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Inspection of Anthrax of the Wild Animals in the
South Inangwa National Park in 1987.

HO. NO. ISOLATION OF THE
SPECIES EXRMINED POSITIVE ORGRNISM
Buffalo 5 5 Positive {culture}
Elephant 4 4 Positive [culture)
Zebra 1 0
Pukii 3 3
Giraffe 2 1
Wild dog 3 3.
Kudu 2 1
Waterbuck 2 2
Hippo 2 2
Leopard 1 0 Negative {culture and mice
Unknown 1 1 inoculation test)
Total 26 22

Cre€lT 3 specimens (1 buffalo, 1 elephant and 1 leopard)
almost all materials were brought into the laboratory as stained
blood smears for diagnosis.
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Inspection of Anthrax of the Wild Animals in The South Luangwa National Park

Oate of Sampling Species Result Date Exam.
One Buf{alo Positive
14, Aug. One Elephant Positive 17, Aug.
One Zebra Negative
7,0ct. One Puku Positive 22, 0ct.
One Puku Positive 22, Oct.
5, 0ct. One Buffalo Positive 22, 0ct.
1,Cclt. One Giraffe Positive 22, Oct.
29, Sept. One Wild Dog Positive 22, 0ct.
One Wild Dog Positive X, oct.
31, Ave. One Kudu Negative 22, Oct.
23, Sept. One Waterbuck  Positive 27, 0ct.
One Waterbuck  Positive 22, Oct.
22, Sept. One Buffalo Positive 22, 0ct.
One Buffalo Pogitive 22, Oct.
22, Oct. One Wild Doz Positive 22, 0ct.
One Giraffe Negative 22, 0ct.
One Elephant Positive 22, 0ct.
27, Aug. One Elephant Positive 2, Sept.
27, Aug. One Elephant Positive 2, Sept.
27, Aug. ' One Kudu Positive 2,Sept.
1, Sept. One Pl;ku . Positive 2, Sept.
1, Sept. One Hippo No.S ‘ Positive 2, Sept.
I,.Sept,: . One Hi;ppo Positive 23, July
] . One Buffalo Positive i4, Aug.
? Unknown Positive 22, 0ct,
? _One Leopard Negative 4, 0ct.
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DEPARTMENT OF DISEASE CONTROL

EESULTS OF EXAMINATION OF THE WATER SAMPLES

petection gf B. anthracis
Water Samples from Cultivation Mice Inoculation
1. | Chimzombo Lagoon Negative Negative
2. | Chimzombo L.R. " "
3. | village well " N
4. | Tina Tina " "
5. | Vaca Vaca Lagoon " "
6. Lvargwa River 1 (uppex) " "
7. | Luangwa River 2 (middle) " "
B. | Goose Lagoon " "
9, | Mufue Lagoon " .
10. | Luvangwa Fura 1 " "
11. | Lwangwa Fura 2 " "
12. | *Chichela Sprirg Positive Positive

*Water sample was collected near the dead buffalo.
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Isolation Experiments of Sacillus anthracis from The Soil

No.of Soil specimens Examined

1. From the poinls around the dead gira{{e

28 specimens

2. From the points around the dead etephant

28 specimens:

3. From the points acound the dead buffalo

28 specimens

Results

Negative

Negative

tegalive

Cause of the death of these animals was no! examine bacteriologically
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Short Communication

DISTRIBUTION OF RIFT VALLEY FEVER AMONG CATTLE
IN ZAMBIA
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SUMMARY: In the present study, 1,421 cattle in 32 herds within nine districts,
which are important cattle-producing centers in the nine provinces of Zambia,
were tested for Rift Valley fever by the indirect immunofluorescence assay. One
hundred and forty-seven cattle (10.5%) in 28 herds (88.9%) in the nine districts
tested were positive for Rift Valley fever implying a country-wide distribution. In
districts associated with flood plains and/or "dambos” (low lying areas of perpet-
ual flooding), high herd and individual positive rates (100% and >10%, respec-
tively) were found, suggesting a significance of these features in the distribution
of the disease.

$ P EBEEEEAYREARBESEE HEhRmITRES11)
ME BULEEASAZERESFIARSLREHE LEHILEL18A&EITE)
HRTHEBASRAYREARGESLEE (LT NS RA582)
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Rift Valley fever (RVF) is an acute, febrile, arboviral, zoonotic disease that
causes high rates of abertion and neonatal mortality, primarily in sheep, goats
and cattle (1). In Zambia the disease was first reported in 1974 when an epizootic
involving cattle and sheep occurred in the Chisamba (Central Provincei and
Mazabuka (Southern Province} districts and in some parts of Copperbelt (2).
Since then, several epizootics have occurred in the same areas (2,3), The disease
in humans, involving deaths, has also been reported (4). All these reports indi-
cated that the disease may be more or less endemic in the above-mentioned areas
and could be contributing te the low livestock productivity and public ill-health in
Zambia. o

Although sercepidemiological studies have been conducted in the past,
these studies have tended to be limited to the areas of repeated RVF occurrences
and have, therefore, not indicated how widely the disease is distributed in Zam-
bia. This article reports the results of a seroepidemiological study conducted in
various parts of the couniry to determine the disease's country-wide distribution,
factors influencing this distribution as well as to gain an insight on its possible
impact on cattle productivity in the affected areas.

Between January 1990 and March 1991, serum samples were collected from
commercial and emerging herds in nine districts (Fig. 1) representing important
cattle-rearing centers in the nine provinces of Zambia, One district in each prov-
ince was sampled. Sample herds were selected on the basis of their accessibility,
the likely level of cooperation by the owners or managers and the likely availabil-
ity of animal health and other relevant records. Information regarding the vac-
cination status of the herd, its reproductive performance and natural surround-
ings, was obtained from the owners or managers by use of appropriate guestion-
naires. All vaccinated herds and individual cattle were excluded from the study.
The sera were kept at —20 C uniil required for testing.

The antigens and indirect immunofluorescence assay used in the present
study were as described by Morita (5). In hrief, Verc-E6 cells infected with
ZH548-M12 strain of RVF virus were used as antigen. The sera showing titers
higher than 1:16 against the antigen were considered as positive. Table I shows
the districts sampled, the numbers of herds and individual cattle within these
herds tested in each district and the results of the testing, A total of 1,421 indi-
vidual cattle in 32 herds wére tested for RVF in all the nine sample districts. All
the tested herds in six districts and five out of six herds in Choma, three out of six
in Chingola, two out three in Chipata districts were positive to RVF. Altogetehr,
147 individual cattle (10.5%) in 27 herds (88.9%) tested were positive for RVF,
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Fig. 1, Map of Zambia, Sampling locations are shown by asterisks.

These herds or individual cattle had, reportedly, never been vaccinated against
RVFin the past. :

Field cbservations as well as farmer responses indicated that the tested
herds in Kabwe, Lusaka, Solwezi, Mongu and Mansa districts were located adja-
cent to flood plains and/or dambos and grazed in and around these geographic fea-
tures. (Dambos are shallow streamless depressions that can be seasonally water-
logged and are grass-covered) {5a). All the positive herds had a history of abor-
tion and still-birth although they had annual vaccination programs against bo-
vine brucellosis.

Zambia is composed of nine provinces and the current study included at
least one district from each province, These districts are important livestock pro-
duction centers in these provinces although the productivity is low (6). The re-
sults indicate that RVF exits in all the districts studied, implying that the disease
majf have a country-wide distribution. The results also indicate high positive
rates (100% herd rate and greater than 10% individual cattle rates) in the Kabwe,
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Tablel. Distribution of Rift Valley fever among cattle in Zambia.
Results of a seroepidemiological study in nine districts

Number Number % herds Number Number % cattle

L 0 positive  positive of of positive
District herds cattle cattle
tested tested positive
Kasama 1 1 100 30 1 3.3
Mansa(d) 1 1 100 198 24 12.1
Chipata 3 2 66.7 162 2 1.2
Chingola 6 3 50 202 11 5.4
Solwezi(d) 2 2 100 181 25 13.8
Kabwe(d) 6 6 100 215 24 11.2
Lusaka(d/fp) 1 1 100 15 3 20.0
Mongu(fp) 6 6 100 206 47 22 8
Choma(d) 6 5 83.3 212 10 4.7
Total 32 217 889 av. 1421 147 10.5 av.

av.:average, d:dambos, fp: flood plain.

Lusaka, Solwezi, Mongu and Mansa districts. These districts are characterized
by the presence of either large flood plains and/or dambos and the positive herds
were located adjacent to and grazed within and around these features. The re-
sults, therefore, suggest that these geographic features may be significant in the
distribution and epidemiology of the disease in this country. Previous publica-
tions on the status of RVF in the Chisamba, Mazabuka and Lusaka areas ex-
pressed the belief that the disease is endemic in these areas (2,5,7,8). The results
of the present studies seem to strengthen the previous reports and suggest that
RVF could be endemic throughout most of the cattle producing parts of the coun-
try. Any future attempt to study the epidemiology and impact of the disease in
Zambia should, therefore, involve samples that would represent the whole coun-
try,

The objective of this study was to determine the distribution of RVF in Zam-
bia as well as factors influencing tho disease distribution. The results indicate
that the disease may have a country-wide distribution, that the presence and
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proximity of flood plains and/or dambos to cattle-producing areas could be signifi-
cant to the disease's distribution in those areas, and that the disease may be sig-
nificantly contributing to the low productivity of cattle in Zambia, Finally, the
results suggest that the disease may be endemic in most cattle-producing parts of
the country.
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THE DISTRIBUTION OF RIFT VALLEY FEV’ER AND OTHER BITHERTO UNRECOGNISED
VECTOR-BORNE INFECTIONS AMONG CATTLE IN ZAMBIA

Samui, K. L. "Muwesne. A, 5., "Nambota, A, M., 'Miangwa, J. £. D.. 'Chilonda, P., *lnoue, S., Morita, €.,
}Okabayashi, T. And *Hasebe. F.
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*Depantment of Public Health, Obhiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan;
3Departmeat of Veterinary Public Health, Rakuno-gakuen University, Japan.

*Institute of Tropical Medicine, Nagasaki University, Japan,

Several sero-epidemiotogical studies on Rift Valley fever (RVF) in Zambia have been carried out in the past,
but they have tended to be limited to the areas of frequent epizootic occurience and have therefore not indicated
how widely the disease is distributed in the country. The current study was aimed at determining the country-
wide distibution of the disease, the potential magnitude of its impact and some factors relevant to its
distribution. One thousand four hundred and twenty-one individual cartle in 32 herds within 9 districts which
are imporant cattle production areas in the 9 provinces of Zambia, were tested for RVF using an indirect
immunofluorescent antibody test. One hundred and forty-seven canle (10.3%) in 28 herds (84.4%) in all the 9

districts tested positive to RVF implying a country-wide distribution. High herd and individual positive rates
(100% and >10% respectively} in districts associated with flood plains and/or dams suggests the significance of
these features in the disiribution of the disease. The high positive rates could also imply significant impact of
ihe disease in the relevant areas. [n addition to RVF, the authors were also interested in the possible presence
and distribution of some infections hitherto unrecognised in Zambia, especially Crimean Congo haemorrhagic
fover (CCHF), Coxiefla burnettif and Rickelisia conorii. Some szra from the current as well previous RVF
studies were also tested for the above infections. Altogether, 189 carde for CCHF and 377 canle for C. burnelii
and R. corvrii, from 12 herds in Chipata, Kasama, Mongu, Senanga and Choma districts wese tested. Only 3
(1.6%) canle tone each from Kasama, Chipata and Mongu) tested positive for CCHF while 31 (8.2%) canle in
10 herds 133.3%) were positive for both C. burnetfii and R. conorii. These results suggest the existence but
(are occurrence of CCHF in Zambia and widespread and potentially hazardous {in terms of public health)
occurrence of the other two infections. Resulis from similar tests in Bumans suggest that meat processing
plants and farm workers are at higher nisk of infection by the above agents.
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Summary

Five out of 53 workers in a caule abattoir in Lusaka had antibodies againse Rift Valley fever
{RVF). None of 40 workers in 2 pig abartoir were seropositive, Transmission of the virus by direct
contact with infected caule is suggested.

In Mazabuka district, 19 out of 167 residents were positive for RVF; 13 out of the 19 had ao

previous contact with cartle, Hence, the possibility that transmission could occur by mosquito bite can
not be excluded in rural areas.

Key words: Rile Valley fever, Zambia

Introduction

Rift Valley fever (RVF) is one of the most important zoonotic diseases in sub-saharan
Africa. In Zambia, it was first reported in the Chisamba urea of the Central Province in
1974 and later in the Mazabuka district of the Southern province and parts of the
Copperbelt (1). The infection is mosquito-borne, and outbreaks of the disease tend to
occur during the rainy seasons. Transoval transmission in mosquitoes was reported (2). As
the outbreaks of the disease in cattle and sheep are usvally followed by those in man (3), the
transmission of infection to man is thought to occur through direct contact with infected
antmals.

In this study, an attempt is made to clarify the mode of transmission of the infection
to man in urban and rural areas of Zambia.

Material and Methods

Antigen

ZH 548-M 12 strzin of RVF virus was kindly provided by Dr. D.H. L. Bisxor (4).

RVF-virus-infected Vero cells were trypsinized 30 houss after inoculation with the virus. Cell
suspensions in Eagle’s minimal essential medium supplemented with 10% foetal calf serum was
allowed co stand at 60°C for | hour to inactivate the virus {Dr. G. van oer GrOEW, personal
communicaton). The cells were washed 3 times with phosphate bulfered saline (PBS) and then

¥ Short term expert of Japan International Co-operation Agency.

U.S. Copyright Clearance Cenree Code Statement: 0931 —1793/88/3503 -0t 5750250/0
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3—4x10* cells in 10pl volumes were dispensed in each well of 2 stide (12 wells per slide). Based on
indirect immunofluorescence observations, 10—-20% of the cells were usually infected.

Indirect immunsfluorescence antibody test :

10l of dituted sera were placed on each well and kept for 45 minutes 2t 37 °C. After 3 times
washing with PBS, 104l of fluorescent-isothiocyanate conjugated anti-human Ig or bovine Ig rabbit
serum (Cappel Co, Ltd.) at the dilution of ¢ staining units, were placed in each well and incubated
again for 43 minutes at 37 °C. After washing 3 times with PBS, the slide was observed in a fluorescence
microscope. If the sample showed specific granular fluorescence in the cytoplasm of the infected cells,
it was considered a positive reaction. Antibody titres were expressed as the reciprocal of the dilution of
the test serum. Titres of more than 10 were considered as positive.

Sera

Human sera for the study were collected from Lusaka abattoir pecsonnel in May 1987 and from
Mazabuka residents in November 1936 and were kindly provided by Prof. 5. Farane and by Mr.
T.Mivazaki and Miss Y.Ozax1, respectively. Bovine sera from Mazabuka were collected in
November 1985 and February 1937 and were made available by Dr. R. Kirapa and Dr. F.Hasese.

Results

1. Prevalence of RVF antibodies in abattoir personnel in Lusaka: As shown in Table
1, 5 out of 53 workers in the abattoir dealing with cattle were seropositive. However, none
of the workers in abattoirs dealing with pigs was shown to be positive. Case No.5 of
positives has been working in the abatcoir for only 5 months and showed a lower titer of

antibodies. All other positives had been working in the abavtoir for more than 9 years
(Table 2).

Table 1. Prevalence of Rift Valley Fever Antibody in Abawoir Workers in Lusaka

Abattoir Animal Species Number tested Number of positive %
A Bovine 53 5 9.4
B Swine 40 0 0

Table 2. Five posttive cases in the abateoir of Lusaka

Ne. Section Sex Age Duration of Titre of serum
Employment (in years)

i Slaughter M 36 9 80
2 Slaughzer M ig 17 80
3 Staughter M 52 27 40
4 Slaughter M 53 23 0
5 Meat processing F 27 5/12 20

2. Prevalence of RVF antibodies among Mazabuka residents: ‘The test sera were
collected from residents in the rural area of Mazabuka district which is located 120km
southwest of Lusaka. As shown in Table 3, positive ratios of males and females were not
much different, but positive ratios varied greatly among age groups. Age groups of 25—49,
42--29 and more than 60 years showed disunctively higher positive ratios than other
groups. No significant difference in such tendency to seropositivity was observed in age
groups of both males and females. The youngest positive case was a 21-years old male
(Table 4). In a short questionnaire prepared requesting details of contact with cattle, 13 out
of the 19 positives indicated no direct contace with cattle.
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Prevalence of Rift Valley Fever

Table 3. Prevalence of Rift Valley Fever Antibody in Mazabuka Residenrs

Male Female Toual
Age Number MNumber % Number  Number % MNumber Number %
Group  tested  of posttive tested of positive tested of positive
less than
20 H 0 (1] 16 0 ] 27 ] [
20—-24 13 1 5.6 g 0 o 26 1 3.8
25-29 23 5 21.7 8 2 250 31 7 22.6
3039 22 0 0 10 1 10.0 32 1 i
40—49 10 1 160 11 3 273 20 4 200
50—59 8 0 [ 3 1 16.0 14 1 7.1
more than
&0 10 4 40.0 7 1 i4.3 17 5 29.4
Total 102 1 108 &5 g 12,3 167 19 11.4
Table 4. Nineteen positive cases in Mazabuka residents
No. Sex Age Occupation Contact with Titre of
Meat Aborted seram
Processing calf

1 M 21 Farmer + + 20

2 M 25 Driver - - 40

3 M 26 Villager - - 20

4 M 25-30 Farmer + + 20

5 M 29 Farmer + - 80

6 M 30 Farmer - - 80

7 M 47 Farmer + + 80

8 M &0 Farmer + + 20

9 M €0 Farmer - - 160
10 M 66 Farmer - - 320
11 M 75 Farmer + + g0
12 F 28 Housewife - - 40
13 F 28 Housewife - - 20
14 F 30 Student - - 80
15 F 40 Housewife - - 80
16 F 16 Housewife - - 80
17 F 48 Housewife - - 80
13 F 55 Housewife - - 30
19 F 65 Housewife - - 20

3. Prevalence of RVF antibodies in cattle in the Mazabuka area: On testing cattles
sera obtained from Mazabuka, none of 133, 73 and 6 cattle of age groups of 1 —6, 7—9 and
10—12 years, respectively, were positive for RVF.

Discussion

From the presently obtained data, transmission of the RVF virus to abattoir pecsonnel
might have occurred by direct contact with infected cattle. Evidence to support this, came
from the observation that none of the personnel working in the abattoir dealing with pigs
was found positive for RVF. Other means of transmission such as by mosquitoes could not
be ruled out, since in the present study more than half of the RVF positive persons in
Mazabuka area denied any direct contact with cattle. In addition, no significant difference
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was noticed in the percentages of positives among females and males, beating in mind that
cattle rearing in Zambia is a job mainly restricted to men. However, such arthropod
teansmission of RVE to man has not been suggested by Warts etal. (5) who noted that the
prevalence of antibodies to RVE is higher in people dealing with cattle and their products
such as butchers, herdsmen and kitchen workers. - .

Rift Valley fever was reported to recur in the African continent every S—15 years {6).
This is supported, in the present study by the great variation of positivity to RVF among
diffecent age groups (Table 3). These variations might have some degree of correlation with
epizoatics of RVF. According to Hussew et al. (1), RVF was reported in Chisamba area,
parts of the Copperbelt and Mazabuka area during 1974 and recurrence of the disease was
reported in Chisamba area in 1976, However, in the present study, higher positivity
occurred in persons who had been working in abartoirs for more than nine years. Again,
residents in Mazabuka area who showed positivity 0 RVF were those aged 25—29 and
40—49 years (of age). This later observation might suggest an earlier outbreak of RVF in
addition to the 1974 epizootic.

Interestingly, traditional cattle included in the study and aged more than 10 years
were all negative. This could possibly be attributed to tolerance of these animals to
infection with RVE since the disease was reported in the area about 10 years ago. Similar
observations were made by Hussen et al, (1) in their retrospective study of cattle in the
ceaditional sector in the Chisamba area only 3—5 years after on outbreak of RVF in the
same area.
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Zusammenfassung
Auftreten von Rift Valley Fever in Lusaka und Mazabuka, Zambia

Finf von 53 Arbeitern aus einem Rinderschlachthof in Lusaka hatten Antikrper gegen Rift
Valley Fever (RVF)-Virus. Keiner von 40 Arbeitern eines Schweineschlachthofes war seropositiv. Dies
it daraul schlieflen, daft eine Ubertragung des RVF-Virus durch unmitcelbaren Kontake mit
infizierten Rindern maglich ist.

Im Mazabuka-Gebiet warea 19 von 167 Einwohnern seropositiv auf RVF-Virus: 13 von diesen
Personen hatten keinen fritheren Kontake zu Rindern. Es ist deshalb maglich, dafl die Krankheit in
tindlichen Gebieten auch durch Moskitostiche Gbertragen wird.
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Summary

This study was carried out to define the role of cattle as an amplifier of Rift Valley fever. Three
areas of different density of catile population were surveyed. Caule do not seem o play a significant
role as an amplifier of the virus in humar beings.

Key words: Rift valley fever, Zambia, cpidenliiology

Rift valley fever {RVF) is one of the most important zoonotic diseases in sub-suharan
Alrica, and the transmission of the infection 1o human is thought to occur through direct
contact with infected animals. In a previous study of RVE in Mazabuka area of Zambia, the
infection due to mosquito bites was made to be important (1). In this study, an attempt to
clarifiy the role of cattle as an amplifier in the spread of the virus to human has been made.

Human serum samples were collected from residents aged between 5 1o 80 years in
Luanga, Kabwe and Namwala disteicts which had diffecent density of cattle population {2).
A questionnaire survey was also included to determine the extent and mode of contact with
cattle in Kabwe and Namwala areas.

Serum samples were examined by indirect fluorescent antibody technique (1). Preval-
ence rates of RVF anubodies in residents are shown in Table 1 and individual datz on the
nine positive cases are shown in Table 2. The youngest case was that of 17-year-old female
in Namwala area. Thirty-three people aged befow 16 years from three different areas were
all negative for RVFE. Two out'of & positive cases from Kabwe and Namwala areas had ro
direct contact with cattle {Table 2). There was no significance in the prevalence rates of
RVF antibodies in residents in these theee areas having different deasity of cattte popula-
tion. Therefore, it seems unlikety that caule play a significant role as amplifier of the RVF
virus. It would appear that the outbrezk might have occurred more than 10 years ago

U 5. Capyright Clearance Cenzer Code Saatement: 0931 —1793/89/3604—031 730250’0
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Table 1. Prevalence of Rife Valley Fever Antibody in Residuents and Density of Caule in Luanga,
Kabwe and Namwala Districe

District No. of No. of % Density of
rested positive Caule

(per 10km?)

Luanga 141 3 2.1 Less than 1,000
Kabwe 119 3 25 2,000
Namwala 84 3 36 3,000

Table 2. Individual Data on the Nine Positive Cases

No. District Sex  Age  Occupation Contact with Titer
meat Aborted of
processing  fecus serum

I Luangwa F 20 Gardener ? ? 20

2 Luangwa F 40 Gardener 2 ? 40

3 Luangwa M 50 Office orderly ? ? 320

4 Kabwe F A*  House wife + - 20

5  Kabwe F 35 House wife + - 80

6 Kabwe F A House wife + - 20

7 Namwalz M 32 Office orderly + + 320

8§ Namwala F 17 Swdent - - 40

9  Namwala F 30 House wife - - 80

* Adule

judging from the age distribution. The previous survey of RVF in residents in Mazabuka in
1987 (1} showed the prevalence rate of 11.4% which seems 1o be remarkably high in
comparison with the present survey. Mazabuka area differs 2s 2 vast sugarcane field and s
irrigation system when compared to other areas. Although the correlation berween the
satellite-derived green vegetation index and ecological pareameters associated with RVF
was revealed in Kenya (3), the relationship berween sigarcane plantation and mosquito
population in this study remains obscure. More intensive studies is to be done to clarify the
different prevalence of antibodies against RVF berween Mazabuka and other 3 areas.
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Zusammenfassung
Eine seroepidemiologische Untersuchung von Rift Valley Fever i in Zambm

Diese Umersuchung wurde ausgefihre, um die Rolle der Rinder als Triger von RVE festzuseel-
len. Drei Gebiete mit unterschiedlichen Rinderbevélkerungen wurden untersucht Es scheine, dafl
Rinder keine bedeutende Rolle bei der Verbreitung des Virus unter Menschen spielen.
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SUMMARY: In the present study, 1,421 cattle in 32 herds within nine districts,
which are important cattle-producing centers in the nine provinces of Zambia,
were tested for Rift Valley fever by the indirect immunofluerescence assay. One
hundred and forty-seven cattle (10.5%) in 28 herds (88.9%) in the nine districts
tested were positive for Rift Valley fever implying a country-wide distribution. In
districts associated with flood plains and/or "dambos” (low lying areas of perpet-
val fleoding), high herd and individual positive rates (100% and >10%, respec-
tively) were found, suggesting a significance of these features in the distribution
of the disease.
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Rift Valley fever (RVF) is an acute, febrile, arboviral, zoonotic disease that
causes high rates of abortion and neonatal 'mortality, primarily in sheep, goats
and cattle (1). In Zambia the disease was first reported in 1974 when an epizootic
involving cattle and sheep occurred in the Chisamba {Central Province) and
Mazabuka (Southern Province) districts and in some parts of Copperbelt (2).
Since then, se\(eral epizootics have occurred in the same areas (2,3). The disease
in humans, involving deaths, has also been reported (4). All these reports indi-
cated that the disease may be more or less endemic in the above-mentioned areas
and could be contributing to the low livestock productivity and public ill-health in
Zambia. o

Although seroepidemiological studies have been conducted in the past,
these studies have tended to be limited to the areas of repeated RVF occurrences
angd have, therefore, not indicated how widely the disease is distributed in Zam-
bia. This article reports the results of a’seroepidemiological study conducted in
various parts of the country to determine the disease's country-wide distribution,
factors influencing this distribution as well as to gain an insight on its possible
impact on cattle productivity in the affected areas.

Between January 1990 and March 1991, serum samples were collected from
commercial and emerging herds in nine districts (Fig. 1) representing important
cattle-rearing centers in the nine provinces of Zambia, One district in each prov-
ince was sampled, Sample herds were selected on the basis of their accessibility,
the likely level of cooperation by the owners or managers and the likely availabil-
ity of animal health and other relevant records. Information regarding the vac-
cination status of the herd, its reproductive performance and natural surround-
ings, was obtained from the owners or managers by use of appropriate question-
naires. All vaccinated herds and individual cattle were excluded from the study.
The sera were kept at —20 C until required for testing.

The antigens and indirect immunofluorescence assay used in the present
study were as described by Morita (6). In brief, Vero-E6 cells infected with
2H548-M12 strain of RVF virus were used as antigen. The sera showing titers
higher than 1:16 against the antigen were considered as positive. Table I shows
the districts sampled, the numbers of herds and individual cattle within these
herds tested in each district and the results of the testing. A totalof 1,421 indi-
vidual cattle in 32 herds were tested for RVF in all the nine sample districts. All
the tested herds in six districts and five out of six herds in Chormna, three out of six
in Chingola, two out three in Chipata districts were positive to RVF. Altogetehr,
147 individual cattle (10.5%) in 27 herds (88.9%) tested were positive for RVF.
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Fig. 1. Map of Zambia. Sampling locations are shown by asterisks,

These herds or individual cattle had, reportedly, never been vaccinated against
RVF in the past.

Field observations as well as farmer responses indicated that the tested
herds in Kabwe, Lusaka, Solwezi, Mongu and Mansa districts were located adja-
cent to flood plains and/or dambos and grazed in and around these geographic fea-
tures. (Dambos are shallow streamless depressions that can be seasonally water-
logged and are grass-covered) (6a). All the positive herds had a history of abor-
tion and still-birth although they had annual vaccination pregrams against bo-
vine brucellosis. ‘ ‘

Zambia is composed of nine provinces and the current study included at
least one district from each province. These districts are importaht livestock pro-
duction centers in these provinces althoﬁgh the productivity is low (6). The re-
sults indicate that RVF exits in all the districts studied, implying that the disease
may have a country-wide distribution. The results also indicate high positive
rates (100% herd rate and greater than 10% individual cattle rates) in the Kabwe,
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Tablel. Distribution of Rift Valley fever among cattle in Zambia.
Results of a seroepidemiological study in nine districts

Number Number %herds Number Number % cattle

] of positive  positive  of of positive
District herds cattle cattle
tested tested positive
Kasama 1 1 100 30 1 3.3
Mansa(d) 1 1 100 198 24 12.1
Chipata 3 2 66.7 162 2 1.2
Chingola 6 3 50 202 11 5.4
Solwezi(d) 2 2 100 181 25 13.8
Kabwe(d) 6 6 100 215 24 11.2
Lusaka(d/fp) 1 1 100 15 3 20.0
Mongu(fp) 6 6 100 206 47 22.8
Choma(d) 6 5 83.3 212 10 4.7
Total 32 27 88.9av, 1421 147 10.5 av,

av.: average, d: dambos, fp: flood plain.

Lusaka, Solwezi, Mongu and Mansa districts. These districts are characterized
by the presence of either large flood plains and/or dambos and the positive herds
were located adjacent to and grazed within and around these features. The re-
sults, therefore, suggest that these geographic features may be significant in the
distribution and epidemiology of the disease in this country. Previous publica-
tions on the status of RVF in the Chisamba, Mazabuka and Lusaka areas ex-
pressed the belief that the disease is endemic in these areas (2,5,7,8). The results
of the present studies seem to strengthen the previous reports and suggest that
RVF could be endemic throughout most of the cattle producing parts of the coun-
try. Any future attempt to study the epidemiology and impact of the disease in
Zambia should, therefore, involve samples that would represent the whole coun-
try.

The objective of this study was to determine the distribution of RVF in Zam-
bia as well as factors influencing the disease distribution. The results indicate
that the disease may have a country-wide distribution, that the presence and
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proximity of flood plains and/or dambos to cattle-producing areas could be signifi-
cant to the disease's distribution in those areas, and that the disease may be sig-
nificantly contributing to the low productivity of cattle in Zambia. Finally, the
results suggest that the disease may be endemic in most cattle-producing parts of
the country,
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ABSTRACT

The first officially recorded outbreak of African swine fever {ASF) in Zambia
was in Eastern province in 1965. The disease now covers almost the whole
province and is endemic in the indigenous breeds. In 1989, an outbreak of ASF
occurred on a commercial property in central Zambia for the first time and was
eradicated by depopulation. In order to examine the justificalion of the drastic
control measures and the continued ban on the export of pigs and their products,
the impact of the outbreak on the alfected property as well as the potential
consequences on the commercial pig sector in the district was assessed in the
present study. The affected properly lost 421,238 Zambian Kwacha {(ZX)
(US$39,965) as a result of the outbreak and control measures. However, the
cost to the district could have been at least Z2K14,917,500 (U5$1,415,323) if the
measures had not been effected. Furthermore, not taking such measures would
have increased the risk to the enlire commercial pig sector along the line of rail
in urban centers.

Key Words: African swine fever, porkers, litters, down time, depopulation,
Zambian Kwacha.

INTRODUCTION

The first .officially recorded outbreak of African swine fever {ASF) in Zambia was
in Chipata and Katete districts of Eastern province in 1965 in “exotic” pigs? (Fig. 1).
Reports by Witkinson™®, Wilkinson et al.” and Mwanaumo et al.¥ have indicated that
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ASF is now endemic in indigenous pig breeds almost throughout the province (Fig. 1).
Approximately 300,000 pigs divided into the commerciat {about 36,000} and traditional
{about 264,000) sectors , are raised in Zambia. The former comprises mainly the
large white and Landrace breeds and their crosses, and is located mainly around
urban centers, while the later is mostly made up of indigenous breeds. The Eastern
province supports over 66% of the traditional pig population.

The presence of ASF in Eastern province and ils devastating effect on commercial
pig breeds has led to a long standing ban (since 1965) on the export of pigs and their
products from the province to the rest of the country, thus drastically reducing the
source and quantities of these products especially for the urban communities. The
Luangwa river, where there is a permanent check point, and the Muchinga escarpment
serve as natural barriers on the Southern, Western and North-western borders of the
province, respectively. To offset this shortfall, livestock development policy has been
directed, among other things, towards developing the commercial pig sector. The
validity of this continuous quarantine has, however, been frequently questioned.
Political leaders have openly condemned the continued existence of the ban and used it
in their campaigns.

In May, 1989, the first outbreak of ASF outside the endemic province was

Fig. 1. Map of Zambia showing Kabwe where the ASF outbreak occurred. The

shaded area shows part of Eastern province where ASF is endemic,
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recorded on a commercial property in Kabwe urban district of Central province®.
There were initially 164 pigs including 13 that comprised the parent stock on the
affected property. The outbreak was eradicated by depopulation of the affected herd,
a method which farmers complained about. At the time of the outbreak, there were
approximately 10,000 commercial pigs in the district and at risk of infection. This
article justifies the control methods used for eradication and subsequently, the con-
tinued quarantine of pigs and their products in the Eastern province. This is achieved
by assessing the financial impact of the outbreak on the affected preoperty and the
potential consequences on the whole commercial pig sector in the district if the
measures had not been effected.

MATERIALS AND METHODS

Probably the most appropriate way of justifying the use of-these drastic measures
is to assess the financial impact of the outbreak on the affected property and
subsequently, the potential impact on the wheole commercial pig sector in the district
and then compare them (i. e. some kind of cost-benefit analysis). The difference
could then be regarded as the benefit (if any) of implementing the measures. The
financial impact of the outbreak on the affected property was assessed based on the
following parameters collected during the course of investigating and controlling the
outbreak ;

1. The loss of 13 breeding pigs plus the loss of income from potential litters;

2. The loss of 151 porkers ;

3. The cost of treatment drugs, disinfectant and diesel used to burn the infected and
contaminated carcasses;

4. Loss due to down-time.

All estimates were carried out using 1989 commercial prices and foreign currency
exchange rate (US$1 = ZK10.54) and the reported preduction cost of approximately
25% of the earnings.

The loss of 13 breeding pigs and loss of income from polential lilters

At the time of the outbreak, the average weight of the breeding sows and the
boar was approximately 120 and 210 kilograms (kg), respectively. Thus 1650 (120 kg
X 12 + ZIO'I{g) kg or ZK38,610 (US$3,663.19) was lost due to death of the breeding
pigs. In Zambia, the average weight of a piglet at weaning is 20 kg. Since piglets
are more likely to be sold after weaning than before, the weight at weaning is used to
estimate their monetary value at that age (ZK468). In Zambia a sow is expected to
litter on average lwice per year with an average live litter size of 9 piglets at
weaning. As the sows died in May, it is assumed that one litter was lost to each of
the 12 sows, i. e. 108 piglets with a total weight of 2,160 kitograms. Thus ZK50,544
{US%4,795.45) was lost through loss of potential litters,

The loss of 151 porkers
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In addition to the parent stock, the properly had 151 porkers with a total
liveweight of 5,828 kg. These either died naturally of the disease (21 pigs) or wére
destroyed (130 pigs). This meant a gross loss of ZK136,375.20 {U5%12,938.82).
When reduced by 25% (the reported approximate production cost), there was a net
loss of ZK102,281.40 (US$9,704.12).

The cosi of !reatment drugs, disinfectant and diesel

At the begmnmg of the outbreak, swine erysipelas was suspected and hence the
breeding pigs (the first to show clinical symptoms) were put on a 3 day penicillin
course costing ZK420. After laboratory confirmation of ASF, some 420 liters of
diesel costing ZK821 were used to destroy the contaminated carcasses and 40 liters of
disinfectant costing ZK3,257 to decontaminate the pens. The total cost of all these
activities was ZK4,538 (US8431).

Loss due fo down-time

Finally, as part of the eradication measures, the affected property was ordered
not to restock for at least one year (June 1989 through May, 1990). Assuming that
during this time, another herd of at least 151 porkers could have been raised to
market weight (85 kg), the net and gross down-time loss could be ZK300,339
(US$28,495.16) and ZK225,254.25 (US$21,371.37), respectively.

Estimating the Potential Impact of ASF on the Commercial Pig Sector in the District

This was estimated using the 1989 district commerciat pig population of approx-
imately 10,000, the average market weight of 85 kg, the price per kg of ZK23.40
(US$2.22) in 1989, and the reported cost of production of 25% (0.75) of the generated
income (i. e. 10,000 x 85 x $2.22 x 0.75). The average market weight was used in
the estimalion due to non-availability of the district herd inventory information. Thus
the resultant estimate was very conservative and could be much higher.

RESULTS

The total loss due to death of the parent stock and loss of potential litlers was
Z2K89,154 (1JS$8,459). ZK102,281 (US$9,704) was lost due to the loss of 151
porkers; ZK4,538 (US$431) due to treatment and decontamination and, ZK225,254
(US$21,371) due to down-time. Thus the innumerable financial impact on the affected
property totaled ZK421,227 (US$3%,965) (Table 1). Assuming that the destroyed 130
porkers were to die from ASF later, the total los's by the property due to the control
measures (items 3 and 4) alone was ZK310,487 (US$29,458).

~ The net market value of the commercial pig population in the district was
estimated at ZK14,917,500 (US$1,415,323) (Table 2). This is also regarded as the
potential impact of ASF on the commercial sector in the district if the disease was
allowed to establish ilself by not implementing the drastic control measures. Thus
the benefit to the district, of implementing the drastic measures at a cost of
US839,965 was US$1,375,358 (or approximately US$1.4 miliion).
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Table 1. Estimated financial impact of ASF on the affected property.

Parameter Number Pig lost Estimated total Estimated

liveweight (Kg) value (US$)
Parent stock 13 13 1,650 3.663.19
Potential litters 9 108 2,160 4,795.45
Porkers 151 151 5,828 9,704.12
Drugs & diesel - - - 431.00
Dowa time 151 151 12,835 21,371.37
Total 39,965.13

Table 2. Potential impact of ASF on the districl commercial sector and approximate
benefit from implementing depopulation and quarantine measures.

Parameter Number Estimated liveweight Estimated net
(Kg) value (US3)
District popuiation 10,000 850,000 1.415,323
Estimated impact on
- - 39,965
affected property
Approximate benefit - - 1,375,358

Discusston

For ASF, depopulation and quarantine are currently the only available control
measures. Experience in Eastern province" has shown that once established, the
disease spreads very rapidly in an area, aided by uncontrolled human movement in and
out of the foci of inféction to other piggeries as well as the proximity of these
piggeries to the foci and each other. [t is, therefore, possible that the disease could
have quickly spread in the district, as there were several piggeries in the vicinily of
the infected property (the nearest being just about 6 km away). The case fatality
rates observed during the reported outbreak and in commercial pigs in Eastern
province before it" was 100%, suggesting that the approximately 10,000 such pigs in
the district could have been wiped out or drastically reduced, causing a net loss of
US$1,415,323. The supply of pig products to the nation would have been reduced by
at least 30%. The benefit from implementing the measures of some US$1.4 million
justifies their use as this amount could be equated to Zambia's budget at that time.
Furthermbre, once established in Kabwe district, no other measures {on a much larger
scale) could have prevented the disease spreading rapidly north and south along the
line of rail and throughout the entire commercial pig sector thus negating the current
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efforts to develop the sector. :

From the foregoing, it is clear that the drastic measures, taken to eradicate this
outbreak were justified as the benefit of approximately ZK14.7 million or US$1.4
milion was so large, under the Zambian economic standards.
inter-provincial exports of pigs and their products from Eastern province would be
highly detrimental to the nation's concerted efforts to improve the supply of animal
protein and reduce the cost of consuming it.

but strengthened to prevent the spread of ASF from the endemic province.
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ABSTRACT

Scveral studies have, in the past, been conducted on traditional catlle production
systems in Zambia. However, little or no infornmation has becn collected recently al the
national level, This questionnaire survey was conducled from October, 1995 to
February, 1996 to describe the preseat situation regarding animal health and
productivity and gencral farm management and socio-cconomic paramcters in the
lraditional scctor, in Lusaka Provinec of Zambia. Four vetcrinary areas: Kafue,
Chipapa, Mutamino and Chmyunyu were studicd and the results compared between
the study arcas and to previous studies. The herd health and productivity parameters
investigated included average herd structure which consisted of 5% bulls, 36% cows,
14% heifers, 22% oxen and 23% calves: average herd size which was approximaicly
15; general and calf mortality rates which were 4% and 6% respectively: general
fertility - approximately 63%: crude live birth ralc - approximately 23%: offtake -
approximately 9% and milk production per cow during the dry season which was
approximately 1 litre per day on average. Apart from the offtake, all other parameters
were quite close in magnitude to thosc reported in previous studies.  The higher
offtakc in this study could have been due to the severe drought between 1993 and
1995 which resulted in unusually larger cattle sales in the Province. Between the study
arcas, little or no variation was obscrved except for the average herd size.

Key words : cattle, questionnaire survey, traditional scctor,

INTRODUCTION

Livestock production accounts for about 35% of the tolal agricultural preduction in
Zambia [12]). Therg are two types of livestock production systems : the traditional
sector and the commerceial sector. Eighty pereent of the total cattle population i the
country belongs to the traditional sector {12]. .In terms of volume, approximately half
of the total amount of meat consumed in the country is produced by the traditional
scetor [11). However, no official figurc is available in Kwacha valuc conceming their
productivily. Previous studics have concluded that the traditional scctor has a high
potential for increasing cattle production and productivity in Zambia {12, 13}

The traditional cattle are mainly of Sanga and Zebu breeds. Offtake rates are low,
cstimated at 6% (6, 12) to 7% [13]. This may bc because cattle have other
commercial and social values in the traditional Zambian socicty. They provide a flow

' University of Zambia, Schbol of Veterirmary Medicine. Depariment of Discase Control. P.O. Box
32379, Luszka. (*Correspanding Author)
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of essential food products, sustain the employment and income of rural areas,
contribute 10 drought oxen, ceremonial slaughter, dowry cattle, manure for crop
production and the food and cash sccurity to rural poputations [12, 13, 14). Zambia
has the potential of increasing its cattle population two to five times as much as in.
neighbouring countrics [8), since a large part of the country has not yet been used for
cattle grazing.

Several studics have been ¢onducted on the traditional cattle produclion systems in
Zambia [5, 10, 13). However, except for the studics on Barotse cattle in Wester
Province {6, 7). little information has becn collected recently elsewhere in the country.
This study, therefore, was conducted to describe the present situation in Lusaka
Province in tcrms of animal health, productivity, management and gencrdl farm
eCoROmics.

MATERIALS AND METHODS

Study area and general agricultural activities

Lusaka Province was selected as the study area based on the short travel distance {onc
day trip) from the University of Zambia. The Province itself consists of a varicty of
gcographically distinct arcas. Under such conditions, traditional farmers praclice
various types of farming. The Province is located in the southern central part of the
country. Lusaka city, the provincial headquarters, which is also the national capital, is
situated in the western part of the Province. The Province is divided into four districts:
Kafuc, Chongwe, Lusaka and Luangwa. Traditional cattle are mainly kept in two
districts, Kafue and Chongwe with populations of approximately 6,000 and 30,000
respectively (3], According to the 1990 agriculture census, the total number of
agricultural holders (i.c. farmers) has been estimaled at 13,305 who giew maize,
sorghum, groundnut, sunflower and cotton: 94% (of 13,305) were small scale farmers
who had less than 12 acres of agricultural Jand; 29% were cattle raiscrs (80% of which
have less than 20 cattle): 87%, 24% and 9% rcared chicken, goats and pigs
respectively [2).

Questionnaire design

The following subject categories were investigated using a qucstionnaire.

Catile herd inveatory

Other types of livestock

Characteristics of farm owners

Management procedures and gencral farm cconomics
Discase outbreaks and control methods

Health and productivity parameters

Use of oxen

The questionnaire was designed, based on the study objectives and on previous
authors’ experiences with such questionnaire studics in Zambia {4, 6, 13] and Kenya
(9]. Mortality, offtake, intake and calving ratcs werce estimated only for the immediate
preceding year {i.e. one cow year).
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Farmers’ selection, survey timing and data analysis

There are five veterinary areas in Chongwe district and two in Kafue district, Two
arcas in Chongwe (Mutamino and Chinyunyu) were randomly selected while both
arcas (Kafue and Chipapa) in Kafue district were included as. study areas. Lists of
cattle farmers in each of the selecled veterinary arcas werc created by updating existing
rccords or through inquities with local chicfs and village headmen, after which
approximately onc quarter of farmers in cach arca were randomly sclected for
interviewing. The questionnaire survey commenced in October 1995 and was
completed in February 1996. A computer software STATISTIX (1) was used to
summarise the data.

RESULTS

During the survey a total of 147 farms were visited. This included 35 farms (out of
£73) in Kafue, 39 (out of 193) in Chipapa, 32 (out of 128) in Mutamino and 41 (out of
205} in Chinyunyu veterinary arcas. These figures represented one fourth to one fifth
of all farmers listed in cach velerinary area. The collaboration of the farmers was very
good and no farmer rcfused to provide information for the questionnaire survey.
Approximatcly 60% of the intervicwees were the actual farm owners. When the

owner was absent at the time of visit, information was collected from their wives or
children,

Fenrale Leaded cattle farins

The study results suggest that only a few female-headed farms contain cattle. There
were no such farmers in Kafue, 5% (2/39) in Chipapa, 3% (1/32) in Mutamino and 7%
(3/41) in Chinyunyu.

Responsibie persons when the owner is absent

Of all the farmers intervicwed, 50% in Kafue and Mutamino and 30% in Chipapa and
Chinyunyu answered that wives were responsible for farm management during their
abscnce, while 46% in Chipapa and 30% in the other three arcas answered that sons
werc given the responsibility. Mothers, brethers and nephews of the owners became
responsible only in 5-8% of the farms. One farm had a farm manager and three
farmers gave responsibility to their daughters.

Educational level of the farm owner

Educational level of the farm owner was categorised into four groups: none, primary
(sore years ih primary school), secondary (some ycars in secondary school) and
tertiary (further training) as summarised in Table 1. 1o Kafue and Chipapa, 30% of the
interviewees had not attended schoo! at all, while the majority had spent a few years in
primary school. Only two farm owners in Kafug veterinary arca had been to
University, although their main income source was not agriculture. -In Mutamino and
Chinyunyu, 12% of the farmers had not received any formal education, while the rest
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had received some years of primary edueation. In all areas, approximately one quarter
had had the opportunity to conunciice seccndary school education.

Table I ; Educational levels of the fare owners in the four study areas,

Kafue Chipap Mutanino Chinvunyu Total
None 11(31.5%) 11{28.2".; 2(12.5%) 5(12.2%) I{21%)
Primary 17(48.5%) 15(38.3%) 19({59.4%) 26(64.4%) 17(52%)
Sccondary 5{14%) 13{31.3"0 8(25%) 10{24.4%) 36{25%)
Tertiary 2{6%) 0 1{3.1%%) 0 32%)
No.of farms 35 Y 32 41 147

Family size and non-family labonr

The average number of family members living on the farm was estimated at 13 in all
the four veterinary arcas (Tablc 2).

Table 2 : The average family sices and their 95%6 Confidence Interval (Cl) in the four study
areas,

Kafue Chipapa Mutamino Chinyunyu Overall
Average {Mean) i2.8 13.0 13.9 12.5 13.0
Lower 95% Ci 9.4 99 1.1 10.0
Upper 95% CI 16.3 16.2 16.8 15.0

Twenty percent of the interviewees in Mutamino and 10% in cach of the other areas
employed workers mainly for tending vegetable gardens. Several farmers hired
neighbours on temporary and seasonal basis for weeding maize ficlds.

Farm size and crops grown

The average farrh sizes (in acres) in the four study arcas arc shown in Table 3. There
is no significant difference in the average size between areas. The average size for all
the study areas was estimated at approximately 25 acres.

Table 3 : The average farm sizes in acres and their 95% C1in the four study areas.

Kafue Chipapa Mulamino  Chinyunyu Cversall
Average (Mean) 19.7 19.3 253 34.4 249
Lower 95% Ci 53 10.1 17.8 154
Uppei 95% CI 34.2 28.6 329 5313

All the farmers interviewed grew maize with groundnut as the second most commeon
crop. One third of the farmers also grew sorghum, sunflower and cotton. Half of the
farms in Mutamino and Chipapa and 30% in Kafue and Chinyunyu produced cash
crops such as tomatoes, rape and other vegetables that are usually sold at Soweto
Market in Lusaka.

Qther income sources

Not all the farm owners interviewed were dependent on farm income. Some ran
taverns, others were teachers and civil servants. There were 25% such farmers in
Mutamino, 18% in Chipapa and 10% in both Kafue and Chinyunyu.
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Cattle herd inventory

The herd structure was deseribed by using five categortes; bull, cow, heifer, oxen and
calf. The total numbers of cattle in each category, by veterinary area, are summarised

in Table 4. The average herd structure for the four study areas is depicted in Figure 1.
Fable 4 : Total number of catile and herd structure in the four study areas.

Kafue Chipapa Mutaming Chinyunyu Overall
Bull 28(4%) 40(7%) 17(8%) 26{4%) 111(5%)
Caw 267(28%) 193{33%) 78{35%) 242(371%) 188{36%)
Heiler 93(13%) 37(15%) 3H16%) 34(13%) 301(14%)
Oxen 159(22.5%) 141{25%) 48(21%) 135(20%) 483(22%)
Calf 159(22.5%) 14{20%) 46(20%) 167(26%) 486(23%)
Tatal 706 575 216 654 2161

Figuse . Average herd structure

Average herd sizes were estimated for each study area and are depicted in Table 5.
There was no difference in herd size among three veterinary ereas, Kafue, Chipapa and
Chinyunyu. However, the average herd size in Mutamino was significantly smaller
than in the other three arcas. The overall average herd size was approximately 15.

Table 5: The average hevd sizes and their 93% Clin the four study areas.

Kafue Chipapa Vutamino Chinyunyu Overall
Average (Mean) 202 14.7 7.0 159 147
Lower 35% Cl .l 10.6 5.2 9.0
Upper 95% CI 29.0 i8.9 89 22.8

Cattle raising experience in years

‘The experience of farmers in rearing cattle was also investigated and is depicled in
Table 6 as average ycars per area, of raising cattle. In Kafue, Chipapa and Mutamino
these averages were over 20 years. Fammers in Chinyunyu had on average about 14
years of experience, which is lower than in the other three areas. The overall average
was cstimated at approximately 20 years.

Table § ;: The average years of raising cattle and their 95% CI in the four study areas.

- Kafue Chipapa Mutamine _ Chinyunyu Overall
Average (Mean) 206 23.0 21.9 13.5 19.5
Lower 95% CI 16.3 17.5 16.3 8.1
Upper 95% Ci 249 28.5 215 i8.2

—297—



Zambian Journal of Veterinary Science, December, 1996.

Feedfvater management and housing

All the interviewed farmers practised communal grazing. Catlle graze within a
distance of 1-3 km from the homestead in both the rain and dry seasons. The majority
of farmers belicved that there was cnough forage in their farming arcas and could not
afford to buy any supplementary feeds for their catlle. Some farmers provided at least
sajt. Cattle usually go to near-by streams or rivers for water.  When there is severe
water shortage in the dry season, cattle have to travel for long distances (5-12 km) to
reach water sources such as boreholes. The cattle are kept in kraals at night. Al
farmers have kraals next to or close to their houses, A few farmers own roofed-huts
for newly born calves.

Herd health and productivity paramelers

Table 7 shows average mortality rates and other fanm parametcrs per arca. The
general mortality rates ranged from 2 to 6%: the calf mortality rate from 4 to 7 %
general fectility rawe from 50 to 74%. ¢rude live birth rate from 20 1o 30% and offtake
and intake rates from 8 to 10% and 2 to 4% respectively. Scveral abortion cases were
reported. The aborted cases to number of live birth ratio was 1:16 in Kafue, 1:12 in
Chipapa, 1:48 in Mutamino and 1:22 in Chinyunyu.
The average milk production per cow in the dry season was approximately ong litre

per day. Most of the milk produced on a farm is consumed within the houschold.

Table 7 ¢ The average of herd health and productivity parameters in the four study areas,

Parameters Kafue Chipapa Mutamino  Chinyunyu Overall
General mortalily 1% &% 2% 5% 4%
Call montality % % 4% 6% 6%
General fertility 49% 66% 14% 10% 63%
Crude live binth 19% 2% 23% 30% 23%
Offiake Y 8% £0%% % 9%
Intake 3% 3% 3% 2% 3%,

Disease outbreaks and control methods

Nearly 90% of farmers in Mutamino had expcrienced corridor discase outbreaks. On
average, each farmer had lost half of their herds due lo these outbreaks between 1992
and 1993. Similar outbreaks hag also been experienced in Kafue veterinary arca on
74% of the farms, although the losses were not as high as in Mutamine. In Kafue
district, blacklcg outbreaks were expetienced in 1993 and 1994, These were few such
outbreaks reported in Chongwe district as well. Trypanosorniasis has been scen only
in Chinyunyu vetcrinary arca. Several head of cattle have died of heartwater and
babesiosis in ali four arcas.

None of the public dip tanks in the four veterinary arcas were Opcrauorlal at the time
of the survey. Three farmers used a diptank belonging (o a nc:ghbourmg commercial
farm while others used sprayers to control ticks. 73% of farmers in Chinyunyu, about
40% in both Kafue and Mutamino and 23% in Chipapa carried out regular tick control.
They spraycd/dipped their cattle weekly or twice a month throughout the year. About
25% of the farmers in Kafue and 15% in the other threc arcas, deweorm their cattle
once or twice in a year. About 50%, 15%, 7% and 3% of the farmers in Kafue,
Mutamino, Chinyunyu and Chipapa respectively kecp injectable antibiotics at home for
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the treatment of catile. Farmers do not purchase vaccines for disease prevention.
Vaccination was only carried out when blackleg outbreaks were reported.

Use of oxen

Fanmers themselves castrate their male cattle when they are | to 2 years old. Most
oxcn are trained as draught animals.

Other types of livestock

Apart from cattle, other types of livestock are also kept on traditional farms. Table 8
shows the number of farms in cach velerinary arca that rear various types of livestock.
it scems that the majority of farms raise poultry, on average about 10 birds per farm,
Only onc farm in Mutamine raiscd up to 200 broilers. Goats are second in popularity
with 10 animals per fanm on average,

Table 8 : Number of farms raising other types of livestock in the four study areas.

Kafuz Chipapa Mutamino Chinvunyu Overall
Goat HN%)  28(72%) 20(63%) R(71%N) 38(50%)
Pig 6(17%) T(18%) 3{9%) 5(12%) 21(14%)
Pouliry IN(ROYS) IHOSY) 32(100%) 38(95%) 138(94%)
Pigeon 7(20%) 9{23%) 5(16%) 12{29%} 33(22%)
Guinea fowl 6(17%) 16{41%) 6(19%) 12{29%} 40(27%)
Duck 12{34%) 7(18%) 8(33%) 8{20%) 35(24%)
Mo, of Farm 35 39 A2 41 147

Presence of wildlife

Wildlife are scen at half of the farms in Chinyunyu which shares its southem border
with the Lower Zambezi National Park. Mutamino has been widely cultivated and
only 19% of the farmers have seen wild animals near thew farms. ln Kafue and
Chipapa, 30% of the farmers reported the presence of wildlife such as dutker and
wildhog in the vicinity of their farms.

DISCUSSION

This questionnaire survey was conducted as a pilot study to obtain basic background
information on which to base and make plans for a future nation-wide research project.
The results show a substantial amount of variation between farms within each
veterinary arca, regarding animal health and productivily parameter, but much less
variation between the study areas.

The majority of farmers heavily depended on the agriculturat/crop products for their
dzily lives.. They had to grow enough maize to feed their families. Io 1995 many
farmers sold their caitle for food. Although cattle/livestock production is got the main
source of income, it pldys an important role as security in case of emergency. Not
many farmers have cash incomes and the majonity cannot afford to buy expensive
supplementary feed and medicines for their livestock. Cattle depend entirely oo
communal grazing.
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Female members of a houschold are given an equal responsibility in farm
management,  However, the number of fomale headed cattle farms was small in the
Province. This is duc to a traditional custom that when a husband dics, Ius cattle arc
given to such closc male relatives as sons, brothers or uncles. .

The figures in the average herd structure (Fig. 1) arc very close to those of Perry ct
al. [13}. The proportions of bulls, cows, heifers, oxen and calves in the herd in this
survey are 3, 36, 14, 22 and 23% respectively compared to 5, 33, 16, 25 and 19% in
the survey conducted by Peny ctal. [13). Their figures were averages of seven
districts in four Provinces. Thercfore, these proportions might be good estimates of
the herd structure in the whole country. However, at the farm level, there are varnious
types of herd structures, for example, some farms consisted of only oxen or cows.

The Kafug veterinary aréa had the largest average herd size of 20 among the four
arcas (Table 3). The variation in size between farms was also largest in Kafue. One
reason may be that there are scveral Lozi farmers who tend to keep Targest sized herds
{c.g. more than 100) while practising seasonal grazing in the Kafue fiats. Chipapa and
Chinyunyu had vp to 13 cattle per farm. In both arcas, therc were a large number of
new settlers who had recently moved to these arcas. The herd sizes of 7 in Mutamino
was the smallest among the four study arcas. This may be due to the outbrcaks of
corvidor discasc. Thesc average herd size are very close to those in the preliminary
farmers lists: 16.4, 14 and 6.7 in Chinyunyu, Chipapa and Mutamino respectively (the
value was not available for Kafuc veterinary arca).  This similarily indicates that the
sampted farms well represented the reference population,

The average mortality rates in all age groups in the four vetcrinary arcas ranged from
2 10 6%. These cates arc elose to those of the survey by Perry ct al. [13] ie. 4% n
Petauke and Katete, 5% in Mongu and Monze and 7% in Namwala. The calf mortality
rate ranged from 4 to 7% in this study while it was 4% in Katete and 8% in Pctauke
{13). The study conducted in Western Province reporicd overall and calf mortality
rates of 9% and 21.6% respectively [6]. These rates arc much higher than those being
reported for Lusaka Provinee, probably due to the diffcrences in environmental
conditions, managcment, herd size and other factors in the two Provinces.

The generat fertility rates ranged from 49 to 74%. These proportions are close (o
those {44-80%) in the study by Perry ct al. [13]. Only 50% of the cows produced
calves in the Kafue avea. This figure is similar to those reported in Western Province
(44% in Perry ot al [13] and 33% in Corten [7]. The low calving rate in Kafue could
be explained, on a nutritional basis due to the existence of {lood plains as Perry ct al.
(13] did for Western Province. However, more studics arc nceded for clarification.
Relatively high calving rates (approximately 70%) were observed in the other three
arcas. Abortions arc reported in the carly (3-4 months) and later stages (8 - 9 months)
of gestation. At the time of the survey, the traditional seetor in the Provinee did not
use artificial insemnination at alt and depended on natural breeding. This could lead to
incrcased frequencics of the transmission of some infectious dlsmscs from herd to
heed.

Offiake rates in the four areas ranged from 8 10 10%. The commercial ol’ﬂakc rates
reported by Perry ct al. {13] were 2 to 7% and are a bit lower than those in this study.
The main rcason may be that fammers in Lusaka Provinec sold more cattle between
1993 and 1995 in order to buy food for their fanulies. There was severe drought in
these arcas during this period. 1t is, thus, nceessary to have a long term obscrvation in
order to be able to find reasons behind the sale of cattle in the traditional scctor.
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Government has been charging for veterinary services to farmers since 1988,
Farmers now have to pay for all expenses concerning animal health (except when
controlling discases of national importance). It will take some time for them lo get
used to this new system, However, a small number of farmers in three arcas and 50%
in Kafue keep injectable antibiotics on the farms and treat their cattle under the
supervision of the veterinary assistant, Deworming is not popular probably duc to the
high price of drugs. When the government stopped organising cattle dipping, a
number of diptank committees were created locally wherever a diptank existed.
Howsever, afler a few ycars of operation, management and accounting problems
stopped further acaricide purchases. Other reasons for the non-functioning of diptanks
were physical failures such as cracks in dip tanks and water shortage.

The farming activities of most traditional cattle farmers in Lusaka Province arc
varied. But less variation was observed between the four study areas. The results
tndicate that the traditional farmers have difficultics it adopting modem veterinary and
livestock, rearing practices (e.g. acaricide use in disease control and supply of
supplementary feeds).
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SAMPLING STRATEGIES FOR DISEAS‘E STUDIES N TROPICAL COUNTRIES: EXAMPLES
OF MULTI-STAGE CLUSTER SAMPLING AND {TS APPLICATION IN ZAMBIA AND KENYA

Kadohira M. !, Kitala P.%, Samui, K. ' McDermott J.23

In order to oblain good information on disease parameters, data must be collecled al random. Unfortunately, under
lropical conditions, ths lists of farms and animals required for random sampling are usually not avaitable. It is usually
feasible to get lists of larger clusters such as ecological areas and districls, but nol smaller elements. In such
ciccumslances, multi-stage cluster sampling is a practical aiternative, Essentially, larger aggregates are divided into
smalier sampling areas from which the compilation of sampling frames of herds or animals are logistically leasible.
For two-stage cluster sampling, the sample sizes lor each stage depend on their relative contributions to the
variability of disease occumrence and costs ol sampling. However, extensions lo muitiple slages are more
complicaled and are often only informally done. Often, the problem can be reduced lo a two-siage problem. For
example, in the assessment of vaceination coverage in the WHO Expanded Programme of Immunization {EP1), the
number of villages to be sampled within an area is estimated and then a fixed number of children per village, from g
random slarting household are sampled (Lemeshow and Robinson, 1985) . However, in some circumstances, there
can be considerable correlation within these chosen clusters, such thal a farger number of chiidren per village need
to be sampled lo estimate rates with a desired precision. There are two potential solutions. One is to first stealify
villages into smaler sampling areas to increase the number ¢l household clusters per village and decrease the
number of children per cluster {Levy and Lemeshow, 1931). A second method is to randomly sample households.
This is not always feasible in larger towns but in our experience is not too difficudt for sampling either herds or
househo!ds in rural seftings. The relalive number of areas, farms per zrea and animals per {farm in very large herds
will then depend on the relalive variabitity and costs of sampling at each leval.

In Chongwe District of cenlral Zambia, a two {area and larm} and three (area, {arm and animal) stage sampling
strateqy was used for questionnaire and blood sample collection respectively. Preliminary estimalas indicated that
larm-to-farm variation was most imporant (and particulady for small farms), that areas were relalively homogeneous
and tha! the costs of visiting farms once in an area is refalively small. Thus, only 2 of 5 areas bul 38 farms per area
were sampled. With 3 stage sampling, the price of sampling animals and within hecd variability can be incorperaied.
In general, sampling cosls per animal are low s0 cluster sampling is usvally preferred. In Machakos Districl, Kenya a
multi-stage cluster sampling strategy was employed to estimale dog ecology charactesistics and collect serumn for
rables lesting. Again, the small number of dogs per household reduced the problem lo a two stage sampling
problem. In this case, their were larger area-to-area than farm-lo-farm differences so a much higher sampling
irequency of areas {60%) relative to farms (>20%) was used.

REFERENCES

Lemeshow S., Robinson O., 1985 Surveys to measure programme coverage and impack a review of the
methodology usad by lhe expanded programme on immunization. World Healih Stalistical Quarleriy, 8:65-75.

Levy P., Lemeshow S., 1831, Sampling of Poputations: Methods and Apglicalions, 2nd ed. Wilay, Naw York, 420 pp.

' Depariment of Disease Conlrol, School of Vetzrinary Medicine, University of Zambia Box 32379, Lusaka, Zambia

Cepariment of Public Health, University of Nairobi, Kenya
Deparment of Population Medicine, University of Guelph, Canada

—~303 -



Epiddmicl. santé anim,, 1997, 31-32

PREVALENCE OF ANTIBODIES AGAINST SPOTTED FEVER GROUP RICKETTSIA,
MURINE TYPHUS, AND Q FEVER IN ZAMBIA

Okabayashi T.', Hasebe F.z, Samui KL.:', Nweene AS.G, Pandey GS.3, Morita C.'

La prévalence danticoips conire Rickelisia conoril, Rickelisia typhf af Coxfelta bumeli a pu éle relevée dans
plusieurs pays aficains. Bien que ces observations confirment Ia présence de ricketisioses sur le continenl
aldcain, aucun rapport sur {a sitvation épidémiclogique de celte zoonose en Zambie n'a 6lé publié, La présente
élude vise donc & clanfier fa prévalence ds trois ricketisioses en Zambie chez Yhomme (377 dchantiflons de
séums humains) en ulitisant un fest indirect dimmunofivorescence. La prévalence des anticorps contre
Ricketisla conorii, Rickeltsia typhi et Coxiella bumnetif a 6té da 15,9%, 5,0% et 8,2% respeclivement. Les taux de
séropositivilé pour Ricketisia cononi et Coxieffa burnelii dans les zones occidentales el onientales du pays onl
8té plus élavés que dans le nord de la Zambie. Comple-tenu du mode d'élevage plus exiensif prévalant dans les
zones oientales el occidenlales par rappod a la région nord, if est suggéré que ce mode d'élevage constitue un

facteur de risque pour Finfestalion par Rickettsia conoiii et Coxiella bumnelii,

INTRODUCTION .

The prevalence of antibodies against Ricketisia conorii, Rickelisia fyphi and Coxiella burnelii has been
demonstrated in some African counlries (). Although these reporis Indicate the presence ol rickeftsioses
throughout the Afiican continent, there has been no published report of an epidamiological survey in Zambia.
Therefore, this study was designed to clarifythe prevalence of thiee ricketisioses in Zambia.

MATERIALS AND METHODS . .
Serum samples were collected from 377 people fiving innorlhem, westem, and eastem areas of Zambia. An
indirect immunofiucrescent antibody test was vsed lor detecling the antibodies against ricketisioses.

RESULTS

The prevalences of antibodies against A. conodi, R. lyphi, and C. bumelii were 15.9%, 6.0% and 8.2%,
respectively. The positive rates of antibodies against A. conodl in western (23.1%) and easlern (16.8%) areas
were significantly higher than that in the nodhem area (3.0%) of Zambia. The prevalence of antibodies against C.
bumetii in weslemn {11,8%) and eastern (7.4%) areas was also slighlly higher than that in the nodhern area
(3.0%). There was no significant difference among three areas in the distribution of anlibocies against R. iyphi.

DISCUSSION .

The tesults of this study sugges! that A, cononi, R. fyphi and C. bumetii are all spread widely in Zambia, although
{he prevalence of A. conodiand C. burneli appears 1o be especially high in the caftle-breedingareas of Zambia.
More intensive studies on the Rickettsioses in Zambia should be pursued.
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Serological Survey on Bovine Anaplasmosis in Zambia
Koichi Orino® and KihelJi Shimizu*

Bovine anaplasmosis, indicales necarly a worldwide distridbution except
for Northera Euwurope and Newlealand. In 2Zambia, it is also one of lhe
important diseases. ODiagnosis is usualy done by domonstration of the
organisms in the Llood smear. As Lhe serological diaguosis, CF Lest.
Agglutination test, FAT and ELISA have been reported. In Zambia, fatal
cases have somelimes been observed, bul no surveys have becn carried
out on the cxtent of prevalence of this disease. Recently, Lthe authors

carried oul some surveys on prevalence of this diseasce by using CF

test.
Materials and methods

A total of 121 bovine sera were collecled from Lhe farm of Nalural
flesources Develuvpenl College (NRDC) and Kaleya farm (Commercial farm)
in which Lhe elinical disease occured. The olher seva were collecled
from two Lraditional farms {(Wilson Munkunawe's farm and Faram No. 100).
Sera were inactivaled at 56°C for 30 min and examined by the nicro-
plale test., The btest anligens were oblaincd from Lhe National
Institute of Aninal leallh of Japan. The posilive reactions were
decided by lhe 1060% iohibition of hemolysis and Lthe titers of 1:5 and

over were regarded as infecled.

Result
Posilive ratiosranged from 15,8% to §23,3% making an average ralio

of 38,0% {46 posilive cases oul of 121 catlle, Table 1). Titers rsanged
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from 1:% to 1:20, mostly 1:10 (Tables 1 and 2). The relotions belween
positive cases and age werec not significanl (table 2). Though 531 of
blood smears from 11 commercial farms were examined, A. marginale was
detected only in Kaleya farm and positive ratio in this farm was 18y (9
posilive cases of $0). The positive ratio (by CF test) of traditional
farms were very high (Table 1). From Lhe ahove described data it is
assumed that the disease is widely distribulted among cattle in Zambia.
Further survey for dtagnosis of anaplasnosis is necded to examine
correlation between the detection of Lhe ovganisas in blood smears and
CF titers, rise and fall, morcover persistance of antibodies by using

artificially and naturally infected cattle.

* University of Zombia, School of Veterinary Mediecine, . 0. Box

3237%, Lusaka, Zambia.
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Table 1. ODistribubion of CF anlihodies to A. marginale by farnm

Names of farnm No. of sera tesled Positive (%)}
NRDC farm 12 15(35,7)
Kaleva farm 19 315, 8)
Wilson Mukunawe's 30 16(53, 3)
farm
Farm No. 100 30 12 {40, 0}

Total 121 46 (38,0}

Table 2. Distribution of CF antibodies of the cows grouped by age

Age No. of sera CF tiler Posilive (%)
tested <5 5 10 20
2 5 3 1 1 0 2{40,0)
3 15 3 0 5 1 6 {40, 0)
4 17 1z 1 4 0 5(28,4)
5 12 ] 0 Z 1 3{25,0)
6 i} 2 i 3 0 4(60, 1)
7 ] ] 0 4 0 444, 1)
>1 15 8 ] 1 i) T(46.7)
Total 19 18 3 26 2 3139, 2)
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SEROLOGICAL, SURVEY QF TOXOPLASMOSIS

Eighty-sera from workers at the abattoir and 137 pigs were
examined with the toxoplasma diagnostic kit. 9 cut of 40

human sera at the pig's abattqy were positive, but 5 out

40 at the cattle's .abatteir showed positive reackions.

In case of the pigs, 18 out of 137 were positive {13.1%).
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THE UNIVERSITY OF ZAMBIA

Telephone: 251985
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Telex 2ZA. 44370

t Reference:

Reference:

13th July, 1988

RESULTS OF TOXOFLASMOSIS IN HUMAN SERA AT THE SLAUGHTER HOUSE

Slaughter house | No. of tested sera Negative (%)

Positive (%)

pig's slaughter 40 31{77.5) 91{22.5)
Cattle slaughter 40 351817.5) 5{(12.5})
Total g0 66(82.5) 14{17.5)
RESULTS OF TOXOPLASMOSIS 1IN PIGS

Farm No. of tested sera Negative (%) Positive (%)
Mkumba farm 31 30(96.8) 1(3.2)
Menaba farm 26 25(96.1) 1(3.2)
Kalangua farm 40 38(95.0) 2{5.0}
Muyeko Earm 40 26{65.0) 14(35.0)
Total 137 119({86.9) 18{13.1)
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Therapéutic effect of Berenil and Samorin in mice
infected with four trypanosome populations
isolated from Zambian cattle
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32379, Lusaka, Zambia
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Mozuwmemachi Sakai-shi Osaka, 391, Japan

{Accepled 19 December 1990)

ABSTRACT

Chitambo, H. and Arakawa, A., 1991. Therapeulic effect of Berenil and Samorin in mice infected
with four trypanosome populations isolated from Zambian caitle. ¥er. Parasitol, 39: 43-352.

Four populations of Trypanosoma congolense and Trypanosoma brucei brucei were isolated from
catile under different management practices and environments in Zambia. All four iselates had varied
responses 10 both diminazene aceturate {Berenit® ) and isometamidium chioride (Samorin®) as cu-
rative drugs in infected mice. Trypanosonies from a traditionatly managed heid in a high-isetse-chal-
tenge area had the strains most resistant to Berenil, with maximum curative dose of 45 mg kg~ body
weight, Another isolate from a high-tsetse-challeoge area was evidently resistant both to Berenil at 40
mg kg~ and to Samorin at 4 mg kg~*. The strains most susceptible 1o both Berenil and Samorin were
from a commercially managed herd of cattle under medium tsetse challenge. They responded 1o rec-
ommended caitle standard doses of 3.5 mg kg~ or 7 mg k2~ ! Bereniland to asiitie as 0.25 mg kg~'
Sameorin.

It is evideni that wrypanosome strains resistant to Berenil and/or partially resisiant to Samorin
exist, and that both T congolense and T. b. brucei are implicated.

INTRODUCTION

Trypanosomiasis is one of the most serious discases aftecting cattle produc-
tivity in Africa. In Zambia, over 60% of the 2.5 million herd in the traditional
farming sector, which constitutes about 80% of the total national herd, and a
smaller proportion in the commercial farming sector, are at risk of the disease
{Mumba and Chizyuka, 1987). Economically important animal infective
species, Trypanosoma (Duttonella) vivax, Trypanosoma (Nannomonas) con-
golense, and Trypanosoma (Trypanozoon) brucei brucei, all co-exist in the field.

'Correspondence should go to the second address.

0304-4017/91/303.50 © 1991 — Elsevier Science Publishers B.V.
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Since 1916, besides control of the vector tsetse fiy (Glossina spp. )}, greater
emphasis has been put on the need to control the discase in cattle by trypan-
ocides (Mumba and Chizyuka, 1987). Prolonged irregular treatments or in-
discriminate use of trypanocides can cause an ideal condition for the devel-
opment of drug-resistant strains (Fairclough, 1963a,b; MacLennan and Jones-
Davies, 1967; MacLennan and Na'isa, 1970; Gray and Roberts, 1971; Wilson
et al., 1975; Leach and Roberts, 198 1; Tacher, 1982: Rottcher and Schillinger,
1985; Trail et al., 1985; review, Gardiner, 1989). The existence of drug-re-
sistaat trypanosomes is also well documented (Fairclough, 1963a,b; Mwambo
etal., 1988; Zweygarth and Roticher, 1989; review, Gardiner, 1989). In Zam-
bia, Joshua (1987) isolated T. congolense and T. b. brucei strains from cattle
which were resistant to recommended catile therapeutic doses of 3.5 mg kg~!
or 7 mg kg~! for diminazene aceturate (Berenil®) and to 0.5 mg kg~! for
isometamidium chloride (Samorin®) in mice.

In spite of efforts to control the disease in cattle by trypanocides, not much
has been done to assess their efficacy and impact on trypanosomes in cattle
under various trypanocide treatment regimens. The advent of a Regional
Tsetse and Trypanosomiasis Control Programme (RTTCP) covering about
8000 km? in Zambia (review, Jordan, 1985) necessitates extensive field in-
vestigations, in order to establish the extent of trypanosomiasis prevalence
and the existence of drug-resistant trypanosomes in cattle, as a prerequisite
to wide-scale application of trypanocides.

The present study was carried out to determine curative doses for Berenil
and Samorin in mice infected with four trypanosome isolates from cattle
reared under different management practices and environments in Zambia,

MATERIALS AND METHODS

Trypanosome stocks

Representative trypanosomes were isolated from cattle in herds located at
four different areas (Fig. 1). Each herd was screened for trypanosomiasis by
examining wet blood film preparations on site using a field microscope and
% 400 magnification (Olympus, Japan). Syringes (1 ml) precharged with 0.5
mi phosphate glucose saline {PGS) were used to draw blood from ear veins
of all parasitacmic cattle. Aliquots of 0.5 m! pooled blood were intraperito-
neally inoculated into 10 inbred albino mice. Infected mice were monitored -
by tail clip wet blood film preparations under a phase contrast microscope
{Olympus, Japan). Trypanosomes wefe harvested from parasitaemic mice
and stored at — 190°C in liguid nitrogen according to the method outlined in
the 1LCA manual (Murray et al., 1983) before being brought to Japan.

The Chipata isolate came from a typical traditionally managed herd in a
trypanosomiasis-endemic area with high tsetse challenge located near the
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Fig. 1. Map of Zambia, showing areas from which trypanosome stocks were isolated within the
Regionat Tsetse and Trypanosomiasis Control Programme Area: CP, Chipata; CS, Chisamba;
KW, Kabwe: MB, Mumbwa. Thick lines, international boundaries; stippling, common tsetse fly
belt; shading, other major tsetse fly belts.

Luangwa river basin tsetse fly belt, Eastern Province. This herd relied entirely
on the national trypanosomiasis control programme.

The Chisamba isolate came from a commercially managed herd in Lusaka
Province under medium isetse challenge with high trypanosomiasis preva-
lence. This herd was on regular prophylactic {Samorin) and therapeutic
{Berenil) treatments.

The Kabwe isolate was obtained from a semi-traditionally managed herd
located in the Central Province. It had neither a long history of trypanosom-
iasis nor drug use. Oxen for draft power and trypanocidal drugs have recently
been introduced in this herd through a donor-agency-sponsored scheme.

The Mumbwa isolate was obtained in 1987 as a cryostabilate from the Cen-
tral Veterinary Research Institute (CVRI), Lusaka, Zambia, for teaching
purposes. 1t was originally isolated from Mumbwa district near the Kafue
river basin tsetse fly belt, Western Province. No information on the farm type
nor history of drug use was obtained for this herd.

Mice

.Typc Jla:ddyY {20—301g)‘ purchased from the Japan Laboratory Animal Co.,
Inc. {Nerima, Tokyo, Japan) were used in the investigations. Mice were
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housed in a fly-proof isolation building. Water and commercially purchased
peltet feed were provided ad libitum.

Drugs

Berenil { Hoechst, Lot 467 U 682) and Samorin (May and Baker, DX 0026/
58/49/00-2) were commercially purchased from Zambia. The drugs were
stored at 4°C in powder form, and prepared by dissolving the required quan-
tities in sterile distilled water just before use.

Experimental procedure

Four groups of 10 mice, one group for each isolate, were intraperitoneally
inoculated with 0.2 ml pooled parasitaemic blood in PGS, bled by cardiac
puncture from anaesthetized donor mice at high parasitaemia. Infected mice
were monitored daily for the onset of parasitaemia and for 2 to 3 days after
onset. Mice with 10? to 5x 10’ trypanosomes ml~' of blood, estimated by wet
film parasite counts and scored using a chart outlined in the ILCA manual
(Murray et al., 1983), were weighed and intraperitoneally treated at varying
doses. Berenil treatment started with 1.75 mg of diminazene aceturate per kg
body weight, calculated on the basis of 44.5% of the active ingredient in Ber-
enil for a dose of 0.5 ml per 30 g of mice and adjusted accordingly. Treated
mice were examined and trypanosome counts estimated 24 hours later. Mice
with no change or having higher counts were given subsequent treatment dou-
ble the previous dose, monitored and treated as before, until they became
aparasitaemic. {n mice with a marked reduction in trypanosome counts, sub-
sequent treatment was withheld for another 24 hours; parasitaemias generally
cleared during that period. .

Aparasitaemic mice were monitored daily for relapses, and those that suc-
cumbed were observed for another 48 hours before being treated with double
ithe previous dose. Mice were declared cured when no more relapse was de-
tected for at least 180 days. From all treated ‘and relapsing mice, trypano-
somes were obtained by tail bleeding and subinoculated into 5 mice before
cach subsequent treatment, Subinoculated mice were treated at onset of par-
asitaemia with doses corresponding to those they had previcusly received.
Trypanosome strains attaining the highest effective dose (HED) were subi-
noculated into 40 clean mice which were divided into eight subgroups of 5
mice, and each subgroup was treated with a narrow range of Berenil doses to
¢stablish the acteal maximum curative dose (MCD).

A similar, parallel investigation was simultaneously carried oul to assess
the efficacy of Samorin as a curative drug for the same trypanosome isolates
used in the Berenil tests. Four groups of 10 mice were inoculated, monitored
and treated as for Berenil. The starting dose was 0.5 mg of isometamidium
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chloride kg~ ! body weight calculated for a dose of 0.5 ml per 30 g of mice. All
experimental procedures were similar to that for Berenil.

RESULTS

Responses for the relapsing Chipata isolate with the trypanosome strains
most tolerant to Berenil are given in Table 1. It had a highest effective dose
(HED) of 56 mg kg~ ' in 40% of the relapsing mice. The actual maximum
curative dose (MCD) was 45 mg kg~ ! in subinoculated mice (Table 2}. Av-
erage time to Berenil treatment relapse ranged from 12.8 to 29 days in the
relapsing group and from 6.5 to 14.0 days for the subinoculated mice. ThlS
isolate was, however, more susceptible to Samorin with an HED of 2 mg kg~!
in 80% of the treated mice (Table 3).

Results for the Mumbwa, Kabwe and Chisamba isolates are summarized
in Table 4. Mumbwa isolate had strains more tolerant to both Berenil and
Samorin. It had an HED of 56 mg kg~ " in 10% of the relapsing Berenil-treated
mice; this corresponded to an MCD of 40 mg kg™ ' in the subinoculated mice
{not in the Table). Average time to relapse ranged from 14.7 to 30 days in
Berenil-treated relapsing mice and from 5 to 12 days in subinoculated mice.
Samorin-treated mice had an HED of 4 mg kg, which was also the MCD in
90% of all the subinoculated mice.

Kabwe isolate responded to Berenil treatments with an HED of 28 mg kg ™"
in 40% of the relapsing mice. In Samorin-treated mice, there was an HED of
4 mg kg~* in only a single relapsing mouse; this value was also the MCD 1n
all the subinoculated mice. All other Samorin-treated mice were permanently
cured at doses of either 1 mgkg 'or2mgkg™'

The strains most susceptible to both Berenil and Samorin treatments were

TABLE §

Responses of Chipata isolate to different doses of Berenil treatments in relapsing mice

Group Dose No.of  Drug efficacy’ Avg.no.of Monality
(mgkg~') mice days to {no. {%})

NE TE PE relapse
(no- (%)) (nO (%)) (no. (%})

I 1.75 10 10(100) 0 0 NA? 0

2 3.30 10 8 (30) 2 {20) 0 12.8 0

3 7.00 10 3{30) 6 (60) I (10) 159 0

4 14.00 9 0 8 (80) 1 (10} 18.7 0

b 2800 8 0 4 (40) 4 (40) 29.G 0

6 56.00 4 0 0 4 {40) NA o

"Number and percentage of mice for which Berenil had: NE, no effect; TE, temporary effect; PE,
permanent effect.
INA, not applicable.
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TABLE 2

Responses of Chipata strain to different doses of Bereail treatments administered to determine the
maxtmum curative dose

Group Dose No.of Drugefficacy! Avg. no.of Monality
(mgke™'} mice days to (no. (%))
NE TE PE relapse
(no: (%)) (no. (%)) (no.(%))
1 0.0 5 NA? NA NA NA 5 (100)°
2 7.0 5 1 {20) 4 {(80) 0 6.5 5 (100)
3 25.0 5 t {20) 3 (60) 1 (20) 9.3 4 (80)
4 30.0 5 2 {40) 1(20) 2 (40} 10.0 3 (60)
5 35.0 5 I {20) 1(20) 3 {60} 10.0 2 (40)
6 40.0 5 0 2 (40) 3 (50) 14.0 2 (40)
7 45.0 5 0 0 5{100) NA a

"Number and percentage of mice for which Berenil had: NE, no effect; TE, temporary effect; PE,
pecrmanent effect.
2Na, not applicable.

*Average number of days 10 100% mortality was 5.4 days after onset of parasilaemia, but considerably
longerin the treated groups, with an average of 19.7 days.

TABLE3

Responses of Chipata isolate to different doses of Samorin treatments

Group Dose No.of Drugefficacy? Avg. no.of Mortalily
(cum, dose}*  mice days to {no. (%))
(mgkg~') NE TE PE relapse

{no. (%)) (no.(%}) (no. (%))

1 0.5 10 190100 o g a2 0

2 {1(1.5) 10 16 (160) 0 0 NA 2 {20)

3 2(3.3) g 0 0 8 (80) NA 0

'"Cumulative dosc in parentheses.

INumber and percentage of mice for which Samorin had: NE, no effect; TE, temporary effect; PE,
permanent effect.

*NA, not applicable.

from Chisamba isolate. Berenil treatment response had an HED of 14 mg
kg~ ' in 10% of the treated mice. All othier mice in this group responded to 3.5
or Tmgkg™!, with 1.75 mg kg™’ giving temporary clearance of parasitaemia
in all treated mice {not in the Table). Response in Samorin-treated mice had
an HED of | mg kg~ ' in 60% of the treated mice. As little as .25 mg kg~
effected permanent cure in 20% of subinoculated mice. Relapse on Samorin
treatments occurred on average at 4 to 6 day intervals.
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DISCUSSION

Although clear variations exist in our results, it would be highly debatable
to designate a certain strain as drug resistant or susceptible using a mouse
model for cattle results, because of differences in pharmacokinetics between
mice and cattle. Sones et al. (1988) observed that a partially resistant 7. con-
go!ense which responded to 2 mg ke ~! Samorin in cattle required 20 mg kg
in mice for effective cure. Mwambo et al. (1988) isolated a T. congolense
strain which was resistant to 14 mg kg~* Berenil and susceptible to 1 mg kg™
Samorin in cattle, but it responded to 56 mg kg~' Berenil and 20 mg kg~
Samorin in mice. Zweygarth and Rottcher (1989} designated a 7. b. brucei
strain responding to 6.3 or 16 mg kg~' Berenil in mice as susceptible and
those responding to SO mg kg~ ' as resistant. Jennings et al. (1977} used a 40
mg kg~ ! dose for maximum Berenil effect in mice to avoid toxic side effects.
Other trypanosome strains designated as Samorin resistant are reported re-
fractory over a wide range of doses from 3 to 20 mg kg~' (Kaminisky et al,,
1989, 1990; Zweygarth and Roticher, 1989; Nyeko et al., 1989). Neverthe-
less, there is no doubt that mice models are useful in assessing relative suscep-
tibilities of trypanosomes to drugs.

To avoid relapses due to the central nervous syslem mvolvement (Jennmgs
et al,, 1977), all treatments in this study were given within the first 7 days. In
all re-treated mice, the cumulative drug effect may be expected to induce
hxgher final curative doses, but this was not reflected in the subinoculated
mice. The observed average times to relapses were generally low, a strong in-
dication of relapse due to drug tolerance. Jennings et al. (1977) observed
relapse due to the nervous system involvement of between 20 and 50 days,
whereas Sones et al. (1988) observed an average of 6.0 or 8.8 days for a Sa-
morin-resistant trypanosome strain. Discrepancies in onr observations may
be discussed with reference to tsetse challenge and managerial practices.

Although Chisamba herd is within an expanding tsetse encroachment zone
(Corten et al., 1988) and has been maintained on regular prophylactic and
therapeutic treatmenls over the past 10 years, it had the most sensitive iso-
late. This may be directly due to low tsetse challenge and to good herd and
drug management practices. Chipata herd, which is reared under poor envi-
ronmental conditions, including high tsetse challenge, free-range communal -
grazing system, and a high risk to chronic trypanosomiasis, has a problem.
Reasons for the high Berenil resistance in this isolate may be varied, but high
tsetse challenge, poor record keeping and irregular treatment regimes, exac-
erbated by lack of logistic support and disease awareness by farmers, seem to
be the main contributing factors {Mumba and Chizyuka, 1987). The low tol-
erance to Samorin may be attributed to its high cost, which makes it a very
rarely used drug in the traditional farming sector. The partial resistance ob-
served in Kabwe isolate may also be attributed to increased irregular treat-
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ments, poor record keeping, and/or to the introduction of oxen in the area.
The persistent resistance to both Samorin and Berenil observed in Mumbwa
isolate seems to indicate its prolonged exposure to both drugs before it was
isolated. It also supports the tdea that a trait for drug resistance is highly sta-
ble once developed (Gray and Roberts, 1971; Zweygarth and Rottcher, 1989).
The apparent resistance to both Berenil and Samorin is a matter of great
concern, Although occurrence of double resistance to these drugs is consid-
ered to be rare (Fairclough, 1963a,b; Jordan, 1986), the phenomenon has
been noted in trypanosomes (Rottcher and Schillinger, 1985; Zweygarth and
Rottcher, 1989, Kaminsky et al., 1990). It is evident that trypanosomes re-
sistant to Berenil, Samorin or even to both drugs exist in Zambian cattle. This
prablem is probably more widespread than is at present appreciated, partic-
ularly so in commercially managed herds under high tsetse chatlenge and with
a long history of trypanocide use, often in the absence of veterinary supervi-
sion. More extensive field investigations are necessary to confirm the extent
of the drug resistance problem in cattle and to establish the status of a non-
rodent-infective T. vivax before large-scale use of trypanocides is adopted.
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Abstract. Incubation of Trypanosema congolense in di-
minazene aceturate {Berenil) or isometamidium chloride
(Samorin} induced akiretoplastic {AK) forms in vitro.
The AK values (expressed in percent) obtained were
found 1o be useful for rapid assessment of relative drug
sensitivities. In susceptible clones, AK forms were in-
duced at all drug concentrations tested, whereas in resis-
tant clones they were induced only at higher concentra-
tions. The Berenil-resistant clone exhibited AK values
of 0.9% £ 0.6%-8.9 +2% at concentrations of 1-100 ugf
ml at 4-10 h post-inoculation {p.i.), whereas the Berenil-
susceplible clone displayed values of 9.3% +3%-
19.2% + 5% at 0.1-50 pg/ml. Motile lrypanowmcs were
not seen at 100 ug/ml at 4 h pi or 2t 10 or 50 pg/ml
at 10 h pi. The Samorin-resistant clone showed AK
values of 0.5% +0.1% -4
0.1-100 pgfml at 4 and 10 h p.i., whereas the Samorin-
susceptible clone exhibited values of 5.3% +2%-45% +
4% at 0.0005-100 ug/ml. These results were supported
by the findings oblained using a mouse infectivity test.

The prolonged use of trypanocides in various animal-
trypanosontiasis control programmes in 'Alrica over the
last five decades {Fairclough 1963a, b; Williamson 1980,
Tacher 1982; Trail et al. 1985, Braide 1987} has brought
about an increase in the prevalence of drug-resistant iry-
panosomes in the Reld (Kupper and Wolters 1983
Pinder and Aunthie 1984; Rottcher and Schillinger 1985;
Abebe 1987; Mwambo et al. 1988; Gardiner 1989). Nev-
ertheless, there is a continuing need 1o improve upon
the existing methods of determining drug susceptibility
in trypanosomes, particularly the development of more
rapid, retiable and relatively simple alternative ap-
proaches for possible wide-scale application under field
conditions.

A simple infection-treatment approach in mice and
other taboratory rodents is commonly used to evaluate

Qffprint requests to: H. Chitambo

3% + 1% at concentrations of

the efficacy of drugs in eliminating trypanosomes from
the peripheral blood (Bishop 1959; Hawking 1963). Un-
fortunately, ithe use of mouse models involves various
limitations in both labour and time for wide-scale screen-
ing purposes (Jennings et al. 19773, b, 1979; Sones &t al.
1988; Zweyparth and Rdéltcher 1989). In a previous
study, Chitambo et al. {1991) reported that resistant and -
susceplible Trypanosoma congolense and T brucei brucei
can easily be differentiated in vivo by akinetoplastic
(AK) induction within 10h following treatment with
Berenil or Samorin. The AK forms induced can be clear-
ly distinguished under light microscopy because they ex-
hibit no deteciable kinetoplast on Giemsa or Feulgen
slaining (Werbitzki 1910; Mihipfordt 1963 ; Newlon and
Le Page 1967; Hadjuk 1976; Cno 1977; Rion and Ber-
nard 1980). However, under field conditions, blood sam-
pling at 10 h post-treatment is not always feasible.

The advent of in vitro systems for propagation of
the various stages of trypanosomes {Yorke et al. 1929;
Bishop 1967; Hirumi et al. 1977; Evans 1978; Gray et al.
1979; Hirumi and Hirumi 1984; Baltz et al. 1985) led
to the development of in vitro drug sensitivity assays
(Hawking 1953; Borowy et al. 19853, b; Brun and Kunz
1939; Kaminsky and Zweygarth 1989; Kaminsky et al.
1990). Although the results obtained using these in vitro
methods may be more precise, they do not provide ap-
propriate means of distinguishing resistant from suscep-
tible trypanosomes afller incubation {Ross and Taylor
1990).

Quantitative methods that have since been applied
mainly involve in vitco growth inhibilion or radio-
isotope-based assays (Brun and Kunz 1989; Kaminsky
etal. 1989; Ross and Tayler 1950). However, these ap-
proaches often require the adaplation of trypanosomes
to an in vitro system, and high degrees of technical ex-
pectise and logistics are also involved. Kaminsky et al.
{1950) developed a simple 24-h drug incubation infecti-
vity test {(DIIT) that combined the use of in vitro drug
incubation and a mouse infectivily test to differentiate
between resistant and susceplible trypanasomes; how-
ever, the use of mice represented a major limitation for
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this assay. Rccernly, Brun and Rab (1991) described a
moee snmphﬁcd ang rapid radio-labelled hypoxanthine-
based sensitivity test tor 7. congolenze, but it also re-
guires the use of a liquid scintillation counter to distin-
guish the sensitivity of trypanosomes afler incubation
in rypanocides,

The main objective of the present study was to inves-
tigate whether T congolese clones exhibiting varying de-
grees of sensitivity to Berenil or Samorin in mice could
be evaluated according to the induction of AK forms
aftec in vitro incubation with dimirazene aceturate (Ber-
enil} or isometamidium chloride (Samorin) and to deter-
ming whether such AK-induction values could be ex-
ploited as a means of distinpuishing resistant from sus-
ceptible trypanosomes.

Materials and methods

Trypanosomes

All trypanocsomes uwsed in this study were originally isofated in
1989 from Zambian calile that had been reared under different
management systems and in difTerent locations (Chitambo 2nd Ar-
akawa 1991). These isolates were stored and transporied to Japan
as cryostabilates. In Japan, they wece subsequently raised, cloned
and either cryopreserved or maintaingd in mice.

The Berenil-resistant (BR) clone was derived from the Chipata
strain, which was originally isolated {rom 2 (ypical, traditionaily
managed herd of cattle thal were localed in a high tseise fly {Glos-
sina morsitany) and 1rypanosomiasis challenge area but were main-
tained oa an irregalar ieypanocidal regimen. This isolate was found
to be resistant to Bereni! and partially resistant to Samorin in
treated mice,

The Bereail-Samonn-susceptible (BSS) clone and the Samoria-
resistant {SR) clone were hoth derived from the Chisamba strain,
which was criginally isolated from a commizecially managed herd
of cattle that were located in 2 low Isetse fiy and intermedizle
irypanosoiniasis challenge area bul were maiatained on a regular
trypanocidal regimen. This isolate was sensitive to both Berenil
and Samonin. The SR clong was then derived {tom a sub-poputa-
tion of the BSS ¢lone by the administration of repeated sub-cura-
tive doses of Sumarin 1o mice; after § months, this isolate becamne
resistant 1o Samorin,

Designation of derivative clones

For the BR clone, the minimal curative doses (MCD) in mice were
45 mgfkg Berenil and 1 mg/kg Samorin. The MCD values for the
SR clone in mice amounted to 16 mg/ke Samorin and 7 mg/kg
Berenit. For the BSS clone, the MCD vatues in mice were 0.5 ma/ke
Samorin and 7 mgfkg Berenil. The further designation of this clone
was broker down into Berenil- (BS) and Samorin-susceptible (S5)
clones, respectively.

Trypanocides

Bereml (Hoechst, Lot 467 U 682} 2nd Samerin (May and Baker,
DX 0026/58/49,00-2) stock solutions were prepared by dissclving
the required quantities of each drug in siedile distilled water just
before their use. These trypanocides weee commeccially purchased
from Zambia and were stored at ° C.

Meditun

Madificd Iscove’s medivm (Flow Laboratories, UK) to which
3.024 mg sodium bicarbonat¢/m! had been added (pH adjusted
to 1) was used as a carrier for the various drug solutions and
to dilute parasitaemic blood. Shorly before ils use, the medium
was supplemeated with 2 mum L-gluiamine, 0.1 mM hypoxanthine,
0.075mu adenosing, 2 my sodium pyruvate, 30 ug gentamicin,
0.2 mu 2-meccaptoethanal and 20% heat-inactivated fetal bovine
serum (FBS; Flow Laboratodes, UK). This medium was prepared
as described elsewhere for Jeng-tenn cultivation of trypanosomes
{Baltz et 2l. 1985; Kaminsky and Zweygarth 1989).

Animals

JLA:ddY mice weighing 20-30 g were used to raise and (0 main-
tain the various trypancsome clonss. Mice were intraperitoneally
ingculated with the tespeciive clones and were monitored for par-
asilaemia onset by examination of the peripheral blood. Al peak
parasitaemia of >5x10% parasitesfm! bleed, mice were bled by
cardiac punciure olfowing the induction of ethyl-cther anagsthesia.
Heparinized blood was used for in vitro drug incubalion assays
immediately after sample collection,

Experimental procedure

Trypanocrde stock solutions were prepared by dlsso!vmg the drugs
in sterile distiled water (Samiorin, 2 mg/ml; Berenil, 4.25 mg/mik
The concentration of Berenil was calculated ‘on the basis of 4%
of the aclive ingredient. These solutions were prepared at double
the concentrations required such that their final dilution at £:)
{viv} with blood would yield the intesided drug concentrations.

The Berenil stock soluticn was serially diluted 10- or 2-fold
with medium to atiain final drug concentrations of 190, 50, 0,
5, 1.0, 0.5 ot 0.1 pg/ml. Samorin was also scnally dituted 10-fold
with medium to achieve final drug concenlrations of 100, 10, 1.0,
0.1,0.01 and 0.001 sg/m}, with an additional 0, 0005-pgfml solution
being prepaced from the 0.001-pgfmt solution. :

Three 96-well tissue-culture platcs were used (Flow Laboralo-
ries, USA). For each concenlration of Berenil or Samorin, 100 pl
of the respective drug solutions was added 1o an equal volume
of hepasipized blood containing the respeciwe trypanosome clones
(BR, SR, BS or S8 clones). For each clone, three columns on
the culiure plale were used as replicates. In each row from A to
G, each well contained the respeciive drug concentrations, whéreas
the tast row (H), which contained medium only, secved as a control.

The plales were incubated a1 37° C under 5.1% CQ, and 19%
O, injection in air (N, —0Q,—CO; incubslor BNP-110; Tabai
Espee. Carp, Osaka, Japan). The first plate was examined alter
4 h; the sccond, alier 10h; and the third, after 24 h incubation.
Five thin blood smears from each sample were prepared from the
first and the secoad plate after 4 and 10 h incubation, respectively.
All siides were fixed in methanol and stained with Giemsa for
light microscopic examination. At least 200 trypanosomes/slide
{magnification, = 1,000} were counted and the AK rates were es-
tzblished as the average of the 1otal AK values oblained from
cach replicate, expressed in percent. ‘

Samples which exhibiled motile’ pamsﬁcs after 24 hincubation
as judged from the examination of wet blood-films were drawn
into 1-mi syringes and intrapedioneaily inoculated inlo groups of
five mice. Inocutated mice were then monitored for the onset of
parasitacmia by examination of the peripheral blood.

Results

After 4 and 10 h incubation, it became evident that dif-
ferent AK-induction rate occusred in alf trypanosome
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Fig. 14, B. Cytomorphological diffeicaces belween A intact and
B akinctoplastic focms of Trypancsoma congolense induced by in
vitro incubation with trypanocides. Bar= 1§} um

Table 1. Responses of the BR clone of Trypanosoma cengolense
to various Berenil concentrations in vitro

Table 2. Responses of the BS clone of Trypanasoma congolense
1o various Bcreml concemranon; in ¥itro

Berenil chTh.ath % AK value?® Parasile  Mouse
—_— survival®  infectivity
tag/mly () 4h 10k 24 h (%)*
100 3 NPS NPS - NPS ND
50 3 £8.2+4 NPS NPS ND
10 3 17.7¢£5 NPS NP3 ND
5 3 1343 19.2%5 NPS ND
i 3 11.5¢6 11943 NPS ND
0.5 3 10%5 244 +ve 0/5
0.1 3 93+3 101y +w o/
Control 3 4] 0 +ve 545 {100)

Berenil  Replicates % AK value® Parasite  Mouse
- survival® infectivity
(pgfmi) () 4h 10k 2Mh (%)"
100 ;| 78+4 NPS NPS ND
50 3 08105 8912 NPS ND
10 k| 4] 79+4 +ve 05
5 3 0 4913  +ve 0f5
1 3 0 02303 tve 3/5 (66)
0.5 3 0 0 +ve 575 (100)
0.1 3 ¢ 0 +ve 315 (100)
Controt 3 4] [ +ve 575 (100}

* Average AK valuge £ S {n=3) expressed in percent

¥ tve, Parasiles survived 24 h incubation; NPS, no parasitc seen
* Number of mice infected/number inoculated (percentage of infec-
tion); ND, not done

clones examined. However, AK lorms were not cbserved
in any of the coniro! groups, which were incubated in
medium ceontaining no trypanocides, and atl control
samples were infective to mice after 24 h incubation.
Both intact Trypanssoma congolense and AK forms in-
duced by in vitro incubation are shown in Fig. 1.

Responses of the BR clone to the various Berenil
concentrations are given in Table 1. The 4-h AK-induc-
tion values were 7.8% +4% and 0.8% +0.5% after incu-
bation in Berenil concentrations of 100 and 50 pgfmi,
respectively. After 10 hincubation, no parasite was seen
at 100 pgfml; other 10-h AK-induction values ranging
from 0.9% $0.3% to 8.9% 2% were observed at con-
centrations of between 1 and 50 pugfml. No AK forms
were detected following 4 h incubation at 0.1-10 pg/m|
or after 10 h incubation at 0.1 and 0.5 pg/ml. Trypano-
somes that survived 24 h incubation with Berenil at 0.1-
1 ug/ml were infective to mice; the infeciion rates were
100% at 0.1 and 0.5 pg/mt and 60% at § pg/ml.

For the BS clone, no parasites were seen after 4 h
incubation with Berenil at 100 pg/ml; the other AK-
induction values ranged from 9.3% 3% at 0.5 pgfmi
to 18.2% +4% at 50 pg/ml {Table 2), Again, no parasite
was seen after 10 h iocubation with Berenil at 10 or
50 pgfml; the other 10 h AK-induction values ranged
from 10% + 3% at 0.1 pg/ml to 19.2% + 5% at 5 pg/ml.
Trypanosomc:, that survived 24 h incubation at 0.1 or
0.5 pgfml were not infective to mice. The actual distribu-
tion and the range of effective concentrations observed

* Average AK value + SD (n=23) expressed in percent

> 4 ve, Parasites survived 24 hincubation; NES, no parasites $&2n
< Number of mice infected/number inoculated {percentage of infee-
tion}; ND, not dene

50 B8R 4h
=7 85 4h
40 %) BR 10h
777 BS 10h

Parcent AK valuas
g

z
Z
Z
H
g
Z
“
z
%
£3

0.1 Conl.
ugfml

Fig. 2. Direct comparisons of the akinetoplastic (4X} induction

vatues obiained for BS and BR clones of Trypanosoma congolense

after in vitro incubation for 4 or 10 h in the presence of various

concentrations of Berenil. Significant differences: ** P <@.01. Bars
represent mean values £ SD {n=3, Student’s 1-test}

in BS and BR cloaes (Fig. 2) were significantly different
(P <0.01).

Responses of the SR clone (Table 3) and the SSclone
(Table 4) revealed a considerably higher range of AK-
induction values as compared with the responses to Ber-
enil, Aflter 4 h incubation at the various Samorin coricen-
trations, AK-induction values in the SR clone ranged
from 0.5% +0.1% at 1 pg/ml (o 18.5% + 3% al 100 pg/
ml. All other drug concentrations beiween 0.0005 and
0.1 pg/ml had no apparent effect on this clone. Higher
AK-induction values were ¢videal in the SR clone after
10 h incubation in Samorin, with the range being from
8% +2% at 0.1 pgfml to 43% + 3% at 100 pgf/ml. Again,
AX forms were not observed at Samorin concenteations
of 0.0005-0.01 pg/mi. Trypanosomes that survived 24 h
jncubation exhibited infectivity rates of 40% after incu-
bation at 0.01 pgfm! and 100% at 0.001 and 0.00605 pg/
ml.
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Table 3. Responses of the SR clone of Trypanosama coagolease
1o various Samonin congentrations in vitro

Samorin  Replicates ¥ AK value® Parasite  Mouse
—-- survival® infectivity
(gm0 ah 0h 24k (%)*
100 3 185+3 43143 NPS ND
10 3 8+5 2344 NPS ND
1 3 05801 1613 NPS ND
0.1 3 0 8+2 +ve a5
120} 3 0 o +ve 215 {40)
0001 3 ¢ 0 +ve 515 (100)
0.0005 3 o 0 +ve 545 (100}
Control 3 0 Q +ve 515 (1003

* Average AK value + SD (n=1) expressed in percent

® 4 ve, Parasites survived 24 h incubation; NPS, no parasites seen
¢ Number of mice infected/number inoculated {percentage of infec-
tion); ND, not done

Table 4. Responses of the 83 clone of Frypanasoma congalense
10 various Samoria conceatrations in vitro

Samorin  Replicates % AK value? Parasite  Mouse
R —— survival® infectivity
(pg/ml) () 4h 10h  24E tA%
100 3 20.3+3 45%4 NP8 ND
10 3 12245 39.5%3 NPS ND
[ M 3 96+4 36415 NWPS ND
0.1 3 7115 3.1£2 NPS ND
0.61 3 6884 299+3 NPS ND
0.001 3 6+3 0543 e 0/3
00005 3 53+2 13642 e /5
Control ) 0 0 + +ve 515 (100)

* Average AK values + SD (rr=13) expressed in percenl

® 4 ve, Parasites survived 24 h incubation; NPS, no parasites seen
¢ Number of mice infected/number inocutated (percentage of infec-
tion); NI, not done

In the SS clone, AK-induction vatues were observed
at all drug concentrations used. After 4 h incubation
with Samorin, values ranging from 53%+2% at
G.0005 pg/ml to 20.5% +3% at 100 pgfm! were ob-
served. The 10-h AK-induction values ranged from
13.5% +2% to 45% + 4% at Samorinconcentrations of
0.0005 and 100 ugim), respectively. Trypanosomes that
survived 24 h incubation were not infective to mice. At
a Samorin concentration of 100 pg/ml, no significant
difference was found in AK values obtained for the SR
and the $S clones following incubation periods of 4 or
10 h. Significantly different AK values (P<0.05 or P<
0.01) were apparent only at lower drug concentralions
(Fig. 3).

Prepatent periods in mouse infectivily tests generally
ranged from 5+ 1.5 to 104 3 days post-inoculation. The
onset of parasitaemia always occurred earlier in the con-
trol samples. Mice that failed to exhibil parasitaemia
by at least 4 weeks post-inocutation were considered to
be negative.

a
S SA 4h
FE} 85 4h
@ 40 o
5 Z | SR iCh
] Z Z
> : Z A 58 1an
¥ 3 iz Z %
b .
c b1 Z Z
@ z a b
S 20 ‘. ‘
F i 'z H Z
o K }f, £ Z
H & LY g
3 o7 % %
1014 i ?
g b 7 Z
i YRl :
£ SimERS: A

-
]
< -
-
=
-

01 oM
pgimt

Fig. 3. Diccct comparisons of the akinetoplastic {AK) induction
values obtained for S8 and SR clones of Feppanosoma congolense
alter in vitro incubation for 4 or 10k in the preszace of various
concentrations of Samorin. Signilicant differences: * P <008,
#+ po0.01. Bars represent mean values + SD (n=3, Student’s
t-tesh)

0.001 0.0005 Conll.

Discussion

It is unfortunate that the evaluation of either growth
inhibition or incorporation of radio-labelled hypoxan-
thine currently used in quaniitative assays to distinguish
resistant from susceplible trypanosomes following in vi-
tro deug incubation (Kaminsky et al. 1989; Ross and
Taylor 1990; Brun and Rab 1991) renders these highly
promising assays technically inappropriate for wide-
scale application or for routine diagnostic use. In most
cases, these assays are suited {or irypaiosomes that have
been well adapted to in vitro culture, which may take
>2 weeks to achieve (Kaminsky etal. 1989). This is
a particularly serious timitation for the often poorly
equipped field-diagnostic laboratories that are directly
involved in trypanosomiasis conirol in Africa,

Alternatively, the induction of AK forms by Bereni!
or Samorin in vivo have proved to be useful in distingu-
ishing the relative drug sensitivity of trypanosomes by
a cytomorphological approach (Chitambo et al. 1991},
It is also known that trypanosomes can easily be kept
alive for 2-5 days in liquid medium without the need
for their special adaptation to in vitro systems (Yorke
el al, 1929; Kaminsky and Zweygarth 1989). This c¢n-
ables the induction of AK forms using a short-term in
vitro incubation assay. .

In the present study, we observed that {reshly cultured
bloodstream forms of Trypanasoma congolense re-
sponded differently fo various concentrations of Berenil
or Samorin after 4, 10 or 24 h in vitro incubation. In-
creasing the drug concentration of profonging the incu-
bation period resufted in a corresponding increase in
the ability to differentiate trypanosome sensitivily on
the basis of the AK-induclion rates or the rale of para-
site elimination or by a2 mouse infectivity test. The AK
forms were induced in the susceptible clones over a wide
range of Berenil and Samorin concentrations, whereas
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they were induced in the resistant clones only at higher
drug concentrations. ‘ ‘

The observed efflective incubation periods and the
minimal effective concentrations thal weie capable of
inducing AK forms in susceptible but not in resistaat
strains were found to be close to those reported by other
authors as being capable of differentiating resistant from
susceptible trypanosomes in vitro using other detection
methods (Kaminsky et al. 1989, 1990; Ross and Taylor
1990; Brun and Rab 1991). - :

The post-trzatment plasma concentrations of Samor-
in and Berenil previously found in cattle following slan-
dard therapeutic doses are also reasonably close to the
effeclive concentrations observed in vitro during the
present study. Kratzer et al. (1989) detected Samorin
plasma concentrations of about 0.02 pgfm! for up to
100 days after treatment, which dropped to' <0.001 ugf
mt after 140 days. Plasma concentrations of Berenil were
found to be 1-2 pg/ml within 24 h afier treatment and
about 0.01 ppfmi at 28 days thereafter (Klatt and Hajdu
1976; Keliner et al, 1985). ‘

Although Bereni! eliminated trypanosomes more rap-
idly than did Samorin, especially at high concentrations,
this did not correspond to high AK-induction values.
There may be various reasons for this, but Berenil and
trivalent tryparsamides are known to exhibit sirong, di-
rect cytoloxic activily against trypanosomes in vitro
{Hawking 1963). Therefore, Berenil seems to eliminate
the susceptible trypanosomes rapidly prior to the
achievemnent of AK induciion. However, the tow AK-
induction values that were also evident at lower concen-
trations seem to suggest that other factors may also be
involved. The overall AK values for both Berenil and
Samorin were generally lower than those ebserved in
mice (Chitambo etal. 1991). None of the AK values
observed in the present study reached 50%, the minimal
AK value that corresponds to an effective trealment
dose in mice. it is possible that certain unknown innate
factors present in vivo help to modify the pharmacokin-
etics of Berenil and, probabty, of Samorin as well. Such
host-parasite-drug interactions may contribuie {0 the en-
hanced AK-induction rates observed in vivo. However,
the conditions used in the present study may also exacer-
bate these discrepancies.

Although we could estimate the refative susceplibitity
of various trypanosome clones to Berenil or Samorin
using AK-induction values, further ¢fiorts are needed
to optimise this assay so as to achieve a rapid tesi-tube
sensilivity test and to valtidate this method using & much
larger group of different trypanosome species and strains
from different sources.
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In vivo assessment of drug se'nsitivity of African trypanosomes
using the akinetoplastic induction test

H. CHITAMBO, A. ARAKAWA, T. ONO, Department of Veterinary Science, College of
Agriculture, University of Osaka Prefecture, 4-804 Mozuumemachi, Sakai, Osaka 591, Japan

Following treatment of mice infected with
Trypanosoma congolense or T brucei brucei with
various doses of isometamidium chloride or dim-
inazene aceturate, the induction of akinetoplastic
(aK) forms was observed in the trypomastigotes
of both species within 10 hours of drug adsminis-
tration. The levels of ax-induction were closely
corielated with the levels of resistance to each
compound -found using a standard in vive drug
assay in mice, In general, ineffective doses of either
compound conferred Ak-induction rates of less than
30 per cent; relapsing cases had between 30 and
50 per cent while curative doses had Ak-induction
rates of 50 per cent or more. In vivo defermination
of Ak-induction rates using ordinary light
microscopy is thus a potentially feasible alternative
indicator to the conventional use of mice infection
and treatment methods for assessing drug sensi-
tivity in African trypanosomes.

AFRICAN animal trypanosomiasis affecting
livestock productivity in sub-Saharan Affrica is
mainly caused by Trypanosoma congolense, T
brucei brucei and T vivax, In the absence of an
effective vaccine, control depends on the use of
chemotherapy and control of the tsetse fly vector
{Glossina species). However, reports of try-
panosome populations with resisiance to the cur-
rently available trypanocides have increased in
recent years (Fairclough 1963a, b, Finelle 1977,
Zweygarth and Rottcher 1989, Gardiner 1989,
Boid et al 1989, Chitambo and Arakawa 1991).
Nevertheless, isometamidium chloride (Samorin;
Rhone Merieux), diminazene aceturate (Berenil;
Hoechst), suramin sodium {Naganol; Bayer),
quinapyramine sulphate (Trypacide S; Rhone
Merieux) and homidium bromide (Ethidium,

FBC) are still going to be drugs of choice for some
time to come (Braide 1987).

Conventional drug sensitivity tests normally in-
volve the use of mice. However, the results from
these drug assays may not be highly predictive
for cattle (Sonss et al 1988); confusion from
relapses due lo resistance and, or, central nervous
system involvement may arise (Jennings et al
1979, Abebe 1987); a prolonged observation peri-
od of 30 to 90 days is necessary to confirm per-
manent cure (Sones et al 1988, Zweygarth and
Rottcher 1989) while certain trypanosomes may
require a long adaptation period in mice. Also,
the mouse model cannot be used for non-rodent
infective trypanosomes. Alternative approaches
may involve the use of in vitro systems (Borowy
et al 19852, b, ¢) or the use of both in vitro and
in vivo protocols as in the drug incubation in-
fectivity test (pnr) (Kaminsky et al 1990).
Furthermore, Boid et al (1989) considered the
use of enzyme electrophoresis for the detection
of suramin resistance in T evansi. However, none
of these alternatives is free of shortcomings.

Bloodstream forms of most African trypano-
somes havea self-duplicating organelle, the kineto-
plast, which isassociated with the mitochondrion
and contains genetic material, kxDNA (Werbitzki
1910, DuBuy et al 1965, Newton 1967, Newion

“and Le Page 1967, Ozeki et al 1970, 1971, Delain

et al 1971, Ono et al 1971, Riou and Benard
1980). fnokiand Matsushiro (1959) observed that
when pararosaniline, a red biological stain known
to have a strong trypanocidaleffect in susceptible
T b gambiense species, was inoculated into mice
infected with various T gambiense strains, akine-
toplastic {AK) forms were observed in the periph-
eral blood within four hours of treatmeni. The
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rate of this AK induction was shown to be higher
in susceptible than in resistant strains following
treatment.

The objective of the cu rrent study was Lo exam-
ine the effect of isometamidium chloride, dimi-
nazene acclurate and pararosaniline on the
induction of AX-bloodstream forms in mice infect-
ed with trypanosomes originally isolated from
Zambian cattle and to determine whether obsery-
able differences in Ak-induction rates between
resistant and susceptible African trypanosomes
could be of value in the detection of trypanocide
resistance,

Materials and methods
Drugs

Basic pararosaniline (Sigma) was purchased
in Japan. Diminazene aceturate and isometamid-
ium chloride were purchased from Zambia.
Injection solutions were prepared by dissolving
the required quantities of each compound in ster-
ile distilled water; just before use for diminazene
aceturate andisometamidium chloride, and three
weeks before for pararosaniline because of its
low solubility in water.

Mire

Type Jla: ddY mice weighing 20 to 30 g were
purchased from the Japan Laboratory Animal Co,

Tokyo. They were housed in a ﬂy proof lsolanon
building with equal light and darkness per day.
Water and pelleted feed was provided ad libitum,

Trypanosomes

All trypanosomes used in lhls study Were iso-
lated in 1989 from Zambian cattle which were
raised under different management practices at
various locations. Details on the general char-
acteristics and the origin of each isolate are given
in Table | (Chitambo and Arakawa 1991). Ms
stock, a mixed population of T congolense and
T'b brucei, which was obtained as a cryostabilate
from the Central Veterinary Research Institute,
Lusaka, Zambia, was originally isolated from
Mumbwa but no herd history was provided.

A clone of T congolense (ChiTat 1-0), resistant
to diminazene aceturate {BR-clone) with a mini-
mum curative dose (MCD) in mice of 45 mg kg-},
but susceptible in mice to 2 mg kg-! isometamid-
ium chloride was derived from a parent rcsmtant
strain (CP) without drug selection. :

Another T congolense clone (LusTat 1. 0) was
derived from a diminazene aceturate and iso-
metamidium chloride susceptible (BSS) original
field isolate {Cs-strain) and was made resistant to
isometamidium chloride as follows; five mice pre-
viously infected with the Bss-strain were treated
with 0-25 mg kg1 isometamidinm chlioride at their
first parasitaemia peaks. One hour, six hours and
12 hours after treatment, pooled tail-bled blood

TABLE 1: Characteristics and the origin of the various trypanosome isolates

Therapeutic responses

Diminazene acelurale

Isormetamidivm chlofige

Stock LED MCO LED weo Herd Jocation Management

code Spacies mg kg (%) mg kg (%) {province} practice

cs Tc 125 14.0 025 10 Chisamba (LP} Commercial
{t00) {10} (20 (60}

cp i 70 450 r 20 Chipala () Traditional
(60) (40} (100)"

M2 Te/To 7.0 400 NA 490 Mumbwa (CPAwP) Unknown
(50) {20 {100)*

KW Te/To 35 280 2.00 4.0 Kabwe (cr) Emeigent
{70) (40} (80) (10)

Te Trypanosoma congolense, Tb T b brucei

Leo Lowest effective dose which resulted in temporary clearance of parasitaemia {number indicales percen!age of mice re!apsed n =10}
1O Minimum Gose reached 10 give 100 % permanent ¢ure {number indicates percentage of mice cured in the relapsing [or no effect}

Qroups, n=10)
NA Not applicabie

P Lusaka province, £p Eastern province, e Central provinge, we Western province and cefwe Border locahon
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from each of lhe treated mice was reinoculated
into five fresh mice. Subsequently, all mice which
became parasitaemic were treated with double
the previous dose used. This protocol was then
repeated four times, gradually increasing the
dosage twofold 1o a maximum of 4 mg kg
Thereafter, all mice with relapsing parasitacmias
were repeatedly given 1 to 2 mg kg-! of
isometamidium chloride. Following six months
of subcurative trealments in relapsing mice,
LusTat 1-0 (sr-clone) was selected after it was
found to have a MCD value for isometamidium
chloride of 16 mg kg-! but remained susceptible
to 7 mg kg-t diminazene aceturate.

An uncloned line, also derived from the Cs-
strain, with McD values in mice of 7 mg kg-!
diminazene aceturate and 05 mg kgt
isometamidium chloride, was maintained drug
free and was used as a Bss-strain in both the
diminazene aceturate and isometamidiom chlo-
ride trealment groups.

Experimental procedure

All experimental mice were inoculated
intraperitoneally with approximately 2-5 x 10%
trypanosomes harvested from donor mice pre-
viously infected with the various trypanosome
clones or stocks and anaesthetised with ethyl-
ether. No irradiation was necessary for any of
the trypanosome strains used.

Experiment 1. Two groups of 15 mice were allot-
ted to each of the five diminazene aceturate treat-
ment groups. The first group was infected with
the BR clone (ChiTat 1-0}, while the second group
was infected with the BSS strain (€S stock).

Two groups of 18 mice were assigaed to each
of the six isometamidium chloride treatment
groups. One group'was infected with the sk clone
(LusTat 1-0) while the other group was infected
with the &8ss strain.

The last four groups comammg three mice
each, were used in the pararosaniline treatments.
In each of the BR and SR groups, mice were infect-
ed with the respective clones, while the 8ss groups
were each infected with the BSS strain.

- Allinfected mice were monitored for the onset
of parasitaemia by examining the peripheral
blood from day 3 after inoculation. Average
prepatent periods were 4 + 1:5 days in the B8R
and sR strains and 7+ 2-0 days for the 8ss strains.

Parasitacmia was expressed in scores based on
counts from wet blood Ntms (Murray ctal 1983).
When the parasitaecmia reached 5 x 10 cells or
more mi-t of blood, two to three days after the
onsct of parasitaemia, mice were treated intraperi-
toneally with various doses of diminazene ace-
turate or isometamidium chloride. In the BR and
BSS groups, five groups of three mice were given
diminazene aceturate at 3-5, 7-0, 140, 28-0 or
45-0mgkg-1. In the $r and BSS groups, siX groups
of three mice were given isometamidium chloride
at 0-5, 10, 2-0, 4-0, 8:0 or 16-:0 mg kg-!. Mice in
the pararosaniline treatment groups were all given
10 mg kg-! pararosaniline as previously used in
T gambiense infected mice (Ono 1977).

Experiment 2. Four populations of the original
trypanosome ficld isolates Cp, kw, MB and CS were
also assessed for their AK-induction responses. Two
sets of four groups of six mice were infected with
each of the isolates at a parasitacmia of 5 x 10%
cells or more mi-t of blood. Three mice in each
group were then treated with 7mg kg1 diminazene
aceturate or 1 mg kg-! isometamidium chlonde.
These regimens were selected because they repre-
sented not only the observed minimum curative
doses in mice for a susceptible strain (C3 strain)
(Chitambo and Arakawa 1991) but are also the
recomnended caltle therapeutic doses.

Light microscopy

In experiment 1, five thin blood smears were
prepared from each treated mouse at zero, four,
10 and 24 hours after treatment, while in exper-
iment 2, slides were prepared at zero and 10
hours after treatment. Ateach of these time inter-
vals, parasitaemias were also estimated by exam-
ining the peripheral blood from each treated
mouse and the group average values were estab-
lished. All thin blood smear slides were fixed in
methanol and stained with Giemsa. Stained slides
were examined by light microscopy (Nikon,
Japan) and photographs taken (Nikon urx I[ A
system). At least 500 trypanosomes were counted
per slide to determine the akinetoplastic rate as
a percentage.

Results

AK rates before treatment ranged from nil (o
0-5 per cent in all trypanosome populations used.
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