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ABSTRACT 20 

Foot-and-Mouth Disease (FMD) and Lumpy Skin Disease (LSD) are significant viral transboundary 21 

diseases that pose a substantial threat to livestock, particularly cattle. Following their recent emergence 22 

and sustained circulation across several Indonesia provinces, increasing concern over their potential 23 

spread to other provinces including Bali Province. Despite their recent introduction to the region, limited 24 

information exists regarding the knowledge, attitudes, and practices (KAP) of local farmers concerning 25 

FMD and LSD. This study aimed to assess the KAP of smallholder cattle farmers in Bali towards FMD 26 

and LSD and to identify associated demographic factors. A cross-sectional survey involving 112 27 

smallholder cattle farmers was conducted using a structured questionnaire. KAP scores were calculated, 28 

and respondents with scores above the median were classified as having 'adequate knowledge,' 'positive 29 

attitude,' or 'proper practices.' Bivariate and multivariate logistic regression analyses were performed to 30 

identify factors associated with these outcomes. The results indicate that smallholder cattle farmers in 31 
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Bali possess adequate knowledge, positive attitudes, and proper practices concerning FMD. For LSD, 32 

farmers demonstrated positive attitudes and moderately proper practices but had inadequate knowledge. 33 

Farmer's age and education level were associated with FMD knowledge and attitudes. In contrast, the 34 

purpose of farming was an associated factor for LSD knowledge and attitudes. Gender was associated 35 

with the adoption of preventative practices for both diseases. The findings highlight a critical need for 36 

targeted educational interventions to improve farmers’ knowledge and biosecurity practices, particularly 37 

for LSD. It is recommended that governmental agencies continue and enhance awareness campaigns to 38 

strengthen disease control efforts on Bali Island. 39 
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1. Introduction 45 

Foot-and-Mouth Disease (FMD) and Lumpy Skin Disease (LSD) are major viral transboundary diseases 46 

of livestock, primarily affecting cattle. Both are characterized by high morbidity, low mortality, and 47 

rapid transmission, leading the World Organisation for Animal Health (WOAH) to classify them as 48 

notifiable diseases due to their severe economic consequences (1,2). 49 

FMD is endemic in most of Southeast Asia countries. Indonesia, after successfully eradicating the 50 

disease and being declared FMD-free in 1986, experienced a re-emergence in May 2022, with outbreaks 51 

reported in Aceh and East Java province. The disease subsequently spread to other regions, including 52 

Bali Province with 556 positive cases in 2022 (3,4). Meanwhile, LSD, first identified in Zambia in 1929, 53 

reached Southeast Asia by 2020. In Indonesia, the disease was detected in Riau Province in early 2022 54 

and has since spread (5,6). Meanwhile Bali Province is officially still LSD-free. However, the area is 55 

considered high risk due to its proximity to affected neighbouring regions, such as East Java Province, 56 
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which has reported five cases (7). 57 

Effective control and eradication of these diseases rely on strategies such as early detection, movement 58 

controls, public awareness, and vaccination, all of which are underpinned by farmers' knowledge (8). 59 

Understanding the knowledge, attitudes, and practices (KAP) of cattle farmers is therefore essential for 60 

designing and implementing effective, locally relevant prevention and control measures (9). However, 61 

there is a scarcity of comprehensive KAP data regarding FMD and LSD in Indonesia, particularly in 62 

Bali. 63 

This study was conducted to assess the KAP of smallholder cattle farmers in Bali concerning FMD and 64 

LSD and to identify the factors associated with their knowledge, attitudes, and practices. The findings 65 

are intended to provide evidence-based recommendations for local animal health authorities to 66 

strengthen FMD and LSD management strategies. 67 

 68 

2. Material and Methods 69 

2.1 Study Location and Population 70 

The study was conducted in Bali, a province renowned as a centre for the development of Bali cattle 71 

(Bos javanicus domesticus), an important native breed and national genetic resource (10). Cattle farming 72 

in Bali is dominated by smallholder operations, characterized by traditional, non-intensive management 73 

systems where cattle graze during the day and are confined at night (11). These farmers are crucial 74 

stakeholders in the conservation of Bali cattle and the local agricultural economy. 75 

2.2 Study Design and Sampling 76 

A cross-sectional study was conducted among smallholder cattle farmers across eight regencies of Bali 77 

Province. A minimum sample size of 102 was calculated using Cochran's formula (12), and an additional 78 

10% was included to account for potential non-responses, resulting in a final sample of 112 participants. 79 

A convenience sampling method was used to select participants from lists provided by local agricultural 80 

departments due to the legal accessibility of those individuals. Denpasar, being an urban centre with 81 
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minimal smallholder farming, was excluded. 82 

2.3 Data Collection 83 

Data were collected through in-person interviews using a pre-tested, structured questionnaire. The 84 

questionnaire comprised 59 questions covering: (a) socio-demographic characteristics, (b) knowledge 85 

of FMD and LSD (18 questions), (c) attitudes towards FMD and LSD (16 questions), and (d) 86 

preventative and control practices (17 questions). The questionnaire was developed based on relevant 87 

literature and validated by veterinary experts. A pre-test was conducted with 10% of the target sample 88 

size to ensure clarity and comprehension. 89 

2.4 Data Analysis 90 

Data were entered into Microsoft Excel 2019 and analysed using SPSS Statistics for Windows, Version 91 

22.0. Descriptive statistics (frequencies, percentages) were used to summarize the data.  92 

To assess KAP levels, a scoring system was employed. For each correct or positive response to a KAP 93 

question, a score of one (1) was assigned; an incorrect, negative, or "don't know" response received a 94 

score of zero (0). The total score for each component (Knowledge, Attitude, Practice) for each disease 95 

was calculated. The median score was used as a cut-off point. Respondents with a score above the 96 

median were categorized as having 'adequate' knowledge, a 'positive' attitude, or 'proper' practices. Those 97 

with scores at or below the median were categorized as 'inadequate,' 'negative,' or 'improper,' 98 

respectively. 99 

To identify factors associated with KAP outcomes, a logistic regression analysis was performed. First, 100 

a bivariate analysis (chi-square test) was conducted. Variables with a p-value ≤ 0.25 in the bivariate 101 

analysis were then included in a multivariate logistic regression model to identify significant associated 102 

factors. The final model retained variables with a p-value < 0.05, and results are presented as Odds 103 

Ratios (OR) with 95% Confidence Intervals (CI). 104 

 105 

 106 
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3. Results 107 

3.1 Demographic Profile of Respondents 108 

The majority of respondents were male (57.1%), over 40 years of age (53.6%), and had attained less 109 

than an undergraduate level of education (53.6%). Farming experience was evenly split, with 50% 110 

having over 10 years of experience. The primary motivation for raising cattle was for investment 111 

purposes (67.9%) (Table 1). 112 

 113 

Table 1. Socio-demographic Characteristics of Smallholder Cattle Farmers (n=112). 114 

Characteristic Category Frequency Percentage (%) 

Gender Male 64  57.1 

Female 48 42.9 

Age > 40 years 60 53.6 

≤ 40 years 52 46.4 

Level of Education High school diploma 

or less 

60 53.6 

Undergraduate or 

higher 

52 46.4 

Farming Experience ≥ 10 years 56 50 

< 10 years 56 50 

Farming Purpose Investment  76 67.9 

Non-investment  36 32.1 

Note: Non-investment includes culture, fertilizer source, or hobby. 115 

 116 

 117 

 118 
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3.2 Knowledge of FMD and LSD 119 

There was a stark contrast in knowledge between the two diseases. All farmers (100%) had heard of 120 

FMD, knew it was an infectious disease affecting cattle, were aware of its clinical signs, and understood 121 

it caused major economic losses. However, knowledge gaps were evident, with only 12.5% knowing it 122 

could spread via processed animal products and only 5.4% aware that FMD could be fatal. Crucially, 123 

only 1.8% of farmers knew about the importance of quarantining new animals. 124 

In contrast, knowledge of LSD was significantly lower. Only 30.4% of respondents had heard of LSD 125 

and were aware of its clinical signs, transmission, and potential for causing death and economic impact. 126 

Encouragingly, all farmers (100%) recognized that farm biosecurity was an important preventive 127 

measure for animal diseases in general. 128 

3.3 Attitudes Toward FMD and LSD 129 

Attitudes towards FMD were overwhelmingly positive. All farmers (100%) considered it a serious 130 

threat, believed vaccination was an effective control measure, and supported government control policies 131 

and movement restrictions. 132 

For LSD, attitudes were also generally positive despite lower knowledge levels. A high proportion of 133 

farmers (100%) believed LSD could threaten their farm's sustainability, support reporting suspected 134 

cases, and agreed on the importance of vaccination and biosecurity. However, only 30.4% considered it 135 

a serious personal threat to their animals at present, and only 8% were confident in their ability to 136 

recognize its symptoms. 137 

3.4 Practices for Disease Control 138 

Regarding FMD, all farmers (100%) reported regularly checking their cattle for clinical signs and had 139 

vaccinated their animals. However, biosecurity practices were lacking. Only 30.4% had fences to prevent 140 

other animals from entering their farms, and only 43.8% restricted visitor access or regularly used 141 

disinfectants. Critically, none of the farmers reported suspected cases to authorities, preferring to manage 142 

them independently or with traditional remedies. 143 
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Practices related to LSD were less developed. No cattle had been vaccinated against LSD, consistent 144 

with Bali's LSD-free status. Biosecurity practices were similar to those for FMD, with only 30.4% 145 

quarantining new animals. No farmers had attended training on LSD. 146 

3.5 Overall KAP Scores and Associated Factors 147 

Based on the median score cut-off, all farmers (100%) had adequate knowledge of FMD, while 75.9% 148 

had positive attitudes and 83.0% had proper practices. For LSD, only 41.1% had adequate knowledge. 149 

However, 98.2% demonstrated a positive attitude, and 66.1% had proper practices (Figure 1). 150 

 151 

 152 

 153 

Figure 1. Percentage of Farmers with Adequate/Positive/Proper KAP Scores for FMD and LSD. 154 

 155 

The multivariate analysis identified several factors associated with KAP outcomes (Table 2). For FMD, 156 

older age (> 40 years old) and higher education (Undergraduate or higher) were associated with adequate 157 

knowledge and positive attitudes. For LSD, having an investment-driven farming purpose was 158 

associated with adequate knowledge and positive attitudes. Female gender of farmers was associated 159 

with proper preventative practices for both FMD and LSD. 160 
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Table 2. Factors Associated with Knowledge, Attitudes, and Practices for FMD and LSD from 161 

Multivariate Logistic Regression Analysis. 162 

 163 

 164 

 165 

Disease KAP 

Component 

Significant Factor Odds 

Ratio 

(OR) 

95% 

Confidence 

Interval 

(CI) 

p-

value 

Interpretation 

FMD 

 

 

 

Knowledge Age (>40 years) 1.38 1.85 – 2.48 <0.05 Significant 

association; 

older group 

more positive 

Education 

(≥Undergraduate) 

2.41 1.11 - 5.23 <0.05 Significant 

association; 

Undergraduate 

or higher more 

positive 

Attitude Age (>40 years) 5.59 2.54 - 5.67 <0.05 Significant 

association; 

older group 

more positive 

 Education 

≥Undergraduate) 

3.32 1.01 -10.92  Significant 

association; 

Undergraduate 
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or higher more 

positive 

Practice Gender (Female) 3.57 1.44 - 2.56 <0.05 Significant 

association; 

Female more 

positive 

LSD Knowledge Farming Purpose 

(Invest) 

1.44 1.17 - 2.13 <0.05 Significant 

association; 

invest 

motivation 

more positive 

Attitude Farming Purpose 

(Invest) 

1.68 2.46 - 4.43 <0.05 Significant 

association; 

invest 

motivation 

more positive 

Practice Gender (Female) 3.57 1.44 - 2.56 <0.05 Significant 

association; 

Female more 

positive 

 166 

 167 

 168 

 169 

 170 
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4. Discussion 171 

This study provides the first comprehensive assessment of smallholder cattle farmer KAP regarding 172 

FMD and LSD in Bali, Indonesia. The findings reveal a high level of awareness and positive engagement 173 

concerning FMD, which is likely a direct result of intensive government communication, education, and 174 

vaccination campaigns following the 2022 outbreak (13). The high scores for FMD-related KAP align 175 

with studies in other FMD-endemic regions like Ethiopia (90%) and Thailand (66.06%) (14,15). 176 

However, a critical gap was identified in biosecurity knowledge and application. The low rates of 177 

quarantining new animals (1.8%) and implementing basic biosecurity measures (e.g., disinfection, 178 

fencing) are alarming. This represents a significant vulnerability for the introduction and spread of not 179 

only FMD and LSD but other infectious diseases as well. This discrepancy, where farmers have 180 

relatively high disease-specific knowledge but poor general biosecurity practices, has also been observed 181 

in Cambodia and Bangladesh (p > 0.05) (16,17). It suggests that while emergency disease campaigns 182 

are effective at raising awareness about a specific threat, they may fail to instil foundational principles 183 

of farm biosecurity. 184 

In stark contrast, knowledge about LSD was poor. This is understandable given Bali's current LSD-free 185 

status and the national focus on the FMD emergency. This lack of awareness, combined with poor 186 

biosecurity practices, places Bali's cattle population at high risk should the disease be introduced from 187 

neighbouring islands. This study serves as an early warning and a baseline for future interventions. To 188 

our knowledge, following the initial study in Thailand (18), this is one of the first KAP studies on LSD 189 

in Southeast Asia since the disease’s emergence in the region, providing crucial preliminary data. 190 

The factors associated with KAP provide valuable insights for targeting interventions. The association 191 

of higher education and age with better FMD knowledge and attitudes is consistent with findings from 192 

other studies in Sri Lanka (19). The finding that female farmers were more likely to adopt proper 193 

preventive practices is significant and suggests that women play a crucial role in daily animal care and 194 

on-farm biosecurity in Bali Province, consistent with a similar study in South Sulawesi (20). Future 195 
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extension programs should ensure they are inclusive and specifically target female farmers. The link 196 

between an investment motive and better LSD-related KAP suggests that farmers who view their cattle 197 

as a business are more proactive in seeking information about emerging economic threats. 198 

This study has several limitations. The use of convenience sampling may limit the generalizability of 199 

the findings to all smallholder farmers in Bali. Furthermore, self-reported data on practices may be 200 

subject to social desirability bias. Despite these limitations, the study offers valuable insights into the 201 

current KAP landscape and provides a strong evidence base for policy. 202 

In conclusion Smallholder cattle farmers in Bali demonstrate adequate knowledge, positive attitudes, 203 

and proper practices for managing FMD, though significant gaps in biosecurity remain. Conversely, 204 

while attitudes towards LSD prevention are positive, knowledge of the disease is critically low, posing 205 

a significant risk to the island. Key factors influencing KAP include age, education, farming purpose, 206 

and gender. 207 

Based on these findings, we strongly recommend that animal health authorities design and implement 208 

targeted educational campaigns to cattle farmer that focus on strengthening foundational biosecurity 209 

principles (e.g., quarantine, disinfection, visitor control) applicable to all infectious diseases; urgently 210 

increasing awareness and knowledge of LSD, including its clinical signs, transmission, and economic 211 

impact and tailoring educational materials to different demographic groups in Bali Province, with a 212 

special focus on engaging female farmers who are key to implementing on-farm practices. By addressing 213 

these gaps, Bali government can build a more resilient and prepared farming community capable of 214 

effectively mitigating the threats of both FMD and LSD. 215 

 216 

 217 

 218 

 219 

 220 
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