, age had a statistically significant positive as-
sociation with the total larval count (p = 0.017). This suggests that 
older sheep tend to have higher total larval counts, representing par-
asites harbouring small ruminants. These findings also revealed the 
presence of haemonchus. contortus larvae in the total larval count 
increased by (0.711) factors, and the level of packed cell volume sig-
nificantly decreased by a factor of 0.01796, owing to the presence of 
blood-feeding parasites.

The Correlation coefficients of PCV are shown in Table 1. There 
was a negative correlation between species and PCV, and there were 
significant correlations between species and PCV (P=0.000). Howev-
er, there is a weak relationship between the packed cell volume and 
BCS. All the correlation coefficients with positive signs with p-values 
less than 0.05, and 95% confidence intervals, have significant positive 
correlations between the test methods and other considered factors 
affecting the interpretation of the results, as indicated in Tables 2 & 3.

Discussion and Conclusion
Haemonchus contortus is one of the most dominant and patho-

genic parasites infesting the stomach of ruminants, irrespective of 
age, gender, and breed of the host throughout the world, leading to 
enormous losses in various ways, including Ethiopia [33]. So as far 
as early and accurate diagnosis of the parasite is crucial for effective 
disease management and improved animal health outcomes, several 
diagnostic tools have been implemented by several researchers, such 
as [20,34,44-48]. Traditionally, faecal egg count (FEC) has been the 
primary diagnostic tool for gastrointestinal nematodes; however, it 

has limitations, such as delays in egg shedding after infection [22-49]. 
This study aimed to evaluate the efficacy of packed cell volume (PCV) 
as a complementary diagnostic tool for haemonchosis in small rumi-
nants under field conditions in Bishoftu town, Ethiopia. The findings 
revealed a statistically significant negative association between FEC 
and PCV (P =0.027) (Table 2). Animals with higher FEC, indicating 
heavier parasite burdens, had correspondingly lower PCV levels, 
aligning with the expected anaemia caused by Haemonchus feeding 
on blood, which is consistent with the study conducted by (Hassum, 
et al. [24,50]) on the validation of the FAMACHA© eye colour tech-
nique for detecting anaemic sheep and goats in the Jigjiga Zone of the 
Somali Region, Eastern Ethiopia [14-15,51]. This suggests a potential 
role for PCV as a rapid indicator of haemonchosis in field settings. 
However, regardless of parasite infection, due to various factors such 
as nutritional deficiencies and other diseases causing blood loss, cer-
tain limitations of using PCV as the sole diagnostic tool need to be 
considered [52].

Additionally, the sensitivity of PCV for detecting haemonchosis 
might be lower than faecal egg count (FEC) as illustrated in Table 3, 
which directly measures parasite egg burden, which might be due to 
mixed infection by gastrointestinal nematodes [44]. This is also sup-
ported by our finding that larval culture confirmed the presence of 
Haemonchus contortus in animals with positive faecal egg count (FEC) 
results, which is inconsistent with the study conducted by [17,43,53], 
highlighting the potential for false negatives with packed cell volume 
(PCV) alone [22]. Our current study provides evidence for previous 
research suggesting that FEC offers a more direct measurement of 
parasite burden and sensitivity than the packed cell volume (PCV) 
technique [21,44] in a field setting. While PCV may provide insights 
into potential anaemia, a hallmark consequence of haemonchosis, 
its limitations necessitate a combined approach with FEC for a more 
comprehensive diagnosis and strongly agree with the study conduct-
ed by different researchers [23,36]. Furthermore, this study identi-
fied age as a significant risk factor associated with both FEC and total 
larval count (Tables 2 & 3). This aligns with existing knowledge that 
younger animals tend to have a less developed immune response 
against haemonchosis, leading to higher parasite burdens compared 
to older animals [24]. Comparing the techniques of total larval count 
(LC) to packed cell volume (PCV), both are utilized in diagnosing of 
the infection haemonchosis in small ruminants [54-56].

Table 3: Association Of Total Larval Count Technique with PCV and Across Risk Factors.
Total Larval Count for H. Contortus Coefficient Stand. Error P-value

PCV -0.0179633 0.0032739 0.000

Species -0.0577927 0.0509743 0.257

Sex 0.0071226 0.0428966 0.868

Age 0.0821768 0.0345417 0.017

Body condition score (BCS) 0.0465494 0.034661 0.179

_Constant 0.7113883 0.160915 0.000
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However, because PCV measures the volume of red blood cells 
in a blood sample, it has been accepted as the preferred method for 
detecting natural infections using small ruminant larval culture tech-
niques. This study revealed an inverse relationship between PCV and 
total larval count (TLC), indicating that as the number of parasite 
larvae rises, the PCV (red blood cell count) tends to decline, consis-
tent with the presence of blood-feeding nematode parasites leading 
to anaemia [6,31]. Therefore, according to the findings, the study has 
forwarded the following conclusions and recommendations:

•	 PCV is a more reliable diagnostic tool than Faecal Larval Cul-
ture (FLC) for identifying haemonchosis in sheep. This is because 
PCV accurately reflects the degree of anaemia resulting from the 
parasite load, while FLC may not consistently signify the serious-
ness of the infection in field conditions, in which this study agrees 
with different researchers [26-27].

•	 This study highlights the potential value of using packed cell 
volume (PCV) as a rapid field-based indicator of haemonchosis, 
particularly when combined with faecal egg count (FEC).

•	 The negative correlation between FEC and PCV supports 
this notion. However, the limitations of PCV and the superior sen-
sitivity of FEC for parasite burden detection emphasize the im-
portance of a combined approach for definitive diagnosis [57,58]. 

•	 Future research with larger sample sizes and refined di-
agnostic evaluations, including investigating the sensitivity and 
specificity of the employed coproscopic techniques, could further 
solidify the efficacy of this combined approach haemonchosis di-
agnosis in resource-limited settings. 

•	 Implementing such field-friendly diagnostic tools can em-
power veterinarians and farmers to effectively manage haemon-
chosis, thereby improving animal health, productivity, and eco-
nomic outcomes in small ruminant production systems.

References
1.	 Abagero FZ, Beriso TE, Mengistu TS (2023) Prevalence, Associated Risk 

Factors, and Economic Loss of Ovine Hemonchosis at Jimma Town Munic-
ipal Abattoir, Jimma Zone, Southwestern Ethiopia. Journal of Parasitology 
Research.

2.	 Guthrie AD, Learmount J, VanLeeuwen J, Peregrine AS, Kelton D, et al. 
(2010) Evaluation of a British computer model to simulate gastrointes-
tinal nematodes in sheep on Canadian farms. Veterinary parasitology 
174(1-2): 92-105.

3.	 Alkadir G, Kumsa B, Terefe G (2023) Review on Anthelminthic Resistance 
in Domestic Ruminants. J Vet Med Res 10(1): 1237.

4.	 Arsenopoulos KV, Fthenakis GC, Katsarou E I, Papadopoulos E (2021) Hae-
monchosis: A challenging parasitic infection of sheep and goats. Animals 
11(2): 363.

5.	 Besier RB, Kahn LP, Sargison ND, Van Wyk JA (2016) Diagnosis, treatment 
and management of Haemonchus contortus in small ruminants. Advances 
in parasitology 93: 181-238.

6.	 Roeber F, Jex AR, Gasser RB (2013) Impact of gastrointestinal parasitic 
nematodes of sheep, and the role of advanced molecular tools for explor-

ing epidemiology and drug resistance-an Australian perspective. Parasites 
& vectors 6: 153.

7.	 Abdo B, Tesfaye W, Shibbiru T (2017) Prevalence of Haemonchosis and As-
sociated Risk Factors in Small Ruminants Slaughtered at Bishoftu ELFORA 
Export Abattoir, Ethiopia. Prevalence 7(7): 48-52.

8.	 Abebe T, Yobsan T, Debela A (2018) Prevalence of major gastrointestinal 
nematode and degree of parasite infestation in sheep of Bako agricultural 
research center community-based breeding program project small holder 
farms at Horro district. Dairy Vet Sci J 8(3): 555740. 

9.	 Bekuma F, Dufera B (2019) Prevalence of Heamonchosis in Small Rumi-
nants and Its Associated Risk Factors in and Around Ejer e Town, West 
Shoa, Oromia, Ethiopia. American Journal of Biomedical Science & Re-
search 3(5): 409-414.

10.	 Van Wyk JA, Mayhew E (2013) Morphological identification of parasitic 
nematode infective larvae of small ruminants and cattle: A practical lab 
guide. Onderstepoort Journal of Veterinary Research 80(1): 539.

11.	 Hungerford HR, Volk TL (1990) Changing learner behavior through en-
vironmental education. The journal of environmental education 21(3): 
8-21. 

12.	 Muzaffar R (2010) Helminth parasites in ruminants of Jammu. M.Phil. dis-
sertation, Department of Zoology, University of Kashmir, Srinagar.

13.	 Tapia Escárate DA (2017) A study on some aspects of the pathogenicity, 
diagnosis and control of gastrointestinal nematodes in deer: a thesis pre-
sented in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy in Animal Science at Massey University, Palmerston North, 
New Zealand (Doctoral dissertation, Massey University).

14.	 Adduci I, Sajovitz F, Hinney B, Lichtmannsperger K, Joachim A, et al. (2022) 
Haemonchosis in sheep and goats, control strategies and development of 
vaccines against Haemonchus contortus. Animals 12(18): 2339.

15.	 Rodríguez AV, Goldberg V, Viotti H, Ciappesoni G (2015) Early detection 
of Haemonchus contortus infection in sheep using three different faecal 
occult blood tests. Open Veterinary Journal 5(2): 90-97.

16.	 Bundy DAP, Michael E (2001) Parasite epidemiology. Principles and Prac-
tise of Clinical Parasitology, p. 21-52.

17.	 Palkumbura PAS, Mahakapuge TA, Wijesundera RK, Wijewardana V, Kan-
gethe RT, et al. (2024) Mucosal immunity of major gastrointestinal nem-
atode infections in small ruminants can be harnessed to develop new 
prevention strategies. International Journal of Molecular Sciences 25(3): 
1409.

18.	 Hoste H (2005) Alternative methods for the sustainable control of gastro-
intestinal nematodes in small ruminants. Options Méditerranéenes Série 
A: Séminaires Méditerranéens 67: 431-436.

19.	 Roeber F, Larsen JW, Anderson N, Campbell AJ, Anderson GA, et al. (2012). 
A molecular diagnostic tool to replace larval culture in conventional faecal 
egg count reduction testing in sheep. PLoS One 7(5): e37327.

20.	 Maurizio A, Škorpíková L, Ilgová J, Tessarin C, Dotto G, et al. (2024) Faecal 
egg count reduction test in goats: Zooming in on the genus level. Veteri-
nary Parasitology 327: 110146.

21.	 Dearborn LN (2023) Determining the best indicators for targeted selec-
tive treatment development against gastrointestinal nematodes in sheep 
and goats in Mississippi. Mississippi State University.

22.	 Hatcher MJ, Dunn AM (2011) Parasites in ecological communities: from 
interactions to ecosystems. Cambridge University Press.

23.	 Gelaye E, Wossene AS (2003) Small ruminant Haemonchosis: morpholo-
gy and prolificacy study in Eastern Ethiopia. Bull Anim Hlth Prod Afr 51: 
67-73.

https://dx.doi.org/10.26717/BJSTR.2024.58.009134
https://onlinelibrary.wiley.com/doi/10.1155/2023/9946518
https://onlinelibrary.wiley.com/doi/10.1155/2023/9946518
https://onlinelibrary.wiley.com/doi/10.1155/2023/9946518
https://onlinelibrary.wiley.com/doi/10.1155/2023/9946518
https://pubmed.ncbi.nlm.nih.gov/20863622/
https://pubmed.ncbi.nlm.nih.gov/20863622/
https://pubmed.ncbi.nlm.nih.gov/20863622/
https://pubmed.ncbi.nlm.nih.gov/20863622/
https://www.researchgate.net/publication/370590931_Review_on_Anthelminthic_Resistance_in_Domestic_Ruminants
https://www.researchgate.net/publication/370590931_Review_on_Anthelminthic_Resistance_in_Domestic_Ruminants
https://www.mdpi.com/2076-2615/11/2/363
https://www.mdpi.com/2076-2615/11/2/363
https://www.mdpi.com/2076-2615/11/2/363
https://pubmed.ncbi.nlm.nih.gov/27238006/
https://pubmed.ncbi.nlm.nih.gov/27238006/
https://pubmed.ncbi.nlm.nih.gov/27238006/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3679956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3679956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3679956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3679956/
https://core.ac.uk/download/pdf/234657309.pdf
https://core.ac.uk/download/pdf/234657309.pdf
https://core.ac.uk/download/pdf/234657309.pdf
https://juniperpublishers.com/jdvs/JDVS.MS.ID.555740.php
https://juniperpublishers.com/jdvs/JDVS.MS.ID.555740.php
https://juniperpublishers.com/jdvs/JDVS.MS.ID.555740.php
https://juniperpublishers.com/jdvs/JDVS.MS.ID.555740.php
https://biomedgrid.com/fulltext/volume3/prevalence-of-heamonchosis-in-small-ruminants.000704.php
https://biomedgrid.com/fulltext/volume3/prevalence-of-heamonchosis-in-small-ruminants.000704.php
https://biomedgrid.com/fulltext/volume3/prevalence-of-heamonchosis-in-small-ruminants.000704.php
https://biomedgrid.com/fulltext/volume3/prevalence-of-heamonchosis-in-small-ruminants.000704.php
https://pubmed.ncbi.nlm.nih.gov/23718204/
https://pubmed.ncbi.nlm.nih.gov/23718204/
https://pubmed.ncbi.nlm.nih.gov/23718204/
https://www.tandfonline.com/doi/abs/10.1080/00958964.1990.10753743
https://www.tandfonline.com/doi/abs/10.1080/00958964.1990.10753743
https://www.tandfonline.com/doi/abs/10.1080/00958964.1990.10753743
https://mro.massey.ac.nz/items/9fd7e8d7-2bb6-4dbe-aea4-ed652513a0bb/full
https://mro.massey.ac.nz/items/9fd7e8d7-2bb6-4dbe-aea4-ed652513a0bb/full
https://mro.massey.ac.nz/items/9fd7e8d7-2bb6-4dbe-aea4-ed652513a0bb/full
https://mro.massey.ac.nz/items/9fd7e8d7-2bb6-4dbe-aea4-ed652513a0bb/full
https://mro.massey.ac.nz/items/9fd7e8d7-2bb6-4dbe-aea4-ed652513a0bb/full
https://pubmed.ncbi.nlm.nih.gov/36139199/
https://pubmed.ncbi.nlm.nih.gov/36139199/
https://pubmed.ncbi.nlm.nih.gov/36139199/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4663806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4663806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4663806/
https://onlinelibrary.wiley.com/doi/10.1002/0470842504.ch2
https://onlinelibrary.wiley.com/doi/10.1002/0470842504.ch2
https://pubmed.ncbi.nlm.nih.gov/38338687/
https://pubmed.ncbi.nlm.nih.gov/38338687/
https://pubmed.ncbi.nlm.nih.gov/38338687/
https://pubmed.ncbi.nlm.nih.gov/38338687/
https://pubmed.ncbi.nlm.nih.gov/38338687/
https://om.ciheam.org/om/pdf/a67/06600075.pdf
https://om.ciheam.org/om/pdf/a67/06600075.pdf
https://om.ciheam.org/om/pdf/a67/06600075.pdf
https://pubmed.ncbi.nlm.nih.gov/22629381/
https://pubmed.ncbi.nlm.nih.gov/22629381/
https://pubmed.ncbi.nlm.nih.gov/22629381/
https://www.sciencedirect.com/science/article/pii/S0304401724000347
https://www.sciencedirect.com/science/article/pii/S0304401724000347
https://www.sciencedirect.com/science/article/pii/S0304401724000347
https://scholarsjunction.msstate.edu/td/5894/
https://scholarsjunction.msstate.edu/td/5894/
https://scholarsjunction.msstate.edu/td/5894/
https://www.researchgate.net/publication/267255257_Parasites_in_Ecological_Communities_From_Interactions_to_Ecosystems_-Parasites_in_Ecological_Communities_From_Interactions_to_Ecosystems
https://www.researchgate.net/publication/267255257_Parasites_in_Ecological_Communities_From_Interactions_to_Ecosystems_-Parasites_in_Ecological_Communities_From_Interactions_to_Ecosystems


Copyright@ :   Gebeyehu Alkadir | Biomed J Sci & Tech Res | BJSTR.MS.ID.009134. 50202

Volume 58- Issue 2 DOI: 10.26717/BJSTR.2024.58.009134

24.	 Ejlertsen M, Githigia SM, Otieno RO, Thamsborg SM (2006) Accuracy of 
an anaemia scoring chart applied on goats in sub-humid Kenya and its 
potential for control of Haemonchus contortus infections. Veterinary para-
sitology 141(3-4): 291-301.

25.	 Soni RK, Kachhawa JP, Gupta A, Sumbria D, Singh AP, et al. (2023) In Vitro 
Evaluation of Anthelmintic Effects of the Unripe Fruits of Aegle Marmelos 
(Indian Bael). Exploratory Animal & Medical Research 13(S): 124-132.

26.	 Taylor MA, Learmount J, Lunn E, Morgan C, Craig BH (2009) Multiple re-
sistance to anthelmintics in sheep nematodes and comparison of methods 
used for their detection. Small Ruminant Research 86(1-3): 67-70.

27.	 Burden DJ, Bartley DJ, Besier RB, Claerebout E, Elliott TP, et al. (2024). 
World Association for the Advancement of Veterinary Parasitology 
(WAAVP): of the guideline for evaluating efficacy of anthelmintics in rumi-
nants (bovine, ovine, caprine). Veterinary parasitology 329: 110187.

28.	 Colditz IG (2008) Challenges to the development of new tests for diagno-
sis of infection and prediction of resistance of sheep to gastrointestinal 
nematodes. Trop Biomed 25(1 suppl): 41-49.

29.	 Wolstenholme AJ, Fairweather I, Prichard R, von Samson Himmelstjerna 
G, Sangster NC (2004) Drug resistance in veterinary helminths. Trends in 
parasitology 20(10): 469-476.

30.	 Zajac AM (2006) Gastrointestinal nematodes of small ruminants: life cy-
cle, anthelmintics, and diagnosis. Veterinary Clinics: Food Animal Practice 
22(3): 529-541.

31.	 Roeber F, Jex AR, Gasser RB (2013) Advances in the diagnosis of key gas-
trointestinal nematode infections of livestock, with an emphasis on small 
ruminants. Biotechnology Advances 31(8): 1135-1152.

32.	 Cruz Tamayo A, González Garduño R, Torres Hernández G, Becerril Pérez 
C, Hernández Mendo O, et al. (2020) Artificial Haemonchus contortus in-
fection as a strategy to induce protective immune response to natural in-
fection in Pelibuey lambs. Journal of Helminthology 94: e181.

33.	 Kenealy JAS, Steuer AE (2021) Reviving a tradition: The Development of 
Strongylus vulgaris in larval culture. Veterinary Parasitology 300: 109619.

34.	 Kuiseu J, ZINSOU FET, Olounlade PA, ALOWANOU GEG, Adenile AD, et al. 
(2021) Prevalence, effects and alternative control methods of Haemon-
chus contortus in small ruminants: a review. Journal of Veterinary Medi-
cine and Animal Health 13(2): 84-97.

35.	 Terefe G (2007) Role of eosinophils in the regulation of H. contortus infec-
tion in sheep (Doctoral dissertation). Theses.

36.	 Basri H (2019) The response of Boer goats to natural and deliberate 
gastrointestinal nematode infection. Doctoral dissertation University of 
Glasgow.

37.	 Ghafar A, Abbas G, King J, Jacobson C, Hughes KJ, et al. (2021) Comparative 
studies on faecal egg counting techniques used for the detection of gastro-
intestinal parasites of equines: A systematic review. Current research in 
parasitology & vector-borne diseases 1: 100046.

38.	 Summitt DJ (2022) The Comparison of Three Different Fecal Egg Counting 
Techniques and Their Ability to Perform a Fecal Egg Count Reduction Test. 
Missouri State University.

39.	 Habte A, Ibrahim N (2018) Prevalence of Haemonchus contortus infection 
in sheep slaughtered at Jimma town municipal abattoir, Ethiopia. Tropical 
animal health and production 50(8): 1865-1870.

40.	 Kļaviņa A, Keidāne D, Ganola K, Lūsis I, Šukele R, et al. (2023) Anthelmint-
ic Activity of Tanacetum vulgare L. (Leaf and Flower) Extracts against 
Trichostrongylidae Nematodes in Sheep In Vitro. Animals 13(13): 2176.

41.	 Desalegn C, Berhanu G (2023) Assessment of the epidemiology of the gas-

trointestinal tract nematode parasites in sheep in Toke Kutaye, West Shoa 
Zone, Ethiopia. Veterinary Medicine: Research and Reports 14: 177-183.

42.	 Rowell M (2015) Gastrointestinal nematodes of Ovis aries in Eastern 
Cape, South Africa and an evaluation of current anthelmintic procedures. 
University of New Hampshire 258.

43.	 Preston SJM, Sandeman M, Gonzalez J, Piedrafita D (2014) Current status 
for gastrointestinal nematode diagnosis in small ruminants: where is we 
and where are we going? Journal of immunology research 2014: 210350.

44.	 Gasser RB, Hung GC, Chilton NB, Beveridge I (2004) Advances in develop-
ing molecular-diagnostic tools for strongyloid nematodes of equids: fun-
damental and applied implications. Molecular and cellular probes 18(1): 
3-16.

45.	 Kuchai JA, Chishti MZ, Zaki MM, Javid A, Dar SA, et al. (2011) Epidemiology 
of helminth parasites in small ruminants of Ladakh, India. Online J Anim 
Feed Res 1: 239-242.

46.	 Kuchai JA, Tak H, Chishti MZ, Lone BA (2012) Faecal examination of Pash-
mina goats of Ladakh for nematode infections. Global J Sci Front Res 
12(4): 37-40.

47.	 McKenna PB (2010) Update on the prevalence of anthelmintic resistance 
in gastrointestinal nematodes of sheep in New Zealand. New Zealand. Vet-
erinary Journal 58(3): 172-173.

48.	 Mushonga B, Habumugisha D, Kandiwa E, Madzingira O, Samkange A, et al 
(2018) Prevalence of Haemonchus contortus infections in sheep and goats 
in Nyagatare District, Rwanda. Journal of veterinary medicine.

49.	 Hassum IC (2014) Famacha method as a tool for selective control of nem-
atode parasites in sheep. Rev Bras Med Vet 36(3): 251-254.

50.	 Adehanom B, Dagnachew D, Teklue T, Surendra N (2015) Validation of the 
FAMACHA© eye color technique for detecting anemic sheep and goats in 
Jigjiga Zone of Somali Region, Eastern Ethiopia. Research Journal of Veter-
inary Sciences 8(3): 61-67.

51.	 Reynecke DP, Van Wyk JA, Gummow B, Dorny P, Boomker J, et al. (2011) 
Application of ROC curve analysis to FAMACHA© evaluation of haemon-
chosis on two sheep farms in South Africa. Veterinary Parasitology 177(3-
4): 224-230.

52.	 Roeber F, Kahn L (2014) The specific diagnosis of gastrointestinal nema-
tode infections in livestock: Larval culture technique, its limitations and 
alternative DNA-based approaches. Veterinary Parasitology 205(3-4): 
619-628.

53.	 Partington EC (2005) Influence of nutrition on parasitism in periparturi-
ent dairy ewes. Open University (United Kingdom).

54.	 Hansen J, Perry BD (1994) The epidemiology, diagnosis and control of hel-
minth parasites of ruminants. A handbook.

55.	 Javid Ahmad Kuchai, Fayaz Ahmad, Mohammad Zahoor Chishti, Hidayat-
ullah Tak, Javid Ahmad, et al. A Study on Morphology and Morphometry of 
Haemonchus contortus. Pakistan J zool 44(6): 1737-1741.

56.	 Sabatini GA, de Almeida Borges F, Claerebout E, Gianechini LS, Höglund 
J, et al. (2023) Practical guide to the diagnostics of ruminant gastrointes-
tinal nematodes, liver fluke and lungworm infection: interpretation and 
usability of results. Parasites & Vectors 16(1): 58.

57.	 Valentine BA, Cebra CK, Taylor GH (2007) Fatal gastrointestinal parasitism 
in goats: 31 cases (2001–2006). Journal of the American Veterinary Medi-
cal Association 231(7): 1098-1103.

58.	 Waruiru RM, Weda EH, Otieno RO, Ngotho JW (2002) Seasonal availabil-
ity of gastrointestinal nematode larvae to cattle on pasture in the central 
highlands of Kenya. Onderstepoort J Vet Res 69(2): 141-146.

https://dx.doi.org/10.26717/BJSTR.2024.58.009134
https://pubmed.ncbi.nlm.nih.gov/16824684/
https://pubmed.ncbi.nlm.nih.gov/16824684/
https://pubmed.ncbi.nlm.nih.gov/16824684/
https://pubmed.ncbi.nlm.nih.gov/16824684/
https://animalmedicalresearch.org/Vol.13_Ethnomedicine-Special-Issue_September_2023/IN%20VITRO%20EVALUATION.pdf
https://animalmedicalresearch.org/Vol.13_Ethnomedicine-Special-Issue_September_2023/IN%20VITRO%20EVALUATION.pdf
https://animalmedicalresearch.org/Vol.13_Ethnomedicine-Special-Issue_September_2023/IN%20VITRO%20EVALUATION.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0921448809001783
https://www.sciencedirect.com/science/article/abs/pii/S0921448809001783
https://www.sciencedirect.com/science/article/abs/pii/S0921448809001783
https://pubmed.ncbi.nlm.nih.gov/38728835/'
https://pubmed.ncbi.nlm.nih.gov/38728835/'
https://pubmed.ncbi.nlm.nih.gov/38728835/'
https://pubmed.ncbi.nlm.nih.gov/38728835/'
https://pubmed.ncbi.nlm.nih.gov/18414376/
https://pubmed.ncbi.nlm.nih.gov/18414376/
https://pubmed.ncbi.nlm.nih.gov/18414376/
https://pubmed.ncbi.nlm.nih.gov/15363440/
https://pubmed.ncbi.nlm.nih.gov/15363440/
https://pubmed.ncbi.nlm.nih.gov/15363440/
https://pubmed.ncbi.nlm.nih.gov/17071351/
https://pubmed.ncbi.nlm.nih.gov/17071351/
https://pubmed.ncbi.nlm.nih.gov/17071351/
https://pubmed.ncbi.nlm.nih.gov/23376340/
https://pubmed.ncbi.nlm.nih.gov/23376340/
https://pubmed.ncbi.nlm.nih.gov/23376340/
https://pubmed.ncbi.nlm.nih.gov/32814595/'
https://pubmed.ncbi.nlm.nih.gov/32814595/'
https://pubmed.ncbi.nlm.nih.gov/32814595/'
https://pubmed.ncbi.nlm.nih.gov/32814595/'
https://pubmed.ncbi.nlm.nih.gov/34839176/
https://pubmed.ncbi.nlm.nih.gov/34839176/
https://www.researchgate.net/publication/351268835_Prevalence_effects_and_alternative_control_methods_of_Haemonchus_contortus_in_small_ruminants_A_review
https://www.researchgate.net/publication/351268835_Prevalence_effects_and_alternative_control_methods_of_Haemonchus_contortus_in_small_ruminants_A_review
https://www.researchgate.net/publication/351268835_Prevalence_effects_and_alternative_control_methods_of_Haemonchus_contortus_in_small_ruminants_A_review
https://www.researchgate.net/publication/351268835_Prevalence_effects_and_alternative_control_methods_of_Haemonchus_contortus_in_small_ruminants_A_review
https://hal.science/tel-04622476v1
https://hal.science/tel-04622476v1
https://theses.gla.ac.uk/75032/
https://theses.gla.ac.uk/75032/
https://theses.gla.ac.uk/75032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8906068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8906068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8906068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8906068/
https://bearworks.missouristate.edu/cgi/viewcontent.cgi?article=4768&context=theses
https://bearworks.missouristate.edu/cgi/viewcontent.cgi?article=4768&context=theses
https://bearworks.missouristate.edu/cgi/viewcontent.cgi?article=4768&context=theses
https://pubmed.ncbi.nlm.nih.gov/29984397/
https://pubmed.ncbi.nlm.nih.gov/29984397/
https://pubmed.ncbi.nlm.nih.gov/29984397/
https://pubmed.ncbi.nlm.nih.gov/37443974/
https://pubmed.ncbi.nlm.nih.gov/37443974/
https://pubmed.ncbi.nlm.nih.gov/37443974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10559793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10559793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10559793/
https://scholars.unh.edu/honors/258/
https://scholars.unh.edu/honors/258/
https://scholars.unh.edu/honors/258/
https://pubmed.ncbi.nlm.nih.gov/25258718/
https://pubmed.ncbi.nlm.nih.gov/25258718/
https://pubmed.ncbi.nlm.nih.gov/25258718/
https://pubmed.ncbi.nlm.nih.gov/15036364/
https://pubmed.ncbi.nlm.nih.gov/15036364/
https://pubmed.ncbi.nlm.nih.gov/15036364/
https://pubmed.ncbi.nlm.nih.gov/15036364/
https://www.researchgate.net/publication/266595056_EPIDEMIOLOGY_OF_HELMINTH_PARASITES_IN_SMALL_RUMINANTS_OF_LADAKH_INDIA
https://www.researchgate.net/publication/266595056_EPIDEMIOLOGY_OF_HELMINTH_PARASITES_IN_SMALL_RUMINANTS_OF_LADAKH_INDIA
https://www.researchgate.net/publication/266595056_EPIDEMIOLOGY_OF_HELMINTH_PARASITES_IN_SMALL_RUMINANTS_OF_LADAKH_INDIA
https://globaljournals.org/GJSFR_Volume12/6.Faecal%20Examinations%20of%20Pashmina%20Goats.pdf
https://globaljournals.org/GJSFR_Volume12/6.Faecal%20Examinations%20of%20Pashmina%20Goats.pdf
https://globaljournals.org/GJSFR_Volume12/6.Faecal%20Examinations%20of%20Pashmina%20Goats.pdf
https://pubmed.ncbi.nlm.nih.gov/20514093/
https://pubmed.ncbi.nlm.nih.gov/20514093/
https://pubmed.ncbi.nlm.nih.gov/20514093/
https://onlinelibrary.wiley.com/doi/10.1155/2018/3602081
https://onlinelibrary.wiley.com/doi/10.1155/2018/3602081
https://onlinelibrary.wiley.com/doi/10.1155/2018/3602081
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/123628/1/ArtigoIzabellaHassumRBMV.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/123628/1/ArtigoIzabellaHassumRBMV.pdf
https://scialert.net/abstract/?doi=rjvs.2015.61.67
https://scialert.net/abstract/?doi=rjvs.2015.61.67
https://scialert.net/abstract/?doi=rjvs.2015.61.67
https://scialert.net/abstract/?doi=rjvs.2015.61.67
https://pubmed.ncbi.nlm.nih.gov/21334814/
https://pubmed.ncbi.nlm.nih.gov/21334814/
https://pubmed.ncbi.nlm.nih.gov/21334814/
https://pubmed.ncbi.nlm.nih.gov/21334814/
https://www.sciencedirect.com/science/article/abs/pii/S0304401714004427
https://www.sciencedirect.com/science/article/abs/pii/S0304401714004427
https://www.sciencedirect.com/science/article/abs/pii/S0304401714004427
https://www.sciencedirect.com/science/article/abs/pii/S0304401714004427
https://oro.open.ac.uk/63011/
https://oro.open.ac.uk/63011/
https://cgspace.cgiar.org/items/654e2879-0bcb-4d23-8d5a-e224fe5489e9
https://cgspace.cgiar.org/items/654e2879-0bcb-4d23-8d5a-e224fe5489e9
https://zsp.com.pk/pdf44/1737-1741%20_37_%20PJZ-941-12%20Revised%20Paper-941-12.pdf
https://zsp.com.pk/pdf44/1737-1741%20_37_%20PJZ-941-12%20Revised%20Paper-941-12.pdf
https://zsp.com.pk/pdf44/1737-1741%20_37_%20PJZ-941-12%20Revised%20Paper-941-12.pdf
https://pubmed.ncbi.nlm.nih.gov/36755300/
https://pubmed.ncbi.nlm.nih.gov/36755300/
https://pubmed.ncbi.nlm.nih.gov/36755300/
https://pubmed.ncbi.nlm.nih.gov/36755300/
https://avmajournals.avma.org/view/journals/javma/231/7/javma.231.7.1098.xml
https://avmajournals.avma.org/view/journals/javma/231/7/javma.231.7.1098.xml
https://avmajournals.avma.org/view/journals/javma/231/7/javma.231.7.1098.xml
https://pubmed.ncbi.nlm.nih.gov/12234000/
https://pubmed.ncbi.nlm.nih.gov/12234000/
https://pubmed.ncbi.nlm.nih.gov/12234000/


Copyright@ :  Gebeyehu Alkadir | Biomed J Sci & Tech Res | BJSTR.MS.ID.009134.

Volume 58- Issue 2 DOI: 10.26717/BJSTR.2024.58.009134

50203

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.58.009134

Gebeyehu Alkadir. Biomed J Sci & Tech Res 

https://dx.doi.org/10.26717/BJSTR.2024.58.009134
https://dx.doi.org/10.26717/BJSTR.2024.58.009134

