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Abstract
Background: Brucellosis and bovine tuberculosis are endemic in Rwandan cattle, but little is known about
the awareness of zoonotic transmission and occupational exposure among abattoir workers.

Methods: A cross-sectional study was conducted to investigate the awareness, practices, and history of
the diseases among 100 abattoir workers from four high throughput and 18 workers from two low
throughput abattoirs. Data were collected by face-to-face interviews using a questionnaire, and exposure
and outcome variables were assessed by univariate and correspondence analyses.

Results: It was found that 82.2%, 27.1%, 8.5%, 10.2%, and 12.7% of abattoir workers were familiar with
tuberculosis, brucellosis, Q-fever, leptospirosis, and cysticercosis, respectively. Three years before the
survey, the majority (67.8%) of abattoir workers reported sickness of malaria (48.3%), and symptoms of
�u (5.1%), headache (5.1%), fever (5.1%), headache (5.1%), and nephritis (3.4%). Malaria-negative
patients had the symptoms of fatigue (11.0%), and �u (9.3%). Respondents (7.6%) had contracted
‘abattoir-related diseases including typhoid (1.7%) and have had symptoms of diarrhea (5.9%). Few
workers also reported abortion (0.9%), and orchitis (0.9%). Most abattoir workers (70.3%) usually cut their
hands, a few (9.3%) wore gloves while 39.8% worked with bare and injured hands. Most (74.6%) of
workers experienced splashes of animal �uids into their faces while none (0.0%) wore facemasks or
safety goggles. Eating at work was observed in 28.0% of abattoir workers. Univariate and correspondence
analyses showed that transporters of carcasses, butchers, and workers with 3 years’ experience and
above were more likely to get sick than other groups.

Conclusions: The awareness that was low for zoonotic brucellosis, Q-fever, leptospirosis, and
cysticercosis was supported by not wearing protective equipment’s alerting the competent veterinary
authorities to improve biosafety protection in the abattoirs. The awareness for zoonotic brucellosis and
tuberculosis was highest in educated workers indicating the need for educating abattoir. Abattoir workers
reported the symptoms of fever, fatigue, �u, headache, nephritis, abortion, and orchitis which are common
symptoms of brucellosis, leptospirosis, and Q-fever. Abattoirs are key points for the detection of zoonotic
infectious diseases; thus, routine sampling and testing of slaughtered animals and abattoir workers are
needed for surveillance and control of zoonotic diseases.

Background
Brucellosis and bovine tuberculosis (bTB) are widespread bacterial diseases of a wide range of
mammals, including humans especially those coming in close contact with animals or animal products
(1, 2). The human brucellosis cases were estimated to be 830,000 worldwide in 2010 and 47.0% of these
were foodborne cases (3), while the World Health Organization estimated 147, 000 cases of bTB (half of
which occur in Africa) with 12,500 deaths in humans (4). Both diseases are neglected and endemic in
sub-Saharan African countries, including Rwanda where they cause disease burden (5-7) and signi�cant
�nancial losses (8, 9).
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Zoonotic tuberculosis is mainly caused by Mycobacterium bovis (10), and occasionally by M. caprae (11,
12), which belong to the Mycobacterium tuberculosis complex (MTBC) (13). About 10.0% - 15.0% of
human TB cases due to M. bovis occur in developing countries where the test-and-slaughter control
method is too expensive and therefore not practiced (10, 14). Furthermore, in developing countries,
zoonotic tuberculosis may be underestimated due to the lack of distinction between M. bovis and M.
tuberculosis during diagnosis (15, 16).

Zoonotic brucellosis is mainly caused by Brucella melitensis (17), B. abortus (18), B. suis (19), and rarely
B. canis (20). Brucellosis is an occupational disease affecting owners and keepers of animals, laboratory
technicians, butchers, veterinarians, and abattoir workers (21, 22). Animals are the reservoirs of
brucellosis for humans, who contract the disease either directly by inoculation of the pathogen from
infective animal tissues through cuts or the skin abrasions, by ingestion of contaminated animal
products (raw milk, and milk products), and inhalation of contaminated aerosols (23, 24). The clinical
signs of human brucellosis, mimic those of acute febrile illnesses such as malaria, typhoid, and
rheumatic fever, and this can lead to misdiagnosis or underdiagnosis of brucellosis cases (25). bTB is
also an occupational disease affecting similar categories as brucellosis and is transmitted to humans
through inhalation of infective particles from diseased cattle or through the ingestion of contaminated
animal products such as unpasteurized milk and undercooked meat (10, 26). M. bovis - infected humans
can transmit the pathogen to other humans through an aerogenous route (27). However, human-to-
human transmission is rare and is only limited to certain circumstances.

For this study, ‘other zoonotic diseases’ refer to leptospirosis, Q-fever, and cysticercosis. Leptospirosis and
Q-fever are acute febrile diseases of both humans and animals and are caused by Leptospira spp. and
Coxiella burnetii, respectively (28, 29). The diseases are transmitted to humans mainly through contact
with infectious tissues and ingestion of contaminated food and water (28, 30). To the best of our
knowledge, these diseases have not yet been reported in Rwanda. Cysticercosis in cattle is a parasitic
disease caused by Cysticercus bovis evolving from an immature form of Taenia saginata, which is a
human cestode (31). Humans get infections by eating raw or undercooked beef (32).

In Rwanda, the seroprevalence of brucellosis ranges from 7.4–18.7% in cattle (33, 34) and 6.1–25.0% in
humans (5, 7); the prevalence of bTB was 0.5% in slaughtered cattle (8); while the prevalence of T.
saginata cysticerci, was 3.0% in slaughtered cattle (35) and that of T. solium was 21.8% in people with
epilepsy (neurocysticercosis) in Rwanda (36). However, no information is available about abattoir
workers, who are usually at high risk of exposure to zoonotic diseases (22, 37). In this study, ‘abattoir-
related’ diseases are de�ned as any animal diseases that are transmissible to humans and thus these
diseases that may be contracted at the abattoirs. These included febrile like illnesses (brucellosis,
leptospirosis, and Q-Fever), tuberculosis, cysticercosis, and etc.The objective of this study was, therefore,
to investigate the awareness of zoonotic brucellosis transmission, zoonotic tuberculosis transmission,
leptospirosis, Q-fever, and cysticercosis as well as assess occupational hazards regarding these
infections among abattoir workers in Rwanda. The data from this study can be used by the competent
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authorities to raise the awareness level and attend to the preventive needs of abattoir workers and other
animal handlers.

Results

Demographic information
Out of 180 abattoir workers, 65.6% (118/180) agreed to participate in this study. Of these 118
participants, 84.7% (100/118) were employed at high throughput, while 15.3% (18/118) were employed at
low throughput abattoirs. Among the respondents, 89.0% (105/118) were males, while 11.0% (13/118)
were females. Most respondents (56.8%, 67/118) were of the age category 18 - 30 years, followed by
those 31-61 years old (40.7%, 48/118), and the least were above 60 years of age (2.5%, 3/118) (Table 1).
The proportion of respondents according to their level of education was as follows: primary education
67.8% (80/118), secondary education 18.6% (22/118), and no formal education 13.6% (16/118).
Respondents that were married accounted for 61.9% (73/118), followed by singles 36.4% (43/118), and
divorced 1.7% (2/118). Most respondents were butchermen (52.6%, 61/118), followed by the group of
“others” (comprising of cleaners, permanent sellers of viscera, and animal keepers) at 18.6% (22/118),
transporters of carcasses 15.5% (18/118), and inspectors 14.7% (17/118). The respondents with work
experience of three years and above were 67.8% (80/118), followed by those with one year experience
24.6% (29/118), and the least were those with two years (7.6%, 9/118). Respondents that worked on
cattle were 79.7% (94/118), while 13.6% (16/118) worked on goats, and 6.8% (8/118) worked on both
cattle and goats (Table 1).
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Table 1
Sociodemographic information of abattoir workers participating in the

study in Rwanda
Variables Interviewed Frequency n (%) 95% CI

Gender

Male 118 105 (89.0) [81.9 - 94.0]

Female 13 (11.2) [6.0 - 18.1]

Age category

Young (18-30) 118 67 (56.8) [47.3 - 65.9]

Medium age (31-60) 48 (40.7) [31.7 - 50.1]

Old ≥ 61 3 (2.5) [0.5 - 7.3]

Level of your education

No education 118 16 (13.6) [8.0 - 21.1]

Primary 80 (67.8) [58.6 - 76.1]

Secondary 22 (18.6) [12.1 - 26.9]

Marital status

Married 118 73 (61.9) [52.5 - 70.7]

Single 43 (36.4) [27.8 - 45.8]

Divorced 2 (1.7) [0.2 - 6.0]

Occupation at work

Butcher 118 61 (52.6) [43.1 - 61.9]

Inspector 17 (14.7) [8.8 - 22.4]

Transporter 18 (15.5) [9.5 - 23.4]

Others 22 (18.6) [12.1 - 26.9]

Duration at working (abattoirs)

1 year 118 29 (24.6) [17.1 - 33.4]

2 years 9 (7.6) [3.6 - 14.0]

≥ 3 years 80 (67.8) [58.6 - 76.1]

Working on animal species

Cattle 118 94 (79.7) [71.3 - 86.5]
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Variables Interviewed Frequency n (%) 95% CI

Goats 16 (13.6) [8.0 - 21.1]

Cattle & goats 8 (6.8) [3.0 - 12.9]

CI, con�dence interval; n, number. Abattoir workers in six abattoirs were interviewed about potential risk
factors for brucellosis and human tuberculosis, using a semi-structured questionnaire

Awareness of the transmission of zoonotic brucellosis, tuberculosis, and other zoonotic diseases, and the
history of diseases among abattoir workers

This study found a high frequency of awareness of zoonotic tuberculosis transmission 82.2% (97/118),
low awareness of zoonotic brucellosis transmission 27.1% (32/118), and a low frequency of awareness
for ‘other zoonotic diseases’, namely cysticercosis 12.7% (15/118), leptospirosis 10.2% (12/118), and Q-
fever 8.5% (42/118). Of the 118 respondents, 80 (67.8%) con�rmed that they had been sick three years
before the survey and among them, 48.3% (57/118) suffered from malaria, while other respondents could
not remember the name of the disease and reported symptoms. Symptoms of �u and headache were
each recorded in 5.1% (6/118) of the respondents. The history of symptoms such as abortion (0.9%)
(1/118) and orchitis (0.9%) (1/118) was also recorded. Of the 118 respondents, 18 (15.3%) reported that
they had been negative for malaria but presented symptoms of fever. The malaria-negative patients also
presented with fatigue 11.0% (13/118), and �u 4.2% (5/118). Respondents that contracted ‘abattoir-
related’ diseases three years before the survey 7.6% (9/118) suffered from typhoid 1.7% (2/118) and
presented symptoms of diarrhea 5.9% (7/118) (Additional �le 1)

 

The univariate analysis showed that the awareness for zoonotic brucellosis transmission was
signi�cantly higher among workers from low throughput abattoirs (50.0%, 9/18) (p=0.04) compared to
those from high throughput abattoirs (23.0%, 23/100). However, the awareness of zoonotic tuberculosis
transmission (85.0%, 85/100), leptospirosis (12.0%, 12/100), cysticercosis (13.0%, 13/100), and Q-fever
(9.0%, 9/100) was higher in workers from high throughput abattoirs compared to those from low
throughput abattoirs but this was not statistically signi�cant (Table 2).
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Table 2
Awareness of transmission of zoonotic brucellosis, zoonotic tuberculosis, and other zoonotic diseases

strati�ed by the capacity of abattoirs in Rwanda
Variables (awareness) Categories High

throughput
Low
throughput

Odds
Ratios

P-
value

zoonotic transmission for TB No 15.0%
(15/100)

33.3%
(6/18)

[0.12 -
1.17]

0.12

Yes 85.0%
(85/100)

66.7%
(12/18)

zoonotic transmission for
brucellosis

No 77.0%
(77/100)

50.0%
(9/18)

[1.19
-9.42]

0.04

Yes 23.0%
(23/100)

50.0%
(9/18)

Leptospirosis No 88.0%
(88/100)

100.0%
(18/18)

[0.00
-1.96]

0.2

Yes 12.0%
(12/100)

0.0% (0/18)

Cysticercosis No 87.0%
(87/100)

88.9%
(16/18)

[0.08 -
4.29]

1

Yes 13.0%
(13/100)

11.1%
(2/18)

Q-Fever No 91.0%
(91/100)

94.4%
(17/18)

[0.01 -
4.8]

1

Yes 9.0% (9/100) 5.6% (1/18)

TB: tuberculosis

Behavior And Practices Predisposing Abattoir Workers To
Zoonotic Diseases
Consuming raw meat and uninspected meat at least once was each recorded in 0.9% (1/118) of the
respondents, while none of the respondents consumed condemned meat. Most respondents (70.3%,
83/118) had cut their hands at some point while working in the abattoir and among them, 39.8%
(47/118) have been working with hand injuries, while only 7.6% (9/118) worked after treatment. Having
got splashed (with animal �uid/blood) on the face was recorded in 74.6% (88/118) of respondents. Most
of the respondents 95.8% (113/118) washed their hands and of these, 70.8% (80/118) washed their
hands every time after touching potential contaminants, while the remaining 25.0% washed their hands
once or twice daily. None of the 118 respondents wore a facemask or goggles, and only 9.3% (11/118)
wore gloves, and of these, only 6.8% (8/118) used them regularly. Wearing overhead covers was recorded
in 1.7% (2/118) of respondents. Most of the respondents 94.1% (111/118) wore overalls for preventive



Page 8/23

clothing, but only 43.2% (48/118) always wore their overalls. Four respondents (3.4%) did not wear
gumboots and among the 96.6% who wore gumboots, 11.4% (13/118) wore them occasionally. Twenty-
eight percent [28.0% (33/118)] of the respondents had their breakfast while wearing their overalls
(Additional �le 2).

 

Pairwise Associations Between Exposure And Outcome
Variables
The occupation was signi�cantly associated with contracting illness three years before the study,
awareness of zoonotic tuberculosis transmission, and awareness of zoonotic brucellosis transmission.
Splitters & transporters of carcasses (77.8%, 14/18) were more likely to have been sick three years before
the study (p = 0.003) and 22.2% (4/18) of them became negative to malaria while manifesting fever and
headache (p = 0.72). Butchers (11.5%, 7/118) were more likely to contract ‘abattoir-related’diseases
compared to other workers, but this was not signi�cant (p = 0.52). All meat inspectors (100%, 17/17) were
more aware of the zoonotic tuberculosis transmission than other abattoir workers (p = 0.05), and a large
proportion of these (76.5%, 13/17) was aware of zoonotic brucellosis transmission (p < 0.001) compared
to other workers.

The levels of education were signi�cantly associated with contracting illness, and workers with primary
education (75.0%, 60/80) were more prone to sickness than other workers with no education level (p =
0.003). Although not signi�cant, workers with primary education (10.0%, 8/80) had contracted ‘abattoir-
related’ diseases, while (17.5%, 14/80) had been negative to malaria yet they presented fever as a
symptom. Workers with secondary education were more aware of zoonotic tuberculosis transmission (p <
0.001), and zoonotic brucellosis transmission than illiterates and workers with primary education (p <
0.001).

Workers with three years’ work experience and above (10%, 8/80) were signi�cantly associated with being
sick (77.5%, 62/80) compared to the one or two years-work experience categories (p = 0.0006), and also
contracted ‘abattoir-related’ diseases (10.0%, 8/80) more than other workers (p = 0.61). More workers with
two years-work experience were negative to malaria (22.2%, 2/9) (p = 0.01) and were more aware of the
zoonotic brucellosis transmission (6/9, 66.7%) (p = 0.004) than those of 1 year or ≥ 3 years-working
experience. Most respondents (82.0%) irrespective of their duration at work were aware of zoonotic
tuberculosis transmission, while the frequency of awareness of zoonotic brucellosis transmission was
generally lower (21.1%, 32/118). A high proportion of abattoir workers with accidental cuts on their hands
experienced sickness (71.1%, 59/83) (p = 0.12), contracted ‘abattoir-related’ diseases (10.9%, 9/83) (p =
0.05), were negative to malaria (20.5%, 17/83) (p = 0.013), were aware of zoonotic tuberculosis
transmission (85.5%, 71/83) (p = 0.23), and zoonotic brucellosis transmission (30.1%, 25/83) (p = 0.36)
(Table 3).
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Table 3
Pairwise associations between exposure and outcome variables among abattoir workers in Rwanda

Exposure
variables

Categories Being
sick in
the the 3
years

Contracting
‘abattoir-
related’
diseases

negative
to
malaria

Awareness
zoonotic
tuberculosis

Awareness

zoonotic
brucellosis

Occupation Butchers 46/61
(75.4%)

7/61 (11.5%) 10/61
(16.4%)

51/61
(83.6%)

11/61
(18.0%)

Inspectors 5/17
(29.4%)

1/17 (5.9%) 2/17
(11.8%)

17/17
(100.0%)

13/17
(76.5%)

Transporters 14/18
(77.8%)

0/18 (0.0%) 4/18
(22.2%)

14/18
(77.8%)

5/18 (27.8%)

Others 13/22
(59.1%)

1/22 (4.5%) 2/22
(9.1%)

15/22
(68.2%)

3/22 (13.6%)

P value 0.003 0.520 0.720 0.050 0.000

Education None 10/16
(62.5%)

1/16 (6.3%) 2/16
(12.5%)

6/16
(37.5%)

1/16 (6.3%)

Primary 60/80
(75.0%)

8/80 (10.0%) 14/80
(17.5%)

71/80
(88.8%)

9/80 (11.3%)

Secondary 8/22
(36.4%)

0/22 (0.0%) 2/22
(9.1%)

20/22
(90.9%)

22/22
(100.0%)

P value 0.003 0.370 0.740 0.000 0.000

Duration at
work

1 year 12/29
(41.4%)

1/29 (3.5%) 0/29
(0.0%)

26/29
(89.7%)

11/19(37.9%)

2 years 4/9
(44.4%)

0/9 (0.0%) 2/9
(22.2%)

8/9 (88.9%) 6/9 (66.7%)

≥ 3 years 62/80
(77.5%)

8/80 (10%) 16/80
(20.0%)

63/80
(82.2%)

15/80(18.8%)

P value 0.0006 0.6100 0.0100 0.4900 0.0040

Cutting
hand

No 19/35
(54.3%)

0/35 (0.0%) 1/35
(2.9%)

26/35
(74.3%)

7/35 (20.0%)

Yes 59/83
(71.1)

9/83 (10.9%) 17/83
(20.5%)

71/83
(85.5%)

25/83
(30.1%)

P value 0.120 0.050 0.013 0.230 0.360

Multivariate Analysis
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Signi�cant variables from the pairwise associations were assessed further using correspondence
analysis. The two correspondence dimensions, 1 and 2, explain a high percentage (96.4%) of the
variance, implying that the variable mapping represents most of the information from the collected data
(Figure 1). The different levels of education showed varying degrees of association with the awareness of
zoonotic brucellosis transmission, with the highest association recorded for secondary education, and a
negative association amongst workers with primary education or the illiterate. Workers with secondary
education were highly associated with awareness about zoonotic tuberculosis transmission, while
negative associations were observed for primary or no education (Figure 1). Meat inspectors were highly
associated with awareness about zoonotic brucellosis transmission, but at the same time more likely to
cut their hands, compared to transporters of carcasses, butchers, and other worker categories (Figure 1).
Respondents who had been sick within the three years before the survey most likely had three or more
years-experience (compared to one year or two years), and those with primary education (compared to
secondary education or illiterates).

Discussion
Brucellosis and bTB are zoonotic diseases that are endemic in Rwanda. This study aimed to investigate,
for the �rst time in Rwanda, the awareness of the transmission of zoonotic diseases (brucellosis, bTB,
cysticercosis, leptospirosis, and Q-fever), the history of diseases among 118 abattoir workers during the
three years before this survey, occupational hazards associated with daily practices and behaviors of
workers, and to assess the association between exposure and outcome variables. This study found that
abattoir workers (82.2%) were more aware of the transmission of zoonotic tuberculosis than brucellosis
(27.1%). Few workers have heard of cysticercosis (12.7%), leptospirosis (10.2%), and Q-fever (8.5%)
weather in animals or humans. Practices and behaviors predisposing abattoir workers to zoonotic
diseases were recorded in this study. There was a signi�cant association between the awareness of
zoonotic diseases (TB and brucellosis) and the occupation (p = 0.05 and p < 0.001), as well as the level
of education (p < 0.001) of abattoir workers.

The level of awareness was higher for the transmission of zoonotic TB than brucellosis and other
diseases. The high awareness for zoonotic tuberculosis transmission may be due to the regular
occurrence of tuberculous lesions in slaughtered cattle resulting in the condemnation of the carcasses
(one case occurred during this study), and abattoir workers being aware of colleagues, friends, and
relatives with tuberculosis infection as mentioned by respondents during this study. Moreover, abattoir
workers are required to present an annual certi�cate of medical examination which could have raised
awareness of tuberculosis. Moreover, one cleaner had recovered from tuberculosis in the past and during
this study, two abattoir workers were diagnosed with TB and placed into isolation but we could not trace
the origin of the infection for all these cases due to the inability of laboratory tests to distinguish MTBC
species (14, 16). Furthermore, extra-pulmonary human cases due to M. bovis (38, 39) may be missed
because lymph nodes biopsies are rarely collected for the diagnosis of human TB. Instead, sputum is the
specimen of choice to be tested (39). The level of awareness for zoonotic tuberculosis transmission
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found in this study was consistent with 93.3% that was reported in central Ethiopia among abattoirs
workers (40). Therefore, the awareness of zoonotic TB may be commonly high among abattoir workers.

The low awareness for zoonotic brucellosis transmission was consistent with a recent study on
brucellosis in women presenting with abortions in Nyagatare district hospital, Rwanda (5). This low
awareness may be attributable to the lack of routine diagnosis and treatment of human brucellosis in
hospitals and health centers in Rwanda. Human brucellosis may therefore be misdiagnosed for other
acute febrile diseases namely typhoid fever and malaria (25). Moreover, the level of awareness for
zoonotic brucellosis transmission (27.1%) obtained in this study was lower than that (44.2%) reported in
Ethiopia (41) and (76%) Tanzania (42) among abattoir workers. These differences may be due to the
lower level of education of abattoir employees in Rwanda. The seroprevalence of brucellosis ranges from
6.1–25.0% in women presenting abortions in Rwanda (5, 7). Therefore, the low awareness observed in the
present abattoir study may simply imply that the brucellosis prevalence may be higher in occupational
groups who come frequently in contact with animals. There is thus a need for interdisciplinary
collaboration, raising the awareness and knowledge of human health professionals and including human
brucellosis among the routinely diagnosed and treated diseases in Rwanda.

The low awareness for cysticercosis (12.7%) and leptospirosis (10.2%) recorded in this study was lower
than the 89.0% and 33.0% recorded in Kenya for cysticercosis and leptospirosis, respectively (43). This
indicates that abattoir workers from Rwanda were probably less trained on these diseases compared to
their neighbors thereby the need to enhance education in Rwanda. Furthermore, a 3.0% prevalence of
bovine cysticercosis was reported at Nyagatare district slaughterhouse, Rwanda (35), and a high
prevalence of 21.8% of cysticercosis was reported in people with epilepsy in the Southern Province of
Rwanda (36). These �ndings show that leptospirosis, Q-fever, and cysticercosis may be endemic in
Rwandan cattle and thus constitute a risk of infection for workers in abattoirs with poor hygienic and
biosafety measures.

The majority (67.8%) of abattoir workers reported that they had been sick within the three years before the
survey and 7.6% con�rmed contracting diseases from the abattoirs. Apart from malaria that was reported
by 48.3% of workers, other workers could not remember names of diseases diagnosed in the last three
years, instead, they reported the symptoms. Diarrhea was a symptom of unknown origin which was
reported by seven participants (28.0%) of which �ve reported eating while working. This was not
surprising since cases of diarrhea are commonly reported among abattoir workers (44-47). Other
symptoms that were reported included fatigue (11.0%) and �u (9.3%) that were reported by malaria-
negative patients, and fever (15.3%), headache (5.1%), abortion (0.9%), orchitis (0.9%), as well as
nephritis-related symptoms (3.4%) of unknown origin. However, these symptoms are commonly observed
in humans with diseases like brucellosis (48), leptospirosis (49), and Q-fever (50) as earlier reported
among abattoir workers (22, 51). Alghought, these diseases have never been reported in abattoir workers
in Rwanda, brucellosis seroprevalence has been reported in 10.0% of workers in neighboring Uganda (52),
and 19.5% in Tanzania (22), and odds of contracting brucellosis were higher among abattoir workers
compare to other occupational groups in Uganda (53). The nephritis-related symptoms may also be
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caused by M. bovis which has been isolated in the urogenital tract of humans (54). Abattoir workers
being regularly exposed to carcasses, blood, urine, and hides from infectious animals are at high risk of
contracting these diseases. There is therefore a need to investigate and control various diseases in
animals to protect abattoir workers and consumers. It is also necessary to educate workers on zoonotic
diseases and hygienic practices and provide them with appropriate personal protective equipment (PPE).

Practices and behaviors predisposing abattoir workers to zoonotic diseases were recorded in this study.
Most (70.3%) of workers cut their hands while only meat inspectors wore gloves (9.3%), and 39.8% of
employees worked with bare and injured hands. The frequency of hand-cut injuries in this study was
higher than the 47.0% reported in Nigeria (55), and the proportion of wearing gloves was lower than
18.6% reported in Ethiopia (41). This is of concern since working with bare and injured hands had been
associated with the risk of contracting brucellosis in Nigeria (21). Moreover, certain workers of this study
(28.0%) had their breakfast while working, and this proportion of workers was higher than 14.4% reported
in Nigeria (55). In this study, the majority (74.6%) of workers experienced splashes of �uid or blood onto
their faces (eyes, nostrils, and mouth) while none wore facemasks and goggles. This is worrying because
a study in Tanzania demonstrated that abattoir workers that did not adhere to the hygiene and use of
protective gears were three times more at risk of contracting brucellosis (52). The practices of working
with bare and injured hands, and eating while working, as recorded in this study con�rm the low
awareness and poor epidemiological knowledge of pathogens causing zoonotic diseases. There is
therefore a need for the concerned veterinary public health authorities to strengthen the implementation
of rules and regulations regarding the biosafety in abattoirs and raise awareness of the abattoir workers
and other stakeholders, through educational campaigns.

Univariate and correspondence analyses showed that there was a signi�cant association between the
awareness for zoonotic TB and brucellosis and the occupation (p = 0.05, p < 0.001), as well as the level of
education (p < 0.001). This was in agreement with studies in Nigeria (21), Tanzania (42), and Ethiopia
(41). In this present study, meat inspectors and workers with secondary education were more likely to be
aware of zoonotic tuberculosis and brucellosis than other occupational and educational group
categories. Moreover, our �ndings showed that 54.5% of workers with secondary education were meat
inspectors, and most of them had a veterinary education background while others had gained knowledge
and skills through work experience which can explain the higher level of awareness. Therefore, education
should raise the awareness among other workers.

Both univariate and correspondence analyses showed that being sick within the three years before the
study was signi�cantly associated with an occupation (p = 0.003), the level of education (p = 0.003), and
the duration at work (p < 0.001). Transporters of carcasses and butchers, workers with primary education,
and workers with experience of three years and above were more likely to become sick than other group
categories. This is in agreement with the �ndings in Nigeria in which illiterate and workers with primary
education were more likely to become seropositive to brucellosis (21, 41). Generally, workers with lower
levels of education are assigned to cleaning and washing viscera, jobs in which workers lack the
understanding of the high burden of harmful microorganisms they are exposed to. Abattoirs workers with
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more than �ve years at work were more likely to be seropositive to Brucella spp. in Nigeria (21), while
those with more than 40 years at work were more likely to be positive to M. bovis (56). This a�rms the
association between age and illnesses, in that, workers with advanced age and weakened immune
systems may have been exposed to the pathogens for a long period, leading to a greater risk of
contracting infections. Slaughtered cattle are the sentinels of zoonotic and other animal diseases. Thus,
if meat inspection �ndings can be con�rmed by laboratory evidence, this would play a signi�cant role in
the surveillance and control of infectious diseases.

Conclusions
This study demonstrated a low awareness of transmission for zoonotic brucellosis, leptospirosis, Q-fever,
and cysticercosis among abattoir workers. Noncompliance with biosafety protection was associated with
the lack of epidemiological knowledge on the transmission routes of zoonotic diseases. It is necessary to
raise awareness through education campaigns and facilitate the workers with appropriate personal
protective equipment (PPE). Our study has therefore generated information for the concerned authorities
to enforce appropriate practices and disease control in the cattle population. The coordination and
collaboration between abattoirs, veterinary, and public health authorities are important for the
surveillance and control of zoonotic diseases. There is therefore a need to further monitor zoonotic
diseases among abattoir workers.

Materials And Methods

Study Area
This study was based on conducted with 100 workers in four high throughput and 18 workers in two low
throughput abattoirs. The six abattoirs are located in six of the 30 districts of Rwanda. In all the selected
premises, cattle were the main slaughtered animals. The cattle population in Rwanda was estimated to
be 1,293,768 in 2018 (57) and the current human population is 12,952,218 (58). There are 12 modern
abattoirs in the whole country and at least one traditional slaughterhouse in each of the 30 districts of
Rwanda. Of the modern abattoirs, 11 slaughter domestic ruminants (goats and cattle), while one
slaughter only pigs. The selected abattoirs are shown in Figure 2.

Study Design And Sample Size Determination

The study was a cross-sectional study design, carried out
from August 2018 through September 2019 to assess the
awareness of brucellosis, tuberculosis, and other zoonotic
diseases among abattoir workers, and to determine the
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knowledge, attitudes, and practices that could be
associated with the risks of acquiring zoonotic diseases
among the workers. Abattoirs that consented to participate
in this study were purposively selected. The selected
abattoirs were classi�ed as high throughput if they
slaughtered more than 50 animals per day and low
throughput for those that slaughtered 10 to 30 animals per
day. Three of the six abattoirs slaughtered cattle and goats
in the same (n=2) and separate (n=1) building, while the
other three slaughtered only cattle. The sample size of the
interviewed abattoir workers was determined using the
formula previously described (59):

Samplesize =
Z2P(1 − P)

d2

Where p is an expected prevalence of 10% based on a
previous brucellosis study in cattle in Rwanda (60). A 95%
con�dence level (z) and a precision of 5% (d) were
considered. The calculated sample size was 138 abattoir
workers but only 118 consented to participate in the study
and these were immediately enrolled. Other people who
were not abattoir employees but held permanent jobs in the
abattoirs were also included in the study. These included
sellers of viscera and cattle keepers.

Participant'S Enrolment And Data Collection
All abattoir workers (from 18 years and above) of both genders and who have worked in the abattoir for
at least one year, were listed in the sampling frame. The purpose of the study and implications of
participating were explained to the abattoir workers. Participants were allowed to ask questions and to
voluntarily agree to participate in the study by signing the consent form. Workers who needed further
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assistance to understand the consent form were given chance to get appropriate interpretation by their
trusted colleagues. The questionnaire was pre-tested with �ve abattoir workers who were not included in
the �nal interviews, and the questionnaire was adjusted accordingly. Data were collected during face-to-
face interviews using the questionnaire. The interviews were administered in the participants’ language
“Kinyarwanda” by the primary investigator, and diseases were translated into the local language apart
from leptospirosis and Q-fever which were explained based on clinical signs. Each interview took about 5
minutes. The collected data included demographic information of the respondents (age, sex, marital
status, education level, occupation, and duration at work). Other potential risk factors that were assessed
included the awareness of zoonotic brucellosis and zoonotic tuberculosis transmission, and other
zoonotic diseases, and attitudes and daily practices at the abattoirs. The major exposure factors
assessed were wearing personal protective equipment, hand cuts, washing hands, eye splashes, and
eating when working. Thus, the awareness of other zoonotic diseases such as leptospirosis, Q-fever, and
cysticercosis was also assessed.

Data analysis
The data were managed in Microsoft Excel spreadsheets and grouped into two categories. The �rst
category comprised potential exposure variables, including kind of job, education level, duration at work,
and cutting hands. The second category comprised likely outcome variables, including illness in the last
�ve years, contracting diseases from abattoirs, becoming negative to malaria while presenting fever,
awareness of zoonotic tuberculosis transmission, and zoonotic brucellosis transmission. Descriptive
statistics were conducted to determine the proportions of abattoir workers by demographics and by each
potential risk factor, as well as likely outcomes from the survey. Univariate analyses were performed to
assess pairwise associations between the potential exposure variables and likely outcome variables
using the Chi-square test. Subsequently, signi�cant variables from univariate analysis (p < 0.05) were
included in a correspondence analysis to explore the proximal associations between variables, namely
education level, awareness about zoonotic brucellosis or zoonotic TB, years of work, occupation, history
of personal illness, and hand-cut, and these relationships were visualized on a two-dimensional axis.
Eigenvalues were estimated to determine the amount of variances expressed by each of the
correspondence axis and the number of dimensions to retain. An asymmetric plot was generated to
determine the distance between the variables. Data analysis was done using EpiInfo software version
7.2.3.1 and the R software version 4.0 (61) at a 5% level of signi�cance. The coordinates of each
slaughtering premises were recorded using a geographic positioning system (GPS) device (Garmin etrex
10, Lexena, KS, USA) and analyzed to produce a map using ArcGIS software version 10.2.

Abbreviations
bTB
bovine tuberculosis
MTBC
Mycobacterium tuberculosis complex (MTBC)



Page 16/23

TB
tuberculosis
CI
con�dence interval
n
number
B
brucellosis
PPE
appropriate personal protective equipment
GPS
a geographic positioning system
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Figure 1

A symmetric biplot of the �rst two axes of the correspondence analysis illustrating the association of
potential risk factors related to zoonotic brucellosis and zoonotic tuberculosis among workers in six
abattoirs in Rwanda
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Figure 2

Maps of (A) Africa with a red rectangle showing the location of Rwanda on the continent, (B) Rwanda
showing the districts with red asterixs showing the abattoirs that were visited in this study
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