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Albstract

Effective diagnosis ol major endemic bovine diseascs such as trypanosomosis, tick-borne discases and
helminthoses that consirain agricnltural production in sub-Saharan Afiica is required for their rational
teatiment. However, this is hampered by the shortage of professional stafl and wnavailability of simplc
field-leve! diagnostic tests. The work presented in tiis thesis was designed to evaluaie simple diagnostic

lools und develop guiding decision support tools to facilitale diagnosis and reatment of these diseasces in
rural areas of Africa.

Portable hucmoglobinometers such as the Hacmoglobin Colour Scale (FICS), HemoCue (HCU) and
DHT-haenioglobinometer (DHT), commonly used in hwnan medicine, were evaluated for their
sutlability in the detection of anaenua in cattle. Coefficients of variation (CV) were calculated for all
methods (o defermine their precision over a range of 0-17 g/dl. The preeision of the HCS (CV 2.9-8.8%)
and HCU (CV 3.5-10.6%) was better than that of the DHT {CV 7.7-23%). There was good lincadty
between the readings of the HCS (R = 0.925), HCU(R = 0.920) and DHT (R = 0.906) and those of the
referonice method (cyanmethacmogiobin)., The diagnostic sensitivity and specilicity of all methods for
delection of anacmia (huemoglobin (k) < 8g/dl) was determined wvsing the cyanmethacmoglobin
mcthod as a goldstandard. Sensitivity was defined as the ability of a method 10 detect tue cases of
anacmia (ITb < §g/dl}, while spectficity was the ability of a method (o declare the irne non-anaemic status
{Hb > 8 g/dl) as negative. The sensitivity of the HCS (94%) and HCU (80.5%) was ligh, but that of the
DHT was low (52.7%). All the haemoglobinemeters had high specificity: HCS (93%), HCU (96.5%) and
DIT (100%). A high correlation between the packed cell volume (PCV) and Hb measurcincnis was
obtained using all mcthods: HCS (R = 0.974), IICU (R = 0.965) and DHT (R = 0.934). Field
veterinarians achicved good precision with the HCS (CV 8 — 13%) and the IICU (CV 1%). The cost of
the kit and reagents for analvsis of 1000 samples would amount to US$ 22 (£ 19.50) for the HCS, US$
600 (€ 532) (or the DHT and USH 1100 (€ 975) for the HCU, makiug the HCS cheapest 10 run. These
haemoglobinomeiers are potentially nseful for penside detection of anaemia, especially in rural arcas of
Alrica.

The intluence of time of day and coat colour of Zebu cattle under tropical coudilions on rectal
temperature was assessed. The time of the day awd coat colour had a bighly significaut influence on
rectal temperature (P 0,001} and thus need 1o be considered while assessing pyrexia during clinical
diagnosis. The period between 13.00 and 17.00 hours was the mnost suitable time of the day for
veterinarians lo detect pyrexia, however ibere is the likelihood of picking healthy catlle (false positives)
that have raised rectal temperature. Since veterinarians ave nsually presented with sick rather than healthy

animals by farmers, it is unlikely that picking healthy animals would be a problem.

Diurnal variations ol the sensilivity of the common parasilelogical diagnostic tests for trypanosomosis
were investigated. Despite the small sample size (n = 2), the highest detection rate was observed al 21.00

hr and the losvest at 13.00 hr. Neither time of the day nor day-1o-duy variation had a significant influence




il

on the sensitivity of the fests, despite occurrence of diumal variations. Nevertheless, these resulis
suggested optimal detection rate of trypanosomosis wilth microscopy was achieved when catlle blood was

taken and examined between 17.00 and (09.00 hows under tropical conditions.

Epidemiological studies were conducled on endemic diseascs in Zebu cattle kept under the mixed crop-
livestock production system in Soulh East Uganda. Moderate patasitolagical prevalences of the diseases:
anaplasmosis (23.6%), (heileriosis (21.6%), fasciolosis (13.6%), Parasitic gastroenteritis (PGE) (6.7%),
trypanosomaosis (4.4%) aud babesiosis {1.0%) were found.

Morbidity raics were determined based on clinical manilestation of anacmia, weight loss, pallor, lymph
node enlargement, staring coat, diarrhioca, lacrymation and fever in addition to presence of aetiological
agenis. The diseases found had low morbidity ryatcs: anaplasmosis (17.1%), theileriosis (15.6%),
lasciolosis (7.0%). PGE (3.3%), trypanosomosis (3.2%) and babesiosis (0.2%). Calile manifesting
clinical signs characterisiic of schistosomasis were not found, although a few caule {0.1%) secreted
Schisiosema eggs. Cases of cowdriosis were not encountered either, despite the abundance of the tick

vector Amblyomma variegatum.

Clinical signs manifested by cases and (heir parasitological findings on sampling visils prior o death
werc used as the basis {or determining the probable discase responsible for death. A low annual crude
mortality rate (5.2%) was obscrved and theileriosis was the most important causc of disease-related
mortality, being responsible Tor (.8%, [ollowed by anaplasmosis (0.5%). However much of the disease-
related mortality (3.7%) was due to multiple discases. Youug animals were most affecied, with mortality

rates of 12.4% and 11.9% iu 0-6 months and 7-12 months old calves, respectively.

Medium to high scroprevalences of 68.9-85.8%, 506.2-85.0% and 54.9-76.9% for Theileria parve,
Anaplasma marginale and Bubesia bigemina infections, respectively, were found indicating that cattle
populations studied were exiensively exposed to thesc infections. A small proportion of cattle
experienced more than one seroconversion to 4. marginale (13%), B. higemina (12.2%) and 7. parva
infections (6%), which was attributed to seasonal varialion of abundance of Rhipicephalus sp. and
Boophilys sp. dcks. In some villapes over 90% of the caitle were infested with Rhipicephatus
appendiculatus ticks, while in others fewer animals (10-80%) were infested. Likewise, in some villages
40-80% of the catile were infested with Boaphifus spp. ticks, while in others fewer amimals (10-40%)
were infesied. In bolh instances, there was a signilicant differcnce (P < 0.03) in the abundunce of
Rhipicephalus sp. and Boophifus sp. ticks between the two calcgories of villages. The villages were

hience distinguished into those with a high and low tick challenge.

The seroconversion rates 10 A. marginale infcelion of catie of all age gronps: 0-6m, 7-12m, 13-241m and
>24m under low tick challcnge were higher than those of their counterparts under high tick challenge,
but not significantly so (P > 0.05). Independent of tick challenge, ihe seroconversion mle decrcased with

age np to 24 months, For B. higeming infection, seroconversion rates of cattle of different age groups




under high tck chaltenge were higher than those of their covnterparls under low tick challenge, but the
reverse was true for 6 months old calves. A significant difference was observed among cattle of >24m
old (f =45, DF = 1, P < 0,05). Under low tick challecnge, the seroconversion rale decreased with age,
but vnder high tfick challenge, the seroconversion rate increased with age up to 24m. For 7. parva
infections, seroconversion rales of cattle older than 6 months under low tick challenge were significantly
higher than those of their counterpasts under high tick chatlenge (7-12m, %*= 11.7, DF = {, P<0.05; 13-
24m, ;,52 =112, DF =1, P< 005 > 24m, ;(2-—“ 272, D¥ = 1, P< 0.001), Scroconversion rales were similar

in all age groups under low tick challenge, but decreased with age under high tick challenge.

Field cases were analysed to identifv clinical signs thal had sigunificant association to presence of
acticlogical agenis for (rypanosomosis, anaplasmosis, theileriosis, babesiosis, fasciolosis, PGE and
schistosomosis. Anacmia, pallor, fever, enlarged Iymph nodes, lacrymation, staring coat and woight loss
had significand association (P < 0,05) 1o trypanosomosis. Anaemia, pallor, fever, weight loss and stating
coat had lighly significant assaciation (P < 0,001) to anaplasmosis. Fever, enlarged lymph nodes,
lacrymation, anaenia, pallor, staring coat and diarrhoea had significant association (P < 0.05) to
theileriosis, Anaemia, pallor aud diarrhoca had significant association (P < 0,05) 1o babcsiosis. Anaemia,
pallor, wcight loss, staring coat and diarrhoea had highly significant asscciation (P < 0.001) to
fasciolosis. Weight loss, staring coat, anaemia and pallor had highly significant association (P < 0.001) to
PGE. A few cattle secreted Schistosoma eggs, but no clinical signs had any significant association to

presence of Schistosama eggs.

Important clinical signs and risk factors that could best be used te predict the probability of
seroconversion to A. marginale, B. bigeming and T. parva infection in catile were assessed. The level of
tick challenge at village level, Rhipicephiafus spp. and Boaphifus spp. intensity on individual animals,
reclal temperature and PCV were significant for prediction (P < 0.05) of seroconversion (o A. marginalz
infeetion, For B. bigemina infection, the sigoificant predictors (P < 0.05) for seroconversion included the
level of tick challenge, Boophilus spp. inlensity, anacmia, weight loss, staring coal, lacrymation and age.
While for 7. parva infection, significant predictors (P < 0.03) included the Tevel of tick challenge, R.

appendiculatus intensity, lymph node enlargement, rectal temperature and PCV.

A Delphi survey, involving 46 veterinary experts consisting of 32 international and 14 local Ugandan
experts, was conducted to elicil quantitalive information on imporlant clinical signs and risk factors for
clinical diagnosis of endemic bovine discases under consideration. Experts responded to questions on
trypanosomosis (26}, theileriosis (21), anaplasmosis (23), babesiosis (23), cowdriosis {20), PGE (23),
fasciolosis (22) and schistosomosis (12). Overall scores obtained werc used Lo develop a decision support
card that utilizes a combination of pattera-matching and colour-banding scoting systems 1o cxccule
differential diagnosis. The decision support card was designed for ficlkd veterinavians, animal health
assistants and community animal health workers for use in the rural areas of Africa. An evaluation under
controlled conditions te assess ils diagnostic performance in the mixed-crop livesteck praduction system

is underway, before it is released for routine use by independent end-users.
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Chapter I General introduction

11 Economic importance of endemic bovine diseases in sub-Saharan Africa with
particular emphasis on East Africa

The major endemic discases of cattle m sub-Saharan Africa considered in this thesis include

trypanosomosis, theilcriosis (East Coast fever), anaplasmosis, babesiosis, cowdriosis, parasitic

gastroenteritis, schistosomosis and fasciolosis. Endemic refers to the constant occurrence of

either overt or subclinical discase ai a predictable lovel in a population, as opposed to epidemic,

which is occuryence of ofien overt and sudden disease in a population at levels in excess of the

expected (Thrusfield, 1995).

Major epidemic diseascs of cattle such as rinderpest, foot and mouth disease (FMD) and
contagious bovine pleuropneumonia (CBPP) usually occur as outbreaks resulting in dramatic,
large-scale mortality, morbidity aud scvere economic losses. They are generally characterised
by long inter-cpidemic periods during which the discase may either be absent from an area or
present at almost undetectable levels, with minimal econonnc losses. In their control, national
governmenis and intemational organisations are obliged to act because of the infectiousness
and transboundary nature of spread and the ussociated negative impact on iuternational trade on
animals and awimal products (OIE, 2003). Cn the conirary, losses due to major endemic
diseases may noi bc as dramatic as thosc occurring ab the height of epidemics, but their
continuous presence and relentless attrition makes them economically impartant. Unlike
cpidemic discases whase conirol costs are borne by national governments or international
organisations, contrel costs of endemic diseases are borne by individual farmers duc to the

localised nature of these discases (GIE, 2003).

Trypanosomosis dirsctly constrains cattle productivity by reducing buth rates, increasing
abortion rates, and increasing iortality rates, particularly among young animals {Swallow,

1999). Its existence and severity affccts tarmers’ choices about size and structure of the cattle

i
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herds and the usc of the isetse habitat for grazing (Swallow, 1999}, Through the abscnce of
cattle to provide draught power, milk, manure and meat, rural development is severely impaired
(Holmes ef af., 2000). The most important pathogenic tsctse lransmitted trypanosome species
affecting cattle in Africa arc the vascular trypanosomes: rypanosoma congolense and T. vivax
{(Holmes ¢f al., 2000), whose tsetsc vectors arc estimated to infest approximately 11 million

km?* of Africa, about 37% of the continent (Trail e g/, 1985).

Indirect annual costs of African trypanosomosis to livestock producers and consumers are
estimated to be 1340 million USY (Kristjanson ¢/ g, 1999). The incidence of bovine
(rypanosomosis has led to sub-optimal stocking rate of caltle by 30-50% and reduction in the
production of meat and milk by at least 50%, the calving rates by 1-20%, ihe efficiency of oxen
under high risk by 38% and the increase in calf mortality by 10% (Swallow, 1999). Geests and
Holmes (1997) cstimated that trypanocidal drugs cost Aftican farmers 35 million dollars per

aInuin.

The impact of trypanosomosis on livestock productivity in terms of reduced draught power,
milk, meat and manure at the national scale in Uganda and Kenya is very similar to the
continental pictere over all sub-Saharan Africa. Tsclse flies are estimated to infest 106,400
km?, 50% of the entire landmass of Uganda and 2.2 millivn head of cattle of the estimated
national caitle population of 5.4 million arc at risk of trypanosomosis (Chizyuka 1998). ‘I'setse
infestation and incidence of irypunosomosis hay provented the keeping of an extra 3.3 million
head of cattle in Uganda (Chizyuka, 1998). in Kenya, tsetse flics are estimated 1o infest 90,300
km®, which represents 25% of the country, and 1.6 million head of caitle out of the estimated
14 million national cattle population are at risk of trypanosomosis (Chizyuka, 1998). Tscise
infestation 13 estimated to prevent rearing of an cxtra 2.7 million head of cattle in Kenya

(Chizyuka, 1998).




With 80% of the world’s 1,288 million cattle living at risk of tick-borne diseascs, the global
cost bas been estimated to be between US$ 13.9 and 18.7 billion per annuin (de Castro, 1997).
Amang the tick-borne discase, East Coast fever is probably the most important due to the high
mortalitics causcd, the productivity losses on recovery, the cost of control and the cxclusion of
iaurine (Bos fourus) and tauring-cross catilc from endemic regions due to their high
susceptibility (Young et al, 1988). The economic losses caused by East Coast fever in cattle in
11 countries, where 24 million out of 64 million bead of cattle are at risk, has been cstimated by

Mulkhebi ef af., (1992) at US$ 168 million per annum.

In Uganda, over 90% of the catile population are at constant nsk of tick-borne diseases and the
overall logg of the calf crop in indigenous cattle due to tick-borne diseases is estimated to be
30% over the greater pari of the Uganda (Anon., 1997a). The cumulative mortality of 13.5%
due to East Coast fever in indigenous calves up to 1 year old has been reported in ranch cattle
in Uganda (Okello-Onen, 1996). Of the deaths atiributable ta tick-borne discases, East Coast
fever is responsible for 79%, anaplasmosis 11%, cowdriosis 5.6% and habesiosis 4.4% (Anon.,
1992). The annual cost of imported acaricides in Uganda is estimated at US$ 10 mullion

(Ckello-Onen 2f al., 1998a).

Tick-bome discases in Kenya are considered a major constraint to dairy fanming among the
smallholder dairy fuoms, which account for au cstimated 75-90% of all milk produced in the
country (Mbogoh, 1984). Actual losses attribuiable to Fast Coast fever amount to 1J8$ 95
miliion (TickCost, 199%). it is also estitmated that 70% of the catile in Kenva are found in areas
where anaplasmosis and babesiosis are endemic, and disease incidencc is estimated to be 5% in
adult cattle. Annual losses due to babesiosis and anaplasmosis combined, amount to US$ 6.9
million {1ickCOST, 1999) not including losses duc to chironic or subelinical anaplasmosis,
which are associated with tow production and weight loss, Cowdriosis is estimated to cansc

mortality losses smouuting to US$E 13.3 million (TickCOST, 1999), In the Southern African
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Development Comnussion {(SADBC) region, the cost of cowdriosis has been estimated at 37-47

million (Minjauw et i, 2000).

Parasitic gastroenteritis is an important causc of production losses in cattle. These losses
include poor general performance and even mortality, particularly in young animals, More
important are visible subclimcal fosses, such as decreased weight pain, decreased milk yicld
and decreased fertility (Eysker and Ploeger, 2000). Helminth infections also cause economic
losscs through condemuation of whole carcass or specific organs at slauphter. In Kenya,
condemnation losses are estimated to constitute 11.8% of the entire economic losses (Githigia

et al., 1995).

Fasciolosis is associated with production losses such as liver condemuation, poor growih rates,
reduced draught power output, poor feed conversion, lowered milk yield, reduced meat
production, infertility and deaths (Wamac and Ihiga, 1991). For cxample, losscs due to liver
condemnation attributable to fasciolosts have been estimated to amount to 51%, an equivalent
of US$ 228, 244 per annum 1 Zambia, (Pandey and Ahmadu, 1998) and USH 10,000 per six
months in Nigeria (Glusi, 1996). In Ienya, a combination of liver condemnation and reduction
n liveweight gain has been reported to constitute an annual loss value of US$12.11 (4.92%)

and US$23 .41 (10.319%;) for Friesiaus and Barans cattle respectively (Wamae er af., 1998).

Approximately 330 million heud of cattle live in arcas in Africa and Asia where schistosomosis
1s endemic {dc Bont and Vercruysse, 1998). Worldwide, overall prevalence ranges between 31
and $1% in cattle populations, hence it is spcculated that at least 165 million cattle are infected
with schistosomes (de Bont and Vercruysse, 1998). Production losses cansed by schistosomosis
in catlle include mortality, retarded growth, poor reproductive performance and low milk yield.
Morlality of 7% in cattle of six to 30 months and prevalence of over 0% based on faceal epg

count surveys hias been reported o Sudan (Majid er al, 1980). Females that recover from




severe bovine schistosomosis show poor performance later; many do not conceive until they arc

five or six years old and have calving intervals groater than two years (McCauley ef al., 1983b).

Control of major endemic bovine diseases 1n sub-Saharan Africa has until rccently been the
remit of state veterinary services, which have now dwindled as a result of global trends towards
privatisation with the contraction of veterinary services (Armbrusier, 1994). With the inception
of privatisation of veterinary services, the responsibility of diagnosis of livesiock discases and
drug administration is now in the hands of farmers, extension workers and agro-veterinary
traders (Machila ef al., 2003). Effcctive diagnosis of these endemic diseases of cattle in sub-
Saharan Africa is required for their rational treatment and control, but this is constrained by the
unavailability of suitably irained professional staff and field-level diagnostic tests, as weil as

general lack of knowledge abowt cattle diseases among livestock owners (Machila ef ol , 2003).

Appropriate drug nsc and other disease control strategics depond on correct diagnosis and a
working understanding of the suilability of therapentic options. Existing techniques for
diagnosis of these diseasts are (oo costly and unavailable to the groups such as farmers,
extension workers and agro-velerinary traders who make treatment decisions (Machila et al.,
2003). In the absence of cficelive diagnosis, premature measurcs and treatments arc applicd
mappropriately. This may compound the economic losses already associated with the diseases
concerned. For instance, indiscriminate use of trypanocides is undesirable because it is
uneconomical to treat uninfected animals, and misusc and overuse of trypanocides may he
associated with the development of drug resistance (ICPTV, 1999), and occasionally with
toxicity (Eisler ef af., 1997) or low productivity {Mdachi, 1999). To improve the quality and
accessibility of discasc diagnosis to resource-poor cattle keepers, there v & need to develop
simple, reliable and cheap diagnostic tests and guiding decision support tools to enable simple
diagnosis and treatment of cndemic bovine discases by field veterinarians, animal health

assistants and community animal health workers in rural arcas.




The hypothesis testod in this thesis is;
¢ Farmer-based interventions utilizing low technology dccision support systems
including haemoglobin measurements might help improve animnal health in the mixed

crop-tivestock farming systoms in South East Uganda.

‘The main objectives addressed in this thesis include the following:

o To determiue Lhe key clinical signs, pathological features, cpidemiological features and
available definitive diagnostic tests of endemic bovine diseases under consideration
through review of literature.

« To compare the performance of portable haemoglobinometers to that of converntional
hacmatological measures of anaemia.

o To examine the effects of diurnal variations on the diagnostic value of rectal temperature
and on the scnsitivity of parasitological diagnostic tests for trypanosomosis.

o To understand the cpidemiology of endemic diseases under consideration in cattle kept
under the mixed crop-livestock production system in Uganda.

=« To identify clinical signs of diagnostic sigmficance associated with ficld cases of the
individual endemic discases,

v To develop decision support systems based on clinical signs (risk factors) of high
diagrostic vulue o facilitate field-lovel diagnosis of the endemic bovine diseases under

consuderation
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Figure 1.1: A Ugandan village - a characteristic erop-livestock production system in which
trypanosomosis, tick-bome diseases and helminthoscs are endemic and constrain livestock

health and productivity




Chapter 2 Endewic bovine diseases in sub-Sabaran Africa and their

diagnosis

2.1 Trypanoscmosis

2.1.1  Key clinical sigus

Bovine trypanosomosis is caused by frypanosoma congofense, T. vivax and T brucei
transmitted by several tsetse species (Glossina spp.), but the most pathogenic trypanosome
species affecting cattle in Africa are the vascular frypanosomes: 7. congolense and T. vivax.
The discasc is characterized by the development of a moderate to severe anacmia, loss of
condition and intermittent fever, which is prominent during the early phascs of the discase
when the waves of parasitacnia arc high (Fiennes, 1970, Morrison ef al., 1981, Stephen, 1986;
Murray and Dexter, 1988; Holmes e al, 2000). Other clinical signs include enlarged
superficial lymph nodes, progressive weakness, loss of appetite, loss of weight, stunted prowth,
epiphora, aboriton during the third trimester and decreased fertility (Fiennes, 1970, Stephen,
1086, Holmes et al, 2000). The discase is normally associated with infections that last for
weeks or months and a slow and insidious loss of condifion resulting in eventual death

(Fiennes, 1970; Holmes et al., 2000).

Trypanosomnosis due to 7. vivax manifests as an acute or chronic infection in cattle, The acuie
form of the disease is characterized by septicaemia and the animal may die within a week
{(Stephen, 1986, Dirie e/ ol., 1988). Affected animals usually have a fever, with body
temperatures rising up Lo 40-41°C, look dejected, and have inappetence, dyspnoea, diarrhoea.
and haemarrhages. Loss of weight vccurs early n the infection and there is always a heavy
parasitaemia. Fatal, hacmorrhagic 1° vivax infection characterized by widespread haemorrhages
through the skin, cars and on the tongue, blood-stained diarthoea, abortion and considerable
mortality has been reported in dairy cattle at the Kenva Coast (Mwongela e <., 1981), in local

and exotic cattle in Somalia (Liric ef o/, 1988) and in Zebu cattle in Eastern Uganda (Magona




et al., 1997). Chronic 1. wivax infection iy less severe. It manifests with progressive anaemia,
staring coat, weight loss and swelling of superficial lymph nodes: prescapular and prefemoral
lymph nodes. Abortion and stillbirths occur in pregnant cows and milk production 15 depressed
(Stephen, 1986). Chronic trypanosomaosis 18 usually associated with severe wasting of animals,

hence called “thin cow syndrome’ as reported at the Kenya Coast (Dowler e al., 19§9).

Trypanosoma congolense infection in cattle is usually less acute and less dramatic than
haemorrhagic 7. vivay infection (Fienncs, 1970; Stephen, 1986). Cases have fever; with body
temperature rising to 39.4-40 °C and pyrexia parallels the parasitacmia, which is usually lower
than in 70 vivax infection. Other clinical signs include staring coat, loss of weight, reduccd
fortility, weakness, dyspnosa and almost white mucous membranes. Superficial lymph nodes
may or may not be enlarged and loss of appetite often occurs during pyrexia (Stephen, 1986).
Central nervous system signs in form of cireling have been obscrved in experimental 7 bruce:
mfcetion 1n cattle (Wellde ef af, 1989; Clausen er al, 1999} and n experimenial mixcd

infections of 7. brucei and 7. congolense in cattle (Masake et af., 1984).

252 Pathological features

The dominant feature of trvpancsomosis in cattle is anaemia (Murray, 1978; ILRAD, 1990).
Though Babesia, Anaplasma and Theileria infections ulso causc anaemia, the severity is greater
in trypanasome infections than i other discases (Molyneux and Ashford, 1983). There are two
phases of anaemia, the acute haemolytic phase duting the rising parasitaemia and the chronic
phase during declining parasitacmia (Murray, 1978; IERAD, 1990). A sipgnificant drop in
packed cell volume (PCV), haemoglobin (Hb) concentration and red blood cell (RBC) counts
was observed in cases of bovine trypanosomosis caused by 7. congolense and 7 vivax in
imported Holstein-Frigsian caitle wn Nigeria (Ugochukwu, 1986). Other pathological effccts
include myocarditis und incrcased vascular permeability (Fiennes, 1970; Murray, 1978,

Molyneux and Ashford, 1983}, Internal haemorrhages and enlarged spleen have also been

i
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observed at postmortem in animals that dicd of haemorrhagic 70 wvivax infection in Uganda

{Magona et al., 1997).

2.L.3  EBpidemiological features

Existing reports in Uganda indicate that the parasitological prevalence of trypanosomosis in
cattle is 11.9% under the intensive dairy system and 25% under the communal grazing systems
(Okuna ef al., 1996). Of all the confirmed cases of trypanosomosis in Uganda, 64% are due to
1. vivax, 30% duc to 7. congolense and 6% due to 7. brucei {(Anon., 1996). A parasitological
prevalence of 20.5-34.8% of 1. vivax infection has been reported during an outbreak of
haemorrhagic 7% vivax infection in Uganda (Magona et al, 1997). Recent reports on
trypanosomosis in Bugoma and ‘lecso districts of Western Kenya infested by Glossing
pallidipes revealed a parasitological prevalence of 1.5%~8 2% (Anaon., 1998}, Other studics
have reporled parasitolegical prevalences of bovine trypancsomosis in Western Kenya and at

the Kenya Coast of up to 40% (Murilla ef ai., 1998).

‘Ihe parasitological prevalences of bovine trypanosomosis reported in studies conducted in
other Alrican countries include, 1.9% in Malawi {(van den Bossche er al., 2000a), 4 2% in Mali
(Awan er al., 1988), 7.2-9% mn Nigeria (Ahmed e al., 1994; Kalu, 1995), 10% in Zaire (Singh
et al., 1988), 16% in Tanzania (Connor and Hallwell, 1987), 17.2% in Ethiopia (Afewerlk er al.,

2000}, 19.1% in Sudan (Hall ef a/., 1983) and 38.5% in Ghaoa (Turkson, 1993).

The prevalence and distribution of bovine trypanosomosis is influenced by a number of factors.
The prevalence is highest and the associated PCV is lowest where tseise densities arc high,
taurine cattle are predominant and herds belong to scveral owners from rural arcas (Flendrickx
et al, 2000). Variations in the prevaleoce of trypanosomasis in catlle depend on variation in
tsetse density and tsetse challenge (Leak er al., 1993). The prevalence of trypanosomosis in
callle in tsetsc-infested areas increases with age, being highest among old cattle of 5-9 vears

(Kalu, 1993, Magona ef ol, 2000). Other factors that influence the prevalence of bovine
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trypanosomosis include breed, intensity of management and season (Katy, 1995). The
prevalence of frypanosomosis was observed to be higher in trypanosusceptible cattle, especially
the crossbreeds (12.1%) than in the more resistant irypanotolerant breeds such as the N*Dama
(5.9%) in Nigeria (Kalu, 1993). The prevalence 1s higher in extensively managed stock (Kah,
1995} or in migratory cattlc (Hall ef al., 1983) and during the wet than the dry scason (Kalu and

Lawani, 1996).

Adverse cffects of trypanosomosis in cattle are frequently exacerbated by undernutrition
(Holimes et a/., 2000}, The rate of anaemia, pyrexia and weight changes are influenced by both
protein and energy intakes (Agvemang er ql, 1990; Katunguka-Rwakishaya ef al., 1995;
Holmes e7 i, 2000). Host nuirition is recognized to have profound effects on many aspects of
the immune response such as antibody production, which in tura is known to influence the level

of parasitacmia (Holmes er al., 2000},

Trypanosornosis is often confounded by intercurient nfection (Stephen, 1986). Cascs
presenilng with acute fever (up to 40.5°C), lacrymation, salvation, diarrhoea, coughing, severe
anaemia, severe emaciation involving over 75% of indigenous Zebu cattle were reported in a
village in Eastern Uganda during prolonged drought (Anon., 1997b). Laboratory confirmation
of these cases revealed concurrent I vivax and Theileria parva infection and postmortem

cxamination further revealed heavy nematode infections and liver fluke infestation.

2.1.4  Definitive diagnosis

Confirmatory diagnosis of bovine trypanosomosis and treatment of sick animals relics on
clinical cxamination and demonstration of the parasites, and evidence of anaemia.
Demonstration of parasites rclies on microscopic examination of Gicmsa staincd Lhin and thick
blood smears for detection and identification of rypanosome species and on detection of
trypanosomes by examination of the Buffy-coal using dark-ground microscopy (Murray e al.,

1977). To ensure good results, care should be taken (0 ensure that every microscopic field of
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the Buffy-coat is examined thoroughly. The packed cell volume is measured using the

microhacmatocrit centrifugation technique (Woo, 1969),

2.2 Yhetleriosis

2.2.1  Key dlinical signs

Bovine theileriosis (Bast Coast fever) is caused by Theileria parva, which is transmitted by the
throe-host tick R. appendicnlatus. Tis main clinical signs include Fover, enlarged superficial
lvmph nodes, anorcxia, lacrymation, nasal discharge, depression and diarrhoea with bloody
faeces (Bruce ef al., 1910; Shannon, 1977, Omuse, 1978; Kiptoon et al,, 1983: Norval ef al.,
1992; Kambarage, 1995; Mbassa ef o, 1998; Maloo et al., 2001a). Petechial hacmorrhages
may occur under the tongue and on the vulva (Shannon, 1977; Urquhart ez al., 1996; Maloo et
al., 2001a). 'The mortality rate in susceptible caitle can be as high as 100% (Noxval ef al., 1992;

Fain, 1993},

In experimenial 7. parva infection in calves, Mbassa er al. (1998) observed pyrexia and
enlarged lymph nodes as the major clinical signs. Studies on confirmed field cases of Fast
Coast fever (ECF) m Kenya, found lugh fever (40.1-40.2°C), enlarged lymph nodes, petechial
haemorrhages on mucous membranes and under the tongue, laboured respiration and terminal
diarrhoea as the main chinical signs (Omuse, 1978; Kiptoon ef o/, 1983). it has also been
reported that haemorrhages in older animals affected by Sast Coast fever are numerous pinpoint

petechiae, but fower and eccliymotic ones in calves (Kiptoon er af., 1983).

Shannon (1977) recorded the frequency of individual clinical signs in 61 confirmed field cascs
of East Coast fever in grade cattlc in Uganda. The clinical signs observed in order of frequency
included enlarged prescapular lymph nodes (91.8%), enlarged parotid Ivmph nodes (49.2%),
petechial haemorrhages (37.7%), enlarged precrural lymph nodes (29. 5%), soft cough (24.6%),

diarrhoea (13.1%), eyc lcsions (4.9% and circling (1.6%).

. " : o e I Er.
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Clinical signs of East Coast fever often reported by farmers include extreme depression,
anorexia, lacrymation and a drop in milk yicld in laciating cows. However, expericnced farmers

usually observe swollen Iymph nodes aud in terminal East Coast fover cases, bloody diarrhoea

(Omuse, 1978).

2.2.2 Pathological features

Post-mortem findings in ficld cases usually include congestion and oedema of the lungs with
variable amounts of frothy discharge in respiratory airways, liver friability, small grey-white
nodules in the venal cortex, petechiation of serous membranes and congestion of the spleen

(Bruce et al., 1910; Kambarage, 1995),

Unlike anaplusmosis and babesiosts, that mainly affect crythrocytes, theileriosis normally
affects mainly leucocytes. But asaemia is a variable finding with theileriosis, being commanly
abscrved in cattle with multiple hacmotropic parasite infections (Kiptoon e af., 1983) and
chronic cases (Omusc, 1978). Low packed cell volume (28 + 5%), haemoglobin concentration
(9.93 & 1.20 g/dl) and red cells counts (6.05 = 1.16 /mm® x 10%) have been reported in cases of
ECF (Omuse, 1978), though they fell sithin the normal ranges of PCV (24-46 %), RBC counts
(5-10 x10% mm’) and haemoglobin concentration (8-15 g/dl) as described by Schalm (1975). A
high degree of leucopenia with a neutropenia and lymphopenia has also been observed (Omuse,
1978). In experimental infections of 7. parva in Ankole and crossbred caille, an average 30%
reduction of the PCV of infected caftile was reported to occur; though classical 7 parva

mfection did not affect the red blood cell picture (Paling e al., 1991).

22.3 Epidemiological features

Several cpidemiological studics bave been conducted in East and Central African countries on
East Coast fever. In Central Kenya, ECF has been reported to account for 70.1% of the total
cases {Mulei and Rege, 1989), while an incidence of 22% in Zebu calves was found on Rusinga

Island in Western Kenya (Latif ef ol , 1995). Seroprevalences of T parva tnfection of 22-85%
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have been reported across a number of aproccological zones in Kenya (Deem et al., 1993). In
Uganda, a parasitological prevalence of ECF of 48% has beeun reporicd (Anon., 1996), and in
Zambia, ECF 1s reported to causc over 50% mortalily of cattle, even in endemic areas (Billiouw
et al., 1999). East Coast fever has heen reporied to accounts for 73% of the cases of tick-borne
diseases in Tauzanmia (Kambarage, 1993) and has been reported to cause 14% mortality in

crossbred calves of 10 months old in Zanzibar (Jacobsen, 1983).

The distribution of East Coast fever is associated with the distribution of its vector, In Kenya,
ECF is known Lo be confined to the cool wet climate of the high altitude areas where R
appendiculafus 1 found (Omuse, 1978; Mulei and Rege, 1989). Other studies have revealed
that the activity of R appendiculatus instars and 7. parva transmission are restricted by the
unimodal rainfall pattern (Norval et o, 1992; Billiouw ¢f al., 1999). Adult tick activity
invariably peaks during the wet seasons and is assoctated with the highest ECF incidence
(Norval et al,, 1992). Fluctuations in tick abundance and intensity as well as temporal pallerns
of T' parva transmission urc influenced by the year-to-year vartation in rainfall (Norval ef ol.,

1992; Billiouw ¢f al., 1999).

Indigenous cattle such as the Small East African Zebu reared in ECF endemic arcas ot tropical
Afnca are known to show a bigh degree of resistance and exhibit some disease tolerance to 7.
parva infection (Norval er al., 1992; Lauf ef af.,, 1995). Infection is oficn mild in Zebu calves
and wortality is low, with an average ECEH-case fatabty rate of only 21% (Latif ef al., 1995) as
compared to fatality rates of 100% in exotic breeds of catile (Jain, 1993). However, indigenous
cattic often remain as carriers and act as rescrvoirs of infection for ticks (Norval ef al., 1992;
Latif ez al., 1995, Perry and Young, 1995). Susceptible cattle introduced in endemic arcas often
suffer hiph mortality, irrespective of age or breed, unless rigid precautions are obscrved (Jain,
1993). Indigenous cattie may also suffer from East Coast fever during prolonged rains in
marginal arcas whenr the mmmunity declines as a result of low tick survival and challenge

(Deem ef al., 1993). Inlermingling of cattle with wild African butfalo (carriers) in the presence
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of K. appendiculatus ofien leads to outbreaks of T. parva lawrenci in cattle and » high mortality

rate (Norval ef of., 1985, Urquhart e? af., 1996},

Iigh innate susceptibility of cattle, virulence of the parasite and the climate are the main
factors reported to limit progress towards endemic stability (sce Section 2.9.4). In cases wherc
endemic stability does not exist, cattle mortality due to 7% parvar infection is high (Norval ef .,

1992, Perry and Young, 1995, Billiouw ez af., 1999; Gitau et /., 2000).

Ape-related susceptibility of cattle to ECF in endemic arcas oceurs. Calves are affected most
before they sero-convert, especially at the age of 4-10 months (see Section 6.1). ‘Thus, ECF is
considered {o be a scrious calf disease, with reported mortality rates of 21% and 13.5% in
wdigenous calves up o 1 year old in Kenya (Latif ¢/ al., 1995) and in Uganda (Okello-Onen,

1996), respectively.

Breed differences in susceptibility influence incidence, morbidity and mortality of ECF in
cattle. For example in Zanzibar, Jacobsen (1983) found a higher ECF-induced mortality rate
(14%) in crossbred calves than in Zebu calves (4.2%) and a lower recovery rate (57%) in
crossbred calves than in Zebu calves {90%). Tn another study, mortality following experimental
infection with 7% parva was 64% i the crossbreds and 32% in Ankole cattle (Paling ef al.,
1991}. The difference in susccptibility was altributed to the genetic ability of the Ankole to
limit the explosive multiplication of macroschizonts, resulting in loss severe damage of the

tymphoid fissuc during the acute phase of the disease (Paling e/ a/., 1991).

The occurrence of the ECF has been associated with grazing susceptible cattlc on tick-infested
pastures and unsatisfactory tick control due to improper dipping of the herds (Norval et al.,
1992; Kambarage, 1995; Gitau ¢! af., 2000). Furthermore, it has been observed that use of
pastures by pasioral cattle, which are rarely dipped, increases tick infestation, and mixing

susceptible cattle from ECF-frec areas with carrier cattle from infested areas, especially during




16

periods of drought, introduces ECF into previously unaffected areas (Kambarage, 1995;
Billicuw et af., 1999). Open-grazing systems allow for more characicristic cycles of 7 parva
transimission to occur, both from carrier and clinically affected cattlc and hencc lead to higher
sero-conversion rates of 11 parva infection than zero grazing systems (Norval ef al., 1992;
Gitau et al., 2000). However, the level of challenge in the open grazing system depends on
climatic suitability, grazing practice and range (and thus mixing with other potentially infected
cattle), tick control practice and cattle breed (Norval er al., 1992; Gitau ef a/., 2000). Increased
exposure of calves to T parva-infected ticks found in higher numbers in open-grazing systems

1s known to be responsible for high ECF incidence (Gitau e a/., 1999).

2.2.4  Definitive diagnosis

Confirmalory diagnosis of ECT relies on finding 7. parva macroschizonts in Giemsa stained
smears of lymph nede biopsies or on finding piroplasms on Giemsa stained ear-vein blood
smears in the red cells (Urqubart er al, 1996). However, animals that show Theileria
piroplasms m blood smears before the schizont stage is detcctable in lymph node biopsics are
often not considered as clinical cases of ECF (Latif ef o/, 1995). Body temperature monitoring,
which involves monitoring of animals whose body temperature is above 39.5°C and preparing
of lymph node biopsies and blood smears, has been recommended as a useful method for carly
detection of ECF infection aud prompt treatment of cascs in an outbreak situation (Minjauw e

al., 1998).

2.3 Anaplasmasis

231 Nep clinical sigins

Bovine anaplasmosis is a rickeitsial disease caused by Anaplasima marginale and transmitted
by over 20 tick species including the one-host tick genus, Boophilus. Tt is alse transmitted
mechanically by biting flies of the genus Tabanus, Chrysops and Siphora in areas which are
free of ticks (Risiic, 1968; Potgicter and Stoliz, 1994) and by blood contaminated instruments

during castration, dchorning and eartagging operations and through needle passage during
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vaccinations {Dikmans, 1950). The major clinical signs of anaplasmosis include pyrexia,
anacmia, jaundice, anorexia, dehydration, laboured breathing, and a severe drop in milk vield
or abortion in cows (Theiler, 1910; Ajayi ef al., 1987, Potgieter and Stoltz, 1994; Egbe-Nwiyi

et al., 1997).

(n an abattoir study conducted in Nigeria on cattle destined for slawghter, dAnaplasma-positive
cattle were observed to have pyrexia, anorexiy, pale mucous membranes, weight loss,
weakness, dehydration (of 5-7%) and laboured respiration as the mai clinical signs (Egbe-
Nwiyi er al., 1997). In Kenya, the common clinical signs observed in field cases of
anaplasmosis include a drop in milk yield, anorcxia, dullness and passage of scanty hard faeces
(Omuse, 1978). In experimental infections, Ajayi and others (1987) observed severe anacmiy
and pyrexia as the main clinical signs, in addition to other signs such as general weakness, loss

of appetite, depression, accelerated respiratory rate and muscle tremors.

2.3.2  Pathological findings

The main postmortem features of anaplasmosis include enlargement of the liver, gall bladder,
spleen and lymph nodes (cspectally the superficial ones). The liver and spleen may be
moderalcly congested, the carcass is jauadiced and the pall bladder is grossly enlarged. The
Jtver 1s suffiused with bile and petechial hacmorrhages appear on the hcurt muscles (Losos,

1986; Egbe-Nwiyi ef af., 1997).

The major hacmatological feature of anaplasmosis is anaemia, with mean PCV, Hb and RBC
decreasing below normal (Potgieter and Stoliz, 1994). Anaplasma-inteeted cattle were obscrved
to have lower mean PCV (24.8 + 3.2 %), mean Hb (6.7 1.8 g/dl} and mcan RBC counts (3.73
+ 1.6 x 10%mm’) compared to non-infecied catfle (mcan PCV=32.6 £ 1.2, mean Hb = 10.9 =+
3.8 and mean RBC count = 6.21 % 2.7 x 10% mm?) in a study conducted in Nigeria (Egbe-

Nwiyi et al., 1997). Conlirmed cases of bovine anaplasmosis were obscrved to show typical
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signs of haemolytic anaemia, with a mean PCV of 14 + 4.25, mean RBC counts of 2.54 & 1.16

x 10% mm" and a mecan haemoglobin content of 4.6 + 1.36 in Kenya (Omuse, 1978).

2.3.3 Epidemiological features

Parasitological prevalence of bovine anaplasmosis in tropical African countries reported in
literature includes 29-36% in Uganda (Ssenvonga ef al., 1991; Anon., 1996), 36-38.2% in
Kenya (Mulel and Rege, 1989; Latif er al., 1995) and 37 7% in Nigeria (Egbe-Nwiyi, 1997). A
seroprevalence of bovine anaplasmosis ranging from 81 to 94% was reporied across different
agroscological zones i Kenya {(Deem ef oL, 1993) and from 14.7 to 38.6% in Zambia

(Jongejan er al., 1988).

The distribution of anaplasinosis is recogniscd to be determined by the distribution of its
vectors: Boophilus species and Rhipicephalus everisi everisi (Jongejan ef al., 1988, Cmuse,
1978) and detection of 4. marginale in Zebu calves has been observed to coincide with the
peak of Boophilus decoloraftus infestations (Latil ef af., 1995). However, other factors such as
anaplasmosis being transmitted by a variety of one-, two- and threc-host ticks including
Boophilus spp., Rhipicephalus everisi everisi and biting flies, life-long camier status of
recovered animals and presence of wild and domestic reservoirs of infection are known to
determine the distribution of anaplasmosis (Norval er gl., 1984; Potgleter and Stoltz, 1994,

Urquhart ef erf., 1996).

In animals that survive acute anaplasmosis, parasitsenmia levels fluctuate for several months
before dropping below microscopically detectable levels (Pofgieter and Stoltz, 1994). Such
animals are usvally protected against clinical discase, but can serve as rescrvoirs and infections
may recrudesce lollowing stress (Bgbe-Nwiyi ef al, 1997). Stress due to concurrent
trypanosomosis or babesiosts with anaplasmosis may lead to occurrence of clinical

anaplasmosis in wnmune carvier animals (Fox et af., 1993).

e ¢ meeZuTeon
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Anaplasmosis bas an age-related susceptibility. 1t is mild in calves up to 1 year, but animals of
2-3 years old develop typical, often fatal anaplasmosis and cattle over 3 years develop a
peracute and frequently fatal anaplasmosis (Jain, 1993; Potgieter and Stoltz, 1994; Urqubart ¢z
al., 1996). Age-specific seroprevalence of bovine anaplasmosis has also been reported to
decline with increasing age (Jongcjan ¢f al., 1988). Iustances have been reported where up to
80% of aduli cattle have been found aflccted by anaplasmosis (Egbe-Nwiyt ef al., 1997). Adult
cattle introduced into endemic arcas are susceptible and a mortality ratc of up to 80% occurs

{Ajays er al., 1982).

Brecd suscoptibility to bovine anaplasmosis occurs, with imported brecds being more
susceptible to anaplasmosis than indigenous cattle found in endemic areas in Africa (Ajayi ef

al., 1982). Clinical signs ol anaplasmosis are mild in Zebu calves (Latif ef al., 1995).

Hypomagnesaemic cattle are reported to be resistant to experimental clinical infection of 4.
marginate (Jain, 1993). However, the influcnce of this factor on the occurrence of natural

Anaplasma infections is not yet well docuumented.

23,4 Definitive diagrnosis

Definitive diagnosis of bovine anaplasmosis relies on hisfory, pathological and clinical signs,
coupled with estimation of PCV and postmortem findings. Confirmation of the diagnosis
depends on the microscopic examination of stained thin blood smears in order to demonstrate
Anaplasma parasites in the erythrooytes of the affected animals, cspecially for acute cases
{(Potgicter and Stoltz, 1994). It is recomunended that blood smears be taken from the extremities
especially from capillary blood by tail or car prick with a razor blade or scalpel blade or sharp
needle {(Anon., 1997¢}. Thin and thick blood smeuars become unsuifable for diagnosis when
exposed to formalin, contaminated with bacteria, too thick and when jugular blood is used for
making smears (Anon., 1997¢c). Serological tests arc not suifable for detection of clinical

discase, but are usclul as ressarch tools (Anon., 1997¢).
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2.4 Babesiosis

241 Key clinival signs

Babesiosis is an important tick-borne discase of cattle that is widespread in tropical Afiica.
Babesiosis, caused by Babesia bovis and B. bigemina, is transmitted by ticks of the genus
Boophilus. Babesia bovis is transmitled only by Boophilus microplus whereas B. bigemina is
readily transmitted by both Boophilus micropius and Boophilus decoloratus {De Vos, 1979,
Norval ef al., 1983, Jongejan et al., 1988), There is a wide variation m the clinical signs of
babesiosis because some species are not pathogenic and within species, there are strain
differences with respect o virulence (l.osos, (986). Generally, babesiosis manifests in two
forms: acute and chronic syndrome (Ristic, 1931; Losos, 1986). The chronic syndrome is
poorly defined clintcally, but is assosiated with anacmia and weight loss. The acute syndrome
is characierized by high fever (41-45.5°C), anacmia, hasmoglobinuria (redwater), jaundice,
abortion and variable mortality (Ristic, 1981; Losos, 1986). Tf death does not occur, there is
loss of weight, reduced milk vield, diarrhoca foltowed by constipation {Losos, 1986, Urquhart

ef al., 1996).

The main clinical signs observed in ficld cases of bovine babesiosis are: anacmia, pyrexia,
haemogloburia and jaundice. Such cases present with pale mucous membranes that may be
vellow-tinged and owncrs frequenidy report animals passing ved wrine (Omuse, 1978). Field
cases of bovine babesiosis and anaplasmosis usually prosent with very similar clinicat signs,
but the passage of red urine is only observed in cases of babesiosis (Omuse, 1978). In cases of
cerchral babesiosis of caitle caused by B. bovis, terminal central nervous signs involving

paddling of limbs, ataxia and circling occur {Losos, 1986).
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2.4.2 Pwmhologicol features

The major pathological [eatures in babesiosis are anacmic anoxia and red eccll destruction
(Hildebrandi, 1981). Anoxia causcs degeneration and swelling of endothelial cells, which
impede blood flow and furcher complicate the anoxic statc of the organs. Damaged endothelium
and hypoproteinaemia resulting from hepatic dysfunction lead 1o oedema (Hildebrandt, 1981).
At necropsy, subcutansous tissue and mucous membrauves are pale, the liver is enlarged, gall
bladder and urinary bladder are distended, the kidneys are congesied, the lungs are oedematous
and there is massive splenomegaly (J.osos, 1986). In case of cerebral babesiosis, marked
packed parasitized erythrocytes are seen In the capillaries of the gray matter of the brain and in

the kidneys (Losos, 1986).

Intravascular hacmolysis is the most distinctive haematological feature in bovine babesiosis.
This is manifested by a decrcase in PCV, red blood cell counts and hacmoglobin values by over
50% (Losos, 1986). Omuse (1978) found that confirmed cascs of bovine babesiosis in Kenya
had lower mcan PCV (16.3 = 6.8 %), mean RBC counl (3.24 £ 1.7 x 10% mmg) and mean
haemoglobin content (5.8 = 2.5 g/dl) than normal ranges of PCV (24-46 %), RBC counts (5-10

10% mm®) and haemoglobin content (8-15 g/dl) as described by Schalm (1975).

2.4.3  Epidemiological features

Reported prevalences of bovine babesiosis as detected by presence of pivoplasms in Giemsa
staincd smears in tropical African couniries cited in the literature include 7.2% in Nigeria
(Ajayi, 1978), 16% in Uganda (Anon., 1996), 41.4% in Central Kenya (Mulei and Rege, 1989)

and 47% on Rusinga Island, Western Kenya (Lalif ¢t af., 1995}

The reported seroprevalences of bovine babesiosis include, 52% (8. bigenina) and 32% (3.
bovisy in Zimbabwe (Katsande ef al, 1999), 10.3-78.6% (B. bigemina} and 7.1-38 1% (B
bovis) in Mali (Millcr et al., 1984), 42-74% (B. bigemina) aud 44 7-08% (8. bovis) in Zambia

(Jongejan et al., 1988), 78% (B. bigemina) in Botswana (Mchlitz and Ehret, 1974), 79-94% (5.
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bigemina) io Kenya (Deem ef afl., 1993), and 88% (B. bigennina) and 96% (B. bovis) on Pemba

Island, Tanzania (Woodford et a/., 1990).

The occurrence and severity of bovine babesiosis is mfluenced by vector, parasitc and host
factors. A high lcvel of Boophitus tick challenge in endemic areas is known to maintain the
immunity of animals ta babesiosis at a high level (Urquhart er al., 1996). Jongejan and athers
(1988) found that cattie throughout Zambia had antibodies against 8. bigemina according to the
distribution of B. decoloratus, whereas those with antibadies to B. bovis werc restricted
according to the distribution of B, microplus. A similar pattern of association between the
distribution of B. microplus and scropositivity to B. bovis was observed in Zimbabwe (Norval
efal., 1983). In Kenya, no clinical signs were detected in Zebu calves, in which B. bigemina

parasites were detected during peak infestation of B. decoloratus ticks (Latif ef al., 1993).

Babesiosis is particularly severe in naive animals introduced into endemic areas and is a
counsiderable constraint on livestock development in many parts of the world (De Vos, 1979;
Norval ef al., 1983; Urquhart ef al., 1996). However, the scverity also depends on the virulence
of the particular specics of Babesia parasile. Babesia bovis 1s relatively more pathogenic than
B. bigemina in cattle (Losos, 1986; Urquhart ef af, 1996). Studies conducted in Zambia
revealed that outbreaks of babesiosis caused by B. bigeming are rare in traditionally managed
herds of Sanga and Zebu cattle, but babesiosis due 1o B. bovis, though rarc, was fatal when
introduced into traditional or commercial farms, cspecially outside the distributional areas of B.

micropius ticks (Jongejan ef al., 1988).

The severity of babesiosis also depends on the breed of catlle involved. Acute babesiosis dug to
B. bigemina often occurs in imported and crossbreed catile, while B. bovis infection is acute in

very young calves of imported breeds (T.osos, 1986).
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‘The scverity of bovine babesiosis is related to the age of animal, with higher fever and more
norbidity and meortality occurrmg among the aged cows than the yearlings and steer, while
calves have innate resistance (Losos, 1980). For example, Zebu calves were observed to have
mild reactions to babesiosis in Kenya (Lalif er gl., 1995). Babesia bigemina was detected in

Zebu calves of 6-8 months old, bul there were no associated clinical signs manifosted.

The severity of babesiosis depends on the immune status of the host. Young avimals acquire
passive immunity through colostrum and subsequently active immunity is stimulated as they
get exposed to infeclion, at which time they become premune carriers (De Vos, 1979;

Hildebrandt, 1981; Urquhart ef ol., 1996),

Animals that survive babesiosis become carriers and harbour & subclinical infection, which is
matatained by premunition (Hildebrandt, 1981). However, this balance may be distorbed by
stresses  associated  with intercurrent diseases, transport, age and immunodeficiency
(Hildebrandl, 1981). Environmental stress often (rigpers outbreaks of clinical babesiosis in

adult animals in endemic areas (Ajayi ef al., 1982; Losos, 1986),

2.4.4  Definitive diagnosis

Diagnosis of babesiosis, especially in chronte cases, 1s difficult because detection of Babesia
parasites by examination of Giemsa stained blood smears 1s lunited for very few parasites can
be demonstrated usually after a fong scarch (Omuse, 1978; Bose ef al., 1995). Non-detection of
parasites often accounts for the low number of cases of babesiosis confirmed 1n the laboratory,
but taking blood for smears during the cool periods of the day from the ear vein can increase
chances of microscopic detection of Bubesic parasites (Omuse, 1978). Confirmation of
diagnosis depends on the history, climeal signs and examination of blood [ilms stained with
Gicmsa. However, once the acute febrile phase has subsided parasiies are ofien difficult to
detect since they are rapidly removed from the circulation (Urquhart et al., 1996). Microscopic

detection using thin and thick blood smears is the most recommended method for on-site
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diagnosis of aculc disease (Bose ef af., 1995). Better resulis are obtained in diagnosis of A,

bovis and other species, when capillary blood from the tail prick is used (Bose et al., 19935).

2.5 Cowdriosis

2.5.1  Key clinical signs

Bovine cowdriosis is a fatal tick-bome disease causcd by Cowdria ruminaniivm transmitted by
ticks of the genus Amblyomma. Cowdriosis is common in susceptible populations of cattle
introduced into endemic areas, particularly in imported exotic breeds, in which the severe form
of the discase vecurs (Losos, 1986). The discasc in cattle is characterised by pyrexia, with a
temperature of 40-42°C lasting onc week before dropping to subnormal before deuth.
Occasionally there are nervous symptoms such as muscular twitching, tetanic seizuses,
squinting of the eyes, excessive salivation and galloping movement after tlic animal has fallen
to the grownd (Cowdry, 1926). Mild or subacutc syndromes usuwally occur in very young
animals with high innate resistance (Cowdry, 1926; Losos, 1986). Subacute and chronic forms
are mainly charactcrised by diarrhoca, while the mild form is characterised by elevation of
temperature. The peracute disease is characterised by high fover, collapse, convulsions and
sudden death. In the acute form, pyrexia is followed by depression, loss of appetite, appearance
of nervous signs such as high siepping, unsteady gait and progressive signs of encephalitis such
as chewing movements, twilcling of eyelids, walking in circles and aggressive attitude
(Cowdry, 1926; lLosos, 1986). A mortality rate of 50-90% is often associated with the typical
nervous signs ol cowdriosis, especially when the scvere disease occurs in susceptible auimals

imported into endemic arcas (Losos, 1986).

252 Pahological feaiures

Anagmia, lencopenia and thrombocytopenia are occasionally reported. Less severe forms of
cowdriosis are associated with ascites, hydrothorax, hydropericardium, reddening of mucous
membranes of the respiratory iract and gastrointestival (ract, oedema of the Jungs,

hacmorrhages on serosal surfaces, enlarged Ivmph nodos and spleen, and signs of encephalitis




usually observed at post mortem (Bezuidenhout er af., 1994). Haemalological changes often
seen 1n affected cattle include a drop in cosinophils and PCV and deercase 1n plasma volume

{Losos, 1986).

2.5.3  Epidemiological features

Cowdriosis is reported to be responsible for 5.6% of the cattle mortalitics in Uganda (Anon.,
1996). In Kenya, cowdriosis has been reported in several areas, but the cases are sporadic
(Wamukoya, 1992) and mortality, especially in indigenous Zebu cattle, is low (Latif er af,
1995} because of a high scroprevalence (73-80%) in cattle and widespread endemic stability
across different agroecolopical zones {Deem ef of., 1993). In Scnegal, low mortality rate of
cattle duc to cowdriosis and high seroprevalence (33-90%3 of cowdriosis have been observed
to coinctde with the distribution and high infection rate of C. yuminantium in the Amblyomma
ticks (Gueye et al., 1993). In Zimbabwe, seroprevalence of cowdriosis of 11-52% has been
observed in the dmblyomma-infested and Ambiyomma-fiec arcas (Vries ef al, 1993).
Cowdriosis-relatcd mortality on large-scale farms in Zimbabwe is reported to be only 2.3% in
calves (0-12 months) and 0.6% in older cattle (over 13 months), despite being responsible [or
51% of the morstalities on affected farms (Mcltzer er al., 1996). In South Africa, the annual

mortality rate of cattle due to cowdriosis is reported to be 1.3% {du Piessis er al., 1994),

The distribution of cowdriosis depends on the distribution of the vector ticks, Ambiyomma spp.,
which in turn depends on the climatic suitability (TickCost, 1999). Moreover, the incidence of
cowdriosis depends on the prevalence and abundance of the dmblyomma spp. licks, especially

of A. variegatum (Losos, 1986; Gueye et al., 1993).

Cowdriosis 15 an unportant disease affecting imported breeds of cattic in sub-Saharan Africa
and indigenous cattle in endemic areas rarely suffer clintcal dissase (Utlenberg, 1981; Losos,
1986) due to endemic stability. The incidence and mortality of indigenous Zebu calves due to

cowdriosis were observed to be negligible on Rusinga Island in Western Kenya (Latif ef al.,
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1995). Susccpiibility to cowdriosis is cnhanced by lack of previous exposure to the disease,
cven with indigenous breeds of cattle (Ilemobade, 1977). An agc-related resistance to
cowdriosis, with young cattle having a higher resistance (innate) and consequently lower case

fatalities than older cattle occurs (Norval ef ., 1995),

2.5.4  Definitive diagnosis

Definitive diagnosis of cowdriosis depends on demonstration of the C. ruminantinm parasites
in bload or cadothelial cells at post mortem by examination of brain squash preparation stained
with Giemsa (Purchase, 1945). Cowdria ruminantium can casily be recognised in squash
smears prepared from the grey matter of the cerebrum., Preparations from the spinal cord are
usually as good as those from cerebral grey matter (Purchase, 1945). The hammer and nail
method is preferred o syringe and necdie method for casv of extraction of brain material
(Malika er al., 1992). For effective trcatment of cowdriosis early in the course of febrile
reactions before clinical signs appears, provisional diagnosis may be made on the basis of

history, clinical siggns and postmortem lesions of previous cases (Losos, 1986).

2.6 Parasitic gastroenieritis

2.0.1  Key clinical signs

Parasitic gastroenteritis is usuafly observed in young animals and is a herd problem. The major
ncimatode species that cause PGE in caitle in tropical Africa include Haemonchs placei,
Trichostrongylus axei, Bunostomum phlebotomum, Qesophagostomum radiatum, Cooperia
pectinata and Cooperia punctata (Mango ef al, 1974; Sauvage ef af., 1974; Omara~Opycne,
1985; Kaufinann ef al., 1989; Warairu er al., 1993; Waruiru er al., 1998). Of the nematodes
reported above, H. placei and O. radicitum are rccognised as the most pathogenic and
cconomically mmportant parasites of cattle in the tropies, but 7° axei and Cooperia spp. arc of
lower pathogenicity and himited significance (Waruire ef af, 1998). The significance of H.
placei and O. radiatum is due fo the severe trauma and blood loss causcd by their migrating and

feeding stages. Egg counis of up to 1000 /7. placei per gram of facces are accompanied by
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serious clinical signs and counts of 500-700 H. placei eggs per gram indicatc a dangerous
intection if combined with 300 epg of Oesophagostomum or Bunostomum species (Watuiru ef

al., 1998).

The major clinical signs of nematode infections in cattle include diarrhoea, staring hair coat,
‘pot belly” in calves, submandibular oedema, anaemia, poor body condition, stunted growth,
weakness and progressive emaciation, usually with a good appetite persisting until shortly
belore death (Kanfimann ¢f af., 1989, Waruim et af, 1993, Eysker and Ploeger, 2000). In
haemonchosis, anaemia and submandibular cedema are the major clinical signs (Eysker and

Ploeger, 2000).

2.0.2 FPathologicul features

The key pathological features of ncmatode infecetions in cattle include, haemorrhagic gastritis,
generalized ovedema, anaemia and fat degeneration. At necropsy, a large number of
Haemonchus, Trichostrongylus, Bunostomum and Oesophagostonnm worms are recovered

from the lumen of the gusirointcstinal tract ([Kaufmann ef a/., 1989; Waruiru ez af., 1993).

2.6.3  Epidemiological featuies

The prevalences of nematode infections in cattle revealed by various abattoir and faccal
examination surveys conducted in tropical African countries include, 48.8% in Zimbabwe
(Vagsilev, 1999), 22-61% in Uganda (Sauvage et af., 1974; Magona and Musisi, 1998), 43-
85.5% in Kenya (Mango ef al., 1974, Waruirn ¢ ¢/., 2000) and 97% in The Gambia (Kaufinann

and Pfistei, 1990).

The intensity of the nematode infection found in cattle is often moderate. Nematode egg counts
of 400 have been reported in catile in Kenya, with H. placei, Cooperia species aud Q. radiatum
accounting for 52.3%, 28.5% and 6.9% respectively, of the total burden (Warwiru et of. | 1998).

Other studies have revealed 28% of Zebu calves having over 1000 nematode eggs per gram of
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facces in Western Kenya (Latif ef al., 1995), and 50% and 16% of Ankale calves having over
200 and 500 nematode eggs per gram of facces, respectively, in Western Uganda (Sauvage er

al., 1974).

The prevalence of nematode infections n cattle 1s influenced by season. The level of stronpyle
infection as weil as the relative abundance of Haemonchus placei, Cooperia species,
Oesophagostomum radiatum and Trichostrongplus axer have been obscrved to increase during

the rainy season and decrease during the dry season (Warwiru ef al., 2000).

Nematode infections are a morg serious problem in cattle in subhumid rather than i arid areas
in sub-Saharan Africa as evidenced in a study conducied in Northern Kenya (Omara-opyene,
1985). Parasites ave checked by the arid climate, but the subbuwmid climate provides the
favourable wann, wet conditions required {or rapid development of eggs to the infective larval
stage (L;) (Reineckie, 1960). In addition to a hot and humid chmate, predisposing causes for

haemonchosis include overcrowding and lush pastures (Waruiry ef al., 1993).

Farm-related factors such as grazing management, helminih control and local microclimatic
conditions also influence the kevel of nematode infection and occurrence of PGE (Kaufmam
and Pfister, 1990; Waruiru et af., 2000). Incrcascd stocking rate associated with communal and
inicnsive grazing management systems often leads to increased conlamination of pastures and

henee the preater risk of nematode infections.

Nematode infections are a serlous problem in young stock of the post-weaning age {6months -
2 years), especially those in the subhumid arcas of Africa (Omara-Opyene, 1985: Waruiru e/
al., 199§; Rubuirc-Akiki ef al., 1999). The heavicst burden is reported to aceur in 1.5-3-year-
old animals. Dawry calves are the commonly aflfected group among caitle but steers and other
young cattle up to 3 years of age may also be affected by hasmonchosis (Waruiru f a/., 1993,

Rubaire-Akiilki e al.. 1999}, The provalence of nematode infections and worm burden is ofien
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highest in young cattlc (bmonths - - 2 years) followed by adults and calves less than 6 months,
which are least affected (CGmara-Opyenc, 1983; Rubaire-Akiiki ef ¢/, 1999). This is attributed
ta calves acquiring nematode infections as they start grazing and the infections increasing with
both age and pasture contamination, reaching a climax in young catile when stock become
entirely reliant on grazimg. Surviving young cattic afler this stage get rid of the worm burden
and develop resistance so that only a low level of infection exists in adults {Omara-opyene,
1985). Sex of the host seems not influence the prevalence or intensity of infcction with

nematode worms {Wariru ef ¢i., 2000).

Release of nphly susceptible calves onto a highly contaminated pasture during the wet season
causes PGE outbreaks ([Kaulmann and Pfister, 1990; Waruira ¢f al., 1993; Eysker and Ploeger,
2000). When young animals grazing with adult animals or when susceptible animals are put on
dairy calf lots, infections are influenced by the intensity of worm larvae available to infect or

re-infect the animals (Waruiru ef al., 1993),

Development of clinical illness 15 also favoured by a fall in the plane of nutrition, particulasly in
calves, Under adequate nutritional levels cattle may develop a subclinical infestation but when
the nutritional level subsequently declines the diseascs develops (Waruiru ef al, 1993).
Malnatrition and concurrent disease may impair host resistance against helminths, resulting in
bigher worm burdens (Kaufimann and Pfister, 1990; Kaufinann ef «f, 1992; Waruiru ef af.,

1998).

2.6.4 Definitive diagnosis
Clinical diagnosis of parasitic gastroenteritis relies on a combipation of clinical signs and
history of the animal (Eysker and Plocger, 2000}, History should consider the age (young

animaly), season, prazing history and anthelmintic usage (Evsker and Ploeger, 2000).
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Confirmatory diagnosis relies on faccal egg counts using the McMaster method as described by
Hanscn and Percy (1994). Finding nematode gy counts of 200 in adulls and 500 in calves is
indicative of PGE (Bauvage et af.; 1974}, and anthelmintic trcatment is recommended when a

minimum of 500 eggs per gram of faeces is found (Hansen and Perry, 1994).

Pathological examination of dead animals or those killed in extremis can demonstrate parasitic
gastroenteritis, quantily the burden and identify which spcecics of gastrointestinal nematodes arc
involved, hence providing a basis for trcatment of the entire herd (Eysker and Ploeger, 2000).
Tor infections with blood sucking nematodes like 7. contortus, pallor of the mucous membrane

and red blood cell values (packed cell volume) provide useful tools for diagnosis.

2.7 Fasciclosis

2.7.1  Key clinical signs

Bovine fasciclosis in tropical Africa is mainly caused by Fasciola gigantica whose
transmission is associated with Lymnea natalensis snail intermediate hosts. It is characterised
by pradual wasting, progressive weakness, anaemia, dehydration and oedema in the
intermandibuiar space and aver the abdomen (Egbe-Nwiyi and Chaudrai, 1996: Bowman and
Lynn, 1999). Most fiver fluke infections in cattle are subclinical and often iead to retarded
growth, reduced productivity and make affected animals more susceptible 1o other infections

and to continuously contaminate pastures {(Waruiru ¢f af., 2000),

272  Pathological feaiures

Key patholagical features include anacmia, hypoproteinemia, and an enlarged and neerotic liver
at necropsy (Baray, 1985; Bowman and Lynu, 1999). Anaemia is the most characteristic
symptom of subacute and chronic fasciolosis. Ideath of infected ammals is usually a result of
profound anacmia duc to blood loss and fature of liver functions (Boray, 1985). In

experimental 7. giganrica infection in calves, marked reductions in PCV, Hb and RRBC were




31

not observed, the PCV, Hb and RBC remained within the normal range (Mugambi ez al., 1990}
Other pathological features observed include proliferation of lymphocytes, macrophages and

plasma cells in the spleen and hepatic lymph nodes (Egbe-Nwiyi and Chaudzrai, 1996),

2.7.3  Epidemiological features

The reported prevalence of bovine fasciolosis in African countrics cited in the literature include
17-34% in Kenya (Mango ef al., 1974; Warairu ef o, 2000), 29-36% in Uganda (Magona et
al., 1999), 1-41% in Nigeria (Olusi, 1996; Egbe-Nwiyi and Chaudrai, 1996), 27% in Senegal

(Diaw et al., 1998) and 33% in Zimbabwe (Vassifev, 1999).

The greatest risk of bovine fasciolosis occurs in areas of extended high annual rainfall
associated with high soil moisture and surplus water, but it diminishes in arcas of shorter wet
season and/or low icruperatures (Malone e/ al, 1998). Bovine fasciolosis acquisition is
favoured in areas where animals graze on naturally or artificially flooded areas or around
permanent water channcls or dams normally inhabited by Zymnea spp. snails (Urquhart ez al |
1996; Olusi, 1996; Malone et al, 1998). Qutbreaks of fasciolosis often occur when there is
mereased congregation of animals utilizing metacercariae-infested pasturcs in marshy areas
during dry season grazing (Urquhart er al, 1996, Waruiru et af, 2000). Thus, communal
grazing management systems are more likely to expose animals to bovine fasciolosis than
encloscd open grazing systems, Most liver fluke infections in cattle are subclinical and often
lead io retarded growth, reduced productivity and make affected animals morc susceptible to
other infections and to continuously contaminate pastures (Waruiru et al., 2000), Indigenouns
small Zebu cattle in tropical Africa have been observed to have a lower prevalence of
fascivlosis than Luropean exotic and large Zcbu breeds, a fact that has been attributed to

genelic resistance (Bitakaramire, 1973).

Warsvu and others (2000) weported occurrence of concurrent strongyle and liver fluke

infeetions in cattle of all age groups, which accounted for 25.9% and 10.2% of the mixed
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helminth infections during the dry and wet periads, respeetively. They further observed the
prevalence of liver fluke cggs to be significantly higher in adult calle (68.3%) compared to
cither the immatures (24.1%) or young calves {9.7%). Thus the prevalence of liver fluke
infections increased with age becausc of the long period for which animals arc exposed to
metacercariac-infested pastures (Waruiru ez al., 2000). Scason has a significant influence on the
prevalence of {iver fluke infection in the different age groups of cattle, but farm offocts and its
interactions with scason do influence the prevalence of liver fluke infections as well (Waruiru

et al, 2000).

2.7.4  Definitive diagnosis

The diagnosis of bovine fasciolosis depends on the observation of clinical symptoms,
demonstration of parasitc eggs and parasites at necropsy. Definitive diagnosis of fasciolosis in
cattle often relics on the detection of Fasciola eggs in the facces of infected animals using the
sedimentation technique and examination by microscopy; trematode eggs are readily visible

agamst the pale blue background of Methyl blue (Boray, 1985; Hansen and Perry, 1994).

2.8 Schistosomosis

2.8.1 Hey clinical signs

Bovine schistosomosis m Aftica is caused by Sehisiosoma bovis, S. matiheei snd S, curassoni
whose transmission is associated with the Bufinus spp. snail intermediate hosts. Schisfosoma
bovis 1s dominant in Eastern, Central and Northern Africa, wherecas Schisiosoma maitheei is
dominant in Zambia southwards to South Africa and S. curassoni in West Africa (de Bont and

Vercruysse, 1998).

Bovine schistosomosis generally occurs as a mild discase cven when a high prevalence of
detected parasites in slaughter cattle iy encountered and most schistosome infections in endemic
areas oceur at a subclinical level (de Bont and Vercruysse, 1998). Generally, clinical signs of

the diseases arc rare, but the chronic diseasc is characterized by retardation of growth of
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animals on a herd basis and the acute disease, which accurs where intensive {ransmission is
present, is characterized by scvere bloody or mucoid diarrhoes, marked anorexia, thirst,

anaemia and emaciation (McCauley ef al., 1983a; de Bont and Vercruysse, 1998},

Schistosoma bovis is the main cause of bovinc schistosomosis in Uganda and Kenya (de Bont
and Vercruysse, 1998). Acute Schistosoma bovis infection in caftle is characierized by
intermittent hacimorrhagic diarrhoea lasting several days, reduced appetite or sometimes
inappetance, weakness, staring coat followed in a few days with scverely sunken-cyed
appearance, cmaciation and deteriorating condition {McCauley et al., 1983a; de Bont and
Vercruysse, 1998). In severe cases of bovine schistasomosis in Sudan, sunken-eycd appearance
due to severe dehydration has been reported to be prominent (McCauley er al, 1983a).
Affected animals that survive have poor body condition for several months resulting in defayed
growth and later bave poor reproductive and milking performance (McCauley ef af. ) 1983a; de

Bount and Vercruysse, 1998).

Presence of hacmorrhagic diarrhoca, anorexia with retardation of growth rate or loss of body
welght and mortality are sufficient to suggest clinical visceral schistosomosis in endemic arcas.
However, the chronic form rather than clinical visceral schistosomosis is common. Clinical
signg in the wajority of chronically infected animals are nsufficient to distinguish the iliness

from other debilitating diseascs {de Boat and Vercruysse, 1998),

Concurrent infection of & bovis and F. gigantica 1s common in cattle (Majid er a/., 1980;
McCauley er ol 1983a). However, F. giganfica infection s associated with more severe
anaemia, more consisteat presence of inappetance, chronic wasting, depression to the point of
frogquent recumbency, absence of diarthoca and lack of the sunken-eyed appearance (McCauley

el al., 1983a).




2.8.2 Pathological features

The key pathological features of S hovis infection in cattle include anaemia, lymphopenia,
hypoalbuminaemia, scverc eosinophilia, mucosal and submucosal granunlomas and
inflamymatory cell infiltrations. Haemoglobin level, packed cell volume and red blood cell
counts fall and a normocytic, normochromic amaemia develops. The neutrophil counts
fluctuate, lymphocyte counts decrease sharply and albumin level falls {de Bont and Vercruysse,
1998). In natural infections in cattle, haemoglobin concentrations of 8. bovis cases are reported
to fall below 8g/dl, but in experimental infections, haemoglobin concentrations rauge between
7.3 to 10.5g/dl (McCauley ef al., 1983a). Pathological lesions often seen at postmortem include
portal fibrosis 1u the liver and greyish, thickened and oedematous haemorrhagic lesions in the

mucosa of the intestines (Mango ef ¢f., 1974; Urquhart ef al., 1996).

2.8.3 Epidemiological features

'The reported prevalence of bovine schistosomosis in Afiican countries cited in literature ranges
from 0.1% in Uganda (Magona et al, 1999a), 2.77% in Nigeria (Olusi, 1996), 4.9% in
Zimbabwe (Vassilev, 1999), 25.6% m Kenya (Mango et al., 1974), 30% in Scoegal (Diaw et
al., 1998), 30.8% in Tanzama (Kassuku er al., 1986), 51% in Zambia (de Bont ¢/ al., 1994) to

90% in Sudan (Majid er al., 1980).

The epidemiology of bovine schistosomosis is influenced by an interaction of ecological
factors, depending on the geographical, climatic and management-related conditions (Kassuku

et al., 1986).

Presence of the right intermediate host (Bulinus species snails) is a prerequisite for
schistosomes’ development, and spail population and activity vary depending on the
temperature (Urquhart ef ¢f., 1996). The prepatont period of schistosomes in the mofluscan host

1s highly dependent upon environmental temperature, the size and age of snail. the nuber of
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miracidia penetrating, host factors such as nutrition and crowding, and the compatibility

between schistosomes and the snails (de Bont and Vercruysse, 1998, Urquhart ef ol 1996).

Schistosomes’ transmission is entircly dependeunl on availability of a waler medium. Cattle
movement and grazing management strategies that cxpose cattle to dangerous stretches of
water during the maximum snail activity predispose them to schistosomosis (Urquhart ef al.,
1996), In Sudan, McCauley and others {1983b) observed that the highest rate of new infections
was during the dry scason when cattle grazed ncar the water canal, while the lowest incidence
was during the wet scason because of lowcsl cxposure to S. bovis cercariae since cattle grazed

away from the dricd up canals.

Intensity and seasonality of 5. bovis transmission is affected by geographical and seasonal
distribution of the host snail B. africanus (Kassuku ef of., 1936). Transmission around water
canals is limited mainly to the dry scason when the water current is sufficiently slow to allow
the establishment of the B. afiicanus snail popudation and for the temporary ponds to the end of
the rainy seasons, but transmission in permanent pouds occurs intermiilently throughout the
year (Kassuku ef al., 1986). Under appropriate management when callle watering is done at 5.
africanus-free ponds, therc is less transmission of S bovis and the risk of transmission is
limited to water contact with sccondary sites (Kassuku et «f, 1986). The traditional
management systemn in Africa with a large number of catile utilizing a limited water resourco
highly suitable for sustaining populations of the snail host B. afficanus, results in intensive
transmission i which calves take m masstve infections and dairy cows develop resistance to S,
bovis (Kassuku ef al. 1986). Schistosoma bovis infections arc comimon n callle in areas where
there 1s etther canal or pumyp irrigation becausc of potentially high infection rates due to high
prevalence of the mtermediate hosts and a conducive husbandry system that cnables frequent

livestock contact with snail-infestod water (McCauley ef af., 1983b).
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Caitle in the ages 6-30 months are most susceptible (Majid er al., 1980; McCauley et al.,
1983b). New cases of bovinc schistosomosis are rarely seen in calves prior to weaning at about
six months of age or in cattle over about 30 months of age (Majid er ai., 1980; McCauley e/ al.,
1983b). Qccasional outbreaks of clinical intestinal schistosomosis occur in young livestock or
adult animals carrying heavy primary infections on ¢xposure 1o intensive transmission: worm

burdens as high as 7100 (de Bont and Vercruysse, 1998).

Occurrence of bovine schistosomosis is highly focalised in endemic arcas because of the
underlying aggregated distribution of intermediate snail hosts and the restricted stock
movement from on farm to another {de Bont and Vercruysse, 1998). Since cattle usually move
as a herd on the same farm, they are exposed to similar cercarial challenge (de Bont and

Vercruyssc, 1998).

2.8.4  Definiiive diagnosis

Diagnosis of bovine schistosomosis relics on presence of clinical signs such as diarrhoca (blood
stained), wasting and anacmia coupled with a history of access to natural water sources.
Confirmatory diaguosis depends on detection of Schistosoma eggs in facces and an epg count
above 40 suggests heavy 8. bovis infection (Urqubart ef af., 1996). Haemeorrhagic icsions on the
mucosa of the intestines, portal fibrosis and presence of numerous schistosomes in the veins arc

important postmortem features (Mango ef a/.. 1974; McCauley e ai., 1983a}.

Table 2.1 summarises the important clinical signs and hasmatological features of the different

endemic bovine discascs as documented in literatuce,
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2.9 Factors that influence the distribution and transmission of bavine tick-borne

diseases

2.8.1  Tich species of importance

The ticks of economic importance (and the diseases they transmit) include R, appendiculatus
(East Coast fever), B. decoloratus (anaplasmosis and babesiosis) and A, variegaium
{heartwater). The comumonest tick species in order of abundance obscrved in Uganda arc: R
appendiculatus, R. evertsi evertsi, A. variegatum and B. decoloratus {Okello-Onen et al.,
1998b). Reports from elsewhere in Africa indicate B. decoloraius is the commonest tick specics
in South Africa (Be Vos, 1979) and Cameroun (Ndi ef al., 1991). While 4. variegatum is the

predominant tick species in Sencgal (Gueye et al., 1993).

292 Kactors influencing disiribution of tichs

Tick population on cattle usually vary from year to year in many places, depending largely on
climatic factors (Norval et al., 1992; Perry and Young, 1995, Lawrence er al., 1996; Billiouw ei
al., 1999). A dry scason adversely affects ticks and leads to low tick numbers on animals. Tick
population on cattle also depend on the wiensity of acaricides use and resistance of cattle
ticks when there is continuous exposure (Kaiser ef af., 1982; Maltioli ef af., 1995; Lawrence ef

al., 1996; Okello-Onen ef ai., 2003).

The most important factor limiting the distribution of B. decoloratus is decreasing humidity. Jt
is absent in arcas with an average annual rainfall of less than 380 mm in South Africa and
where the annual rainfall is below 500 mun in Tanzania {(De Vos, 1979). It was observed in
Cameroun that the three stages {larva, nymph and adults) of Boophilus ticks infest cattle
throughout the year, but tick numbers on each animal varied greatly during the course of the

yecar; 30% of the ticks occurred during the dry scason (Mdi ef ¢/, 1991).




39

Rhipicephalus appendiculatus, R evertsi and 4. variegatum have been reported to occur in low
numbers on cattle in a pastoral farming system in Mbarara Uganda, despite the abundance of
alternalive wild hosts, which was attributed to resistance of the cattle to tick infestation

(Okello-Onen ef ¢f., 1998a).

2.9.3  Fuctors influencing infection rales

Tick infeetion rates are intlucnced by parasites cffcets, tick effects, level of tick resistance in
the host population and cnvironment effects. The level of fection within the tick population
depends on the abundance of feeding stages of ticks on infected cattle and their vectorial
capacity (Morval et al., 1992; Okello-Onen, 1995). The sex ratio of the tick population
influences the infection rates in ficks (Irvin ef @f., 1981), Female ticks have a higher infection
rate than males, both in the percentage of ticks infected and the mean number of infected acini
per tick (Irvin et al., 1981), since female ticks have more e’ cells and type [ acini in their

salivary glands, which arc target sites for Theileria kinetes infection (Young et al., 1981a).

Infection of ticks depends on the tick resistance in the host population. A highly resistant host
population will produce lower infection in the tick, by reducing the size of the blood meal and
success of tick feeding, than a population highly susceptible to ticks (Fivaz et al., 1989).
Taurine cattle populations produce higher piroplasm parasitaemia than cattle from endenuc
areas, resulting in higher infection rates in ticks {Young et al., 1981b; Perry and Young, 1995).
In endemic areas, about 1-2% of the ficld ticks are infected with T parva and the majority of
the nfected ticks contain only one infected salivary gland acinus (Young er af, 1981b).
Infection rates of 7.8% and 1.1% of A. variegatum nymphs and adults, respectively, with .

runnnanfinm parasites have also been reported in endemic areas in Senegal (Gueve et «f.,

1993),

In Murang’a district, Kenya, Gitan and others (2000} found the prevalence of 7. parva

nfections n ticks of 0-25%. The highest prevalence of infections in ticks was observed on a
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farm that had reported recent outbreuk of East Coast tever prior to Lick collection. The majority
of ticks appeared to have acquired infection by feeding on carrier rather than clinically affected

cattle (Gitau ef af., 2000).

Duration of parasite infection in ticks is affected by environmental factors. It is known to be
temperature-depondent and the developments of Theilerial infections is reduced or stopped if
the temperatures arc foo low or too high (Young and Leiteh, 1981a), The success of theilerial
parasites depends on the level of tick infestations, the tick infection rates and the success of tick
feeding as well as external influences such as climate (Norval er al., 1992; Perry and Young,
1995). Decreasing calf-infestation rates with R appendiculatus were observed across agro-
ecalogical zones in the Coast Province of Kenya by Deem and others {1993), which was
suggestive of the declining suitability of this tick across agroecological zones. This intluenced
the seroprevalences in cattle across agroccological zones due to low I° parva challenge that
might have been insufficient to induce herd immunity in the calf population (Deem ef al.,

1993).

The pathogenicity of Theileria depends on the stock of the parasite, the dose of parasite and
type of mammalian host (Norval er af., 1992). The rate of transmission of 7. parva depends on
the stape of development of the parasite in salivary glands of R. appendiculatus, which depends
on the ambient temperature that the adults ticks are exposcd and strain of parasites (Qchanda e
al., 1988). 1. parva is transmitted transtadially by the three-host tick R. appendiculaius. A low
fevel of exposure may imply a reduced 7° parva challenge that may results from less favourable

conditions for R. appendiculatus (Maloo ef al., 2001a).

Intcetion of the ticks of the Boophilus species with B. bigemina occurs as they ingest infected
blaod during the late focding stage of the adult fomale (De Vos, 1979). After transovanial
transmission infectivity starts midway through the nymphal stage. Thereafter, transmission of

B. bigemina appears to be continuous through the remainder of the nymphal stage and then by
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both female and male adult ticks, Examination of tick salivary glands indicates that females,
and males up to 35 days old may be infoctive. B.bigening in the intected adults is reported to
be capable of uninterrupted development and cven transovarial passage to further generations

in the absence of reinfection (De Vos, 1979).

2.9.4  Endemic siability of fick-barne disenses

The term “endemic stability” bas been defined as a “climax relationship between host, vector
and envirenment 1 which all coexist with the virtual absence of clinical disease, while endemic
instability refers to an incomplele relationship (between host, vector and environment) in which
clinical disease occurs” (Norval ef al, 1992). According to Norval and others (1992) an
endemically stable state is characterized by high antibody prevalence, low disease incidence
and case-fatality proportion and a rapid acquisition of mfection in young calves. An
endemically unstable state is characterized by the opposite: low antibody prevalence, high
disease incidence and case-fatality proportion and primary infections that occur in all age
groups. Classic areas of endemic stability are characterized by very low ECF-fatality
proportions and close to 100% serocouversion by 6 months of age and a high prevalence (over
96%) of maternal antibodies {Gitau ef af., 2000). Under endemically stable conditions, clinical
theileriosis is uncommon although mortality risks are very variable (0-50%) often limited to

voung animals (INorval ef al., 992; Okello-Onen et al., 1998a).

Fndemic stability with regards to bovine babesiosts is defined by Callow, 1977 (quoted by De
Vos, 1979) as the condition where there is frequent iransmission of the parasites and infection
of all animals occurs during the period that young animals are protected by passively acquired
and non-specific factors i.e, within the first 6 to 9 months of life. Acquired immunity develops
without the host becoming obviously sick and focal animals are therefore penerally unmune to
the Babesia specics involved and sutfer minimally from this disease (De Vos, 1979). A stable
situation for one Babesia species does not imply a similar situation for the other species.

Endemic instability on the other hand, defines the situation in which some animals in the herd
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fail to become infected for a considerable period atler birth i.e. a host-parasite imbalance exists
resulting from infrequent transmission. Disease is then seen when susceptible animals in a berd

encounter infected ticks {De Vos, 1979).

Evidence of widespread cxposure to ECF, babesiosis and anaplasmosis of cattle indicates that a
large praportion of the population either developed clinical or mild disease and recovercd
spontancously following treatment, or were i a state of cndemic stability to tick-borme diseases

(Maloo et al., 2001b).

Indigenous cattle have a degrec of genctic resistance to both ficks and tick-borne discases
{(Norval et al., 1992; Lawrence et al, 1996), and it is possiblc for themn to attain a statc of
cademic stability for most TBD without any control measures. Infection is maintained in the
population by continnous exposure to ticks; cattle become infected as calves, when they have a
degree of age-related resistance or colostral immunity, which mimimises the cffect of diseases,
and arc thereafter immune (Norval ef al., 1992; Lawrence ef af., 1996). Howcver, cattle of
European breeds (Bos faurus) or their crosses do not enjoy the same degree of resistance to

ticks and TBD as indigenous cattle (Lawrence ef ai., 1996).

An endemically unstable states for 7. mutans, A. marginale and B. bigemina infections in
Ankole cattle was reporied in a pastoral farming system 1 Mbarara district in Uganda (Olello-
Onen ef al. 1998a). Howcever, the prevalence of serum antibodies to 7° parva averaging 70% in
calves older than ¢ months was an indication of an endemically stable state to ECF (Ckello-
Onen et al., 1998a). A direct relationship occurrcd hetween antibody prevalence rate to 7°
parva piroplasm prevalence, tick challenge and the age of calves. The true mortality rate duc 1o
East Coast fever was 3.8%, which was strongly age-related. However, an inverse relationship
was obscrved between calf mortality and sero-positivity {Qkello-Onen er af., 1998a}. The
highest mortality of calves oceurred at the age of 3 months when the antibody prevalence to 7

parva was lowest (29%), due to disappearance of protective maternal antibody and sccond
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tower peak occurred at % months, which is attributed to stress experienced by calves at
weaning, in addition to heavy tick-borne parasites cxpericnced during extensive grazing

(Okello-Onen ef al., 1998a).

In the Coastal Kenya, Deem and others (1993) found high 7. parva aniibody prevalence m
Zebu calves suggestive of a state of endemic stability. Such high prevalenees in young, animals
are associated with little or no clinical ECF. Seroconversion to 7. parva infection without
underpoing severe clinical disease may be due to existence of I° parva strains causing mild
clinical disease due Lo tow infection challenge and possible population immunity (Maloo ef al.,
2001b). For this to occur the majority of the calf population must be exposed to sufficient tick

challenge during early 4-6 months of age (Doom et al., 19933,

2.9.5  Serology of tickborne diseases
In 2 study conducted in Murang’a district in Kenya (Gitau er ol, 2001), 70 parva

scraconversion status implied increase in per cent positivity value of >15 and maintamed for at
least 2 visits or if above the cut-off level, a rise of = 15 PP except where a calf died soon after.

Calf morbidity was detined as any calf sickness that had a recognisable clinical manifestation.
East coast fever morbidity was defined on Lhe basis of clinical diagnosis. 7 parva infection

was defined as a risc in antibody titrc of >15 PP and not the cut-off level of 15 PP (calves
without maternal antibodies) or any rise ol = 15 PP (for calves with deelining maternal

antibodics). Calves were judged to have seroconverted if: they were initially antibody negative
and became antibody positive for at least one visit or if they had maternal antibody that
declined to negative levels and then subsequently became positive tor at least one visit. or they
had initial maternal antibody that had not yet declined to negative but subsequently increased
by at least 13 PP units for at least one visit (Gitau ef al, 2000). High PP values in young
calves (< 40 days) are almost exclusively maternal antibody and high PP values in older calves

(> 100 days) were of antibodies produced by the calf in response to 7. purve infection (Gitau
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et al, 2000). Mean antibody levels declined from birth to reach their lowest point at

approximately 94 days of age, then the antibody rose (Gitau er af., 2000).

Calves less than 6 months of age under herded grazing system in the Coast Province of Kenya
were observed to have high seroprevalence of 87%, which increased according to age (Maloo
et al., 2001b). In dairv and Zcbu breeds, seroprevalence of over 75% of 7. parva was found,
which indicated a state of endemic stability (Maloo et al., 2001b). In another study in the
Coast Province of Kenya, mean prevalence rates to 7. parva of 22-49% in Zebu calves were
found by Deem and others (1993), This was indication of endemic instability and probably
meant a significant proportion of the adult population was susceptible to chinical ECE (Decin

efal., 1993).

Seroprevalences of 4. marginale of over 80% in all age groups of cattle have been reported by
Maloc and others (20016) in Coast Province of Kenya. Seroprevalences increased with age
and were 81%, 91% and 97% in animals of <6, 6-18 and >18 months of age, respectively

(Maloo et al., 2001b).

Seroprevalences of B. bigemina of 40.9-73% for dairy cattle were observed in Coast Province
of Kenya (Maloo ¢ al., 2001b). The mean antibody prevalence increased with age and was

higher in cattle over 18 months of age {71%) than in those |8 months of age or younger (44%).
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2.10  The vole of anaemia in the pathogenesis of endemic hovine diseases

210.1 Anaemic

Anaemia is indicated when one or more of the red blood cell parameters: PCV, haemoglobin
contont and red blood cell count are below the normal level for the age, sex and breed of
species concerned (Fain, 1993). Clinical signs of anaemia include exertional dyspnoea, reduced
exercise tolerance, pallor of mucous membranes, increased heart rate, haemic murnmis,

inercascd inappropriate respiratory rate, depression and dementia (Jain, 1993),

Anaemia occurs because of excessive blood loss from hacmorrhage or cell destruction and
decreased crythrocyte production (Meyer ef af,, 1992). In anaemia duc to acute blood loss,
major clinical signs include tachycardia and dyspnoea, and terminally shock and death. In
contrast, in anaemia due to acute haemolysis, the major clinical signs include icterus,

haemoglobinemiz, haemoglobinuria and fever (Jain, 1993).

Anaemia can be classified as normocytic, microcytic and macrocytic depending on whether the
red blood cell size is normal, smaller than normal or farger than normal respectively. It can be
classified according to the haemoglobin content as normochromic or hypochromic depending
ont whether the average hacmoglobin content in a given volume of packed erythrocytes in

circulation is normal or less than normal respectively (Meyer ef al., 1992),

2.10.2 Forms of anaemia associnted with endeinic bovine diseases

Parasitic diseases of cattle such as fasciolosis, schistosomosis and ncmatode infcctions,
cspecially hacmonchosis, cause blood loss anaemia. Other parasitic bovine diseases such as
trypanosomosis, anaplasimosis, babesiosis and theileriosis cause haemolytic anaemia.
Haemolytic anasmia primarily results from igcreased erthyrocyte destruction, whether

mtravascular or extravascular (Jan, 1993}
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2.10.3 Diseases associated with blood loss unuemiu und bone marvow suppression

Nematode infections due to Haemonchus spp. cause anasmia due to blood loss, but non-blood-
sucking parasites such as Trichostrongylus spp., Ostertagia spp. and Cooperia spp. cause
anacmia duc to impaired erythropoiesis (depression anaemia). This depression anaemia i1s
attributed to dysfunctional erythiropoicsis, copper deficiency and specific amino acid deficiency
as a result of disturbed protcin metabolism and toxic marrow suppression caused by chronic
parasitism (Jain 1986). Chronic parasitism interferes with iron utilization through increased
plasma iron and excessive iron stores in the liver (Jain, 1986). Shortened red cell life span
associated with helminthoses due to blood sucking and non-blood sucking nematodes may also
contribuie to both blood foss anacmia and depression anaemia. In haemonchosis, anaemia is
attributed to iron deliciency, which gradually develops because of increased 1ron utilization
accompanied by increased faecal 1ron loss and diminished tron absorption (Jain, 1986). Both
chronic haemonchosis and trichostrongyloidosis cause normocytic-normochromic type of
anaemia (Jain, 1993), Poor nulrition, ¢specially low protein intake, is known to have a profound
iropact on the pathophysiology of gastrointestinal ncmatode infections {(Holmes et af., 2000)

and hence leads to more severe anaemia.

Schistosomosis in catile causes blood loss anaemia (Jain, 1993). The development of anaemia
and hypoalbuminaemia in 5. bovis infection, an intestinal syndrome associated with heavy
primary infection in callle, 1s reported Lo arse prumanly from blood loss due to intestinal
hacmorrhage and leakage of plasma trom intestinal lesions (de Bonl and Vercruysse, 1998).
Occurrence of anaemia and hypoalbuminaemia has been observed (o coincide with increascd
faccal egg excretion. During infection, haemoglobin levels, packed cell volume and red cell
counts start falling after 3 weeks post-infection and reach lowest levels 13 weeks post-
infection. In most cases, a normocytic, normochromic anaemia develops, The severe fall in

hacmoglobin, PCV and red blood ¢ell counts usually coincides with the early acute stage of
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clinical schistosomosis and the period of greatesi blood loss in the fasces (de Bont and

Vercruysse, 1998).

Apaemia in liver fluke infections in cattle is due to blood loss as a result of simple mechanical
lesions that causc extensive haemorrhages when there arc large numbers of mature flukes in the
liver or when immalture stages migrate (Jaiu, 1986). Anaemia thus develops when there is blood
loss 1nto the gut through bile. However, shortening of the erthyrocyte survival time and an early
reduction of plasma iron concentration, which results from malfunction of the mononuclear
phagocytic system due to ascorbic acid deficiency, covtribute to the occurrence of anacmia

(Fain 1986).

2.10.4 Diseases associaied with haewolptic anaemia

Trypanosomosis in cattle causes marked hacmolytic anaemia and impairment of erythrocyte
regeneration (Murray, 1978; Doxey, 1983). The scverity of anacmia, which follows
trypanosome infection, is influenced by factors such as virulence of species or strain of
trypanosorme involved, age of the host, nutritional status and breed (Murray and Dexter, 1988).
Normocytic-normochromic anagmia develops in trypanosomosis due to haemodilution from the
expansion of plasma volume, but in terminal stages, it is duc to impaired erythropoicsis
(ILRAD, 1990). If there is a concomitant iron deficiency with trypanosomosis, microcylic—

hypochromic anaemia results (Jain, 1993).

During the acule phasc of (rypanosomosis, the PCY of the infected cattle commonly falls to
20% or may conlinue o drop, resulting in the death of the animal, During the chronic stage, the
PCV of the animal fluciuates around 20% and dacs not improve (Murray, 1978). Normally at
this stage, the anacmia is normocytic and normochromic or microcytic and normochromic and
15 non-regencrative (JLRAIY, 1990). Anaemia that occurs during the acute phase of
trypanosomosis is primarily due to the removal of large numbers of red cells hy macrophages.

‘This process is thought to be triggered by the physical alteration of the surface membrane of
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red blood cells as a result of increased osmotic fragility, decreased plasticity and increased
permeability due to the febrile responses caused by the disease. Furthermore, disseminated
intravascutar coagulation that occurs due to a high parasitaemia during 7' vivax infections
causes capillarics to be partially blocked by thrombi and aggregation of platelets and hence
damage red blood cells, which are then phagocytosed by macrophages {ILRAD, 1990).
Fragments of disrupted trypanosomes may bind to red cells, causing them to be identified as
foreign and thus to be ruptured by antibody and comploment or to be phagocytosed by
macrophages (ILRAD, 1990). Antibodies to normal erythrocyvtes produced during
haemorrbagic 7 vivax infections have been reported to contribute to this severc anaemia Lo
(Assoku and Gardiner, 1989). During the acute phase of trypanosome infection, the bong
marrow of the infected animals is responsive, but is overwhelmed later by the accelerated red
cell destruction by macrophages such that during the chronic phase the bone marrow becomes
unresponsive. Trypanosomes are reported to produce factors that mduce bone marrow

wiresponsiveness (JLRAD, 1990},

In areas where trypanosomosis is cndemic, the disease is exacerbated when there is cbvious
undermutrition of the livestock. The severity of anacmia in bovine trypanosomosis is affected
by the levels of energy intake, with lower levels being associated with more scvere and rapidly
developing anacmia {Agycmang er al., 1990; Katunguka-Rwakishaya ef af., 1995, lHolmes er

ad., 2000},

Anaemia in East Coast fover has been reported to occur inn a mild, normoeytic, normochromic
unresponsive form as a result of bone marrow suppression (Onuse, 1978; Doxey, 1983; Losos,
1986). However, Jain (1993} clarified that anaemia can resuli from immune-mediated

erythrophagocytosis.

Anaplasmosis causes marked hacmolylic anaemia in cattle (Doxey, 1983). The anacmia s

macrocytie, normachromic and responsive, but sometimes 1t is normocytic and normochromic
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(Bgbe-Nwiyl et al, 1997). Anpaemia in anuplasmosis results largely from the extravascular
destruction of parasitized erythrocytes in the spleen and bone marrow by mucrophages through
erythrophagocytosis initiated by parasitic damage to erythrocytes and antieryothrocytic
antibody (Ajayi ef al, 1987). The degree of anaemia is disproportionate to the prevailing
parasitaemia because of immune-mediatcd destruction (autoimmumezation) of both non-
parasitized and parasitized eryvtlrocytes (Ajayi, 1987; Jain, 1993). The mechanism involves
Anaplasma antigen-aniibody complexes in ervthrocytes of infected catile, autohacmogglutining
and opsonins, which are associated with ervthrophagocytosis of both infected and non-infeeted
erythrocytes thus leading (o anacmia. Maximal anacmia in Anaplasma infection occurs
normally 21 days post-infection and is recorded two days after the maxinal level of
parasitaenua has occurred. In chronic anaplasmosis, continuous haemolysis causes progressive

anaemia (Ajayi, 1987).

Babesiosis In cattle is associated with a reduction i PCV, red blood cell count and
hacmoglobin concentration over 50% (Doxey, 1983; Losos, 1986). Babesiosis causes a
regencrative macrocytic-hypochromic anaemia. As with anaplasmosis, the degree of severity of
anasmia is disproportionate because of the hacmolysis of both parasitized and non-parasitized
erythrocytes (Jain, 1993). Anaemia in babesiosis 1s usually due to complexes formed by
reaction of circulating antigen, antibody and complement. 'This reaction depletes complement
levels, releascs anaphylatoxin, and contributes to shock, The red blood cell destruction usually
parallels increasing parasitaemia, but phagocytosis of noninfected cells also oncurs, probably as
a result of alterations in the shape of the erythrocytes, osmotic fragility and inercased reticulo-

endothelial activity (Losos, 1986).

Anaemia occurs in cowdriosis and it 15 muicroevtic hyperchromic {Losos, 1986). However,
normogytic normochromis type of auaemia, which is associated with bone marrow depression,
bas been reported in experimentally induced heartwater infections in cattle. Changes in the

lhaemoglobin content and hasmaioerit were observed to coineide with the onset of the febrile
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reaction (van Amstel er ¢l 1988). In goats, microcytic hypochromic form of anacmia has been
ubserved in experimental infections of C. ruminantivm (Abdel Rahim and Shommein, 1977).
The mean haemoglobin content, PCV and RBC decreased from 9.69 g/dl, 31% and 10 x 10°
before infection to 6.83 g/dl, 19% and 9 x 10° post infection, respeetively. Reduction in Hb,
PCV and RBC coincided with the beginning of anaemia and was attributed to deficiency in iron
or to failure in the proper utilization of iron for formation of haemoglabin or lo increased

output of iron from the body (Abdel Rahim and Shommein, 1978).

Under field conditions in tropical Afvica, cattle are frequently affected by a combination of
intestinal and blood parasites, which mutually aggravate cach other’s pathogenic effects
(Dwinger et al., 1994). Trypanosores are reported io cause immunosuppression in cattle thus
increasing susceptibility to helminth infection (Bwinger ef al., 1994} Concurrent trypanosome
and gastrointestinal infoetions in caitle have becn observed to have significant ncgative cffocts
on the packed celfl volume (Dwinger ef @i, 1994). In an outbreak of ECF in cattle in Tanzania,
concurrent infections of T. pairva, B. bigemina, I congolense and 7. vivax were observed in
cattle. Animals infected with 7. parva and T vivax had low PCV and anaemia (Kambarage,
1985). i an outbreak of acute trypanosomosis in sedentary herds of ¥Fricsian catile in Nigeria,
which manifested anaemia, concurreit infections of 7, vivax, 4. marginale and gastroiniestinal
nematode infections were found (Kalu, 1996). On Mkwaja ranch in Tanzania, in concurrent
infections of trypanosomosis and anaplasmosis in cattle, it was recognised that siress resulting
from chronic subclinical trypanosomosis due to 71 wivax or T, congolense caused palent
parasitaemia and clinical anaplasmosis to emerge n premune carrier animals which lead to

increased mortality and reduced PCV ol cattle (Fox ef af., 1993).
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231 Diagnosis of endemic bovine discases

2111 General approgcii to clinical diggnosis

A discase is defincd as “the inability of the living organism to perform physiological funciion at
normal levels cven though nutritional and other environmental requirements are provided at an
adequate level” (Radostits ef al., 1994). Presence of a discase is revealed by qualitative or
quantitative clinical sigus associated with changes 1n the structure of organs or tissues and their
functions and the behaviour of the whole living organism. Distinetive individual clinical signs
pathognomonic for specitic discases can be an accurate basis for diagnosis of a disease (Kelly,
1984). A clinical diagnosis is “the identification of the diseasc affecting the patient with the aim
of recognising the nature of the ailment so that cffcetive treatiment and control measurcs can be
undertaken” {Radostits er gf., 1994). Clinical diagnosis involves clinical examination i.c.
examination of the animal, history and the environment as well as laboratory confirmation

(Radostits ef ., 1994).

2.11.2 Diagnostic process and therapeutic decision-maling
Recognized mcthods for making a diagnosis include the syndrome or pattern recognition
meathod, the hypothetico-deductive reasoning method, the arborisation or algorithm method, the

key sbnormality method and the database mcthod (Radostits ¢f af., 1994).

In syndrome or patlern recognition method, the subject case is compared to previous cases in
the clinician’s memory whereby one is recognized as a replica of the other {Radostits ¢/ al.,
1994). The hypothetico-deduclive reasoning method involves the clinician drawing up a short
list of diagnostic possibilities as soon as the client commences 10 present signs, starting with the
key clinical signs. If hard primary data or ancillary data is lacking, the clinician may decide to
give treatment against two or mnore discases (polypharmacy). However, the disadvantages of
the polypharmacy approach are additional expenses, contamination of food products of animal
origin by medication (Radostits et /., 1994) and drug misuse and likely cruergence of drug

resistance [Stevenson ef al., 1993; Eisler et al., 1997, Gecerls and Haolmes, 1998 ICPTV, 1999).
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The arborisation or algorithm method involves the clinician listing all possible disease
diagnoses, and then each diagnosis is examined in turn with supporting or disproving questions.
Suitability of algorithms for computerization, simplicity of this mcthod for incxperienced
clinicians and non-reliance of clinicians on the impressionistic human memory arc the major

advantages of this method (Radostits ez al., 1994).

In the key abnormality method clinicians have to rely on their knowledge of normal structure
and function to select the key abnormality or clinical signs (Radostits ef al., 1994). For the
database method or problem-oriented method, the clinician has to conduct a complete chinical
and clinicopatholopical examination of the patient in order to acquire a comprehensive patient
database. Best-fit diagnosis with the patient’s data s then selected by matching the patient’s
problem or key signs with the reference diagnoses in the diagnostic database (Radostits ef al.,
1994). Because, this method is time demanding on clinicians and laboratory resources, it 1S not

suitable for food animal medicine where speed is vital (Radostits es af., 1994).

Experienced practitioners tend to make most of their decisions by intvitive judgement using
accumulated information gencrated through cxperience, which usually involves an intellecinal
reflexive response (Blood and Brightling, 1988). However, inexperienced climcians have to

follow a more systematic and rational process (o make a diagnosis.

There arc four criteria for making a discase diagnosis, namely, clinical diagnosis that uses
clinical signs and symproms, actiological diagnosis that relics on detection of specific agents,
functional diagnosis where a diagnosis is based on the outcome of a diagnostic test and
pathological diagnosis that depends on the identification of lesions (Thrusficld, 1995) Each of
the criteria can be combined with another to provide a more robust diagnosis depending on the

purpose of the diagnosis.
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2.11.3 Diagnostic failuies

During the diagnostic process, problems may occor at various levels. The majority of incorrect
diagnoses are assaciated with the omission of one or more parts of a clinical diagnosis: general
spection of the animal and its surroundings, history of the case and thorough physical
examination (Kelly, 1984). A failure to generaie and cousider relevant differenizal diagnoses or
premature closure of the ditferential diagnosis is recogniscd as the most common cause of
incorrect diagnosis (Morley, 1991; Cockeroft, 1999a). Other common causes of misdiapnosis
include inattention to and misinterpretation of key clinical signs, overinterpretation of findings
in light of suspected discase, inexperience and error in judgement due to oversimplification of
complex diagnostic problems (Morley, 1991). Involving unqualified and non-professicnal

animal health auxiliarics to make discase diagnosis also enhances misdiagnosis.

2.11.4 FExisting diagnostic tesis for endemic bovine diseases

Most recent work on diagnosis of endemic bovine diseases in Africa, such as trypanosontosis,
theilertosis, anaplasmosis, babesiosis, cowdriosis, parasitic gastroenteritis, schistosotmosis and
fasciolosis has focussed on the development of diagnostic tests to detect or isolate specific

agents from animals that may or may not have evidence of clinical disease.

20141 Diagnostic test for trypanosomosis

Diagnosis of trypanosomosis relics on parasitological diagnosis uwsing thin and thick blood
smears, haeratocrit centrifuge technique (Woo, 1969), phase contrast buffy-coat technigue
(Murray ef al, 1977} and serological diagnosis using the antigen-detection enzyme linked
immunosorbeni assay (Nawtulya and Lindgvist, 1989), the antibody ELISA {(Luckins, 1977,
Hopkins et al., 1998, Rebeski ef al., 1999} and the immunofluorescent antibody test {(Katende
¢t al., 1987). More recently polymerase chain reaction-based technigues have been used in

detecting trypanosomes in bovine blood (Solano ef al., 1999, Picozzi ef al, 2002).

© SR - i




54

Direct parasitological techniques such as phase-contrast buffy-coat techuique and thick and thin
films have poor to fair diagnostic sensitivity under field conditions. Unlike the thick and thin
films, rccent findings rovealed the phasc-contrast buffy-coat technique has good diagnostic
sensitivity (67-926% for 7. congolense infection and 60-76% for T. vivex infection) under
optimised conditions (Eisler et af., 1998). Despite thewr low sensitivity, direct parasitological
tests are suitable for field application and for diagnosis of individual cases, especially in rural

areas in Africa.

On the other band, indirect serological diagnostic methods have the advantages of icsting under
conirolled laboratury conditions, provision of quality assurance, allowance for repeat testing of
samples and mnvestigation of other important discases using the same samples (Gisler ef af |
1998; Hopkins er af.. 1998; Rebeski ef @, 1999). The ELISA tests have the further potential
advantage of rapid sample throughput suitable for laige-scale epidemiological investigations,
automated data processing and analysis using widely available information technology, and usc
of either conventional scrum samples or whole-blood as dried blood spols on filter paper (Eisler
et al., 1998; Hopkins ef al., 1998, Rebeski er al, 1999). Use of dried spots on filter paper
further simplifies the tasks of sample collection and management, and greatly reduces the
expense involved, particularly because of the reduced requirement for centrifugation and cold-
chain facilities in remote areas (Hopkins ef al., 1998). The antibody-delection ETTSA has high

sensitivity and specificity (Hopkins e af., 1998; Rebeski ef al., 1999). However, it does not

differentiate between past and present infections, nor does it distinguish between species of

trypanosomes. Henee, it cannot be used as a basis for chemotherapy of individual cases.

Serological tests for trypanosomosis may ouly be useful in providing information for targeting
tsetse and trypanosomosis conirol (Hopkins er o/, 1998) and for epidemiological studies.
Unlike the antibody-detection ELISA, the antigen-detection ELISAs for trypanosomesis have

been shown to lack speciticity and also sensitivity (I2esquesness, 1996; Fisler et al , 1998).
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PCR-based technigues are highly sensitive and specilic experimental tesis for detecting
trypanosomal DNA in either the vector or the hosi. PCR has heen shown to be useful for the
detection of irypanosome infections in cattle with a PCV below 25% (Sclano et af., 1999).
Nevertheless, PCR has been scarcely used to assess the prevalence of trypanosomosis on field
samples, due to its time-consuming and prohibitive cost aspects, and requircment for technical
expertisc (Solano ¢/ al., 1999). Furthermore, PCR requires specialised equipment and is not
suitable for use as a basis tor treatment of individual animals, especially in remote rural areas.
Attempts have been made to make il less labour intensive and time-consuming while reducing

the cost per test by reducing the cost of reagents used (Solano ef af., 1999},

211,42 Diagrostic tests for theileriosis

Theileria parva parasites have two recognizable stages within the bovine host, a schizont stage
within lymmphoid cells and a piroplasm stage within crythrocytes. Diagnosis of 7. parva
infections commonly relies on the detection of thelerial piroplasms and schizonts by
examination of stained thin blood smears and ncedle biopsics of enlarged lymph nodes
(Urqubart ef al., 1996). For cpidemiological work, serological tests such as IFAT, the indirect
haemogiutination assay, capillary agglutination, immunodiffusion and complement fixation test
(Duffus and Wagner, 1980; Billiouw ef ¢/, 1999) and ELISA (Katende ef a/., 1998) have been
used in the diagnosis of ' parva infection in caitle. Performance evalnation studics on the
ELISA test for detection of antibodies against 7. parva have revealed a sensitivity of over 99%
and a specificity of 97% (Katende et al, 1998). Other cvaluation studies have revealed
specificitics of 87%, 92%, 93% and 95% for the CF, CA, IFAT and [HA, respectively (Dutfus
and Wagner, 1980). Positive CF titre indicates recent cxposure to 7. parva, but a positive IFAT
and 1HA titres indicate either a recent or longstanding exposure. ‘The FCR technique has been
used in characterisation and quantification of 72 parva in blood and tick vectors for

epidemiological diagnosis (Stitler, 1992; Waitt ef al., 1998).
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2.11.4.3 Diagnosiic tests for anaplasmosis

Diagnosis of individual cases of anaplasmosis often relics on the detection of rickettsial
infections in the bovine ervthrocytes by examination of Giemsa stained blood smears (Urquhart
et al., 1996). For sero-cpidemiology studies, the complement-fixation test (CFT), capillary-
aggiutination (CA), ELISA and card agglutination technique have been used (Jones and Brock,
{966; Jongejan ef al., 1988). The CFT and the IFAT are usctul in diagnosing anaplasmosis in
suspected carricr cattle (Stiller, 1992). The DOT-ELISA has been found especially suitable for
large-scale screening of dry hlood spots on filter paper for sero-epidemiotogy of anaplasmosis
(Sscoyonga et al., 1992), PCR-based techniques have been used to detect 4. marginale
parasites in blood for detecting carrier infection. The method is very sensitive and specific and
is suitable for evaluating a large number of samples in a single day and thus is well suited for

large-scale epidemiological studies (Stiller, 1992).

21144 Diagnostic tesis for babesiosis

Detection of babesial piroplasms relies on cxamination of stained thin smears (Urquhart ef al.,
1996). IFAT is the most widely accepted mcthod for serological diagnosis of B. bovis infection
and has been used in many epidemiological studies (Jongejan ef af., 1988: Molloy et al., 1998).
However, its major disadvantages are that it is subjective in interpretation, labour intensive and
has limited throughput (Molloy e/ al., 1998). The ELISA has been demovstrated to perform
similarly to the IFAT, but is more robust, simple to perform and more suitable for testing a
large number of sera than the IFAT. The ELISA is useful for epidemiological studies on 5.
bovis and has sensitivity and specificity estimates of 100% and 99.7% 10 Africa (Molloy ef al.
1998). DNA probes for detection of Babesic grganisins in host and in the tick vector have been

devcloped (Suller, 1992).




2.11.4.5 Diagnosiic tests for cowdriosis

Diagnosis of cowdriosis usually takes place at post mortem and relics mainly on detection of C.
ruminantium parasites in endothelial cells of stained brain smears and on post mortem lesions
such as hydropericardium. IFAT is the commonest serological tests used in epidemiological
studies of cowdriosis (Martinez ¢f al., 1990; Gueye ef al, 1993). DNA probes are now

available for detection of C. ruminantium parasties in the tick vectors {(Waghela ef al., 1991).

211406 Diagnostic tests for parasitic gastroenteritis

Diapnosis of gastrointestinal nematode infections in livestock usually relies on faecal
examination for presence of worm egps or larvae (Hansen and Perry, 1994, Urqubart ef af.,
1996; Eysker and Ploeger, 2000). The major limitation that affects sensitivity of faecal cgg
count is the inmability to reflect nematode infection Jevels, thus affecting its performance in
estimating clinical disease. However, with the predominance of Haemonchus placei, ¢ high cgg
producer in calile m iropical environments, faccal egg counts may refleet ihe intensity of
wfection (Evsker and Ploeger, 2000). Pathological examination of animals that die or arc killed
in extremiy is an alternative useful diagnostic aid for parasitic gastroenteritis. However, post-
moriem examination may be too expensive at farm level (Eysker and Ploeger. 2000), and is

obviously unsuitable for the clinical management of individual animals.

In the diagnosis of infeetion of blood sucking nematodes such as Haemonchus spp., the pallor
of the mucous membranes and the packed cell volume arc useful tools {Eysker and Ploeger,
2000), as utilised in the FAMACHA colour chart for diagnosis of haemonchosis (van Wyk e?

al., 1997).

Flevated blood pepsinogen values are a useful diagnostic tool, especially for ostcrfagiosis,
when used in conjunction with clinical and parasitological findings. Blood pepsinogen level is

known to correlate with infection levels of abomasal nematodes, The major limitations of this
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method, however, are that it is very labour intensive and expensive (Eysker and Plogger, 2000),
and is more suitable for herd health monitoring rather than for diagnosis of individual cases.
Furthermore, this method may be more suitable for diagnosis of ostertagiosis in cattls, a
temperate problem, rather than the abomasal nematode infections such as hacmonchosis that

are predominant in tropical environmenis.

An antibody-detection ELIS A using crude O. ostertagi and C. oncophora proieins as antigens
has been used for diagnosis of gastrointestinal nematode infections. This assay is able to
demonstrate differences between infection levels on different farms and in animals of different
age classes (Eysker and Plocger, 2000). However, the disadvantage with crude worm ELISA is
that antigenic epitopes are shared by many worms and cross reactions with other nematodes
and even with F hepatica do occur. Moreover, it cannot be used for mndividual animal
diagnosis since a wide within-host variation exists in the ability to develop antibody responses
apainst gastrointestinal nematode antigens (Eysker and Ploeger, 2000). An antibody ELISA
based on recombinant C. encoplzora has been developed (Poot ef al., 1997) and has proved to
be highly specific for Cooperia spp. The assay utilising rccombinant nematode protein is
reported to be more specific than the onc based on crude worm antigen and is suitable for
monitoring herd health monitoring programmes (Eysker and Ploeger, 2000), but it is not

suitable for diagnosis of individual cases of parasitic gastroenteritis.

More recently PCR-based techniques have been developed tor detection of gastrointestinal
nematode infections in ruminants (Eysker and Ploeger, 2000). Availability of DNA icchnology
such as PCR allows the development of highly sensitive and specific tests for detecting
imfections agents and for measuring of within-species variation i populations of mfectious
agents. However, these specific molecular tests are not suifable for diagnosis of gastromtestinal
nematode Infections, for they only indicate whether the parasite is present or not, which
gencrates no additional information since grazing ruminants normally acguire infection during

arazing {Eysker and Ploeger, 2000). Moreover, PCR-based techniques require faboratories with
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speeialised cquipment. Though diagnostic tests have a role in conlirming the clinical diagnosis
of parasitic gastroenteritis, they are more important for herd health monitoring of nematode

infections in cattle (Eysker and Ploeger, 2000).

21147 Diagnostic tests for fasciolosis

Diagnosis of infections of ["asciola spp. in ruminants rclics on the dotcction of Fusciola cggs in
the facces of infected animals (Boray, 1985), but the difficulty is that a relatively small number
of cggs have to be detected tn a relatively large amount of faeces (Anderson et af., 1999),
Furthermore, early diagnosis is not passible because eggs are not found in facces untif flukes

reach maturity, usually between 10 to 14 weeks after infection (Anderson ef af., 1999).

Deficiencies of parasitological diagnosis can be overcome by detection of serum antibodies 1o
specific antigens of Fascinla parasites, Serodiagnosis is generally performed using ELISA and
Western immunoblot methods based on antigens derived from adult fluke extracts or ES
materials (Andeison ef al, 1999). Evaluation studies have revealed sensitivities and

specificities of 66.7% and 100% for the epg counting method, and 86.1% and 70% for the

ELISA, respectively (Anderson er al., 1999). Since both iesls have similar performance, if

estimates arc to made on a group rather than on a single animal, the less costly shaking sicve
method for estimating egg counts would be preferred to the ELISA method. However, for
detection of the degree of fluke mfection, for purposes of warranting treatment, the ELISA has
been suggested since it is the only test that directly measures the amount of aniigen released

info faeces or serum of infected animals (Anderson er af., 1999),

2.11.4.8 Diagrostic iests for schistosomosiy
Diagnosis of schistosome infections is commonly achieved through counting and identification
of eggs in faeces (de Bont and Vercruysse, 1998) especially for field veterinarian dealing with

groups of animals af risk where severe morbidily 1o cattle is generslly associated with high cgg

excretion, Moreover, routine diagnostic work demands more of convenience and less of
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accuracy, which further favours the use of faccal examination (Claccha ef af., 1990). Faccal
ege counting techniques such as the filtration techniques are highly sensitive, but their ficid
applicability is limited by their being time-consuming, difficult to perform and requiring
specialized equipment (Olaecha er af., 1990). The syringe filtration and the Tecsdale smear
technique are recomunended for field diagnosis of schistosomosis in domestic stock since they

are less demanding techniques on time, resources and expertise (Olaccha er al., 1990).

Miracidial hatching technique is useful for the diagnosis and quantification of schistosome
infections in cattle. The advantage is that much larger faecal samples can be used, which
improves the sensitivity and facilitates the detection of light or old infections. Pooled samples
from several animals may be examined to detect infection at the herd level (dc Boni and

Vercruysse, 1998).

Scrological tests such as IFAT, THA and CFT have been used in the diagnosis of bovine
sclustosomosis (dec Bont and Vercruysse, 1998). THA has been used in detection of S. bovis and
found to be more reliable than faecal egg examination. However, IFAT tilres have been found
not to correlate with worm burden, unless it is heavy infection, especially due to S. mattheei.
The disadvantage with CFT is its strong cross-reactivity between S. maitheei and either F.
gigantica or P. microbothriuvm. Since clinical bovine schistosomosis is associated with heavy
worm burden, IFAT is of great value in the diapnosis of the clinical disease (de Bont and
Vercruysse, 1998). However, the major disadvantage of antibody tests is their inability to
distinguish between aciive and past infection, and anttbody levels generally do not correlate
with worm burden. Thus, antibody test may be used only for screcining acquired infections (de

Bont and Vercruysse, 1998),

Antigen detection in serum 1s now a useful diagnostic test for schistosomaosis. The circulating
anodic antigen (CAA) and circulating cathodic antigen (CCA) are iwo antigens produced in the

guts of schistosomes. These fwo types of antigen are released in the circulation of the hosts by
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the regular vomiting of the parasilcs. Antigen levels in serum / or in urine are thought to reflect
the worm burden more accuralely thay cgg counts (de Bont and Vercruysse, 1998). Although

antigen detection has excellent sensitivity (95-100%) and may provide an indication of worm

burden, possible variations of the antigen clearance rate with the physiological condition of the
host c.g. wvutritional stress, may complicate the interpretation of the resulis {de Bont and

Vercruysse, 1998).

Most of the aforcmentioncd diagnostic methods are unavailable to groups such farmers,

extension workers and agro-veterinary traders that arc involved in the diagnosis and treatment
of endemic bovine diseases in Africa in the modern scenario (Machila ef af., 2003). Delection
of clinical disease may be facilitated by use of a combination of clinical signs, simple field-

level diagnostic tests and guiding decision support tools.
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212 Diagmeostic Decision Support Tools

Diagnostic Decision Support Tools (DDST) are commonly applied to disease diagnosis where
they incorporate a set of rules for solving problems, detaifs of clinical signs, lesion, laboratory
results and opinions of experts (Thrusfield, 1995). DDST used in vetermary medicine may

either be computerized or manual,

2.12.1 Computer-based Decision Suppori fools

Computer-aided diagnosis (CADx) is utilisation of computers to aid human diagnostic
reasoning. Essentially utilising the advantages of machine compulation to provide improved
outcomes for veterinary paticnts (Steward, 1996). Current CADx (ools provide statements as
part of their ouiput suggesting laboratory tests useful fo rule in or out any active discase
hypothesis (Stoward, 1996). CADx are based on diagnostic algorithms, probabilistic reasoning,
interpretive rules and pattern matching analyscs which have been programmed in many
common languages meant Lo provide intelligent expert analysis and recommendation reliably

and faster than any human beings (Kassirer, 1994, Steward, 1996; McKendrick er ad., 2000).

Probabilistic reasoning is based on Bayes’ rules, a mathematical means of combining the prior
probability of a disease (proxy of diszase prevalence) with a conditional probability based on
clinical findings aud test resulls for all diseases wader consideration to produce a revised or
posterior probability (Kassirer, 1994).
Bayes’ ineorem states thal

P (H ) = PEH) PH)

3P (EEL). P (D

This cxpression stands for the probability of hypothesis H given that we have observed
cvidence E (Rich and Knight, 1991).
The components of this thecrem stand for the following:
P (HiF) — the probability that hypothesis H; is true given evidence E (posterior

probability).
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P (EJHi) = the probability that we will obscrve cvidence E given that hypothesis i is true.
P {Hi) = the priori probability that hypothesis 1 is true  the absence of auy specific
evidenee.

k = the number of the possible hypotheses.

Baycsian probabilistic rcasoning has been employed in designing CaDDi5, an expert system
developed to aid ditferential diagnosis of tropical bovine diseases {McKendrick ef al., 2000).
Given that similar clinical sipns can arise in antimals with ditferent diseasecs and severity of the
same disease and clinical signs can vary in different animals within a population, diagnosis of
diseases is befter analysed using the Bayesian probabilistic system. This system utilises
conditional probability in tackling conjunction occwrence of various disease sigus in the same
animal rather than using production rule-based expert system that follow binary logic

(McKendrick er af., 2000).

CaDDIS is a computerized expert system that consists of possible clinical signs, signs believed
to be present and thosc absent, the likely diagnosis and the beliefs (probabilities). 'L'he output of
CaDI2is gives both the possible diagnoscs and the differential diagnoses. L'his programine has
been developed in such a way that disease probabilities are updated dynamically as each new
piece of evidence is added and those with a score below a minimal threshold are removed from

the diagnosis window (McKendrick ef of., 2000)

The stacture of information in production rule-based CADx is in the form of rules composed
of two major parts: a premise or ‘if © clause and a conclusion or © then’ clause, The premise
may be a conjugation of conditions and the conclusion may be simple or compound. This helps
the machine to scarch all the rules and *fire’ or reckon as true all conclusions of rules for which
the premise is known to be true. A subsequent pass through e rules dutabase or knowledge
base allows the programune (o “fie” any rules with premises now known to be true because af
the (irst round of conclusions. The second round of conclusions may be once again used to

search the knowledge base (Steward, 1996).
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EQWISE is an expert system designed to provide tailored advice to veterinarians on diagnosis
and treatment of equine diseases (Revie ef al., 1994), EQWISE consists of an CEquine Cough
Consultation System (EQCCS), a hypertext-bascd information retrieval systemm and a simple
link to demographic and epidemiological data. EQCCS is a production rule system that makes
use of an appropriate link mto the hypertextual information as a means of providing an
explanation. A screenshaot of the EQCCS displays possible conditions, answers and rejected

conditions.

Fuzzy systems are bascd on fuzzy logic and bave been developed into computcer-assisted
diagnostic systems In veterinary medicine (Bellamy, 1997). The systems have been designed to
select a diagnosis from among a number of disease categories. They represent complex, non-
linear and imprecise relationships with a minimum of males and ofien provide more accurate
knowledge represcntation than traditional expert systems. Fuzzy rules arc basced on scts rather
than points. The advantape tor fiizzy systems is that thev are more efficient to design, often
provide & more accurale diagnosis and selection of input variables i1s critically important to

diagnostic accuracy for any computer-bascd diagnostic systom (Bollamy, 19973,

2122 Muanual Decision Support Tools

A computer-independent pattern maiching deciston support model for use in veterinary
diagnosis that identifies discases with the best-fit profile according to the summation of the
discasc sign frequencies for clinical observations recorded has boen described by Cockeroft
{1999a) for six tropical discases; anaplasmosis, babesiosis, fasciolosis, parasitic gastroenteritis,
seneciosis and trypanosomosis. In pattern matching, the clinical signs observed arc compared
with profiles or descriptions of discascs. The differential diapnosis list is constructed and
ranked according to which of the discase profiles most closely match the clinical signs

(Cockerofl, 1999a).
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Edge-punched and feature cards that have the same function as slide rule for identifying
differential diagnoses for various combination of signs and symptoms have been described by

Thrusfield (1995).

FAMACHA® method is a chart against which the calour of the mucous membranes of all
sheep in a flock can be regularly checked to identify sheep with pale membranes, a clinical
identification of anacmia, for treatment against haemonchosis (Van Wyl er al., 1997). The
chart consists of a series of 5 identical drawings of a sheep’s eye, but with each conjunctiva
coloured a different shade of red or pink, respectively cortesponding to PCV of 30, 25, 20, 15
and 10%. Each drawing is matched with the predominant band of colour of the mucous
membranc on the inside of the lower eyelid, The predictability of 77% has been obtained for
sheep with haematocrit valucs off 20% or below using clinical cvaluation according to the

FAMACHA® (Van Wyk ef ai., 1997).

A mechanical device resembling a slide rule has been used in human medicine to identify
differential diagnoses for various combinations of signs and symptoms of diseases (Nash,
1954). The mechanical device consisted of a table with hundreds of removable columns, which
allow the manipulation at will of any chosen groups of prefabricated groups of data for the
solution of classificatory problems in medicine and other subjects. The device was meant to

supplement books and to aid logical thinking (Nash, 1954) by providing fact manipulation.

An algorithm in the form of a branching tree with decision nodes has been constructed to
weniify discases that match a scries of observations. Essex (1977) devised and evaluated
algorithims with short pathways and simple decision nodes for nov-experts in the domain of

tropical human wmedicioe,
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2.12.3 Merits and limitation of decision support icols

DDST have a number of merits. A reliable cffcet of CADx on diagnostic processes is its
expansion of lists of disease to be considered and the diagnostic pathways. Current CADx
programmes also provide suggestions for laboratory tests useful to rule in or qut any active
disease hypothesis (Steward, 1996). Algorithms have the advantage of increasing the user’s
diagnoslic accuracy and prompting the uscr for the next observation in the clinical examination
{Esscx, 1977; Cockeroft, 1999a). However, there are a number of limitations assoctated with
DEST. Mo selution 1s guaranteed with CADx sinee expert systemns only apply the knowledge
contained in their representation scheme as given by the inference engine with which they are
endowed. None of the currently available CADx programmes are powerful enough in their
inference technology to offcr a specific diagnosis. CADx demand a great deal of maintcnance
of the knowledge or rule base. CADX’s initial investment is costly regarding initial capital
expense, motivation of supporting specialists and user patrons for a large paradigin shift and for
a critical mass of veterinarians 1o foster the research and development of such tools (Steward,

1996).

There is limited advancement in the development of veterinary CADx due to scarcity of
theorctical publication and curtailment of collaboration duc to difficulties in conducting
comparative clinical performance trials as a result of scarcity of research funds for veterinary
CADx. This has been due to more emphasis being put on commercial rather academic research
m veterinary and artificial intelligence fields (Steward, 1996). Other fimitations of DDST
include differences of opinions between experts (specialists) and the CADx, technology
advancement and CADx development being dictated by the user population’s willingness to
adopt it, and lack of reliability of CADx if inaccurate input is being fed into the compuler

(Steward, 1996).

Mecthods for the determination of anaemia under field conditions are further investigated in

Chapter 4. Diuvrnal variations of rectal temperature and sensitivity of diagnostic tests for
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trypanosemosis are described in Chapter 5. In Chapter 6 the epidemiology of endemic diseases
in cattle kept under a mixed crop-livestock farming system in Uganda is explored.  The
findings of ficld sludics on clinical sigus associated with bovine trypanosomosis, theileriosis,
anaplasmosis, babesiosis, cowdriosis, parasitic gastroenteritis, fasciolosls and schistosomosis
arc described in Chapter 7. Finally, the development of a decision support card for the

differential diagnosis of endemic discascs s elaborated in Chapter 8.
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Figure 3.1: The author and a team collecting blood, lymph nade biopsy and faecal samples, and
clinical data in Uganda during the longitudinal study — Eight field sites were visited every 4

weeks for 12 months
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Chapter 3 General Materials and Methods

3.1 Introduction
Cross-sectional and longitudinal studies were conducted in South East Uganda, m succession,
o assess the occurrence of the common endemic diseases of cattle kept under a mixed-crop-

livestock production system.

3.2 ‘The cross-sectional study ares

‘T'he cross-sectional study was conducted in May 2000 in Xamuli, Tororo, Busia and Soroti
districts of Uganda. The main vegetation type in the study arca is savannah grassland. The
study arca receives 1200-1500 mm of rainlall annually, which is bimodal in disteibution. There
arc lwo wet seasons (March to May and September to November) and two dry seasons
(December to February and June to Angust). The daily mean minimum temperature is 15°C and
mean maximum 1s 27°C. Small seasonal variations occur in rainfall and temperature between

the districts (Ford and Katondo, 1976).

The districts visited are infested by the tsctsc species, Glossing fuscipes fuscipes and to a
limiled extent G pallidipes {(Lancicn ef af., 1990; Okoth, ef al., 1991; Magona ef al., 1997,
Okuna ef «f., 1999) that transmit trypanosomosis. Rhipicephalus appendiculatus, R. evertsi
evertsi, 8. decoloratus and A. variegatum are the major tick species of economic importance
that occur in the study arca (Okello-Onen er @f., 1999), which transmit 7. parva, A. marginale,
B. bigemina and C. ruminanfiuin, yespectively. Climatic conditions and the presence of swamps
and marshland in the study arca arc conducive for the survival of snail, Lymmea natalensis
(Ogamba-Cngoma, 1972) the intermediate host of /7 gigantica that is prevalent in cattle in the
study area (Magona ef ai., 1999). Chmatic conditions in the arca also favour continuous

survival of other species of helminth larvac on pasture, while contammation of communal
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pasturcs is maintained the year round by sharing of pastures by cattle of all ages belonging to
different herds. Cattle were examined in Bugondha, Bukafuga and Kinu villages of Kamuli
district, Bugwera and Mulanga villages of Tororo district, Manakor village of Busia district,
and Akoroi, Gbar and Obur villages of Soroti district. In Figure 3.2 red dots represent the
villages visited. Selection of villages was purposive based on reports on tsetse infestation and
presence of animal trypanosomosis (Lancien ef af., 1990; Okuna er @/., 1996). In addition, these
villages were conducive for transmission of other parasites looked for such as Fasciola,

gastrointestinal nematodes, 7. parva, A. marginale, B. bigemina and C. ruminantium.

3.3 The lopgiiudinal stody area

A longitudinal study was conducted in Tororo district from July 2001 to July 2002 and in Busia
district from October 2001 to September 2002, Selection of villages was done based on the
criterion described in Section 3.2, Four villages were chosen in Tororo and another four in
Busia district. The 8 villages included Bunghaji, Hitunga, Mageje, Giilai, Kubo, Buyimini,

Nanjeho and Sitengo (Figure 3.3).

3.4 Diescription of the production system in the study sites

Agricultural production is primarily undecrtaken by smallholder farmers who produce a number
of diffevent food and cash crops and integrate crop production with livestock keeping (Ckello-
Onen ef al., 2003). Zebu and Sanga breeds constitute over 93% ol the catlle of population in
Uganda (Magona and Mayende, 2002). Catile of the Zebu breed are predominantly kept under
traditional comumunal grazing management and are either tethered or grazed on communal
pastures during the day and tied up around homesteads or kept in bomas at night (Magoua e/
al., 2000, Okiria et «f 2002). Calves betow 6 months of age are always tied up around
homesteads {Magona ef al., 2000). Under traditional management, the majorily of the cattle

owners neither undertake tick control nor organised regular treatments for trypanosomosis and
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helminthoses, Cases of very sick animals are reparted to the government field veterinarians.
Trypanosomosis, tick-borne discases and helminthoses are responsible for the bulk of the

reported cases (Anon, 1992; Magona and Mayende, 2002},

Mixcd farming is practised with cotton being the major cash crop and maize, millet, cassava,
beans and swect potatoes being the major food crops (Okiria et al., 2002). The vegetation cover
is mainly composed of savannah grassland interspersed with Lantana camara shrubs (Magona
et al., 2000; Okina ef al., 2002; Magona and Mayende, 2002). The average monthly rainfall

and ambient temperature during the longitudinal study is shown in Kigure 3 4.

3.5 Selection of ¢attle

in the cross-sectional study, 30 cattle of all ages and both sexes were randomly selected from
all herds brought by owners at the designaied colicction centres v cach village. Selection of
individual animals for examination was carried out using the systematic sampling method as
described by Thrusfigld (1995), following the order in which cattle were presented.by the
owncrs, MNine villages in total (see Section 3 .2) were visited. Clinical examinafion of cattle was
conducted as described in Section 3.7.1. In addition, blood, faeces and lymph node aspirates

were collected from catle as described in Sections 3.7.3, 3.7.4 and 3.7.5.

In the longitudinal study, caftle census, including collection of owner information, was
conducted with the help of local village administrators to guide the subsequent recruitment of
animals for the study. The objective of the study was ¢xplained to cattle owncers and their
permission was obtained to use the animals in the study. Selection of caitle tock into
consideration representation of all herds in the villages. However 80 Zebu cattle of all ages and
both sexss were selected purposively in each of the 8 villages depending on the owner’s

willingness to participate in the study. For purposes of ensuring availability of a satisfactory
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sample size of younger animals to assess seroconversion cvents of major tick-borne diseases
amongst other diseases, sclection of animals was age-weighed to compensate for higher rates of
drop out in younger animals. Older animals arc already serologically positive but stay longer in
the herd than younger animals most of which arc scrologically negative (O’ Callaghan, 1998).
On the dav of car-tagging, the ostimated date of birth obtaimed from the cattle owner, breed,

colour and sex were recorded.

3.6 Longitudinal study design

Village visits were made once every 4 weeks by the author and a team from LIRI, Tororo,
Uganda. Ear-tagpged cattle were etther sampled within owners™ homesteads or at designated
collection centres where owners gathered their animals. "1'o help mobilise the cattle owners, a
coutact person was chosen by the community in each village. People preferably alrcady
working as local administrators were chosen to be the contact persons, o ensure smooth
operation. Prior notice about the catlle-sampling programme was passed on to cattle owners
through the contact persons in cach village belore the monthly sampling visit. Blood, faeces
and lymph node aspirates were collected from ear-tagged cattle presented by owners during ihe
visits (see Sections 3.7.3, 3.7.4 and 3.7.5). Collection of samples and elinical examination of
individual animals took place in the villages between 8 a.m and 1 pun. Table 3.1 gives the
mean, maximum and minimum number of cattle presented during samphug visits in different

villages and the overall fotal.
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Figure 3.2: Map showing villages (red dots) where the cross-sectional study was conducted
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Figure 3.3: Map showing villages (red dots) where the longitudinal study was conducted
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Table 3.1: The mean, maximum and minimum number of cattle presented during the village

sampling visits

Villages

Tororo district

Busia district

Bunghaji Hitunga Magoje Ojilai Buyimini Kubo Nanjeho Sitengo Overall

Mean 65 76 67 68 71 68 69 78 562

Max 79 79 80 78 80 80 80 80 636

Min 48 67 55 52 37 54 59 76 531
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Figure 3.4: Monthly average rainfall and ambient temperature during the longitudinal study

(Source: Tororo Meteorological Centre, Uganda, October 2002)
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Figure 3.5: Taking rectal temperature, faccal samples, clinical examination and bleeding a cow

in the field in Busia district Uganda
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3.7 zeneral cutline of methodologies

3.7, Clinical examination of caitle

General physical examination was conducted on all cattle bled. Parotid, prescapular and
prefemoral lymph nodes were palpated to assess whether they were enlarged. The skin coat was
examined for any sign of roughness or staring. Oral, vulval and conjunctival mucous
membranes were examined for presence of pallor or petechial hacmorrhages. Animals were
examined for presence of diarrhoea, ocular or nasal discharges. Rectal temperature was taken
using a digital thermometer to detect pyrexia. Packed cell volume was measured using the
micro-haematocril reader (Hawksley, England) and haemoglobin concentration was measured
using the HemoCue (HemoCue AB, Angelholm, Sweden) to detect anaemia. Full clinical
histery of individual cattlc and herds was obtaincd from animal owners. History of any
abortions or stillbirths and deaths in the herds was obtained from the cattle owners. In addition,
information was collected on owner’s and the veterinarian’s health assessment for each

individual animal.

3.7.2  Assessiment of the body condition score

To assess the exient of emaciation of animals, body condition scoring was performed based on
a nine score system as described by Nicholson and Butterworth (1986), in which three main
couditions (fat-F, medium-M and lcan-1.} are divided into three cateporics, The scores include
FI, F, F: M+, M, M~ L1 L and L~, where L- represents 1 and F+ represents 9. Body condition
scoring is cssontially based on the extent to which either fat is stored or muscle mass has
declined. Anatomical parts including the tail-head, bLrisket and hump, transverse process of the
lumbar vertcbrac, hips and ribs, and the depth of the sublumbar fossa and mass of muscle
between the fuber coxae and fher ischil were visually ingpected for visibility and flesh or fat

cover on all aniinals examined.




3.7.3 Blood

Bar-agged animals were bled from the jugular vein into two vacutainers {Becton-Dickinson,
Vacutainer System, UK), onc heparinised and another non-heparinised. About 5 ml of biood
was taken from cach animal into each tube. Blood samples in heparinised tubes were uscd for
determining the PCV and performing the phase-contrast buffy coat (BCT) and hacmatocrit
centrilugation techniques (HCT). Blood samples in the non-heparinised tubes were used for
preparation of serum. An additional blood sample was taken [rom the marginal ear vein by

prick for on-spot determination of baemoglobin and making of thin and thick blood smears.

3.7.4 Lymph node aspirates

Lymph node biopsies were taken in the field from cartagged animals that had pyrexia, enlarged
lymph nodes or had other signs suspicious of 7. parva infections, such as peiechial
haemorrhages and dyspnoca. Biopsies were taken from enlarged parotid lymph nodes using a
5-ml syringe with a 16-gnage needle and placed on a microscope slide. A smcar was made,

labelicd, packed in a slide box and dispatched to the laboratory for examination.

3.7.5  Fuaecal samples

Faecal samples were taken directly frum the rectum. Each sample was placed in a scparate
plastic bag; clearly labelled with the eatiag number of the individual animal, datc of colicction
and name of the village. Samples wore dispatched in a cool box to the laboratory, where they
were preserved with 1% formalin beforc being kept at 4°C until examination, to prevent

hatching of nematode eggs into larvae. Duc to the large number of samples collected at cach

visit, samples were examined within 5 days afler collection.
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3.7.6 Examination of samples
All the bloed and faecal samples were examined at LIRI, Tororo, Uganda while all the serology

was conducted at ILRI, Nairobi, Kenya,

3.7.6.1 Blood examination

Blood samples were cxamined for trypanosomes using both BCT (Murray ef al., 1977) and
HCT (Woo, 1969). In addition, Giemsa-stained thin and thick blood films were examined for
Trypanasoma, Anaplasima, Babesia and Theileria infections. To perform the phase-contrast
buffy coat technique, the buffy coat zone was preparcd in microhacmatocrit tubes filled with
about 70 ul of blood, sealed at one end with plasiicing and centrifuged for 5 minutes. The
capillary tubes were then cut with a dizmond-pointed pencil 1 mun below the butty coat to
incorporate the uppermost layer of the red blood cells and 1 cm above to include some plasma.,
The contents of the tubcs were then gently expressed on fo a clean slide, mixed and covered
with a coverslip. The preparation was then examinced under dark ground phase contrast
microscopy to detect trypanosomes, identified as 7. brucei, T. congolense and 7. vivax based on

motility. At least 50 microscopic fields were examined per sample.

For the haematocrit centrifugation technique, microhaematocrit capillary tubes were filled with
blood (about 70 pl), sealed at onc end with plasticine and centrifuged for 5 minutes. The
capillary tubes were then wiped clean with tissue puper and placed on a microscope shde. A
maximum of twelve capiliary tubes were placed on the wicroscope slide and the spaces
between the capillary tubes flooded with oil immersion. 'Fhe buffy coat-plasma junction of each
capillary tube was then examined by microscopy to detect trypanosomes, which were identified
as T biucei, I congolense and 1. vivax. In addition, PCV was measured before the capillary

tubes werc examined.
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Thin and thick blood smears were made from each cartagged animals in the field during
sampling. The smears were air-dricd, labelled with the eartag number and the date of collection,
then packed into slide boxes and dispatched to the taboratory for cxamination. Before
examination, the thick blood films were placed in distilled water for 5 minuies to lyse the
erythrocytes while thin films were dipped in methanol for 3 minutes for fixation. The blood
smears werc stained in 10% Giemsa for 30 ninutes. Samples were cxamined by microscopy
under oil immcrsion for at least 50 fields. The intensity of parasitaemia for theilerial and
babesial piroplasms and Anaplasma organisms was assessed using a scoring system, whereby +
represenied 1 organism found in more than 10 fields. ++ represented | organisim found in more
than 1 field but in less than 10 fields, and +++ represented | or more organisms found per ficld.
Trypanosomes were identified according to morphology as T. brucei, 1. congolense and T,

vivax,

3.7.6.2 Examination of lymph node aspirates

Lymph node biopsy smears were fixed for 3 minutes in methanol, then stained in 10% Giemsa
for 30 minutes. The biopsies were examined by microscopy under oil immersion for at least 50
fields to detect 7° parva macroschizonts in the lymphocytes, which is considersd confirmatory

for East Coast fever (Urquhart ef al., 1996).

3.7.6.3 Fgecal sample examination

Faccal samples were examined for strongyle eges using the McMaster method accurate to 50
egps per gram of faeces as deseribed by Hansen and Perry (1994). Briefly, about 4 grams of
facces was weighed and placed inio a beaker. Then 56 ml of flotation {luid (sodium chioride
solution) was added. The contents were then thoronghly homogenised and filiered through a tea
straimer into another beaker, The filtrate was stirred and a sub-sample was taken with a Pasteur

pipette and both sides of the McMaster counting chamber were filled. After allowing the
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counting chamber to stand for about 5 minutes, the filtrale was examined by microscopy. All
nematode egys within the engraved arca of both chambers were counted, with nematode eggs
being identified as ‘strongyle-type’. The number of eggs per gram of faeces was calculated by
addition of egg counts of the two chambers together and multiplication by 50 (Hansen and
Perry, 1994). Egg counts in excess of 1000 were generally considered indicative of heavy

infections while those over 500 were indicative of moderatc infection (Urgubart ef al., 1996),

Faecal samples were examined using the sedimentation technique as described by Hansen and
Perry (1994). This involved weighing about 3 grams of faeces in a beaker. Then 40-50 ml of
tap water was addcd. The contents wore homogenised and filtered through a tea strainer and the
filtrate transferred to a conical flask. The filirate was allowed to stand for 2 minutes, before the
supcmatant {approximately 12-15 ml) was drawn off and transferred to a flat-bottomed tube.
After sedimentation for a further 2 minutes, the supernatant was again drawn off and a few
drops of 5% methylenc blue were added. The sediment was then cxamined for trematode eggs
by microscopy. Animals were considered positive for fluke infections when Fusciola eggs were
detected or for schistosome infection when Schistosoma eggs were found irrespective of the

couny.

3.7.6.4 Serofogical analysis
Serological analysis of samples was carried out using the anlibody detection ELISA for

Theileria parva, Anaplasma marginale and Babesia bHigemina infections.

3.76.4.1  Seclection of sera for analysis
Scrum samples were collected from cattle examined at each monthly visit. A proportion of scra
were sclected for analysis using a criterion as follows. All sera collected during the initial

sampling visit (day 0) and those collected on experimental days 84, 168, 252 and 336 were

e e e e e 1 4
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ested. Sera collected during the intervening visits on experimental days 28, 56, 112, 140, 196,
224, 280 and 308 were sclected purposively for analysis. For these visits, all sera of young
animals (up to the age of 12 months) and a proportion of sera for older animals were selected,
sera for older animals previously negative but had become positive or previously positive but
had become negative. In addition sera of older animals that originally had PP valuyes within 10
per cent positivity (marginally greater than threshold) above the cut-off point, but on
subsequent visits had had a sero-increase of at least 20 PP for 7. parva and 15 PP for A.
marginale and B. bigeinina infections were selected. A scro-increase of al feast 20 PP for the
1% parva test or of at least 15 PI* for the A. marginale and B. bigemina tcsts was considered
significant because it was an equivalent to doubling the antibody titre, which oficu occurs in
older animals that have had a rechallenge (secondary immune response). A sccondary immune
responsc 1s reported 1o have a dramatic increasc in antibody titre that is higher than double the
threshold (O’ Callaghau, 1998). Ultimately, 5300 sera were analysed using each of the ELISA

tests for detection of antibodies against 7. parva, A. marginale and 8. bigeming infections.

376472  Assay protocol for the Inzyme-linked immunoassays

Sera were sereened for antibodies against 7. parva, A. marginale and B. bigeming infections
using BELISA utilising 7° parva schizont antigen {polymorphic immunodominant molecule), a
19 kD recombimant antigen and a 200 kD recombinant antigen (Katende et al., 1998; Morzara

et al., 1999; Tebele et al., 2000), respectively.

Polysorb micro-ELISA plates (Polysorp, Mune, Denmark) were utilized for all samples. Plates
were coated at concentrations of 150 ng/well, 100 ng/well and 170 ngfwell of recornbinant
antigen solution for ELISAs for detection of 7. parva, A. marginale and B. bigemina infections,
respectively, difuted to a concentration of L.Oug/ml in 0.01m Dulbecco’s phosphate buffered

saline, pH 7.4, and incubated in an incubator/shaker (Labfacility shaker incubator IS89, Insel,
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England) at 37°C for 2 hours. Excess antigen solution was discarded, wells dried for 10 minuies
in the incubator/shaker and the plates sealed and stored at —20°C until usc. Shorily before use,
plates were temoved from storage and allowed to return to room temperature. Wells were
blocked by the addition of 300 pifwell of 1% casein in DPBS followed by incubatien for 20
minutes at 37°C. The blocking solution was removed and wells washed with DPBS using a

Nune 12 channel washing bar (Nunc Inter Med, Denmark) fitted to a vacuum pump.

Beforc testing, strong positive refercoce control sera (C-++) and negative sera (C-) were
reconstituted from the lyophilised form by adding 40pl and 100ul of distiled water,
respectively. To obtain the weak positive serum (C+), Sl of C-++ was mixed with 801, 60!
and 55ul of C- for ELISAs for detcetion of 7. parva, A, marginale and B. bigemina infection,

respectively, giving ratios of 1116, 1:12 and 1:11.

Test and control sera were initiafly diluted in a 1% skimmed miltk solution prepared in DPBS
with 0.1% Tween 20 to a working dilution of 1:40 for ELISAs for detection of 7. parva and 4.
marginale infections and to a working dilution of 1:30 for the B. bigeming antibody detection
ELISA. Serum dilutions were mixed thoroughly by gentle agitation of each plate on a micro-
agitator (Heidolph, Trance). Then 150ul of a final working dilution of 1:200, for the 1. parva
and A, marginale antibody detcction ELISAs and of 1:100 for the B. bigemina antibody
detection ELISA, was transferred to wells of the antigen-coated plates wn duplicate. Tn addition,
a pair of conjugatc control wells, containing only 1% skimmed milk sotution was included vn
cach plate. Platcs were incubated for 30 minutes at 37°C in a shaker/incubator for the T. parva
and A. marginale antibody detection ELISAs and for 40 minutes at 37°C for the B. bigemina

antibody deteetion ELISA.
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Unbound antibodies were discarded by suction using the Nune 12 channel washing bar and the
wells washed by filling and aspiralion of wash buffer for § times, and draining by inverting and
slapping plates onto lint-free paper hand towels. The washing step was followed by a 10-
minutes soaking interval. Anti-bovine inmmunoglobulin borseradish conjugate was diluted to
1:50,000 in DPBS containing 0.1% Tween 20 with 1% skimmed milk and 150p! added to each
well, The plates werc insubated for 30 minutes at 37 °C in a shaker/incubator and then washed

as previously described,

The colour reaction was developed by addition of 150 pl/well of sodium citrate buffer, pH 4.0,
containing 1% bydrogen peroxidase as the substrate and of 40 mM ABTS ay the chromogen.
After addition of the substrate-chromogen solution, plates were incubated for 30 minutes at
37°C i the shaker/incubator. Thereafter, optical densities (OD) were determined using the
Titertek Multiscan Mce340 spectrophetometer (Titertek Instruments Inc., Huntsville, Alabama,
USA) at 405 nm. The QD values were expressed as percentage positivity (PP), which were
caleulated as follows: (OB of test/OD of strong positive) x 100 (Wright ef «l., 1993). The cul-
off point for the 7 parva assay was 20PT and for both 4. marginale and B. bigemina assays

was 15PP.

Data generated by the microplate reader was transfened automatically to the computer for
storage using the computer programme ED! {ELISA Data Tnterchange, 2.2) (FAO/NAEA,
1997). Cn cach plate were included four wells of internal quality controls; the strong positive
control (C++}, the weak positive control (C-+), negative control {C-) and conjugate control (Ce).
These controls were treated in the same way as any test samples with respect to the dilution and
tests procedure. The sirong positive control, the weak posiiive contrel and negative control
were included to monitor the consistency among test runs, while the conjugate control was used

to monitor the background activity of the system. Hach interpal conirol sera bad ao upper
2 y
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control limit {UCL) and a lower control limit {(LCL). In case of a problem with the plate being
tested, the value ol the control sera would tall outside the control limits and the sample had to
be retested. Each time a plate was read, the ED! programime would determine if the contral
values fell within the UCL and LCL. The median valuc of C++ was calculated and all the OD
values Tor test samplcs were expressed as a percentage of the strong positive control standard
auwtomatically by the EDI programme. All the data generated by the EDI programme was
cventually downloaded and transferred to a Microsoft Access database, whoreby data was

related to individual animals, villages, and sampling dates.

3.8 Dasa collection

Data collection involved recording of data on forms designed to conform to the requirements of
individual studies conducted. For cross-sectional and longitudinal studies, field and laboratory
data were recorded on two different forms: a field (Table 3.2) and laboratory form (Table 3.3).
Each village had one field and laboratory form. Data recorded on field forms included, name of
owner, age, breed, sex, tag number, hacmoglobin concentration, weight. body condition score,
colour of mucous membranes, size of superficial lymph nodes, enlargement of lymph nodes,
coat appearance, presence of skin lesions and diarrhoea. Other parameters included health
status as assessed Dby thce anmnal owner and the veterinarian, as well as ibe level of tick
infestation of mdividual animals by ticks of Rhipicephalus spp., Boophilus spp and
Amblyomma spp. For tick counts records, 1 stood for up to 10 ticks, 2 for 11-30 ticks and 3 for
over S0 ticks on the whole body. On the laboratory form was recorded the animal tag number,
PCV, haemoglobin concentration and the outcome of the parasitological tests for trypanosoines.
Other parameters ineluded presence of fluke egps (Fasciola and Schistosoma), nematode egg
counts, and the outcome of parasitological tests for Anaplasma organisms, babesial pivoplasis

and theilerial piroplasms and schizonts. Al data was subsequently extracted from the forms and

pipmterne e et
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cntered into spreadsheets of the computer programme Microsoft Excel for storage. Separate

files were prepared for cach study.

3.9 Data analysis

For purposes of data analysis, animals with a (cmperature higher than 39.4°C were considered
to have fever (Minjauw ef af., 1998; Maloc ef al., 2001c). Body condition scores lowes than 4
(M-) i.e. L+, 1. and L- were indicative of weight loss. Animals with a PCV lower than 25% or
Hb concentration lower than 8 g/d! were considered anaemic (Schalm, 1973). Ammals with
nematode egg counts higher than 400 eggs per gram of facces were considered to exhibit the
clinical form of gastrointestinal nematode infections (Hansen and Perry, 1994). All animals
with a parasitacmia score of at least 1 for B. bigening piroplasms and 4. marginale organisms
were considered positive. Any animal in whose lymph node biopsy macroschizonts were
detected andfor had 7. parva pitoplasm parasitaemia score of 1 was considered positive.
Animals were considered positive for trypanosome infection based on parasitological detection
of trypanosomes, while they were positive for fiuke infections based on detection of ffasciola
eggs and for schistosome infections based on detection of Schistosoma egps. Non-diseased
animals constituted a group of healthy animals that did not have detectable parasitacmia for B.
bigemina, A. marginale and 1. parva or irypanosomes and fluke eggs and had nematode egg

counts of not more than 400 ¢.p.g.
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Chapter 4 Comparative cvalaation of portable baemoglobinometers

and comventional hasmatelogical measures of anaemia

4.3 introduction

The presence, abseuce and degrec of anaemia are mmportant diagnostic criteria for bovine
trypanosomosis, theileriosts, anaplasmosis, babesiosis, cowdriosis, parasilic gastroenteritis,
fasciolosis and schistosomosis (Omuse, 1978; Losos, 1986; van Amstel ef al., 1988; Murray
and Pexter, 1988; Jain, 1993; de Bont and Vercruysse, 1998). Anaemia 15 measured by
determining the number of red blood cells per pl of blood, hacmoglohin concentration in blood
(p/dl) and packed cell volurne (percent) (Meyer ef al, 1992). In veterinary medicine,
determination of anaemia relics mainly on the measurcment of PCV using the
microhaematocrit  cenirifugation techmique, rather than measuring the hacmoglobin
concentration (Callan ef ol 1992). Packed cell volume, the relative volume of crythrocytes
determined by centrifugation of blood in a microbacmatocrit tube, is the most common clinical
icst used in assessing and monitoring anacmia and polycythemia in animals (Callan et af |
1992). Changes in the PCV arc always accompanied by paralle! changes i both red blood cell

count and hucmoglobin conient (Meyer ef al., 1992),

Packed cell volume is comumonly uscd to measurs the degree of anaemia in trypanosomosis, as

usually recorded in association with the buffy-coat technigue (Murray e? /., 1977). Bvidence of

anaemia as determined by the reduced PCV is used as a basis for treatment of cases of
irypanosomosis. In tsetse-infested areas, treaiment is recommended when a PCY of less than
30% is detected in high production dairy cows (Murrav and Trail, 1986) or less than 17% at
smallholder village location (Maloo et al 1988). Average POV s closely correlased to

trypanosome prevalence in many tsetse-infested areas (Hendrickx et al, 2000}, for which

7
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reason it has been used to evaluate the effectiveness of bovine irypanosomosis control

programmes in sub-Saharan Africa (Bauer ef «f., 1999; Magona ef al., 2000).

Packed cell volume has been used in evaluation of anaemia in the diagnosis of East Coast fever,
anaplasmosis and babesiosis (Omuse, 1978; Egbe-Nwiyi ef a/., 1997) and also to evaluate the
response of differcnt breeds of cattle to experimental 7. parve infection (Paling e af., 1991). In
infections with biood sucking nematodes such as Haemonchus coniortus, PCY measurement as
well as clinical appraisal of mucous membranes are rccognised as usetul paramcters for
diagnosis (van Wyk et al., 1997; Eysker and Plocger, 2000). Monitoring of PCV has also been

used to determine the cfficacy of drugs against fasciolosis (Subardono ef af., 1991),

The major advantage of PCV determination using the microhaematocrit centrifugation
technique Is the ability to simultaneously evaluate plasma for tolal protein concentralion,
lipaemia, icterus, haemolysis (Callan er ai, 1992) and to identify parasites such as
trypanosomes (Murray ef al., 1977}, Packed cell volume also provides a strople and quick
means to determine anasnua (fain, 1993). However, this systemt offers a number of
disadvantages. Plasma may be trapped in the centrifuged microhaersatocrit tube, thereby falsely
increasing the PCV (Callan ef ai., 1992). Micro-centrifuges are bulky, fragile when transported
and dependent on an AC-power source, limiting their range of use in a variety of veterinary
practice sttuations worldwide (Callan et al, 1992). In the context of delivery of veterinary
services in sub-Saharan Africa, PCV determination using the microhasmatocric method requires
expensive portable gencrators and centrifuges as well as vehicles to transport them (Callan er
al., 1992), thereby making the PCV method inaccessible to many extension workers and animal
heatth assistants in reinote arcas of Africa, In addition, PLY is not a reliable measure of
anasmia if the animals have an exceplionally high mean cell volume (MCV) (Jain, 1993). In

instances of dehydration and splenic contraciions, anagmia as determined by PCV may be
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masked (Jain, 1993). There is a nced for rapid, reliable and cheap tests for anaemia that are able
to provide quantitative pen-side results for the immediatc diagnosis and management of

endemic boviue diseases in sub-babharan Africa.

Monitoring of haecmoglobin as an indicator of anacinia is increasingly being recognised as
important in hwman primary health care in Africa (Wilkinson and Sachs, 1997). Total blood
haemoglobin is a mixture of hasmoglobin, oxyhacmoglobin, carboxyhacmoglobin and muor
amounts of other forms. Accuratc measurcment of haemoglobin requires preparaiton of a stable
derivative involving all forms of hacmoglobin n the blood (Callan er af., 1992). The
measuremeni of bleod huemoglohin concentration is normally performed to deteet anaemia and
polycythaemia in animals, but is rarely used in bovine medicine. The few examples in the
literature include diagnosis of East Coast fever, anaplasmosis and babesiosis (Omuse, 1978),
schistosomosis (McCauley ¢f o, 1983a), evaluation of drog efficacy against fasciolosis in
cattle (Suhardono er gl., 1991) and haematiological studies on bovine anaplasmosis (Egbe-

Nwivi et al, 1997).

Methods for measurement of blood hacmoglobin conceniration range from highly accurate
spectrophotometric reterence methods, as prescribed by the TCSH to inaceurate and imprecisc
procedures such as the Sahli haemoglobinomeier, the Callgvist blotting-paper and the cupper
sulphatc blood precipitalion mothod (Tohns and Lewis, 1989: Wilkinson and Sachs, 1997),
Haemoglobin Colour Scalus, cyanomethaemoglobin method and portablc haemoglobinomsters
such as the HernoCue and the DIIT Hb-523 are the common methods used for determination of

blood haemoglobin concentraiion.

Measurement of blood hasmoglobin coneentration is usually performed in laboratories with

nodern, expensive. non-portable fully automated equipment. Such facilities are not suitable for

TEEhearh T4
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parts of the world where the medical or veterimary infrasiructure is poor or if available, is
inaccessible to a large number of people and their livestock. Hand-hicld compact, battery
powered haemoglobinometers now exist that could facilitate point of care Hb measurements
especially under African conditions. In this study, the DHT Hb-335 haemoglobinometer
(DHT), the HemoCue (HCU) and the WHO Hacmoglobin Colour Scale methods (HCS), which
are currently used for measuring hacmoglobin in human medicine, were evaluated for their
suitabilily in measuring hacmoglobin of bovine blood under ficld and laboratory conditions.
The study was conducted with following objectives:

To assess the precision, accuracy, lincarity and agreement of portable

2

haemoglobinometers using the cyanocthaemoglobin method as a goldstandard.

v To assess sources of iprecision of the different methods under consideration.

e To cstablish the sensitivity and specificity of the different methods under consideration
in the detection of anaemia.

2 To correlate haemoplobin mcasurcruents and the packed cell volume values as
measurcd under laboratory conditions.

@ To establish whether field veterinarians with little or no laboratory experience can
easily use the most promising methods.

o To compare the cosis associated with the different portable huemoglobinometers,

4.2 Waterials and mwethods

4.2.1  Evaluarion of the performance of the haemoglabinomeiers

The precision of the haemoglobinomelters was assessed by making repeated measurcmenis on
blood samples. Variability in sample pipciting and diluting thought to be ihe major sources of
imprecision were measured by making two aliquots {dilutions) from each sample and thres
readings on each dilution. The accuracy and lincarity were evaluated by comparing the

mecasurements of the different methods with thoss of the reference methods. For purposes of

L8y e

1
..}




92

determining the sensitivity and specificity of the methods in the detection of anasmiy, anaemia
was defined as haemoglobin concentration of less than 8 gfdl as assessed by the

cyanmethaemoglobin method.

4.2.2  Sample processing

Catile samples were obtained from routine sampling of cases at Glasgow University Veterinary
Schaool. Bach in-coming (original) bovine sainple was dilated using normal bovine plasma to
obtain four samples of the dilutions: 1 (neat), %, Y2, and Y, which were then freated as
individual samples. Normal bovine plasma was obtained by centrifuging and decanting off
plasma from one of the original bovine samples. In total, 65 samples were used for subsequeat

testing using the various Hb measurement methods and for delermining PCV.

4.2.3 B Theemoglobinometer method

The DHT-hacmoglobinometer {Devcloping Health Technology, UK) is a specialised battery-
powered photomeler for measuring blood haemoglobin concentration by iis optical density
{(Gordon-Keeble Company, 2000). The blood is placed in a standard 10 mm photometric
cuvcetie. The measurcment of the optical density is carried out at a wavelength of 523 nm, the
crossing point of the ahsarption curve of various haemoglobin forms. The device is simple to
opcrate, needs no specialized calibration and seems suitable for usc n rural settings in

developing countries.

This method involved initialty making a sofution of 0.04% ammonia by adding 0.4 ml of 35%
ammonia stock solution to 350 ml of deionised water. T'wo cuvettes, each containing 2 mi of
0.04% ammonia sohition were then prepared for cach sample. In each cuvette, 20 ul of blood
was added and the solution was mixed carefully, to tyse the erythrocytes. Three readings were

taken for sach cuvettc vsing the photometer.

.
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Yhe HemoCue method
The HemoCue (fiemoCue AR, Angelholm, Sweden) i1s a haemoglobinometer system that
measures haemoglobin at two wavelengths as aztde methacmoglobin, without dilution (von
Schrenk ¢/ al., 1986). The azide methaemoglobin reaction involves the erythrocyte membranes
being disintegrated by sodiun deoxycholate, thereby releasing the haernoglobin. Sodium nitrate
then converts the hacmoglobin iron from the ferrous to the ferric state to form methacmoglobin,
which then combines with azide to form azide methacmoglobin (von Schrerk er al., 1986}, This
method is based on an optical measuring microcuvette of a small volume (1041} and shori light
path {0.13 mm distance botween the paraliel walls of the optical window). Dry reagents are
deposited on the inner wall of the microcuvette cavity, and the blood sample, drawn into the
cavily by capillary action, is mixed with the reagents spontaneously. The microcuvette 1s then
placed m a HermoCue photometer, in which its absorbance 1s measured at 565 and 880 mm. The
instrument calculates the concentraiion of the haemoglobin in the sample and displays the
result. The advantages of this method are: no technical skills are required, the unit is battery or
mains powered, il is quite accurate and robust, compensates for turbidity m samples by
measuring at two wavelengihs and is easy 1o use b rural settings. However, this method is
associated wilth operator crrors due to inadequate mixing of the blood specimen before
sampling, which might be obviated by using a rotating mixer (Neville, 1987). In addition, the
HemoCue is too expensive for use in the rural scttings in developing countrics {van den Brock

efal., 1999},

{Taemoglobin measuiement using this method involvad a drop of bleod (10 ul) being drawn
from the vacutamer into the cavity of a microcuvette by capillary action. 'The microcuvetts was
then placed into the HemoCus photometer and three readings were taken for each microcuvetic
fitted with a red filter. Care was taken to ensure that there were no visible air bubbles inside the

microcuveites, which could lead to discrepant results.

y
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4.2.4  Haemoglobin Colowr Scale

The Haemoglobin Colour Scale is a direct matching method which involves placing a drop of
wholc blood on & piece of filter paper, allowing it to dry and then comparing it with a set of
standard colours. New colour scales developed by Lthe WHO (Stott and Lewis 1995, van den
Broek et al., 1999) involve a drop of bload being placed on a strip of absorbent paper. After
disappearance of the sheen, the colour is compared with a set of six colour standards

corresponding to haemoglobin values of 4, 6, 8, 10, 12 and 14 g/dl.

This method has not been evatuated for use in veterinary medicine, but it has been evalvated as
a sereening method for anacmia in rural astenatal clinics in Malawi, where it was found to have
a scusitivity of 50-80%, a spceificity of 47-98%, an accuracy of 56-98%, a positive predictive
value of 11-66%, a negative predictive value of 58-99% and a good agreement with the Coulter
Count measurements {(van den Broek ¢/ al., 1999). The major advantages of the haemoglobin
colour scalc are: it is simple {0 use, well accepted, cheap, gives immediate results and is very
suitable for resource limited settings such as in developing countries (van den Brock er al,
1999). New colour zcalos have a higher sensitivity and positive predictive valug compared 1o
the Tallgqvist colour scale whose sensitivity and positive predictive value ase 60.5% and 46.0%
respectively (van den Broek et al., 1999). However, high subjectivity and a large probability for

opetrator crrors ate the major limiting faciors associated with this method.

In this study, this method was performed by iaking a drop of blood from each sample aliquot
and placing it on the filter paper strip using u capillary tube. After disappearance of the sheen,
the colour was comparcd with a set of six colour standards by holding the test sirip behind the
scale and the bload spot viewed through the 8-9 mm aperture. Care was taken fo hold the

colour scale at an angle of about 45° under light, with the light coming behind the investigator.

i
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The colour was compared from the bottom of the scale upwards. The Hb values rccorded
corresponded to the closest colour staundard. Colour standards on the scale correspond to
haemoglobin values of 4, 6, 8, 10, 12 and 14 p/d]l. Two aliquots were made from each blood
sample and the test strip fram cach aliquot was read once by one observer. To avoid prior bias
in making rcadings, sample analysis by this mcthod was performed before other Hb

measurement methods.

4£.2.5  Cyanmeihaemoglobin method

The cyanmethaemoglobin method (CMH) is one of the most accurate mcthods available and is
considered to be the reference method for blood Hb determination (Callan er af., 1992). In this
methed, a drop of blood {20ul) was mixed with Drabkin’s solution, which contains an agent for
fysing red blood cells {e.g. saponin) and another for oxidising the free hacmoglobin (e.g.
potassium ferricyanimide) to convert it to cyanmethaemoglobin. Afier a period of about 15
minutes for the conversion reaction (o occur, the optical density is read at 540-345 om (Gong
and Backenstose, 1999). The mcthod 1s useful becanse it involves cyanmethacmoglobin, a
stable derivative that is formed from haemoglobin compounds and is also available
commercially as a reference solution for calibration (von Schrenk ef af., 1986). However,
turbidity caused by inconipletely lysed cclls, lipid particles, marked leucocylosis, Heinz bodics
and hyperparaproteinacmia lIead to erroneously high Hb valucs (Callan et 4l., 1992). High
dilution (1:251) of blood sample with reagent bestows an inherent imprecision on the method,
which increases even more when blood is sampled o capillary tubes or is diluied by

untrained people (von Schrenk ef af., 1986).

1ns this study, 40 pl of blood was mixed with 20 m! of diluent phosphate buffered sale (pH 7.0
-7.4) measured by the Coulter Duaf Dilutor 111 device. The six drops of potassium cvanide

(lytic subsiance) were added to each sample and mixed to allow for haemolysis. The
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haemoglobin was then measured using a spectrophotometer (Cecil Instruments F.imited-
Cambridge, UK) at a wavelength of 540 nm. Twao aliquots were taken from each sample and
three readings were made for each aliquot. Two aliquots were taken from each sample and
three readings were made for each aliquot, The spectrophotometer was standardized by
checking with commercially available cyanmethaemoglobin specimen using a calibration

curve. The foliowing tormula was uscd tor calibration:

Cyvanmethaemoglobin Haemoglobin =  Reading of the test X Hasmoglobin of the standard
Reading of'the standard

4.2.6 Packed cell volume meosuvemant

The packed ccll volume was determined to establish the correlation betwesn the Hb
concentration and the PCY. Three capiliary tubes were filled from each blood sample, with
each tube being filled 1o about 5 mun from the top of the tube. The tubes were then sealed at one
end with Cristascal (Hawksley, England), placed in the micro-hasmatocrit centrifuge and spun

for § mun at 13,000g, after which, the PCY was read using the micro-haematocrit reader

(Hawksley, England).

4.2.7  Use of hand-held haewmoglobingmeiers by fleld veierinavians with litde ov no
laboratory experience

To determine whether velerinary personnel with {ittle or no laboratory cxperience can

successfully use the hacmoglobinometers, thres individuals with varying field experience in

clinical diagnosis of bovine parasitic discases in Uganda, were given bricf instructions and

asked to make two measureinents of haemoglobin concentration on cach of eight bovine blood

samples using the HemoCue and Haemoglobin Colour Scale metheds, The DHT method could

not be included due to maltunction. Rovine blood samples used were collected from village

cattle in Tororo district of Uganda.
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4.2.8  Duia analysis

For the comparison of hacmoglobin meuasuremcnts using different methods, a foin was
designed to accommodate three roplicate values of haemoglobin concentration for each sample.
Data was analysed using the computer packages Microsoft Excel and SAS/Graph software
(SAS institute Inc., Cary, NC, USA, 1988). The precision of each method was determined
based on the mean difference and the coefficient of variation tor replicate samples. The bias
was calculated as the mean. difference between the readings of the various methods and those of
the refercnce method. The accuracy was caleulated as the standard deviation of the differences
between the two methods. The linearity of the methods was checked over a haemoglobin
concentration range of 0-17 g/d} using regression analysis. Assessment of agreement between
the various methods with lahoratory reference method was donc using Bland-Altman plots
(Bland and Altman, 1986, Petrie and Watson, 1999; Paddle, 2002). Analysis of variance was

undertaken to asscss the overall variance due to imprecision in pipetting and reading.

Sensitivity and specificity were calculated based on the 65 samples using the foliowing

formulag:

Seasitivity = No. of samples detected with Hb < § o/dl by a method x 100
Total samples with Hb <8 g/dl detected by the reference method

Specilicity = No. of samples detected with Hb> 8§ a/d]l by a metbod x 100

Total samples with Hb >8 g/dl detected by the refercnce method

The correlation of PCV to Hb was also undertaken using regression analysis. Precision

obtained using the Haemoglobiu Colour Secale and the HemoCue by ficld veterinarians was

compared.
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4.3 Resulis

Table 4.1 shows the precision of the different methods. The Hacmoglobin Colour Scale and
HemoCue methods had the best precision, having achieved coefficients of vartation (CV)
ranging from 2.9 to 8.8% and 3.5 to 10.6%, respectively as compared to the DHT-

haemoglobinometer, which had a CV ranging from 7.7 to 23%.

Figures 4.1, 4.2 and 4.3 show the accuracy, bias and lincarity of the hasmoglobinometers: HCS,
HCU and DHT, respectively, in comparison to the reference method. There was a good
linearity between the rcadings of the portable hasmoglobinometers: HCS (R = 0.925), HCU (R

= (.920) and BHT (R = 0.906) and thosc of the reference method (CMH).

Figures 4.4, 4.5 and 4.6 are Bland-Atman plots depicting the agreement hetween the hand-held
bacmoglobinometers and the reference method. The mean diference = 1.96 standard deviation
are indicated. The limits of agreements, showing the ranges between which 95% of the resulits
fie, were 2.8 g/dl below and 2.6 g/d! above the reference value for the HCS, 3.9 g/dl below and
2.9 g/dl above for the HCU method, and 7.0 g/dl below and 0.6 g/dl above for the DHT. The
DHTY had a poorer agreement with the reference method as compared to the other two

haemoglobinometers: HCS and HCU.

The proximity of the haemoglobin measurements Lo the refercnce results was assessed by
determining the proportion of results of the portabic haemoglobinometers that lay within 1 g/dl,
1.1-2.0 g/dl and >3 0 g/dl of the reference (Table 4.2}, A substuntial proportion of the of the
results of the HCS (49.2%) and HCU (46.1%}) lay within 1 p/dl of the reference value, but a
small proportion of the results of the DHT (9.2%) lay within the same range. Howaver, a high

propurtion of the results of the HCS (87.7%) and HCU (76.9%) lay within 2 g/dl of the

-

e T

i;




929

rclerence value. One-third (32 3%) of the results of the BIIT method lay within 2 g/dl of the

reference value.

Table 4.2 shows the proportion of variance attribuled to various sources of imprecision:
diluting and reading of samples. Much of the variance in the measurements of the portable

haemoglobinometers: HCS (100%), HCU (97.4%) and DHT (98%), was attributed to diluting,

The sensitivity and specificity of the different hand-held haemoglobinometers in the delection
of anaemia arc shown in Table 4.4. The sensitivities of the HCS (94%) and HITU (80.5%) were
high but that of the DHT was low (52.7%). All the hacmoglobinometers had very high

specificity: HCS (93%), HCU (96.5%) and DHT (100%).

The corrclation bulween PCV values and Hb mcasurements oblained using the HCS, MU,
CMH and BHT arc shown in Figure 4.7, There was a1 high correlation between the FCV values
and Hb measurements oblained using all methods: HCS (R = 0.974), HCU (R = 0.963), CMH

{R =0.943) and DHT (R = 0.934).
Tables 4.5 and 4.6 show the precision of Hb measurement obtained by field veterinarians in
Uganda using the HCS and HCU, respectively. Field velerinarians achieved goed precision (8 -

13%) with the HCS and the HCU (1%).

Table 4.7 shows the cost associated with the differcnt hand-held haemoglobinometers

evaluated. The HCS was the cheapest method, followed by the DHT and the HCU. The cost of

the kit and reagents for analysis of 1000 samples would amonnt to USS 22 (€ 19.50} for the

FICS, U8% 600 (€ 532) for the DHT and US$ 1100 (€ 975) for the HCU,

B Y
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Table 4.1: Comparison of the precision of diffcrent hacmoglobin measurement methods
o CMI DHT RCS T HCU
Hb (g/dl) " Coefficient of variation (CV)
4 0% 230% 8.8 % 10,6 %
6 6.7 % 153 % 58% T1%
3 50% 11.5% 4.4 % 53 %
10 4.0 % 92 % 359% 4.3 %
12 3.4 % 7.7 % 29% 3.5%

CMH - Cyanmcthacmoglobin method

DHT - Dovelopment Health Technology-haemoglobinometer
HCS — WIID Hacmoglobin Colour Scale

HCU - HemoCue
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Figure 4.1: Comparison of haemoglobin measurements by the Haemoglobin Colour Scale and

the reference method
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Table 4.2: Proximuty of results of the Haemogiobm Colour Scaie, HemoCue and DHT-

haemoglobinometer to the reference method

Proximity of results to the reference method

+1 1.0 2.0 2.2-3.0 >3.0
THCS 32@92Y 25383 62 23un
HCU 30 (46.1) 20 (30.8) 10 (15.4) 5(7.7)
DHT 6(9.2) 15 (23.10 15 (23.1) 29 (44.1)

a — Figures in parenthescs arc percentages

CMH - Cyanmethaemoglobin mothod

DEIT - Development Health Technology-hacmoglobinometer
HCS - WHO Haemoglebin Colour Scale

HCU - HemoCue

Table 4.3: Precision of haemoglobin measurement: proportion of variance attributed to

various sources of imprecision

2 fes thnt A

Hb measurement method Dijuting Reading Toiul

CMH 82.4% 17.6 % 100 % - 4
DHT 98.0 % 2.0 % 100 % ]
HCS 100 % 0.0% 100 % .
HCU 97.4 % 26% 100 %
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Table 4.4: Seusitivity and specificity of different haemoglobin measurement methods for

detection of anaemia
Sample status ’ Test performance o

Mcthod ~ Samples with Hb< 8 Samples with b > 8 Sensitivity (%)  Specificity (%)
(n=306) (n=29)

ACS 34 27 94 93 o

HCU 29 28 80.5 96.5

BHT 19 29 52.7 100
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Figure 4.7: Correlation between PCV values and Hb measurements obtained using different

methods.
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Table 4.5: Precision obiained by field veterinarians in Uganda while measuring hacmoglobin of

cattle blood using the Haemoglobin Colour Scale

individuai 1 ingividual 2 Tadividual 3

Run no. L Run no. 2 Difl, Run ne. 1 Run no. 2 Diff, Run ne. 1 Ron no. 2 Piff,
(g/d) (g/db) (g/dl} (g/di) (g/dl) (p/dl) (g/dl) (a/d} {g/dl)
8 7 -1 6 8 2 8 8 0

8 8 0 3 6 -2 10 10 0

7 6 -1 8 8 0 10 10 0

10 11 1 10 10 ( 12 {2 0

10 11 1 8 8 0 10 10 0

10 8 -2 10 190 0 12 10 -2

7 7 0 8 8 0 & 8 0

3 7 ~1 10 10 0 10 10 0
Mean difference -0.375 0.05 -0.25
Preeision 0.09 0.13 0.08

PR BT
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Tablc 4.6: Precision obtained by field veterinarians in Uganda while measuring hacmoglobin of

cattle blood using the HemoCue

Individeal 1

Individual 2

Individual 3

Run no. I RBuw no. 2 Diff

Run no. 1 Run no. 2 Diff,

Ruxn ne. 1 Run no. 2 Diff.

(g/dl) (gldd)  (g/dh) {g/al) (gfdl) (g/dly  (g/dh (g/dl) (g/dD)
6.8 6.6 0.2 7.1 73 0.4 77 7.5 0.2
90 3.9 -0.1 9.6 9.8 0.2 9.9 8.8 0.)
10.6 10.7 0.1 11.5 115 0.0 11.6 11.6 0.0
13.0 130 0.0 13.7 13.8 0.1 13.6 13.9 0.3
10.3 103 0.0 11.2 11.4 0.2 11.5 I1.5 0.0
9.7 9.7 0.0 10.5 10.6 0.1 10.7 106 -0.1
4.8 4.8 0.0 54 5.5 0.1 5.5 5.5 0.0
7.8 8.0 0.2 8.6 8.7 0.1 8.6 8.7 0.1
Mean difference 0.0 0.15 0.0
Precision 0.01 0.01 0.01
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Table 4.7. Comparisen of costs of portable haemoglobinometers under consideration

Poriable haemoglobinomsters

Costs BCS HCU DHT
Cost of Photometer/Kit US$ 22 (€ 19.50)" US$ 600 (€532)  USS$ 600 (€ 532)
Extra running cosis per 1000 Nil US$ 500 (€ 443)" US$0.02{€0.017)°
samples

a- Price of a kit (Starter Kit ®, COPACK GmbH, Germaty) comprised of one Cover-Box wifl: onc

dispenser containing 200 test-sirips, one Colour Scale booklet, an Instruction Manual and extra
4 refill dispensers sach cantuining 200 test sirips (giving a lotal of 1000 test stripes).

b- Each disposablc microcuvette costs USD 0.5 (Sowrce: HemoCue, AB, Angelhalm, Sweden).

¢~ The cost of .04 % ammoniumn solution used for haemolysis of crythrocytes. This

haemoglobinometer is produced and sold by Developing Iiealth, Technology, Company, UK.

d- Prices quoted are as per December 2002.

l
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4.4 Discussion

In the present study. portable hacmoglobinometers used in human medicine, were evaluated for
their suitability in mcasuring haemoglobin of bovine blood under ficld and laboratory
conditions. Although standard laboratory techniques for measuring haemoglobin have similar
chemical principles and may apply to all species, instruments that are designed for use on
human blood samples and involve a physical principle to measure haematocrii and calculate
haemoglobin concentration are likely not to provide accurate results in other species because of
the large variation of erythroeyte size among specics (Callan ef al., 1992). Ylence it was
necessary to conduct an cvaluation of the haemoglobinometers using animal blood samples to

assess their usefillness in veterinary medicine.

The Hacmoglobin Colour Scale and HemoCue method had better precision than the DHT-
haemoglobmometer. ‘The poor precision of the DHT-hacmoglobinometer could probably be
attributed to bigh sample dilution, which is known to affect haemoglobinometry (von Schrenk

et al., 1986). This step is avoided by the Haemoglobin Colour Scale and HemoCue methods.

There arc few reporls on evaluation of methods for measurement of haemoglobin concentration
in human blood on their accuracy on animal blood samples. However, the correlation
coefficient (R = (920) obtained between the HemoCue method amd the reforence
{cyanmethaemoglobin) mothod in this study is comparable to a correlation coefficient of R =
0.946 reported by Callan ¢f ol (1992). There was good linear relationship between the readings
of the hand-held haemoglobinometers and the reference method. In terms of accuracy and bias,
the Haemoglobin Colour Scale had the best results, followed by the HemoCue and the DHT-
hacmoglobinometer. The accuracy values of 1.5% and 1.9% achieved with caitie blood in this
smdy werc similar to 1.5% and 2.0% obtained for human blood by the manufactirers of the

HemoCue and DHT-haemoglobinometer, respectively.
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Despite the good linear relationship between the readings of the different haemoglobinometers
and the refercnce method revealed by regression analysis, regression analysis 1s considered to
be inappropriate for assessing agreement between different methods of clinical measurement
{Bland and Altman, 1986; Paddle, 2002). High correlation does not necessary imply good
agreement. Indeed poor agrecment between results of the DHT-haemoglobinometer and the
reference method was revealed by the Bland-Allman plots, despite high correlation between the
results of the two methods. There was a belter agresment between the Haemoglobin Colour
Scale and the HemoCue method and the reference method than between the DHT-
hacmoglobinometer and the reference method. With limits of agreement of 2.8 g/dl below and
2.6 g/dl above the reference value for the Haemoglobin Colour Scale, 3.9 g/dl below and 2.9
g/dl above for the HemoCue method, and 7.0 g/dl below and 0.6 g/dl above for the DHT-
haemoglobinometer, it was evident that the HemoCue slightly overestimates while the DMT-

haemoglobinometer grossly overestimates hagmoglobin readings.

Fifly por cent of the results of the Hacuoglobin Colour Scale and HemoCue method and less
than 10% of those of TMHT-hacmoglobinometer that lay within 1 g/dl of the reference value
could be considered to be quite accurate, but those outside this range would be progressively
more inaccurate (Paddle, 2002). Given that 87 7% and 76.9% of the results of the Hacmoglobin
Colour Scale and the HemoCue, respectively, lay within 2 g/dl of the reference value as
compared to 32.5 % for the DHT-haemoglobinometer, the former methods were considered to
be more accurate than the latter. The agreement between the Haemoglobin Colour Scale and the
reference method obtained in this study was better than 40% within | g/dl and 67 % within 2
&/dl veported by van den Broek (1999). However, the agreement between the HemoCue and the
reference method achicved in this study was much lower than 95 % within 1 g/dl and 5 %

within 2 p/dl reported by Paddle (2002}.
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viuch of the variancc in the measurements of portable hacmoglobinometers under constderation
was attributed to the diluting step, which was the most important source of imprecision. In
other studies, sample dilution has also been considered io be one of the steps (hal reduce the
precision of haemoglobinemetry and are difficult (or untrained personnel to porform (von

Schrenk et al., 19806).

The Haemoglobin Colour Scale and HemoCuc method had higher sensitivity than the DIIT-
haemoglobinometer, but all the methods had bigh specificity for detection of anacmia i.e.
haemoglobin concentration below 8 gfdl. The sensitivity and specificity of the Haemaoglobin
Colour Scale and HemoCue achieved in this study are comparable to existing reports {(Neville,
1987; van den Broek, 1999). Literature on provious studies examining the sensitivity and
specificity of these methods is scarce, however studies based on human blood have reported
sensitivity and specificity of 81% and 76% for the Haemoglobin Colour Scale and 96% and
94% for the HemoCue method, respectively (van den Brock, 1999). Other studies have reposted
sensitivity and specificity of 88.5% and 77.6% for the HemoCue method (Meville, 1987). The
Haemoglobin Colour Scale and HemoCue gave acceptable seasitivity and specificity, but the
DHT-haemoglobinometer gave a low scnsitivity despite its high specificity (100%). The high
specificity of the DHT-baemoglobinameter could be attributed to its property of overestimation

of the haemoglobin concentration, hence giving values higher than 8 g/d! in most cases.

There was a highly sipnificant correlation between the PCV valucs and Hb mceasurements
obtained using all methods. Since the PCY has a direct relationship with the Hb concentration
in blood, these results were expected, but it should be noted that the Haemoglobin Colour Scale
had the highest correlation cocfficient, followed by the HemoCue method,

cyaumethaemoglobin method und the DHT-hacmoglobinometer. Thus it is clear that PCV

N
N
i
1




116

determination often used in veterinary medicing in the detection of anaemia could be

substituted with the measurement of Hb concentration.

Field veterinarians achieved good precision with the Macmoglobin Colour Scale and HemoCue
method. The tests performed by veterinary field extension staff demonstrated that personncl
with little or no laboratory experience could successfully use these haemoglobinometers. This
also emphasizes the importance of allowing cnd-users to cvaluate such equipment intended for
ficld use within the local setting, a practice that is i lime with a recommendation made by

others (Neville, 1987; Gong and Backenstose, 1999; van den Brock, 1999),

The cost of purchasing and running the haemoglobinometers intended for veterinarians
practising in developing countries is an important consideration. The Hacmoglobin Colour
Scale is the cheapest to run. The cost of the HemoCue is the same as that of the DHT-
haemoglobinometcr, but the cxira cost for sample analysis associated with the HemoCuc is
higher than that of the DHT due to the price of dispesable microcuveites (USH 0.5 (€ 0.44) per
cuvetie). The extra cost for the DHT-hacmoglobinometer is low; USS 0.02 (€ 0.617) per 1000
samples for purchasing thc ammonium solution. It has been suggested that manufacturers
should aim (¢ produce low-cost reusable microcuveties for the HemoCue or reduce the cost of
the disposable microcuvetics to US$ 0.03 (£ 0.026) cach, i order to make this metbod

affordable to developing countries (Johns and Lewis, 1989).

Qverall, the Haemoglobin Colour Scale is portable, cheap, casy to usc, precise and accurate
when instructions ate followed, but has the clement of subjcctive judgement of resnlts and
might be difficalt to use by people wiih colour blindness. On the other hand, the HomoCuc is
portable, easy to use, has no Inter-observer error, precise and accuraic, but is cxpensive. Field

experience in Uganda has revesled that the HemoCue photometer is sensitive to temperature
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above 30°C (Anderson and Magona, personal communication). This could be partly attributed
to the hygroscopic nature of the HemoCue cuvettes in that once the sealed coutainer is opeued,
the cuvettes react to the high humidity in hot and humid climatcs in the tropics (Sari et al.,
2001). The DHT-hasmoglobinometer is portable, cheap, simple, but is imprecise and less

accurats due 1o the dilution step involved.

In conclusion, the HemoCue and DHT-hacmoglobinometers could be utilized in veterinary
medicing in developing countrics by both private and government veterinarians in central or
district diagnostic laboratories becausc of the high cost involved, while the Haemoglobin
Colour Scale 1s surtable for use by field veterinarians, animal health workers and community
health workers under field conditions duc to its low cost and simplicity. Based on the
performance and the cost of these methods, the best choice of method would be the
Haemoglobin Colour Scale, followed by the HemoCue and the DHT-hacmoglobinometer. It is
also anticipated that the cost of the HemoCue microcuvettes will decrease with the advent of

the application of the HemoCue in both veterinary and human medicinge.
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Figure 5.1; A herd of Zebu catile in Uganda - ditferent individuals have different coat colours,
Under {ropical conditions, time of the day and coat colour bave significant influence on rectal .
temperature-a surropalc measure for pyrexia. Pyrexia is a characteristic clinical feature of

trypanosomosis, Bast Coast fever, anaplasmosts, babesiosis and cowdriosis.
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Chapter 5 Dinrmal variations of rectal termoperature and sensitivity of

narasitological diagnostic tests for {rypanesemosis

5.1 Influence of time of the day and coat colour of Zebu catile on diagnostic value of rectal

temperature

1Y fwireduction

Pyrexia is a commmon clinical feature associated with endemic bovine diseases in sub-Sabaran
Africa such as trypanosomosis, theileriosis, anaplasmosis, babesiosis and cowdriosis, Bovine
trypanosomosis is characterized by mtermittent fever, which is promincni during the early
phases of the diseasc when the waves of parasitaemia arc particularly high (Fiennes, 1970;
Holmes et al., 2000). In acute 7. vivax infections, the body temperature rises up to 40-41°C,
while in 70 congolense infections, the body temperature rises up to 39.4-40°C and pyrexia
pazallels the parasitacmia, which is usually lower than in 7% vivax infections (Stephen, 1986).
‘I'heileriosis is characterized by pyrexia and in confirmed ficld cases, the body temperature riscs
up to 40.1-40.2°C (Omusc, 1978). Pyrexia s also reported to be one of the main clinical signs
both in field (Egbe-Nwiyi et al., 1997) and experimental cases (Ajavi ef al, 1987) of
anaplasmosis. The acute syndrome of babesiosis in cattle is characterized by fever and body
temperature usually rises up to 41-45.5°C (Losos, 1986). Cowdriosis in cattle 15 characterized
by pyrexia, with a temperalure of 40-42°C lasting one week before dropping to subnormal level

before death (Cowdry, 1926).

In veterinary medicine, detcction of pyrexia rclics on the measurement of rectal icmperature.
Ficld veterinarians often measure recial temperature to deteet pyrexia whenever they come
across reported cascs, regardless of the time of the day. With regards to indigenous catile

breeds in sub-Sabaran Africa, therc s a wide variation in coaf colour between and within
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breeds (Felius, 1985). Heat absorption or reflection by the bovine skin differs according to the

coat colour (Hansen, 1990).

The uscfulness of rectal temperature as a diagnostic feature for endemic bovine diseases may
be curtailed by ifs variations due to factors such as coat colour and diurnal changes in ambient
temperature. In view of the above, a study was conducted to assess whether time of the day and

coat colour of Zcbu cattle influence rectal temperature under tropical conditions.

5.1.2  Muterials end methods

Twenty Zcbu heifers, aged between 12-18 monthis, consisting of 10 healthy and 10 unhealthy
were selected at LIRY, Tororo, Uganda. The entire group of 20 consisted of four animals with a
brown coat, six with a light brown coat, cight with a black coat, one with a grey coat and one
with bluck coat with white spots. Cattle were designated unhealthy based on clinical
examination, clinical history and laboratory examination of blood for trypanosomosis and tick-
bore diseases. Five serial obscrvations on rectal temperature of 20 animals were made at 05.00
hours, 09.00 hours, 13.00 hours, 17.00 hours and 21.00 hours of the day. The times of days
were arbitrarily chosen to cover the entire length of the day. Observations were repeated on 4
occasions a week apart. The influence of the time of the day and coat colour on rectal
temperature was assessed using multivariate anatysis (ANOVA) with the computer programme

Minitab (Minitab Statistical Software Release 13.1, Minitab Inc., Pennsylvania, U.5.A).

5.1.3  Results
Table 5.1 shows the factors that had a significant influnence on rectal temperature. The time of
the day and coat colour of caitle had a highly significant influence (P< 0.00}) on rectal

temperature.

Fipure 3.2 shows Lhe dinrnal variation of rectal temperature of a group of healthy cattle and

unhealthy ones. For both groups of cattle, the mean rectal temperature rose steadily and reached
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a peak at 17.00 hours, and then it declined. ¥ was noted that the mean rectal temperature of
unhealthy cattle was significantly higher (P< 0.05) than that of the healthy ones {from 13.00 to

17.00 hours, but not significant during other limes of the day.

Figure 5.3 shows the diurnal variation of rectal temperature of cattle of different coat colours.
All cattle independent of the coat colour experienced diurnal variation of the rectal tomperature.
Grey coal colour was associated with the highest mean temperature, followed by light brown,

pure black, pure brown and biack spotted white coats.

Results of one-way analysis of variants of rectal temperature of cattle to assess the influence of
various coat colours are shown in Table 5.2. The results suggest the influence of different coat
colours on rectal iemperature was significantly (P < 0.05) different. The mean rectal
temperature for cattle of different coat colours is further elucidated in Table 5.3. Cattle with a
grey coat colour had the highest mean rectal temperature, which was significantly higher than
that of cattle with bluck spotted whitc coat (P < 0.05), but not significantly higher than mean

rectal temperature for cattle with light brown, pure black and pure brown coats.
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Table 5.1; Multivariate analysis of rectal icmperature of cattle (n = 20) to assess the influence

of time of the day, coat colour and health status

Souarce DFE Seq 58 Adi 88 Adj MS F P-value
Time of the day 4 170.769 170769  42.692  183.66  <0.001
Coat colour 4 8.946 8.626 2.156 9.53 <0.001
Healthy 1 0.027 0.027 0.027 0.12 0.728
Error 390 88.255 88.255  0.226

Total 399 267.997
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Figure 5.2: Diurnal variation of the mean rectal temperature (= 95% CI) of healthy and

unhealthy Zebu cattle
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Figure 5.3: Diurnal variation of the mean rectal temperature (£ 95% CI) of Zebu cattle of

different coat colours




Table 5.2: One-way analysis of variants of rcctal temperature of Zebu cattle to assess the

influence of various coat colours

Source T DF 58 MS T P
Coat colour 4 8.946 2737 341 <0.03
Error 395 259.051 0.656

Total 399 267.998

Table 5.3: Differcnces in mean rectal temperature of' Zebu cattle of different coat colonrs

Individual 95% Cls For Mean

Based on Pooled Sthev

Coat colour N Mean StDey -t + -+ -
Brown 80 38.479 0.959 {rmen)
Grey 20 38905 0680 O
Brown/white 130 38.648 0.752 ¥ )
Black 150 38527 0.792 (%)
Black spotted whitc 20 38.065 0.765 (smueFomanas) i

- + + [ J
Pooled StBev =0.810 38.00 3850 39.00 3950
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5.1.4  Discussion

in this study, the effect of time of day and coal colour of Zebu catile under tropical conditions
on rectal temperatuke and its diagnostic value was investigated. The time of the day and coat
colour of cattle had a significant influence on rectal temperature. Diurpal variation of rectal
temperature was observed in both healthy and unhealthy caitle as reposted by others (Greig and

Melntyre, 1979; Hammond and Olson, 1994; Toharmat ef al., 1999).

No significant difference between ihe mean rectal temperature of the unhealthy and healthy
groups of caltle was obsecrved during much of the day, apart from during the period 13.00 to
17.00 hours. Similar findings were reported m a sindy conducted in Nigeria in which no
difference in rectal temperature was observed between trypanosome infected and non-infected
Mutwu cattle, a phenomenon that was atlributed to the trypanotolerant nature of this breed
(Uza ef al., 1998). Difforences in rectal temperature might not show up between healthy and
unhealthy cattlc of tropical breeds such as Zebu also becausc of their high degree of heat

tolerance, which has been associated with their short hair coat (Hammond and Olson, 19943,

DPiurnal variation of rectal tempceralure occurred in Zebu cattle with different coat colours. The
grey coat was associatcd with the highest mean temperature, followed by the light brown
{brown-white), pure black, pure brown and black spotted white coat. Therc was a significant
difference between coat colours in terms of their influence on rectal temperature, particularly
between the grey coat and the black spotted while. It must be recognised that the grey and black
spotted white coal groups had ouly onc amimal cach. Probably having more animals in each
coat colour group could have given a more distinet difference between groups in terms of mean
rectal temperature. Ilowever, there was an indication of vanation in heat tolcrance as a result of
coat colour, The hair coat colour is reported io be a phenotypic tiait that affects the ability of
caltle to resist cffcets of heat stress associated with high incident solar radiation and the abildy

of cattle hair to absorb light varics with colour (Hanscn, 1990). Small diurnal changes in rectal




127

temperature are said to be an indication of heat tolerance in cattle in a hot, humid environment
(Okantah ef @/, 1993). Increase in rectal temperature is reported to be less wn white than in

black Holstein cows under Subtropical conditions (Hansen, 1990),

These results indicate that it is itoportant to consider diurnal changes in rectal teniperaturs and
differences duc lo the coat colour of tropical breeds when measuring rectal temperature for
assessing pyrexia during clinical diagnosis. Other workers have also reported divrpal variation
of rectal temperature of cattle in humid {ropics (Amakiri and Funsha, 1979). Rectal temperature
was highest between 13.00 and 17.00 hours for both healthy and unhealthy groups. However,
this was the period when the unhealthy group had the distinctively higher mean rectal
temperature than the healthy group. This period was the most suitable time of the day for
veterinarians to detect pyrexia, however there was the likclihood of picking healthy cattle {false
positives) that have raised reclal temperature. Given that veterinarians are presented with sick
rather than healthy animals by farmers, it is unlikely that picking healthy animals would be a
problem. Taking into consideration the influence of time of day and the coat colour of cattle on
rectal temperature measurements could improve the assessment of pyrexia and detection of

clinical disease during clinical diagnosis of endemic diseases.
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52 Diwnal  varistion in  semsitivity of parvasitological diagnostic tests for

rypannsnmaesis

521  Imtroduction

Examination of blood by light microscopy is the most readily applied technique for diagnosis
of bovine trypanosomosis in the field. This involves scveral parasitological techniques often
referred to as standard trypanosome detection methods (Wilson, 1969} They include (2) thick,
thin and wet blood film examination, (i) subinoculation of susceptible animals and (iii)

concentration methods.

Parasitological tests only detect trypanosomes prescnt in the peripheral blood circulation.
During the carly phase of infection, the trypanosomes can be found in the peripheral circulation
in relatively high numbers. However, the numbers diminish with time, becoming undetectable
by parasitological tests during the chronie phasc of infection (Masake et af., 1993), when the
trypanosonies are sequestrated in various predilcction tissue sites such as the spleen, liver and
lymph nodes (Losos and Ikede, 1972; Masake and Nantulya, 1991). In catile, there are always
several parasitaciic peaks for upproximately the first 10 months post-infection before reaching
parasitolopically undetcctable levels (Masake and Nantulya, 1991). The first peak of
parasitaemia, which ranges from § x 10" to 5 x 10* trypanosomes per ml of blood, is obscrved

in the second week of infection (Masake and Nauntulya, 1991).

The sensitivity of parasitological diagnostic lechniques is low (Picozzi ef af, 2002). The
microhacmatocrit cenirifugation technique is thought to miss 80-90¢ % of the cases of boving
trypanosomosis {Masake and Nantulya, 1991}, & number of factors are said to influence the
sensitivity of parasitological tests. The actual nurbers of trypanosomes found in a usnit of blood
will vary with the technique employed to demonstrate them, site of blood whether jugular vein

or superficial venule blood, time of day, on the temperature of the animal, skill of the operator,




129

and the degree of physical activity underpone by the animal prior to bleeding (Stephen, 1986).
Presence of mixed infection leads to fow dctection rate of parasitological methods, since in
mixed infection the organisms belonging to the different species pive rise to different levels of
parasitaemia, making it difficult to identify the species that may be present in low numbers
(Nantulya ef al., 1992). For cxample, the levels of 7. congelense parasitacmia tend (o be much
fower than that scen in 7. vivax ifcction and often more quickly decline, but terminally there
may he resurgence of parasitacmia (Stephen, [1986). In 7. brucei infections, detectable
parasitacmia develops 4 io 17 days after the tsctsce bite and the peak level of parasitaemia of 10
to 5 x 10° trypanosomes per ml is attained in 2-3 wesks post-infection. Only 16.3% of the 7.
brucer infections in cattle have detectable parasitacmia within 3 months (Masake ef of., 1993).
For concentration {echniques, they must be read immediately blood samples are collected, at
least within 4 to 6 hours, otherwise the number of detectable trypanosomes in the sample

declines, especially with 7% congolense infection (Murray er al., 1977).

Despite the low sensitivity, muoch of the confirmatory diagnosis of bovine trypanosomosis in
the field siill relies on parasitological diagnosis. As a common practice when collecting blood
samples for parasitofogical cxamination, ficld veterinarians bleed animals at any time of the
day, withont due regard to the influence of the time of the day animals arc bled on the
sensitivity of the parasitological tests. ln view of this, this study was undertaken to investigate
whether ime of the day blood samples are taken and examined for trypanosomes under tropical

conditions atiects the detection rate of parasitological diagnostic tests.

5.2.2  Maierials and methods

Ten Zebu heifers, aged between 12-18 months exposed to tsetse challenge were bled from the
car vein at 03.00, 09.00, 13.00, 17.00 and 21.00 hours on four occasions at a weekly interval.
Samples were examined using the baematourit ceatrifugation technique, the Bulfy coat
technique and Giemsa-stained smears alt conductsd in parallel. Making of thick and thin blood

smears and bleeding were conducted simultansously. Fresh blood samples were examined
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immediatcly (within 13 to 20 minutes) they were collected. "Ihe influence of time of the day
and the different days bleeding was undertaken on the detection of trypanosomes were assessed
using multivariate analysis {(ANOVA) wilth the computer progranune Minitab {Minitab

Statistical Soltware Release 13.1, Minitab Inc., Pennsylvania, U.S.A).

5.2.3 FResulis

Parasitological examinations detecied that 2 out of 10 cattle had trypanosom¢ lection. Table
5.2 shows the resulis of multivariate analysis to assess (he influence of the day and the time of
day animals are bled on the sensitivity of parasitological diaguostic tests (HCT, BCT and
Giemsa-stained blood smears) for trypanosomosis. Neither factor bad any significant influence

(P > 0.05) on the scnsitivity of the diagnostic tests.

Table 5.3 shows the diumal sensitivity of parasitological tests for trypanosomc infections.
Trypanosome infections were detected in samples collected in the mornings (05,00 and 09.00
hours) amd in the evenings (17.00 and 21.00 hours), but not in afterncons (13.00 hours).
However, there was no significant difference (P > 0.05) in diurnal sensitivity of parasitelogical
tests for trypanosome infections. Parasiles were dotected in 5 out 200 samples, giving a

detection ratc of 2.5% (Table 5.3).
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Table 5.4 Multivariate analysis on the influcoce of the day and time of the day on the
sensitivity of parasitological diagnostic techniques for trypanosomosis
“Source nDF Seq S8 Adj S8 AdiMS & P-value
“Day 3 1.35 1.35 0.45 138 0.295
Time of the day A 0.5 0.5 (.125 (.38 0.816
Error 12 3.9 39 0.325
Total 19 5375
Table 5.5: Uiurnal variation of the detection raic of parasitological tests for
trypanosomaosis
T Numbers
Time of day Sampiés taken 1. congolense detected 7. vivax detected  Total detected
05.00 40 1 0 r
09.00 hr 40 0 1 1
13,00 hr 40 0 0 0
17.00 hr 40 1 0 1
21.00 hr 40 1 1 2
Overall 200 3 2 5
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524 Discussion

Diurnal variations o the sensitivity of parasitological diagnosiic test for bovine trypanosomosis
were investigated in this study. The fact that the highest detection rate was observed at 21.00
hours and the lowest at 13.00 hours, implied trypanosome numbers in peripheral blood
circulations fluctuated according to a 24-hour rhythm, These results are similar to findings of
other studies, where the highest numbers of T' congolense parasites cirenlating in rodent blood

was observed at 22.00 and the lowest numbers at 12.00 hours (Hawlking, 1976).

The cyele in total trypanosome numbers is reported to depend on the migration of trypanosome
between the peripheral and deep blood circulation (Hawking, 1976). In the relationship to the
changes in rectal temperature of cattle described carlicr, the sensitivity of parasitological tests
for trypanosome infections is lowest during the period 13.00-17.00 hours, when rectal
temperature is highest (see Section 5.1.3). Frobably the high body temperature, especially skin
temperature that occurs in cattle duting the period 13.00-17.00 howrs of the day triggers
migration of trypanosomes from the peripheral to the deep blood circulation, hence reducing

the number of trypanosomes detsctable in peripheral blood by parasitological tests.

Although the general trend highlighted the occurrence of dinrsal variations in the parasitaemia
of trypanosomes, neither of the factors: time of the day nor the day had sigrificant influence on
the detection rale of parasitological tesis. This could probably imply that factors such as phase
of trypanosome mfections: early or chronic phasc (Masuke and Nantulya, 1991) and presence
of mixed trypanosome infections (Stephen, 1986, Naatulya er af., 1992; Masake ef al,, 1995).
among others, have a wmore significant influence on the level of parasitaemia of the
Lrypanosomes than the time of the day does. Bearing in mund there were few trypanosome-
mtected ammals (0 = 2) in this experiment, as dictated by unavailabibity of a sufficient sample
siz¢ of catile naturally infected with trypanosomes, this study needs to be conducted with a
larger sample {probably more than 10} of infected cattle to fully ascertain the significance of

the time of the day on the sensitivity of parasitological tests. Ivevertheless, these resulls indicate
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the highest detcetion rate of parasitological tests for irypanosomosis is achieved when cattle
blood samplcs are taken and examined between 17.00 and 09.00 hours, including 21.00 hours
under tropical conditions. Collection and examinations of cattle blood for trypanosome
intections at 13.00 hours using parasitological tests shiould be avoided because it is associated
with the lowest detection rate of infection. Overall, these results demonstrated that Lhe
sensitivity of parasitological tests for trypanocsomosis is low, a finding consistent with thosc of
other studies (Kisler et af., 1998; Picozzi ef al, 2002). Apart from taking blood samples during a
particular time of the day (17.00 and 09.00 hours) to achicve optimal detection rate with
microscopy, there is a need (o supplement these technigues with more sensitive penside
diagnostic fests for trypanosomosis, clinical diagnosis and decision support tools to enable field

veterinarians to effectively diagnosc and treat cases of trypanosomosis.
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Figure 6.1: High infestation of Amblyomme variegatum ticks on a Zebu cow in Uganda during
the longitudinal study — despite the infestation of Zebu cattle with these vector ticks for
cowdriosis, no cases of cowdriosis were detected. 'This confirmed the fact that though bovine
cowdriosis is often fatal especially in susceptible cattle introduced into Amblvomma-infested
areas, particularly in imported exotic breeds, cases are rare m indigenous cattle found in

endemic areas

1
!




Chapter ¢ Epidemiology of endemic discases in cattle kept under a

mixed crop-iivestock system in Uganda

6.1 In{roduction

The epidemiology of various endemic diseases of cattle with particular refercnce to the
prevalence, morbidity and wmortality rates aod patterns of the major tick-borne diseases
{anaplasmosis, babesiosls and theileriosis) are described in this Chapter with reference to the

mixed-crop-livestock production system in South East Uganda,

Cattle that are infected with the tick-borne diseases anaplasmosis, babesiosis and theiieriosis
develop detectable serological responses if animals survive infection. As illustrated in Figure
6.2, calves are barnc naive with respect to tick-bome disease antigen exposure, but thev get
nitial protection against tick-borne diseases by means of passive immunity {Tom maternal
antibodies received through colostrum (Burridge and Eimber, 1973; Losos, 1986). Maternal
antibadies to babesiosis and anaplasmosis i calves disappear after 9-12 months (De Vos, 1979,
Jonggjan ef al., 1988; Potgieter and Stoltz, 1994), while for theileriosis; they wane after 4-8
months (Norval ef al., 1992; Deem et al., 1993; Okello~-Onen et af., 1998a; Gilau ef af., 2000).
After maternal antibodies to tick-borne diseases have waned, animals get a priming immunity

response from natural aclive infaction during the initial exposure to tick challenge when they

sgrogonvert.

Serological investigation of tick-borne diseases presupposed the following disease scenario for
a production system where cattle are extensively exposed to tick challenge (Figure 6.2). The
majority of calves up to 4 — 8 months old bave maternal antibodies (phase 1), the mateimal
antibodics later wane (phase 2), then calves get a priming immune response from natural active

infection on exposure to tick-borne diseases when the calves seroconveri (phase 3). Phase 4
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represents antibody response to tick-borne diseases in adult cattle in which the antibody titrc
declines or nises depending on the tick challenge. In some individuals e.g. (a) and (b} in Figure
6.2, antibodics may decline espectally when the tick challenge is low. However, as tick
chalienge increases, such animals’ timmune responses are baosted and thus there Is a rise in

antibody titre.

Various epidemiologic states of tick-borne dissases occur because of varying innate
susceptibility of hosts, varying susceptibility to infection of different tick populations and
varying levels of infection in ticks and cattlc (Perry and Young, 1995). Indigenous cattle in
TRI} endemic arcus rarcly become heavily infested with ticks and thus suffer small or
insignificant production losses as a result of tick-borne diseases (Norval ef al., 1992; Lawrence
ei al., 1996, Okello-Cunen ef af., 1998b), However, indigenous breeds of cattle are at risk of
TBDs in situations where they are subjected to intensive tick control or when they are maoved
from disease-free to endemic arcas or during prolonged rains in marginal areas when their
immunity declinss as a result of low tick survival and challenge (Tongejan ef al., 1988; Norval

et al., 1992; Deem et al | 1993; Latif ef af., 1995; Okello-Onen et al., 2003},

In cases of limited exposure to tick challenge or varying tick challenge, immunity wanes. Field
rechallenge depends on geographical location and agroecological factors e.g. periodic
unsuitability of the climate for survival and development of R appendiculatus (Pervy and
Young, 1995). The level of tick challenge is also influenced by low mfection rates of 1. parva

in ticks acquired from low parasitacmias in fmmung carrier cattle (Perry and Young, 1995).
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Transmission of B. bigemina infection might not be affected by scasonal fluctuations of the
level of Boophilus spp. tick challenge, because during transovarial transmission of B. bigemina,
transmission occurs during nymphal and adult feeding periods aad it can continue through
several generations of ticks in the absence of rc-infection (Norval e al., 1983). Low
parasitacmias of babesiosis often maintained in Bos indicus catile enable them to maiatain
enzootic stability, but make the critical level of tick infostation required for maintensnce of
babesial infections in Bos indicus caltle lagher than in Bos faurus caltle (Jongejun ef af., 1988),
For iransmission of 7. parva infeetions, common strains of 7. parva in castern Africa rosult in
persistent infections of erythrocytes m cattle, creating a carrier status that is a continual source

of mfection to ticks (Perry and Young, 1995).

For anaplasmosis, animals that recover usuvally become life-long catriexrs of the parasites
(Norval et al., 1984), however, avtosterilization renders animals susceptible to infection again
within several months, because clearance of parasite from the blood stream is followed by the
disappearance of antibodics (o the parasiic (Polgicter aud Stollz, 1994}, unless such animals get

rc-challenged by ticks.

An important component of tick-borne serclogy is the sensitivity and specificity of the
diagnostic methods cmploved. The direct mothod for diagnosis of TBDs such as light
microscopy for identification of the presence of Babesia, Theileria and Anoplasma parasites in
Gicmsa-stained blood or lymph node biopsy smears does noi provide accurate information
about prevalence because it bas a low sensitivity especiaily when the infection rate is low, as
occurs with carrigr amimals (Morzaria et al., 1999). Serological methads are better suited for
this purpose. Impraved ELISAs based on rccombinant and synfthetic peptide species-specific
antigens now exist for TBDs. These assays which are standardised and fully validated, have

high sensitivity and specificity (Morzaria ef af., 1999).
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The ELISA for detection of antibodics against 7. parva infection utilises ihe polymorphic
immunodominant molecnle (P1M) as the diagnostic recombinant antigen (Kalende et al, 1998).
PIM has a molecular weight of 85 kD (Katende e al., 1998) and is predominantly found on the
surface of the schizont stage of Theileria parasite but is also present in the sporozoite
microspheres (Morzaria ef al, 1999). Other candidate diagnostic antigens described for 1
parva include p67, pl04 and pl05 (Katende ef af., 1998), The p67 molecule is a stage-specific
antigen found on the surface of sporozoites and hus a molecular weight of 67kD. The pl04
moleculc 1s an antigen found in the sporazoite stage and has a molecular weight of 104kD, The
pl50 molecule is an antigen found both in the sporozoite microspheres and in the schizont
stages (Morzaria ef /., 1999). However, among all 1hese antigens, PIM is the most sensitive of
all the candidate antigens for 7. parva because 92% of the field sera have antibodies to it and
the PIM-ELISA has a sensitivity of over 99% and a specificity of 94-98% (Katcnde ef ol

1998).

The ELISA for detecting antibodies o A. marginale utilises a standardized recombinant 19kD
antigen of A. marginale. 'I'he assay has a scnsitivity and specificity of over 90% (Morzaria et
al., 1999). For detection of antibodics to B. bigeming, the assay utiliscs a standardized
rweombinant 200 kD antigen of B, bigemina. F200 1s a merozoite antigen which is reported to
be recognized by 98% of the sera collected from cattle in areas where B. bigemina infection is
cndemic. The assay has a sensitivity and specificity ot over 90% (Tebcele er al., 1995).
Fowever, it must be recognized that the immune response to these antigen molecules in cattle

is complex.

&2 Wiagerials aud methods
Although from the cross-sectional study, disease prevalence and distribution conld be

established, it was realiscd there was a Bmitation o the range of diseases deteoted, fow cascs of

fva b - s
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diseasc were found and incidence of tick-borne discases often assesscd through seroconversion
determined by scrology. could not be obtained through a cross-sectional study. Thus a
longitudinal study design in which the same animals and herds were followed over a long
period of time was adopled because 1t was more appropriate for detection of more diseases and
cascs, and was more suitable for studying patterns of diseases than the cross-sectional study.
During the both the cross-scctional and longitudinal studies, clinical, parasitological and

serological data were collected (see Chapter 3).

6.2.1  Puatu analysis

Parasitological prevalences of the various diseases were calculated and seroprevalences where
available, were plotted to assess the discase limpoctance. Provalence of cascs was calculated to
asscss the morbidity of the various endemic diseases nnder consideration. Prevalence rather
than incidence was chosen since the main focus was to identify discase problems for long-term
disease control strategies, for which prevalence is recommended {Thrusfield, 1995). Diseasc
mortality wus assessed through caleulation of the crude morlslity rates. The average population
at risk was the average of the population at the beginaing of the study (628) and the end of 12
months (549}. Clnical signs manifested by cases and their parasitological findings on sampling
visits prior to death were uscd as the basis for determining the probable disease responsible for

death. Prevalence and the crude mortality rates were calculated using the following formulae

deseribed by Thrusfield (1995):

Prevalence = Number of individuals having a discase at a particular point in fime
Number of individuals i the population at rigk at that poiat in time

Crude mortality rate = 'I'otal number dying

Average population at risk
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For purposes of data analysis, morbidity was based on presence of sickness as defined as
clinical manifestation of anaemia, weighi loss, pallor of mucous membranes, lymph node

enlargement, staring coat, diarthoes, lacrymation and fever in addition to presence of

aetiological agents.

Given a {cst cut-off point of 20 PP for the 7. parva ELISA and considering animals with 10 PP
above the cut-off point as being marginally greater than the threshold (see Chapter 3, Section
3.7.6.4.2), animals initiatly negative (30 PP and below) were considered to have seroconverted
if they had had a sero-increase of at least 20 PP on the subsequent visit. For anaplasmosis and
babesiosis, animals initially scronegative (25 PP and below) were considered to have
seroconverted if they had had at least a scro-increase of 15 PP on the subsequent visit, taking
into account a cut-off point of 15 PP for both diseases and allowing for 10 PP above the cut-off
point. Seroconversion rate was calculated using the following formula:

Seroconversion rate = Number of animals with the first seroconversion

Number of animals in the population at risk at that point in time

The distribution of tick infestation according to villages was examined through plois of the
proportion of ammals infested with Rhipicephaius and Boophilus species ticks in the diflerent
villages. Seroconversion rates of cattle of different age groups under Jow tick challenge werc
compared fo those of cattle under high tick challenge using the Chi-square tesi performed with

the computer programme Epilnfo 2000 (Centre for Discase Control, Atlanta, USA).

6.3 Results

6.3.1 Parasitological prevalence of varvious endemic diseases
Of the 450 cattle cxamined vsing parasitological techniques during the cross-sectional study,
44% had fasciolosis, 14.4% had trypanosomosis, 7.6% had theileriosis. 6.4% had parasitic

gastroenteritis and  5.3% had anaplasmosis. Cases of concurreni fasciolosis  with

W et .
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trypanosomosis, theileriosis and anaplasmesis were found in 4.4%, 2.9% and 1.8% of the
aniimals, respectively. Concurrent disease involving trypanosomosis, theileriosis, anaplasmosis,
babesiosts, parasitic gastroenteritis and fasciolosis was detected in 2.4% of the animals, Cases
of cowdriosis were not encountered, despite the abundance of the lick vector Amblyomma

variegatum.

Of the cumulative 7308 animals sampled over the entive 12 months of the longitudinal study
period, 1724, 1577, 995, 490, 318, 78 and § were parasitologically positive for anaplasmosis,
theileriosis, fasciolosis, nparasilic gastroenteritis, trypanosomosis, babesiosis and
schistosomosis, respectively. In order of importance regarding the overall parasitological
prevalences, the diseases were: anaplasmosis (23.6%), theileriosis (21.6%), fasciolosis (13.6%),
parasitic gastroeuiertis (6.7%), trypancsomosis {4.4%), babesiosis (1.0%) and schistosomosis

(0.1%).

6.3.2  Seroprevalence of major tick-borne diseases

The monthly seroprevalences of 7. parva, A. marginale and B. bigemina infections in cattle in
the study area are shown in Figure 6.3. The scroprevalence of 17 parva infection was high,
being 77.3% over the entire siudy period and vanied belween 68.9% and 85.8%,. The
seroprevalence of A marginale infection was also high, being 70.6% over the entire study
period and varicd between 36.2% and 85.6%. For B. bigemina infection, the scroprevalcince

was medium, being 66.5% over the cntire study period and varied between 54 9% and 76.9%.

6.3.7  Morbidity of endemic diseases

Of the cumulative 7308 anumals examined both clinically and parasitologically over a 12«
month study period, 1265, 116k, 517, 247, 233 and 18 cases of anaplasmosis, theileriosis,
fasciolosis, parasitic gastroentenitis, irypanosomosis and babesiosis were detected, respectively.

lo. order of mportance in terms of their morbidity rates, the discases were: anaplasmosis
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(17.1%), theileriosis {15.6%), fasciolosis (7.0%), parasitic gastroenteritis {3.3%),
trypanosomosts (3.2%) and babesiosis (0.2%). Although a few catile secrcted Schistosoma

egps, no cascs of schistosomosis were found.

6.3.4 Mortality of caitle associated with various endemic diseases

The overall annual crude mortality rate was low (5.2%). East Coast fover was the single most
important cause of discasc-related mortality, being respansible for 0.8%, followed by
anaplasmosis (0.5%). Howcever much of the discasc-related mortality of 3.7% was due to
multiple diseases involving Hast Coast fever, anaplasmosis, trypanosomosis, fasciolosis,
parasitic gastroenteritis and babesiosis. Much of the mortality involved young animals up to 12
motths of age, being 12.4% ia animals up to 6 months of age and 11.9% in the 7-12 months
age group. In older animals in the age groups of the 13-24 months and over 24 months,

mortality rates were low, being 0.7% and 2.4%, respectively.

The major causes of death of amimals up to 0 months of age included, East Coast fever and
intercurrent disease involving East Coast fever with trypanosomosis, anaplasmosis, parasitic
gastroenteritis, fasciolosis and babesiosis. For animals in the age-group 7-12 months, death was
mainly due to East Coast fever, anaplasmosis and infercursent disease involving East Coast
fover with anaplasmosis, trypanosomosis, parasitic gastroenteritis and fasciolosis, All the
deaths of animals in the age-group 13-24 montbs were due to unkanown causes. For older
amumals (> 24 months), their major cause of death was anaplasmosis and intercurrent disease

involving anaplasmosis with either fasciolosis or irypanosomosis and East Coast fover.
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Figure 6.3: Monthly seroprevalence of 7. parva, A. marginale and B. bigemina infections

during the study period
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6.3.5 Serological patterns of tick-borne diseases in cattle under field conditions

Figure 6.4 illustrates classical seroconversion to tick-borne diseases of cattle. Calves initially
test negative when born to seronegative dams or when passive maternal antibodies have
decayed to a negative level. At this stage calves are said to be in a pre-seroconversion phase. As
time goes on such seronegative calves on exposure to tick-borne infection test positive, then
they are said to have seroconverted. The seroconversion episode always falls between two
points: the acute and convalescent sample. Seroconverted animals are expected to stay positive

subsequently during the post-seroconversion period.

Figure 6.4: Schematic illustration of seroconversion to tick-borne diseases

Antibodies (percent positivity)
A

; Seroconversion episode Post- seroconversion
Pre- seroconversion

< » 4—> <+ >

Convalescent sample
Acute sample
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s Cut-off point

Time
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Usually cattle seroconvert once and remain positive, as they grow older especially when
exposed to regular tick challenge (see Section 6.1). Seroconversion or primary immune
response ¢an only occur in an immunological naive anumal, thus it is only newborn calves that
undergo seroconversion, However, as shown in Table 6.1, this study showed some animals may
bave a sccondary immune response (sero-event) under such an extensive production system, Of
the cattle examined during the study, 13.0%, 12.2% and 6.0% had secondary immune responses

(multiple seroconversions) o A, marginale, B. bigemina and 1" parva infections, respectively.

Table 6.1: Distribution of cattle according to the number of scroconversions to 4. marginale, B.

bigeming and T. parva infections

Number of animals with differant tick-horne infections

Nature of sereconversion A ma:‘gi.;zale & bigeming 1. parva
Multiple seroconversions 84 l 79 39
Single seroconversion 258 240 207

No seroconversion 306 329 402

Examples of serological profiles of cattle of differeni ape groups that had more than one
seroconversion to A. marginale infection are shown in Figures 6.5 and 6.6, In Figure 6.5 (a) the
general trend was of calves (0-6 months) seroconverting after 6 months, while in ¥igurc 6.5 (b)
the trend was of calves (7-12 months) probably already seroconverted having had a decline of
antibodics, which then fluctuaied around the threshold for several months, In Figure 6.6 {c),
antibodics in young cattle (13-24 months) rosc above the threshold in some animals hut in
others the level fluctnated around the threshold. In Figure 6.6 (d), antibody levels in adul( eattfe

(> 24 months) also fluctuated around the threshold.
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Figure 6.5: Selected profiles of antibodies against 4. marginale infections in cattle aged 0-6
months (a) and 7-12 months (b) in Uganda. The bold line represents the threshold for

seroconversion (25PP)
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Figure 6.6: Selected profiles of antibodies against 4. marginale infections in cattle aged 13-24
months (¢ ) and > 24 months (d) in Uganda. The bold line represents the threshold for

seroconversion (25PP)
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Fxamples of scrological profiles of cattle of different age groups that bad more than one
seroconversion to B. bigemina infection are sbown in Figures 6.7 and 6.8, In calves up to 0
months old, the antibody (maternal) level declined and was followed by seroconversion to B.
bigemina infection and subsequent fluctuation of antibody level around the threshold (Figure
6.73). In Figurc 6.7 (b) some calves of 7-12 months old experienced a rise in antibody level
probably as a result of seroconversion, but other calves had antibody levels that remained
beiow the threshold throughout the study period. In Figure 6.8 (¢) young cattle of 13-24 months
old, experienced a decline followed by a rise in antibody level. In Figure 6.8 (d) some adult
cattle (> 24 months) maintained the antibody levels below the threshold throughout the study
period, while others in the same age group experienced a decling followed by a rise in the

antibody level.

Examples of serological profiles of catile of differeni age groups that bad more than one
seroconversion to 7. parva infeetion are shown in Figures 6.9 and 6.10. In Figure 6.9 (a) some
calves of up to 6 months old experienced a decline of matemal antibodies followed by
seroconversion, but for olhers that were initially negative seroconverted. In Figure 6.9 (b)
calves of 7-12 months old, had fluctuating antibody levels around the threshold. in Figure 6.10
(c) young, cattle of 13-24 months old experienced a fluctuation of antibody levels arcund the
threshold throughout the study. In Figure 6.10 (d} some adult cattle of > 24 months old
experienced a decline followed by a rise of antibody level, while others experienced a persistent

decline of the antibody level, which cventually remained low.
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Figure 6.7: Selected profiles of antibodies against B. bigemina infections in cattle aged 0-6
months (a) and 7-12 months (b) in Uganda. The bold line represents the threshold for

seroconversion (25PP)
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Figure 6.8: Selected profiles of antibodies against B. bigemina infections in cattle aged 13-24
months (¢ ) and > 24 months (d) in Uganda. The bold line represents the threshold for

seroconversion (25PP)
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Figure 6.9: Selected profiles of antibodies against 7. parva infections in cattle aged 0-6 months

(a) and 7-12 months (b) in Uganda. The bold line represents the threshold for seroconversion

(30PP)
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Figure 6.10: Selected profiles of antibodies against 7. parva infections in cattle aged 13-24
months (¢ ) and > 24 months (d) in Uganda. The bold line represents the threshold for

seroconversion (30PP)
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The proportion of cattle in different study villages infested with Rhipicephalus appendiculatus
is shown in Figure 6.11. Whereas over 90% of the caitle in some villages: Buyimini, Kubo,
Nanjeho, Ojilai and Sitengo were infested with R appendiculatus ticks throughout the study
period, in others: Bunghaji, Hitunga and Magoje, fower animals (10-80%) were infested. The
former set of villages had a high tick challenge and the latter set of villages had low a tick

challenge as regards R appendicularus.

The proportion of catile in different study villages infested with Boophilus spp. is shown in
Figurc 6.12. Unlike R appendiculotus, the distinction between villages in terms of the
distribution of Boophilius spp was not very clear. However, 40-80% of the caftle in some
villages: Buyimini, Ojilai, Nanjeho, Hitunga and Kubo were infested with Boophilus spp. ticks
throughout the study period, while in other villages: Sitengo, Magoje and Bunghap fewer
animals {10-40%) were infested. For Boophifus spp. ticks, the former villages had a high tick

challenge while the latter villages had a low tick challenge.

The proportion of cattlc infested with R appendiculatus . the Jow and high tick challunge
zones are compared in Figure 6,13, The proportion of cattle infested with R. appendiculatus in
the high tick challenge zone was significantly higher than of the low tick challenge zone (P <

0.05).

The proportion of cattle infested with Boophilus spp. ticks in the low and high tick challenge
zones arc compared 1 Figure 6.14. The proportion of cattle infested with Boophifus sp. ticks in
the high tick chullenge zonc was significantly higher than that of the low tick challenge zone (P

< 0.05).
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Figure 6.11: Village-level distribution of R. appendiculatus infestation of cattle
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Figure 6.12: Village-level distribution of Boophilus sp. infestation of cattle
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Fig. 6.13: Monthly proportion of cattle infested with R appendiculatus (+ 95% CI) in the high

and low tick challenge zones
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Fig. 6.14: Monthly proportion of cattle infested with Boophilus sp. ticks (= 95% CI) in the high

and low tick challenge zones




Scroconversion rates of catle of different age groups to 4. marginale, B. higemina and T. parva
infections in the high and low tick challenge zones are shown in Figures 6.15, 6,16 and 6.17,
respectively. In Figure 6,15, seroconversion rates to 4. marginale infection of caitle of all age
groups under low tick challenge were higher than those of their counterparts under high tick
challenge (0-6m, 14% vs 11.4%; 7-12 m, 11.9% vs 8.5%; 13-24m, 9.5% vs 6.6%; >24m,
11.4% vs 7.8%). Howevcer, there was no statistically siguificant difference between the two
zones in terms of seroconversion raics of cattle of all age groups (6m, ¥° = 0.58, DF = 1, P=
0.44; 7-12m, x*= 3.0, DF = 1, P=0.08; 13-2dm, 3>~ 2.2, D¥ = |, P=0.13; >24m, x*=3.7, DF
= 1, P= 0.03). Independent of the tick challenge, calves up t0 6 months old had a high
serocanversion rate. In subscquent age groups, there was a decline up to the age of 13-24

months, followed by a rise in older animals (> 24 months).

As regards B. higemina infection (Figure 6.16), apart from calves up to 6 months old,
seroconversion rates of cattle of different age groups under high tick challcnge were higher
than those of their counterparts wider low tick challenge (7-12m, 11.2% vs 9.6%, 13-24m,
10.3% vs 10.1%, >24m, 8.1% vs 4.9%). A statistically significant difference was observed
between seroconversion rates of older cattle (> 24 m) {y*=4.5, DF = |, P < 0.05). Otherwise,
there was no significant difference between seroconversion rates of cattle of ociher age groups
of the two zones (0-6m, x*=2.6, DF =1, P=0.10; 7-12m, ¥’ = 0.67, DF = |, P= 0.41; 13-24m,
¥’ = 0.006, DF = |, P= 0,93). On the confrary, calves of up to 6 months old under low tick
challenge had a higher scroconversion rate (16%) than those 1 the high tick challenge zone
(9.1%). In terms of the gencral wend, under low tick challenge seroconversion rates decreased
with age, while under high tick challenge seroconversion rates increased with age up to 24

months then dechined.

For T. parva infections (Figure 6.17}, seroconversion tates were high and similar in calves of 6

months old both under low and high tick challenge. Under low tick challenge, seroconversion

L i e
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rates remained at the same level in all age groups, but under high tick challenge, they decreased
with age. Seroconversion rates of cattle older than 6 months under low tick challenge were
higher than those of their counterparts under high tick challenge (7-12m, 9% vs 4.9%; 13-24m,
10.2% vs 4.7%; > 24m, 9.9% vs 3.8%). This difference between the seroconversion rates of
cattle older than 6 months of the two zones was significant (7-12m, ¥*= 11.7, DF = 1, P< 0.05;

13-24m, x*>= 11.2, DF = 1, P< 0.05; > 24m, %’ = 27.2, DF = 1, P< 0.001).

Seroconversion index

High

Tick level

[m>24m W13-24m O7-12m O6m |

Fig. 6.15: Seroconversion rates of cattle of different age groups to A. marginale infection in the

high and low tick challenge zones
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Seroconversion index

High

Tick level

'm>24m @13-24m O7-12m O6m |

Fig. 6.16: Seroconversion rates of cattle of different age groups to B. higemina infection in the

high and low tick challenge zones
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Seroconversion index
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Tick level
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Fig. 6.17: Seroconversion rates of cattle of different age groups to 7. parva infection in the high

and low tick challenge zones
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6.3 Discussion

The importance of various endemic discases in cattle in South Last Uganda regarding (heir
prevalence, morbidity and mortality ratcs was investigated in a prospective study. The endemic
discases detected in order of importance regarding parasitogical prevalence were: avaplasmosis
(23.6%), theileniosis (21.6%), fasciolosis (13.6%), parasitic gastroenteritis (6.7%),
trvpanosomosis (4.4%}, babesiosis (1.6%) and schistosomosis (0.1%). The parasitological
prevalences found were comparable to 29% obtained previously by Ssenyonga et al., (1991} for
anaplasmosis, 48% reported for theileriosis (Magona and Mayende, 2002) and 0.6% reported
for schistosomosis (Magona ef af., 1999), but were fower than 16% roported for babesiosis
(Magona and Mayende, 2002), 29-36% for fasciolosis (Magona et af, 1999), 25% flor
teypanosomaosis (Okuna et af, 1996) and 22-61% for parasitic pastroenteritis (Magona and
Mayende, 2002). A small proportion of cattle (1.8-4.4%) examined during the cross-sectional

study were sullering from concurrent diseases.

Moderate 1o high scroprevalences of 68.9-85.8%, 56.2-85.6% and 54.9-76.9% for 1. parva, 4.
margirale and B. bigemina infections, respectively, were found. This probably implied that
caltle populations siudied were extensively exposed to 7. parva, A. marginale and B. bigemina
infections. High sexoprevalences for 7. parva, A. marginale and B. digemina infections have
been attributed 1o the widespread exposure of large proportions of cattle to East Coast fever,
babesiosis and anaplasmosis with the resultant development of clinical or mild diseases and
attainment of a state of endermic stability to tick-borne diseases (Gitau ¢f ol 2000, Maloo e al.,

2001b).

A low overall annual erude mortality rate (5.2%) was found in the study area. East Coast feves
was found to be the single most important cause of discase-rclaled mortality (0.8%), followed
by anaplasmosis {0.5%). This was consistont with previous estimates that Fast Coast fever is

responsiblc for 79% while anaplasmosis is responsible for only 11% of cattic deaths
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attributable to tick-borne diseases in Uganda (Anon., 1992). However much of the discase-
related mortafity of 3.7% was due to multiplc diseascs involving Fast Coast fover with
anaplasmosis, (rypanosomosis, fasciolusis, parasitic gastrocnteritis and  babesiosis.
Underpinning the factor that suppression of the immune response by one pathogen prevents the
host from mounting a normal response against other invading pathopens us was also
demonstrated in other studies assessing coffects of infercurrent trypanosamosis and

gastrointestinal nematode infections (Kaufinann et of., 1992; Dwinger et al., 1994).

Much of the mortality involved young animals up to 12 months of age, with morlality rates of
12.4% and 11.9% for animals up to 6 months and 7-12 montbs of age, respectively. Older
ammals of 13-24 months and over 24 months had low mortality rates (0.7% and 2.4%,
respectively). These rates in voung animals were similar to a mortality rate of 19% observed in

amimals before the age of 1 year reported in other studies elsewhere (Ganaba er af., 2002).

The major causcs of death of young animals up to 12 mouths of age included, East Coast fever
and intercurrent disease involving East Coast fever with irypanosomosis, anaplasmosis,
parasitic gastroenteritis, fasciolosis and babesiosis. East Coast fever has been reported in other
studies elsewhere to cause a mortality rate of' 14% in 10-1nonths old crossbred calves (Jacobsen,
1083) and 13.5% in Zebu calves up to | vear old (Okello-Onen, 1996). Clinical helminth
infections have ajso been reported in other studies to cause additional stress that aggravates
mortality of indigenous Zebu cattle (Omara-Opyene, 1985; Warniry ef o, 1998: Rubaire-
Akiiki et al., 1999). Tt is also noteworthy that the immunosuppressive effect of trypanosomosis
(Dwinger ef al., 1994) could have cxacerbated the cffects of East Coast fever in intercurrent

disease mvolving irypanosomosis and East Coast fover.

Anaplasmosis and intercurrent disease involving anaplasmosis with either fusciolosis or

irypanosomosis were the major canses of death in cattle of over 24 months old. In other studics,
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stress resulting from chronic subclinical trypanosomosis due to 7 vivax or T. congolense has
been reporied to lead to recrudescence of parasitaemia and clinical anaplasmosis in premune
carrier animals (Fox e al., 1993) with resultant mortality in adult cattle. Manifestation of
fasciolosis in cattle is oflen subchnical lcading to retarded growth and reduced productivity,
however it is reported to make affected animals more susceptible to other infections (Waruiru
et al., 2000} such as anaplasmosis. A combination of anaplasmosis, trypanosomosis and

fasciolosis could cause extremely severe anacmia culminating into death,

It was evident that moderate parasitological prevalences of the various endemic diseascs found
in cattle: anaplasmosis (23.6%), theileriosis (21.6%), fasciolosis (13.6%), parasitic
pastrocnteritis (6.7%), trypanosomosis {4.4%), babesiosis (1.6%) and schistosomosis (0.1%)
were associated with low morbidity rates: anaplasmosis (17.1%), theileriosis {15.6%),
fasciolosis (7.0%), parasitic gastroenteritis (3.3%), trypanosomosis (3.2%) and babesiosis
(0.2%). The low disease morbidity observed could be atiributed in part o a degree of genetic
resistance to both ticks and tick-borne diseases possessed by indigenous cattle (Norval ef af.,
1992: Lawrence ef al, 1996). i could also be attributed to the fact that wost helminth
infections are subclinical under adequate nutitional levels and clinical disease only occurs

when the nutritional level subsequently declines (Warairu ef al., 1993).

Cnly a few cattle secreted Schisrosoma eggs and no cases of schistasomosis were found either.
The low detection raie of infcction was probably, in part, attributed to in-depth diagnostic
procedures using the more sensitive syringe filtration or the V'eesdale smear technique not being
undertaken because of the low prevalence of the discase that did not warrant so, Howcver, the
low prevalence of bovine schistosomosis could also be attributed to the bighly focalised nature
of this discase in cndemic arcas due to the underlying aggregated distribution of intermediate
snail hosts (de Bont and Vercruysse, 1998) that could have lod to missing of infections in the

villages studied.
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Cascs of cowdriosis were not encountered, despite abundance of the tick vector 4. variegatum.
Usually most cases of cowdriosis are diagnosed after death (Cowdry, 1926). In addition, there
were no appropriate tools availablc to undertake cowdriosis serology. However, bovine
cowdriosis is oflen fatal especially in susceptible cattle introduced into Amblyomma-infesied

areas, but cases arc rarc in indigenous caitle found in enderie arcas (Losos, 1986),

Regarding scroconversion, a few cattle m the study arca experienced secondary immune
response to A, marginale (13%), B. bigemina (12.2%) and T. parva infections (6%). Probably
this was due to scasonal variation in the tick challenge at village level or tick control measurcs
and management practices such as keeping animals under stall-feeding that are ieported to limit
exposure to infection and create susceptible populations of cattle (Perry and Young, 1995;
Maloo et af., 2001c). In absence of rechallenge, antibodies to 7. parva gencraled in a primary
unmung response (seroconversion) decline to negative levels within 6 months paost-infection
(O’Callaghan, 1998). However, none of the cattle in the study arca were kept under stall-
feeding system and not much in terms of tick control was practised in the production system
studied. It is possible there could have been some irregular tick control such as tick hand
picking carried out on the few animals that had muliiple seroconversions. Refinitely, seasonal
variation of the abundance of Rhipicephaius and Boophilus specics ticks on cattle was observed

in some villages (sec Figure 6.11 und 6.12).

Serological profiles of cattle of different age groups thal had more than one scroconversion
were exanined. For A marginale infections, most calves up to 6 months of age and a
proportion of calves of 7-17 months old cxpericnced seroconversion, but for calves of 7-12
snonths old that had already seroconverted, experienced a decline of antibodies. Older animals
mn the age groups 13-24 and >24 months expericnced fluctuation of antibodies around the

threshold. Most of these animals belonged 1o villages with a low tick challenge as regards
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Boophilus decoloratus and Rhipicephalus evertsi evertsi that are major vectors of A. marginale
infections in Uganda (Qkello-Onen e/ al., 1999). Under conditions of low or fluctuating vector
populations and limited parasite reservoiss, clearance of A. marginale parasites from the blood
stream is known to occur, followed by disappecarance of antibodies to the parasites (Potgieter

and Stoliz, 1954).

For serological profiles of B. digemina infections, most calves up to 6 months of age initially
experienced a decline of antibodics (maternal) to negative Ievels, followed by seroconversion,
Antibody levels remained high for about 6 months before dropping to negative levels, which
probably implied these calves had high levels of maternal antibodies. It was also observed that
most of the cattle of age groups: 7-12, 13-24 and >24 months whose antibody levels fluctuated
around the threshold belonged to villages with low tick challenge of Boophilus spp. ticks.
Fluctnation 1n antibody level was probably due to low vector populations that were probably
too low to constitute a critical level of tick infestation required for maintenance and

transmission of babestial infections in Bos indicus cattle (Jongejan 2 af , 1988).

For serological profiles of 7. parva infections, generally calves up to 6 months old experienced
seroconversion, while catile of older age groups (7-12m, 13-24m and >24m) experienced
fluctuation of antibody levels around the threshold. Most of these animals belonged to villages
with a low tick challenge of R. appendiculatus. Fluctuation of antibody levels against 7, parva
infecticn 1n cattle has bieen aitributed to a combination of low vector population with low
sporozoite infection yates (Ferry and Young, 1995, Maloo ef al., 2001c). This finding suggests
that vector populations and probably the sporozoite infection rates in these villages were not

sufficient to mainiain rechallenge of cattle older than 6 months.

The seroconversion rates to A. marginale infection of cattle of all age groups under low tick

chalienge were bigher than those of their counterparts in the high tick challenge zone. 1hesc
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differences in seroconversion rates to 4. marginale infections could probably be attributed to
existence of endemic stability under high tick challenge and endemic instability in the low tick
challenge zone Tt has been postulated that with endemic stability the force of infections
increases with increasing age (Coleman ef @f., 2001) and thus the proportion of susceptible
population decroascs, which leads to decrease in seroconversion rate. This implied that the
force of infection was lower, while the proportion of susceptible population and the

seroconversion rate were higher under low tick challenge as compared to high tick challenge.

‘The general trend of seroconversion was similar between cattle under the low and high tick
challenge probably because 4. marginale infections are transmitted by several vectors
including B. decoloratus and R evertsi everisi (Okello-Onen er al., 1999), and the biting flies
(Ristic, 1968; Potgieter and Stoltz, 1994} whose distribution could have cut across the villages
studied. This similarity in trend of scroconversion under low and high tick challenge could also
be explaincd by the existence of domestic reservoirs, existence of life-long carriers of 4.
marginale infections after clinical disease and the occurrence of codemic stability even where
there i3 very low tick challenge, thus maintainig high infection rates in vectors (Norval ef al. |

1984).

As regards sercconversion to B. digemina infection, generally older cattle under high tick
challenge had higher seroconversion rates than their counterparts under low tick challenge. This
finding is probably explained by the fact that low abundance of Boophilus spp. ticks has been
reported on Zebu cattle in Uganda (Okello~Onen er af., 2003), which has been attributed to
Zebu cattle having a higher degree of host resistance to Boophilus spp. (han other tick species
(Kaiser et gl., 1982; Mattioli ef af., 1993}, With low fick intensity, any increment in Boophilus
intensity would increase chances of transmission of B. bigemina infection. Moreover, low
parasitacmias in Bos indicus cattle increase the enitical fevel of tick infestation required for the

maintenance of babesial infections in Hos indicus as compared to Boy taurus (Jongejan et al.,
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198%). Hence transmission 1s favoured by a higher intensity of Boophilus infestation under high

tick challenge than low tick challenge.

Contrary to older caitle, calves of up to 6 months old under the low tick challenge had a higher
sgroconversion rate to B. digemina infection than those under high tick challenge. This
probably implied that there were a higher proportion of susceptible calves under low tick
challenge than high tick challenge, which probably implied that more calves were borne to
seronegative dams under low tick challenge as compared to high tick challenge. Thus fewer
calves under the low tick challenge bad sufficient passive transfer of matemal antibodics
through colostrum than thosc under high tick challenge (0°Callaghan, 1998). With a large
proportion of naive and susceptible calves, the rate of seroconversion would be high even with

the slightest incroase in the tick intonsity.

Under the high tick challenge, it was observed that the seroconversion rate in calves of up o 6
monihs old was low and seroconyersion increased with age, Given that seroconversion rates to
B. bigemina increased with increasing tick intensity, the observation that seroconversion rates
taereased with age, probably implied older catile (7-12m, 13-24m and >24m) had higher tick
intensity than calves below 6 months old. Differences in age-related infestation of Zebu cattle
by Boophilus spp. ticks have been reporied by others in Uganda (Gkello-Onen e /., 2003) and
have been atiributed to differences in age-related resistance to Boophilus spp. ticks by Bos

indticus cattle (Jongejan ef al., 1988; Okeflo-Ouen ef al., 2003),

Regarding 7. parva infoction, generally, seroconversion rates remained at the same level in all
ape groups under low tick challenge, but decreased with age under high tick chailenge. This
trend scemed to suggest that probably there existed endemic stability under high tick challenge
and endemic instability under low tick challenge. Under endemic stability, the force of

infection increases with age (Coleman et af., 2001) leading to reduction in the proportion of
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susceptible individuals and decrease in seroconversion rate. Increase in the foree of 7. parva
infections under high tick challenpe was probably associated with the continuous challenge due
to development of several generations of R. appendiculaius per year, accompanicd with the
likely high level of 7. parva sporozoite infection rates in adult ticks (Perry and Young, 1995,
Maloo ef al., 2001¢}. On the contrary, under low tick challenge, most likely there was a less
sustained tick challenge and thercfore a certain proportion of cattle of all ages remained
susceptible and seroconverted whenever there was a rise in tick challenge and T. parva

sporozoite infection rate.

In conclusion, anaplasmosis, theileriosts, fasciolosis, parasitic gastroenteritis, trypanosomosis
and babesiosis arc the most important endemic bovine diseases under the mixed crop-livestock
production systeni in South East Uganda. In reference to patterns of tick-borne diseases, there
cxists seasonal variatiop in Rhipicephalus spp. and Boophilus spp. tick challenge in some
locations in South Fast Uganda. As a consequence of this varation in tick challenge,
indigenous cattle in these locations experience high seroconversion rates for 4. marginale and
T. parva infcetions, but low seroconversion rates for 8. bigeming infections, implying a large
proportion of them are suscepiible to tick-borne diseases during scasons when there is
insufficient exposure io tick challenge. As an unmplication to discase control, the highest
mecidence of clinical discase duc to tick-borne diseases is expected in these locations with low

tick challenge, especially during seasons when tick abundance increases.
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Figure 7.1: Checking pallor of ocular mucous membrane of a cow in Uganda - pallor of mucous
membrancs is an indication of anaemia, a clinical fcaturc associated with trypanosomosis,

anaplasmosis, babesiosis, haemonchosis and fasciolosis




Chapter 7 Fieid studies on chnical signs ¢f bovine endemic

discases in Uganda

7.1 Introduction

Designing practical decision support tools to aid in differential diagnosis of livestock diseases
requires scieniifically confumed data on probability of a disease given the clinical signs
(Morlcy, 1991). Examples of diagnostic decision suppott tools in veterinary medicine designed
out of such data include BOVID (Blood et al, 1990) and a model for bovine clinical
biochemistry measurements (Kunox et al, 1998). Howcver, there is paucity of datasets
containing gquantitative information on clinical signs of livestock discases. The pathogenesis
and characteristic clinical signs of livestock diseases bave been described in several textbooks
of veterinary medicine (Ficnnes, 1970, Ristic, 1981; Losos, 1986; Radostits er af., 1994), but
often the probability ol all signs eccurring in all diseasc stales is unknown (Morley, 1991). For
instance, it has been recognized that similar clinical signs can arise in animals with different
discases and clinical signs can vary in diffcrent animals with the same disease within a
population (Mclendrick ef ., 2000). To design decision support tools that can tackle this
complex situation of differential diagnosis requircs data on climical signs from field cases.
However, such datasets indicating clinical signs with significant association to presence of
actiological agents and of high diagnostic valuc tor the respective diseases are scarce.
Therefore the aim of this study was to collect such data for developing urgently required

decision support tools for diagnosis of endemic bovine diseases in sub-Saharan Africa.

This Chapter describes findings of figld studies conducted on eaitle in South East Uganda 1o
identify the most important ¢linical signs associated with bovine pathogens in ficld cases with
particular aterest on trypanosomosis, theileriosts, anaplasmosis, babesiosis, cowdriosts,

parasitic gastroenteritis, fasciolosts and schistosomosis. In addition, analysis was performed to
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wdentify clinical signs and risk factors that could best be used to predict the probability of
seroconversion to Anaplasima marginale, Babesia bigemina and Theileria parva infections in

cattlc.

7.2 Materials and Methods
Clinical, parasitological and serological data collected during the longitudinal study described

in Chapter 3 were ntiliscd in this chapter.

741 Daia apedysis

For purposes of data analysis, diseasc cases were individual animals that had at least onc
clinical signs in addiion to presence of actiological agents. Non-diseased individuals
constituted a proup of healthy animals as defined in Chapter 3 Scction 3.9, The chi-square test
was performed to establish the strength of association between clinical signs observed and
presence of aetiological agents for the various diseases, using the computer programme Epilnfo

2000 (Cenire for Disease Control, Atlanta, USA).

Comparisons of important clinical featurcs between scroconverted and non-seroconverted cattle
to A. marginale, B. bigemina and T. parva infections during the acute phase, convalescent
phase and entire seroconversion episode {see Chapter 6, Section 6.3.5) were undertaken using
binary logistic regression, performed on both bmnary and continnous variables, Chi-square
analysis was also performed for all the binary form of clinical featurcs to cstablish important

differences between seraconverted and non-seroconverted cattle to all the three disecases.

The binary independent variables for logistic regression included, tick challenge at village
level, sex, weight loss, fever, anaemia, palior of mucous membranes, lymph node enlargement,
staring coat, diarrhoea and lacrymation. For purposes of analysis, tick challenge took the
values, 1 for high and 0 for low (sce Chapter 6, Fipuies 6.13 and 6.14). Sex took the values 1

for male and 0 for female. For independent vanables, weight loss, fever, anaemia, pallor of
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mucous membranes, lymph node enlargement, staring coat, diarthoea and lacrymation, present
took the value 1 and absence took the value 0. Continuous independent variables included,
Rhipicephalus spp. and Boophilus spp. intensity on individual animals, rectal temperature,
packed cell volume, haemoglobin concentration, lymph node size, age and condition score.
Tick intensity had the values 0, 1, 2 and 3, which represented no ticks, up to 10 ticks, 11-30
ticks and over 50 ticks, respectively. Rectal temperature had continuous values in degrecs
Celsius and packed cell volume had continuous values in percentage, Haemoglobin
concentration had continnous values i g/dl and lymph node size was in centimetres. Age, a
categorical variable, had values 0 for up to 6 months old, 1 for 7-12 months, 2 for 13-24 months

and 3 for > 24 months, Condition score had values of 1 to 9 {see Chapter 3, Section 3.7.2).

Rhipicephalus spp. aod Boophilus spp. intensity, rectal temperature, packed cell volume,
hacmoglobin concentration, lymph node size and condition score of cattie that seroconverted to
A marginale, B. bigemina and T. parva infections during the acute phase, convalescent and
entir¢ svroconversion episode were compared to thosc of non-seroconverted catile using the

student t-test.

Logistic regression was performed using the computer programme Minitab {Minitab Statistical
Software, Minitab Inc., Pennsylvania, U.5.A). The binary logistic model equation for
predicting the probability of presence of seroconversion to 4. marginale, 8. higemina and 7.
parva infection in cattle was as follows:

Logii {(seroconversion) = by + by (Tick challeuge) + by (Age) + bs (Sex) + by (Anacmia) + b,
{(Weight loss} + bg (Lymph node enlargement) + b, (Staring coat) + by (Diarrhoea) + b

(Lacrymation) + byy (Fever) + by, (Pallor of mucous membranes) (1)

In the model, tick challenge was also substituted with Rhipicephalus spp. intensity for 7. parva
analyscs or with both Rhipicephalus spp. and Boophilus spp. itensity for A marginele

analyses or with Boophiles spp. mtensity for B. bigemina analyses. Anaemia, weight loss,
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lymph node enlargement and fever were also substituted with PCV, condition score, lymph

nade size and rectal temperature, respectively.

7.3 Results
7.3.1  Association of clinical signs {6 presence of aetiological ugenis aof endemic diseases
undei considerarion

The strength of association belween clinical signs observed and presence of aetiological agents
for (ypanosomosis, anaplasmosis, theileriosis, babesiosis, fasciolosis and parasitic
gastroenteritis in cattle examined in South East Uganda is shown in Tables 7.1 to 7.6. Anaemia,
pallor of mucous membranes, fever, enlarged lymph nodes, lacrymation, staring coat and
welght loss had a significant association (P < 0.05) to presence of trypanosomes (Table 7.1).
Anaemia, pallor of mucous membranes, fever, weight loss and staring coat had a highly
significant association (P < 0,001} to presence of A. marginale parasiies (Table 7.2). Fever,
enlarged lymph nodes, lacrymation, anacmia, pallor of mucous membranes, staring coat and
diarthoca had a significant association (P < 0.05) to the presence of Theileria spp. piroplasins

and for macroschizonts (Table 7.3).

Anaemia, pallor of mucous membranes and diarrhoea had a significant association ( < 0.05) to
the presence of Bahesia spp. piroplasms (Table 7.4). Avaemia, pallor of mucous membrancs,
weight loss, staring coat and diarrhoca had highly significant association (P < 0.001} to
presence of Fasciola eggs (Table 7.5). Weight loss, staring coat, anacmia and pallor of mucous
membranes had highly signiticant association (P < 0.001) 1o the presence of worm eggs of over
400 e.p.g, but diarrheea did not have a significant association (P = 0.92) (Table 7.6). A few
cattle scercted Schistosoma cggs on few oceasions, but no clinical signs had any significant

association to presence of Schistosoma cggs.
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Table 7.1: Strength of association between clinical signs observed and presence of

irypanosomes in caitle in South East Uganda

Meo. of caltle

Clinical sign Infected New-intecied X OR 95% ¥ b

Fever
Present 30 46 164,59 1266  7.61-21.01 <0.001
Absent 204 3961

Lacrymation
Present 41 339 21.16 2.30 1.59-3.32 <0.001
Absent 193 3668

Diarrhoea
Present 3 50 0.07 1.03 $.25-3.45 0.79
Absent 231 3957

Staring coat
Present 91 994 22.30 1.93 1.46-2.56 <0.001
Absent 143 3013

Enlarged lymph nodes
Present 119 1112 36.17 2.69 2.05-3.54 <(.001
Absent 115 2895

Pallor
Present 34 110 90.05 6.02 391-924 <0.001
Absent. 200 3897

Weight loss
Present 9 72 3.92 2.1%9 1.01-4.59 <().05
Absent 225 3935

Anaemia
Proscol 74 188 273.05 940 6.79-12.98  <0,001 i
Absent 160 3819

OR = Odds ratio, C1 = confidence inferval, P=level of significance

iz

S
B e T




175

Tablc 7.2: Strenpth of association between clinical signs obscrved and presence of presence of

Anaplasma marginale parasites in catle in South Fast Uganda

Mg, of caitle

Clinical sign Infected Non-infected X OR 95% 1 P

Fever
Present 6l 46 63.44 436 2.91-6.55 <0.001
Absent 1204 3961

Staring coat
Present 585 994 20961 261 2.28-2.08 <0.001
Absent 680 3013

Pallor
Present 184 110 251.12  6.01 4.67-1.75 <0.001
Absent 1081 3897

Weight loss
Present 86 72 81.02 3.99 2.86-5 56 <().001
Absent 1179 3933

Anaemia
Present 401 158 703.96 943 7.78-11.43  <0.001
Absent 864 3819

OR = (dds ratio, Ci = Confidence inierval, P= lovel of significance
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Table 7.3: Strength of association between clinical signs and presence of Theileria spp.

piroplasms and /or macroschizonts in cattle in South East Uganda

Mo. of cattle

Chimical sign Infected WNowm-infecied % GR

95% ClL F

Fever
Present 55 46 58.66 428 2.83-6.49  <0.001
Absent 1106 3961

Lacrymation
Present 167 339 351 1.82 1.48-2.23  <0.001
Absent Q04 3668

Diarrhoea
Present 28 50 7.44 1.96 1.19-3.19  <0.05
Absent 1133 3957

Staring coat

Present 581 994 26939 3.04
Absent 580 3013

Enlarged lymph nodes
Present 469 1112 67.19 1.76
Absent G692 2895

Pallor
Present 176 110 263 6.33
Absent 985 3397

Woelght loss
Present &3 72 86.8 4.21
Absent 1078 3935

Anaemia
Present 352 188 62.9 3.84
Absent 809 3819

2.65-349 <0.001

1.54-2.03  <0.001

4.90-8.18 <0.001

3.01-588 <0.001

7.26-10.77 <0.001

OR = Odds ratio, CT = confidence interval, P= level of significance
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Table 7.4: Strength of association between climical signs and presence of Babesia spp.

piroplasms in caitle in South East Uganda

No. of catile

" 95%, CI

Clinical sign Infecied RMon-infected F

Fever
Present 1 46 0.02 2.53 088
Absent 34 3961

Lacrymation
Present 3 339 0.08 1.01 0.25-3.48 0.77
Abscnt 32 3668

Liarrhoea
Present 4 50 20.11 1021 2.94-3186 <0.001
Absent 31 3957

Staring coat
Present 13 994 22 1.79 0.85-3.73  0.13
Absent 22 3013

Pallor
Present 4 LHg 6.64 457  1.34-1388 <005
Absent 31 3897

Weight loss
Present 0 72 0.03 0 0.00-7.81 0.87
Absent 35 3935

Anaemia
Prysent 15 138 08.1 1524 7.28-31.70 <0.001
Absent 20 3819

OR = Odds ratio, CI = Confidence interval, P=

level of significance
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Table 7.5: Strength of association between clinical signs and presence of Fasciola eggs in cattle

in South East Uganda

NU of cattie

95% CI

Climical sign infected Mon-infected X P

Diarrhoea
Present 23 50 17.86 2.93 1.72-4.95  <0.001
Absent 622 3957

Staring coat
Present 293 994 117.01 252 212-3.00 <(.001
Absent 352 3013

Pallor
Present 71 110 99.23 438  3.17-6.05 <0.00]
Absent 574 38497

Weight loss
Present 30 72 19.8 267 1.69-420 <0.001
Absent 615 3935

Anacmia
Present 104 188 12149 391 3.00-5.08 <0.001
Absent 541 3819

OR = Qdds ratio, C1 = Confidence interval, 2= level of significance
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Table 7.6: Strength of association between clinical signs and presence of gastrointestinal

nemalode egg counts of > 400 e p.g in cattle in South East Uganda

o, of cattle

Clinieal sign Infected Non-diseased ¥ OR 95% CI r

DBiarrhoca
Present 4 50 0.01 092 028267 092
Absent 344 3957

Staring coal
Present 130 994 116.46 325 259408 <0.001
Absent 168 3013

Pallor
Present 49 110 113.75 581 4.006-8.41 <0001
Abscnt 299 3897

Weipht loss
Present 23 72 32.53 387 232-641 <0.00I
Absent 325 3935

Anaemia
Present 79 188 177.34 597 441-8.06 <0001
Absent 269 3819

OR = Odds ratio, Cl = Confidence interval, P=level of significance
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7.3.2 Clinical signs and rish factors for prediction of seroconversion te A. marginale, 5.

bigemina and . parva infections in catile

7.3.2.1 Seroconversion to A marginale infection in cattle

The results of binary logistic analysis shown in this section were based on the model equation
i(see Section 7.2.1). Clinical features for predicting the probability of presence of
seroconversion 0 A. marginale 1n cattle during the acute phase, convalescent phase and catire

seroconversion episode, respectively, are shown in Tables 7.7 10 7.9.

Rhipicephalus spp. and Boophilus spp. intensity on individual animals, rectal temperature and
PCV were the significant clinical features (P < 0.05} for prediction of scroconverston to 4.
marginale nfection during the acute phase (Table 7.7). The overall model was highly
significant (F < 0.001) according to the model chi-square statistic. Rectal temperaturs had a
significant positive cocfficient while PCY, Rhipicephalus spp. and Boophilus spp. intensity had
significant negative coefficients. These results suggest that increase in Rhipicephalus spp. and
Boophilus spp. intensity was associated with a deercase in the risk of seroconversion to A.
marginale. Every unit increase in PCV was associated with a 0.97 fold decrease in the risk of
seroconversion to 4. marginale and cvery unit inerease in rectal Leinperature was associated

with 1.23 Told increase in the risk of seroconversion.

The level of tick challenge at village level was mghly significant (P < 0.001) for prediction of
seroconversion to A. marginale infections during the convalescent phase (Table 7.8). The
overall model was significant (P < 0.05) and level of tick challenge had a significant negative
coefficient. From these resulls, the nsk of seroconversion to 4. marginale infection by cattle

under high tick challenge was 0.64 fold less than those under low tick challenge.

For the entire sevoconversion episode, Rhipicephalus spp. iniensity, rectal temperature and

PCV were significant (P < 0.05} for prediction of scroconversion to 4. marginale infection
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(Table 7.9). The results suggest that every unit increase in Rhpicephalus spp. intensity was
associated with a 0.87 fold decrease in the risk of seroconversion and ¢very unit increase in
PCV was associated with a 0.98 fold decrease in risk of seroconversion. However, every unit
increasc in rectal temperature was associated with 1.15 fold increase in risk of seroconversion

to A. marginale infection.

The level of tick challenge was confirmed through further analysis to be a significant factor for
prediction of seroconversion to 4. marginale infection during the eniire seroconversion
gpisode. Cattle under low tick challenge had a highly significant risk of seroconversion than

those under high tick challenge (3*= 197, DF = 1, P <0.001).

Further analysis using the student t-test showed that seroconverted cattle had significantly
lower mean PCV during the acute phase (T-value = 2.29, D.I'. =327, P < 0,05), bui not during
the convalescent phase (T-value = 1.33, D.F. = 335, P = ().18). Scroconverted cattle had
significantly higher mean rectal temperature than non-seroconverted ones during the acute
phase (T-value=-2.10, X F. =311, P < 0.05}, but not during the convalcscent phasc (T-value
= -0.86, D.I'. = 324, P = 0.38). The mean infcstation intensities of seroconverted cattle with
Rhipicephalus spp. was significantly lower than that of non-seroconveried catllle during the
acuie phase (T-value = 2.84, DF, = 325, P <0 (.05), but not during the convalescent phase (T-
value = 0.47, DF. = 313, P = 0.64). Likewise, the mean infestation intensities of seroconverted
caltic with Boophilus spp. was significantly fowcer than that of non-seroconverted ones durimg
the acute phase (T-value = 312, DT = 375, P < 0.05), but not during the convalescent phase

(T-value = ~0.03, DI = 343, P == 0.97).

Gverall, predictors for scroconversion to 4. marginale infection in cattle durnng entire
seroconversion episode included Rhipicephafus spp. intensity, rectal temperature and PCV. For

the acute phasc, they included Rhipicephalus spp. and Roophilus spp. intensity on individual
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animals, rectal temperature and PCV, For the convalescent phase, the level of tick challenge at

village level was the only predictor.

Table 7.7: Maximum likelihood estimates of binary logistic model of ¢linical featurcs for

prediction of scroconversion to A. marginale infection in cattle during the acute phase

Dependent variable
Tn_de;)éndent variables Sereconversion n = 2034
Predictor {x;) Coefficient (b)) SE (b} P OR 95% {71

Constant -8.4680  3.8560<0.05

Rhipicephalus spp. intensity -0.2078 0.0853 <0.05 .81 0.69 -0.96
Boophilus spp. intensity -(0.2692 0.1274 <0,05 0.76 0.60- 0.98
Rectal temperatures 0.2063 0.0983 <0.05 1.23 1.01-149
PCV -0.0334  0.0138<0.05 .97 0.94 -0.99

Chi-square statistic for overall model =23.222, DF =4, P < 0.001

P = level of significance, OR = odds ratio, CI = confidence interval

Table 7.8: Maximum likelibhood estimates of binaiy logistic model of clinical features for

prediction of seroconversion to 4. marginale infoction in caltle during the convalescent phase

Dependent variable

Independent variables Seroconversion u = 2095

Predictor {x,) Coefficient (b) SE (b) F OR 95% CL
Constant -1.6776 0.1079 <0.001
Tick level -0.4501 0.1375 <0061 0.64 0.49-0.33

Chi-square statistic for overall model = 14,698, DF = 3, P-Value = <0.03

P = level of significance, ()Rwéw‘(_)hriasnr_é_tid, CI = confidence interval

Ry 3 el .-
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Table 7.9: Maximum likclihood estimates of binary logistic model of clinical features for
prediction of seroconversion to A. marginale infection in cattle during the entire seroconversion

episode

Dependent variable !

Seroconversion n = 2283

Predictor (%) h Coefficient (b)  SE () P OR 95% CI
Constant -5.7270 2.9330 <0.05

Rhipicephalus spp. intensity -0.1411 0.0610 <0.05 087 077-0938
Rectal temperature 0.1403 0.0749 <05 1.15 0.99-133
PCV -0.0240 0.0105 <0.05 098 0.86-1.00

Chi-square statistic for overall model = 14.698, DF — 3, P~-Value = <0.05

P = level of significance, OR = odds ratio, CI = confidence interval

;s
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7.3.2.2 Seroconversion to B. bigemina infection in cattle

Clinical features for prediction of seroconversion 1o B. bigemina infection in cattle during the
acute phase, convalescent phase and the entire seroconversion episode are shown in Tables 7.10
to 7.12. The level of tick challenge at village level, weight loss, staring coat, lacrymation and
age were significant (P < 0.03) for prediction of seroconversion to 8. bigemina infection duning
the acute phase (Table 7.10). The overall model was highly significant (P < 0.001) and the level
of tick challenge, weight loss and staring coat had significant positive cocfficicats, while
lacrymation and age had sigmficant negative cocfficients. Thesc results suggest that the risk of
scroconversion of cattle to B, bigemina infections under high tick challenge was 1.43 fold more
than that of cattle under low tick challenge. Cattle manifesting weight loss were 2.28 fold more
likely to have seroconverted to B. bigemina infection that those that did not. In addition, cattie
with a staring coat were 1.44 fold more likely to have seroconverted to B. higemina infection
that those with a normal coat. Furthermore, caitle manifesting Jacrymation were 0.47 fold less
likely to have seroconverted 1o 8. bigemina infection than those that did not. The risk of
seroconversion decreased with increasing age. Progression of animals from one age group {up
to 6 months) Lo another (7-12 months) was associated with a 0.87 fold decrease in risk of

seroconversion to 5. bigemina infection.

The level of tick challenge, anacmia, lacrymation and age were sigmficant (P < 0.03) for
prediction of seroconversion to B. higemina during the convalescent phase (Table 7.11). The
overall model was highly significani (¥ < 0.001). The level of tick challenge and anaemia had
significant positive coefficients, while lacrymation and age had significant negative
coefficienls. The results suggest that the risk of scroconversion to B. bigemina infection of
cattle under high tick challenge was 1.36 fold more than under low tick challenge. Cattle with
anaemia were 2.82 [old more likely to have seroconverted to B bigeming infection than thosc

without. in addition, cattle with lacrymation were 0.54 fold less likely to have scroconverted to

B. bigemina infection than those without. Progression of animals from one age group (up fo 6
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wonths) to another (7-12 months) was associated with a 0.85 fold decrease in risk of

seroconversion to 3. bigemina mfection,

The level of tick challenge, anacmia, staring coat, lacrymation and age were significant (P <
0.05) for prediction of seroconversion ta B. higemina infection during the entire seroconyersion
episode (Table 7.12). The overall model was highly significant (P < 0.001). The level of tick
challenge, anaemia and staring coat bad significant positive coeflicients, while lacrymation and
age had significant negative coefficients. From these results, the risk of seroconversion to B.
bigemina of cattle under high tick challenge was 1.5 fold more than under low tick challenge.
Cattle with anaemia were 1.78 times more likely to have scroconverted to B. bigeming infection
than those without. In addition, cattle with a staring coat were 1.37 times more likely to have
scroconverted to B. bigeminu infection that those with a normal coat. On the contrary, cattle
with lacrymation were (.52 fold less likely to have seroconverted to B. bigemina infection than
those without. Overall, progression of animals from one age group (up te 6 months) to another
(7-12 months) was associated with a 0.86 fold decrease in risk of seroconversion to B. Higemina

intection,

Further analysis confumed that caftle under high tick challenge were at a higher risk of
seroconversion to B, bigemina infection than their counterparts under a low tick challenge (3 =
16.4, DI = [, P < 0.001), Staring coat had a highly significant association to scroconversion to
B. higemina infection (3" = 12.5, DF = 1, P < 0.001). Weight loss also had a significant
association (xz =73, DF = |, P < 0.05) and anaemia oo had a significant association to
seroconversion to B. digemina infection (xz — 7.3, DF = 1, P < 0.03). In addition, Jacrymation

had a sipnificant association with seroconversion ta B. bigeming infection (x*= 112, DF =1, P

< (.03}
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Comparison betwesn scroconverted and non-seroconverted cattle indicated that cattle that had
seroconverted to B. bigemina iufection bad significantly lower mean PCV than non-
seroconverted ones during the convalescent phase (T-value = 3.51, D.F. = 288, P < 0,05}, but
not during the acute phase (T-value = -0.11, BD.F. = 299, P = 0.91}. Seraconverted catte had
significantly higher mean rectal temperature than non-seroconverted ones during the acute
phase (T-valuc =-2.11, D.F. =299, P < 0.05), but not during the convalescent phase (1-value =
-1.47, DF. = 289, P = 0.14). In addition, seroconveried caitle had significantly lower mean
body condition score than non-seroconverted ones during the acute phase {T-valuc = 2,89, D.F.

=281, P < 0.03), but not during the convalescent phase (T-value=-1.11, D F = 295, P =0.26).

Furthermore, seroconverted cattle had significantly higher mean infestation intensity of

Boophilus spp. than non-seroconverted caitle during the acute phase (T-valuc = -2.09, D.F. =

299, P < 0.05), but not during the convalescent phase (T-value = -0.41, D.TV. = 282 F < 0.67).

Overall, the important prediclors of seroconversion to B. bigemina during the entire cpisode
included the level of tick challenge at village level, staring coat, weight loss, lacrymation and
anaemia. For the acute phase, they included the level of tick challenge, weight loss, staring coal
and lacrymation, while for the convalescent phase, thev included the level of tick challenge,

lacrymation and anaemia.
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Table 7.10: Maximum likclihood estimates of binary logistic model of clinical features for

prediction of seroconversion to B. bigemina infection in cattle during the acuie phase

l}epén.d:ent variable

Endependent variables Seroconversion n = 2149

Predictor () Coefficient (b)) ST (b;) P-value Odds Ratio 95% 1 for odds ratie
Constant 21209 0.1828 <0.001

Tick level 00.3579 0.1476 <0.05 1.43 1.07-1.91
Weight loss 0.8228 03185 <0.05 2.28 122-425
Staring coat 0.3661 0.1534 <0.05 1.44 1.07-1.95
Lacrymation -0.7544 03075 <0.05 0.47 0.26 - 0.86

Age -(.1414 0.0654 <005 0.87 0.76 - 0.99

Chi-square statistic for overall model =38.130, DF =5, P < 0.001

Table 7.11: Maximum likelihood estimatcs of binary logistic modcl of c¢linical features for

prediction of seroconversion to B. bigemina infection in callle during the convalescent phasc

Diependent variable

Endependent variables Seroconversion n = 2148

Predicior () Coelficient () SE (b)) P-value Odds Ratic 95% CI for odds ratio

Constant 20683 0.1764 < 0,001
Tick Level 0.4450 0.1491 <0.05 1.56 1.17-2.09 ;‘
Anaemia 1.0352 0.231 <0.05 21.82 1.79 - 4,43

Lacrvmation -0.6093 0.298 <0.05 054 0.30-0.98 ;)
Age -0,1581 0.0656 <0.05 (.85 0.75 -0.97 i
Chi-square statistic for overall model = 41,296, DF =5, P < 0.00] i
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Table 7.12: Maxinmm likelihood estimates of binary logistic model of clinical features for

prediction of seroconversion to B, bigemina infection in cattle during the entire seroconversion

episode
Dependent variable
independent varisbles Seroconversion n = 2384
Predictor () Coefficient (b)) SE (b} P-value Gdds Ratie 95% CI for odds ratio ‘
Constant -1.4036 0.1368 <0.001
Tick evel 0.4036 0.1103 < 0.001 1.50 1.21- 1.86
Anaemia 0.5747 0.1992 <0.03 1.78 1.20-2.62
Staring coat 0.3147 0.1146 <0.05 1.37 1.09 - 1.71
Lacrymation -0.6571 0.2212 <0.05 0.52 0.34 -0.80
Age -0.1528 0.0499 <0,05 (.86 0.78 -0.95

Chi-squarec statistic for overall model = 59.397, DF =6, P <0.001
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7.3.2 3 Seraconversion to T. parva infection in cattle

Clinical featutcs for prediction of seroconversion to T- parva infection in cattle during the acute
phbase, convalescent phase and the entire seroconversion episode arc showsn in Tables 7.13 to
7.15. The level of tick challenge, lvmph node enlargement and rectal teruperature were
sighificant (P < 0.05) for prediction of seroconversion to 7. parva infection during the acute
phase (Table 7.13). The overall model was highly significant (F < 0.001). The level of tick
chatlenge had a significant negative coefficient, while lymph node enlargement and rectal
temperature had significant positive coefficients. These results suggest that the risk of
seroconversion to 1 parva infection for cattle under high tick chalienge was 0.39 fold less than
for those under low tick challenge. Cattle with enlarged lymph nodcs were 1.39 tumes morc
likely to have scrocenverted o 7. parva infection than those with normal lymphk nodes. In
addition, every unit incrzasc in rectal tompceraturs was associaied with .24 fold increase in the

risk of seroconversion to 7. parva infection.

The level of tick challenge and lymph node enlargement were significant (P<(.05) for
prediction of seroconveision to I. parva infection during the convalescent phase (Table 7.14).
The overall modcl was highly significant (P <0.001). The level of tick challenge had a
significant negative cocfficient while lymph node enlargement had a significant positive
coc{Ticient, From these results, the risk of seroconversion to 7° parva infection for catfle under
high tick challenge was (.40 times more than for those under low tick challenge, Cattle with
enlarged lymph nodes were 1.39 times more likely Lo have seroconverted to 77 parve infection

than those with normal lymph nodes.

Rhipicephalus spp. intensity, lymph node enlargement and PLCV were significant (P < 0.05) for
prediction of seroconversion to 7. parva infoction in caitfe during the entire serocanversion
episode {Table 7.15). The cverall model was bighly siguificant (P < 0.001). Rhipicephalus spp.

intensity and PCV had significant negative cocfficients, while lymph node enlargement had a
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positive coefficient. The results indicate that every unit increase in Rhipicephalus spp. intensity
was associated with a 0.68 fold decrcasc in risk of scroconversion to 7. parva mfection.
Furthermore, every unit increase in PCV was associated with a 0.98 fold deerease in nisk of

seroconversion to 7. parva infection.

Further analysis confirmed that caftle under low tick challenge were at a ligher risk of
seroconversion to T, parva infoction than their counterparts at high tick challenge (%° = 70.3,
DF =1, P < 0.001). There was a significant association between [ymph node enlargement and
seroconversion to T. parva infection (x* — 6.4, DF = 1, P < 0.05) and between fever and
seruconversion to 7. parva infection (3 = 4.2, DF = 1, P < 0.05). "Uhese factors were important

during the acute phase and entire seroconversion gpisode,

Comparisons between seroconverted and non-scroconverted cattle revealed that seroconverted
cattle had significanthy highcr mean rectal tomperature during the convalescent phase (T-value
= 2.05, D.F. =236, P < 0.05), but not during the acute phase {I'-value =-1.74, D.F. =231, P =
(.08). In addition, seroconverted cattle had a significantly lower mean infestation intensity of
Rhipicephatus spp ticks than non-seroconverted ones during both the acute phase (1-valuc =

5.26, D.F. =251, P < 0.001) and convalescent phase (T-value = 3.71, B.F. = 236, P <{.001).

Overall, Rhpicephalus spp. ntensity, lyinph node enlargement and PCY were important
predictors for seroconversion to 7 parva infection in caitle. The level of tick challenge at
village level, lymph node enlargement and rectal temperature were important predictors during
the acute phase. Whilc the level of tick challenge and {ymph nede enlargement were important

duoring the convalescent phase.
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Table 7.13: Maximum likelihood cstimates of binary logistic model of clinical features for

prediction of seroconversion to 7. parva infection in cattle during the acute phase

Dependent variable

Independent variables Seroconversion u = 2653

Predictor () Coefﬁcienf(?n}éE (b) P-value Odds Ratio 95% CI far odds ratio
Constant -10.2890  4.0470 <005

Tick Level -0.9379  0.1489 <0.001  0.39 0.29-0.52
Lymph node enlargement 0.3299 0.1648 <0.05 1.39 1.01-1.92
Rectal temperature 0.2166 0.1056 <0.05 [.24 1.0f - 1.53

Chi-square statistic for overall mode!l = 44.932, DF =3, P < 0.001

Table 7.14: Maximum likclihood estimates of binary logistic model of clinical features for

prediction of seroconversion to 7. parva infection in cattle during the convalescent phase

Dependent variable
Independent vaviables Serpronversion n = 2655 )
Predictor (x) Coefficient () SE (by) P-value Odds Ratio 5% €1 for odds ratio
Constant 19983 0.1181<0.001
Tick level -(3.9081 0.1487 < 0.001 0.40 0.30-0.54
Lymph nodc enlargement 0.3267 0.1031 <0.03 1.39 1.00-1.92

Chi-square statistic for overall model = 38.838, DF =2, P < 0.00]
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Table 7.15; Maximum likclthood cstimates of binary logistic model of clinical features for

prediction of seroconversion fo 7. parva infection in cattle during the entire seroconversion

episode

D.épendcnt varisble o
Independent variables Seroconversion n = 2778
Predictor (x;) Coctiicient (b;) 5K {b;} Pevalue Odds RBatio 95% 1 for odds ratic
Constant 206334 03947 0.109
Rhipicephalus spp. intansity ~0.3889 0.0685 < 0.001 0.68 0.59 -0.78
Evmph node enlargement 02615 0.1241 <0.05 1.30 1.02-1.66
PCV -0.0243  0.0117 <0.05 0.98 0.95-1.00

Chi-square statistic for overall model = 41,481, DF =3P <0.001
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Figure 7.2: Hiph infestation of Rhipicephalus appendiculatus in the ear of a cow in Uganda
during the longiiudinal study — the intensity of R. appendiculatus and fever were found o be
the significant indicators for presence of seroconversion to Theileria parva infection in Zebu

catile
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7.3 Discussion

The association of chinical signs (o presence of actiological agents for trypanosomosis,
anaplasmosis, theileriosis, babesiosis, fasciolosis and parasitic gastroenteritis in cattle under
ficld conditions in South Tast Uganda was assessed in this study. In addition, the association of
clinical signs and risk factors with seroconversion to A. marginale, B. bigeming and 1. parva
infections in cattle was also analysed. For trypanosomosis, anacmia, pallor of mucous
membranes, fever, cnlarged lymph nodes, weight loss, staring coat and lacrymation werc the
clinical signs thal had significant association. These clinical signs were thus of high diagnostic
vahue for trvpanosomosis, Anaemia is regarded as the principal clinical signs of trypanosomosis
in cattle, often coupled with thictuating fever, which corresponds to the waves of parasitasmia
(Fiennes, 1970; Holmgs e al., 2000). Other clinical signs include weight loss, enlarged tymph
nodes, palior of mucous membrane and petechial haemorrhages (Fiennes, 1970; Stephen, 1986,

Murray and Dexter, 1988; Holmes er al., 2000).

For anaplasmosis, anaemia, pallor of mucous membrancs, fever, weight loss and stanng coat
had highly significant association. These clinical signs are considered to be highly diagnostic
for anaplasmosis, usually associated with both the acute and chronic forms of anaplasmosis
(Ajayi et al., 1987; Polgicter and Stoltz, 1994; Egbe-Nwiyi ef af., 1997). Staring coat was an

unusual sign, but it is often closely associated with weight loss,

For theileriosis (East Coast fover), fever, enlarged lymph nodes, diarrhoea, lacrymation,
anaesmia, pallor of mucous membranes, weight loss and staring coal had significant
associations. These clinical signs are therefore of high diagnostic value for East Coast fever.
Fever, enlarged tymph nodes, diarrhoca and lacrymation are signs assuciated with cases of East
Coast fover (Shannon, 1977, Omuse, 1978; Kiptoon ¢f al., 1983 Mbassa ef al., 1998;), bui
anacmia, palior of mucous mermbranes, weight loss and staring coat were unusual clinical signs.
Intcnse anaenua in Bast Coast {ever cases was first obscrved at postmortem by Bruce et al.

(1910} and it has also been reporied in chronic cases of East Coast fever (Omuse, 1978; Mbassa

R T,
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et al., 1994) observed in more resistant breeds of cattle such as Zebu and in animals with
haemotropic parasite infections (Kiptoon ef al., 1983). Weight loss (cmaciation} and staring

coat have been repoited in cases of East Coast fever in Zebu calves (Bruce ef ¢, 1910),

For babesiosis, anacmia, diarrthoea and pallor of mucons membranes had a significant
association and were the only signs of high diagnostic value. Anaemia and pallor of mucous
membranes in addition to high fover (41-45.5°C), haemoglobinuria and jaundice are imporiaui
signs associated with acutc babestosis in cattle (Ristie, 1981; Losos, 1986). However, given the
low pathogenicity of some Babdesia species such as B. bigemina as compared to B. bovis, there
is a variation in clinical signs and the discase syndromes (Losos, 1986). Anaemia, pallor of
mucous membranes and diarrhoca in addition o weight loss are major signs associatcd with the

chronic syndrome of babesiosts in cattle (Urquhart et af., 1996),

For fasciolosis, anacmia, patlor of mucous membranes, weight loss, staring coat, diarrhoea and
lacrymation had highly significant association and are of high diagnostic value. Anaemia,
pallor of mucous membranes, weight loss and staring coat are important signs associated with
fasciolosis {Urguhart ef al, 1996; Egbe-Nwiyi and Chaudrai, 1996; Bowman and Lyon, 1999).
Weight loss and anacmia are usually associated with mild or chronic fasciolosis in catile
(Urquhart ef al, 1996; Mapona and Maycende, 2002). Diarrhoea and lacrymation have been
reported in ficld cases of intercurrent diseasc i1 Zebu cattle in Uganda involving fasciolosis

with cither theilertosis or trypanosomosis and parasitic gastroenteritis (Anon. 1697a).

For purasitic gastroenteritis, anaemia, weight loss. pallor of mucous membranes and staring
coat had highly significant association. Anaemia, weight loss or emaciation, pallor of mucous
membrancs and staring coat are considered to be of high diagnostic value for parasitic
gastroenteritis {(Kaufmann er al., 1989; Wamirg ef al., 1993; Eysker and Plosger, 20003, High
worm burdens predominantly of Haemonchus contorins, Burnostenuom phlebotum and

Qesophagostomum radiatum in gastrointestinal iracts of weaner calves were found to be
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associated with manifestation of weakness, staring coat and cxtreme pallor of mucouvs
membrane (Kaufinann et af, 1989). Weight loss is an important chinical sign of chronic
gastrointestinal nematode infections in older cattle, while anaemia, oedema, diarrhoea and
anorexia arc associated with severc cases of parasitic gastrocuteritis observed in younger cattle

(Eysker and Plocger, 2000}.

Diarrthoea, 2 sign considercd to be of high diagnostic value for parasitic gastroenterifis
(Kaufmann er al, 1989; Waruiru ef al., 1993; Eysker and Ploeger, 2000), did not have a
significant association to worm eggs per gram of facces of field cascs. Ganaba ef ol (2002) also
found no carrelation between worm eggs per gram of facces and presence of diarrhoea in calves
in a study conducted in Butkina Faso. Overt parasitic gastroenteritis that leads to diarrhoea has
been reporied to be rare in traditionally managed indigenous cattle in Uganda {Sauvage ef af.,
1974). Instead, the chronic form of parasitic gastroenteritis is more comunon and is usually
assoctated with gradual weight loss and increased susceptibility to other diseases {Omara-

opyene, 1985; Eysker and Ploeger, 2000).

Although some cattle scereted Schistosoma eggs on few occasions, no clinical signs had any
significant assoclation to presence of Schistosoma ¢ggs. Bovine schisiosomosis generally
occurs as mild disease even when high prevalences of detected parasites in slaughter cattle are
encountered and most schistosome nfections in endemic areas occur at a subclinical leve] (de

Bont and Vercruysse, 1998).

Important clinical signs and risk factors that could best be used to predict the probability of
scrocaonversion to 4. marginale, B. bigeming and 7. parve infection in cattle were assessed. In
the original experiment it was envisaged an informer would be contacted midway the sampling
to report animals which had been sick since the previous sawipling. This would considerably
increase the chances of detecting animals with clinical disease becaunse the clinical course of the

disease fell entirely between two samplings. However, this systemn of consulting a village
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informer proved difficuit for logistical reasons. As a result the statistical power of the analysis
was probably less than would have been possible if these intermediate consultations had been
conducted. The impact of this effect would depend on the duration of a particular sign. The
likelihood of detecting a significant association between any clinical sign and seroconversion
would depend on the average duration of that sign in affected animals. Mevertheless, important
differences between seroconverting and non-soroconverting animals to A, marginale, B.

bigeminag and ¥\ parva infections in terms of clinical signs were found.

The fovel of tick challenge at village level, Rhipicephalus spp. and Boophilus spp. infestation
intensity on individual animals, rectal temperature and packed cell volume were the significant
predictors for presence of seroconversion to A. marginale infection in cattle. Indeed the level of
challenge of Rhipicephalus everfsi everisi in addition to that of Boophiius spp. is reported to
determine the distribution of bovine anaplasmosis and its scroprevalence (Omuse, 1978

Jongcjan et al., 1988; Deem et al., 1993, Latif ef al., 1995).

Following primary infection, incubation of anaplasmosis in adult cattle takes on average 26
days. Initially there is fever followed by severe anaemia, which takes over 4-15 days (Potgieter
and Stoltz, 1994) Packed ccll volume, a measure of anaemia and rectal temperature, a measure
of fever, are important clinical manifestations of anaplasmosis (Ajayi et al., 1987; Potgieter and
Stoltz, 1994; Egbe-Nwiyi et al, 1997}, Anaplasma antigen-antibody complexes often occur in
crythrocytes of infected cattic and are associated with erythrophagocytosis, which lcads to
anacmia. Both antiparasitic and anticryothrocytic antibodies are reported to appear during A.
marginale infection (Egbe-Nwiyt er el 1997). This explains the infimate associations between
packed ccll volume, a measure of anacmia and seroconversion to A. marginale infection. Tt
should also be noted that anaemia and fever are the most long-lasting clinical signs associated
with acute anaplasmosis, the more reason they are suitable for predicting presence of

seroconversion to A marginale infections.

Gires
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Increasing intcnsity of Rhipicephalus spp and Boophilus spp. infestation of cattle was
associated with a decrease in risk of seroconversion to A. marginale infection. This trend of
serocouversion risk could probably have been attributed to increasing force of inlection
(Colcman et al., 2001) associated with increasing tick intensity, which conscquently was
associated with decreasing proportion of cattle suscepiible to A. marginale infection with the

population.

It was noted that cach phase of scroconversion to A. margingle infections had different
predictors. Whereas Rhipicephalus spp. intensity on individual animals, rcctal temperature and
PCV were important predictors during the entirc episode of seroconversion, Rhipicephahus spp.
and Boophilus spp. intensity on individual animals, rectal lemperaturs and PCV were important
al the beginning of seroconversion (acute phase) and the level of tick challenge at village level

was important at the end of seroconversion (convalescent phase).

For 8. bigemina infection in cattle, the level of tick challenge at village level, Boophilus spp.
infensity on individual animals, anaemia, weight loss, staring coat, lacrymation and age were
the significant predictors of seroconversion. Asaemia, weight loss and staring coat are
important signs associated with the chronic syndrome of babesiosis in cattle (Losos, 1986;
Urqubart et al., 1996}, whicl appears to be the commonest form among indigenous Zebu cattle

studied.

Lacrymation had a significant association to seroconversion io 8. bigemina infection and
decreasing intensity or absence of lacrymation had a positive effect on presence of
scroconversion. The association between lacrymation and scroconversion to B bigemina
infection 1s not clear. However, lacrymation has been found by others (Khan and Pandiya,
1983) to be a response to pharmacological stimulus. During pathogenesis of babesiosis,
pharmacologically active inflammatory subsiances such as plasma kinin and s precursor

enzyme kallikrein arve released (Losos, 1986). Probably lacrymation is a response o kailikrein

1
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or other pharmacologically active agents released during pathogencsis of babcesiosis; an issue

that requires further investigation.

Boophilus spp. intensity had a significant positive coefficient, implying the risk of
seroconversion to B. bigemina infections increased with increasing fick intensity. Babesia
bigemina is readily transmitted transovarially by both Boophilus decoloratus and Boophifis
microplus (De Yos, 1979) and in Uganda B. decolorains is the most imporiant vector (Okello-

Onen ef al., 1998a).

Progression of animals from onc age group (up to 6 months) o another (7-12 months) was
associated with a decreasing risk of serocotiversion o B bigeminca infection. Although this is
contrary to fact that there s inverse age susceptibility in B. Aigemina infoction with young
animals possessing innate resistance while older animals arc fully susceptible (Losos, 1986,
Jonggjan et al, 1988), there is increasing chance of exposure to tick challenge under this
production system as animals become older. Hence the majority of adult catile become
proleeted with antibodies against B. bigemina infcciion, which subsequently reduced the

proportion of suscepiible individuals and the risk of scroconversion among, older catile.

It must be recognised, bowever, that the importance of predictor factors for seroconversion to
B. bigemina infection differed with the phase of seroconverston. The level of tick challenge,
staring coat, weight loss, lucrymation and anacmia were important factors during the entire
episode, while the level of tick challenge, weight loss, staring coat and lacrymation were
important for the acute phase and the level of tick challenge, lacrymation and anaemia were

important for the convalescent phase.

For I parva infections, the level of tick challenge at village level, R. appendiculaius tensity
on individuul animals, ivmph node enlargement, rectal temperatnre and PCY were significant

predictors for scroconversion to 7. parva infection in caltle. Enlarged lymph nodes and fever
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are important clinical signs associated with 7. parva infection in catile (Shannon, 1977; Omuse,
1978 Kiptoon et al., 1983: Mbassa ef a/., 1998; Maloo er gl., 2001b) and R appendiculaius is
an important vector of 7. parva infection in Uganda (Okello-Onen et al, 1998). Anaemia has
been reported in chronic cases of East Coast fever in more resistant breeds of cattle such as
Zebu (Omuse, 1978, Mbassa ef af., 1994) and in animals with concurrent discase involving

theileriosis and haemotropic parasite infections (Kiptoon er af., 1983).

On the other hand, the long duration of Iymph node enlargement, fever (rectal temperature) and
anaemia (PCV) during the process of East Coast fever in cattle could have imade these clinical
signs to be imporlunt predictors of seroconversion to 7. parva infection. Following primary
infection afler R appendiculaius tick bites, the incubation period of 1. parva infection takes on
average 13 days and the duration of the diseases usually takes about 14 days (Bruce et al.,
1910; McKeever and Morrison, 1990). The disease commences with fever that stays on until
death or recovery {about 7 days). Fover 1s often followed by swelling of superficial lymph
nodes, on recovery of calves, both fever and the lymph nodes enlargement subside but fymph
nodes never regain their normal size. instcad remain permanently enlarged throughout life
(Bruce et al, 1910). Anaemia is associated with chronic forms of the East Coast fever;

therefore it exhibitls a long duration,

It was noted that Rhipicephalus spp. intensity on individual animals, lymph node enlargement
and PCV were important predictors for seroconversion to 7. parva infection during the cntire
scroconversion episode, The level of tick challenge at village level, lymph node enlargement
and rectal temperature werc impostant predictors during the acute phase, while the level of tick
challenge and lymph node enlargement were important predictors during the convalescent

phase.

In conclusion, anaemia (pallor), staring coat, weight loss and cnlarged lymph nodes are good

indicators of endemic diseases in cattle under the mixed crop-livestock production sysicmt in
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South East Uganda. In addition, presence and intensity of the respective tick vectors for tick-
borne diseases and generally clinical features whose duration is long such as anaciia, weight
loss, staring coat and enlarged lymph nodes are good indicators of seroconversion to A.
marginale, B. bigemina and T. parva infections in cattle. These good disease indicators could
be exploited in the development of decision support tools for differential diagnosis of endemic

bovine diseascs.

L






202

Figure 8.1: A Ugandan Ankole cow with an enlarged prescapular lymph node - an important

clinical feature for diagnosis of trypanosomosis and East Coast fever
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Chapter 8 Development of a low technology decision support system

for diagnosis of endexcic bovine diseasss

8.1 Introduection

Serological, molecular and parasitological diagnostic tests for endemic bovine diseases in sub-
Saharan Afvica, such as trypanosomosis, theileriosis, anaplasmosis, babesiosis, cowdriosis,
PGE., schistosomosis and fasciolosis described in Chapter 2 detect specific organisms or agents
in apimals that may or may not have evidence of clinical disease. Moreover, these tests are
unavailable to groups such farmers, extension workers and agro-veteripacy traders who make
diagnosis and treatment decisions of endemic bovine discases in Africa in the modern scenario
(Bossche ef gl., 2000b; Machila ¢f al., 2003), given the current reduction in state funding for
veterinary services and under-utilisation of veterinary diagnostic laboratorics by fee-paying
farmers (Kenyon and Nour, 1996). Detection of clinical disease may be facilitated by usc of a
combination of ¢linical examination, simple diagnostic tests and decision support tools. Hence.
there is an wrgeni need for development of low lechnology diagnostic decision support {ools to

[acilitate detection of clinical livestock disease in rural areas of Alrica.

Diagnostic docision support tools are uselul when used by non-experts (Cockeroft, 1999a).
These tools would thercfore be suitable in developing countries, especially in Africa, where
there is shertage of qualified vetermarians and thus animal health auxiliaries ars used in the
recognition, treatment and control of animal discases (IFAG, 1992). Decision support tools are
commonly applied to disease diagnosis where they incorporate & set of rules for solving
probleins, details of clinical signs, lesions, laboratory results aod opinions of experts
{Thrusficld, 1995). Development of practical diagnostic decision support tools refies on the
avsilability of comprehensive datasets (Blood ef o/, 1990; Knox ef af., 1998). However, such

datasets containing quantitalive information on the frequency of occurrence of mdividual
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clinical signs, haematological diagnostic features and epidcmiological associations of livestock
diseases are rare. In their absence, designers of such tools have had fo rely on subjective expert
opinions (Dewey ef al., 1992; McKendrick ef al., 2000). Quantitative information on the most
importaut clinical signs and risk factors for clinical diagnosis of endemic bovinc diseases was
elicited from veteripary cxperls through a Delphi survey and was used to develop a decision

support card. The entire process of this undertaking 1s described in this Chapter.

8.2 Materials and methods

8.2.F  Delphi survey

A questionnaire was developed with a list of thurty-four (Table 8.1} clinical signs aund risk
factors teported to be associated with various diseases uader consideration, based on review of
literature. It was self-administercd according 1o the Belphi method (Lingione and Turoff, 1975).
This mecthod involved participants answering a short serics of questions by mail. Once the
answers from all or a reasonable number of participants were received, a sumumary of the
collcetive results was sent back to each participaut, who then had the opportunity to modify his
or her original response in light of the general opinion. The process may involve several rounds

and ceases once consensus has been attained among patficipants on the 1ssue at hand.

Potential participants were identificd through published literainre and others 1 vanious ficlds
were identified through professional contacts. Expertise was defined as extensive diagnostic or
research experience with bovine trypanocsomosis, theileriosis, anaplasmosis, babesiosis,
cowdriosis, parasitic gastroentenitis, fasciolosis and schistosomosis with emphasis on sub-
Saharan Africa. One hundred and twenty-eight experts from Africa (111}, Europe (9), America
(3) and Australia (5) were identified and asked to participatc in the Delphi survey,
concentrating on ihe discases of their specialization, The participants consisted of 64
international scientists with extensive research experience on the selected diseascs and 64

experts with cxteasive experionce in clinical diagnosis and treatment of the diseases under
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consideration. Of the 128 participants, 93, 75, 76, 75, 75, 82, 81 and 81 had expertisc on bovine
trypanosomosis, theileriosis, anaplasmosis, babesiosis, cowdriosis, patasitic gastrocnicritis,

fasciolosis and schistosomosis, respectively.

An explanatory covering letter and a copy of the questionnaire on the different diseases were
mailed to relevant experts. In the first round, veterinary scieniists wore sent questionnaires only
on diseases of thelr specialization, while veterinary practitioners were sent questionnaires on ait
the eight diseases under consideration, Panel members were asked to choose between five and
ten of the clinical signs and risk factors listed that they thought were the most usefil in clinical
diagnosis of the discases of their specialization. They were then asked to score the rclative
importance of the selected 5 to 10 clinical signs and risk factors using a scale comprising the
values 1, 2, 3, 4 and 5, where 1 indicated lowest importance, while 5 indicated highest
importance. Participants were further requested to base their scores on the their experience

rather than textbook knowledge.

A second-round questiopnairc was mailed to cach respondent after compiling ihe responses
from the first survey. Participants were sent a questionnauc with all the original clinical signs
and risk factors together with consensus and individual resuits from the #irst round. In addition,
questions in the second-round questionnairs were rephrased Lo make them clearer and to avoid
confusion that ted to some participants reversing the scores during the first round. Consensus
results consisted of a list of clinical signs and risk factors chosen by all participants specialising
on a given discase with the mean scores arranged in a descending manner. Individual results
consisted of a list of clinical signs and rigk factors chosen by each individual for the various

diseases of his or her interest with mean scores arranged in 4 descending fashion.

After the completed questionnaires {romn the sccond round were received, the final mean scores

for the chosen climical signs and visk factors for cach of the discases: (rypanosomosis,
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theileriosis, anaplasmosis, babestosis, cowdriosis, parasitic pastroenteritts, fasciolosis and
schistosamosis, were calculated. In cases where participants had not retumed the second-round
questionnaires, their (irst-round answers were used. Visual inspection of fiequency plots of
each clinical sign and risk factor chosen for each disease for bimodal distribution was done to

assess whether the panel had reached consensus after the second round (Bruncau ef af., 1999).

3.3 Resulis

8.3.1  Deiphi survey resulis

Forty-six of the 128 people asked to participate returned the first-round questionnaire. They
consisted of 32 veterinary scientists and 14 veterinary practitioners. Twenty-six, 21, 23, 23, 20,
23, 22 and 12 answered questions regarding trypanosomosis, theileriosis, anaplasmosis,
babesiosis, cowdriosis, parasitic gastrocnteritis, fasciolosis and schistosomosis, respectively.
Twenty-seven of the 46 original participants retumed the sccond-round questionnaire. These
included 15 veterinary scientists and 12 voterinary practitioners. Nincteen, 17, 16, 16, 16, 14,
15 and 6 responded to questions on trypanosomosis, theileriosis, anaplasmosis, babesiosis,
cowdriosis, parasitic gastroenteritis, fasciolosis and schistosomosis, respectively. The non-
responstve rate during the first round was high (64 %), but was low (41 %) during the second
round. The interval hetwcen mailing the first- and second-round questionnames was
approximately six months. Bimodal distribution ogeurred in some factors during the second
round and a change of scores was witnessed within groups between the successive survey
rounds. The overall scores for individual clinical signs and risk factors are shown in Table 8.2
and a swmmary of the top clinical signs (risk faciors) for the various discases are shown in
Table 8.3, These top clinical signs (risk Caclors) were those chosen by at least 30% (an

arbitrarily threshold} of the participants in each disease group.
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8.3.2 Incorporation of daia into a decision support toel
The overall scores of clinical signs of the targeted diseascs were incorporated into a decision
support tool, which was designed bascd on a combination of the pattern-matching and colour-

banding techniques (Coclkeroft, 1999a; Middleton, 2001).

8.3.2.1 Standardization of datu

Because the scores in Table 8.2 were based on different nnmbers of experts in each disease
category: anaplasmosis (23), babesiosis {23), cowdriosis (20), fasciolosis (23), PGE (22),
schistosomosis (12), theileriosis (21) and trypancsomosis (26), thev had to be scaled by a factor
{cach score was divided by the humber of experts in the respective disease category) 1o equalise
all discase categories before removal of the least important clinical signs. This step madc all
scores for clinical signs in each disease category to add up to 30. After standardization, clinical
signs were then sorted in descending order of the their totals across discase categorics to aliow

for selection of the most important clinical signs (lable 8.4).

8.3.2.2 Selection of clinical signs according to their diagnostic value

Sclection of key clinical signs for each disease to be included into the diapnostic decision
suppori tool was undertaken. For this purpose dendrograms displaying discases in the sign
space (Figure 8.2) and clincal signs i the diseasc space (Figore 8.3) were used. The
dendrogram of discases in the sign space iHustrated how simular the targel discases are in terms
of the clinical signs they manifest, while the dendrogram of clinical signs in the discasc space
illustrated the power of the clinical signs for the differemtial diagnosis of the target discascs.
Figure 8.2 demonstrated that it is casy to distinguish among tick-borme disease and between
tick-bome discascs from trypanosomosis and helminthoses using clinical signs under
consideration. But it was less easy 1o distinguish between helmunthoses and trypanosomosis

aud very difficult to distinguish between parasiiic gastroenteritis and tasciolosis.




Figure 8.3 aliowed identification of clinical signs, which were similar in terms ot their power
for the differential diagnosis of the discases under consideration. Such signs, which were
treated as sign pairs (sign X or Y), included, ataxia or abnormal behaviour (nervous signs),
anaemia or pallor of mucous membranes, anorcxia or depression, dyspnoca or coughing, and
stunted growth or potbelly. Combination of clinical signs into pairs ultimately led to reduction
of the number of clinical signs from 34 to 16 signs and sign-pairs, which were rcasonable for

inclusion into the decision support card.

8.3.2.3 FKinal set of data

The final set of data (Table 8.5) used to build the decision support card was attained after data
standardization, climination of least important clinical signs and combination of signs into sign-
pairs. Least important olinical signs were removed because they provided little information to
aid differential diagnosis. The data was then transformed into a prototype decision support card
(Figure 8.4) using a scoring and colour-coding system: 0 to 4, in which 0, 1, 2, 3 and 4
represent values (colours), 0% {black); =0% (grey); >9% (yellow); >14% (orange) and >21%

(red), respectively. The colours were selected arbitrarily.

8.3.2.4 Prototype decision support card

The protolype decision support card shown in Figure 8.4 is composed of a grid on top in which
diseases included are listed. The clinical signs associated with these discascs are listed on the
far left coluimn. The colour band and the score reflect the weight of a sign state in the event that
a discase is present. The basis of this card is the comparison of clinical signs obscrved with
disease profiles. A list of differential diagnoses is constructed ranked in the order in which the
disease profiles match the clinical signs observed. To make differential diagnosis, scores of the
various sign states of cach discase are added up and overall scores of the possible differentials

are ranked. The discase with the highest total is considered the leading differential diagnosis. A
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tic for the top rank is considered to signify a case of concurrent disease involving more than

one disease.

Tabic 8.1: A dist of eight bovine diseases and thirty-four clinical signs and risk factors

iHiseases

Clinical signs/iisk factors

¢  Anaplasmosis

]

Abnormal behaviour/consciousness

=  Babesiosis

@

Abortion

»  Cowdriosis

[}

Age

e Fasciolosis

Anaemia

e PGE

4

Anoregia

a  Schistosomosis

Ataxia/locomotor d&éfﬁﬁcﬁon

e Thelleriosis

Breed

e Trypanos OMosis

Coustipation

Coughing

Dchydration

Depression

Diarrhoea

i |le |t | |P @

Dyscutery

Dyspnoea

Haemoglobuna

Icicrus

L B > B =

Lacrymation

P8

Lymph node enlargemcnt

Muscle tremors

Nasal discharge

Pallor of mucous membranes

Petechial hacmosrhages

Pica

Pot belly (calves)

Pyrexia

]

Reduced milk yield

£

Reproductive status

Sex

Staring hair coat

Stunted growth

Submandibular/ventral oedema

Thirst (excessive)

Weakness

o als o|s|o]s’

Weight loss
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Table 8.2: Overall scores of all 34 clinical signs of endemic bovine diseases obtained through

the Delphi survey

*Shaded figures indicates clinical signs of high diagnosti

¢ value for .i.ndividual diseascs

Clinical signs Anaplasmosi [Babesiosi asciolosi E’GE chistosomosish‘heileriosi Trypanosom(:isl
/Abnormal behaviour 14.1 0.0] 0.0] 0.
Abortion 11.2 0.0 0.0 iR
Age 24. 23. 19.
/Anaemia {‘ L - e &8 , :
Anorexia L . 48135 4.
Ataxia 4. 0.0] 0.0 0.0j
Breed 21.3 1.6] 0.0 S 17.1
Constipation L 0.0 0.0 0.0
Coughing 0. 2.0{12.7] 2.6)
Dehydration 5.6 3.3 12.9)
Depression 7.7 6.1 12.9
Diarrhoea s 18.1
Dysentery 8.8) 18.4f 0.0
[Dyspnoea 0.0] 0.0 2.
[Excessive thirst 1.4 6.8
Haemoglobinuria 0.0f 0.0
[cterus 20.4f 0.0
Lacrymation X 0.0] 0.0f
Lymph node enlargement] 4.6 0.0] 0.0
IMuscle tremors 0.0] 0.0
Nasal discharge 0.0] 0.0
Pallor i g
Petechial haemorrhage 8.2 4.0p 0.0
Pica 0.0f 0.0] 0.9
Pot belly (calves) 4. 14. )
Pyrexia . 0.0 9.9

educed milk yield o 26.9(10.6

eproductive status 4.3 7.1110.5
Sex 0.0 0.0f 0.6
Staring coat 11.0 -
Stunted growth 0.0) S
[Submandibular oedema :
[Weakness 23.3 213
[Weight loss 25. P
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Table 8.3; Clinical sipgns {risk factors) with the highest scores as assessed by experts 1 the

Delphi survey

RankAnaplasmosi Babesiosis

Cowdriosi Fasclolosis PCE

Schistasomosis Theileriosis  Trypunosomaosis

1
Anaemia

2 -
Caonslipation

3 .
Pyrexia

4
Pallor

S .
Anorexia

6 “
Depression

7 [cterus

8 Red. mitk
yield

g

10

[Taemoglobinuria Afaxix Weightloss  Diatthoea

Pyrexia
Icterus
Anaemia
Depression
Weakness
Anorexia

Palior

Submandibular

Pytexia Pot belly
oadema -
o
. Stunied
Anorcxia  Weakness
srowth
Abnormal
. Palior Agae
behaviour ~° &

Deepression Staring coat  Anaemia

Stunted

V N o
Weakness growth Weight loss
R.e‘l‘ wilk Anaemia Pallor
yiekd
Diarhoea Submandibula
A oedema

Staring cont

Pallor
Weight loss
Weakness

Anacmia

Lymph nede
cnlargemenl

Pyrexia

Dyspnoea

Age

Stuated growth Anorexia

Dysentery
Age
Diarrhoea

Staring coat

Red. mill
yield

Breed

Coughing

Lacrymalion

Petechial
hacmaorrhape

Anacmiu
Weight loss
Staring coat

Lymph node
enlargement

Pallor
Abortion
Weakncss

Red. milk yield
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Table 8.4: Scores of clinical signs standardized and sorted in descending order

Clinical signs
\Anaemia
Pallor mucous membrane
Pyrexia
'Weight loss
‘Weakness
Age
IAnorexia
|Staring coat
IReduced milk yield
IDepression
tunted growth
Diarrhoea
ymph node enlargement|
[Haemoglobinuria 0. 194 0.3
ubmandibular oedema 0.0 0.11 0.02}:
icterus . LW 0.0
Breed SR 3 1.24] 0.
Ataxia 0.29
Pot belly (calves) 0.03 0.00|
IConstipation 0.06 0.00)
IDysentery 0.00 0.30
\Abnormal behaviour 0.61 0,23} - ) :
IAbortion 0.48 0.39 0.59) 0.00
IDyspnoea 0.00] 0.11 0.50| 0.00} 0.00f
Coughing 0.00| 0.00 0.14 0.09]0.58
Petechial haemorrhages 0.36] 0.12 0.35! 0.170.00,
Lacrymation 0.00 0.11 0.39 0.00] 0.00|
Dehydration 0.55 0.00: 0.00] 0.24{0.15 0.22] 0.23) 0.50, 1.9
Nasal discharge 0.00) 0.00 0.61 0.00} 0.00| 0.00 0.89 0.07] 1.6
[Reproductive status 0.19| 0.00; 0.07 0.31 0.48| 0.00| 0.04 0.23] 1.3
Muscle tremors 0.08 0.13] 0.91 0.00{ 0.00| 0.00 0.05 0.00] 1.2
[Excessive thirst ().08[ 0.16) 0.00| 0.06{ 0.31 0.14] 0.00| 0.00{ 0.7
Pica 0.00 0.00| 0.00) 0.00] 0.04| 0,00 0.00 0.00{ 0.0
Sex 0.00; 0.00 0.00] 0.00] 0.03] 0.00 0.00] 0.000 0.0

*Shaded figures indicate important clinical signs for diagnosis of individual diseases
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Tree Diggram for 8 Diseases
Complete Linkags - with 16 signs
Euclidean distances
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TRYPS = Trypunosomosis, SCHIST = Schistosomosis, PGE = Paragitic gastroenterilis, FASCI =~ Fasciojosis, THEIL =

Theileriosis, COWD = Cowdriosis, BABES = Babesiosis, ANAP = Anaplasmosis

Fipure 8.2: A dendrogram showing diseases in the sign space
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Tree Diagram for 34 Signs

Complets Linkaye - for 8 diseases

Euclidean distarices
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Figure 8.3: A dendrogram showing a full set of clinical signs iu the diseasc space
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Table 8.5 Final sct of scores of clinical signs and sign-pairs included in ihe decision support

card

Anaplasmosi Babesiosi Cowdriosi Fasciolusis PG Schistosomosis Theileriosi Trypanosoniosis

Anaemia or Pallor 25% 14% 4%  16% 24% % 28%
Anorexia or Depression 13% 12% 24% 14%

Ataxiz or Abnorm. behaviour 32%

Constipation 23%

Diarrhoea 8%  20% 8%
Dysentery 10% 3%
Thvspuoea or Coughing 15%% )‘
Haemoglobimiria 3(%

Tcterus 9% 13%

1.ymph node enlargenwent 32% 14%

Pyrexia 18% 20% 31% 28% 4% _‘
Staring coat 13% 12% T% 19%
Stunted growtlypot belly 13% 19% 11%
Submandibular oedema 17%  13%
Weakness 6% 10% 13% 16% &% 19% 12%

Weight loss 6% 199 14% 21% 23%
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DANOSOMOSis)

lAnaemia or Pallor

[Anorexia or Depression

[Ataxia or Abnormal behaviour

IConstipation

[Diarrhoea

[Dysentery

[Dyspnoea or Coughing

[Haemoglobinuria

Jicterus

[Lymph node enlargement

Pyrexia

Staring coat

IStunted growth or pot belly

[Submandibular/ventral oedema

[Weakness
(Weight loss

Figure 8.4: A prototype decision support card for differential diagnosis of endemic bovine

diseases
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8.3.2.5 Lvaluation of the decision support card

Preliminary cvaluation of the decision support card was conducted using 50 cases. Among
them were field cases of anaplasmosis, fasciolosis, parasitic gastroenteritis, theileriosis and
trypanosomosis found during the cross-sectional study and others obtained from literature:
babesiosts (Ajayi ef al., 1982; Flach e al., 1990), cowdriosis (van Atstel ef al., 1988; Flach ef
al., 1990) aud schistosomosis (McCauley ¢f al., 1983b). Results for the preliminary testing of
the decision support card are shown in Table 8.6. The intcnded diagnoses were placed in the
top rank in 38% of cases, and in sccond and third ranks in 26% and 30% of the cases,
respeciively. Thus if only top rank scores arc considered, 38% of the diagnoses would be true,
but by including the second and third place scores thore was a substantial improvement in the
detection rate of the true diagnoses to 64% and 94%, respoctively, For the majority of the
cases, the diagnostic hierarchy was different from the one intended for. Out of 50 cases, 31 top
rank diagnoses were different from the true diagnoses. For examples, though iz all cases of
fasciolosis, fluke eggs had been detected and all cases of unaplasmosis were parasitologically
confirmed, none of cases had fasciolosis and anaplasmosis placed on the top ravk by the
decision support card based on the clinical signs observed. Fowever, the clarity of the
diagnoses was good, for therc were only 3 multiple first choice diagnoses out of 50 placed on
the iop rank. In the majority of the cases, trypanosomosis masked other discases just because
weight loss, for which trypanosomosis has a high weighting, was a common clinical sign
amonyg the cases. A further evaluation was conducted using 16 cases of known aetiological and
clinical diagnosis whereby diagnoses by 15 pairs of experts were compared to that of the
decision support card. The decision support card detected 15 out of 16 (93.8%) cases, while

experts detected 12 out of 16 (75%) cases (Table 8.7).
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8.4 Discussion

The Delphi method was employed to explore the available wealth of veterinary expertise on
clinical diagnosis of cndemic bovine discases under consideration to elicit quantitative
information on the most important clinical signs and risk factors for designing decision support

systems.

Responses were received from 46 experts regarding important clinical signs and risk factors for
clinical diagnosis of bovine trypanosomosis, theileriosis, anaplasmosis, babesiosis, cowdriosis,
patasitic gastroenteritis, fasciolosis and schistosomosis. Despite the high non-response rate
during the first round, the 46 participants by the end of the second round were sufficient, given
that cven minimal expertise can have a significant impact on the accuracy of forecasts (Kirigia,
1997). Unfortunately, literature on the Delphi methodology does not give clear
reccommendations on the appropiiate number of people to include in a panel, but 1t is
rccommended that the panel should be sufficient to accommeodate attrition between rounds

{(Bruneau ef al., 1999).

The common crniterion to stop is when agrecmoent among the respondents bas been attained
(Bruncau et al., 1999). Though some factors portrayed bimodal distribution afier the second
round, giving a cluc of divergence of opinion, the iterative process was stopped after the second
round to avoid the relatively high dropout rate between rounds. Ideally, the iterative process
should continue for several rounds, but studies have shown that usually theie is no meaningful
change after the sccond round of evaluation (Bruneau ef af., 1999). The mterval between
mailing the first- and second-round questionnaires was long {approximately six months)
because of the wide coverage of participants from the whole world 1.c. Africa, America, Europe

and Auvsiralia,

The participangs’ lists of chosen clinical signs and risk factors werc consistent with existin
p P 2 g

literature on the various diseases assessed. For clinical diagnosis of bovine (rypanosormosis,
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anacmia, followed by weight loss, staring coat, enlarged lymph nodes, pallor of mucous
membrancs, abortion, weakness and reduced milk yield had the highest scores. This finding
concurred with existing literature (Fiennes, 1970; Morrison ef al, 1981, Molyneux and

Ashford, 1983: Muuray and Trail, 1986, Stephen, 1986; Hlolmes ef al., 2000},

Enlarged lymph nodes, followed by pyrexia, dyspnoea, age, anorexia, redoced milk yicld,
breed, coughing, lacrymation and petechial haemorrhages bad the highest scores for clinical
diagnosis of bovine theileriosis. Expert opinions were consistent with findings of other studies
(Bruce et al., 1910; Shannon, 1977; Cmuse, 1978; Kiptoon e al., 1983: Mbassa ef al., 1994;

Mbassa ef al., 1998).

The clinical signs with the highest scores for diagnosis of bovine anaplastnosis tncluded
anaemia, followed by constipation, pyrexia, pallor of mucous membranes, anorexia, depression,
icterns and reduced milk yield, Studies on natural cases of bovine anaplasmosis conducted n
Nigeria (Ajayi ef af., 1987, Egbe-Nwiyt ef al, 1997) and in Kenya (Omuse, 1978), smilarly
recorded these clinical signs. These signs have also been reported elsewhere (Theiler, 1910;

Potgieter and Stollz, 1994).

Haemoglobinuria, followed by pyrexia, icterus, anaemia, depression, weakncess, anorexia and
pailor of mucous membranes had the highest score for clinical diagnosis of bovine babesiosis,
Caonsistent with cxpert judgement, haemoglobinuria, pyrexia, jaundice and anagmia have been
observed to be the major clinical signs manifesicd by cases of bovine babesiosis (Cause, 1978;
Ristic, 1981; Losos, 1986; Urqubart ¢t al, 1996). Howsver, icterus is never a prominent
clinical sign associated with babesiosis, as s the case with anaplasmosis (Potgieter and Stoltz,

1994).

Ataxia or locomolor dysfunclion, followed by pyrexia, anorexia, abnormal behaviour or

consciousness, depression, weakness and reduced milk yield had the highest scores for clinical

R
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diagnosis of cowdriosis. Bovine cowdriosis is often fatal especially in susceptible populations
of cattle introduced inte cndemic ascas, particularly in tnported exotic breeds and hence
clinical diagnosis is rarely made. However, in line with the above ranking of clinical signs.
cowdriosis in cattle is characterised by prolonged pyrexia and nervons symptoms before death

(Cawdry, 1926; Lasos, 1986; Bezuidenhout e @l., 1994).

Weight loss, followed by submandibutar cedema, weakness, patlor of mucous membranes,
staring coat, stuntcd growth, anaemia and diarrhocs had the highest scores for clinical diagnosis
of bovine fasciolosis. Expert opimion concurred with oxisting literature, in that bovine
fasciolosis is reported to present with gradual wasting, progressive weakncss, anaena,
dehydration and oedema of the submandibular space and veutral abdomen (Egbe-Nwivi and

Chaudrai, 1996; Bowman and Lynn, 1999; Waruiru ef al , 2000).

Diarrhoea, followed by pot belly in calves, stunted growth, age, anaemia, weight loss, pallor of
ICous 111;:1'nbrancs,_ submandibular oedema and staring coat had the highest scores for clinical
diagnosis of parasitic gastroenteritis in cattle. This concurs with other studies (Kaufmann ef al.,
1989; Kaufinunn and Pfister, 1990, Warniru er al., 1993; Waruicu ef al., 1998; Eysker and

Ploeger, 2000; Ganaba ef af., 2002).

Yor clinical diagnosis of bavine schistosomosis, the signs and risk factors that had ihe highest
scores included pallor, followed by weight loss, weakness, anaemia, stunted growth, dysentery,
age, diarrthoca and staring coal. Clinical signs of this discase are reported to be rare because the
discase generally occurs at subclinical lovels (de Bont and Vercruysse, 1998). Retarded growth
of animals on a herd basis 15 the major sign for the chronic forin of bovine schistosomosis and
severe bloody or mucoid diarrhosa, marked anorexia, excessive thirst, anaemia and cmaciation
are the main clinical signs of the acute torm of disease (de Boni and Vercruysse, 1998;
McCauiey el al., 1983a). Other signs considered highly diagnostic for the acute form of bovine

schistosomosis inchude, excessive thirst due io severe dehydration and the resulting sunken-eye
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appearance (McCauley et al., 1983a). Unfortunately, many experts did not consider many of
these clinical signs important. Instcad they mentioned c¢linical signs ofien associated with the
chronie form of the disease, which probably implicd this is the most prevalent form. Given the
fact that clinical signs are quite rare and the cases arc guite focalised (de Bont and Vercruysse,
1998), many experts probably had little experience with this disease. Indeed, several experts
asked to respond to qucstions on this disease declined to participate because of Jack of
experience. Such areas where participants bave little information tend not to be evaluated m

Delphi surveys as being of primary importance (Bruneau ef al, 1999).

The degree of importance attached to the various clinical signs and cisk factors chosen by the
participants for the discases under consideration makes this study unique. Nevertheless, it is
possible that these resulis were biased by “received wisdom”™ 1.e. what participants had beer
taught by their peers and teachers, which undoubtedly constitutes conventional veterinary
medicine. This could have made the basis for participants making diagnoscs. In compleling the
survey, they may have looked back and decided that thicse signs they were taught were indeed
important in diagnosing the conditions. This situation ariscs because there arc sclatively few
velerinary practitioners in the target production system with regular access to conlirmatory
techniques such as microscopy. It was hoped, however, that with their overwhelming field
experience accumulated over time, many veterinary practitioners had been exposed io many
classical cuscs of these diseases aad hence had had chance 1o confirm the important clinical

signs and risk factors associated with them.

On the other hand, normally veterinary scientists working on these discases and who have
access to confirmatory techniques are not regularly exposed 1o cases of these diseascs under
field conditions. They tend instead to work on cxperimental infeclions. Moreover, with
emphasis over the last two decades on immunological and molecular diagnoses, clinical

parameters are often overlooked in experimental studizs. However, ensuring that veterinary
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scientists selected had some background field experience with diseases under consideration

mitigated this problem.

Bimodal distribution occurred in some factors, probably indicating lack of stabilily of these
factors or represented an important and apparently unresolved difference in opinion within the
panel {(Dewey ef al., 1992). Lack of stability between the scores is oflen attributed to diversity
in background among panel experts (Dowey er al., 1992), as was the case with the vetcrinary
scientist and practitioners. This diversity of background may lead to differcnces in the

interpretation of the questionnaire.

Some change of scores was witnessed within groups between the successive survey rounds.
Giving consensus resulis, an underlywg property of the Delphi method, and clarification of the
questions in the questionnaires afier the first round, could have triggered this change of scores.
It has been demonstrated in ather studies that giving relevant facts on reiurn questionnaires
improves the accuracy of subsequent responses (Bewey ef al., 1992). "The propensity for
individuals to change their scores 18 thought (o be a function of their distance from the average
scare and their strengih of belicf on the 1ssue, hience individuals whose judgement is far from

the mean score arc most likely to change thetr score than those close to the mean (Dewey ¢f al.,

1992).

Unlike in many textbooks of veterinary medicine, whereby clinical signs of bovine discases
considered in this study are described as a sequence of events during the disease process, this
study has yielded quantitative information indicating the degrec of importance of various
clinical signs and risk factors associated with bovine irypanosomosis, theilerivsis,
anaplasmosis, babesiosis, cowdriosis, fasciolosis, parasitic pastrocnteritis and schistosomosis

thai are useful for their clineal diagnosis.
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Using the quantitative information on clinical signs/risk factors gathered from the Delphi
survey, a decision support card was developed. The decision support card was iatended for
people involved in ficld diagnosis of endomic bovine discases in rural areas of Afiica. Unlike
CaDDi5, an expert system that bolter analyses diagnosis of diseases by utilising Bayesian
probabilistic rcasoning to tackle conjunction occurrence of various disease signs in the same
animal (McKendrick er ol., 2000) and thus is more accurate, the decision support card is a low
technology decision support system that utilises palicrn-matching and a scoring system to make
differential diagnosis. It was purely designed to conform to conditions in rural areas of Africa
where there is no electricity and to allow for casy mobility, Computer-independent systems,
such as this are usually limited to idemtifying differential diagnoses for a single sign or a limited
number of combinations (Cockeroft, 1999a). It is recognised that such decision support systems
need to be simple and credible to the users, however, their major setback 1s inability 1o allow
for unceriainty of obscrvations, which may lead to misinterpretation or missing of sublle signs

(Cockeroft, 1999a).

As regards the preliminary evaluation of the decision support card, it only top rank scores are
considered, 38% of the diagnases would be irue but by including the second and third place
scores therc is substantial improvement in the deteciion rate of the true diagnoses to 64% and
04%, respectively. Middleton (2001) also suggested the inclusion of the second and third

cholce scores to improve the dctection rate of a diagnostic decision support tool.

Tt was observed that in the majority of the cascs the diagnostic hicrarchy was different trom the
ove intended. This though largely was atiributed to discascs under consideration manifesting
similar clinical signs, alsu pointed out the fact that there is need to refine the decision support
card to allow for clear diffcrentiation of diseascs. For cases of fasciolosis, lluke eggs had been
detected, but many of them manifesicd weight loss and pallor of mucous membranes, signs that
ar¢ also manifested by trypanosomosis. A sign like submandibular oedema that would have

distinguished fasciolosis from trypanosomosis was not manifestec by any of the field cases of

g,
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fasciolosis. for cascs of anaplasmosis that were parasitologically confirmed, many of them
presented with weight loss and anacmia, which are similarly wanifested by trypanosomosis.
None of the field cases of anaplasmosis mamfested constipation, a sign that would have

distinguished anaplasmosis from trypanosomosis.

Trypanosomosis masked other diseases in the majority of the cases just becanse weight loss, for
which trypanosomosis has a high weighting, was a common clinical sign among the cases vsed.
Recognising the fact that they were field cases, chances of intercurrent wfection arc quite high.
There was a possibility of undetected underlying trvpanosomosis, since weight loss and
enlarged lymph nodes observed in most of the cases diagnosed to have trypanosomosis are
common signs associated with trypanosomosis (Fiennes, 1970, Morrison ef al, 1981,

Molyneux and Ashford, 1983; Murray and Trail, 1986; Stephen, 1986).

In a comparalive svaluation of the decision support card using cascs of known astiological and
clinical diagnosis, the card detected 15 out of 16 (93.8%) cases, while cxperts detected 12 out
of 16 (753%) cascs. Whereas the card misdiagnosed only one casc of fasciolosis that presented
with anacmia, diarthoea and weight loss for parasitic gastroentetitis, the experts misdiagnosed
Tour cases: two cases of fasciolosis and two cases of schistosamosis for parasitic gastroenteriiis
and trypanosomosis. Fistinction of parasitic gastroenteritis from  fasciolosis  and
schistosomosis, and trypanosomosis [rom schistosomosis and fasciolosis is difficult since these
discases present with similar signs. The decision support card was better than the experts in
distinguishing parasitic gastroenteritis from schistosomosis and, schistosomosis and fasciolosis
from trypanosomosis. However, the decision support card sill needs vefinements to allow it to
distinguish parasitic gastroenieritts from fasciolosis, especially when cases of fasciolosis

present with diarrhoca i addition to anaema and weight loss.

Weight foss is an important clinical sign of chronic gastrointestinal aematode infections in

older cattle, while anaemia, oedema, diarrhoca and anorexia are associated with severe cases of
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parasitic gastrocnteritis observed in younger cattle, with diarrhoea being the main clinical sign
(Eysker and Ploeger, 2000; Ganaba er af., 2002). Weight loss and anaemia are also associated
with mild or chronic fasciolosis in cattle (Urquhbart ef al., 1996). Presence of anacmia and
diarrhoea has been assigned higher diagnostic scores for parasitic gasiroenteritis than for
fasciolosis, whilc prosence of weight loss and submandibular cdema have been assigned higher
diagnostic scores for fasciolosis than for parasitic gastroenteritis in the decision support card.
This leads to misdiagnosis of cascs of fasciolosis that present with anaemiia, diarrhoea and
weight loss, but without snbmandibular oedema. However, such cases are unusual.
Veterinarians could deal with such situations by applying broad-specirum anthelmintics that

clear both gastrointestinal nematodes and fiukes.

There is also necd for a threshold score for inclusion of diseases as the top rank. This would
probably capture the second aud third place scores for most cases thus aliowing for detection of

imtercurrent diseasss and also ensure correct diagnoses 1n up to 94% of the cases.

The decision support card is simple to use, however, it is only useful in cases with at least two
clinical signs. Cne clinical sign does not provide enough information to difterentiate discases.
In addition, this tool is mcant for people with scme arithmetic profictiency and background
veterinary training. Veterinary training would empower onc to uaderstand the epidemiology of
the diseases under consideration. anaplasmosis, babesiosis, cowdriosis, fasciolosis, parasitic
gasirocuteritis, schistosomosis, thetloriosis and trypanosomosis, particularly their presence or
absence and distribution in the atca where one is using the tool. It should also be noted that
people with colour blindoess might find some difficulty in using the tool. However, the
inclusion of the scoring system in addition te the colour coding svstem was aimed al

eliminating this problem.
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To ensure durability and inexpensive production of the decision support card, ri will preterably
be made of a lightweight plastic or laminated cardbhoard, which would make it possible to re-

use by writing on 1t with a wipe-clean marker or pencil,

Before the decision support card is released for routing use, there i1s need for further evaluation
under conirolicd conditions to assess its diagnostic performance in terms of its sensitivity and

specificity, and thereafter evaluation by a lavger group of independent end-users.
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Figure 9.1: Clinical examination of a cow and taking of a blood sample in the field in Uganda -
given thc unavailability of field-level diagnosiic tests and dwindling veterinary diagnostic
facilities in sub-Saharan Africa, deiwetion of clinical diseasc and cffective mapagement of
endemic boving diseases by ficld veterinarians, animal health assistants and community animal

health workers may be facilitated by a combination of clinical cxamination and guiding

decision support t0ols
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Chapter 9 General Discussion

9.1 Intreduction

Trypanosomosts, tick-borne diseases and bhelminthoses are the major endemic diseases
affecting catile health and productivity in sub-Saharan Africa (Wamae and Ihiga, 1991: de
Castro, 1997; Pandey and Ahmadu, 1998; de Boni and Vercruysse, 1998, Kristjanson et .,
1999; Eysker and Plocger, 2000). Endewic discases of cattle are a major constraint to the use of

livestock by poor people in sub-Saharan Africa (Holden et al., 1997).

Losscs due to major endemic discascs may not be as dramatic as those occwring at the height
of outbreaks of ¢pidemic diseases, but their continuous presence, relentless attrition and
negative impact on livestock productivity makes them economically important (OIE, 2003).
Major epidemic discases of cattlc such as rinderpest, foot and mouth disease (FMD) and
contagious bovine plenropneumonia (CBPP) usually canse large-scale mortality, morbidity and
severe economic losses during outbreaks, but they cause minimal economie losses during their
long inter-epidemic periods when they are cither abscnt or present at low prevalence. In their
control, sational governments and interrational organisations are obliged to act because of their
mmense negative impact on international trade on animals and animal products, and their
infectious nature that allows them casily spread across national boundaries (OLE, 2003).
Whereas national povernments or international organisations take respousibility for epidemic
disease control, the costs of endemic diseasc control are met by individual farmers dug to the
localised nature of these discases {OIF, 2003). Major endemic bovine diseases in sub-Saharan
Adfrica include trypanosomosis, theileriosis, anaplasmosis, babesiosis, cowdriosis, parasitic

gastroenteriiis, schistosomosis and fasciolosis.

Until recently, contro! uf major cudemic bovine discases in sub-Saharan Africa has been the

respousibility of statc veterinary services, which have been reduced as a result of privatisation
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(Armbruster, 1994). Moreover, i many African countries veterinary diagnostic laboratories
have falien into disuse due to under-utilisation by fee-paying farmers and absence of public
support {Kenyon and Nour, 1996). With the advent of privatisation of veterinary services,
diagnosis and trealment of livestock discases in many Adlrican countries is now catried out by
farmers, ficld veterinarians, animal health assistants, community animal health workers and
agro-veterinary traders (Bossche ef af., 2000b; Machila er al, 2003). Worse still, existing
laboratory-based techuniques for diagnosis of these diseases are too costly and unavailable to
these groups making treatment decisions {(Machila ef a/., 2003). To improve ficld-level diseasc
diagnosis, there is a necessity for development of simple, reliable and cheap diagnostic tests
and guiding dcecision support tools to enable these groups render prompt diagnosis and

treatiment of endemic bovine diseases in rwral areas of Africa.

9.2 Major Achievements

The goal of this thesis was to cvaluate simple diagnostic tools and develop guiding decision
support tools to facilitate the diagnosis and treatment of endemic bovine diseases in rural arcas
of Africa by ficld veterinarians, animal health assistants and community animal health workers,
with particular cmphasis on the mixed crop-livestock production system in South East Uganda.
In this chapter the salient findings with respect to the objcctives of the study and the future

application of the decision support tools are reviewed.

The cconomic importance of major endemic bovine diseases in terms of losses to livestock
productivily is highlighted in Chapter 1. In addition, the specific objectives and the thesis
hypothesis are outlined. The thesis hypothesis was: farmer-based interventions uilhizing low
technology decision suppori systems including hasmoglobin measurements might help improve
animal health in the mixed crop-livestock famming systems in South East Uganda. Indeed as

shown in Chaptors 4 and 8, poriable hacmoglobinometers could facilitate the hacmoglobin

P



233

measurement in the detection of anaemia associated with endemic bovine discases and the
decision support card could aid in diffsrential diagnosis of endemic diseases in this production

system (sce Sections 9.3 and 9.4).

In Chapter 2, major endemic bovine diseases under consideration were reviewed in relationship
to the key clinical sigus, pathologtcal featurcs, cpidemiotogical features and available definitive
diagnostic tests. The role of anaemia in the pathogenesis of the various endemic diseases was
also elucidated. Furthermore, the diagnostic procedure often undertaken in clinical diagnosis,
and available parasitological, scrological and molecular diagnostic tests for the various endemic
discases were reviewed in Chapter 2, looking at their advantages and disadvaniages in
relationship to detoction of clinical disease. Chapler 2 ended with reviewing the role of decision
support tools in improving the detection of clinical disease in light of the inadecquacics of the
available diagnostic tesis. The sludy arcas, production system and general methods used in the

collection and analysis of samples are described in Chapter 3.

In Chapter 4, portable hasmoglobinometers such as the Haemoglobin Colour Scale (I1CS),
HemoCue (HCU) and DHI-basmoglobinometer (DHT), commonly used in human medicine,
were cvaluated for their suitability in the detection of anacmia in cattle. These
haemoglobinometers were found to be potentially useful for penside detection of anaemia,
however each had irs drawbacks. The Haemoglobin Coelour Scale is cheup, easy to use and
reliable when nstructions are followed, but has the element of subjective judgement of results.
Its low cost property malkes it convenient for the target end-users. The FlemoCue 1s casy 1o use,
reliable and has no inter-observer error, but is expensive due to the considerable cost of
microcuvettes (UJSD 0.5 (€ 0.44) per microcuvette), inaking it unaffordable to the target end-
users. The DHT-hacmoglobinometer is simple, cheap becanse cuvettes are re-usahle, but is

impreeise due to the dilution step invoived. The dilution step makes it unsuitable for use by
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field velcrinarian, animal assistants and community anmimal health workers because this step
involves pipetting, which is difficult and mconvenient for these end-users to perform under

ficld conditions.

In Chapter 3, the influeace of time of day and coat colour of Zebu cattle on rectal temperature
was assessed. This stuly revealed that time of the day and coat colour had a highly significant
influence on rectal temperature (P<< 0.001), The period between 13.00 and 17.00 hours could be
the most suitable tme of the day for veterinanians to detect pyrexia, however there Is the
likelihood of picking healthy cattle (false positives) that have raised rectal temperature. Since
veterinarians are usually presented with sick rather than healthy animals by farmers, it is
unlikely that picking healthy animals would be g problem. Taking into consideration the
infiuence of time of day and coat colour of cattle on rectal temperature measurements could
mmprove the assessment of pyrexia and detection of clinical disease during clinical diagnosis of

endemic discascs.

Furthermore, diumal variatious of the sensitivity of the common parasitological diagnostic tests
for trypanosomosis were investigatod in Chapter 5. Despite the small sample size (n = 2), the
highest detcetion rate was observed at 21.00 hr and the lowest at 13.00 hr. Neither time of the
day nor day-to-day variation had a significant influsnce on the sensitivity of the tests.
Nevertheless, these resulis suggested optumal detection raie of trypanosemosis with microscopy
was achieved when caitle blood samplcs were taken and examined between 17.00 and (09.00
hours under tropical conditions. Apart from optimising the detceiton rate of parasitological tests
by taking blood samplus at a point of time of the day when trypanosome parasitaenva is

cxpected o be highest, there is need to supplement these techmiques with more sensitive

penside diagnostic tests, clinical diagnosis and decision support tools to enable field

veterinarians 1o effectively diagnose and treat cases of trypanosomosis.
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In Chapter 6, epidemiological studics conducted on endemic diseases in Zebu cattle kept under
the mixed crop-livestock production system in South FEast Uganda are described.
Parasitological, clinical and serological data were obtained from these studies. Parasitological
data was asnalysed io determing the parasitological prevalence of various diseases under
consideration. Clinical data provided means of determining disease morbidity rates. Serological
data on major tick-bome diseascs: unaplasmosis, babesiosis and theileriosis were used to
calculate seroprevalences and seroconversion rates, and plot serological profiles.
Parasitological prevalences and morbidity rates gave an indication to which diseases were most
important in the mixed crop-livestock system in Sonth East Uganda. These included
anaplasmosis, theileriosis, fasciolosis, PGE, trypanosomosis and babesiosis. Gvert cases of
bovine schistosomosis were not found, although a fow callle secreted Schistosoma eggs. Cases
of cowdriosis were not encountered either, despite the abundance of ihe tick vector A.
variegatum. Neither clinical nor pathological signs attributable io Coewdria ruminantium

organism were found.

Medium to high seroprevalences of 68.9-85.8%, 56.2-85.6% and 54.9-76 9% for Theileria
parva, Anaplasma marginale and Babesia bigemina infections, respectively, were found in
indigenous hreeds of cattle under the mixed crop-livestock production system in South East
Uganda, indicating that the cattle populations studied were cxtensively exposed to these
organisms. A state of endemic stability probably existed for anaplasmosis and babesiosis
(Caliow, 1977: Norval et al., 1992; Gitau er al., 2000; Maloo et al., 2001h). Local diffcrences
were observed among villages i terms of 7% parva seroconversion rates. A significant
difference in the abundance of Rhipicephalus spp. and Boophilus spp. ticks was found among

the villages, which fell into two distinet categories: high and low tick challenge.
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In Chapter 6, serological investigations took into account the fact that calves are borp
seronegative and then they may acquire passive immunity from maternal antibodies received
through colostrum (Rurridge and Ximber, 1973, De Vos, 1979; Hildcbrandt, 1981; Losos,
1986). Later the maternal anttbodies wane and calves seroconvert on first exposure to tick-
bome diseases. In aduli cattle, antibody titre may decline or risc depending on the tick

challenge (Burridge and Kimber, 1973; De Vos, 1979; Hildcbrandi, 1981; Lasos, 1986).

Serological investigations revealed that seroconversion rates to A. marginale infection of cattle
of all age groups: 0-6m, 7-12m, 13-24m and >24m under low tick challonge were higher than
those of their counterparts under high tick challenge, but not significantly so. Seroconversion
rates decreased with age up to 24m as expected, since as animals grew older more of them were
exposed to continuous tick challenge and A marginale infections under this extensive
production systcm, hence more seroconverted, leading subscquently to fewer susceptible

individuals and a lower seroconversion rate,

Unlike 4. marginale infections, seroconversion rates of B. bigemina infection in cattle of
different age groups greater than 6 months under high tick challenge were higher than those of
their counterparts under low tick challenge, but the reverse was true for 6 months old calves. A
significant difference was obscrved between seroconversion rates of older cattle (>24m) in the
two zones. This was expected because there is age-related susceptibilily of cattle to B. bigemina
infection which increases with age (Losos, 1986). Whereas under low tick challenge the
seroconversion rates decrcused with age, under high tick challenge the seroconversion rates
increased with age up to 24m. ‘The implication of this trend is that a higher incidence of cascs

of babesiosis would be expected under high tick challenge than under low tick challenge.
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For T. parva infections, seroconversion rates of cattle older than 6 months under low ticl
challenge were significantly higher than those of their counterparts under high tick challenge.
Seroconversion rales were similar in all age groups under low tick challenge, but decreased
with age under high tick challenge. This implies that a higher incidence of cases of East Coast
fever is expected under low tick challenge than under high tick challcnge. While cases of East
Coast fever are expected in all age categories: 0-6m, 7-12m, 13-24m and >24m under low tick
challenge, cases are expected only among calves of up o 6 months old under high tick

challenge.

By and large, seroconversion rates to 4. marginale, B. bigemina and T. parve infections varied
among cattle of different age groups depending on the level of tick challenge, however,
significant differences between cattle under differeni levels of tick challenge were only

observed with 1. parva infections.

Analysis of ficld cases of trypanosomosis, anaplasmosis, theileriosis, babesiosis, fasciolosis,
PGE and schistosomosis to identify clinical signs that had significant association with presence
of actiological agents was undertaken in Chapter 7. For trypanosomosis, anaemua, palior, fever,
cnlarged Iymph nodes, lacrymation, staring coat and weight loss had significant associations.
The clinical signs thal were significantly associated with anaplasmosis iocluded anaemia,
palior, fover, staring coat and weight loss. Far thetleriosis, they included fever, enlarged lymph
nodes, lacrymation, anacmis, pallor, staring coat and diarrhoea. For babesiosis, they included
anacmia, pallor and diarrhoea. For fasciolosis, they meluded anacmia, pallot, staring coat,
weight loss and diarrhoea, while for PGE, they included weight loss, staring coat, anasmia and
pallor. For schistosomosis, no clinical signs had any significant association to presence of
Schistosoma eggs. These resulis suggesied that generally anaemiza (pallor), staring coat, weight

foss and enlarged lymph nodes are good indicators of endemic diseases 1 cattle under the
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mixed crop-livestock production system in South East Uganda, However, most of these clinical
signs were non-specific. The fleld studv revealed very few specific signs for individual diseases
that could be used for differentiation of endemic bovine discases under consideration. Enlarged
lymph nodes had a significant association with trypanosomosis and theileriosis, thus could be
used to differentiate these two diseases from anaplasmosis, babesiosis and helminthoses
generally. Lacrymation had a sigmificant association to theileriosis and thus could be used to

difforentiate theileriosis from the rest of the discases.

Fuorthermore, in Chapter 7 important clinical signs and risk factors that could best be used to
predict the probability of scroconversion to 4. marginale, B. bigemina and 7" parva infections
in cattle were assessed. The significant predictors for scroconversion to A. marginale infection
in cattle included the level of tick challenge at village level, Rhipicephalus spp. and Boophilus
spp. intensity on individual ammals, rectal temperature and packed cell volume. For 7.
bigemina infection, they included the level of tick challengg at viltage level, Boophilus species
intensity on individual animals, anaemia, weight loss, staring coat, lacrymation and age. While
for T. parve infection, they included the level of tick challenge at village level, R
appendiculatus intensity on individual animals, fymph node enlargement, rectal temperature
and PCVY. This analysis revcaled that presence and intensity of the respective tick vectors for
the tick-borne discases and generally clinical features whose duration is long such as anacmia,
weight loss, staring coat and enlarged [ymph nodes were good indicators of seroconversion to

A. marginale, B. bigemina and 1" parva infections in cattle.

In Chapter 8, a Delphi survey, involving 46 veterinary experls consisting of 32 mternational
and 14 local Upandan cxports, was conducted. Experts responded o questions reparding
Lrypanosomosis {26), theilerosis (21), anauplasmosis (23}, babesiosis {23), cowdriosis {20),

PGE (233, fasciolosis {22) and schistosomosis (12). Veterinary expert opinion was sought on

.
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the mosi important clinical signs and risk factors for clinical diagnosis of bovine
trypanosomosis, theileriosis, anaplasmosis, babesiosis, cowdriosis, PGE, fasciolosis and

schistosomosis.

In a descending order of overall scorcs, for diagnosis of trypanosomosis the important clivical
signs included anaemia, weight loss, staring coat, enlarged tymph nodes, pallor of mucous
membranes, abortion, weakness and reduced milk yield. For theileriosis, the most important
clinical signs (risk factors) were enlarged lymph nodes, pyrexia, dyspnoca, ape, anorexia,
reduced milk yield, brecd, coughing, lacrymation and petechial haemorrhages. While for
anaplasmosis, they included anaemia, constipation, pyrexia, pallor, anorcxia, depression,
icterus and reduced milk yield. For babosiosis they included haemoglobinusia, pyrexia, icterus,
anaemia, depression, weakness, anorexia and pallor. For cowdriosis they included ataxia,
pyrexia, anorexia, abnormal behaviour, depression, weakness and reduced milk yield. For PGE,
they igcluded diarthoea, polbelly, stunted grawth, age, anaemia, weight loss, paller,
submandibular oedema and staring coat For fasciolosts, they included weight loss,
submandibular oedema, weakness, pallor, staring coat, stunted growth, anaemia and diarrhoea.
Whilc for schistosomosis, they included pallor, weight loss, wealness, anacmia, stunted
growth, dysentery, age, diarrhoea and staring coat. These results demonsirated that there were

several common clinical signs among trypanosomosis, tick-borne diseases and helminthoses.

The major differences between the results of the ficld cases (Chapter 7) and those of the Delphs
survey {Chapter 8) were:
1. Morse clinical signs and diseases were obtained from the Delphi study than from the
field study.
2. Chnical signs obtained in the field study were mainly common visible ones ic.

anaemia, pallor, staring coat, weight loss, lacrymation, fever, but those obtained from
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the Delphi study included both common visible signs and rare or sporadic or signs that
are noticeable when in continuous contact with cases and arc usually obtained from
animal owners through casc history i.€. abortion, stunicd growth, coughing, reduced
milk yicld.

3. While results of the ficld study had a strong element of confirmatory laboratory
diagnosis, the Delphi results had a strong clement of international expertise, wider
coverage of discase distribution and represented accumulated experience in disease i
diagnosis of participants aver many years.

4. While clinical signs obtained from the field study were statistically demonstrated to
have siguificant associalion to the respective diseases, results of the Delphi study
indicated the degree of importance of the various clinical signs and risk factors for

clinical diagnosis of the respective diseases.

The major similarity between the ficld and the Delphi study of practical imporlance in terms of
development of decision support tools was that both studics highlighted clinical features

common to several diseases aud rare but specific clinical signs that are pathognomnonic to

particular diseases. As recommended by others (Cockerofi, 1999b; Middleton, 2001), clinical
signs common (o several diseases such as amaemia, pallor, weight loss, staring coat, enlarged
lymph nodes and fever increase the sensitivity of the decision suppoit tool i.¢. ability to detect é;}
true cascs. A good diagnostic sensitivity of a decision support tool improves chances of clearly
determining what the diseasc problem is during diagnosis. ‘The rare but pathognomonic signs
for individual diseases such as submandibular oedema, petechial haemorrhages, icterus,

abortion, ataxia increase the specificity of the decision support tool 1.e. ability to detect true

negative animals and eliminate false posiiives. A pood diagnostic specificity of a decision

support tool improves chances of climinating bhealthy animals during diagnosis.

1
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In Chapter 8, quantitative information on clinical signs obtained from the Delphi survey was
used 1o develop a decision support card that utilizes a combination of pattern-matching ‘and
colour-banding scoring systems to execute differential diagnosis. The decision support card
was designed for field veterinarians, animal health assistants and community animal health
workers for usc in the rural arcas of Alrica. An evaluation under controlled conditions to assess
its diagnostic performance in terms of its sensilivity and specificity in the target production
systemm {.c. mixed-crop livestock is underway, before it is released for further evaluation and

routine use by a larger group of independent end-users.

9.3 Application of the decision suppert card and portable haemoglobimometers

The field scenario at hand under which field veternarians, animal bealth assistants and
community animal health workers operate in many rural areas of Africa, such as in the mixed
crop-fivestock production systerm in South East Uganda, is a situation where cattle are
frequently affected by a combination of intestival and haemoparasiles, which mutually
aggravate each other’s pathogenic effects (Dwinger ef af., 1994). For example, occurrence of
mixed infections of B. bigemina, 1. parva, A. marginale and trypanosomes in cattle in Uganda
were long reporicd by Bruce and others (1910) and more recent reports (Magona and Mayende,
2002) still reflect a similar sitwation. Occurrence of concurrent infections of 7. parva, B.
bigemina, T. congolense and 7. vivax (Kambarage, 1985) and of concurrent trypanosomosis
andd anaplasmosis (Fox ef al., 1993) has also been observed iu catlic in Tanzania. Cogcurrent
infections of 7% vivax, A. marginale and pastrointestinal nematode infections have also been
found during an outbreak of acute trypanosomosis in scdentary herds of Friesian cattle in

Nigeria (Kal, 1996).

Anaemia has been shown in Chapters 7 and 8 to bc a feature common 10 irypanosomosts,

anaplasmosis, babesiosis, theileriosis, parasitic gastroenteritis and (asciofosis, and has also been

e gt A B S Ta S 1




242

reported in other studies (Kambarage, 1985; Fox ef af., 1993; Dwinger ef al., 1994; Kalu, 1996;
Magona and Mayende, 2002). Anaemia is an important visible sign for diagnosis of endemic
diseases. It can be detected by examination of mucous membranss but this is insepsitive,

Therefore there is a need for a quantitative measure of anaemia.

The occurrence of multiple disease conditions undoubtedly complicates diagnosis. Such a
situation may require decision support tools to facilitate differcntial diagnosis. A law
technology decision support tool such as the decision support card could be a useful aid for
ficld veterinarians, animal health assistants and comnmnity anumal health workers in the
differcniial diagnosis of endemic bovine diseases in rural areas of Africa. Portable
haemoglobinometers could provide a quantitative and more sensitive means of detecting

anaemia than clinical examination of mucous membranes.

It is envisaged that the decision support card would largely be used as a guide for differential
diagnosis. In addition, it is also a potential tool for training veterinary students, animal health
workers and farmers. When used as intended, the decision support card coufd potentially lead
to a mumber of benefits. Iis use requires clinical examination of individual cases before
trcatnient is made. This would ensure only infected animals are treated, thereby reducing the
cost of treatment to the farmer and preventing drug misuse that leads to drug resistance, drug
toxicity or reduction in livestock productivity (Stevenson ef al., 1993; Eisler ef al. | 1997: Geerls
and Holmes, 1998, ICPTY, 1999; Mdachi, 1999). Similar low technology decision support
tools such as the FAMACHA have been used to tackle the problom of anthelmintic resistance
mn sheep through reduction in anthelmintic use (Van Wyk ef af.. 1997). On a positive note, the
decision suppork card i3 envisaged to facilitate discase management. Such diagnostic aids that

increase the ability of the human mind to interpret information correctly are said to be helpful
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to clinicians (Morley, 1991). Effective disease management and contral is anticipated to lcad to

mproved cattle health and produclivity in the rural arcas of Africa.

Portable baemoglobinometers could facilitatc point of care haemoglobin measurement
especially under remote field conditions during detection of anasmia for discasce diagnosis and
treatment. Portable haemoglobinometers could also be uscful for measurement of haemoglobin
in studics for evaluation of the efficacy of chemotherapy and on trypanotolerance or disease
resistance. An idcal ficld hacmoglobinometer would be simple, reliable and cheap. Of the
portable haemoglobinometers tested in Chapter 4, only the Haemoglobin Colour Scale and the
HemoCue are easy Lo use and reliable, and only the Haemoglobin Colour Scale and the DHT-

haemoglobinometer are cheap.

2.4 Recommended vse of the decision support card and poriable haemaoglobinometers

Figure 9.2 is a flow chart that illustrates the steps animal health workers might be expected to
follow when dealing with suspected cases of endemic discuse in rural arcas of Africa and the
recommended application of the deciston suppori card and portable hacmoglobinometers in
disease management. In retorence to Figure 9.1, a veterinarian is expected to conduct thorough
clinical examination of cases that involves general inspeciion of the animal and its
surroundings, obtaining case history and thorough physical cxamination as well as seeking
laboratory confirmation. By conducting the entirc diagnostic process, a veicrinarian can
imerease chances of recognizing visible elinical signs such as pallor of the mucous membrane,
submandibular oedema, pot belly, enlarged superficial lymph nodes, staring coat, abnormal
behaviour, weakness, weight loss, petechial haemorrhages and inappetence, and gather enough
history from the animal owner on other clinical signs such as reduced milk vield, abortion,
hasmoglobinuria, constipation and coughing. However, misdiagnoses have been atiributed to

omission of one or more parts of a clinical diagnosis or failure to consider relevant differential
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diagnoses and premature closure of the differential diagnosis (Kelly, 1984, Morley, 1991,

Cockeroft, 1999a).

Veterinary assistants are expected lo conduct clinical examination, taking note of key signs
associated with common diseascs in an area. They are expected to recognize visible clinical
signs and also take history from animal owners. On the other hand, farmers can take note of
clinically obvious observations such as abortions, weight loss, reduced milk yield, diarrhoea
and coughing. Such observations could be an important component of case history for
veterinacians or veterinary assistants that are called to attend to the cases. However, it has been
shown that veterinary assistanls and farmers are unskilled in differential diagnosis (Machila e/
al, 2003), In addition, therc is vvidence that farmers’ diagnoses are not always reliable
(Machila e af., 2003). These primary animal healthcare providers i.e. farmers and veterinary
assistants have been reported to rely on visible clinical signs, history of sick animals, post-
mortem observations and perceived causecs of disease in making diagnoses, in absence of

decision support tools (Belchanty, 1996, Heffernan ef ol., 1996; Machila ef af, 2003).

‘The animal health auxilliaries ie. animal health assistants and community animal health
workers involved in the diapnosis of cndemic diseases in sub-Sabaran Afnica bave limited
training (FAQ, 1992). Limited knowledge on clinical signs of diseases may lead to
mappropriaie drug use, drug failure, incurring unnecessary costs of drugs and risking
development of drug loxicily or diug resistance (Stevenson ef al., 1993; Eisler ef al., 1997,
Geerts and Holmes, 1998). Hisiory taking and clinical examination by people involved in
discase diagnosis are critical to aveid misdiagnosis. It is envisaged that these groups involved
in diagnosis and treatment of bovine diseases in rural arcas of South Hast Uganda in particular

and sub-Saharan Africa in general, could benefit from the use of the decision suppart card once
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validaled and other tools with the ability of detecting anaemia such as the portable

haemoglobinometers.

Fig. 9.2 Recommended application of the decision support card and hacmoglobin
measurement in farm-jevel management of endemic bovine diseases in rural

areas of Africa
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‘Table 1. List of veterinary experts who participated in the Selphi survey

Name Type  Country/District Anaplasmosis Babesiosis Cowdriosis Fascielosis PGE Schistasomosis Theileriosis Trypanosonosis
Dr Bemard Ctim Field VetUganda/Lira X X X X X X X X
Dr Charles Nohi Field Vet Uganda/Lira X X X X X X X X
Dr Franeis Ajuga Field VetUganda/Arna  x X X X X X X X
Dr Frederick Kagwa  fField VetUganda/Kamuls x X X P X ¥ X
Dr James M. Tumwine Field VetUganda/Masindi x X X X XX % X
Dr Kiiza-Waako Field VetUganda/Kamuli  x X X P X X X
Dr Kizito Drazua Ficld VetUganda/Ama x X X p:4 b b X
Dr Munyvambonera Field Vet Uganda/Kisoro  x X X X X X X
Fir Rashid Mubiru Field Vet Uganda/Masmdi x X b X X X X X
Dr Richard Ssemirembe Field Vet Uganda/Mpigi  x X X X % X X
Dr Stephen Onzima  Figld YetUganda/Amma  x % X X X X x X
Dr Thomas Anyurv  Field VetUganda/Lira P X b % X X X x
Dr Virgil B. Ecoku Field Vet Uganda/Masindi x X X X x X X
Dr Paul Opio Maloha Field VetUganda/Rakal  x X X X XX x X
Dr A. Makundi Scientist Tanzania X %X

Dr A.S, Peregrine Scientist Canada X
Dr AU Kalu Scientist Migeria X
Dr B. Bauer Scientist Kenva X
Dr Bert de Vos Scientist Australia X X

Dr C.X. Doku Scientist Ghana X
Dr E.F. Redmond Scientist Australia X x

Dr F.M. Mukendi Scicntist Xenya X X
Dr G. Hepdnckx Scientist Belgium X
DrG.X Gitau Scientisl Kenya X

Dr G.O. Matete Scientist Xenya X X X X X X X

DrH W, Plogger Scieniist The Netherlands o X




Table 1. Animal health experts who participated in the Delphi study {continusd)

WName

Type  Country/District Anaplasmosis Babesiosis Cowdriosis Fasciolesis PGE Schistosomasis Thelleriosis Trypanosomosis

Dr H.A. Mbwambo
BDr J. Vercruysse
Dr i Mubanga
DrL. Lynen

Dr L.S.B. Mellau
Dr Maarten Hvsker
Dr R. Bock

Dr R. Dalgliesh

Dr R. Taylor

Dr R Wanum

Dr 5. Mahan

Dr T.K. P-Motsu
Dr W._ Jorgensen

Scientist Tanzania X X
Scientist Belgium X X X
ScientistZambia

Scientist Tanzama ps X X

Scientist Tanzania X
Scientist The Netherlands X X

Scientist Austrahia % X

Scientist Austraha X
ScientistSouth Africa X X X

ScientistXenya X X
Scientist Zimbabwe X

Scientist Botswana X
Scientist Australia

P

>

wt

»4

“
R

Prof. A.A. llemobade Scientist Nigeria X B X%
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