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ABSTRACT. Urban and peri-urban livestock farming in developing countries plays an important role in food security in cities; however it
brings with it zoonotic risks. The present study was conducted to identify the most important livestock farming-related zoonotic diseases
among the human population in urban and peri-urban areas of Kampala, Uganda and to assess the risks from such farming. A framework
for identifying livestock farming-related significant zoonoses was developed. The process consisted of screening of medical record sum-
maries for zoonotic diagnoses, selection of the zoonoses which are related to livestock farming, case estimation of the identified zoonoses
and evidence-based reassurance of the importance of diseases. Medical records in the Mulago National Referral Hospital were used for
the analysis. Leaders and residents of 75 Local Councils (LCls: villages; 48 urban, 11 peri-urban and 16 rural) randomly selected in
Kampala were interviewed for information regarding livestock farming systems, value chains and use of medical service units. Twelve
zoonoses were identified in the screening and four out of them were related to livestock farming: animal sourced food-borne gastroen-
teritis, brucellosis, Taenia solium neuro-cysticercosis and Mycobacterium bovis tuberculosis. Livestock farming, value chain and severity
of the diseases confirmed that all four diseases were important. Poor geographical correlation between animals in peri-urban and rural

areas and patients in urban areas suggested that the majority of these zoonoses were caused by informally-marketed foods.
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Rapid expansion of cities due to the continuous dynamic
growth of urban populations is a uniform phenomenon of
developing countries, and by 2025 it is estimated that over
50% of the population in those countries will reside in or
around cities [9]. To support growing city populations,
urban and peri-urban agriculture (UPA) has become an inte-
gral part of the development agenda [10]. UPA plays a crit-
ical role in employment, improvement of childhood
nutrition status [29] and food security [8, 39]. However,
UPA also presents public health risks, including zoonotic
disease transmission [14]. Zoonoses are defined as “dis-
eases and infections that are naturally transmitted between
vertebrate animals and man” [43]. Intense competition for
natural resources such as land and water is another chal-
lenge for the sustainability of urban agriculture [8]. Policy
and regulation related to UPA, specifically whether to pro-
mote or prohibit, has been discussed for more than a decade
and two principal ideas dominate: (i) permitting the urban
poor the widest possible range of opportunities to piece
together their livelihoods and (ii) enhancement of rural-
urban interactions [8]. The roles of public health research in
this issue are therefore clear, although still broad: better
understanding of public health risks from UPA for the better
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management of such agriculture.

In Kampala, the formal economy was severely damaged
by the “war of economic independence” during the regime
of Idi Amin between 1971 and 1979 [29] and urban agricul-
ture became popular in order to secure food. Due to the
widespread practice of urban agriculture, there was no mal-
nutrition observed in Kampala during 1980s civil war and
1990s structural adjustment policies [23]. However, offi-
cially, urban agriculture has been illegal until recently,
despite its importance for many Kampala households [23].
Gradual positive change towards urban agriculture was
facilitated by a global research project, Urban Harvest, lead
by the Consultative Group on International Agricultural
Research (CGIAR), of which Kampala was one of the study
sites [21, 23]. This project in Kampala was conducted
between 2002 and 2004 and described the advantages of
UPA such as food security [36] and nutrition [48] as well as
the public health risks such as crops contaminated with
heavy metal [32], vegetables grown on untreated sewage-
watered soil [38] and zoonoses from chicken rearing [7] and
dairying [16, 17]. This study concluded (i) that rearing
chicken was not a risk factor for diarrhoea and (ii) raw milk
carried Brucella (44% of milk samples from households was
positive in milk ring test) and Escherichia coli O-157: H7
(1.8%). This research resulted in the participatory review of
Ordinances related to urban farming which eventually
passed into law in 2006 [23]; urban agriculture is now legal.
The key message from the Urban Harvest studies was that
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urban agriculture should be allowed but research and techni-
cal support are needed to reduce public health risks.

The present research project was conducted in Kampala
between 2005 and 2007 to understand public health risks of
urban and peri-urban livestock farming, using a different
approach from the Urban Harvest studies. Urban Harvest
focused on the zoonotic risks from popular livestock farm-
ing in Kampala: dairy and poultry farming, from surveys
conducted in purposively selected parishes and households.
The present study tried to elucidate the important livestock
farming-related zoonoses for human populations—not only
for farming populations—caused by urban and peri-urban
livestock farming by screening medical records in the larg-
est national referral hospital in Uganda and by considering
the risks identified through understanding of the characteris-
tics of livestock farming and its marketing. A rigorous strat-
ified random sampling of villages (Local Council I, the
smallest administrative unit) was used for the generation of
livestock and marketing data; Uganda has an administrative
system consisting of 5 levels: District (LCS), County (LC4),
Sub-County (LC3), Parish (LC2) and zone/village (LC1)
[41]. This approach is ‘selecting from the universe of haz-
ards’ [16] but we narrowed the hazards by understanding the
risks. For disease prioritization exercises, several measure-
ments of disease burden such as case counting [13] and dis-
ability-adjusted life year (DALY) [46] are used in the world.
Even in Europe semi-quantitative methods are currently
used due to the multi-dimension problem of priority settings
[18]. We quantify disease burden by case estimation and
qualitatively assess the importance of disease by risk. The
results have limitations due to the low availability of data
and non-specific nature of clinical diagnosis; however the
information will inform a better understanding of public
health risks from livestock farming in Kampala, which will
be useful to allocate limited resources for the researches and
interventions of diseases, which could often be neglected
due to the under reporting.

MATERIALS AND METHODS

Study site: This study was conducted in the 75 LCls (48
urban, 11 peri-urban and 16 rural) in the Kampala economic
zone (Fig. 1). These LCls were selected using a stratified
random sampling (strata: Sub-Counties: LC3s which more
than a half of the areas are located in the area between 5 and
20 km from the city centre, Nakasero). The degree of urban-
isation of the 75 LCls (urban, peri-urban and rural) was
classified by a combination of interviews and observations
using a reported method [25]. The definitions used were (1)
urban areas: densely populated areas, (2) peri-urban areas:
transition areas from rural to urban with rapid population
increase caused by migration from city or town accompany-
ing house construction and (3) rural areas: static areas
before urbanisation starts. Medical record surveys were
undertaken in the Mulago National Referral Hospital, the
largest national hospital in Uganda, located in an urban area
of Kampala.
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Fig. 1. Map showing the Mulago National Referral Hospital and 75
LCls (Local Council I) studied in the Kampala economic zone.

Ethical considerations: The ethics of this project were
assessed and approved by the Uganda National Council for
Science and Technology (UNCST) (reference number A
432). Access to the medical records of Mulago Hospital
was granted by the Director General Health Services, Min-
istry of Health, Uganda.

Case estimation of livestock farming-related zoonoses:
Figure 2 shows the framework for quantitative case estima-
tion of livestock farming-related zoonoses in the Kampala
economic zone. Case estimation started from screening the
Mulago Hospital monthly outpatient medical record sum-
mary from March 2005 to February 2006 for zoonotic diag-
noses (Fig. 2b). Physicians report diagnosis for outpatients
to the Medical Record Division when diagnosis was made
based on clinical or laboratory tests. When diagnosis was
not made, either the main symptom was recorded or a case
was reported as ‘not diagnosed’ (personal communication
of a physician). From the monthly summaries, the numbers
of cases for the twelve months were added up for each diag-
nosis/ symptom. Each diagnosis/ symptom was judged as to
whether a zoonotic pathogen(s) could cause it or not using
the list of 838 zoonotic pathogens in Taylor et al. [40], the
International Classification of Diseases [45], published
papers, books and the other internet sources. Non-specific
diagnoses which are too difficult to assume zoonotic cause
such as fever, cough and pneumonia were excluded from the
judgement. There were large numbers of non-diagnosed
cases and cases only reporting symptoms that might have
included large number of zoonoses; this method has a clear
limitation because of this. Another clear limitation is that in
the daily activities in Mulago Hospital, causal pathogens are
not necessarily determined and we needed to assume the
presence of the diseases of local importance in Uganda
reported in literatures, from the zoonotic diagnoses in medi-
cal records.

The next step was to exclude zoonoses which were not
related to livestock farming (Fig. 2¢). The remaining
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Fig.2. A schematic framework of quantitative case estima-
tion of livestock farming-related zoonoses in Kampala. (a)
A Ven diagram showing Mulago Hospital monthly sum-
mary of outpatient diagnoses. (b) Screening for zoonoses.
(c) Selection of zoonotic diagnoses related with livestock
farming. (d) Estimation of zoonotic cases related with live-
stock farming. (b), (c) and (d) are conceptual figures and
do not represent actual numbers of diagnoses.

zoonoses which appeared to be moderately to highly preva-
lent were assessed further either from the specialised depart-
ment or by tracing back to an outpatient registration book
for individual data. The numbers of cases were estimated
using both the monthly reports and the individual data (Fig.
2d). From individual data, the LC1 where patients resided
were collected but personal data or detailed addresses were
not collected. For brucellosis, the plate agglutination test
(sensitivity and specificity: 0.771 and 0.960 [15]) results
between June 2004 and May 2006 collected at the Depart-
ment of Microbiology were used and the number of true
cases among Mulago Hospital outpatients was estimated
using a modification of an established stochastic risk assess-
ment model [26]. It was found that Mulago Hospital lacked
the test kits for 11 out of the 24 months studied. Therefore,
the numbers of diagnoses in the 13 months when the test kits
were available were served for bootstrapping to estimate the
number of true cases. Monte Carlo simulation was run for
10,000 iterations using @Risk (Palisade).

Identification of livestock farming-related important
zoonoses: The importance of zoonoses related to livestock
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Fig.3. A schematic framework of identification of the
most important livestock farming-related zoonoses. (a)
Estimated cases of zoonoses related with livestock farm-
ing. (b) Evidence-based reassurance of importance of
the diseases. (c) Identification of the most important
livestock farming-related zoonoses in Kampala. (a), (b)
and (c) are conceptual figures and do not represent
actual numbers of diagnoses.

farming was confirmed using evidence from livestock farm-
ing systems and value chain analysis (a value chain is a
chain of activities or elements of a supply chain that together
make up a complete system - in this case the chain supplying
livestock products) observed from the Local Council Survey
(Fig. 3). Levels of urbanisation of the LC1s where patients
resided were classified using the method above-mentioned
in the Study site section and the numbers of patients from
each level of urbanisation were counted to examine the
association between urban and peri-urban livestock farming
and disease. Finally, severity of the zoonoses was qualita-
tively assessed (severe: life threatening or causing long-
term negative effects to health and livelihood of the patients,
moderate: non-life-threatening and causing moderate short-
term negative effects, and low: non-life threatening and
causing minor negative effects) from literatures to identify
the important livestock farming-related zoonoses in the
Kampala economic zone.

Local council survey: Key-informants interviews with
Local Council (LC1) leaders and residents were conducted
in the selected LCls, using a structured questionnaire.
Encountered residents who had lived in the LC1 for at least
3 years were asked to participate in the interviews together
with the LC1 Leader. One questionnaire was provided for
each LC1 and the responses gained consensus by the partic-
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ipants were recorded. The key-informant interviews con-
cerned 1) characteristics of livestock farming, 2) value
chains of livestock products to examine risk factors for
zoonotic infections and 3) identification of health service
units most commonly used by the population in Kampala.
Livestock farming systems were observed in each LC1 for
triangulation [27].

Analysis of livestock data: Questions covered the total
number of households, number of households keeping ani-
mals and poultry, number of large scale farms and numbers
of their animals (birds) and average number of animals
(birds) in small scale farms. Large scale farms were defined
for the present study as: (i) dairy farms with >10 cows, (ii)
indigenous breed cattle farms with >50 cattle, (iii) pig farms
with >50 pigs or >10 sows, (iv) goat farms with >30 goats,
(v) sheep farms with >20 sheep and (vi) layer and broiler
farms with >500 birds. The number of households selling to
trading centres and markets and the names of the sales des-
tinations were recorded.

The overall percentages of households keeping each live-
stock species in urban, peri-urban, and rural LC1s were cal-
culated. Also in order to take into account the variance of
the proportions of households keeping livestock among
LCls in the same urbanicity group, the proportions of
households keeping each livestock species in LC1ls were
compared among urban, peri-urban and rural LC1s using a
GLM with binomial errors. Herd size was compared using
GLM with Poisson errors. The number of animals per thou-
sand households (i.e., animal density compared with human
density), was analysed using a one-way ANOVA after
transforming data based on Box-Cox transformations [4].
Many urban LCl1s lacked certain livestock species for which
data were skewed and, in this case, the proportions of LC1s
with the livestock species were compared. When LCls in
more than two urbanicity groups did not have certain ani-
mals or birds for which data were skewed, the numbers of
animals per thousand households were compared visually
from Box and Whisker plots. These data of the LC1s were
not aggregated within each urbanization group in the analy-
ses in order to keep information at the LC1 level.

The numbers of farming households selling to each cate-
gory of sales destination were summed up for each level of
urbanicity. Sales destinations of livestock and their prod-
ucts in urban, peri-urban and rural areas were analysed using
Chi-square test or Fisher’s Exact Test.

RESULTS

Selection of the hospital to study: The choices of health
service unit were studied in 73 LC1s (2 LC1s were not sure
about people’s health seeking behaviour). People mostly
used Mulago Hospital (55%, 95% CI: 43—66, 40/73), espe-
cially when they were seriously ill (90%, 95% CI: 81-96,
66/73). Mulago Hospital received patients from all urbanic-
ity groups (urban: 27/46, 59%; peri-urban: 7/11, 46%; rural:
6/16, 38%) and low-income groups (slum area dwellers)
particularly used Mulago Hospital (5/6, 83%). From these

results, Mulago Hospital was considered the most appropri-
ate source of data for the present research since it captured
respondents from all income groups across all levels of
urbanisation.

Screening of monthly summary records for zoonoses:
Over a 12 months period between March 2005 and February
2006, 62,671 outpatients were examined and 554 diagnoses/
symptoms were given. The most common diagnoses were
infectious diseases. Malaria was the most common diagno-
sis (17,951, 28.6% of total outpatients) among 554 diag-
noses/ symptoms.

Diarrhoea, dysentery, enteritis, gastroenteritis and colic
and GI parasitic diseases were combined and named as GI
infections (see Table 1) [33]. Candidiasis, Tinea (ring-
worm), Tinea capitis (scalp ringworm), fungal infection and
fungal nail were combined as fungal infections. Tuberculo-
sis was served as possible M. bovis TB. M. bovis is com-
monly isolated from cervical adenitis [20] but the location
of the diagnosis ‘adenitis’ in a body was not indicated in the
medical record summaries and we did not include them.
Brucellosis, BAT (abbreviation of Brucella agglutination
test), orchitis, epididymitis and scrotal swelling [5] were
combined as possible brucellosis. Epilepsy, seizure, spasm
and fits were combined and named as possible neuro-cys-
ticercosis (NCC) [42], considering the local importance,
although none of the diagnoses determined the presence of
pathogen in patients. As a result, 12 zoonoses were identi-
fied combining 42 diagnoses, and they accounted for 5,841
(9.3%) out of 62,671 outpatients. GI infections were the
most common diseases with 3,500 cases; however at this
stage a large number of non-zoonotic diagnoses was
included in them.

Selection of livestock farming-related zoonoses: Consid-
ering relationships with livestock farming, fungal infec-
tions, cellulitis, rabies [12], Hepatitis A [44], elephantiasis,
schistosomiasis and encephalitis were excluded. Hepatitis E
causes food-borne infection sporadically in non-endemic
zones [28] but waterborne outbreak is more significant in
endemic zones [34], therefore it was excluded from the dis-
ease list related with livestock farming. Tetanus was also
excluded because Clostridium tetanus is universally in soils
and infection usually occurs through dirty wounds or cuts
[47]. Finally, GI infections, M. bovis TB, brucellosis and
NCC remained.

Case estimation of livestock farming-related zoonoses: In
the United States of America, it is estimated that 76 million
food-borne illnesses occur each year [30] and the national
estimate of acute gastroenteritis was 195 million (1998-
1999) [19]. We estimated the proportion of GI infections
due to food-borne illness from these studies (76 million/195
million=39%) and then estimated the proportion of animal-
source food-borne illnesses out of all food borne illnesses
using a published table [1] and it was estimated to be 88%
including complex food and infected food handlers. There-
fore the number of animal source food-borne cases in
Mulago Hospital was estimated to be 1,201 (see Table 2).
Brucellosis cases among Mulago Hospital outpatients were



Table 1.

2005 to February 2006)
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Potential zoonoses and their possible zoonotic cause with the aggregated numbers of cases in Mulago Hospital (March

estimated to be 678 (90%CI: 628—731) by a stochastic sim-

ulation.

M. bovis TB cases were estimated by two approaches: (i)
used TB cases in monthly summary reports - the global esti-

Rank Zoonoses Zoonotic cause Cases Diagnoses synthesized
1 Zoonotic GI infections Viruses, bacteria and 3,500 Gastroenteritis (1,562), enteritis (754),
protozoa gastritis (272), diarrhoea (89), dysentery (276),
helminthiasis (543), hook worm (1),
trichuriasis (1), colic (1), amoebiasis (1)
2 Fungal infections Many fungi 859 Candidiasis (597), Tinea (ringworm) (210),
Tinea capitis, (scalp ringworm) (20),
fungal infection (25), fungal nail (7)
3 M. bovis Mycobacterium bovis 797 Tuberculosis (797)
tuberculosis
4 Brucellosis Brucella abortus, 293 Brucellosis (187), BAT (63), orchitis (41),
B. melitensis, epididymitis (1), scrotal swelling (1)
B. suis, B. canis
5 Neuro- Taenia solium 196 Epilepsy (135), spasm (45), fits (14),
cysticercosis seizures (2)
6 Cellulitis Staphylococcus, 132 Cellulitis (132)
Streptococcus
7 Rabies Rabies virus 25 Dog bite (18), animal bite (7)
8 Hepatitis A, E Hepatitis A virus 21 Hepatitis (20), jaundice (1)
Hepatitis E virus
9 Elephantiasis Wuchereria bancrofii, 10 Elephantiasis (10)
Brugia malayi
10 Tetanus Clostridium tetanus 4 Tetanus (4)
11 Shistosomiasis Schistosoma 3 Schistosomiasis (3)
12 Encephalitis Encephalitis viruses 1 Encephalitis (1)
Table 2.  Case estimation of livestock farming-related zoonoses among patients visiting Mulago Hospital and qualitative

severity assessment of the diseases

995

Zoonoses Estimated cases Information used for estimation Severity
Animal source 1,201 3,500 x 0.39 (foodborne illness out of acute Major cause of
food-borne gastroenteritis in USA) x 0.88 (animal source child death:
gastroenteritis related illnesses out of food-borne illness severe.
in England and Wales)
Brucellosis 678 Stochastic estimate of brucellosis in Mulago Easily missed.
(90% CI: 628-731) Hospital using plate agglutination test Fever persists.
results by a reported method. High economic
impact: severe.
M. bovis 25 a. a. Estimation from monthly summary: 797 x Severe and life
tuberculosis 0.031 (proportion of M. bovis TB out of thretening.
global all TB) =24.7
73 b. b. 73 of 86 abdominal tuberculosis patients
admitted in 2005 in Mulago Hospital were
from Kampala.
Neuro- 19-27 Lower estimate: 135 (epilepsy cases) x 0.137=19 It can cause
cysticercosis Upper estimate: 196 (possible cases) x 0.137=27 epilepsy: severe.

mate of proportion of TB due to M bovis out of all TB is
3.1% [40] and 25 M bovis TB cases were estimated using
this proportion; (ii) M. bovis TB cases were estimated from
abdominal TB cases found in the TB Ward (73 cases from



996 K. MAKITA ET AL.

Table 3.  Percentages of households keeping livestock in the Kampala economic zone with 95% confidence intervals
Species Urban Peri-urban Rural P-value
Improved breed cattle 0.3 (0.1-0.7) 4.5(2.9-7.0) 3.7 (1.7-7.8) U-P: P<0.001

P-R: P=0.62
Indigenous breed cattle 0.2 (0.1-0.6) 2.2(1.14.2) 10.8 (5.3-20.8) U-P: P<0.001
P-R: P<0.001
Pig 1.4 (0.3-6.1) 16.4 (6.9-34.1) 16.0 (3.9-47.3) U-P: P=0.001
P-R: P=0.97
Goats 0.7 (0.2-1.8) 2.9(1.3-6.2) 9.6 (3.9-21.9) U-P: P=0.005
P-R: P=0.012
Sheep 0.04 (0.0-0.1) 0.7 (0.4-1.4) 1.5 (0.6-3.6) U-P: P<0.001
P-R: P=0.13
Broiler 2.5(1.0-6.1) 2.8(1.2-6.4) 1.2(0.2-7.2) P=0.61
Layer 0.7 (0.2-2.1) 1.3 (0.5-3.3) 1.5(0.3-6.1) P=0.41
Indigenous chicken 14.6 (6.6-29.3) 59.1 (40.0-75.9) 71.5 (40.5-90.2) U-P: P<0.001
P-R: P=0.41

U-P: P-value between urban and peri-urban. P-R: P-value between peri-urban and rural.

Kampala economic zone in 2005) - there could be non M.
bovis cases among them but it was not calculated.

In northern Tanzania, 13.7% of people with epilepsy
were said to be probable or definite NCC [3] and NCC cases
were estimated using this figure. Only epilepsy cases were
used for the lower point estimate (19 cases) and all possible
cases for the upper point estimate (27 cases).

Characteristics of livestock farming: The percentages of
the households keeping each livestock species in the 75
LCl1s is shown in Table 3. In the LC1s studied, LC1 leaders
kept list of all the households within the zones and knew the
total number of households. The numbers of households
keeping livestock were then answered in each LC1. For all
the livestock species other than broilers and layers, the pro-
portion of households keeping animals (birds) in urban areas
was significantly lower than in peri-urban areas. The per-
centages of households keeping broilers (P=0.61) and layers
(P=0.41) were not significantly different among urban, peri-
urban and rural areas. Indigenous breed cattle, goats and
sheep were kept by a significantly higher percentage of
households in rural areas than in peri-urban areas.

Among all the livestock species, indigenous chickens
were the most popular species to be kept —24.3% of house-
holds (10,912 of 44,962) in the 75 LCls kept, followed by
pigs (4.3%), broiler (2.4%), goats (1.6%), indigenous breed
cattle (1.3%), improved breed cattle (1.1%) and layer
(0.9%). Sheep keeping was rare (0.2%); sheep were not
regarded as sources of food, but were believed to protect
sheep keepers from evil spirits. Herd size did not vary sig-
nificantly among urban, peri-urban and rural areas for any
livestock species.

The number of animals (birds) per thousand households
in urban areas was significantly lower than peri-urban areas
for all the species other than sheep (the number of sheep was
too small to compare). The number of indigenous breed cat-
tle per thousand households in rural areas was obviously
greater than in peri-urban areas. On the contrary, that of
broiler birds in peri-urban areas was obviously greater than

in rural areas.

Value chains of livestock products: The sales destinations
of livestock and their products in the Kampala economic
zone are shown in Table 4. The ‘improved breed cattle
farm’ category shows only milk sales. Almost all improved
breed cattle farms sold raw milk to nearby trading centres
and their neighbours. The modes of milk sales within LC1s
were either direct purchase at the farm gate or by a milk
trader selling with milk container (can or plastic) on a bicy-
cle. The 11 urban farms which were not selling milk to
nearby trading centres or neighbours sold to large contract
customers, such as hotels and large markets. Peri-urban
improved breed cattle farms sold milk to outside trading
centres in significantly higher proportion (27.0%) than
urban (10.1%, %?=12.6, df=1, P<0.001) and rural farms
(9.3%, y>=15.9, df=1, P<0.001).

Over half of urban cattle farms sold cattle to urban abat-
toirs (56.0%) and the other half (53.8%) sold to peri-urban
abattoirs (multiple choices were allowed). Almost all peri-
urban (98.6%) and rural (100%) farms sold cattle to peri-
urban abattoirs and they sold also to urban abattoirs (34.7
and 13.2%, respectively). According to the informal inter-
views with urban abattoirs, cattle are transported from pro-
duction areas outside the Kampala economic zone, but the
present study does not quantify it here.

Pigs were distributed to outside trading centres as well as
to the local communities from all levels of urbanicity
groups: urban (78.1%), peri-urban (87.5%) and rural
(65.2%). According to LC1 leaders, pigs were slaughtered
at pen-side and distributed to trading centres by traders, or
taken alive to nearby trading centres and slaughtered at
butcheries in all levels of urbanicity. In Kampala, there is a
single abattoir that slaughters pigs at Wambizi where a vet-
erinarian inspects pig carcases [35]. The percentages of pig
farms selling to Wambizi abattoir in urban (5.2%) and peri-
urban areas (4.5%) were low and no rural pig farms sold to
this abattoir. A few LC1 leaders mentioned local pig abat-
toirs in and around Kampala; an unofficial abattoir owner in
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Table 4.  Sales destinations of the livestock products in the Kampala economic zone

Urban Peri-urban Rural
Improved breed cattle farm 109 237 129
Nearby TC, neighbours 98 237 129
Percentage (95% CI) 89.9 (82.7-94.6) 100 (98.7-100) 100 (97.7-100)
Outside trading centre 11 64 12
Percentage (95% CI) 10.1 (5.1-17.3) 27.0 (21.5-33.1) 9.3 (4.9-15.7)
Cattle farm of any breed 184 352 506
Urban abattoirs 103 121 67
Percentage (95% CI) 56.0 (48.5-63.3) 34.7 (29.7-39.9) 13.2 (10.4-16.5)
Peri—urban abattoirs 99 344 506
Percentage (95% CI) 53.8 (46.3-61.2) 98.6 (96.7-99.5) 100 (99.4-100)
Pig farm 503 869 557
Nearby TC, neighbours 438 719 427
Percentage (95% CI) 87.1(83.8-89.9) 82.7 (80.1-85.2) 76.7 (72.9-80.1)
Outside trading centre 393 760 363
Percentage (95% CI) 78.1 (74.3-81.7) 87.5 (85.1-89.6) 65.2 (61.1-69.1)
Wambizi Abattoir 26 39 0
Percentage (95% CI) 5.23.4-17.5) 4.5(3.2-6.1) 0(0.0-0.5)
Goat farm 238 153 335
Distributing in Kampala 84 27 87
Percentage (95% CI) 35.3(29.2-42.7) 17.6 (12.0-24.6) 26.0 (21.4-31.0)
Broiler farm 890 148 43
Nearby trading centre 806 133 32
Percentage (95% CI) 90.6 (88.4-92.4) 89.9 (83.8-94.2) 74.4 (58.8-86.5)
Outside trading centres 746 132 21
Percentage (95% CI) 83.8 (81.2-86.2) 89.2 (83.0-93.7) 48.8 (33.3-64.5)
Layer farm 264 68 51
Nearby trading centre 253 32 35
Percentage (95% CI) 95.8 (92.7-97.9) 47.1 (34.8-59.6) 68.6 (54.1-80.9)
Outside trading centres 210 40 28

Percentage (95% CI)

79.5 (74.2-84.2)

58.8 (46.2-70.6)

54.9 (40.3-68.9)

Table 5.  The numbers of patients and the numbers of households in the studied LC1s
according to the level of urbanisation where they reside

Urban Peri-urban Rural Total

GI infections 231 8 5 244
(94.7) (3.3) (2.0)

Brucellosis 276 19 2 297
92.9) (6.4) (0.7)

Abdominal tuberculosis 58 12 3 73
(79.5) (16.4) 4.1

Households in studied 36,184 5,294 3,484 44,962

LCls (80.5) (11.8) (7.7)

The percentages are shown in parentheses.

Nsambya, central Kampala confirmed that his pork was not
inspected.

Sales of goats, through traders, to outside trading centres
and abattoirs were not common in urban (35.3%), peri-
urban (17.6%) and rural areas (26.0%) as compared with
other livestock species. The main purposes of goat farming
was for home consumption, for special occasions such as
Christmas and Easter and for use as assets, especially for
children’s school fees. For home consumption, goats are
slaughtered either by butchers in trading centres or at home

without meat inspection by veterinarians.

The broiler and layer value chains were well established
in urban and peri-urban areas; large proportion of farms par-
ticipated sales outside trading centres. The purpose of
indigenous chicken keeping was mainly for home consump-
tion.

Level of urbanisation where patients reside: Table 5
shows the numbers of GI infections, brucellosis and abdom-
inal TB patients and the numbers of households in the inter-
viewed LCls according to the level of urbanisation where
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they resided. GI infections cases and Brucella plate aggluti-
nation test positive cases were traced from outpatient regis-
tration book in 2005, and between June 2004 and May 2006,
respectively- only traced cases were used for the analysis.
Abdominal TB cases were traced from the TB ward inpa-
tient records. It should be noted that abdominal TB cases
were not necessarily caused by M. bovis. Epilepsy cases
were not shown here because epilepsy cannot necessarily be
caused by cysticercosis and the relationship between them
was not assumed to be strong enough to serve for analysis.

The majority of the patients of all the diseases were from
urban areas and the proportions matched with the numbers
of households in the studied LCl1s, rather than the numbers
of livestock farming households.

Identification of the most important zoonoses related to
livestock farming: Although behaviour related to cooking
and consumption of animal source foods were not studied in
the present study, livestock farming systems and value chain
analysis suggested that there are significant chance of expo-
sure to livestock farming-related zoonotic pathogens (com-
mon practices of poultry farming, sales of raw milk and
absence of pork and goats meat inspection). Considering
the severity of the diseases, animal source food-borne gas-
troenteritis, brucellosis, M. bovis TB and NCC were identi-
fied as the most important livestock farming-related
zoonoses in the Kampala economic zone (see Table 2 and
Fig. 3c). Among these, animal source food-borne gastroen-
teritis and brucellosis were estimated to be highly prevalent.

DISCUSSION

The present study was conducted to identify livestock
farming-related important zoonotic diseases in the Kampala
economic zone in order to assess the risks from urban and
peri-urban livestock farming. Several studies had been con-
ducted in this zone related to this issue: Brucella [26, 31]
and E coli O-157: H7 [17] in milk, M. bovis in cattle carcass
in an abattoir [2] and Taenia solium cysticercosis in pork
carcasses in abattoirs [22], and these diseases were also
identified as important zoonoses in the present study.

Poor correlation between spatial distribution of livestock
farmers and their animals in peri-urban and rural areas and
distribution of human population and patients with selected
diseases in urban areas suggested that the majority of live-
stock farming-related zoonoses were food-borne and were
caused by informally-marketed foods. For the assessment
of risks from urban and peri-urban livestock farming, there
is often a pitfall that the risks flowing into cities from out-
side the economic zone are neglected. In the case of brucel-
losis in Kampala, a large proportion of raw milk
contaminated with Brucella was carried from Mbarara, the
largest dairy production areas in Uganda [26]. Herd size in
peri-urban areas was not different from urban and rural
areas; this also suggested that peri-urban livestock farming
in Kampala had not been intensified very much and instead,
strong rural-urban linkages has been established. Future
studies on urban and peri-urban food-borne zoonoses should

incorporate a value chain analysis because of this reason.
Regarding the risk of infection from direct contact with ani-
mals/birds, poultry farming has the highest risk; it was
found to be most popular in and around Kampala. Although
previous studies reported that rearing chicken was not asso-
ciated with the prevalence of enteric illness in Kampala [7],
risk of the infection with HSN1 highly pathogenic avian
influenza (HPAI) in Kampala was potentially very high and
it could pose a serious health risk. The case-fatality (CF)
rate of HPAI was estimated to 14-33% under pandemic
conditions [24] and HPAI is known to be transmitted rapidly
[37].

The present study provided a useful framework for iden-
tifying livestock farming-related important zoonoses in and
around cities; however this method has limitations: (i) a
great number of zoonoses might be missed among outpa-
tients whose symptom was reported (ii) clinical diagnoses
cannot indicate specific zoonoses such as M. bovis TB and
cysticercosis and (iii) unless cooking and consumption
behaviour at the household level is studied, risks through the
value chain cannot be determined. There are reports on con-
sumption behaviour relating to raw eggs [7] and risk mitiga-
tion strategies for milk consumption [16] in Kampala. Such
behavioural studies for other foods could contribute towards
a better understanding of food safety in Kampala.

In the present study, animal source food-borne gastroen-
teritis was the most prevalent zoonosis in Kampala. We
used the proportion of food-borne illness out of GI infec-
tions in U.S.A. as a parameter to estimate food-borne gastro-
enteritis cases; however considering the difference of food
hygiene situation between U.S.A. and Uganda, a much
larger proportion of GI infections could have been caused
by animal source foods. There are many types of animal
source food-borne gastroenteritis and detailed studies are
needed. The number of M. bovis TB cases was estimated to
be low. However, considering the many brucellosis cases
diagnosed and the high herd prevalence (74.1%) of M. bovis
in Mbarara [11], there could be a much larger number of M.
bovis TB cases due to consumption of milk and dairy prod-
ucts. In Kampala, it has been reported that 97% of urban
consumers, both adults and children, boiled milk with tea
prior to consumption [17]. However the problem of con-
sumption of unpasteurized milk and dairy products in Kam-
pala should not be overlooked. Also, although our study
showed that almost all the cattle carcasses were slaughtered
in abattoirs under veterinary inspection, it has been reported
that none of the carcasses with TB-like lesions were con-
demned in a slaughterhouse in Kampala where 11 cultures
of M. bovis were recovered from 87 TB-like lesions [2].
The number of neuro-cysticercosis cases was also estimated
to be low although Taenia solium is known to be prevalent
in Uganda [22]. Considering the low meat inspection rate of
pig carcasses and the popularity of pork in Kampala [35],
taeniasis may be common in Kampala and many cysticerco-
sis cases could have been missed.

The present study identified four diseases: animal source
food-borne gastroenteritis, brucellosis, M. bovis tuberculo-



IMPORTANT ZOONOSES IN KAMPALA, UGANDA 999

sis and 7. solium cysticercosis as the most important live-
stock farming-related zoonoses in the Kampala economic
zone. However the method used in the study has its limita-
tions and more detailed studies are needed, especially on
different types of GI infections, M. bovis TB and neuro-cys-
ticercosis for a better understanding of livestock farming-
related zoonoses in Kampala.
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