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Abstract

Gastrointestinal nematodes are seriously affecting the health of goats and neg-
atively impacting their productivity and welfare. A cross-sectional study was
conducted from December 2023 to September 2024 to estimate the prevalence
of gastrointestinal (GI) nematode infection in goats. A field experiment was
also conducted to assess the anthelmintic drug resistance status of goat GI
nematodes in Hawassa. Fecal samples were collected from 750 goats selected
using systematic random sampling. The fecal samples were examined using
the flotation and McMaster egg counting techniques. The overall prevalence of
GI nematode infection in goats was 46.5% (95% CI: 43.0-50.1). The multivari-
able logistic regression analysis showed that age and flock size affected (p <
0.05) infection of goats by GI nematodes. The number of eggs per gram of feces
(EPG) ranged from 50 to 2300, and the overall mean EPG was 850 (95% CI:
778.1-991.9). Four hundred and fifty-eight third stage larvae were recovered
from the culture of fecal samples, pooled from 349 goats positive for stron-
gyle type eggs, for species identification. The nematode genera identified were
Trichostrongylus (32.3%), Haemonchus (26.9%), Oesophagostomum (16.6%),
Teladorsagia (12.5%), Strongyloides (6.8%) and Bunostomum (5.0%). The
post-treatment fecal egg count reduction of the field anthelmintic resistance
test for albendazole, tetramisole, and ivermectin were 69.7% (95% CL: 39.4-
84.8), 95.7% (95% CL: 90.2-98.1) and 80.3% (95% CL: 72.8-85.7), respectively
revealing the presence of resistance for albendazole and ivermectin. Culture
of pooled post-treatment fecal samples from each treatment group resulted in
the recovery of Trichostrongylus spp. and Haemonchus spp. from albendazole-
treated goats, and Trichostrongylus spp. and Teladorsagia spp. from ivermec-
tin treated goats, suggesting the respective genera of GI nematodes that de-
veloped resistance to these commonly used anthelmintics. The results of the
study indicated that it is time to think about developing effective strategies to
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slow and manage anthelmintic resistance development in Ethiopia and imple-
ment methods such as rotation of anthelmintic classes in large farms and vil-
lage flocks to delay the development of resistance.

Keywords: Ethiopia; Faecal egg count; Goats; Hawassa; Nematode; Resis-
tance.

Introduction

In Ethiopia, goats are very important sources of income, as well as meat, milk,
skins, and manure. Also, they serve as saving, insurance against emergencies,
cultural, and ceremonial (Kosgey and Okeyo, 2007; Hirpa and Abebe, 2008;
Wodajo et al., 2020; CSA, 2022) purposes for smallholder producers. The coun-
try has about 83.7 million small ruminants, of which goats account for 54.6%
(CSA, 2022). In a smallholder production system, goats are very important due
to the fact that they can easily be managed, require small initial investments,
and have short generation intervals (Kosgey and Okeyo, 2007; Hirpa and Abebe,
2008). Goats are able to utilize marginal land (Mhlanga et al., 2018), and they
are often known as poor man’s cows. Despite all these advantages, there are
various constraints that hinder the full exploitation of goats’ production po-
tential. The factors that affect the productivity of goats include feed problems,
poor genetic potential, management problems, and various diseases affecting
goats (Gobena, 2016). Among the diseases affecting goats, gastrointestinal (GI)
nematodes are the most important (Gobena, 2016; Smith and Sherman, 2023).
The impacts of GI nematodes include lowering productivity, lowering growth
rate, and causing morbidity and mortality. Gastrointestinal nematodes are
mainly controlled by anthelmintic treatment (Carta and Scala, 2004; Williams
et al., 2021). But these days, anthelmintic resistance has become a common
and growing problem in GI nematodes of goats (Carta and Scala, 2004; Furgsa
et al., 2018; Vineer et al., 2020). Understanding anthelmintic resistance status
in various areas of the country is important to help stakeholders make in-
formed decisions regarding parasite control methods. Therefore, the aim of the
current study was to assess the status of anthelmintic resistance in GI nema-
todes infecting goats in the Hawassa area, besides estimating the prevalence
and identification of risk factors for the occurrence of GI nematode infections.
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Materials and methods
Study area

The study was conducted from December 2023 to September 2024 in and
around Hawassa city, Sidama Regional State, Ethiopia. Geographically, Ha-
wassa is located at 7 3' N latitude and 38 28’ E longitude, on the escarpment
of the Great East African Rift Valley. The altitude range of the town is 1680 to
1790 metre above sea level (m.a.s.]). The annual rainfall and temperature vary
from 800-1000 mm and 20.1-25 °C, respectively (HCAFEDD, 2022). The total
small ruminant population of Sidama Regional State i1s estimated at 486,262
goats and 94,829 sheep (CSA, 2022).

The study was conducted in 4 Kebeles (the smallest administrative unit in
Ethiopia) of Hawassa and its surrounding areas, namely Chafe Kote Jabesa,
Gamato, Tulo, and Gararigata.

Study population

The study population included local breeds of goats around Hawassa town that
were kept under an extensive management system. All age groups, body condi-
tions, both sex and goats not dewormed in the past three months were included
in the study. The age of the study animals was determined based on denti-
tion and wearing of teeth (Abebe and Yami, 2008; Smith and Sherman, 2023).
Goats aged less than one year of age were considered as young, whereas those
greater than or equal to one year of age as adults. The body condition scoring
described by Abebe and Yami (2008) was taken into account, with modifica-
tion, while scoring the body condition of the study goats into poor (i.e., very
thin and thin), medium (i.e., moderate) and good (i.e., fat and very fat) scores.

Study design, sampling, and sample size

A cross-sectional study was employed to estimate the prevalence of GI nema-
tode infection and assess the risk factors for infection in goats kept under an
extensive management system. Additionally, a field anthelmintic resistance
study was conducted to assess the status of anthelmintic resistance in goat GI
nematodes.

The sample size required for the study was computed based on the formula de-
scribed by Thrusfield (2018) for simple random sampling. The study took into
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account the 92.6% prevalence reported from the Dale district of Sidama Region
by Sheferaw et al. (2013), a 95% confidence level, and 5% desired absolute pre-
cision to calculate the sample size. Accordingly, the total computed sample size
for the study was 106 goats, but to increase the accuracy, the computed sample
size was increased by about sevenfold. Sixty goats among those found positive
for GI nematodes and had greater than 150 EPG during the prevalence study
were purposively selected and randomly assigned to the four treatment groups
(15 to each group) for field anthelmintic resistance assessment (Cole et al.,
1992).

The 4 study Kebeles/villages (Chafe Kote Jabesa, Gamato, Tulo, and Garariga-
ta) were purposively selected based on their goat population size, while the
study goats and flocks were selected by systematic random sampling.

Fecal sample collection

Fecal samples were collected directly from the rectum using arm-length gloves
and were placed in a screw-capped universal bottles. The sample bottles were
labelled with all the necessary information (owner’s name, goat identification
mark, sex and age of the goat, fecal consistency, and village name). The sam-
ples were transported to the Veterinary Parasitology Laboratory of the Faculty
of Veterinary Medicine of Hawassa University and were stored in the refrig-
erator at +4 °C until examined within 24 h of collection.

Qualitative and quantitative fecal sample examinations for parasitic
ova

The fecal samples were examined within 24 h of the collection by the flotation
technique as described by Zajac and Conboy (2021) and Hansen and Perry
(1994). A saturated sodium chloride solution (specific gravity = 1.2) was used
as the flotation fluid. For both qualitative and quantitative fecal examination,
about 3 grams of feces were taken from each of the selected animals and placed
in a mortar. Then, 42 ml of flotation fluid was added, and the mixture was
mixed very well with a pestle. The mixture was filtered using a tea strainer
into a beaker, and then, the test tube was filled with the filtrate until a convex
surface at the top of the tube was developed, and a cover slide was carefully
placed on it. The test tube was then left in place for twenty minutes, and after
twenty minutes, the cover slip was removed and immediately placed on a mi-
croscopic slide. The slides were examined under a microscope at 10X and 40X
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objectives for the presence of strongyle type of eggs (qualitative examination),
and the results were recorded as positive or negative.

The filtrates from infected goats (positive for strongyle-type eggs) were then
subjected to quantitative examination. The McMaster egg counting method
was used to determine the number of eggs per gram of feces (EPG). The filtrate
was mixed very well; a portion of it was drawn with a Pasteur pipette and filled
into the two chambers of the McMaster slide. All strongyle-type eggs inside
the two chambers grid of the McMaster slide were counted (Zajac and Conboy,
2021). Then, using the count, the EPG was computed as described by Cole et
al. (1992). Based on the EPG, the level of infection was classified as light (up
to 800 EGP), moderate (800 to 1200 EPG), or heavy (greater than 1200 EPG)
(Hansen and Perry, 1994).

Coproculture and nematode genera identification

Pooled fecal samples from goats positive for GI nematodes were cultured in Pe-
tri dishes at room temperature to identify the nematode genera circulating in
the study areas. After 13 days, the third-stage larvae were recovered using the
modified Baermann technique (Hansen and Perry, 1994; Zajac and Conboy,
2021). All recovered third-stage larvae (458) were then examined under the
microscope using 10X and/or 40X objectives after adding a drop of iodine to kill
them. The larvae were identified at the genera level based on their morphologi-
cal characteristics (van Wyk and Mayhew, 2013).

Field experimental study for anthelmintic resistance

Three commonly used anthelmintic drugs in the study area (i.e., albendazole
300 mg; tetramisole 600 mg, and ivermectin 1%) were tested for resistance de-
velopment by GI nematodes of goats in the area. A total of 60 goats that were
3 to 6 months old and positive for GI nematodes with greater than 150 EPG
were selected and randomly assigned to 4 treatment groups, each composed
of 15 goats. The study used a completely randomized design (CRD) whereby
experimental animals were assigned to each treatment group randomly by a
lottery method. There were four treatment groups: non-treated control group
(TC), albendazole-treated group (TA), tetramisole-treated group (TT), and
ivermectin-treated group (TI). The trade names, manufacturers, doses, and
routes of administration of the anthelmintic drugs used in the experiment are
presented in Table 1.
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On the first day of the experiment, goats in the anthelmintic treated groups
(TA, TT, TI) were treated with the respective anthelmintic drugs. On the 14th
day of the treatment, fecal samples were collected from all goats in the experi-
ment, including the control group, and were examined for any strongyle type
eggs and determination of EPG (post-treatment fecal eggs count). The fecal
egg count reduction for each anthelmintic drug was computed using a stan-
dard formula (Vizard and Wallace, 1987; Cole et al., 1992). The development
of resistance against each anthelmintic drug was judged based on the methods
described by Cole et al. (1992).

Finally, pooled fecal samples were collected separately from each treatment
group on day 14 of the experiment and were cultured separately for 14 days for
third-stage larvae recovery and genera identification (Hansen and Perry, 1994;
van Wyk et al., 2013).

The study was conducted on-farm. All the study animals were managed in
a naturally infected open environment and were maintained in an extensive

farming system.

Table 1. Anthelmintics used for the field experiment.

Trade Name Generic Name Manufacturer Dose Route
Alben-LH 300 Albendazole 300 mg Hebei Lihua 7.5 mg/Kg PO
Pharmaceutical
Co. Litd, China
Duxam-QK Tetramisole 600 mg Hebei Yuanzheng, 15 mg/Kg PO
600mg China
H-Iver 1% Ivermectin injection 1% Hebei Lihua 200 pgkg SC
Pharmaceutical

Co. Litd., China

Data storage and statistical analysis

Data were organized, edited and coded in Microsoft Excel Spread sheet, and
were then imported to STATA Version 14 for analysis. The prevalence of GI
nematodes was computed by dividing the number of positive goats to the total
number of examined goats, and then multiplying by 100. The associations of
risk factors considered for the study (BSC, sex, age, faecal consistency and
flock size) with the occurrence of GI nematode infection were first analysed
with univariable logistic regression analysis. Risk factors with p < 0.25 in the
univariable analysis were checked for collinearity using the Kruskal gamma
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statistic, and the non-collinear factors (factors with gamma values between -0.6
and +0.6) were further subjected to multivariable logistic regression analysis.
The study considered 95% confidence level and 5% desired absolute precision.

For the anthelmintic resistance test, EPG was subjected to logarithmic trans-
formation [log (x+1)] to stabilize the variance. The arithmetic means were
calculated for the field experimental study for both pre- and post-treatment
EPGs, and the percentage of fecal egg count reduction was computed as fol-
lows: % FECR =100 x (1 - T,/C,), where T, was the mean egg count of the treat-
ed group at day 14, and C, the mean egg count of the untreated control group
on day 14 after treatment (Cole et al., 1992). The upper and lower confidence
limits and percentage of egg count reduction were computed using the formula,
LCL or UCL = 00(1-T2/C2exp (+2.048VY2) where Y2 is the log scale variance
after treatment. If the fecal egg count reduction was found to be less than 95%
and the lower level of confidence below 90%, the development of anthelmintic
resistance was suspected.

Results

Prevalence of gastrointestinal nematodes and associated risk factors

The overall GI nematode infection of goats was 46.5% (95% CI = 43.0-50.1).
The prevalence of GI nematode infection in goats and the associated risk fac-
tors are shown in Table 2.
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Table 2. Prevalence of gastrointestinal nematodes with associated risk fac-
tors.

Variables Category No examined No Positive Prevalence (%) 95% CI

Sex Male 388 169 43.6 38.7-48.6
Female 362 180 49.7 44.6-54.9
Age Adult 387 131 33.9 29.3-38.7
Young 363 218 60.1 54.9-64.1
BCD Good 232 111 47.8 41.5-54.3
Medium 280 120 42.9 37.2 -48.7
Poor 238 118 49.6 43.3-55.9
Flock size  Small 267 89 33.3 27.9-39.2
Medium 255 106 41.6 35.7-47.7
Large 228 154 67.5 61.2-73.3
Faecal Normal 354 156 44.1 38.9-49.3
consistency g ¢ 396 103 48.7 43.8-53.7
Overall 750 349 46.5 43.0-50.1

Univariable and multivariable logistic regression analyses

All risk factors with p < 0.25 in the univariable analysis were checked for col-
linearity, and flock size and fecal consistency were found to be collinear (y =
-0.6506). Fecal consistency was dropped from the multivariable analysis in
favor of flock size, as it could be affected by various conditions. As a result,
only age, sex, and flock size were subjected to multivariable logistic regression
analysis. The multivariable logistic regression analysis revealed that age and
flock size were significantly (p < 0.05) associated with GI nematode infection
in goats (Table 3).
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Table 3. Univariable and multivariable logistic regression output of risk fac-
tors and their odds of exposure of goats to GI nematodes.

Univariable logistic

Multivariable logistic

Varia Category No No 95% regression regression
bles examin p0051t1ve CI OR < o OR < p-value
ed (%)
value
Sex Male 388 169  38.7- Ref. Ref
(43.6) 48.6
Female 362 180 44.6- 1.28 2.86 0.091 1.10 0.56 0.576
(49.7) 54.9
Age Adult 387 131 22.9- Ref. Ref.
(33.9) 38.7
Young 363 218 54.9- 294 5228 0.000 297 6.69 0.000
(60.1) 65.0
BCS Good 232 111 41.4- 1.22 113 0.259
(47.8) 54.3
Medium 280 120  37.2- Ref. Ref.
(42.9) 48.7
Poor 238 118 43.2- 1.31 1.53 0.126
(49.6) 55.9
Flock Small 267 89 (33.3) 27.9- Ref. Ref
size 39.2
Medium 255 106 35.7- 1.42 1.94 0.052 4.09 5.02 0.000
(41.6) 47.7
Large 228 154 61.2- 4.16 7.43 0.000 8.44 7.01 0.000
(67.5) 73.2
Faecal = Normal 354 156  39.0- Ref.
consist (44.1) 49.3
Y Soft 396 193 43.8- 1.21 128 0.201
(48.7) 53.7
Overall 750 349  43.0-
(46.5) 50.1

Level of infection

The fecal egg counts of infected goats ranged from 50 to 2300 EPG, and the
overall mean fecal egg count was 850 (95% CI = 778.1-921.9). The mean EPG
of the light, medium and heavy levels of infection were 382.9 (95% CI=345.8-
420.1), 1068 (95% CI=932.9-1204.9), and 1660.3 (95% CI=1577.9-1742.7), re-
spectively. The proportions of light, medium, and heavy levels of infection were
48.7%, 31.8%, and 19.5%, respectively.
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Young goats and female goats (does) recorded relatively higher mean EPGs.
Table 4 summarizes the mean EPG by category of the risk factors considered
in the study.

Table 4. Mean EPG score versus the risk factors considered in the study.

Variables Category No of Positive Mean EPG + SE 95% CI
Sex Male 169 357.5+27.3 303.7- 411.2
Female 180 415.2 + 30.1 356.0 - 474.3
Age Adult 131 286.1 + 26.4 234.2 - 338.1
Young 218 491.0 + 30.1 431.8 - 550.2
BCS Good 111 385.5 + 36.5 313.7 - 457.4
Medium 120 387.6 + 34.3 320.2 - 455.0
Poor 118 382.3 + 34.7 314.2- 450.4
Flock size Small 89 288.5+31.2 227.2 - 349.8
Medium 106 336.2 + 33.5 270.5 - 402.0
Large 154 553.5 +39.3 476.2 - 630.7
Fecal Normal 156 370.4 + 29.6 312.3 - 428.6
consistency Soft 193 398.6 + 27.9 343.8 - 453.3
Overall 349 850 + 36.6 778.1-921.9

Fecal culture and larvae identification

From a pooled faecal culture of the prevalence study, 458 third-stage larvae
were recovered through a modified Baerman technique. Six nematode gen-
era were generally recovered, and the most commonly identified genera were
Trichostrongylus (32.3%) and Haemonchus (26.9%) (Figure 2).
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Figure 2. Propotion of nematode general identified in the study area

Figure 2. Proportion of nematode genera identified in the study area.

Field anthelmintic resistance test

Table 5 shows the mean pre-treatment and post-treatment percentage of fecal
egg count reduction (FECR) and lower and upper 95% confidence limits.

Table 5. Fecal egg count reduction for the tested anthelmintic drugs.
Arithmetic mean of EPG Reduction 95% CL (LCL-

Treatment group (+SE) (%) UCL)
Pre- Post-
treatment treatment
Albendazole 886.6 + 150.3  256.7+ 76.8 69.7 39.4 - 84.8
Tetramisole 1053.4+162.9 36.7+13.4 95.7 90.2 —98.1
Ivermectin 946.6 + 162.6  166.6 + 38.6 80.3 72.8 - 85.7
Control 883.4+ 137.7 846.6+133.5 -

From post-treatment, pooled fecal culture, Trichostrongylus spp. and Haemonchus spp. were recovered from
albendazole-treated goats, and Trichostrongylus spp. and Teladorsagia spp. were recovered from ivermectin-
treated goats. From this finding, one can deduce that these two parasites have developed resistance to albenda-
zole and ivermectin.
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Discussion

The purposes of the study were to estimate the prevalence of GI nematode
infection in goats and to assess the status of anthelmintic resistance in nema-
todes of goats in and around Hawassa. This study revealed that the over-
all prevalence of GI nematode infection was 46.5% (95% CI: 43.0--50.1). This
observed prevalence (46.5%, 95% CI = 43.0-50.1) is similar and, hence, falls
within the 95% CI of reports from various parts of the country (Danachew et
al., 2011; Muluneh et al., 2014). Comparatively higher prevalence than the
current study have been reported from various parts of the country (Kumsa et
al., 2011; Zeryehun, 2012; Shankute et al., 2013; Sheferaw et al., 2013; Terefe
et al., 2013; Dilgasa et al., 2015; Mideksa et al., 2016; Yimer and Birhan, 2016;
Dabasa et al., 2017; Dugassa et al., 2018; Kabada et al., 2020; Negash et al.,
2023). In fact, there are also some relatively lower prevalence reports from the
country (Abebe et al., 2010; Yasin et al., 2017). These differences might be due
to variations in geographical and environmental conditions, management sys-
tems, methods of diagnosis and animal health care activities (Arsenopoulos et
al., 2021), and herd size/stocking density (Arneberg et al., 1998).

The multivariate logistic regression analysis revealed that age (OR = 2.85, p
< 0.05) and flock size (OR = 2.85, p < 0.05) were significantly associated with
goat’s infection with GI nematodes. The prevalence of GI nematodes was great-
er in younger goats than in adults. This finding is consistent with reports from
various parts of the country (Regassa et al., 2006; Tariq et al., 2010; Dilgasa et
al., 2015; Ousman and Meribo, 2022; Negash et al., 2023). This could be due
to the development of a defense mechanism or immunity against GI nematode
infection over time, and so dependent on the age of the animals (Smith et al.,
1985; Soulsby, 1985; McRae et al., 2015). Goats’ infection by GI nematodes was
significantly increased (OR=7.01; p < 0.05) with increasing in flock size. The
prevalence was higher in larger and medium flock sizes than in smaller flock
sizes (Tariq et al., 2010; Zvinorova et al., 2016). Whenever the goat’s flock size
increases, the probability of pasture contamination could be higher, and this
might influence the number of goats to be infected (Le Jambre, 1984; Smith
and Sherman, 2023).

The proportion of light-level infections (48.7%) was predominating, which was
followed by medium (31.8%) and heavy levels (19.5%) infections. Similar obser-
vations from Ethiopia (Emiru et al., 2013; Tibebu et al., 2018; Sheferaw et al.,
2021) and other areas (Paul et al., 2020; Wuthijaree et al., 2022) were reported.
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This form and order of level of infection is commonly seen in the tropical envi-
ronment and smallholder production systems. According to Paul et al. (2020),
a higher proportion of light nematode infection could depict animals shedding
a few eggs due to adaptive immunity. The mean eggs per gram per feces of
infected goats were higher in females (95% CI: 356.0-474.3), young (95% CI:
431.8-550.2), and large flock size (95% CI: 476.2-630.7).

From eleven GI nematodes genera documented in Ethiopia (Asmare et al.,
2016) six were observed in the current study,namely Trichostrongylus spp.
(32.3%), Haemonchus spp. (26.8%), Oesophagostomum spp. (16.6%), Telador-
sagia spp. (12.5%), Strongyloides spp. (6.8%) and Bunostomum spp. (5.0%).

The field anthelmintic resistance test revealed that the FECRT percentage
for albendazole, tetramisole, and ivermectin were 69.7% (95% CI: LCL-UCL
= 39.4-84.8), 95.7% (95%CI: LCL-UCL = 90.2-98.1) and 80.3% (95% CI: LCL-
UCL =172.8-85.7), respectively. Whenever the FECRT is less than 95% and the
lower confidence level is less than 90%, it should be considered as the presence
of resistance (Cole et al., 1992). The FECRT percentage and lower confidence
level of albendazole and ivermectin were less than 95% and 90%, respectively,
suggesting the presence of anthelmintic resistance to albendazole and ivermec-
tin among GI nematodes of goats in Hawassa area. Anthelmintic resistance
development by small ruminants GI nematodes was reported from many parts
of the country (Kumsa and Abebe, 2009; Sheferaw et al., 2015) and elsewhere
in the world (Byaruhanga and Okwee-Acai 2013; Zanzani et al., 2014; Gelot et
al., 2016; Ratanapob et al., 2022). It is very clear that anthelmintic resistance
is a growing problem in most parts of the world and is common in goat GI
nematodes (Vineer et al., 2020). Anthelmintic resistance arises as an outcome
of misuse, under-dosing and frequent utilization of the drug (Carta and Scala,
2004; Kumsa and Abebe, 2009; Furgasa et al., 2018; Hassan and Ghazy, 2022).
Moreover, anthelmintic resistance might occur when consecutive generations
of nematodes are exposed to the same class of anthelmintics due to prolonged
use of the same anthelmintic drug. Factors like host, parasite genetics, chemi-
cal nature of anthelmintic, and epidemiological factors also play key roles in
the development of anthelmintic resistance (Furgasa et al., 2018; Fissiha and
Kinde, 2021). Albendazole and ivermectin are the most common circulating
anthelmintics in the study area.

Trichostrongylus spp. and Haemonchus spp. were recovered from post-treat-
ment pooled fecal culture of the treated group, whereas Trichostrongylus spp.
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and Teladorsagia spp. were recovered from ivermectin-treated group. The re-
sults suggest that Trichostrongylus spp. might have developed resistance to
the two commonly used anthelmintic drugs (albendazole and ivermectin) in
the study area. Almost similar genera of GI nematodes have been reported to
show resistance to these anthelmintics by various investigators in Ethiopia
(Kumsa and Abebe, 2009; Aga et al., 2013; Wondimu and Bayu, 2022; Alaro et
al., 2023; Negash et al., 2023).

Conclusions

The prevalence of gastrointestinal nematode infection in goats was high in
and around Hawassa. Flock size and age of goats were significantly associated
with the prevalence of gastrointestinal nematode infection in goats. The main
nematode genera identified in and around Hawassa include: Trichostrongylus
spp., Haemonchus spp., Oesophagostomum spp., Teladorsagia spp., Strongy-
loides spp. and Bunostomum spp. The study demonstrated that Trichostrongy-
lus spp. might have developed resistance to albendazole and ivermectin (i.e.,
Multiple drugs resistance). In contrast, Haemonchus spp. were found to be
resistant to albendazole, and Teladorsagia spp. to ivermectin. The results of
this study demonstrated that important GI nematodes of goats might have de-
veloped resistance to the most commonly used anthelmintics in the study area.
As a result, anthelmintic resistance of GI nematodes may pose a major threat
to sustainable goat production in the area and could result in substantial loss
in productivity. Therefore, developing national strategies to manage and delay
anthelmintic resistance may be necessary to mitigate its effect on livestock
productivity, and anthelmintic resistance control methods such as rotation of
anthelmintic classes may be implemented in large farms and village flocks.
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