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Abstract

Background: Gastrointestinal helminths are among the most common causes of diseases in dogs, livestock, and zoonotic infections. Despite the widespread
distribution of parasitic diseases in dogs, they have received very little attention in Ethiopia. Moreover, the improper use of drugs has resulted in ineffective control of
helminths and anthelmintic resistance. Thus, an experimental study was conducted to determine the comparative anthelmintic efficacy of Ivermectin and Levamisole in
dogs naturally infected with gastrointestinal nematodes.

Methods: The experiment was conducted on 180 dogs identified with at least 100 eggs per gram of feces and randomly assigned into three treatment groups.
Treatment Group | was treated with Ivermectin, Treatment Group Il was treated with Levamisole, and Treatment Group Ill was the control. Fecal samples were collected on
day 0 and day 14. Fecal egg count reduction analysis was conducted to determine the efficacy of anthelmintic drugs.

Results: Among 180 dogs, the mean fecal egg count was 1249.02 (95% Cl: 1139.57-1358.47) at day 0. This study indicated a significant difference (p < 0.05) in the
mean fecal egg count among the treatment groups at day 14. The mean fecal egg count was reduced to 37.9 (95% Cl: 20.93-54.87) and 88 (95% Cl: 57.54-118.46) in
dogs treated with Ivermectin and Levamisole, respectively. The fecal egg count reduction analysis indicated significant reductions in fecal egg count in dogs treated with
anthelmintics at day 14. The fecal egg count reduction was 97.15% (95% Cl: 91.12-99) and 93.23% (95% Cl: 84.29-98) in dogs treated with Ivermectin and Levamisole,
respectively.

Conclusions: This study demonstrates the satisfactory efficacy of lvermectin, whereas Levamisole was suspected of resistance in the treatment of gastrointestinal
nematodes in dogs at the recommended dosage. Thus, the present study suggests Ivermectin treatment, a combination of Levamisole, and further studies on anthelmintics
for dogs against gastrointestinal helminths.

Abbreviations in human life, providing several benefits to mental health and
social well-being. Dogs are closely associated with humans and

ANOVA: Analysis of Variance; EPG: Egg Per Gram; FEC: are kept for companionship, house guard, hunting, and security
Fecal Egg Count; FECR: Fecal Egg Count Reduction; GIT: purposes [1]. Despite their countless benefits, dogs harbor
Gastrointestinal Tract parasitic infections, which can cause serious health problems
. in dog and zoonotic risks, including helminths and protozoa
Introduction § anc 2 )] & ane P ‘
that contaminate the environme and transmit to livestock

Pets are companion animals that play indispensable roles and humans [2]. Dogs are infected with several parasitic
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diseases, particularly gastrointestinal (GIT) nematodes.
Canine gastrointestinal parasites are a global health problem,
particularly in developing countries, and are of great concern
to environmental and public health [3].

Gastrointestinal parasites are the most common cause of
infectious gastrointestinal disease in dogs. Endoparasites cause
different clinical signs in dogs, including anorexia, anemia,
unthriftiness, poor growth, and several GIT disorders, such
as diarrhea [4,5]. The most common canine GIT helminths
include Ascarids and Ancylostomatidae, which are associated
with considerable morbidity and mortality rates, especially in
the young. Toxocara canis, Ancylostoma caninum, Trichuris vulpis,
and Dipylidium caninum are the main GIT parasites of dogs with
global significa. Most importantly, canine endoparasites, such
as Toxocara canis, Ancylostoma caninum, and Dipylidium caninum,
pose a potential zoonotic threat. Pets usually excrete helminth
eggs or larvae in their feces into the environment and transmit
the diseases to animals and humans [6].

Anthelmintics are commonly used to treat parasitic
infections in dogs. There are different anthelmintics used
to treat endoparasites, either by stunning or killing them
without causing significant damage to the host [7]. The most
important drugs used to treat parasitic infestations in pets
include ivermectin, praziquantel, piperazine, and levamisole.
Most of the drugs are broad-spectrum anthelmintics acting
on different endoparasitic species [8]. Ivermectin is one of the
most commonly used broad-spectrum antiparasitic agents
against nematodes and exoparasites. It is a semisynthetic
macrocyclic lactone effective against most common internal
parasites, except tapeworms and trematodes [9]. On the other
hand, levamisole is an anthelmintic agent used to treat and
control a wide range of nematodes in livestock species and as
a microfilaricide in pets. Most anthelmintics and nematicides
are limited in their action against trematodes, cestodes, and
nematodes [10].

Despite the availability of various anthelmintic medications
to treat and control parasites, the ubiquitous and prolific nature
of helminths makes their elimination challenging. Moreover,
anthelmintic resistance has been developed due to the improper
use of drugs or parasitic genetic modifica. In Ethiopia, dogs
are important animals in many urban and rural households,
mostly as companion pets and houseguards. However, very
little attention has been given to the parasitic diseases of dogs
and the control of canine helminths in the country. Besides,
the improper use of drugs has resulted in ineffective control
of helminths in pets and parasitic anthelmintic resista. This
study selected ivermectin and levamisole for comparative
anthelmintic efficacy evaluation, as the drugs are the commonly
used anthelmintics in the treatment of parasitic infections
in pets in Ethiopia, possess different mechanisms of action,
and have various spectra of action. Therefore, this study was
designed to determine the comparative efficacy of the most
commonly used anthelmintics, ivermectin and levamisole, in
dogs naturally infected with gastrointestinal nematodes in
Bishoftu, central Ethiopia.
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Materials and methods
Description:nintroduction of the study area

The study was conducted on the dog population in Bishoftu
town in central Ethiopia. Bishoftu is a city found in the Eastern
Shewa zone of the Oromia Regional State. The town is located
45 km southeast of Addis Ababa at 8°35’ N latitude and 39°06’
E longitude, with an altitude of 1850 m above sea level (Figure
1). Bishoftu is well-known for its multiple Great Rift Valley
lakes [11]. The climatic condition is characterized by bimodal
rainfall, with average annual rainfall and a temperature of 892
mm and 20 °C, respectively. Dogs are kept by households in
the urban, peri-urban, and rural areas of Bishoftu. Many dog
helminths are endemic in the area and pose inevitable threats
to human and animal health [12].

Study animals

The dog population kept as pets in Bishoftu town,
particularly the dogs presented to a veterinary teaching
hospital of the College of Veterinary Medicine and Agriculture
of Addis Ababa University, was used as study animals. The study
animals include dogs of various age categories, dog breeds,
and both sexes (male and female). The age was categorized as
young in dogs below 1 year old and adults in dogs above 1 year
old [11]. In Bishoftu town and the surrounding areas, there are
different breeds of dogs, including local dogs, crossbred dogs,
and exotic dog breeds. The body condition was characterized as
poor, medium, and good based on the physical appearance and
manual palpation of the ribs and transverse processes. Dogs
were kept in different management systems, where some were
entirely confined and the others were semi-confined [13].

Study design, sampling methodology, and sample size
determination

The study was based on fecal parasitic egg determination
pre- and post-treatment with anthelmintic drugs. A purposive
sampling strategy was employed to select the constituents of
the study animals. The dogs brought to the veterinary teaching
hospital of the College of Veterinary Medicine and Agriculture,
Addis Ababa University, and veterinary clinics for rabies mass
vaccination were randomly selected for parasitic diagnosis
and fecal egg count. The study comprised dogs that tested
positive for gastrointestinal nematodes and had at least 100
eggs per gram of feces [14]. The study included a total of 180
dogs positive for gastrointestinal nematodes on a fecal egg
test [15]. The selected dogs were classified based on sex (male
and female), age (young, adult, and old), and breed (local and
exotic), and finally randomly allocated to the three treatment
groups from each stratum.

Sample collection and laboratory examination

Fecal samples were collected using the universal plastic
bottle directly from the rectum or immediately after defecation.
About 6-8 grams of the fecal sample were collected from each
sampled animal. The fecal samples were labeled and preserved
with 10% formalin and transported to the laboratory for fecal
egg examination [12]. The fecal laboratory examination was
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Figure 1: Map of the study area, Bishoftu town in central Ethiopia.
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conducted at the parasitological laboratory of the College of
Veterinary Medicine and Agriculture of Addis Ababa University
(CVMA-AAU). In this study, fecal sample collection and
microscopic examination of parasitic eggs were performed
on days 0 (pre-treatment) and 14 (post-treatment). Animal-
level risk factors, including age, body condition, and sex, were
recorded along with fecal sample collection.

The laboratory examination was conducted according to
the parasitological protocols for fecal egg counts (FEC). Three
grams of fecal samples were weighed on a sensitive balance and
thoroughly mixed with 42 ml of flotation fluid in the mortar.
The feces were crushed with a pestle in the flotation fluid for
a homogenized solution. The solution was filtered with a sieve
to remove debris. The filtrate was centrifuged at 3000 rpm for
3 minutes. The top-up of the flotation fluid was added to the
centrifuge tube until a cone shape was formed at the top. Then,
finally, a coverslip was placed on the top of the tube and allowed
to stand for 15-20 minutes [12,16]. The coverslip was gently
raised and placed on the microscope slide for microscopic
examination and FEC. The total number of eggs counted times
100 represented the number of eggs per gram (EPG) of feces.
Since approximately 0.15 ml of the suspension was uwhich is
1/300 of the 45 ml fecal-flotation fluid suspension (42 ml water
and 3 grams of feces), then the number of eggs in 0.15 ml times
100 is equal to 1/3 of the total number of eggs in the measured 3
grams of feces. The slides were examined under 10X resolution
of the objective lens for helminth eggs, and counted by the Stoll
egg counting technique under a light microscope [17].

Experimental design

The study was designed by randomly allocating dogs
positive for gastrointestinal nematodes into three experimental
treatment groups: Treatment Group I, Treatment Group II,

and Treatment Group III. Accordingly, 75 positive dogs were
included in Treatment Group I and Treatment Group II, while
30 dogs were considered in Treatment Group III. Dogs in
Treatment Group I received ivermectin anthelmintic treatment,
while dogs in Treatment Group II were treated with levamisole.
Treatment Group III was a control group, and the dogs in the
group had not received any anthelmintic treatment. Ivermectin
is a class of macrocyclic lactones and a broad-spectrum
anthelmintic. It is a widely used antiparasitic medication for
dogs in the treatment of a broad range of parasites, particularly
effective against nematodes and ectoparasites. Levamisole is
a broad-spectrum anthelmintic effective against roundworms
and is commonly used in treating and controlling endoparasites
in dogs [18]. Ivermectin was administered at a dosage of 0.2
mg/kg in the subcutaneous route, while levamisole was orally
administered at a 5 mg/kg dosage (Table 1).

Faecal egg count reduction analysis

The ability of parasites to survive treatments that are
generally effective at the recommended doses is a major threat
to the future control of worm parasites in dogs. The efficacy is
measured by the “fecal egg count reduction test” value, which
varies for different types of helminth treatment. The fecal egg
count reduction test (FECRT) was conducted to evaluate the
anthelmintic efficacy and resistance. It is commonly used as
a screening test for veterinarians and producers to identify
the desired clearance level of the parasites after anthelmintic
treatment. The efficacy of the drugs was tested according to
the World Association for the Advancement of Veterinary
Parasitology (WAAVP) recommendations for the detection of
anthelmintic resistance in animals by the percentage reduction
of mean egg excafter the post-treatment. FECR% = 100 (1 -
Xt/Xc), where Xt and Xc are the arithmetic means of EPG in
the treated (t) and control (c) groups at day 14 post-treatment.
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Table 1: Drugs used in comparative evaluation of anthelmintic efficacy against
gastrointestinal nematodes in dogs

Ivervic@ Ivermectin 0.2mg/kg Subcutaneous

2 Ergamisol@ Levamisole 5mg/kg Orally

Resistance or reduced efficacy (R) is present if FECR < 90%
and the lower limit of the 95% confidence interval < 90%;
resistance is suspected (S) or doubtful efficacy if FECR = 90%
and the lower limit of the 95% confidence interval < 90%; and
no resistance (N) or satisfactory efficacy if FECR = 90% and the
lower limit of the 95% confidence interval > 90% [20].

Management and analysis

The data collected from the field and laboratory exawere
entered into a Microsoft Excel spreadsheet. The many attribute
data include animal-level risk factors, fecal egg count on pre-
and post-treatment, and fecal egg count reduction results. The
data was analyzed with R statistical software version 4.1.2. They
were summarized using descriptive statistics (means, standard
deviation, and reduction percentages). The effectiveness of
the different anthelmintics was evaluated by computing the
mean fecal egg count reduction for each treatment group. The
reduction in FEC post-treatment was calculated using 100 (1-
Xt/Xc), where the Xt arithmetic mean of the post-treatment
egg count on the 14™ day, and the Xc arithmetic mean of the
control group on the 14th day [19]. The log transformation of
the values of EPG [using log (x + 1)] was performed to minimize
and stabilize the variance. The one-way ANOVA analysis was
used to compare the mean EPG among the experimental groups.

Results
Pre-treatment fecal egg count

This anthelmintic efficacy study involved 180 dogs naturally
infected with gastrointestinal nematodes, divided into three
experimental groups. The mean fecal egg count (FEC) at day
0 (pre-treatment) was 1249.02 (95% CI: 1139.57-1358.47).
The study determined the highest pre-treatment fecal egg
count in Treatment Group I with a mean EPG of 1331 (95% CI:
1165.56-1496.44). At day 0, the mean FEC was 1300 (95% CI:
1142.32-1457.68) EPG in Treatment Group II. Accordingly, the
mean pre-treatment fecal egg count in Treatment Group III
was 916.6 (95% CI: 623.17—-1210.03) EPG (Table 2). The results
indicated that the mean EPG in Treatment Group III was the
lowest fecal egg count among the treatment groups.

ANOVA analysis of post-treatment fecal egg count

The mean fecal egg count at day 14 indicated the significance
of anthelmintic drugs against gastrointestinal nematodes.
Among 75 dogs treated with the Ivermectin anthelmintic drug,
71% were negative for GIT nematodes at day 14. Accordingly,
68% of dogs that received Levamisole anthelmintic treatmeof
fecal egg count for GIT nematodes. However, all dogs not
treated with anthelmintics were positive for GIT nematodes
(mean EPG: 1160; 95% CI: 801.95 — 1,518.1). In this study, 58%
(104/180) of the dogs were diagnosed negative for every GIT
nematode under investigation (Table 3).
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The one-way ANOVA analysis revealed a significant
difference (p < 0.05) in the mean fecal egg counts among
treatment groups. Dogs treated with Ivermectin had a mean
fecal egg count of 37.9 EPG (95% CI: 20.93-54.87). While those
treated with Levamisole had a mean of 88 EPG (95% CI: 57.54-
118.46). The control group had a significantly higher mean
fecal egg count of 1160(95% CI: 801.95-1518.1) compared to
both anthelmintic treatment groups. By day 14, the total mean
fecal egg count decreased to 246.46 EPg (95% CI: 187.53-
305.39) (Table 3).

Fecal egg count reduction analysis

The fecal egg count reduction (FECR) analysis indicated a
significant decrease in mean fecal egg count in dogs treated
with anthelmintics compared to the control groups. Dogs
treated with Ivermectin experienced a 97.15% reduction in
egg per gram (EPG) at day 14 (95% CI: 91.12—99). Levamisole
treatment led to a 93.23% reduction (95% CI: 84.29-98). In
contrast, the control group saw an increase in mean fecal egg
count from 916.6 EPG on day 0 to 1160 EPG on day 14, with no
FECR recorded (Table 4).

The comparative efficacy study indicated that Ivermectin
was effective as an anthelmintic treatment, while Levamisole
raised concerns about potential drug resistance. The FECR was
higher for dogs treated with Ivermectin (97.15%) compared
to those receiving Levamisole (93.23%) (Table 4). Ivermectin
treatment decreased the mean fecal egg count from 1331 EPG
on day 0 (95% CI: 1165.56-1496.44) to 37.9 EPG on day 14

Table 2: The mean fecal egg count at day O (pre-treatment) in the treatment groups.

No. of animals Mean EPG at day
Treatment 95% Cl

Treatment group |

1331 (731) 1165.56 - 1496.44
(Ivermectin)
Treatment group Il 75 1300 (696.7)  1142.32-1457.68
(Levamisole)
Treatment group [l 30 916.6(820)  623.17-1210.03
(Control)
Total 180 1249.02 (749.23) | 1139.57 - 1358.47

Table 3: The one-way ANOVA analysis of the effect of treatments on the fecal egg
count at day 14 (post-treatment).

Treatment | No. of No. of Mean EPG at 05% Cl
groups animals |negatives (%)| day 14 (SD) .

Ivermectin 53 (70.67) 37.9 (75) 20.93 - 54.87 0.000
Levamisole 75 51(68) 88 (134.6) 57.54 - 118.46
Control 30 0(0) 1160 (1000.6) 801.95 - 1,518.1

Total 180 104 (57.78) | 246.46 (403.4) 187.53 - 305.39

Table 4: Comparative reduction in fecal egg counts post-treatment among dog
treatment groups.

Mean EPG
M EPG at
at ean d EPG reduction| 95% CI

day 0 (SD) day 14 (SD)

Treatment

groups

Ivermectin  1331(731)  37.9 (75) 97.15 91.12-99 Satisfactory
Levamisole 1300 (696.7) 88 (134.6) 93.23 84.29-98  Suspect
1160
Control 916.6 (820 NA NA NA
ontro 200 (1000.6)
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(95% CI: 20.93-54.87). Although Levamisole showed signs of
resistance, it still reduced the mean fecal count from 1300 EPG
pre-treatment to 88 EPG post-treatment. Both anthelmintics
significantly lowered fecal egg counts compared to the control
group (Figure 2).

1400 1331

1200
1160

1000

916.6

@ EPG At DO mean
@m——EPG At D14 mean

37 88

Ivermectin Levamisole Control

Figure 2: The mean fecal egg count at days O (pre-treatment) and 14 (post-

treatment) in the different treatment groups.

Discussion

The present study assessed the efficacy of anthelmintic
drugs on dogs naturally infected with gastrointestinal
nematodes, revealing a mean fecal egg count (FEC) of 1249.02
EPG at day o. Similar findings of higher FEC in dogs were
reported in Rwanda [2], Brazil [21], and New Jersey [22].
Additionally, Dubie, et al. [23] and Tadesse, et al. [12] noted
a higher prevalence of GIT helminths (Strongyloides species,
Ancylostoma caninum, Trichuris vulpis, and Toxocara canis) in
different parts of Ethiopia. The high prevalence and parasitic
fecal egg count suggest inadequate pet management practices
in Bishoftu town, such as irregular deworming, feeding of raw
animal products, and environmental contamination.

This research revealed a significant difference (p < 0.05)
in mean fecal egg count at day 14 among the treatment
groups. The mean FEC was highly reduced in treatment groups
that received anthelmintic treatments as compared to the
control group. Similarly, several studies [24,25] reported the
significant reduction of fecal egg count in animals treated
with anthelmintics. In this study, about 71% of the dogs
treated with Ivermectin anthelmintics and 68% of the dogs
receiving Levamisole treatment were diagnosed free of any
GIT nematodes. Accordingly, significant helminth clearance
was reported in dogs treated with Levamisole [10], in dogs
receiving Ivermectin anthelmintics against the GIT nematodes
[26], and in working equids treated with Ivermectin [27]. In
contrast, Solomon, et al. [28] reported low parasitic clearance
in sheep treated with Ivermectin. The variation in the findings
could be due to the difference in GIT nematode species, drug
dosage, and parasitic resistance. The present study indicated
the inevitable role of anthelmintics, particularly Ivermectin
and Levamisole, in protecting animals from GIT nematodes.

The current study revealed that the fecal egg count reduction
(FECR) was 97.15% (95% CI: 91.12—99) in dogs treated with
Ivermectin at day 14. In line with this finding, the FECR of
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98.02% in dogs with GIT nematodes [26], 99.7% in horses
[29], 97.7% in sheep [19], and 95% in equine strongylids [30]
were reported in different countries. However, some studies
reported a lower FECR for Ivermectin treatment in various
species infected with gastrointestinal helminths [24]. The
variations in the findings might be seen from the differences
in types of gastrointestinal, parasites and experimental
animal species. The current finding revealed that Ivermectin
anthelmintic treatment was protective in dogs against GIT
nematodes if provided at the recommended dosage.

In the present finding, the mean fecal egg count was
reduced by 93.23% (95% CI: 84.29-98) in dogs that received
Levamisole treatment. Similar findings of 92% in helminths of
dogs [10], 90% in cattle nematodes in Brazil [31], and 96% in
African dwarf goats [32] were reported. In contrast, Carolina, et
al. [33] reported a lower FECR (70.4 %) in a sheep flock treated
with Levamisole. The difference in this study might be due to
the drug dosage, route of administration, and the GIT nematode
species encountered. The FECR in the current study was above
90% and indicated the possible treatment option of canine
gastrointestinal nematodes. Moreover, the drug could be used
in combination with other anthelmintics, for specific helminth
species, or in different formulation types, dosages, and routes
of drug administration.found that Ivermectin anthelmintic
treatment has satisfactory efficacy against gastrointestinal
nematodes in dogs at the recommended dosage. In line with
this finding, Ivermectin treatment was indicated as effective
in gastrointestinal nematode-infected dogs [26], in equines
[27], in sheep [35], and in the GIT nematodes of sheep [36].
However, in this study, Levamisole was suspected of causing
parasitic resistance to treating gastrointestinal nematodes in
dogs. Accordingly, several studies [33] indicated the lowered
efficacy of Levamisole in the treatment of parasitic diseases.
In contrast, studies conducted on nematode infections of dogs
[37], in goats [32], and against GIT nematodes of sheep [28]
indicated significant efficacy of Levamisole. The present finding
showed the significant efficacy of Ivermectin over Levamisole
at the recommended dosage in treating gastrointestinal
nematodes in dogs [38-42].

Conclusion

The present study demonstrated a satisfactory efficacy of
Ivermectin anthelmintic treatment against gastrointestinal
nematodes in dogs. Ivermectin treatment via the subcutaneous
route significantly reduced the fecal egg count on day 14 at
the recommended dosage rate. Dogs treated with Levamisole
anthelmintic through the oral route indicated a significant
reduction in the mean fecal egg count. However, this study
revealed a suspected resistance to Levamisole treatment against
gastrointestinal nematodes in dogs at the recommended
dosage rate. The current results showed the inevitable
effects of anthelmintics in the treatment of gastrointestinal
nematodes in dogs. However, the study detected anthelmintics
possessing different efficacy levels against gastrointestinal
nematodes. Thus, this study suggests the proper use of
Ivermectin treatment, a combination of levamisole treatment
with anthelmintics, and further studies on anthelmintics and
dosage rates for the treatment and control of gastrointestinal
nematodes, in dto protect animal and public health.
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Ethical approval and informed consent

The animal research ethical review committee of the
College of Veterinary Medicine and Agriculture of Addis Ababa
University granted ethical approval for this study. The dogs
were handled following the best veterinary care guidelines
during sample collection and treatments. Before conducting the
research, the dog owners were informed about the objectives
and benefits of the study. Written consent was obtained from
animal owners and approved by the ethical committee of the
College of Veterinary Medicine and Agriculture of Addis Ababa
University. The study includes dogs whose owners gave consent
for their animals’ inclusion in the study.
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