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Iranian studies have shown a high prevalence of broad spectrum anthelmintic resistance

(AR) in gastrointestinal helminths of ruminants. However, there is a lack of information

about levels of knowledge, attitudes and practices among livestock farmers in Iran

regarding the concept of parasite control and AR. This study aimed to evaluate the

knowledge, attitudes and practices of livestock farmers of Hamedan, Iran, regarding

parasitic diseases and AR by interviewing 150 farmers using a structured questionnaire.

Most of farmers had some knowledge of the clinical signs associated with helminth

parasitism, but more than half were unaware of the existence of zoonotic parasites.

More than half of the participants had never heard about AR, but were interested

to learn about it through their veterinarians. Those who were aware of the problem

considered non-prescribed anthelmintic drugs to play a role in its emergence, while

several of the participants believed that “more expensive” and “foreign-branded” drugs

worked best. Almost all of the farmers reported that they frequently consulted with a

veterinarian about anthelmintic treatments, but very few adhered to recognized principles

of responsible and sustainable drug use. About half of the participating farmers treated

their sheepdogs for helminth parasites, despite the common practice of regularly

feeding likely infected livestock offal. Education had a significantly positive association

with farmers’ knowledge, attitudes, and best practice scores, while knowledge was

significantly associated with both attitudes and practices. Based on these results, we

recommend that regular country-wide classes should be held to educate farmers on the

evidence-based principles of sustainable helminth control and prevention of zoonotic

helminth diseases.

Keywords: farmers’ behavior, KAP questionnaire, parasite control, parasitic infection, one health

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2020.584323
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2020.584323&domain=pdf&date_stamp=2020-10-26
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:alireza.sazmand@basu.ac.ir
https://doi.org/10.3389/fvets.2020.584323
https://www.frontiersin.org/articles/10.3389/fvets.2020.584323/full


Sazmand et al. Farmers Knowledge About Anthelminthic Resistance

INTRODUCTION

Helminth parasites are formost causes of endemic production-
limiting diseases of ruminant livestock around the world (1). The
development and availability of highly efficacious anthelmintic
drugs has significantly contributed to reducing the economic
burden of helminth parasitism. However, resistance has emerged
to almost every anthelmintic drug group used in the control
of nematode and trematode parasites infecting ruminants; and
has become a serious economic problem for the livestock
industry worldwide (2). The emergence of resistance in helminths
of veterinary importance is largly influenced by host-related
physiological and environmental factors that drive the parasites’
life histories; but importantly the rate at which this occurs can
depend on operational factors such as frequent prophylactic drug
treatments, underdosing, and mass drug administration (3).

Progress in the development of socio-psychological research
methods in behavioral sciences in recent years has created
opportunities to study and inform animal health decisionmaking
(2). Information on knowledge (what is known), attitudes (what
is thought), and practices (what is done) (KAP) is required to
identify knowledge gaps and needs, and to understand factors
and barriers that influence behaviors. This is a prerequisite
for the planning and implementation of interventions (4).
Questionnaire surveys of ruminant gastrointestinal nematode
management practices have helped to inform our understanding
the factors that influence farmers’ behaviors in different specific
regions (2, 5–8). This insight is necessary in order to optimize
communication strategies and to improve compliance with
specialist advice. However, the factors that drive farmers’
decisions concerning sustainable helminth management will
differ according to the society to which they belong (8).

Several Iranian studies have shown a high prevalence
of resistance to broad spectrum anthelmintic drugs in
gastrointestinal helminths of ruminants (9–12). However,
information is lacking about levels of KAP regarding the
concepts of parasite control and anthelmintic resistance (AR)
among livestock farmers in Iran. This study was undertaken
to assess the KAP of livestock owners with regards to parasite
control and AR in the Hamedan province; with the aim of
informing the development and implementation of sustainable
control practices.

MATERIALS AND METHODS

Data Collection
Hamedan province in the west of Iran has an area of
almost 20,000 square km, with a population of about 1.8
million. It has a cold semi-arid climate with yearly rainfall
of 384mm and average temperature of 11.3◦C. According
to the latest official data in 2018, there were 371,000 cattle,
1,266,000 sheep and 108,000 goats kept in the province. As
of May 2018, there were 303 registered livestock farms in the
province (personal communication with Provincial Veterinary
Organization). However, most animals are kept by landless
smallholders and nomadic tribes. We hypothesized that most of
our target population had not heard about AR and that their

level of KAP would not be adequate in this context. Therefore,
considering the awareness of farmers concerning AR as a main
variable of interest, based on an expected 10% awareness in the
population, desired absolute precision of 5% and a confidence
level of 95%; the required sample size was calculated to be 138
(13). During June and July 2019, reputable veterinary clinics
from different regions of the province were selected and study
population was drawn from all farmers who referred to these
clinics. Participants were provided with background information
describing the team and study objectives. To reduce non- and
biased- responses to sensitive questions, the participants were
reassured that all responses would be anonymous. Hundred fifty
farmers finally agreed to be interviewed.

Questionnaire Design
A structured questionnaire was designed to collect data during
interviews. The questionnaire was drafted (in Persian) and pre-
tested by sending to five farmers and five veterinarians based in
different regions of Hamedan province to evaluate its content
and wording.

The final questionnaire contained four modules. In the first
module, general questions, and socio-demographic information
such as age, sex, education, years of experience in husbandry,
herd size, and type of livestock were asked. Additional questions
“have you already heard about AR?” and “if yes, from what
sources” were included in this section to explore the general
awareness of farmers about AR. To examine what farmers
know about AR, how they think and how they behave in more
depth, three other modules including 17, 6 and 10 items on
knowledge, attitudes and practices, respectively, were designed
(Supplementary File 1).

The knowledge section comprised of eight general questions
about signs of parasitic diseases and nine more specific questions,
such as: “does rotational use of anthelmintics prevent the
emergence of AR?;” “is it necessary to consult with a veterinarian
before deciding to use anthelmintic drugs?;” and “are parasitic
worms zoonotic?.” Three possible answers (true/false or yes/no,
and do not know) were provided for each question. Correct
answers were scored 1 andwrong answers were scored−1. A zero
score was considered for I do not know answers.

The questions in the attitudes section were designed to
evaluate the way of thinking, or opinion of farmers concerning
important issues in parasite control and AR mitigation, such
as: the importance of non-prescribed anthelmintics in the
emergence of AR; the seriousness of the problem of AR;
and believes about effectiveness of more expensive and/or
imported anthelmintics. Participants were asked to indicate
their agreement/disagreement/no idea for each question. In this
section, each response showing a positive attitudes toward the
subject was given a score of 1, those answers indicating a negative
attitudes were scored −1, and the I have no idea response was
scored 0.

In the practices section, the frequency of farmers’ self-
reported practices regarding parasitic disease prevention and
treatments was investigated. A five-point rating scale: always;
usually; sometimes; rarely; and never was used. Ten questions
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were scored 4; 3; 2; 1; and 0, respectively, based on the concepts
of best practice.

The farmers were asked a few additional questions at the
end of the questionnaire: to identify routinely used anthelmintic
drugs; to ask if they used medicinal plants for treatment of
parasitic diseases; to ask if they had sheepdogs, and whether
or not they have treated them with anthelminthic drugs; to
determine how often they used anthelmintic drugs in their flocks
or herds; and to ask what they would do if they became aware
that the administered anthelmintics were ineffective. No score
was assigned to these additional questions.

Two veterinary science students with backgrounds in livestock
farming were chosen as interviewers, and were given 2 weeks of
instruction prior to the interviews. A simple and brief concept of
AR was explained to each farmer before the interview as “when
antiparasitic drugs can no longer be effective on parasites, the
term anthelmintic resistance is used.”

Data Analyses
Survey data were entered by one of the investigators onto a
Microsoft Excel (Microsoft Inc., Redmond, WA) spreadsheet
and checked by another investigator. The data were then
transferred to SPSS software (ver. 22.0, IBM, USA) for further
analysis. Numerical, and categorical data were presented as
mean and standard deviation (SD), and number and/or
percentages, respectively.

The potential total score range for knowledge, attitudes
and practices were between−10 and 10, −6, and 6, and 0
and 40, respectively. Spearman’s rank correlation was used to
determine the relationships of total knowledge, attitudes and
practices scores with each other. In addition, Cronbach’s alpha
was calculated to measure the internal validity of questions in
the knowledge, attitudes and practices section. Two cut-off points
for knowledge and practices were determined using tertiles of the
total score. Respondents were categorized into three nearly equal-
size groups based on these cut-off points; namely poor, fair, and
good for each section. For the attitudes section, participants were
divided into two nearly equal-size groups based on the median of
the total score; namely negative and positive attitudes groups.

The orderly categorized overall scores for knowledge and
practices of farmers were used as the outcome variable.
Univariable and then multivariable ordinal logistic regression
analyses were used to evaluate the association of outcome
variables with explanatory variables of age (four groups), years
of experience in husbandry (two groups) and education level of
the farmers (four groups), as well as the type of livestock (three
groups) and herd size (three groups). Variables with a P < 0.2
in the univariable analyses were included in the multivariable
models (14). The final models were constructed with a manual
backward elimination procedure. Multicollinearity was evaluated
amongst explanatory variables using Spearman rank correlation,
and rs ≥0.8 was considered as collinearity. A similar approach
was used to determine the association of explanatory variables
mentioned above with farmers’ attitudes and their awareness of
AR, using univariable andmultivariable binary logistic regression
analysis. In all analyses, a final two-tailed P < 0.05 was
considered significant.

TABLE 1 | General characteristics of farmers (n = 150) in the study for

assessment of knowledge, attitudes and practices regarding AR in Hamedan

province, 2019.

Demographic characteristic Have heard of anthelmintic resistance

Number (%) Yes No P-value

Age (years)

<30 20 (13.3) 11 9

31–40 35 (23.3) 17 18

41–50 40 (26.7) 19 21

>50 55 (36.7) 21 34 0.54

Education

Illiterate 51 (34.0) 13 38

Elementary 35 (23.3) 14 21

Intermediate 36 (24.0) 22 14

High school & higher 28 (20.0) 19 9 <0.001

Years of husbandry-related work

Up to 10 57 (38.0) 25 32

>10 93 (62.0) 43 50 0.777

Type of livestock

Cattle 24 (16.0) 7 17

Sheep and/or goats 93 (62.0) 44 49

all of them 33 (22.0) 17 16 0.203

Husbandry

Grazing plus stall feedinga 128(87.7) 61 67

Stall feeding 18 (12.3) 4 14 0.042

Herd size

≤10 27 (18.0) 4 23

11–49 70 (46.7) 29 41

≥50 53 (35.3) 35 18 <0.001

aPasture graze only mode was not practiced.

RESULTS

Socio-Demographic Characteristics of
Participants
Basic information relating to the respondents is shown inTable 1.
One hundred and forty-eight (99.3%) of the enrolled participants
were male, 36.7% were over 50 years of age and 62% had
experience of over 10 years in domestic animal husbandry. More
than half of the respondents (57.3%) had low levels of formal
education (illiterate or primary school). Most (62%) kept sheep
and goats, followed by cattle and a mixture of ruminant species.

General Knowledge About AR and Source
of Information
Less than half of the participants (45.3%) had heard of AR and
were aware of it. Most of those who were aware had gained this
knowledge from other farmers (55 respondents). One hundred
and thirty six farmers (97.9%) expressed willingness to learn
more about the concept of AR; most citing veterinarians as
their main source of information on the topic. Other trusted
sources of information were Ministry of Agriculture extension
courses (85 respondents), TV/radio (33 respondents), internet
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TABLE 2 | Results of logistic regression analysis for factors associated with

awareness of AR in farmers, Hamedan province, 2019.

Variables Walda SEb ORc (95% Confidence Interval) P-value

Constant 26.339 0.830 – <0.001

Education 11.832 0.173 1.82 (1.29–2.55) 0.001

Herd size 16.143 0.297 3.29 (1.84–2.90) <0.001

aWald statistic; bStandard error; cOdds ratio.

Education and herd size were treated as continuous variables.

and social media (23 respondents) and books or journals (20
respondents). Associations between awareness of AR and general
characteristics of farmers are shown in Table 1. In the univariable
analysis, education, type of livestock, husbandry and herd size
had P < 0.2. In the multivariable binary logistic regression model
with backward elimination, education and herd size remained
in the final model (Table 2). The results show that the chance
of awareness is increased 2 to 3 fold in farmers with higher
education and larger herds.

Knowledge, Attitudes, and Practices About
Parasitic Diseases and AR
We asked the respondents about signs associated with parasitic
diseases in eight separate questions. Themost common responses
were emaciation (146), general weakness (121), low appetite
(117), diarrhea (111), fever (56), abnormal wool/hair coat (42),
icterus (26), and abortion/still birth (15). Fourty-three percent of
the Hamedan farmers knew that parasites developed resistance
because of non-principled use of anthelmintics; 43.2% considered
that rotation of anthelmintics could prevent emergence of AR;
and 83.9% were aware that shared pasture grazing can lead to
transmission of parasites among different flocks. Less than 50%
of the farmers were aware of zoonotic transmission of parasites
from livestock (Table 3).

The range (minimum to maximum) for total knowledge
scores was 2 to 17 (mean± SD: 8.2± 3.5). According to the total
score, 28.39% of the respondents had good knowledge of parasitic
diseases (total score 11 to 17) and corresponding measures for
the fair (total score 8 to 10) and poor (total score <8) knowledge
groups were 24.2 and 47%, respectively. In univariable ordinal
logistic regression analyses for knowledge groups, education (P
= 0.042), herd size (P = 0.007) and livestock type (P = 0.114)
had P < 0.2, and were introduced into the multivariable model
(Figure 1). The results showed that education and herd size had
significant associations with knowledge groups and remained in
the final model. Livestock type (P = 0.857) was not retained in
the final model. Based on the odds ratios in the final model, less
educated farmers and farmers with smaller herd size were more
likely to be in the poor knowledge groups compared to more
educated farmers and farmers with larger herd size (Table 4).

The results of the attitudes section showed that among 150
farmers, 36.5% believed that AR is a serious problem, and 60.7%
agreed that self-administration of anthelmintics plays a key role
in its emergence. Interestingly, more than half of the farmers
believed that “more expensive” and “foreign-branded” drugs

work better (Table 3). The minimum of total attitudes score was
−3 and the maximum was 6 (mean ± SD: 2.42 ± 2). According
to the total score, 47.3% of the respondents were in the positive
attitudes group (total score ≥3), and 52.7% were in the negative
attitudes groups (total score<3). Only education (P= 0.045) was
introduced to the binary logistic regression model for attitudes
(Figure 1). The results showed that farmers with higher levels of
education were more likely to be in the positive attitudes group
(Table 4).

With regard to practices, almost all of the farmers reported
that they frequently consulted with a veterinarian about
anthelmintic treatments. Whole flock treatments were frequently
practiced, and fecal samples were rarely collected to estimate
helminth burdens. Only 30.6% of the farmers read the drug
manufacturers’ instructions, and only 21.9% adhered to meat and
milk withdrawal times after anthelmintic treatment. Throwing
infected offal with cysts and parasites for dogs and cats
was practiced to some extent by 61.3% of farmers (Table 3).
According to the total scores, 44% of the respondents adopted
poor practices in regards to preventing parasitic infections and
AR mitigation. Total practices scores ranged from 7 to 31 (mean
± SD: 15.3 ± 4.4). A total of 33.1% of farmers were in the good
practices group (total score 17 to 31), 28.1% were in the fair
group (total score 14–16) and 38.8% were in the poor group
(total score <14). Age (P = 0.149), education (P < 0.001), and
herd size (P = 0.105) were associated with practices groups in
the univariable analysis (Figure 1). Using multivariable ordinal
logistic regression analysis, only education showed a significant
relationship with practices in the final model (Table 4). Farmers
with higher education were more likely to be in the better
practices groups.

Spearman’s rank correlation coefficients showed that total
knowledge score have significant positive associations with both
attitudes (rs = 0.20, P = 0.015) and practices scores (rs = 0.29,
P < 0.001). The correlation between attitudes and practices
scores was not significant (rs = 0.15, P = 0.079). The calculated
Cronbach’s alpha for items in the knowledge, attitudes, and
practices modules were 0.67, 0.48, and 0.61, respectively.

The results of the additional questions on practices showed
that feeding livestock with medicinal plants for anthelmintic
treatment was uncommon; and that only 50% of the 92 farmers
who kept sheepdogs, treated them for helminths. Albendazole
(99%) and ivermectin (83%) were the most commonly used
anthelmintic drugs, followed by niclosamide (68.5%), rafoxanide
(68.3%), levamisole (61.8%), closantel (55.2%), and praziquantel
(33.8%). Most farmers declared they practiced anthelmintic
treatment in their flocks or herds only when recommended by a
veterinarian (71%), while others reported using these drugs with
various regular intervals in each year, for example once a year
(19.4%), twice a year (14.6%), or four times a year (5.4%). Also,
15.4% of the farmers reported that they treated their livestock
whenever they considered it to be necessary. In response to the
question what will you do if you realize that the administered
anthelmintic is not effective, 95% of the respondents answered
that they would consult with a veterinarian. Responses also
included increasing the dose (36.7%), changing the drug (22.7%),
and slaughtering or selling the animals (11.4%). In this section
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TABLE 3 | Knowledge, attitudes, and practices of farmers (n = 150) in the study regarding parasitic diseases and AR in Hamedan province, 2019.

Knowledge True False Do not know

• Helminths develop resistance because of non-principled use of anthelmintics 43.0 2.7 54.0

• One drug can be used for several types of helminth infections 54.1 33.1 12.8

• Newley arrived livestock should be quarantined for a reasonable period of time. 75.8 2.0 22.1

• Up to 67% of flocks might have livestock with worms resistant to levamisole and albendazole 12.2 2.0 85.8

• Rotational use of anthelmintics could prevent emergence of AR 43.2 0 56.8

• Sheep, goats and cattle might share some parasites 88.6 0 11.4

• Milk and meat of livestock should not be used for a period after anthelmintic treatment 52.3 4.0 43.6

• Some helminth infections are zoonotic 43.9 1.4 54.7

• Shared pasture grazing can lead to transmission of parasites among different flocks 83.9 8.7 7.4

Attitudes Agree No idea Disagree

• AR is a serious problem in Iran 36.5 60.1 3.4

• One of the main causes of AR is application of non-prescribed anthelmintics 60.7 36.0 3.3

• Manufacturers’ instructions should be read for every drug 96.7 2.6 0.7

• It is good to consult with a veterinarian before deciding any treatment 99.3 0 0.7

• More expensive anthelmintics work bettera 51.0 9.4 39.6

• Imported anthelmintics work better in comparison with domestic productsa 59.3 12.0 28.7

Practices Always/usually Some times Rarely/never

• I consult my veterinarian regarding anthelmintic treatment 48.7/44.7 3.3 0/0

• I treat the whole flock upon observation of general signs of helminth diseasesb 39.3/51.7 8.3 0.7/0

• I send fecal samples to the laboratory for diagnosis of helminths 0.7/1.4 1.4 4.1/92.4

• I read manufacturers’ instructions for every drug before its application 13.9/16.7 8.3 30.6/30.6

• I use all types of anthelmintics (liquid, bolus, injectable)b 38.7/46.0 10.0 2.7/0

• I consider meat and milk withdrawal time after anthelmintic treatment 8.2/13.7 16.4 40.4/21.2

• I will treat my flock if helminth parasitism is diagnosed by veterinarian in a neighboring flockb 39.3/44.8 6.79 6.2/2.8

• I use same drug for treatment of different diseases with similar signsb 5.5/56.8 29.5 6.2/2.1

• I quarantine newly bought livestock 6.8/7.5 14.4 25.3/45.9

• I feed dogs and cats with infected offal with cysts and parasitesb 3.3/8.0 24.0 22.0/38.7

Numbers are in percentage.

There were a few cases of missing values for some questions. Only valid percentages are presented in the table.
aExcept these two statements, other items in the Attitudes section were regarded as positive attitudes.
bScoring in the Practices section was 4, 3, 2, 1, and 0 for always, usually, sometimes, rarely and never for all items, except these five statements which reverse scoring was used

for them.

totals could exceed the number of enrolled farmers because
options were not exclusive choices.

DISCUSSION

Obtaining insights into factors that drive farmers’ decisions
is necessary in order to develop sustainable parasite control
strategies. In this study, KAP of farmers in Hamedan province,
Iran regarding parasitic diseases and AR mitigation was assessed.
Chronbach’s alpha was calculated for each section concerning
knowledge, attitudes and practices to ensure consistency.
According to a wide range of different qualitative descriptors
which was used to interpret the Chronbach’s alpha values (15), the
values were reasonable for knowledge, satisfactory for practices
and acceptable for attitudes.

Farmers in this survey were mostly middle-aged males
with relatively low education, consistent with the general
demographics of livestock keepers in Asia and Africa (16,
17). Education level had a significant association with farmers’
awareness about AR, as well as their knowledge, attitudes and

practices toward sustainable worm control. Farmers who kept
the most livestock were better informed about the concept of
AR mitigation. However, age of farmers, years of husbandry
experience and type of livestock were not associated with
their understanding of AR. In contrast, in a recent study
from Iran that assessed KAP of small ruminant farmers, an
association was observed between experience and the total
number of animals each farmer owned, and understanding
regarding several infectious diseases (17). This may imply that
Iranian farmers are more familiar with visible clinical signs in
their livestock (for example, mortality, lameness, skin lesions,
etc.) than with subclinical losses (for example, resulting from
helminth parasitism as a result of poor drug efficacy). More
than half of the farmers in the present study had heard
about AR from other farmers, but most expressed an interest
in working with veterinarians to share reliable information
and advice regarding anthelmintic treatments. Low levels of
education in farmers is considered to be a serious constraint
in effective worm control (5). Agriculture-related education can
positively influence perceptions of AR risk (7), and in the present
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FIGURE 1 | Distribution of knowledge, attitudes and practices according to various explanatory variables for farmers (n = 150) in the study regarding parasitic

diseases and anthelmintic resistance in Hamedan province, 2019.
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TABLE 4 | Results of multivariable ordinal logistic regression analyses for factors associated with knowledge, attitudes and practices of farmers (n = 150) in the study

regarding parasitic diseases and AR in Hamedan province, 2019.

Parameters β SE Odds ratio 95% Confidence Interval P-value

Knowledgea

Constant 1 −1.588 0.428 – – –

Constant 2 −0.428 0.406 – – –

Education

Illiterate −1.466 0.474 0.231 0.092, 0.578 0.002

Primary school −0.796 0.490 0.451 0.174, 1.167 0.101

Middle school −0.799 0.485 0.450 0.172, 1.176 0.103

High school and above (ref) – – – – –

Herd size

<10 −1.568 0.541 0.208 0.078, 0.556 0.002

11–49 −0.590 0.352 0.554 0.276, 1.114 0.098

>50 (ref) – – – – –

Attitudesb

Constant 1 0.588 0.394 – – –

Education

Illiterate −1.194 0.491 0.303 0.116, 0.794 <0.001

Primary school −0.300 0.522 0.741 0.266, 2.060 0.053

Middle school −0.944 0.526 0.389 0.139, 1.091 0.013

High school and above (ref) – – – – –

Practicesc

Constant 1 −2.592 0.494 – – –

Constant 2 −1.138 0.454 – – –

Education

Illiterate −2.657 0.550 0.070 0.023, 0.210 <0.001

Primary school −2.939 0.586 0.053 0.016, 0.170 <0.001

Middle school −1.447 0.563 0.235 0.077, 0.719 0.011

High school and above (ref) – – – – –

aModel information for knowledge in three groups, poor, fair, and good: −2log Likelihood change = 23.60, df = 5, P < 0.001; Goodness of fit Pearson chi-square = 28.04, df = 17, P

= 0.044, Test of parallel lines chi-square = 3.801, df = 5, P = 0.578. bModel information for attitudes in two groups, positive and negative attitudes: −2log Likelihood change = 8.14,

df = 3, P = 0.043; cModel information for practices in three groups, poor, fair, and good: −2log Likelihood change = 37.626, df = 3, P < 0.001; Goodness of fit Pearson chi-square =

1.601, df = 3, P = 0.659; Test of parallel lines chi-square = 1.534, df = 3, P = 0.674.

study, extension courses of the Ministry of Agriculture were
a principal source of information for farmers. It is, therefore,
recommended that regular country-wide classes should be held to
educate farmers on the evidence-based principles of sustainable
helminth control.

Herd size had significant positive associations with the
total knowledge scores of farmers of Hamedan and with
their awareness regarding parasites and AR. Consistent with
our results, in a recent study from Iran, owners of larger
flocks and herds had considerably better understanding of
enterotoxaemia, sheep and goat pox, and foot-and-mouth
disease (17). Larger herd and flock sizes are usually associated
with higher stocking densities, increased pasture helminth
larval contamination, a higher parasite infection pressure,
and more frequent anthelmintic treatments. In a Canadian
study, sheep flock size was not considered to be a risk
factor for AR (18), but most of the flocks would have been
larger than those in the current study, and their grazing
management would have differed with regards to helminth
infection pressures.

Less than half of the farmers were aware of zoonotic
transmission of parasites from livestock although infection of
humans with Trichostrongylus and Fasciola species is regularly
reported from different regions of Iran (19, 20). Throwing
infected offal with cysts and parasites for dogs and cats was
practiced to some extent by 61.3% of farmers, and only 50% of
the farmers in this study treated their sheepdogs for helminths.
Canine-borne metacestodes of Taenia species i.e., cysticercus
ovis, cysticercus tenuicollis, and coenurus cerebralis, as well as
sarcocystosis, are prevalent in livestock of different regions of the
country (21, 22) with no estimation of their direct (condemnation
of infected organs and carcasses) and indirect (production losses)
economic complications. However, the most important zoonotic
disease in Iran with an estimated annual monetary burden of
US$232.3 million is cystic echinococcosis (23). The weighted
prevalence of hydatidosis in animal and human intermediate
hosts reach 15.6 and 5%, respectively (24, 25). Livestock in Iran
are mainly slaughtered in industrial abattoirs with standardized
protocols for condemnation of infected organs, but farmers in
remote areas slaughter their own sheep and goats. Our findings
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highlight the need for public health education and knowledge
dissemination on zoonotic diseases.

More than half of the farmers in Hamedan had a perception
that more expensive and “foreign-branded” anthelmintics work
better. Interestingly, it has been shown that consumers often
believe and, therefore, judge lower-priced items to be of lower
quality (26). Nevertheless, studies of the comparative efficacy of
local and “foreign branded” albendazole (10) and levamisole (9)
in Iran revealed no significant difference between them.However,
despite high levels of nationalism and preference for indigenous
manufacturers, attitudes of Iranian consumers toward buying
“foreign-made” products have been reported (27, 28). In
recent years with increases in economic sanctions imposed on
Iran, products of internationally well-known pharmaceutical
companies have greatly decreased in the market. Based on the
author’s experience, livestock farmers are willing to pay more
for “foreign-branded” drugs that are sometimes low quality or
are fake. It is necessary to regularly test the efficacy of Iranian
branded drugs in the field to bring trust to farmers.

In the present study over 60% of farmers stated that
they neither read anthelmintic drug manufacturers’ instructions
before administration, nor considered meat and milk withdrawal
periods. This is a common problem in developing countries
around the world, for example in Tanzania where cattle
farmers did not observe withdrawal periods in anthelmintic
treated animals (5). Each anthelmintic of ruminants has a
certain withdrawal period time within which the drug and
its metabolites are deposited in meat and secretions of the
livestock such as milk and should not be consumed (29). In Iran
determination of antibiotic residues in milk is not obligatory by
government, but as majority of dairy companies request daily
results from laboratories, farmers are careful not to sell milk
after administration of antibiotics. However, although hazardous
effects of anthelmintics for human health has been shown (30),
there are no regulations in Iran for monitoring residues of
commonly used drugs such as albendazole and ivermectin inmilk
and meat.

Quarantine was never or rarely practiced by 71.2% of
farmers in this study, although one of the recommendations
for sustainable helminth control including AR mitigation
is implementing an effective quarantine strategy (31). It is
recommended that new animals should be drenched with an
effective anthelmintic and released to the common pastures after
a fecal egg count reduction test (3). However, the costs of this
may not be justified within the economic framework of livestock
farming, highlighting the need to present sustainable helminth
control practices in a way that can be practically integrated into
farmers’ businesses.

Finally, as a limitation of the present study, it should be
noted that bias in questionnaire surveys is an important issue
in public health research and has three main sources: design
of each question; design of a questionnaire as a whole; and
the way the questionnaire is administered (32). In the present
study, we tried to minimize bias by carefully designing each
question and pre-testing the questionnaire using both farmers
and veterinarians as respondents. However, in the knowledge
section of the questionnaire, all “true” options were correct

answers and this may be a potential source of response bias.
Furthermore, it should be acknowledged that some sources of
bias such as response bias due to self-reported data may be
inevitable or difficult to control. It has been shown that this
type of bias may occur in self-reported attitudes and practices
for various reasons such as when the participant wants to look
good in the survey, even if the survey is anonymous (33). The
results of the present work, therefore, may suffer from social
desirability bias.

In summary, the results of this study show that although
the knowledge and attitudes of most of the farmer participants
in Hamedan province, Iran were acceptable; 44% adopted poor
practices regarding parasite control and AR mitigation. This
discrepancy between knowledge and practice raises various
challenges and opportunities, for example surrounding the
use of non-prescribed anthelmintics, monitoring of parasitic
infections, and considering drug withdrawal periods. The
study highlights the principle that increased knowledge and
positive attitudes do not necessarily result in positive change
in farmers’ behaviors. Sustainable helminth control strategies
in Iran must take into account the factors that govern why
farmers’ make decisions concerning their businesses. More
farm veterinarians with relevant interests and expertise are
needed as influential sources of advice on sustainable helminth
control. Regulatory supervision of anthelmintic drug sales to
farmers would be helpful in this process of knowledge and
understanding transfer.
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