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ABSTRACT

Background and Aim: Ticks and tick-borne diseases (TBDs) remain a major constraint to cattle production, responsible for
substantial economic losses through reduced productivity, increased treatment costs, and high mortality. Beyond livestock
impacts, ticks transmit a range of zoonotic pathogens, posing significant health risks to communities in close contact with
cattle. Despite Borno State having the largest cattle population in Nigeria, there is no prior documentation of cattle farmers’
knowledge, attitudes, and practices (KAP) regarding ticks, TBDs, and their zoonotic implications. This study aimed to assess
farmers’ awareness, preventive behaviors, and tick-control strategies, while evaluating the influence of formal and informal
education on these variables.

Materials and Methods: A cross-sectional descriptive KAP survey was conducted among 492 cattle farmers across Maiduguri
Metropolitan Council and Jere Local Government Area between November 2024 and February 2025. Data were collected
using a semi-structured and pre-validated questionnaire translated into local languages. Descriptive statistics summarized
KAP, while Chi-square tests assessed associations between education and key outcome variables (significance level: p <0.05).

Results: Most farmers (77.2%) reported observing ticks on their cattle, and 82.9% recognized their role in livestock disease
transmission. Tick occurrence was highest during the rainy season (83.7%). Although awareness of livestock TBDs was high,
more than half (54.4%) were unaware that ticks transmit diseases to humans. A large proportion (59.8%) reported previous
tick bites, but only 10.2% sought medical care afterward. Combined control through acaricides and handpicking was the
predominant practice (78.9%). Significant differences between formally and informally educated farmers were observed for
lesion recognition after tick bites (x> = 128.04; p < 0.001), tick-control method (x> = 26.30; p < 0.001), frequency of handpicking
(x*> =44.27; p £0.001), and acaricide application methods (x*> = 57.45; p < 0.001).

Conclusion: Farmers demonstrated good knowledge of ticks and livestock TBDs but exhibited low awareness of zoonotic risks
and poor health-seeking behavior following tick bites. Strengthening public health education, promoting protective practices,
and integrating zoonotic TBDs into One Health policies are essential to reducing risks among high-exposure populations.

Keywords: acaricide use, Borno State, cattle farmers, knowledge, attitudes, and practices, Nigeria, One Health, tick-control
practices, tick infestation, tick-borne diseases, zoonotic infections.

INTRODUCTION

Livestock production, particularly cattle farming, plays a central role in Nigeria’s agricultural economy. This
sector contributes approximately 15%—20% to the agricultural gross domestic product (GDP) and 5%—6% to the
national GDP [1]. Borno State has the largest cattle population in the country, with over 2 million of the national
total of 16 million cattle, and nearly 70% of its population depends on agriculture for their livelihood [2]. Among
all livestock species, cattle remain the most economically valuable, serving as a major source of income for farmers
and other actors across the value chain [3, 4] and as a vital source of animal protein in Nigeria [5]. Borno State
also hosts the largest cattle market in Northeastern Nigeria, where livestock are traded and transported across
the country. Its strategic location bordering Cameroon, Niger, and Chad strengthens its role as a major livestock
trade hub [6]. Despite relying largely on traditional methods of cattle farming and processing, the sector continues
to sustain thousands of households [7].
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Ticks are regarded as the second most important group of disease vectors after mosquitoes [8], and their
global importance has long been recognized for their significant impact on human and animal health [9].
Approximately 80% of the global cattle population is affected by ticks, resulting in significant economic losses due
to reduced body weight, decreased milk production, and increased control costs [10]. These impacts are of
considerable economic importance and directly limit cattle farmers’ productivity [11]. As obligate blood-feeding
parasites, ticks require a blood meal at every life stage, and their high reproductive capacity, efficient feeding
mechanisms, and protective exoskeleton contribute to their widespread distribution and resilience in harsh
environments [12, 13]. More than 899 tick species have been identified, and they transmit pathogens including
protozoa, bacteria, viruses, and rickettsiae [14]. Of particular medical and veterinary importance are ticks in the
family Ixodidae, especially the genera Dermacentor, Ixodes, Rhipicephalus, and Hyalomma [9]. Major tick-borne
diseases (TBDs) affecting cattle in the study area include anaplasmosis, babesiosis, and theileriosis, although
estimating their prevalence remains difficult due to the limited use of confirmatory diagnostic tools and weak
surveillance systems.

Beyond pathogen transmission, ticks also cause indirect harm through irritation, allergic reactions, blood loss
(anemia), toxicosis, and, in severe cases, tick paralysis [15]. Several tick-transmitted pathogens can infect humans,
causing zoonotic diseases such as babesiosis, ehrlichiosis, Lyme borreliosis, human granulocytic anaplasmosis, and
Crimean—Congo hemorrhagic fever (CCHF) [16, 17]. Individuals engaged in cattle rearing are at particularly high-
risk due to frequent exposure during grazing and manual tick removal, which remains a common traditional
practice among pastoralists [18]. Because vaccines and prophylaxis are unavailable for most TBDs, prevention
remains the most effective strategy. Recommended measures include wearing protective clothing, using
appropriate footwear, applying insect repellents, and avoiding grazing areas with high tick density [19-22]. Tick-
borne zoonotic pathogens are generally underdiagnosed in humans across Africa, particularly in Nigeria, where
detection is more common in ticks or livestock blood than in clinical human cases [23]. Documented pathogens
include Rickettsia africae, Rickettsia aeschlimannii, Rickettsia conorii, Rickettsia massiliae, Ehrlichia ewingii,
Ehrlichia chaffeensis, and Babesia divergens [16]. To date, CCHF remains the only confirmed TBD reported in
humans in Nigeria [24]. Spotted fever group (SFG) rickettsioses, caused by members of the Rickettsiae group, are
of particular public health concern and are among the most frequently diagnosed febrile illnesses in travelers
returning from Sub-Saharan Africa.

Zoonotic diseases collectively account for more than 2.5 billion human infections and an estimated 2.7
million deaths annually [25]. The One Health framework, which recognizes the interconnectedness of human,
animal, and environmental health, is therefore essential in preventing and controlling TBDs. The World Health
Organization defines One Health as an integrated, interdisciplinary strategy for addressing public health
challenges at the human—animal-environment interface, emphasizing multisectoral collaboration to ensure
effective research and public health programs [26]. The origins of the One Health concept date back to 1850 when
Rudolf Virchow introduced the term “One Medicine” while studying the lifecycle of Trichinella spiralis, recognizing
the zoonotic nature of diseases [27]. Over time, the One Health approach has been instrumental in outbreak
response and zoonotic disease control, including rabies prevention in Sri Lanka and Bangladesh [28], and in
managing outbreaks of Hendra virus, Middle-East respiratory syndrome coronavirus, Zika virus, diphtheria
pertussis and tetanus, and severe acute respiratory syndrome coronavirus 2. Its core principles, unity, teamwork,
and transparency, are critical for addressing emerging health threats at the human—animal-environment
interface.

Ticks belonging to the families Argasidae and Ixodidae have been reported in the study area [29]. Although
some progress has been made in cattle production systems, the sector in Borno State remains largely traditional,
with most farmers using extensive or semi-intensive methods. Continuous year-round grazing in tick-infested
environments increases farmers’ and animals’ risk of exposure and infection [30].

Despite the large cattle population in Borno State and the high-risk of tick exposure among pastoral and
semi-intensive production systems, there is a notable lack of empirical data on cattle farmers’ knowledge,
attitudes, and practices (KAP) regarding ticks, TBDs, and their zoonotic implications. Existing studies in Nigeria and
other African regions have primarily focused on morphological identification of ticks, prevalence of tick species,
and detection of tick-borne pathogens in animals, with limited emphasis on the human health dimension.
Furthermore, zoonotic TBDs are severely underdiagnosed and under-reported in Nigeria due to low clinical
suspicion, inadequate surveillance, and diagnostic limitations. No published work has previously evaluated the
level of awareness, preventive behavior, risk perception, and tick-control practices of cattle farmers in Borno
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State, despite their high-exposure resulting from year-round grazing and manual tick removal practices. The
influence of formal versus informal education on farmers’ knowledge and behavior regarding tick-control and
zoonotic risks also remains unexplored. This gap restricts the ability of public health stakeholders, veterinarians,
and One Health authorities to design targeted interventions, risk communication strategies, and community-level
health education programs.

This study aimed to conduct a comprehensive assessment of cattle farmers’ KAP concerning ticks, TBDs, and
associated zoonotic risks in Borno State, Nigeria. Specifically, the study sought to (i) evaluate farmers’ awareness
of tick identification, seasonal abundance, and the impact of tick infestations on cattle productivity; (ii) determine
their understanding of the zoonotic potential of tick-borne pathogens and their health-seeking behavior following
tick bites; (iii) document current tick-control strategies and preventive practices employed in the study area; and
(iv) examine the influence of educational status, formal versus informal, on farmers’ KAP outcomes. By addressing
these objectives, the research aims to generate evidence-based insights to support the development of targeted
public health education programs, strengthen tick-control interventions, and inform One Health strategies to
reduce both animal and human health risks associated with tick exposure in Borno State.

MATERIALS AND METHODS
Ethical approval

Ethical approval for this study was obtained from the Borno State Research Ethics Committee, Borno State,
Nigeria (Approval Ref. No. 011/2023). All procedures involving human participants were conducted in accordance
with the ethical principles outlined in the Declaration of Helsinki, the Council for International Organizations of
Medical Sciences (CIOMS) International Ethical Guidelines for Health-Related Research Involving Humans, and
relevant national research regulations. Before data collection, the objectives, procedures, potential risks, and
expected benefits of the study were clearly explained to each participant in their preferred language (Hausa,
Kanuri, Fulfulde, or English).

Written informed consent was obtained from all respondents before participation. For participants who
were unable to write, verbal consent was documented in the presence of an impartial witness. Participation in
the study was entirely voluntary, and participants were informed of their right to withdraw at any stage without
penalty. Confidentiality and anonymity were strictly maintained by removing all personal identifiers from the data
collection instruments, storing questionnaires securely, and restricting data access to the research team only.
Unique identification codes were used in place of names to protect participants’ identity.

To ensure responsible data handling, completed questionnaires were stored in locked cabinets and
password-protected digital files accessible only to authorized research personnel. No biological samples were
collected, and the study posed minimal risk since it involved only interview-based data collection. The research
team ensured that sensitive information was handled respectfully and privately, especially when discussing health
experiences, tick bites, or zoonotic disease concerns.

Approval from local authorities and community leaders was also obtained to facilitate culturally appropriate
engagement with cattle farmers. All enumerators received mandatory training on research ethics, confidentiality,
informed consent procedures, and non-coercive interviewing techniques before fieldwork commenced. Findings
from the study will be responsibly disseminated to stakeholders, including local communities, veterinary
authorities, and public health agencies, without compromising the anonymity or privacy of participants.

Study period and location

The study was conducted between November 2024 and February 2025 in Maiduguri Metropolis, Borno State,
Nigeria. This area is situated between latitudes 11°46' and 11°54'N and longitudes 13°06' and 13°14'E [31]. The
region is predominantly hot, with temperatures ranging from 35°C to 40°C for most of the year. Rainfall is limited,
occurring mainly between July and September, with an average annual precipitation of 647 mm. The largest urban
center in Northeastern Nigeria, the Maiduguri Metropolis, consists of the Maiduguri Metropolitan Council (MMC)
and Jere Local Government Area (LGA) with an estimated population of 1,112,449 inhabitants [32]. It is described
as roughly circular, covering an area of approximately 208 km?2. These LGAs were selected based on their state
representativeness, high livestock density (especially cattle), and relative safety. A simple random sampling
technique using balloting was then employed to select wards for the respondents. The geographic coordinates of
the MMC are approximately 11°50'N and 13°09’E. The Jere area falls within the latitude range of 11°40' to 12°05'N
and the longitude range of 13°05’ to 12°20’E. Figure 1 shows the study area and the distribution sites of the
questionnaire.
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Study design

This cross-sectional descriptive study was conducted during the dry season. This timing was chosen primarily
due to improved accessibility to farmsteads, which are mainly located outside urban areas. A standardized
interview guide and semi-structured format ensured uniformity across interviews, with only the language of
administration varying to accommodate participant preferences. Enumerators were recruited based on their
competency and previous experience in similar surveys. The participants received additional training on research
ethics and interview techniques, with further skill refinement through mock interviews and participation in the
pilot study. Strict monitoring by supervisors helped ensure the resolution of field-related issues in real time. The
research team implemented a standardized checklist to monitor adherence to the study protocol and conducted
daily debriefings throughout data collection to ensure consistent quality assurance. The interviewers
administered the questionnaires. Before the study, the personnel received professional training on administering
the questionnaires effectively, ensuring unbiased responses without leading the respondents. The data cleaning
process in this study involved routine field supervision to ensure strict adherence to the survey protocol and
guestionnaire completeness. In cases where information was missing, the respondents were re-contacted using
the phone numbers provided on each questionnaire to fill in the gaps. The survey data were entered daily into an
Excel spreadsheet. Incomplete questionnaires were excluded from the analysis if follow-up was unsuccessful.
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Figure 1: A graphical representation of Borno State, indicating the areas (highlighted in green) where the questionnaires were
distributed. The areas highlighted in green represent the two local government areas where the questionnaires were
administered. The blue-shaded regions indicate water bodies marked by the Lake Chad Basin. The black boundary outlines
the state, which shares international borders with Cameroon, Chad, and the Niger Republic.

Sample size and sampling technique

A sample size of 346 participants was calculated using the Epi Info™ software version 7 designed by the
Center for Disease Control to ensure statistical validity at a 95% confidence interval, allowable error of 5%, and a
perception of a 10% non-response rate [33]. In the absence of available data on cattle farmers’ knowledge and
attitude in the study area, a presumed prevalence of 50% was adopted for the estimation. A cross-sectional study
was conducted in two LGAs of Borno State, Nigeria: MMC and Jere LGA. A semi-structured questionnaire was
distributed to the participants using a convenience sampling method. This study employed a mixed or multistage
sampling approach. Initially, two LGAs were selected, followed by the random selection of wards using a simple
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random sampling method. Respondents were then recruited within the selected wards using a convenience
sampling technique. In convenience sampling, participants are chosen because they are readily accessible and
available. Its main limitations lie in restricted generalizability and potential bias. However, in this study, efforts
were made to mitigate these issues by diversifying data collection by employing multiple recruitment strategies
and varying the data collection time throughout the day. To assess the consistency and accuracy of the data,
multiple samples were collected from different groups. An increase in sample size was used to minimize the
sampling error. A total of 500 questionnaires were administered within the study area to meet the sample size
requirements and further increase the reliability of the survey results.
Eligibility criteria

To be eligible for inclusion in the study, participants had to be cattle farmers and at least 18 years old at the
time of data collection and reside within the study area. Participants were excluded from the study if they were
under the age of 18, did not reside in the selected communities (MMC and Jere), were not directly involved in
livestock rearing, were unable to communicate in the study languages (Hausa, Kanuri, Fulfulde, or English), had
cognitive impairments affecting their ability to provide informed consent, or declined to participate.

Questionnaire design and validation

The questionnaire is composed of 28 carefully planned questions, each addressing a core objective of the
research. The questionnaire was adapted from a validated KAP survey [30] and further reviewed by a
multidisciplinary panel including epidemiologists, veterinarians, extension workers, health personnel, and cattle
farming community leaders to ensure that it was culturally appropriate and met the study’s objectives. Section A
focused on the respondents’ sociodemographic characteristics, including age, LGA, herd size, management
system, level of education, and years of experience. All responses in this section were categorized, allowing
respondents to choose the most appropriate option. Section B comprised 9 questions focused on assessing the
respondent’s knowledge of ticks and TBDs. Responses were categorized for ease of selection, as in Section A.
Section C examined the attitudes of the respondents toward ticks and TBDs, containing 7 questions with
structured, categorical responses. Section D emphasized the practices of cattle farmers in controlling ticks and
TBDs, also comprising seven questions with predefined response options.

Experts in epidemiology and representative end users reviewed the questionnaire for face and content
validity, focusing on the accuracy of its KAP sections. The review provided constructive feedback, and the
corresponding corrections were applied. Post-review, the questionnaire underwent pilot testing with a group of
30 participants to assess its clarity, validity, and reliability. All participants received a clear explanation of the
study’s objectives before providing their written informed consent. The pilot study data were analyzed to assess
internal reliability using Cronbach’s alpha, resulting in a moderately high value (a = 0.65). Participation was
voluntary, and respondents were free to withdraw at any time during the pilot and main study.

Translation and cultural adaptation

The initial questionnaire was drafted in English. However, due to the multilingual nature of the study area,
trained translators translated it into the major local languages Kanuri, Hausa, and Fulfulde. The translated
guestionnaires were reviewed and subsequently returned to the multisectoral team of experts to ensure that the
translations accurately reflected the original meaning without altering the questions or introducing bias.
Community leaders and representatives of cattle farmers were involved in the process to ensure the
guestionnaire was accurately translated and culturally adapted to reflect local values and perspectives. Including
community members in the process was essential for maintaining ethical standards and preventing potential
misinterpretations that could undermine the study’s goals. Two bilingual professionals conducted the forward
and backward translations. A panel of experts reviewed the translations to ensure that the questionnaire’s clarity
and contextual relevance were retained.

Statistical analysis

After completion, questionnaires were collected from the respondents and manually checked and filtered to
ensure clarity. A structured data entry protocol was adopted to ensure accuracy and consistency. Data were
entered independently by two trained personnel (double entry) into Microsoft Excel version 16.0 (2025)
(Microsoft, Washington, USA). A reconciliation process was then performed to resolve any inconsistencies
between the two datasets with reference to the original survey instruments. Some responses were converted into
percentages (%) to represent their frequency among all respondents. Associations and differences between
educational status, demographic characteristics, and KAP were determined using the Chi-square (x?) test. The
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significance level was set at 0.05; p-values below this indicate statistical significance (p < 0.05). Each respondent
appeared in the contingency table only once, maintaining the independence of observations. The analysis was
limited to categorical variables, as required for the Chi-square test. All statistical computations, including Chi-
square tests, were performed using the Statistical Package for the Social Sciences 26.0 (IBM Corp, Chicago, IL,
USA). Data were presented using charts generated in Microsoft Excel (version 16.0 (2025).

RESULTS
Questionnaire distribution and response rate

A total of 500 questionnaires were distributed to respondents, and 492 were returned, yielding a refusal rate
of 1.6%. The data collected from the returned questionnaires were used in the analysis to further improve the
reliability and precision of the study, even though the sample size exceeded the estimated sample size. Since all
the survey respondents were male, gender was not considered in the demographic analysis. Figure 2 presents a
comprehensive overview of the respondents’ sociodemographic characteristics, including age, LGA, herd size,
management system, years of experience, and educational level. These factors provide valuable insight into the
demographic composition of the study respondents.

Sociodemographic characteristics of respondents

The data from the study indicate that the largest age group among cattle farmers is the youth (18-25 years),
comprising 318 respondents (64.3%), while the older group (26 years and above) accounts for 174 respondents
(35.4%), as displayed in Figure 2. The MMC recorded the highest number of cattle farmers, with 272 (55.3%),
compared to Jere LGA, which had 220 (44.7%). Regarding herd size, the category of 51-100 cattle had the highest
number of respondents, totaling 310 (63.0%), followed by the 10-50 category with 70 respondents (14.3%). The
smallest group was those owning 101 or more cattle, with 56 (22.7%) respondents.
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The extensive system of cattle management was the most practiced, reported by 244 respondents (46.9%),
followed by the semi-intensive system with 144 respondents (29.3%), while the intensive system was the least
practiced, with 104 respondents (21.1%). Regarding farming experience, the majority of the 328 respondents
(66.7%) had 6—10 years of experience. Those with 11 years or more accounted for 124 respondents (25.2%), while
only 40 (8.1%) had 1-5 years of experience. Educationally, 292 respondents (59.3%) had received informal
education, while 200 (40.7%) had received formal education.

KAP of cattle farmers

In this study, 380 (77.2%) respondents reported seeing ticks on their cattle, with 200 (40.7%) indicating that
young animals had the highest tick prevalence, underscoring the widespread presence of ticks in the study area
(Table 1). In addition, 270 (54.9%) respondents reported observing colored ticks on their animals, compared with
222 (45.1%) who reported non-colored ticks. Most respondents, 412 (83.7%), reported an increase in tick
populations during the rainy season, reflecting seasonal abundance.
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The survey further revealed that 376 (76.4%) respondents acknowledged the negative impact of TBDs on
cattle productivity, while 430 (87.3%) reported that their cattle had been infected by such diseases. Regarding
zoonotic awareness, 268 (54.4%) respondents were aware of the role of ticks in transmitting diseases to humans,
and 260 (52.8%) were familiar with at least one zoonotic TBD. Furthermore, 60 (12.2%) respondents reported
knowing someone who had been hospitalized due to a tick-borne iliness (Table 1).

Table 1: General overview of cattle farmers’ knowledge, attitudes, and practices regarding ticks and tick-borne diseases in
Borno State, Nigeria.

S. No. Variables Number (%)
Knowledge
1. Have you ever seen ticks on your cattle?

Yes 380 (77.2)

No 112 (22.8)
2. Ticks are mostly found in what age category of cattle?

Young 200 (40.7)

Adult 292 (59.3)
3. Do ticks transmit diseases to animals?

Yes 408 (82.9)

No 84 (17.1)
4, What type of ticks have you seen?

Colored 270 (54.9)

Not colored 222 (45.1)
5. What season of the year do you see a high of ticks?

Rainy 412 (83.7)

Dry 80 (16.3)
6. Do tick-borne diseases affect cattle production?

Yes 376 (76.4)

No 116 (23.6)
7. Have your animals been sick due to tick-borne infection disease?

Yes 430 (87.3)

No 62 (12.7)
8. Do ticks transmit diseases to humans?

Yes 176 (35.8)

No 268 (54.4)

| don’t know 48 (09.8)

9. Do you know of any zoonotic tick-borne disease?

Yes 168 (34.1)

No 324 (65.9)
Attitude
11. Have you been bitten by ticks?

Yes 294 (59.8)

No 198 (40.2)
12. What symptom did you or someone notice after being bitten by ticks?

Rash 166 (35.8)

Swelling 192 (39.0)

Nothing 134 (27.2)
13. Have you or someone you know ever fallen sick after exposure to tick bites (fever)?

Yes 128 (26.0)

No 364 (74.0)
14. Have you ever visited a hospital after a tick bite?

Yes 50 (10.20

No 442 (89.8)
15. Are you afraid of a tick bite?

Yes 210 (42.6)

No 282 (57.4)
16. Do you protect yourself from tick bites?

Yes 400 (81.3)

No 92 (18.7)
17. Do you report ticks to a veterinarian?

Yes 336 (68.3)

No 156 (31.7)
Practices
18. What method do you use to control ticks?

Acaricides 58 (11.8)

Handpicking 46 (09.3)

Both 388 (78.9)
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S. No. Variables Number (%)
19. How often do you remove ticks when handpicking is used?
Daily 60 (12.2)
Weekly 148 (30.1)
Monthly 284 (57.7)
20. If you use a chemical, how do you apply it?
Dips 54 (11.0)
Spray 218 (44.3)
2. Injection 220 (44.7)
21. What is the frequency of acaricide application on your farm?
2-4 weeks 68 (13.8)

Regarding the attitudes of the respondents, 298 (59.8%) reported having been bitten by ticks. The most
common symptoms following a tick bite were swelling at the bite site, which was reported by 192 (39.0%)
respondents, and rash, which was reported by 166 (35.8%) respondents. No symptoms at the bite site were noted
by 134 (27.2%) respondents. Tick bites led to illness (typically fever) in 128 (26.0%) respondents, yet only 50
(10.2%) individuals sought medical attention at a hospital.

Interestingly, a significant proportion of the 282 (57.4%) respondents reported not worrying about tick bite
risk. However, 400 (81.3%) patients took protective measures against tick bites, and 336 (68.3%) reported cases
of tick infestation to a veterinarian.

The most common method used to control ticks in the study area involves a combination of manual removal
(handpicking) and chemicals, as reported by 338 (78.9%) respondents. Handpicking is typically performed monthly
by 284 (57.7%) respondents, while chemical control using acaricides is applied every 3 months by 166 (33.7%)
respondents. Regarding the mode of application of synthetic pyrethroids, a significant proportion of respondents
administered these agents by injection (220, 44.7%), followed by sprays (218, 44.3%) and dips (54, 11.0%), the
least common method. Most respondents (286, 58.1%) reported using a single chemical product as an acaricide.
In addition, 466 (94.7%) respondents reported carefully inspecting their clothing and body after handling tick-
infested animals.

Comparative analysis based on educational status

Table 2 shows the results of the analysis, which showed no significant differences across all
sociodemographic factors, including age, LGA, herd size, management system, and years of experience. Similarly,
no significant difference in knowledge levels was observed among respondents across the study area. Knowledge
variables assessed included awareness of tick presence on cattle, the age category of animals most infested,
knowledge of disease transmission to humans, and identification of zoonotic pathogens.

Table 2: Comparative analysis of knowledge, attitudes, and practices of cattle farmers regarding tick-borne diseases and their
zoonotic implications in relation to formal and informal education.

Education
Sociodemographic factors Total Formal Informal Chi-square p-value
n =200 n=292
Age
Young 318 138 180 2.497 0.1140
old 174 62 112
Local government
Maiduguri Metropolitan Council 272 120 152 2.718 0.0992
Jere 220 80 140
Herd size
10-50 70 60 10 179.19 0.0001
51-100 310 56 254
100 above 112 84 28
Management system
Intensive 104 76 28 190.19 0.0001
Semi-intensive 144 100 44
Extensive 244 24 220
Years of experience
1-5 40 12 28 14.50 0.0007
6-10 328 120 208
11 above 124 68 56
Knowledge
Have you ever seen ticks on your cattle?
Yes 380 196 184 80.66 0.0001
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Education
Sociodemographic factors Total Formal Informal Chi-square
n =200 n=292

No 112 4 108

Ticks are mostly found in what age category of cattle?
Young 200 74 126 1.615
Adult 292 126 166

Do ticks transmit diseases to animals?
Yes 408 194 214 45.48
No 84 6 78

What type of ticks have you seen?
Colored 270 40 230 163.19
Not colored 222 160 62

What season of the year do you see a high number of ticks?
Rainy 412 130 282 84.61
Dry 80 70 10

Do tick-borne diseases affect cattle production?
Yes 376 200 176 101.77
No 116 0 116

Have your animals been sickened by tick-borne disease?
Yes 430 188 242 84.61
No 62 12 50

Do ticks transmit diseases to humans?
Yes 176 10 166 183.51
No 268 182 86
I don’t know 48 8 40

Do you know of any zoonotic tick-borne disease?
Yes 168 34 134 42.78
No 324 166 158
Attitude

Have you been bitten by ticks?
Yes 294 16 278 371.75
No 198 184 14

What symptom did you or someone notice after being bitten

by ticks?
Rash 166 48 118 128.04
Swelling 192 136 56
Nothing 134 16 118

Have you or someone you know ever fallen sick after exposure

to tick bites (fever)?
Yes 128 60 68 2.441
No 364 140 224

Have you ever visited a hospital after a tick bite?
Yes 50 40 10 33.92
No 442 160 282

Are you afraid of a tick bite?
Yes 210 156 52 169.38
No 282 44 238

Do you protect yourself from tick bites?
Yes 400 184 216 24.20
No 92 16 76

Do you report ticks to a veterinarian?
Yes 336 174 162 53.01
No 156 26 130
Practices

What method do you use to control ticks?
Acaricides 58 14 44 26.30
Handpicking 46 6 40
Both 388 180 208

How often do you remove ticks when handpicking is used?
Daily 60 6 54 44.27
Weekly 148 46 102
Monthly 284 148 136

p-value

0.2038

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.001*

0.1182

0.0001

0.0001

0.0001

0.0001

0.001*

0.001*
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Education
Sociodemographic factors Total Formal Informal Chi-square p-value
n =200 n =292
If you use a chemical, how do you apply it?
Dips 54 10 44 57.45 0.001*
Spray 218 60 158
What is the frequency of acaricide application on your farm?
2-4 weeks 68 46 22 153.97 0.001*
4-8 weeks 166 106 60
Over 3 months 258 48 210
Do you check your body for ticks after handling tick-infested
cattle?
Yes 466 180 286 0.0003 0.9866
No 26 10 6
Do you use one or more acaricides to control ticks?
One chemical 286 134 152 10.29 0.0013

Several attitude-related variables also showed no significant differences. These included being bitten by
ticks, falling ill after a tick bite, seeking medical attention following a tick bite, fear of tick bites, protective behavior
against ticks, and reporting tick infestation in animals to a veterinarian. However, a significant difference was
observed in the type of lesion after a tick bite (x* = 128.04, p < 0.001), which was associated with respondents'
level of education.

No significant differences were found for some variables, such as checking the body after handling tick-
infested animals and using single or combined chemical acaricides. However, other practices varied significantly
by educational status. These included the methods used to control ticks (x? = 26.30, p < 0.001), frequency of
handpicking (x* = 44.27, p < 0.001), and acaricide application (x? = 57.45, p < 0.001) (Figure 3).

Informal ™ Formal Informal ™ Formal
208 ; 118
Both 40 Nothing 16
Handpicking 6 40 Swelling 56 136
Accaricide 14 44 Rash 48 118
0 50 100 150 200 250 0 50 100 150
Informal m Formal Informal m Formal
injection 90 130 Over 3months 48 210
Spray 60 158 4-8wks 60 106
. 44 . 22
Dips 10 2-4wks 26
0 50 100 150 200 0 50 100 150 200 250

Figure 3: Effect of formal and informal education on cattle farmers’ knowledge, attitude, and practice related to ticks and
tick-borne diseases. (a) Tick-control method. (b) Lesions at bite site. (c) Acaricide application method. (d) Frequency of
acaricide application.

DISCUSSION

Overview of TBDs and study rationale

The devastating impact of ticks and TBDs has been reported in both livestock and humans, leading to
significant economic losses worldwide [34]. This questionnaire-based study examined the KAP of cattle farmers
regarding ticks, tick bites, control measures, and their impact on human health. Despite global reports highlighting
the prevalence of TBDs in both animals and humans, the human aspect of these diseases receives limited attention
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in many developing countries, including Nigeria. These diseases are often underestimated, with numerous
undiagnosed and unreported cases [35]. In many medical facilities in Nigeria and other developing nations, TBDs
are seldom considered possible causes of febrile illnesses or included in the differential diagnosis for endemic
diseases such as malaria and typhoid [16]. This study aimed to address this gap despite the existing challenges.

Sociodemographic characteristics of respondents

All respondents in the study were male, which may be attributed to cattle rearing being traditionally male-
dominated in Nigeria [36]. The male dominance in cattle farming in Nigeria is primarily attributed to cultural and
traditional norms, especially among the Hausa/Fulani communities, which play a central role in livestock
production [37]. Furthermore, this may be attributed to the physically demanding nature of cattle farming, which
is often considered unsuitable for women, particularly given the nomadic or extensive nature of the predominant
farming system. Several studies have previously reported male dominance in cattle farming across various African
countries, including Tanzania [38], Zimbabwe [39], South Africa [40], and Nigeria [41]. This trend is often linked to
the cultural belief that men are better equipped to handle the physical and managerial challenges associated with
feeding, handling, and managing livestock [40, 42, 43].

Youth reliance on cattle farming as a principal source of income was a key finding of this study. This contrasts
with findings from previous studies by Chenyambuga et al. [44], Scholtz et al. [45], and Nnabuife et al. [46], which
reported that most cattle farmers were aged >50 years. This variation may be due to the urban nature of the study
area, in contrast to the rural settings of studies that recorded older farmers. Younger individuals often migrate
from rural to urban areas in search of better opportunities, which may explain their greater involvement in cattle
farming in this context. The study area’s youth predominance suggests a promising future for the agricultural
sector, particularly cattle farming, as it reflects a shift in farmer demographics and a move away from outdated
traditional practices. Young cattle farmers are more inclined to adopt technology, which acts as a catalyst for
positive transformation in the agricultural sector. This development will strengthen cattle farming management,
paving the way for higher productivity. The active involvement of youth in cattle farming promotes sustainability
and continuity, safeguarding the future of the agricultural sector.

Tick infestation patterns and seasonal abundance

Tick abundance during the rainy season has been reported in Nigeria, Ethiopia, and Tanzania [47—-49]. This
study supports those findings, as most respondents reported a high tick prevalence during the rainy season.
Several factors, including rapid vegetation growth, increased humidity, favorable breeding conditions, and
heightened livestock activity, have been associated with this seasonal increase, particularly in semi-intensive and
extensive management systems [50-52]. The rainy season creates an environment conducive to tick reproduction
and survival, thereby increasing the availability of definitive hosts and tick prevalence.

The reduced efficacy of control measures is an important factor contributing to tick abundance. Flooding
during the rainy season often makes certain areas inaccessible, hindering timely animal treatment. In addition,
topical acaricides are frequently washed off by rain, reducing their efficacy and necessitating repeated
applications, thereby increasing livestock production costs [53]. The manual removal of ticks also becomes more
difficult due to the slippery condition of wet animal skin.

Tick species identification and public health risk

To identify the most prevalent tick species in the study area, ornamentation (coloration) was used as a
distinguishing feature to differentiate between ornate (colored) and non-ornate (non-colored) ticks. Many
respondents reported observing colored ticks on their cattle more frequently than non-colored ticks. This finding
aligns with the climatic characteristics of Borno State, which is characterized by consistently high temperatures
throughout the year. Due to their resilient cuticle structure, hard ticks have been reported as the region’s most
widely distributed tick type, as they are better adapted to withstand high temperatures than soft ticks [54].

Several studies have documented the presence of Boophilus spp., Dermacentor spp., Amblyomma spp., and
Hyalomma spp., with Amblyomma spp. being the most common in Borno State. According to Opara and Ezeh [54],
the prevalence of Amblyomma spp. exceeds 50% in both Borno and Yobe States. Amblyomma variegatum, an
ornate (colored) tick species, is a significant vector of TBD transmission to both animals and humans. It transmits
R. africae, a member of the SFG, to humans [55]. This represents a serious public health risk, particularly in areas
where tick-control is primarily through manual removal and awareness of tick-borne zoonoses remains low.

TBD burden in cattle

Respondents overwhelmingly reported observing ticks on their cattle and that these animals had been
diagnosed with or infected by TBDs. These diseases have contributed to declining animal productivity, particularly
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when tick prevention and control strategies were poorly implemented. According to the study, adult cattle
exhibited a higher tick prevalence than young calves. Adult cattle are likely to have more ticks attached to their
bodies because they spend more time on pastures, and their larger surface area provides more opportunities for
attachment [56].

However, although the prevalence of ticks is typically higher in adults, they are more resilient to tick-borne
infections. Adult cattle also have a more developed immune system, which can mount an effective response to
these infections and often act as carriers. Nevertheless, severe infestations can still lead to serious health
problems. In contrast, young animals are particularly vulnerable to tick-borne infections, and heavy infestations
can often be fatal [57].

Current tick-control practices and challenges

Tick-control measures involve the use of acaricides in sprays, dips, and pour-ons. Some limitations of
acaricide use include their toxicity, which can result in animal product residues and environmental pollution [58].
Cost is a major factor influencing the choice of control measures. This explains why respondents with limited
resources often prefer manual tick removal, known as handpicking, which is commonly practiced in Nigeria [47].
The majority of respondents reported using a combination of acaricides and handpicking as their tick-control
method, with acaricides typically applied every 3 months. Manual removal was identified as the most commonly
employed method of tick-control in this study.

In the study, farmers predominantly relied on a single chemical for tick-control rather than using multiple
acaricides in combination, which is important to avoid the development of chemical resistance when a single
chemical is used consistently over a long period. The cost of purchasing acaricides has limited respondents’ use
to a single chemical agent. Respondents often combine a chemical agent with handpicking to minimize costs.

Zoonotic awareness and educational influence

Regarding the zoonotic implications for human health, most respondents were unaware that ticks could
transmit diseases to humans and could not identify any zoonotic tick-borne pathogens. These findings are
consistent with those of Ndhlovu and Masika [59] in Zimbabwe and Nnabuife et al. [46] in Nigeria. A concerning
observation is that over half of the respondents reported having been bitten by ticks. Among these, more than
70% experienced symptoms at the bite site, including rashes and swelling.

The low level of knowledge about tick-borne pathogens among respondents is likely linked to respondents'
educational level, particularly in areas where informal education is predominant. However, some respondents
still lack awareness of zoonotic TBDs despite having undergone formal education. Multiple underlying factors
contribute to the limited awareness observed in respondents with formal education. Most respondents who
received a formal education completed only secondary school, with no advancement into tertiary institutions.
Even at advanced levels, formal education, especially to the tertiary level, lacks in-depth coverage of tick-borne
infestation and zoonotic diseases, unless the learner is engaged in specialized fields such as public health,
epidemiology, or biological sciences.

Furthermore, a lack of integration between human and animal health strategies makes tick-borne zoonotic
diseases a low priority compared with more immediate health threats, especially in areas where cases are seldom
diagnosed. Nnabuife et al. [46] reported low awareness of zoonotic diseases in Jos, Nigeria. In contrast, Ndeerah
et al. [60] found that respondents in Kenya had sufficient knowledge of zoonotic tick-borne pathogens and could
identify several of these diseases.

In developing countries, such as Nigeria, the threat of zoonotic diseases is frequently underestimated, mainly
due to inadequate surveillance and limited epidemiological data [61]. Typically, national health policies prioritize
zoonotic diseases only when they attract global concern or reach epidemic status. Due to the absence of large-
scale outbreaks, zoonotic tick-borne pathogens have attracted little attention from the health sector, resulting in
inadequate public education initiatives.

The low awareness of the disease has also been attributed to multiple factors, such as its often mild or non-
specific symptoms, which complicate diagnosis, and insufficient involvement of the public sector [62].
Sociocultural beliefs that attribute illness to spiritual or ancestral causes undermine awareness of zoonotic risks.
Moreover, the close cohabitation with ticks has led to their normalization as non-threatening. The disconnection
between human and animal health systems is a significant barrier to effective disease monitoring, surveillance,
and public health initiatives.

Human behavior and exposure risk

A previous study by Ndeereh et al. [60] has highlighted human behavior as a critical factor in the transmission
of TBDs to humans, especially in areas with high infection rates and dense populations. Although most

3953



doi: 10.14202/vetworld.2025.3942-3958

respondents reported experiencing lesions at the bite site and fever following tick bites, both of which are
nonspecific symptoms commonly associated with TBD. Additional symptoms, such as nausea and vomiting, are
frequently observed in humans infected with tick-borne pathogens [63].

In our study, a significant percentage of respondents reported not wearing protective clothing when grazing
with their animals, regardless of the season. This, combined with reports that most respondents have experienced
tick bites, which are potential vectors of zoonotic pathogens, raises serious public health concerns. Alarmingly,
only 10.2% of respondents reported visiting a medical facility to seek medical attention despite noticing a lesion
at the bite site or experiencing a fever. This lack of medical follow-up poses a serious public health risk, as
infections may circulate unnoticed and untreated in the study area.

Personal protective equipment (PPE) and prompt body checks, especially in high-risk or tick-dense areas,
have been recommended as effective control measures [20, 64]. There is growing concern that these diseases,
particularly those caused by SFG rickettsiae, may be circulating in the study area. This concern is heightened by
the low level of awareness and inadequate diagnostic facilities in veterinary and human healthcare centers. These
infections may contribute to the commonly reported cases of fever of unknown origin in many medical facilities
in the study area.

Risk factors and educational influence on practices

The study also identified a major predisposing factor for zoonotic infections, in addition to the general lack
of awareness of tick-borne zoonoses. Some respondents shared their living spaces with animals, which
significantly increased the risk of zoonotic infections. This observation aligns with the findings of studies
conducted in Zimbabwe [65], South Africa [40], and Nigeria [46]. Beaujean et al. [66] reported that respondents’
educational level is a potential risk factor for infection. Their report stated that inadequate knowledge undermines
awareness of the dangers of zoonotic TBDs and their implications for human health.

The study revealed that most respondents in the area had attained only informal education, which may have
influenced their level of health awareness. This suggests a high probability that many respondents may be
unknowingly exposed to infection. Regarding respondents’ educational background, no statistically significant
differences were observed across sociodemographic factors or knowledge. However, significant differences were
found in some of their attitudes and practices, especially in the surveyed population’s ability to accurately identify
and clinically describe symptoms at the site of a tick bite. In addition, formal education plays a key role in
influencing the choice of effective tick-control measures.

These findings highlight the importance of education in promoting proper health practices. Therefore, a
public health awareness campaign is crucial to educate the community about the dangers of zoonotic infections
and preventive measures, with particular emphasis on the risk factors involved in infection transmission.

CONCLUSION

This study provides comprehensive insight into the KAP of cattle farmers in MMC and Jere LGA regarding
ticks, TBDs, and their zoonotic implications. The high response rate (492/500; 98.4%) and strong representation
of youth (64.3%) reflect the active involvement of younger farmers in cattle production. Most respondents (77.2%)
reported seeing ticks on their cattle, and a substantial proportion (83.7%) observed a marked increase in tick
abundance during the rainy season. Although awareness of tick infestation and its negative impact on cattle
productivity was generally high, knowledge of zoonotic risks was considerably lower, with only 54.4% recognizing
that ticks can transmit diseases to humans. Moreover, despite 59.8% of respondents experiencing tick bites, only
10.2% sought medical care, underscoring a critical gap in health-seeking behavior.

Practices related to tick-control varied significantly by educational status, particularly in acaricide application
methods (x> = 57.45; p < 0.001) and the frequency of manual removal (x? = 44.27; p < 0.001). The most common
control method, a combination of handpicking and chemical acaricides, reflects both financial constraints and
traditional farming practices. These findings emphasize the need to strengthen community-level preventive
strategies, improve acaricide use practices, and promote knowledge of zoonotic TBDs.

The study identifies clear entry points for public health and veterinary interventions. Strengthening farmer
awareness of zoonotic TBDs, promoting protective behaviors such as PPE use, and improving access to veterinary
extension services are essential for reducing transmission risks. Educating farmers on appropriate acaricide use
and resistance prevention can enhance tick-control outcomes and livestock productivity. Integrating zoonotic
TBDs into routine differential diagnosis in medical facilities can improve early detection of rickettsial and other
vector-borne infections.
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A major strength of this study is its large sample size, high response rate, and rigorous multistage sampling
approach. The use of validated questionnaires, culturally adapted translations, and double-entry data verification
enhanced the reliability of findings. The comparative analysis based on formal versus informal education adds
depth to understanding behavioral and knowledge-based disparities.

The study’s main limitation stems from security challenges in Borno State, which restricted access to certain
high-risk pastoral regions. Convenience sampling at the respondent-selection stage may limit full generalizability.
The reliance on self-reported data may also introduce recall bias, especially regarding past tick bites and illnesses.

Future studies should incorporate entomological surveillance to identify circulating tick species and
pathogens, particularly SFG rickettsiae, Ehrlichia spp., and Babesia spp. Clinical studies evaluating febrile cases for
TBDs would fill diagnostic gaps. Integrating molecular diagnostics and One Health surveillance systems will
strengthen early detection of zoonotic TBDs. In addition, interventions focused on farmer training, improving
acaricide stewardship, and assessing environmental risk factors will further contribute to sustainable TBD
prevention.

Overall, the study highlights a substantial burden of tick exposure among cattle farmers and a concerning
gap in the awareness of zoonotic risks. Enhancing farmer education, strengthening veterinary-public health
collaboration, and implementing targeted One Health interventions are critical steps toward mitigating the impact
of ticks and TBDs on both livestock and human health in Borno State. Addressing these gaps will support healthier
communities, more resilient livestock systems, and improved public health outcomes.

DATA AVAILABILITY
The supplementary data can be made available from the corresponding author upon request.

AUTHORS’ CONTRIBUTIONS

SAM: Conceptualization, investigation, methodology, writing-original draft, software, formal analysis, and
data curation. MAA: Supervision, writing-review and editing, and validation. MO: Conceptualization, supervision,
writing-review and editing, validation, and project administration. All authors have read and approved the final
version of the manuscript.

ACKNOWLEDGMENTS

The authors are grateful to the cattle farmers in Borno State for generously giving their time to respond to
the survey questions. We also acknowledge the support of the staff at the Senator Ali Modu Sheriff Veterinary
Clinic and the entire research team for their valuable contributions to this study. The authors did not receive any
financial support for the study.

COMPETING INTERESTS

The authors declare that they have no competing interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to jurisdictional claims in the published institutional
affiliations.

REFERENCES

1. Odoemena, K.G., Walters, J.P. and Kleemann, H.M. (2020) A system dynamics model of supply-side issues
influencing beef consumption in Nigeria. Sustainability, 12(8): 3241.

2. Ghide, A.A,, Jaafar-Furo, M.R., Tahir, A.D., Danladi, H. and Bada, M.M. (2024) Analysis of demand within the
beef value chain in Maiduguri, Borno State, Nigeria. Greener J. Agric. Sci., 14(1): 50-57.

3. Schrobback, P., Dennis, G., Li, Y., Mayberry, D., Shaw, A., Knight-Jones, T., Marsh, T.L., Pendell, D.L., Torgerson,
P.R., Gilbert, W., Huntington, B., Raymond, K., Stacey, D.A., Bernardo, T., Bruce, M., MclIntyre, K.M., Rushton,
J. and Huntington, B. (2023) Approximating the global economic (market) value of farmed animals. Glob. Food
Sec., 39: 100722.

4. Rekwot, G.Z., Abdulsalam, Z., Sani, R.T. and Dung, D.D. (2022) Mapping of beef cattle value chain actors in
selected states of North-West Zone, Nigeria. Niger. J. Anim. Sci., 24(2): 68—80.

3955



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

doi: 10.14202/vetworld.2025.3942-3958

Adesope, A., Oguntoye, O., Fatoki, O., Odediran, F. and Bello, G. (2021) Comparative analysis of household
consumption of beef and chevon in Ibadan Metropolis, Oyo State, Nigeria. Tanzan. J. Agric. Sci., 20(2): 194—
201.

Jimoh, S.0., Baruwa, O.l. and Kolapo, A. (2023) Analysis of profit efficiency of smallholder beef cattle farms in
South-West Nigeria. Cogent Econ. Finance., 11(1): 2181786.

Greenwood, P.L. (2021) Review: An overview of beef production from pasture and feedlot globally, as demand
for beef and the need for sustainable practices increase. Animal, 15: 100295.

Nepveu-Traversy, M.E., Fausther-Bovendo, H. and Babuadze, G. (2024) Human tick-borne diseases and
advances in anti-tick vaccine approaches: A comprehensive review. Vaccines, 12(2): 141.

Valente, D., Carolino, N., Gomes, J., Coelho, A.C., Espadinha, P., Pais, J. and Carolino, I. (2024) A study of
knowledge, attitudes, and practices on ticks and tick-borne diseases of cattle among breeders of two bovine
Portuguese autochthonous breeds. Vet. Parasit. Reg. Stud Rep., 48(1): 100989.

Kasaija, P.D., Estrada-Pefia, A., Contreras, M., Kirunda, H. and De La Fuente, J. (2021) Cattle ticks and tick-
borne diseases: A review of Uganda’s situation. Ticks Tick Borne Dis., 12(5): 101756.

Heylen, D.J., Kumsa, B., Kimbita, E., Frank, M.N., Muhanguzi, D., Jongejan, F., Adehan, S.B., Toure, A., Aboagye-
Antwi, F., Ogo, N.l., Juleff, N., Crafford, D., Fourie, J., Labuchange, M. and Madder, M. (2023) Tick-borne
pathogens and body condition of cattle in smallholder rural livestock production systems in East and West
Africa. Parasit. Vectors., 16(1): 117.

Obaid, M.K., Islam, N., Alouffi, A., Khan, A.Z., Da Silva Vaz, I. Jr., Tanaka, T. and Ali, A. (2022) Acaricides
resistance in ticks: Selection, diagnosis, mechanisms, and mitigation. Front. Cell. Infect. Microbiol., 12: 941831.
Ali, A., Mulenga, A. and Vaz, |.S. Jr. (2020) Editorial: Tick and tick-borne pathogens: Molecular and immune
targets for control strategies. Front. Physiol., 11: 744.

Ledwaba, M.B., Nozipho, K., Tembe, D., Onyiche, T.E. and Chaisi, M.E. (2022) Distribution and prevalence of
ticks and tick-borne pathogens of wild animals in South Africa: A systematic review. Curr. Res. Parasitol.
Vector-Borne Dis., 2: 100088.

Namgyal, J., Tenzin, T., Checkley, S., Lysyk, T.J., Rinchen, S., Gurung, R.B., Dorjee, S., Couloigner, I. and Cork,
S.C. (2021) A knowledge, attitudes, and practices study on ticks and tick-borne diseases in cattle among
farmers in a selected area of eastern Bhutan. PLoS One, 16(2): 0247302.

Diarra, A.Z., Kelly, P., Davoust, B. and Parola, P. (2023) Tick-borne diseases of humans and animals in West
Africa. Pathogens, 12(11): 1276.

Madison-Antenucci, S., Kramer, L.D., Gebhardt, L.L. and Kauffman, E. (2020) Emerging tick-borne diseases.
Clin. Microbiol. Rev., 33(2): e00083-18.

Jama, M.M., Hussein, H.A., Abdi, S.M. and Feyera, T. (2023) Participatory and conventional investigation of
tick infestation in camels and cattle of Somali pastoral Areas, Eastern Ethiopia. J. Parasitol. Res., 2023(1):
5840827.

Eisen, L. (2022) Personal protection measures to prevent tick bites in the United States: Knowledge gaps,
challenges, and opportunities. Ticks Tick Borne Dis., 13(4): 101944,

Sylvain, D., Hugo, T., Francois, C. and Francois, J. (2021) Tick-borne disease risks and livestock management:
Farmer’s knowledge and practices in a Corsican valley (France). NJAS: Imp. Agr. Life Sc., 93(1): 74-97.

Miller, N.J., Rainone, E.E., Dyer, M.C., Gonzalez, M.L. and Mather, T.N. (2011) Tick bite protection with
permethrin-treated summer-weight clothing. J. Med. Entomol., 48(2): 327-333.

Liddell, C., Morgan, E.R., Bull, K. and loannou, C.C. (2020) Response to resources and parasites depends on
health status in extensively grazed sheep. Proc. R. Soc. Biol. Sci., 287(1920): 20192905.

Djiman, T.A., Biguezoton A.S. and Saegerman C. (2024) Tick-borne diseases in Sub-Saharan Africa: A systematic
review of pathogens, research focus, and implications for public health. Pathogens, 13(8): 697.

Egwuenu, A., Makama, S., Ahmed, N., Igah, O., Nwiyi, G., Abioye, Y., Kolade, D., Okpala, C., Emelife, C,,
Okunromade, O., llori, E., Pantuvo, J., Agogo, E., Aruna, O., Lucia Ochu, C. and Adetifa, .M. (2025) A qualitative
risk assessment of Crimean—Congo haemorrhagic fever in Nigeria: Implications for one health response. Int.
Health, 2025: 1-12

Horefti, E. (2023) The importance of the one health concept in combating zoonoses. Pathogens, 12(8): 977.

Chakraborty, S., Andrade, F.C. and Smith, R.L. (2022) An interdisciplinary approach to one health: Course
design, development, and delivery. J. Vet. Med. Educ., 49(5): 568-574.

3956



27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

doi: 10.14202/vetworld.2025.3942-3958

Schultz, M. (2008) Rudolf Virchow. Emerg. Infect. Dis., 14(9): 1480.

Acharya, K.P., Acharya, N., Phuyal, S., Upadhyaya, M. and Lasee, S. (2020) One-health approach: A best
possible way to control rabies. One Health, 10: 100161.

Kyari, S., Ogwiji, M., Igah, O.E., Orakpogheno, O. and Gasaliyu, K.A. (2022) Current distribution and disease
association of Ixodidae (hard ticks) in Nigeria. J. Basic App. Zool., 83(1): 42.

Ogo, N.I.,, Weka, R., Nnabuife, H.E., Uchendu, C., Obeta, S. and Opara, M. (2023) Knowledge, attitudes, and
practices of pastoralists towards tick bites, and tick-control in Plateau State, Nigeria. Acta. Parasitol., 68(2):
372-384.

Bello, Y., Msheliza, D.S. and Nyikun, P.R. (2023) Anomalies and trend analysis of temperature and rainfall in
Maiduguri, Borno State, Nigeria. DUJOPAS, 9(4b): 414-422.

Kwaghe, A.V., Ameh, J.A., Kudi, C.A., Ambali, A.G., Adesokan, H.K., Akinseye, V.O., Adelakun, O.D., Usman, J.G.
and Cadmus, S.I. (2023) Prevalence and molecular characterization of Mycobacterium tuberculosis complex in
cattle and humans, Maiduguri, Borno State, Nigeria: A cross-sectional study. BMC Microbiol., 23(1): 7.

Dean, A.G. (1996) Epi Info, version 6: A word-processing, database, and statistics program for public health on
IBM-compatible microcomputers.

De La Fuente, J., Estrada-Pefia, A., Rafael, M., Almazan, C., Bermudez, S., Abdelbaset, A.E., Kasaija, P.D., Kabi,
F., Akande, F.A., Ajagbe, D.O., Bamgbose, T., Ghosh, S., Palavesam, A., Hamid, P.H., Oskam, C.L., Egan, S.L,
Duarte-Barbosa, A., Hekimoglu, O., Szabd, M.P.J., Labruna, M.B. and Dahal, A. (2023) Perception of ticks and
tick-borne diseases worldwide. Pathogens, 12(10): 1258.

Adamu, A., Reyer, F., Lawal, N., Hassan, A.J., Imam, M.U., Bello, M.B. and Kraiczy, P. (2024) Aetiologies of
bacterial tick-borne febrile illnesses in humans in Africa: Diagnostic limitations and the need for improvement.
Front. Med. (Lausanne), 11: 1419575.

Asafa, A.R., Okeowo, T.A. and Buraimo, M.A. (2022) Survey of cattle rearing by herdsmen in Lagos State,
Nigeria. Niger. J. Anim. Sci., 24(2): 97-102.

Adesehinwa, A.0.K., Okunola, J.0. and Adewumi, M.K. (2004) Socio-economic characteristics of ruminant
livestock farmers and their production constraints in some parts of South-western Nigeria. Lives. Res. Rural.
Dev., 16(8): 5-10.

Covarrubias, K., Nsiima, L. and Zezza, A. (2012) Livestock and Livelihoods in Rural Tanzania: A Descriptive
Analysis of the 2009 National Panel Survey. FAO, Rome, Italy.

Sungirai, M., Moyo, D.Z., De Clercq, P. and Madder, M. (2016) Communal farmers’ perceptions of tick-borne
diseases affecting cattle and investigation of tick-control methods practiced in Zimbabwe. Ticks Tick Borne
Dis., 7(1): 1-9.

Yawa, M., Nyangiwe, N., Jaja, |.F., Kadzere, C.T. and Marufu, M.C. (2020) Communal cattle farmer’s
knowledge, attitudes and practices on ticks (Acari: Ixodidae), tick-control and acaricide resistance. Trop. Anim.
Health Prod., 52: 3005-3013.

Kristjanson, P., Waters-Bayer, A., Johnson, N., Tipilda, A., Njuki, J., Baltenweck, I., Grace, D. and MacMiillan, S.
(2014) Livestock and women'’s livelihoods. In: Gender in Agriculture: Closing the Knowledge Gap. Springer,
Dordretch, p209-233.

Katiyatiya, C.L.F., Muchenje, V. and Mushunje, A. (2014) Farmers’ perceptions and knowledge of cattle
adaptation to heat stress and tick resistance in the Eastern Cape, South Africa. Asian-Australas. J. Anim. Sci.,
27(11): 1663-1670.

Mdungela, N.M., Bahta, Y.T. and Jordaan, A.J. (2017) Indicators for economic vulnerability to drought in South
Africa. Dev. Pract., 27(8): 1050-1063.

Chenyambuga, S.W., Waiswa, C., Saimo, M., Ngumi, P. and Gwakisa, P.S. (2010) Knowledge and perceptions
of traditional livestock keepers on tick-borne diseases and sero-prevalence of Theileria parva around Lake
Victoria Basin. Livest. Res. Rural Dev., 22(7): 135.

Scholtz, M.M., Bester, J., Mamabolo, J.M. and Ramsay, K.A. (2008) Results of the national cattle survey
undertaken in South Africa, with emphasis on beef. Appl. Anim. Husb. Rural Develop., (1): 1-9.

Nnabuife, H.E., Matur, B.M., Ogo, N.l.,, Goselle, O.N., Kamani, J., Mwansat, G.S., Weka, R., Adedeji, Y.,
Osemeka, H., Amoche, J. and Egwu, O.K. (2023) Knowledge, attitude and practices among pastoralists and
animal health workers on tick-borne spotted fever group rickettsiosis in Plateau State, Nigeria. Folia Vet.,
67(2): 78-88.

3957



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

doi: 10.14202/vetworld.2025.3942-3958

Bayer, W. and Maina, J.A. (1984) Seasonal pattern of tick load in Bunaji cattle in the subhumid zone of Nigeria.
Vet. Parasitol., 15(3-4): 301-307.

Bekele, T. (2002) Studies on seasonal dynamics of ticks of Ogaden cattle and individual variation in resistance
to ticks in eastern Ethiopia. J. Vet. Med. B. Infect. Dis. Vet. Public Health, 49(6): 285-288.

Kioko, J., Baker, J., Shannon, A. and Kiffner, C. (2015) Ethnoecological knowledge of ticks and treatment of
tick-borne diseases among Maasai people in Northern Tanzania. Vet. World, 8(6): 755-762.

Dipeolu, 0.0. (1983) Studies on ticks of veterinary importance in Nigeria: XIV. Seasonal variation in the
population of ticks on experimentally and naturally infested pastures in the forest zone of Nigeria. Int. J.
Acarol., 9(2): 55-61.

Arong, G.A., Shitta, K.B., James-Rugu, N.N. and Effanga, E.O. (2011) Seasonal variation in the abundance and
distribution of ixodid ticks on mongrel, Alsatian and mixed breeds of dogs (Canis familiaris) in Jos, in Plateau
State, North-Central Nigeria. World J. Sci. Tech, 1(4): 24-29.

Dipeolu, 0.0. (1984) Development of ixodid ticks under natural conditions in Nigeria. Trop. Anim. Health Prod.,
16(1): 13-20.

Makwarela, T.G., Seoraj-Pillai, N. and Nangammbi, T.C. (2025) Tick-control strategies: Critical insights into
chemical, biological, physical, and integrated approaches for effective hard tick management. Vet. Sci., 12(2):
114.

Opara, M.N. and Ezeh, N.O. (2011) Ixodid ticks of cattle in Borno and Yours truly, Obe states of Northeastern
Nigeria: Breed and coat colour preference. Anim. Res. Int., 8(1): 1359-1365.

Ndip, L.M., Bouyer, D.H., Da Rosa, A.P.T., Titanji, V.P.K., Tesh, R.B. and Walker, D.H. (2004) Acute spotted fever
rickettsiosis among febrile patients, Cameroon. Emerg. Infect. Dis., 10(3): 432.

Wasihun, P. and Doda, D. (2013). Study on prevalence and identification of ticks in Humbo District, Southern
Nations, Nationalities, and Peoples Region (SNNPR), Ethiopia. J. Vet. Med. Anim. Health, 5(3): 73—80.

Eyo, J.E., Ekeh, F.N., lvoke, N., Atama, C.I., Onah, I.E., Ezenwaji, N.E. and lkele, C.B. (2014) Survey of tick
infestation of cattle at four selected grazing sites in the tropics. Glob. Vet., 12(4): 479-486.

Vudriko, P., Okwee-Acai, J., Tayebwa, D.S., Byaruhanga, J., Kakooza, S., Wampande, E., Omara, R., Muhindo,
J.B., Tweyongyere, R., Owiny, D.O., Hatta, T., Tsuji, N., Umemiya-Shirafuji, R., Xuan, X., Kanameda, M., Fujisaki,
K. and Suzuki, H. (2016) Emergence of multi-acaricide resistant Rhipicephalus ticks and its implication on
chemical tick-control in Uganda. Parasit. Vectors., 9: 4.

Ndhlovu, D.N. and Masika, P.J. (2013) Ethno-veterinary control of bovine dermatophilosis and ticks in Zhombe,
Njelele and Shamrock resettlement in Zimbabwe. Trop. Anim. Health Prod., 45(2): 525-532.

Ndeereh, D., Muchemi, G. and Thaiyah, A. (2016) Knowledge, attitudes and practices towards spotted fever
group rickettsioses and Q fever in Laikipia and Maasai Mara, Kenya. J. Public Health Afr., 7(1): 545.
Ihekweazu, C., Michael, C.A., Nguku, P.M., Waziri, N.E., Habib, A.G., Muturi, M., Olufemi, A., Dzikwi-Emennaa,
A.A., Balogun, M.S,, Visa, T.l., Dalhat, M.M., Atama, N.C., Umeokonkwo, C.D., Mshelbwala, G.M., Vakuru, C.T.,
Kabir, J., Okolocha, E.C., Umoh, J.U., Olugasa, B., Babalobi, O., Lombin, L., Cadmus, S. and Gloria, O. (2021)
Prioritization of zoonotic diseases of public health significance in Nigeria using the One-health approach. One
Health, 13: 100257.

Dunaj, J., Moniuszko-Malinowska, A., Swiecicka, I., Andersson, M., Czupryna, P., Rutkowski, K., Zambrowski,
G., Zajkowska, J., Grygorczuk, S., Kondrusik, M., Swierzbiska, R. and Pancewicz, S. (2018) Tick-borne
infections and co-infections in patients with non-specific symptoms in Poland. Adv. Med. Sci., 63(1): 167-172.
Rahlenbeck, S., Fingerle, V. and Doggett, S. (2016) Prevention of tick-borne diseases: An overview. Br. J. Gen.
Pract., 66(650): 492—-494.

Roch, N., Epaulard, O., Pelloux, |., Pavese, P., Brion, J.P., Raoult, D. and Maurin, M. (2008) African tick bite
fever in elderly patients: 8 cases in French tourists returning from South Africa. Clin. Infect. Dis., 47(3): e28—
35.

Piesman, J. and Eisen, L. (2008) Prevention of tick-borne diseases. Annu. Rev. Entomol., 53(1): 323-343.
Beaujean, D.J.M.A,, Bults, M., Van Steenbergen, J.E. and Voeten, H.A.C.M. (2013) Study on public perceptions
and protective behaviors regarding Lyme disease among the general public in the Netherlands: Implications
for prevention programs. BMC Public Health, 13: 225.

%k %k 3k %k k %k %k

3958



