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Foot-and-Mouth Disease (FMD) is present in many countries globally, including Tanzania, especially Gairo district. The data shows that
78% of livestock keepers in Gairo district had already observed FMD infection in their cattle, and the pastoral communities were mostly
aﬀected. Currently, vaccination is the main tool for controlling FMD because there are no therapeutic intervention tools. Therefore, eﬀective
communication among livestock stakeholders can be used as an essential tool of preparedness for the disease’s impact. This study had two
speciﬁc objectives: (i) to explore the challenges of communicating FMD events among livestock keepers and other livestock stakeholders in
Gairo district and (ii) to propose an information system for sharing FMD events among the livestock stakeholders in Gairo district. The
study found that there was a delay when communicating FMD events in Gairo district due to the long chain of information ﬂow. Therefore,
the system aims to reduce the communication chain by allowing livestock keepers to report disease outbreaks directly to the system.
Livestock keepers may also access FMD precaution measures, negative impacts, clinical signs transmission ways, and current outbreaks
directly from the system using Unstructured Supplementary Service Data (USSD), Short Message Services (SMS), robocalls, and feature
phones. The system also provides a common platform for sharing FMD outbreaks data and events to other stakeholders based on the
system’s privileges. In this study, a closed-ended interview using a questionnaire was used for data collection. The PHP hypertext processor,
jQuery, HTML, JSON, JavaScript, Apache web server, and MySQL database were used for developing the system.

1. Introduction
Foot-and-Mouth Disease (FMD) is a transboundary disease
caused by the virus from the Picornaviridae family. The
disease aﬀects domestic and wild cloven-hooved animals
such as sheep, goats, pigs, and buﬀaloes [1]. Adult animals
can survive an FMD attack; however, FMD impacts their
milk production and growth. Also, the presence of FMD in
livestock hinders international trade. Young animals
sometimes die from FMD [2]. There are currently seven
known serotypes of FMD virus (A, O, C, SAT1, SAT2, SAT3,
and Asia1) and many more subtypes in the world. Type A, O,
SAT1, SAT2, and SAT3 are present in Tanzania [2]. FMD is

transmitted from one animal to another through the following mechanisms: direct contact or indirect contact, e.g.,
by contact with contaminated inanimate objects (often referred to as fomites). FMD is currently present in Asia and
Africa and one country in South America. [3]. In Tanzania,
Gairo is among the districts facing FMD challenges several
times. Currently, the disease has no cure, and vaccination is
the most important control measure for FMD. However,
vaccines do not protect between serotypes, and sometimes
protection within a serotype is limited. Therefore, the vaccines must match the virus strain circulating in livestock for
eﬀective prevention. FMD-free countries prohibit the importation of FMD-vaccinated animal products or only
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allowed it after additional risk-mitigating measures, which
reduces the possibilities of international trade. Since FMD is
a notiﬁable disease, immediate information sharing during
the outbreaks is mandatory for mitigating the disease. The
big challenge in Gairo district is a long chain when communicating FMD outbreaks among livestock stakeholders.
Normally, the ward veterinarians receive FMD outbreaks
from livestock keepers either by routine visits or by phone
calls from immediate livestock keepers. Sometimes, veterinarians leave unreported cases due to unfriendly terrains
that hinder access to remote livestock keeping communities,
especially in rainy seasons. Once the veterinarians receive
the information, report the incident to the district veterinary
oﬃcer (DVO) either by calling or visiting the DVO oﬃce.
The DVO forwards the information to the Directorate of
Veterinary Service that has the mandate of uploading data to
the global surveillance systems. Sometimes, communication
breakdown may happen if somebody is irresponsible along
the reporting chain. Similarly, whenever there is a threat of
FMD, the veterinarians use to visit individual livestock
keepers to alert them about the disease and precaution
measures that could be taken eﬃciently using the information system. Sometimes, the current reporting mechanism causes delay and insuﬃcient information for
controlling FMD in Gairo district. Also, the process of
visiting livestock keepers for collecting or giving information
is costly and requires a greater number of veterinarians for it
to be eﬀective.
Some countries use surveillance systems for communicating animal disease outbreaks, including FMD, which
replace the paper-based reporting mechanism. However,
the systems depend on the input data from veterinarians,
laboratories, and other healthcare providers that act as
main sources of information [4]. The systems contradict
other surveillance studies that emphasize the fact that
livestock keepers should be the primary source of outbreak
information to detect the disease early since the FMD has
no cure [5]. Also, few surveillance systems enable livestock
keepers to report disease outbreaks direct to the system.
However, such systems failed to consider livestock
keepers’ demographic characteristics on their technology
to access the surveillance systems. For example, such
systems are web-based and emphasize on the use of
smartphone for reporting disease outbreaks, while the
majority of livestock keepers, especially in developing
countries, own feature phones which cannot browse the
Internet [6, 7].
Similarly, the system communicates the disease outbreaks and precaution measures through websites, while
livestock keepers lack skills and devices for browsing the
Internet [8, 9]. Also, few systems are integrated with Short
Message Service (SMS) only for alerting the disease
outbreaks, while some of the livestock keepers, especially
in developing countries, have no formal education and
cannot read SMS [10]. The partial involvement of livestock
keepers, who are signiﬁcant stakeholders in animal diseases control, contributes to the factors aﬀecting information ﬂow to the existing surveillance systems. This
study explores the challenges of communicating FMD
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events among livestock stakeholders in Gairo district and
proposes an information system to solve that challenge.
The system will enhance the early detection of FMD as
livestock keepers will report the disease outbreaks directly
to system [7]. It will improve FMD awareness by sharing
FMD events such as outbreaks, clinical signs, and precaution measures direct to livestock keepers in real time.
Not only that, but also the system will remove chain when
reporting FMD outbreaks among livestock stakeholders in
Gairo by proving a common platform for sharing FMD
data. The robot calls (robocalls) and Unstructured Supplementary Service Data (USSD) parts of the proposed
system will also enhance the existing surveillance systems’
operations. The robocalls are automatic computer-generated mobile calls from a computer program that can dial
many phone numbers at once and play a prerecorded or
computer-generated voice message to anyone who answers the voice call [11].

2. Methodology
2.1. Description of the Study Area. There are many districts in
Tanzania with a larger number of cattle compared to Gairo.
However, Gairo was selected as a study area because of the
easy availability of three livestock farming systems named
zero-grazing, agropastoralism, and pastoralism in contrast
to other districts whereby one farming system may dominate. Therefore, the researcher was convinced that Gairo
district would provide suﬃcient information/data for the
study. Usually, zero-grazing is available in urban areas,
agropastoralism is practiced in semiurban areas, while
pastoralism is available in rural areas long-distanced from
urban centres. Gairo district is in the Morogoro region and
located between the latitude 36′500E-37′200E and longitude
6′400S-5′500S along the Morogoro–Dodoma region road
(Figure 1).
2.2. Sample Size Determination for Respondents. The closedended interview using questionnaires was conducted involving 180 livestock keeping households from 6 villages of
Gairo district named Kilama, Chogoali, Chakwale, Kilimani,
Gairo town, and Ibuti. The interviewees were the heads of
the families, regardless of their gender. The number of
households to be interviewed was selected by using the rule
of thumb to determine the sample size of households which
states that a minimum sample size of 25–30 households is
appropriate for a village that ranges in size from 100 to 500
families [12]. As a result, 30 households from each village
were interviewed. To obtain the number of villages to be
interviewed, the researchers used a stratiﬁed sampling
technique to group 54 Gairo district villages into 3 groups
based on livestock farming systems [13]. Hence, the 54
villages were divided into the zero-grazing group, agropastoralism group, and pastoralism group of villages [13].
Thereafter, the 3 groups were listed in the Excel sheet, and 2
villages were randomly selected from each group for data
collection. During the interview, the households were randomly chosen to avoid biases.
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Figure 1: A map of Gairo district.

2.3. Data Collection and Analysis. Both multiple-response
and single-response questions were used during data collection. The questions were formulated to gather the following
information: (1) FMD status in Gairo district, (2) the livestock
keepers demographic characteristics, (3) the time taken to
receive information during FMD outbreaks in livestock
keeping communities, and (4) sources of FMD outbreaks
information. Also, the location in terms of latitude and
longitude of each household was noted after the interview for
generating spatial distribution maps (Figure 2). Furthermore,
ﬁve-year (2015–2019) FMD outbreaks secondary data for all
54 villages in the study area were collected from VET oﬃces
headquarter to determine FMD trend (Figure 3). The livestock keepers’ demographic characteristics data were purposely collected to determine the appropriate technologies
that could be used for communicating FMD events in Gairo
district. The Statistical Package for the Social Sciences (SPSS)
was used for generating frequency distributions table for the
data. Similarly, Aeronautical Reconnaissance Coverage
Geographic Information System (ArcGIS) was used for
rendering maps in this study (Figures 1 and 2).
2.4. System Design and Implementation. The PHP hypertext
processor, JQuery, HTML, JSON, and JavaScript were used
as the programming language during system implementation. The MySQL database was also used for storing data and
feature phones and computers for testing and hosting the

system. Not only that, but also USSD and robocalls were
used for reporting and alerting FMD outbreaks. Lastly,
Microsoft Visio software was used for drawing the system
architecture diagram (Figure 4).

3. Results
3.1. FMD Status in Gairo District. During determining the
FMD status, 170 livestock keepers out of 180 responded to the
question that either they had already observed FMD infection
in their cattle or not. The question was a single-response
question. The livestock keepers responded “yes” to the question, asking to mention at least three FMD clinical signs to
validate their answers. The data found that 133 (78%) of the
interviewed livestock keepers had already observed FMD infection in their cattle (Table 1). The larger number was experienced in pastoralist community that 97% of them had
already observed FMD infection in their cattle, followed by
agropastoral community, 93% (Table 1). In contrast, only 44%
was observed in the zero-grazing community.
3.2. Livestock Keepers’ Demographic Characteristics. One
hundred eighty (180) livestock keepers were interviewed to
identify the categories of mobile phones they own and usage
and their education level. The researcher used multiple- and
single-response questions, and the number of responses
varies according to the question. The data found that 91% of
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Figure 2: Spatial distribution of FMD surveyed households in the Gairo district.
Table 1: Frequencies of livestock keepers who have already faced
FMD challenges.
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Figure 3: FMD-aﬀected cattle in the Gairo district by the year
(2015–2019).

livestock keepers own feature phones and 9% own smartphones (Table 2). Most livestock keepers used mobile phones
to make and receive voice calls and send and receive Short
Message Services (SMS) (Table 2). Not only that, but also
60% of livestock keepers had primary school education, and
33% had no formal education at all (Table 2).

3.3. The Observed Relationship between the FMD Outbreaks
and Seasons of the Year in Gairo District. Figure 3 indicates
the number of aﬀected cattle per month for ﬁve years (Jan
2015 to May 2019). It seems that most FMD outbreaks had
been reported in January–May, August, October, and December. However, there are very few cases in July, September, and November, and no cases were reported in June
for the past ﬁve years consecutively. The reason for this
variation was not identiﬁed in this study.
3.4. The Time Taken to Receive Information about FMD
Outbreaks and Sources of FMD Outbreaks Information in
Livestock-Keeping Communities. The study revealed a delay
in information ﬂow in livestock-Keeping Communities
during the FMD outbreak. The data indicated that most
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Table 2: Frequencies of livestock keepers’ demographic characteristics.
Variables
Livestock keepers owning mobile phones (N � 170)
No
Yes
Total
Mobile phone usage (N � 143)
Smartphone
Feature phone
Total
Level of education (N � 171)
Primary school
Secondary school
University
No formal education
Total
Mobile phone usage (N � 144)
Sending and receiving SMS
Making and receiving calls (including robocalls)
Surﬁng the Internet
Social network
Other uses
Total

livestock keepers got information one day after the disease
outbreaks (Table 3). Thus, 79% of pastoralism, 74% of
agropastoralism, and 67% of zero-grazing got information
more than one day after the FMD outbreaks (Table 3).
Also, livestock keepers mostly communicate FMD incidents/outbreaks and control measures among themselves
rather than getting oﬃcial information from liable sources
such as local and regional VET oﬃces or veterinarians
(Table 3). Since most livestock got FMD outbreaks information more than one day after the outbreaks and
disease signs can appear in animals within 2 to 14 days
after exposure [14], that means the probability of getting
information while animals have already been aﬀected is
higher. Not only that, but also the majority of livestock
keepers receive FMD outbreaks information from other
livestock keepers and just hear rumours from their nearby
villages. However, very few receive information from
veterinarians. Generally, there are no oﬃcial ways of
communicating FMD events among livestock stockholders in the district.

4. Discussion
Due to the lack of oﬃcial ways of communicating FMD
outbreaks in the Gairo district, which causes delay and
insuﬃcient information for controlling FMD (Table 3), the
researcher is in the opinion that if a suitable communication
mechanism is established between livestock keepers and
other stakeholders may reduce the impact of the FMD in the
district. Information systems play a signiﬁcant role in developing diﬀerent practical approaches to prevent, detect,
respond to, and manage infectious disease outbreaks on
plants, animals, and humans [6, 8, 9, 15]. Similarly, by
considering livestock keepers’ demographic characteristics,

Frequencies

Percent (%)

27
143
170

16
84
100

13
139
152

9
91
100

103
10
1
57
171

60
6
1
33
100

114
141
10
11
19
295

39
48
3
4
6
100

one may use information technology for communicating
FMD among livestock stakeholders through a software
system that is speciﬁcally developed for monitoring FMD
(Table 3). The data showed that Gairo district has a reasonable number of livestock keepers owning feature phones
and mostly used them for SMS and voice calls (Table 2).
Therefore, the study suggests that SMS, USSD code, and
automatic broadcasting calls (robocalls) may be the best
means of communicating FMD incidents/outbreaks among
livestock farmers and other livestock stakeholders in Gairo
district. Technically, SMS, USSD, and robocalls will satisfy
those who have a primary school level and above who can
read and write SMS.
In contrast, robocalls alone will beneﬁt those who have
no former knowledge, and it is believed that most cannot
read and write SMS. However, all the mentioned technologies will satisfy most livestock keepers because the majority
own feature mobile phones. Thus, the study suggests the
information system named “The Monitoring System for
Transboundary FMD” embedded with the mentioned
technologies for broadcasting FMD awareness and real-time
outbreaks to livestock keepers, enabling early reporting and
detection of FMD outbreaks. The information system may
help maintain FMD awareness of livestock keepers by
sending regular announcements in SMS and robocalls
reminding them about the precaution measures, negative
impacts, clinical signs, and mode of disease transmission.
Similarly, the system enables early detection of FMD by
allowing livestock keepers to report the disease outbreaks as
soon as possible using USSD code or SMS with their feature
phone. Finally, the system will provide FMD outbreaks
secondary and current data for decision making by policymakers. Also, veterinarians and researchers may use data
for research purpose.
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Table 3: Time taken by livestock keepers to receive FMD outbreaks information from diﬀerent sources and sources of FMD information.
Livestock farming system
Variables
Frequencies
Time taken by livestock keepers’ communities to receive information during FMD outbreaks
Within 1 hour
2
Within 6 hours
1
Within 12 hours
3
Within 1 day
4
Zero-grazing (N � 39)
More than 1 day
26
No information at all
3
Total
39
Within 1 day
6
Within 6 hours
0
Within 12 hours
0
Agropastoralism (N � 39)
Within 1 day
0
More than 1 day
29
No information at all
4
Total
39
Within 1 hour
1
Within 6 hours
3
Within 12 hours
0
Within 1 day
6
Pastoralism (N � 52)
More than 1 day
41
No information at all
1
Total
52
Sources of FMD information in livestock keepers communities
VET professional
11
Other livestock keepers
39
Special meetings
1
Zero-grazing (N � 43)
Just hearing rumours
7
Others
0
Total
58
VET professional
5
Other livestock keepers
44
Special meetings
0
Agropastoralism (N � 49)
Just hearing rumours
4
Others
6
Total
59
VET professional
0
Other livestock keepers
54
Special meetings
1
Pastoralism (N � 55)
Just hearing rumours
0
Others
4
Total
59

5. Recommended Information System
The Monitoring System for Transboundary FMD is a
web-based system like other famous animal disease
surveillance systems, but with extra functionality such as
SMS, USSD code services, and automatic voice calls
(robocalls).
5.1. System Architecture. The system developed using PHP
hypertext processor, JQuery, HTML, MySQL database, Apache
web server, JSON, and JavaScript. The MySQL database and
Apache web server are available by installing the XAMPP
software package. The SMS gateway and voice gateway are
installed in the system for providing voice and SMS broadcast
services. The SMS modem and voice modem are attached to the
server hardware via USB ports (Figure 4). The modems are
connected to the SMS and a voice gateway through the

Percent (%)
5
3
8
10
67
8
100
15
0
0
0
74
10
100
2
6
0
12
79
2
100
19
67
2
12
0
100
8
75
0
7
10
100
0
91
2
0
7
100

software’s setting menu. The monitoring system for transboundary Foot-and-Mouth Disease comprises two modules:
(a) FMD awareness maintenance module and (b) FMD incidents/outbreaks reporting module. The modules developed as a
looping PHP script that automatically executes every 30 seconds. The Script simultaneously checks the recent veriﬁed,
reported FMD incident/outbreak in permanent database 2
(PDB2) and the broadcast time interval allocated to the FMD
outbreaks, precaution measures, clinical signs, and negative
impacts of FMD in permanent database 1 (PDB1) (Figure 4).
5.2. Descriptions for System Components
5.2.1. FMD Awareness Maintenance Module. This module
regularly broadcasts FMD precaution measures, clinical signs,
and negative impacts in the form of SMS and voice to livestock keepers. The researchers, laboratories, and regional and
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Figure 4: Block diagram of system architecture.

local VET oﬃcers store this information in permanent database 1 together with their broadcasting time interval. The
data uploaded to the system (PDB1) is either the name of a
prerecorded audio ﬁle (.wav) or the text descriptions of the
FMD awareness. However, the actual prerecorded audio ﬁle
(.wav) is uploaded to the voice modem using the voice
gateway software [16]. The module compares the last
broadcast time of each stored FMD awareness with the operating system time. If the diﬀerence between them is greater
than the assigned FMD awareness broadcast time interval, the
system broadcasts that particular FMD awareness to livestock
keepers. The process repeats every 30 seconds. The text descriptions were broadcasted to all livestock keepers in the
form of SMS using SMS gateway through SMS modem.
Similarly, the voice ﬁle is sent as an automatic voice call
(robocalls) using a voice gateway through the voice modem.
The robocalls are automatic computer-generated mobile calls
from a computer program that can dial many phone numbers
at once and play a prerecorded or computer-generated voice
message to anyone who answers the voice call [11]. In this

case, the prerecorded message is our FMD awareness (.wav)
ﬁles.
5.2.2. FMD Incidents/Outbreaks Reporting Module. The
livestock keepers may report the FMD outbreaks using
USSD by dialing a speciﬁc USSD code. When the request is
initialized, a USSD menu will pop up with a list of village
numbers and names (e.g., 1-Kilama village and 2-Chogoali
village) that allow the livestock keeper to send a speciﬁc
village number to the system. The alternative way is to send
the village number to the system using SMS. Once the information received is by the system, it is tagged as unveriﬁed
and stored in the temporary database. The system captures
mobile phone numbers of the livestock keepers whenever
they report FMD incidents/outbreaks via USSD code or
SMS. The veterinarians use the stored mobile phone
numbers for tracing up the validity of the information
immediately. If the temporary information is valid, the
system transfers it to the permanent database 2 (PDB2) after
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the veterinarian clicks the conﬁrmation button on the web
page based on his privilege.
Consequently, the audio message and SMS are sent to all
livestock keepers, informing them about the outbreak and
immediate precaution measures. Otherwise, the system
deletes the unveriﬁed information from a temporary database after the veterinarians click the discard button, and
feedback is sent to only the one who reported the incident,
informing him that the information was invalid. Anybody
can view the number of unveriﬁed and valid incidents on the
home page of the system.
5.3. Voice Gateway. SMSDeliverer was used as a voice gateway
for broadcasting voice [16]. Voice gateway provides automatic
voice call services by broadcasting FMD awareness, FMD
incident, or outbreak prerecorded audio ﬁles to livestock
keepers through the voice modem pool attached to the server
via USB port. The voice gateway acts as a communication
interface between the FMD monitoring system and the voice
modem pool. The actual prerecorded audio ﬁles are stored in
the modem using the voice setting panel of voice gateway
software. The information system may broadcast a speciﬁc
audio ﬁle by referring to its ﬁle name in permanent database 1
(PDB1) and database 2 (PDB2). The modules use HTTP GET
request to broadcast the prerecorded audio ﬁle by specifying
the audio ﬁle name with the request. Therefore, the HTTP GET
request acts like a simple API that connects the FMD monitoring system and voice gateway.
5.4. SMS Gateway. Diafaan SMS Server was used as an SMS
gateway. SMS gateway provides SMS services by broadcasting FMD awareness, FMD incident, or outbreak descriptions to livestock keepers via SMS modem pool
connected to the server. The SMS modem pool is connected
to the server via a USB port. The SMS gateway act as a
communication interface between the FMD monitoring
system and the SMS modem pool.
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5.5. Feature Phones. Feature phones enable communication
between livestock keepers and the Monitoring System for
Transboundary FMD.
5.6. USSD Application Program Interface (API). The USSD
Application Program Interface is a part of the FMD incident/
outbreaks reporting module. The API enables communication
between the cloud USSD server and system. The API periodically queries the newly reported outbreak information
(village number and reporter mobile phone number) from the
USSD server and stores it to the temporary database. This
information was reported using feature phones.
5.7. Smartphones and Computers. Smartphones and computers enable veterinarians to verify the reported outbreak
information. Also, other stakeholders may use smartphones
and computers to access the system because it is web based.

6. Conclusion
Many private and government institutions in the world performed several types of research and introduced several ways of
combating FMD. Furthermore, the research ﬁndings published
in various places, including but not limited to research journals,
magazines and surveillance systems. This study found that
some livestock keepers in Gairo district still lack knowledge of
FMD control regardless of the literature’s existence. The reason
is the lack of knowledge and devices for accessing the materials.
For this reason, researchers are in the position to advise nonFMD-free declared countries to analyze their livestock-keeping
communities to ﬁnd various alternatives for sharing materials
and animal disease information with livestock-keeping communities through their resources. For example, this study used
feature phones to share FMD events in Gairo district after
analyzing livestock keepers’ demographic characteristics. Finally, this study suggests further research in the Gairo district
on why more FMD cases are observed in January–May, August, October, and December.

Data Availability
5.4.1. Voice Modem Pool. 3G SIMCOM modem pool with 4
ports was used for voice broadcasting [17]. Any modem pool
with the capability of SIMCOM modems can be used. Each
modem contains a SIM card for accessing the mobile network. The SIMCOM are modems with the ability to execute
“AT” commands and storing audio ﬁles in (.wav) format.
The prerecorded audio ﬁles were inserted into the modem
using the voice gateway software [16]. The monitoring
system plays the audio ﬁles by referring to their names in
permanent PDB1 and PDB2 (Figure 4).

The data that support the ﬁndings of this study are openly
available
at
https://drive.google.com/ﬁle/d/
16qmp7ijz2JY_fuihovZRMXnJ1amIVqOw/view?
usp�sharing in Excel sheet ﬁle format.
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