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Abstract

Background and Aim: Foot-and-mouth disease (FMD) has been occurring in Algeria since 2014, when an outbreak was 
announced in Setif, a district in the eastern region of the country. The problem was apparently resolved with the help of 
vaccination. However, in 2015, 2016, and 2018, FMD recurred. The veterinary authorities and media educated breeders 
on how to recognize the clinical signs and how to report the disease. This study aimed to evaluate the knowledge and 
recognition of FMD by farmers and breeders. Moreover, an assessment of the behavior of cattle and sheep owners and 
herders following FMD cases is examined.

Materials and Methods: A cross-sectional survey was conducted from June to October 2018 to evaluate the perception of 
cattle and sheep owners and breeders regarding FMD in the Northern regions of Algeria, using questionnaires.

Results: One hundred questionnaires were distributed; 71 were collected. Data showed that all the responders claimed to 
know about the disease, while more than half of the owners/herders claimed that they knew the clinical symptoms of FMD 
and mentioned fever, hypersalivation, lameness, and vesicles. Fewer than half (42%) (30/71) took some measures to prevent 
the disease, while more than half (58%) (41/71) did not take any measures in 2018. No one claimed to have reported the 
disease to authorities in 2018, while more than half had done so in 2014.

Conclusion: It appears that experienced farmers recognized the clinical signs of FMD, while an academic background 
was not conclusively necessary for the identification of the clinical signs of the disease. Concerning the assessment of 
risk-associated behavior in the event of FMD occurrence, the responses of the breeders were not significantly different 
from those of risk-associated behaviors in the event of an epidemic. Farmers and breeders expressed similarity in terms of 
communicating the appearance of the disease in their livestock; the majority of them seemed to be aware of the importance 
of reporting the disease to local authorities, especially in 2014, when the disease first occurred. This behavior is encouraged 
by refund and technical assistance policies by the veterinary authorities, but in 2018, no disease was reported due to fear of 
slaughtering and economic loss.
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Introduction

Foot-and-mouth disease (FMD) is a highly 
contagious disease of domestic and wild cloven-hoofed 
animals across the world [1]. Worldwide, FMD has had 
a devastating economic impact and has been a major 
threat to trade [2-10]. It is ranked first among reportable 
diseases, and notification to the World Animal Health 
Organization (OIE) is mandatory [11]. FMD is caused 
by the FMD virus (FMDV) of the genus Aphthovirus 
within the family Picornaviridae [6,12,13]. FMDV is 
a single-stranded positive-sense RNA virus [10,13]. 
The virus has a high mutation rate and has been 

classified into seven serotypes: A, O, C, Asia-1, SAT1, 
SAT2, and SAT3, with numerous and constantly 
evolving subtypes showing a spectrum of antigenic 
diversity [5,7,10,14-16]. Several serotypes such as O, 
A, and Asia1 are endemic or cause periodic FMD out-
breaks in the Middle East and North Africa [17,18]. 
The morbidity and mortality rates are higher in 
younger than adult, particularly in cattle. The adults 
heal after 10-15 days [11]. Clinically infected animals 
develop fever, loss of appetite, depression, hypersali-
vation, vesicles, and, later, erosions in or around the 
mouth and on the feet and teats [8,15]. Infected cattle 
are generally cured of the systemic infection within 
8-15 days [19]. The animal in incubation excretes the 
virus shortly before the onset of the first symptoms 
and until after the clinical cure. The virus can persist 
for 30 months in the oropharynx of cattle, even longer 
in the buffalo, and approximately 9 months in small 
ruminants excluding pigs [11]. Frequent and uncon-
trolled movements of animals are the main cause of 
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the spread of FMD outbreaks within a country, as well 
as from one country to another [11]. Algeria is a North 
African country (Maghreb region); it covers more 
than 2 M km², making it the largest African country. 
It is bordered on the north by the Mediterranean, on 
the west by Morocco, and on the east by Tunisia. It is 
subdivided into 48 administrative districts. The pop-
ulation is more than 42 million. Approximately 15% 
of Algerian workers are engaged in farming, but agri-
culture contributes less than the other sectors to the 
country’s Gross Domestic Product [20]. Livestock is 
an important sector of agriculture in Algeria and is 
mainly composed of sheep, goats, cattle, and camels. 
Livestock plays a major role in the socioeconomic 
development of millions of rural families [21]. Major 
FMD epidemics have been reported in many parts of 
the world; the disease is endemic in several African 
countries [22]. Algeria reported FMD in 2014, 2015, 
and 2018 [23-25].

In February 1999, FMD occurred in Algeria, 
serotype O circulation was confirmed, and the disease 
reported to OIE. After this episode, the authorities 
implemented vaccination against FMD, and no out-
break was announced. However, in 2014, an outbreak 
was reported [25] and the disease spread to several 
districts. Since this year, FMD was reported in 2015 
and 2018 [23,24]. Several outbreaks were reported 
in Tunisia, Libya, and Morocco [26]. In general, as 
soon as hypersalivation and vesicles are observed, the 
breeders call the veterinarian, who declares to the vet-
erinary authorities the suspicion of FMD cases.

In July 2014, the first outbreak occurred in the 
district of Setif; 2 months later, the disease had spread 
to 26 districts. Awareness campaigns and the media 
have played important roles in training breeders to 
recognize the disease symptoms to be able to report it 
as soon as the first vesicles are observed.

The aim of this study, conducted in 2018, was 
to determine if breeders are actually able to recognize 
and report FMD when it is suspected following the 
observation of symptoms. In addition, the question-
naire was designed to gather the farmer’s views on the 
measures taken during an epizootic and their attitudes 
toward vaccination.
Materials and Methods

Ethical approval

This study does not need ethical approval.
Informed consents

Informed consent was obtained from all 
participants.
Study area

The study was conducted in the areas of Northern 
Algeria where cattle and sheep breeding is important. 
Algeria is located in North Africa, with a human pop-
ulation greater than 42 million. The cattle population 
is estimated to be 2.2 million, the sheep population 
28 million, and the goat population 5 million.

This study was undertaken on dairy farms. The 
farmers practiced mixture of herds, but sheep were 
kept in another livestock building. The study sites 
were selected based on the information gathered 
during a discussion with breeders and herders of cattle 
and small ruminants who had animals with signs sim-
ilar to the FMD clinical case definition.
Data collection

A cross-sectional survey was carried out between 
June and October 2018. One hundred farmers were 
asked to complete the questionnaire; 71 agreed to 
answer. Breeders of cattle and sheep answered a ques-
tionnaire. The survey included questions about num-
ber of animals in breeding, the probable number of 
animals involved when outbreaks happen (morbidity 
and mortality), measures taken when introducing new 
animals into the herds and knowledge of clinical signs 
by owners. The survey contained information about 
cases observed during the past epizootics. The senior-
ity of the breeders was also considered.
Statistical analysis

To compare the frequent observation of clinical 
signs of FMD by educational level of the breeders, 
Microsoft Excel Windows® 2016 database and SPSS 22 
(IBM, USA) were used to process the collected data. 
A Chi-square test was performed. To validate the results 
of the test, the χ2 power was calculated at the statistical 
significance level of 0.05. The difference was consid-
ered statistically significant where p≤0.05.
Results and Discussion

Outcomes of the breeders’ questionnaire survey

The questionnaire response rate of farmers was 
71% (71/100); 30% (21/71) were from the east, while 
70% (50/71) were from the center of the country.

General information
All the respondents were male (100%; n=71); 

21 of them were uneducated and had never been 
to school, representing a rate of 29% (n=21); 14% 
(n=10) of those interviewed had between 25 and 
30  years of experience. Those with 0-25  years of 
experience accounted for 42% (n=30) of the total. Of 
these, 7% (n=5) of respondents had <5 years of expe-
rience, 12.7% (n=9) had 5-10 years, 4.2% (n=3) had 
between 11 and 15 years, 4.2% (n=3) had between 16 
and 20 years, and 14.1% (n=10) had over 20 years of 
experience. For respondents with no education, 4.2% 
(n=3) had between 11 and 15  years of experience, 
4.2% (n=3) had between 16 and 20 years, and 21.1% 
(n=15) had between 20 and 35 years.

Respondents with a high level of education 
included 8.5% (n=6) of the total; they had already 
taken training. Thirty-two (n=32), corresponding to 
45% of breeders, had mixed livestock, 35% (n=25) 
had only cattle on their farm, and 18% (n=13) had 
only sheep.

Of cattle breeders, 7% (5/71) had under 5 years of 
experience, 13% (n=9) had between 5 and 10 years of 
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experience, 13% (n=9) had between 11 and 15 years of 
experience, 13% (n=9) had between 16 and 20 years 
of experience, and 35% (n=25) had over 20 years. Of 
breeders of cattle and sheep, 9% (5/57) had <5 years of 
experience, 16% (9/57) had 5-20 years of experience, 
and 44% (25/57) had over 20 years of experience.
Opinions and perceptions of sheep and cattle farmers 
regarding FMD

All respondents, regardless of the level of 
education, have come to recognize the signs of the 
disease. All the breeders who were asked about the 
disease knew FMD and recognized its signs because 
they had experienced breeding cases during epizoot-
ics that occurred in Algeria in 1999, in 2014 [25], in 
2015 [24], and in 2018 [23] or from awareness cam-
paigns through the media.

About 20% (14/71) of breeders did not know 
FMD, in almost all cases (n=13), because they were 
exclusively herders. Only one (1/71) of them also has 
cattle but has never seen signs of FMD in his animals.

The breeders did not take strict measures because 
they thought that their animals were safe from con-
tamination due to vaccination. However, some authors 
report that encounters among animals in the cattle 
markets allow viral exchanges, permitting contamina-
tion [27].

At a general level, the fever symptoms men-
tioned by farmers occurred at a rate of 70% (50/71), 
while 65% (46/71) of the responders had seen lame-
ness and hypersalivation, 51% (36/71) had seen ves-
icles, and 18% (13/71) had seen mortality. There was 
no (0%) abortion seen in cattle or sheep (Figure-1).

Fifty-seven interviewed breeders had cattle in 
their flocks, corresponding to a rate of 80% (57/71). 
Forty-five (45/71, 63%) of interviewed breeders had 
sheep on farms.

The signs mentioned by the farmers in mixed 
livestock included fever and vesicles with a rate of 

63% (36/57), while 32% (18/57) of the responders had 
seen lameness or hypersalivation. No responders (0%) 
had seen abortion or mortality in cattle. According 
to sheepherders, the main clinical signs were hyper-
salivation and lameness at 62% (28/45), fever at 31% 
(14/45), and mortality at 29%, while there were no 
(0%) vesicles or abortion (Table-1). No breeder (0%) 
had observed abortion in cattle (0%) or sheep (0%), 
while mortality was observed only in sheep (29%), but 
not in cattle (0%). Concerning the sheep of breeders, 
94% (30/32) of the holders with mixed breeding did 
not answer concerning their recognition of signs spe-
cific to FMD in sheep even if they observed symptoms 
as presented in the question sheet. Nearly 3% claimed 
to have never seen signs of the disease on sheep.

Concerning the herders, the main clinical signs 
in sheep were hypersalivation and lameness (62%) 
(28/45), while fever occurred at a rate of 31% (14/45) 
and mortality was observed at a rate of 29% (13/45). 
Furthermore, no farmers observed vesicles (0%) 
(Table-1); authors have reported that signs are sub-
tle in sheep and very difficult to diagnose in small 
ruminants [28]. Abortion (0%) was not seen in sheep, 
and authors have said that abortion is associated with 
FMD [4]. Sheep usually show subtle signs  [28], but 
breeders claim that they have seen signs in sheep, 
which are included in the FMD statement by the 
OIE  [24]. Breeders’ misunderstanding of the clin-
ical signs of FMD in sheep or their confusion with 
signs of other more common vesicular diseases may 
explain the fact that they did not notice these signs 
because breeders know FMD as a cattle disease only. 
The majority of the respondents (80%, 57/71) claimed 
to know FMD, experience varying from 3 to 30 years 
(Figure-2). This is due to the media awareness cam-
paign during the 2014 epizootic; 18% (13/71) stated 
that they are not concerned by FMD, as they have 
sheep only. Only one (1/71, 1.5%) breeder declared 
not to know the disease.

Of breeders who have more than 20  years of 
experience (1985, 33  years), a single breeder had 
seen signs of FMD, compared to 25 breeders with 
more than 20 years of experience (one breeder with 
33 years and two breeders with 25 years), correspond-
ing to an overall rate of 1/71 (14%), while the rate is 
1/57 (17.5%) in one breeding case.

Of breeders with 19 years (since 1999) of expe-
rience, nine claimed to have seen the disease with a 

Table-1: Clinical signs mentioned by breeders in cattle and mixed (cattle and sheep) farms.

Signs observed by the 
breeders

Number of breeders who have 
seen signs in cattle

Number of breeders who have 
seen signs in sheep

χ2 value (p‑value)

Fever 36 63% (36/57) 14 31% (14/45) 4.07 (0.04)
Hypersalivation 18 32% (18/57) 28 62% (28/45) 3.86 (0.05)
Vesicles 36 63% (36/57) 00 0% ‑‑‑
Lameness 18 32% (18/57) 28 62% (28/45) 3.86 (0.05)
Abortion 00 0% 00 0% ‑‑‑
Mortality 00 0% 13 29% (13/45) ‑‑‑

Figure-1: Number of breeders who have seen clinical 
signs.
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rate of 13% (9/71), while at the livestock level, the 
rate corresponds to 16% (9/57). Of breeders who had 
begun the activity in 2013, five claimed that they had 
seen cases of FMD, corresponding to a rate of 7% 
(5/71) at the global level and 9% (5/57) at the live-
stock level, while the disease had not been reported 
this year. Of breeders who began operation in 2014, 
nine of them claimed to have seen the disease in ani-
mals, corresponding to a rate of 16% (9/57) at the live-
stock level and 13% (9/71) at the global level, while 
129 of animals with signs of FMD were reported by 
respondents. If the response rate is not high, the num-
ber of animals is important [25]. Regarding breeders 
with between 5 and 10 years of experience (from 2008 
to 2013), nine had seen and recognized signs of FMD, 
corresponding to a global rate of 13% (9/71) and 
19% (9/57) at the livestock level, while 40 animals 
showed signs of the diseases as claimed by breeders. 
In fact, given the seniority of the respondents, they 
had not experienced an epizootic since FMD was not 
observed between 2008 and 2013. FMD would be 
confused with other vesicular diseases; apparently, 
such breeders do not know the disease. Breeders with 
fewer than 5 years of experience had been perform-
ing this activity since 2013. Of these, five claimed to 
have seen FMD symptoms in their animals, equiva-
lent to a global rate of 7% (5/71) and 9% (5/57) at the 
livestock level. These rates are low, as FMD has been 
reported in 2014 and 2018 [23,25], which suggests 
that these breeders do not recognize the signs of FMD, 
despite the awareness campaigns, but claim to know 
the disease. Regarding breeders who have claimed to 
have seen signs of FMD, one case was seen in 1985, 
but OIE was not notified. The farmers said they saw 
11 cases of FMD in 1999, which is consistent with the 
emergence of the disease. Breeders claimed to have 
seen 13 cases in 2013, although FMD was not noti-
fied. These results may be due to confusion with other 
vesicular pathologies, as nobody had notified OIE 
since 1999. Regarding the year 2014, 129 cases were 
reported by breeders, corresponding to the recurrence 
of FMD following the fraudulent introduction of cat-
tle in the district of Setif [25]. Recognition of the signs 
of FMD is linked to awareness campaigns conducted 

by the media and veterinary services, which also 
trained breeders to identify the disease through clin-
ical symptoms.

In 2016, the interviewed breeders claimed to have 
seen FMD on 40 animals, while annual and regular 
vaccinations are performed. According to the decla-
rations of the breeders, 10 vaccinated animals in 2018 
showed clinical signs after their vaccination. Before 
1985, not a single farmer (0%) vaccinated. However, 
48% (n=34) of the farmers claimed that they had vac-
cinated their animals during 1999. Less than half of 
the respondents, 34% (n=24) said that they had not 
vaccinated all of their animals in the previous year 
(2017).

Despite the poor education of farmers, vaccina-
tion is accepted and performed in Algeria, but they 
believe that vaccination protects their animals from 
reinfection because they do not know that the vaccine 
is not functional in the presence of viral subtypes. 
Despite the level of education, the holders have taken 
steps to protect their animals from possible infection 
(Figure-3) such as stopping moving or moving away 
(14%) and preventing contact with other animals 
(18%) and with humans (10%). However, a consider-
able number (44%) did not take any action at all. They 
believe that vaccination is sufficient to protect their 
livestock because they are unaware that animals may 
be infected with other subtypes of FMDV.

Not a single (0%) report was received by veteri-
nary authorities in 2018, while 58% reported in 2014 
(Figure-3).

Furthermore, during our survey, we did not 
notice any disinfectant products on the farms or 
evidence that farmers take precautions to disinfect 
their boots and clothes. There was no pediluvium 
or rotoluve placed at the entrances of the farms. 
Regarding FMD’s signs after vaccination, 80% 
(57/71) of breeders reported having observed signs 
corresponding to an infection with a rate of 38% of 
vaccinated animals (170/448). One breeder claimed 
that he reported cases of FMD. Six cows were slaugh-
tered (6/20), while the others were vaccinated, but 
signs reappeared 5 months later. He also claimed that 
there were no signs of FMD (n=240) among sheep, 
while small ruminants have not been vaccinated 
against FMD in Algeria. These observations showed 
that the vaccinated cattle showed clinical signs of 
FMD, which could be due to a vaccine failure or a 
break in the cold chain of the non-thermostable vac-
cine that requires storage between 2°C and 4°C or 
due to the significant mutations that the FMDV [16] 
causes new strains against which the vaccine used 
is not effective because the cross-protection between 
these subtypes is only partial [29].
Statistical analysis

Concerning the clinical signs mentioned by 
breeders in cattle and mixed farms (Table-1), accord-
ing to the results obtained, the χ2 value (p-value) shows 

Figure-2: Number of respondents by years of experience.
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that there was a statistically significant association 
between seniority and educational levels. Figure-2 
represents the number of respondents differing in 
years of experience and their education levels. There 
were five respondents with <5  years of experience 
and average education level. For 5-10 years of experi-
ence, there were nine respondents having an average 
level of experience. There were four respondents with 
11-15 years of experience and a poor level of educa-
tion. Similarly, there were four with an average level 
of education and three with a high level of education 
with 11-15  years of experience. For >20  years of 
experience, there were 20 respondents having a poor 
education level and 13 with an average level of educa-
tion. From Table-2, seniority and educational level are 
significantly associated (χ²=31.96, p<0.001). This sig-
nifies that there is a statistically significant association 
between seniority and educational levels. Cramer’s V 
was used to test the strength of association among 
groups. The strength of association between the vari-
ables (seniority and educational level) was at a mod-
erate level (V=0.48). This indicates that the breeders’ 
experience and academic knowledge significantly 
influenced the occurrence of the epidemics.
Conclusion

The farmers and breeders who were interviewed 
claimed to recognize signs of FMD as fever, hypersal-
ivation, lameness, and vesicles. The statistical analy-
sis shows a significant association between seniority 
and educational levels. The farmers accepted vaccina-
tion, and some of them took a few measures to protect 
animals against the disease, while a proportion took 
no action. FMD is a disease that causes considerable 
economic losses. The disease is still circulating since 
2014, despite vaccination. The breeder must recognize 

the disease early to avoid contagion of other animals 
on the farm and prevent spread to neighboring farms. 
Reporting by breeders must be the first link in the alert 
system.
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