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#BSTRICT

»n group of 2, 3=-year-old brucellosis free Zcbu
heifers obtained from the tse-tse fly free arcis of
worthern HNigeria were used to study the cffects of

Trypehesoma vivax, strain Y58, on: fertility, first,

second and third trimester pregnancies and the etfects
of the reproductive staetus in heifers on tie imuuno-

globulin M and G levels in bovine trypanosomiasis,

On the effects of T, vivax infection on Sovine
fertility, a group of 6 heifers from above wus used,
Four heifers in the follicular phase of estru. were
inoculated with approximately 1.5 x 100 T. vivex while

2 others in the same phase were uninfected controls,
+11 were bred by & proven bull. &«ll the infected
heifers developed fluctuating hyperthermia from the 5th
dey post infection rising on occasions to 40,3%C.

Other clinical signs shown included, anemia, e.aciation
and lethargy. Rectal examination of the heifirs 4O

days post breeding showed that the 2 control heifers
were preghant while the 4 infected heifers were open,
These infected heifers subsequently becamc wnesirus

for over 5 months. Different theories propagatea to
account for the infertility &nd enestrus included hyper-
thermia, release of trypanosomal neuraminidase end

possible hypophysi2l lesion resulting in reproductive
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hormonal imbalance.

On the effects of T, vivex infection on »nregnency,
16 of the heifers when pregnent were divided into 3
groups of & each, In the first group, L} heifers were
infected with 1. vivax on day 60 (first trimester)
of pregnancy while 2 others were uninfected cuntrols,
Tne second and third groups were similerly infected
in the L4th (second trimester) and 7th (third trimester)

months of pregnency.

One infected heifer in the first trimester group
aborted 39 days post infuction while the reumaining 3
had relatively normal gestation énd parturition, In
the second trimester group, the pregneéncies were
carried to term with normal deliveries, . In the third
trimester group, 3 infected heifers (75%) had premé-
ture deliveries while the Lth died about 2l hours efter
the full term calf was pulled cut, 4ill the control

heifers had norme#l gestation and parturition,

No gross abpormalities were seen in the plzcentae
of the infected heifers but histological secticns of
the infected third trimester pregnency heifers
revealed more monchuclezr cells than in those oi the
uninfected controls, Fostmortem examinetion of the

premature c&lves showed ] ymphoadenopathy,

splenomegally, serous &trophy of perirenal uand pelvic
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fat, epicardial petechial hemorrhages and blood-
tinged peritoneal and pericardial flulds. Histolo-
gically there were slight myocardial hemorrhages and

edema,

T. vivax was recovered in the blood of one of
the premature calves. The calves of infected dams
had lower birth-weights, and PCV than the calves
of the contreol heifers. This work therefore
demonstrates transplacental transmission of

T. vivax in heifers.

Amongst the infected heifers in the 3 stages
of pregnancy, clinical manifestations of the
infection varied with heifers in the third
trimester pregnancy showing more severe signs
than those in the first and second trimester.
There was alsc group variations in rectal tempe-

rature and PCV of the infected heifers.

Weekly serum samples collected from the non-
pregnant, first, second and third trimester
pregnant groups were quantitatively analysed for
immunoglobuling M and G over a 15-week period.

Kits were obtained from Miles Laboratories, England,
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+.11 the infected heifers showed significant rise
in 1gM levels when compared to the controls, 7 tc
A fold increcases were recorded, There wers hcowever,
differencies in the rete of increase and ability to
maintain peak level responses (P 0,01) between the
groups. Infected pregnant heifers in the {irst arna
second trimesters responded better than infecled
non-pregnant and infected heifers in the third trimes=-
ter of pregnancy, In &ll the groups, the differences
b=tween the infected and the uninfected control heifers

were highly significant (P 0,001),

The Ig% results showed similar though graduel
pettern of increases in the infected heifers, 1Ir the
different groups, 1.2 to 2.5 - fold increases were
recorded, These were significantly differzat from the
levels in the uninfected control heifers (P C.u1).
+gain, pregnant heifers in the first and sccond
trimesters responded better than none-pregnant anc the

third trimester pregnant heifers,

The results correlated with the observation that
given the saume conditions, clinical manifestations of
I. vivax inr:ction is more severe in non-pregnent
than in pregnant heifers except those with advaucced
pregnancy. 1t is suggested that in using elevetea
IgM levels as @ screcning test for the diagnosis of

1. vivax infection, consideration should be given to



the reproduclive stotus of the animal in tne intepre=

tation of the test results,.
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INTRCDUCTIOCN

There are no &ccurate trigures on tre catile popula-
tion ic Wigeria. Estimates heve for years, veen brsed
o the returns from cattie tax "jangeliM whaich Is
grossly ineccurate becauce cattle rajsers tend to
declore fewer @nimals for taxaticn than they sctuelly
pcssess., Similerly, duatos collected frus vaceinsnticsn
campuigns cre uvnrelizble. This state of affairs hos
arisen because cover 9U% of tke cattle in this country
ere still in the hanus of the pomadic Fulzniz (lwru,
1974 ) . However based on estimates from the Fecersl
Livestock Department ena the Food &nd hgriculitural
Organisation (FAC), the Green Revolution Raiort (1901)
hes accepted the figure of 9.3 million hew.s 4 a reasone
able estimate of Nigerie's catitle populatiaa in 12uU1,

This cattle populetion is dominated Ly tie Lcbu
btreeds made up &s followss bun&ji, 1% ; lsntgi, s
Sokoto Gudali, 11,5% hdasewsa Guacii 11.44 ond olhoers
12,0 1n addition, various c¢xotic breeds, #ose suite-
ability to our particular needs ore s£tlill doubifr l, heve
been introduced meinly for cross breeding with our
indigenous breeds, They include the Holstein-triccian,
the South Devon, Brown Swiss, Jersey cte. It muzt be
stated herc thét recent attontion his bewn focused on the
trypenotolerant brecds - the N'deme, Mutiro caoo boteku
which together have @ population of cbout O.7 miilion

(Green Revolution - Interim Report, 19¢1) “na whose
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votentials have act been fully investigeatad, 1t is
cxpected that their trypenotelerant qualitics weuld be
exploited and the wnimals uscd for large scilc Doaf
producticn in the tse-tse infected sreas of ihic bHouth,

It has been cstimeted that SL4% of the covile popu-
letion in Nigeria are locsted in thc Northern Ltotes
(FuC, 19€6), The aistribution is such thet lue trediticnel
brecding arezs ere loctted in the arier Sahcl sne Sudan
vegetation zones (Miclennon, 1970). Those venctetion
zones are @rid for most of the yeer while the vist
Guinca Sevannoh zone with its cbuncout pesiures fna
water cre not fully ytilised for cettle prouuction. This
anomzly has been creited due te tee-tse fly sna trypéno-
sonizsis, Thus, it cen be said that the cutile
population in this country is locttec in an -iret that
is not the most itceologically suitsble. Accordirg to the
Green Revolution Report (1981), 600,000 to 700,000 K
nr 75k of the entire country is infestod with too=isc
fly. This @are&, by extripolation irom the figurcs of
Jesiocrowski (1972) is potentially cepsble of sufporting
exirs 1.2 million cattle., &£ttempts by the Federed
Government to eradicite tse-tse flies in tne Lrets
otherwise suitibie for cuttle production (because ot
the oveilability of quelity feed and weter) hove so far
provcd exhorbitant, This has cost well over W49.5 million
in lend and helicopter epplicetion of insccticides

(Futt ¢t 21., 1980),



It has been remerked thot the per ernita nuct
cousunption in Migeriz is very low (Osori, 157€). WwWith
the present rote or populetion growth, the probliom is
not likely to be solved soon even with il Creen
Revolution orogronsw. #ccording to th. Int.ri. r ;ort
ol the study conductud by the world Benk wod hiscrien
Consultents for tie Mederdal Winisiry of fpr-c'divre 2nd
the wationel Committoe on Grien wevolution [ 1uG7),
Nigeric cemtiot be sclif sufficivnt in becf sl till
1986 tnd thic will be possiblie only if ©ll i recotrens=
dietions ore strictly adhered to, For higeris to mect
this targct of self suificicney in beef pruduction by
1686, «fforts must be awrde te study crd imorove tho
reproductive performence of our beef anintis,

Attempts must be sustrined in improvirg nutrition
or recovering more gruzing ‘ree from the griy i tee-tse
flies; improve minggement éna control disc se conGitions
limiting livestock wroduction. In particulel, resoorch
nés to be centered not only on the pathologr —na potho=-
genesis of disceise conditions but on the role ¢t these
disetse causing #gents on reproduction, wWiae ni cuch
dicecasc ceousing agents of cconowdic importance in tnis

country is Trypanosons vivix.




Trypanosominsis in Nigerian cfttle is coused by 2

miin trypénosome species viz: Trypénosomd cciroclelse

Fether with

tnd Trypanosoma vivix, These trypinosomes t

other blood pérasites produce zcute, chronic fnc olten
frtel discrise chiricterised by ancmia cng unthriftiness.
The role of trypincsomes in limiting cattle production
in rliperia has been the object of meny studico, Lespite
£11 the sttertion given to this pathogenic protozoon,
very little z2ttention or interest hag beon shiown on the
rolc of trypencscmes on bovine reproduction,

The obpectives of this investigation tnerciore &re
to study the cffects of:

1. experimental Ta vivax infection on thy fertility

of heifurs,
2. infection of T. vivax on first, sccond aid

third trimesters of pregnancy and
3. the immunoglobulin IgG and 1gM rewponce of

pregnent heifers to T, vivax infection e to
compare this response with thut of none-

regnant heifers,
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HEPWOUCTIVE PERFOURMANCE OF NIGERIAN CAITLE

Source of Infermaticn

Infornation on the reproductive perfori:a.co cf
Jigerian cattle is rather scanty and based mainly on
cuestioning and/or short-term obscrvation (Fricue, 1964;
Fie, 1966, 1975; Lemorde &nd VWelnnan, 1972; Lomorde snd
Frenti, 1973; #kpokodje &nd bBolarinwe, 1974; Ocori, 1976;
fullan, 1979) 2nd from government farms recorcs (wWheet
in. Broadhurst, 1968, 1972; Lemorde énd Weinnen, 19723
puru, 1974 Csori, 1976). Little informetion ~veilatle
fer the Fulani éniméls that formr more than 94l of the
c:ttle population ip Nigeris (Lloyd, 1976) is bescd
m:inly on surveys (Whest and Broedhurst, 1665, 1972;
Limorde end Weinmen, 1972, Nuru, 1974; Osori, 1974;
rnd questionntires (Lamorde end Frenti, 1973 cnd nNuru

:nd Dennis, 1976).

#g £t Pubirty

Fubcerty is defined &s that period of adolescence
when © mele or tumele is first able te release gometes
(riafez, 1575; Thibault cnd Levesseur, 197%) for cxanple,
first ovuletion or cstrus in the female, It is much
more difficult to determine the exaet time of  ub.orty
in the milec bectuse the first aifferentintion f
spermttogonis precedes the releese of the first sperme-

tozoa from the seminiferous tubules by & month or more,



énd spernm tronsyort from tsctse to vas deferirs needs at
least 2 wooks (GThibsult wng Levasseur, 1975). lowever,
2t puberty, irrcspective of sex, sccondiry s«Xuyal chirtcw
teristics become conspicucus eénd the essentic]l orgins

of reproduction begin to undergo greét increises In

size (Hefez, 1975).

The onset of puburty, ic influcnced by breed, (Wiltbank,
1676) climetic factors, socisl fictors and nutrition
(Oyedipe, 1981; Thibault &nd Levesscur, 1975) imd
inveolves changes at the pituitary level (Hommond, 1952).
1f nutrition is meiutaincd at normel level, pubcrty is
known to occur wiwen body weight reiches 45% of the cdult
weight in cattle (Roberts, 1971).

Information oi. the @ge of pubcrty in ctttle is
rither sceénty ond sometimes with questionsvlo Lceourdcy.
Asdell (1964) working with Zebu breeds in sast &frice
found thet the zge @t pubcrty wes 904 + 43 ays end in
Nigeria, spproximétely 3 years in locél Ful:inl herus
and 2 years (22.3 months) in government furas
(Lemorde wnd Weilnman, 1972). 1In @nother surve: by kuru
(1574) in the Northern Nigerizn Stotes, the ag. ot first
corception was boetween 3.3 - 3.7 yerrs in pomadic
cettle and 2.5 yeers in government forms., DOote
(Lemorde #nd weinmon, 1972) show thet in 3ai Form, in
higerie, first estrus occurred between 7 and U wornths of
Lge, Thesc apperent corlier ages of reproductive maturity

in Shika cnimsls were nttributed to genetic improvement
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end management superiority ol the farm over others,
Rucent studics by Cyedipe (1981), using Saix® #niuc ls
Five shown thit nutrition pleys ¢ very sigaificent role
on the zge =t puberty, This worker found tis € neifers
fod high prectein diet achicve puberty «t 570 .4 devs;
heifers on medium protein dict ot 6L0.E days whilc
heifers on low protein dict reach puberty ot “0L.2 deys,
Reports from different parts of the world hawv
shown thet tuc zZebu - the predominent cuttle oroods in
Nigerie - reach puberty ©t 6-12 monthe loter thin the

Eurcopean breeds (Wernick ¢t iél., 19563 Tempic ot 8l,,

—

1961; Reynolds ¢t £l,, 1963 ond Wiltbank .t 41., 1969),
Similer observetion hes been made by Morrow (1968),
Reynolds (1972) und Deveccaro et al., (1977). These
workers used the Brohmen - & Zebu type cottle for their

comparison with the Bus téurus breeds, This loiec g of

etteining puberty is seen &s sericus vecnouic (roblem
in our ca2ttle industry ond it his bevn observed Dy
Wiltbenk (1976) thit puberty is & genetic problem in

Zebu ena Zebu type heifers,

Age &t First Calving

hge &t first calving is a fertility index ond is
Closely related toe the cge of puberty. However, there
gre scveral focters eifecting the heifer caa cousing
the sge &t first calving to be qguite unrelated to the zge

&t puberty. OSuch factors include early embryonic deezth,



cnostrus and conception feilures of various etiology,
Thus zge &t {first calving is here revicwed sepurztoly
from the zge ot puberty.

Informativn on the ¢ze &t first calving in our
indigenous e breceds of cettle is rcther scoaty,
Where the informotion does exist, it is meiniy from
sovernmcnt herds especielly the livestocxk inprovement
ena bresdirg centres (LIEC) and little or nocc ior the
numerous herds RKept by the nomadic Fuleni,

Creoix (194);) noted thet heifcrs in sortiem
Nigeria celved bofore they werc years old. Fricre
(196L) reported thiat the age at first celving lor the
Whitce Fulani cettie in Northern Migeria was between
342 to 5 ycars, Wwheot ond Broudhurst (1968) cud wheet
(1972) found thet the ge at first ctlving for the
wnite Fulani cattle, Reheji, dzacuak and Sokuto Gudali
breeds kept in LIBC's rénged between 33=47 months. In
a similar report, Knudsen wmé Schael (1970), wwrking in
a government farm in Vom put the ifge 8t first calving
of the Zebu at |5 months, Using deta from virious
sources, Zemjanis (1974) put the averige age «t first
calving of heifers from nomadic herds at 60 wonths and
those from government herds at O wonths. 1r toeir own
stuay, duru and Dennis (1976) geve L2 years os tie age
&t first celving., Working with wWhite Fulani cottle
kept in the scuthern environment, skpokodje =nd bolarinwe
(1974) found thet the aversge age ¢t first calving was

L6.55 months, Gimilar studies hove been conducted by
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Pullan (1979) and the age at first calving was found to
be 5 years. In one herd, however, Pullan (1979) found
that the average age at first calving was 40O months,
This was shown to be similar to figures from Vom
government farm where the age was 39 months, Thus it
can be said that the age at first calving among our
indigenous cattle breeds ranges from 39 months in the
well-managed government farms to 60 months in the
nomadic cattle herds. In all, improved management,
intensive system and genetic up-grading of the animals

were shown to affect the age at first calving,

Similar studies with Zebu and Zebu type cattle
from other parts of Africa show similar results, 1In
East Africa, Mahadevan (1965), calculated the average
age at first calving for the Ngauda, Boran and Jiddu
and found they were 42,-A3 and 40 months respectively,
A range of 3} to L4 years has been reported from
Botswana (Reed et al., 1974) while in the Sudan, the
age at first calving ranges from 30 to 96 months (Osman,

1972). In the Bos taurus breeds of cattle, the mean age

at first calving has been put at 30 months (Roberts,
1971).

Calving Interval

Calving interval is the period between two succes-
sive ealving and is a useful fertility index for

assessing the reproductive performance of a herd.
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Extenced celving intervels mey be céused Ly «ll mojor
forms cof infertility including &nestrus, couccpticn
feilure end prenetel decth (Osori, 1976).

There is very little inforwetion on the cilving
intervel of our indigenous cattle in the noodic herds,
Mugt of the informition we héve for these sroupe cf
animals is based un surveys and quostionzir:c, Fricke
(1964) reported an overell figure of 16 monthe zg the
ctlving interval of the While Fuleni c:ttle in rcrthern
Nigeriz. Informeticn from [uru's survey (197i) shows
that calves nursed for up to 10=12 months ‘ad thot the
first estrus cccurreu at absut 15 mcnths pest prrtum.
Thus, c¢ven if concertion ceccurred with triis .strus; the
celving intervel would then be 2L menths., Similer
figures were guoted by Lamerde end Froanti (1973).
ikpokodje wnd Eolerinwa (1974) working with yhite
Fuleéni cows kept under scmi-intensive systom In
soyuthern enviromment, reported € calving intervel of
L54.9 deys,

Whcet and broadhurst (1968, 1972) culculiited the
calving intervel for the indigencus breeds oi ceéttle in
government farm in Nigeries, For the White Fulani, the
czlving intervel was between 388 znd 463 drys while that
of Sokoto Gudali was between U39 @nd 496 days, Yheet
(1972) repourted the calving interval of the Azeouak end
Raheji t. be between §23 end 537 deys, Using records

from Shika Ferm, Zemjenis (1974) celculated the czlving
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interval of fiigerizn indigonous brecds to be LL7 days.
pullen (1979) reported that the celving inturval for
cows in the government ferms were lewer tnan those in
the nomedic hercds., The intervel renged from «s low &s
12 nonths for @ governm.nt farm ¢t Vom to &t high as 27
months in the nom:dic heras,

A look at the culving intervel for Zebu breeds oute=
sidc Nigeria shows similer figures. 1In East kfricc,
Mehedeven (1965) reported @ calving int.rvzl of LZ0 deys
for the N'dama breeds, 362 days for small East ifricen
Zcou end 382 for the Boréne 1n central .frica, Rakha
et 1., (1970) reported celving interval of 379 &nd
25 days for the éngoni and sfricender breeds respecC=

tively.

snnual Calf Crop

Celf crop is defincd &s the number of calveds
produced during the yeer by cows @nd hciter of repro-
ductive age expressed as & percentage, dnuausl celf
crop hes been shown to be &n important factor in the
cfficicney of production (Lasley, 1972). 1€ is 3 measure
of the reproductive performance of & herd.

Here in Nigeriz, there is only scenty lafcrmetion
on the calf crop in the Zebu cattle. Most of this
information is bascd on surveys and limit.d aatea from
records in government herds (Osori, 1976) , Wheat &nd

Brocdhurst (1968 and 1972) have shown that the annual
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cclf c;op of Nigerian indigenous Zebu cattle is zbout
60 pcrcent, The survey by Liémorde and Welaman (1972),
showed thet the annual celf crop among the indiginous
herds veried between 27 wnd 55 percent, 1In 4 cimiler
stuay, Iure (1974) found thet the snnuzl ealf crup
emong indigenous herds wos between 34 and 47 percent,
The seme worker 2lso found that from the 10 L1IJC's he
surveyud, the annual celf crop was 67.2 percent, This
cbservetion was similur to that of Johnsun (1974) who
rceported thet the ennuel celf crop of whit. puloui coews
in Shike was 62,1 pcrcent., Working with very limited
number of cows in Vum, Scheel (citec by Osori, 197€)
reported ¢n annual cclf crep of 10C percent,

In 2 similéer study, using the zebu &nd zcbu type
animals outside Nigerie, Rakhe ¢t z2l,, (197C) fourd
tizst the annual colf crep for the sangori, -.Triconder,
Mashons were 833, 65% znd 63% respectively, 77 cse
were seid to be above the nationsl Zverege “na vhe
higher rates were attributed to the improved nutrition,
In Nyaszland, Wilson (1946) repurted &n annual celf
crup of 27.5 - 31.2 percent. 1In Botswanaz, the annual
celf crop is between 34,8 and 51.6 percent (Reed et al.,
1974) .



Ctavr Indices for Reproductive Perfurmonce

In more advanced countrics, reports avouad un post
pertum in-éctivity period, generetion intervel, number
of services per concepticn and noun return rotes, Here,
such reports are olmost nun existent, 1In the white
Fuleni znd White Fuleni Friesian cruss, Cyedipe ot 21.,
(1981) reported that the cverage period of post partum
incetivity wes 16.5 and 21.4 deys respectively, &
generation intoerval of 72 to 75 months hés been reported

for the indigenocus cettle (Wheat and Broadhurst, 1566).

The zvailable survey information on the rojproduc-
tive performance of indigenous zebu cattle ha2s been

summcrised by zemjanis (1974) &s followss-

Noaadic cattle LIBC's
rge at first calving
(months) 60 Lo
Celving interval
(months) 17-24 16-18
snnual erlf crop (%) e oL

Totel no, of calves

produced 2% 4



The Revproductive Pettern of the Nigerien Zoebu

The repro.uctive pattern of the Zebu cottble nof
higeric has been the ficus cf mény studies (Whest ond
Brosdhurst, 1972; Lamcrde £nd Weinmen, 1972; Limcrde
end Franti, 1973; COsori, 1976 &énd Kumi-Dinsga ¢t ol.,
1961), Most of these studies heve been based méinly

vn limited observations, The vilidity is sinmilorly

limited.

Evidence ¢f seca2sunslity in the reproductive pattern
of Zebu cattle  f Nigeria comes meinly froa the reports
of Lemorde and weinmen (1972) @&nd Lemorde znd Fraoti
(1€73). sccurding to these reports, m:st cezlving here
vecur meinly during the eerly wet sceson., Zarlicr
~bservetion had been made by Stelunbeck #nd Balogun
(1971) . Using records from @ government her! in Ibadan,
these woerkers found that the Keteku cattle peak reri d
+f sexucl cctivity veries between February uooe Juae,

I wever, other workers (Whest, 1972; wheat anl prozchurst,
1972; Zemjenis, 1974) heve shown that this peck viries
between the different Zebu breeds and vegetation

location in Nigeria,

# more detailed clinicel énd histologicnl 15%-month
study by Osuri (1976) .n the reprcductive pattorn of
the Zebu cattle in Nigeria showed that there woere

seasunal veriaticns in the number and size of Graafian
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roliicles, ovarian size, weight and cyclic uctivity.
Lccording to this study, ovarian funciion peaked between
July and iugust, It was then conciuded that indigenous
cows in Nonthern Nigeria are seasonal brecders with

peak activity auring the réiny anad pre-dry seacons,

This seascnality is closely related to the tvailecility
of feed (Csori, 1982, personal communication). Similar

observation has been reported by Ojo et 21. (1977).

Reports from other parts of ifrica indicute thet
the Zebu cettle heve peak periods of sexual activity
(Csmarn, 1972; Wilson, 1946). Osmen (1972) working in
the Suden observed that cows which calved during the
rainy sesson (July - October) reguired more sServices
ver conception than those calving during the dry season
(March - June). In centrel rfrica, Wilson (1946)
reported that calving was seasonal and me&inly occuring

between June and September,

Rakhe and Igboeli (1971) studied 4O cows, 20 on
norm:l #nd 20 on low planes of nutrition. They
observed no seasonal effects in either the cstrous
cycle or calving in the group with nocrmé&l nutrition. In
the second group, cycling ceased even before the end of
the experimental period, Records here in Shikea ond the
University Farm of &hmedu Bello University @lso show nn

seasonglity in the reproductive perédprmince.oi the Cebu



{(Unpublished deta from Thericgenology Sectim of the
Department of Veterinary Medicine and Surypery, ihmedu

Bells University).
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BOVINE #BORTION

sbortion defined 4s the expulsion, boefure full
terms, of & cunceptus incipable of independent Tife
difiers frow proaature delivery which is the expulsion
befure full term of & fetus cepable of independont life
(Hubbert, 1971),

From the above definition fetal death is net &n
essentizal prelude to abortion though mest rezorted ceses
inv.lve dead fetuses, WMony fertilized ova, embrycs or
eerly fetuses miy be aborted without being scen
especially when the animels are on the rénge and not
cl sely vbserved (Roberts, 1971). &bortiocus tre usuelly
caused by fucturs, for exemple stress, or agcuts (buth
infeetious «nd neneinfectius) affecting tne fotus cr

its membrenes,

There seems t be scinty infurmetion a1 the veiriae
ti:ns in hormonal levels during abortion in animale,
Osburn et 8l,, (1969) and idelekoun et ai,, (1978)
rep rted 2 decline in the serum pr.gesterone levels un
the day . abourticn similar tc that seen in nurael

perturition,

The later suthors found the estrone levels lower
in &b.rting cows then in celving cuws, Estradinl-=17-hL..

levels were clsc luw in aborting c ws, and the graducl
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incrcease throughout pregnancy cheracteristic of colving
cowsS was cunspicuvusly @bsent, The deeline i sex
stercid levels may be éssacizted with plecentitis &5 well

8 lutuvilysis in the cise f pr zesgerone,

Suvere and prolonged maternal stress miy e 1S5Su=
cieéted with ctcrti-n or premature delivery (Osburn &nd
Kenncedy, 1981 ). a&ccording t. these cuthors, ucternzl
¢ rticostercide when present at levels of 100 t. 1Z0ng/ml
£ r 48 hours mey cventually reise fetal blo 4 levils to
20 - Yng/ml znd this is sufficient to cousc sborticn,
The curtic.stercide cruss the fetoplencental unit
sufficiently tu decreese propesterune and increese

vstrigen #nd prosteglondin production (Hafez, 1975),

In hunzng, hormonsl chenges have been used in the
surve.illonce Hof highrisk pregnancies (Guebel, 1S78).
1f the producti.n rate of human chorionic gonadotrophin
(HCG) end human placental lactugen (HPL) decrease, the
likelihood of an unavoids ble aborticn is cxtremely high
(Gerhora ana Runnebeum, 1977). The szme is true when
the levels cof overian hormones (estrine, cstrediol-17-B
and progestercne) induced by HCG &nd are nocessery for
meintenance «f pregnancy drop (Tulchinsky znd Hobel,

1573) .



The reported inciucnce f bovine aborti-n bescd on
limited cbservetions ranges from 7 to 12 percent of thuse
c.ws and heifers f.und tu be pregrnant between 30 to 50
deys after breeding (Holt, 1952; Withers, 1257; hitchell,
19€03 Miller, §980).I

It sh.ould be peinted out that the exect fizures
regarding aberticn ére not avalléable not even ir the
sophisticeted societies of the werld. [ Leycer-ctudy
by the British Resesrch Council (cited by Frank, 1963)
reported that €.5 percent of all celves were born dead
and that 56 percent cf losses of calves up to € months
of age were prenatal, In the sswe report, Frenk, (1963)
cited the studies carried ocut in New Zeeland and
emerica, In 1956, the New Zealand Dairy Poard cited
2,8 percent incidence of abortion end added that only
half of the abortions were cctually reported. 1In the
survey conducted by the Rescarch Committee o1 america
Cattlemen's snssociation, it wes shewn that only 80
percent of 20,000 cows studied producted live célves

end 62 percent weaned calves (Fraznk, 1963).

# more recent report from the imerican Natlional
scademy of Science cited by Hubbert et 2l., (1:473)
indicete that the annual losses in the Unitel Stetes
co1f crop were between 14 and 36 percent, Thesc

estimétes included prenctal losscs of embryos 2nd fetuscs



(¢ cortion, stillbirths, congenitel melfornationg) ns

well as postnatel loss of calves.

fcre in Nireriz, there are few reports oun the
incidence of bovine avortion. The survey conducted by
Liporde ond weirmen (1972) indicated & 12,4 perecent
suortion rete cmongst Fulini herds and 3.9 percent in
Goverrment frrme. In the study by Ocwu et tl., (1562),
112 fetal dezthe were diapnosed clinicelly in the
different ferms with & total cettle population of 3,300.
Experience in our laboratory shows that the incidence
of abortion in some Government ferms 1s &s hign os 20k,
Cur experience zlsc sugpest that the ineidence of
zborticn is higher in Government herds then in the

Fulani herds,

The disperity in the abortion ratcs is purely due
to menegemsnt systems. Tnis observetion hés in fict
been confirmed by Nuru and Dennis (197€) who rcported
thet the lowest incidence of zburtion was in lccal herds
while the government herds have the higjhest incidence

of cbourtion.

This is moinly due to the semi-intensive system of
husbandry practised in the Government farms which tend
to concentrate the flock in a smell area 2s oppuscd to
the extensive system prictised by the Fualni's thus

reducing chance of inf.cticn.



CxUSES OF BUVINE ABURTION

S¢verazl werkers (Osebold et al,, 1960; Oennis,
1969; hubbert et al., 1973) heve shown thol ambertion is
still one of the most puzzling éspects of roeproductive
failure. wslthough notible propgress has been wede in
determining the cause cf bogine oorticn, ronorts show
that over 70 percent of the cbortion fall intoe ne recog=-
nised diagnostic category (Hewerth et £l., 1956; Dennis,
196%), Working with 3,812 bovine eburtioans spreed cver
11 yesars period, Hubtert et 21., (1973) could not identify
the etiologicel egent in 76,7 percent of the céses,
snong the diagnosed cases of abortion, @ varicty of
egents have been incrimine ted, These include: physicel,
zenetic ur chromuscmal, nutritional, chemic2l, druy or

toxic &nd infecticus ceuses (Roberts, 1971).

PHYOSICAL

Buvine abcrtions resulting from physicnl causes ere
rire (Robert, 1921). Eefoure aburticn can result from
physical causes, there has tu be severe traume to the
dem or the conceptus, Ball and Cearoll (1963) round
thet manunsl rupture of the amnictic vesicle in wcarly
pregnancy (30 to 60 days) will terminate pregnancy. The
full impact cf this cbservetion cazn only be appreciated

when one reflects on the fzct that pregnancy digpnosis
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in cettle is donce by rectel palpation not only of the
pregnant uterus but €1lso of the amniotic vesicle
vspeciglly inp very eé&rly pregnancies,

Thus there have been questicons about the possibility
of ab .rtiun ag & consequence of uterine pelpation (Cowie,
194€; Rowson enu Tott, 1963; Ball end Carroll, 1963,
Zemjenis, 1970), Sceverel _ther investigators heve
shown that abortion can be induced when excessive
pressure is epplied tc the amnictic vesicle or to the
conceptus (ball, 1968; Dewson, 1974; Parmijieni et 2l.,
197€) .,

Douchiing the uterus by inveding the coerviz with a
pipctte or catheter @anu introducing intra-uterine
meiceétion such &s Lugul's sclution 2nd for the purpceses
~f insemination heve been recorded &s physic2l ceuses
«f aburtion (Roberts, 1971). Other physical causes of
gbortiun include severe torsion of the uterus, displice=-
ment. of the wnbilical cord over the head ant neck of
the fetus or tursicn of the upbilical cord resulting

in fetzl death,
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GENETIC OR CHROMOSOMAL

In humens, a number f studies have implicoted
chrum.scme fnomélies @s an importznt cause L reproductive

wustare (Carr, 1967). More then 20 percent oI spontoneous

cburticons hove been aéss.cieted with chromus. mal gonormalities (

1967). Studies cn embrycs »f ferm anim&ls su, g est thot
chrom svme ancmalics may contiribute significuncly to
fetal mortality e2lthough the exact nature 2wl extent of

inv.lvement is not kncwn (McFeely, 1976).

Since the picneering work of Gustevsson (1962) on

cut-som&l translocstion in Swedish cettle, @& lot of

ther chromusomal anomélies hove been discovercu in

ther Europesan breeds of cattle, These include
chkrom-osome breéks and cchrométic péps in additiorn to
1/29 trenslocation in Cancdien Guernscy bulls essociated
with rcduced fertility (Bon;s:. an) Basrur, 1976);
acbertsonion translocetion in British Friesien cottle
(Pzllock, 1972, Pellock @nd boewmen, 1974), motecentric
fusi:n cf chr.onescmes 3 end 4 in Limcusine (Fopescu et &l.,
1977), centric fusion in Swiss Simmentcl broed (Fopescu
et :1., 1975), pericentric inversion in Norocn cittle
(Fepeseu, 19723 Popescu, 1976), reduction ir chromescme
number due to centric fusicn in Norwegian Red cettle
({mrud, 1969) autosomal translocaticn in Charulsis
(Harvey, 1971) and Holstein-Friesien (Herschler and

Fechhedimer, 1967),

i

™ 2 par
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The role of chromcsome anomelies in embry onic ond
fetzl mortelity has not been fully cetermined, Severcl
investisnticons (Refsdal, 19763 P .llceck, 19723 iicFeely,
1476; Halnen, 1$72; Gustevss n, 1971, Bon:s. wnd Busrur,
1976) have showna thet thesc ancaelies result in inferti-
lity. OSerivus losses of potential productivity trioughb
structurel and numericcl Lhenges crising de nove in
embryces h&ve clg: been etravuted to chrumisomal
aberrcticns (Fechheimer, 1972)« These changes result
in early embryonic legth cr abirtion. P lyrleidy is
rere in pustnatal individacls, Eowever, w.orkin;, with
blestocysts, McFeely (1965) found several polynloeid
b.ovine econceptuses, These zygotes €re therefore &bnermal
ind embryonic Jdeaths, fetel resorpticns fnd abirtions

tre nétures way of petting rid of ebnormel =y otes,

sutusomal recessive gene ectiun has been reported
as & cause of abourtion in & Hulstein herd (Stuven an
airg, 1969), These investipators reported the abortion
ard tetel nummiffication ccecurring et 120 t.. 100 days cf
restation, The tetel deaths cecurred in the dav _hters
cf 2 pupuler sires, Inbreeding is reported tio ciuse
embrycnic deasth, 2burtions and stillbirths by the cone
centretion 1 lethal genes in & conceptus (Mylres, 1163,
Roberts, 1971).



NUTKITIOUN:L

The response «f animals to their foo! supply is
nainly reflected in their repr;ductiVe urscese, If foud
supply is luw, reprocuction is either greatly redvceu
or cezses (Roberts, 1971). Nutriticnal fict i rs &re more
comm:nly assoicizted with infertiiity then with « Lortion
(#iller, 1980). huwever, écecording B Houstgecre (1969),
if Jurin? pregnéncy mcluutrition happense to ccinecice
with the first third .f gestaticn, that is, during the
sengitive periods of or an..enesis, devel paent of
m: 1formations and even fetsl desth may be 2 useruela,

In the fetel stege (secund eénd third trimesteres) such
deficiency may result in malformétions mainly in such
‘rgan systems as hnéve several sensitive functi rnse 1In
extreme deficiency, Jcath may ensure. Ruberts (1971)
repurts that acute, severe starvetion pey reslt in
cberti-n and thet this acts e&s & protective mechanism

¢+ preserve the maternal animal's own budy rescrves,

Selenium-vitimin E deficiency hés not bLecn Jefinitely
establishea as & couse of cettle abourtion (Gibb ns, 1964).
However, Hesting s (cited by Faulkner, 1968) reoorts ¢
¢ niiticn menifested by the birth of deau, weak or
premcture cilves end @ high incidence of retzined
placenta that appearec to respond to vitamin E znd

selenium injections,



<7

I.dine lcficiency as @& cause f &b.rtion hés been
reported (lleroft ct £1., 19543 Muoustyeard, 1959),
Tnese investigators have #ls. cttributed the birth of
wefk, hiiriess, stillborn or puitr.us celves t iscine

ueficiency.

Vitenin 4 deficicricy &uversely cffcets rerroduction
in all species (Rubert, 1971) includim: bouvine ebortion
usuelly léete in ;estetion (Gibbons, 1964 ; Th.mas, 1968)
and birth defecte involviung the eyes, Vitemin &
Jeficivney causes keratinizeticn of the vaginal cpithee
lium &end placentel degeneraticn leeding to aéborticn
(& berts, 1971). Blood serum levels o»f vitauin & in
ciattle at the time oI aborticn or shurtly «fter erc less
ther 25 mer/100ml ani frequently &re 12 - 15 meg/100ml
provided feed inteke héas nut been ineretse. (Cibuens,

1564 ) .

There is no evidence that cther viteawmin, miuacrel,
pretoein or other nutriticnal deficiencivs will c2use

ab.rticn in cattle (Roberts, 1971).
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CHEMIC+L, DRUG COR TCXIC

Tuxic substences especially thuse in plints wre
freguently suspected clicrtifecicnts but =v. usually
‘ifficult to decument (Miller, 1980). Severz=l chemicels
for excmple nitrate polsoning drugs @nd phytot Xins are
kn'wn to result in bovine ebortion (Sim.n et al., 1958,
1959; wWinter, 1968; Roberts, 1971). Simon gt z1.  (1956)
uescribed the pétholopical chenpes asswciated with
nitrate b rticn, In the report, the authors stoted
thet up tu 80 percent of the aborticns occurree in the
herd frem 3 to @ months of pestation, The auertions
asceurrea when the cattle grazed un imprived paésture
higzh in nitrate cuntent, Low levels of the chemical
are repurted to be unable to prouuce gburtion (Vinter
ani kE.okanson, 196l; Davidscn et gl., 1964; Crawford,
19603 Winter, 196€), Winter (1968) state!l that nitrate
int:xication Jdres not cause abortion per se in healthy
runinants recelving balanced retion. 1t is the authoers
epini.n thot unier yet “unde fined circumstauces, nitrate
r its rcducticn products may act in conjucti.n with

sther fectors te praduce aturtion.

Other chumicil c2uses of bovine ebortion includes
cnlorineted naphthiélenes which among - ther things
pr.ducce hyperkeratousis (X lisease) an scute vitemin &

Jeficiency, metoplasia of the epithelium uf many internal



crpens, metritis and cbortion (Hensel and McEntee, 1955)

tnd ersenicels (Udell, 1954). The rule f lead, sodiue

L#]

ivdine, so:lium chl:rcte in bivine aberti 'n is guesti ‘neble
(R:.terts, 1971),

S.me phyt.toxins when ingested in sufficizatly
lorpe quontities mey result in ebertion. Of intercst

hoere tre the pine needle énd locoweed abortions,
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INFECTICUS ABORTION

i 1though the ceause(s) <f buvine abortion remein
un.ctermined in approximetely 70 percent of rep rted
crses (Howarth et 21., 19565 Osebold et el., 19€0;
Dennis, 19693 Hubbert et £l., 1973; Kirkbridpe et z1.,
1977), infecticon remains the single most important
ccuse (Hubbert, 1973; Miller, 1980; (sburn and Kennedy,
19€81), One I the reascns for this is the fact that
c.mpired to humans, Jdemestic animals are often very
young when they first beccme pregnent, The hazery of
systemnic infectiun of the dam during pregnancy is
increcsed by indiscriminate moevement of the animels
which in turn makes it more likely that an individual
animel will Le¢ cxpcsed for the first time to an infectious

zgent (Osburn ~nd Kennedy, 1681).

Scme of the infectious zgents mey produce discase
in beth the fetus and the Jdem while in others the
counsequence of Jdam infection is quite different from
that of the fetus, This is due mainly to the fect that
while the dam is more maétured end has sophistic: ted
systums for handling infecticus egents, the bouvine
fotus is largely agemmaglobinemic, specific microbial
erowth factors (erythrit.l for Brucellaﬁccae) are
present ond the rapidly dividige cells that dre needed

for replicotion of sume viruses are present in numercus



31

fetzl orgens (Osburn and Kennedy, 1981). Thess fectors favour
environmert for the microbes to proliferate with minimal

hindrance,

It has Leen esgtellishe’) that all infectiocus abortion- .
producing agents result in placentitis (Deimis, 1969),
Tiws although gross and microscepic lesiocns found in
aborted fetuses are not always diagnostic, plocental
lesions may be pathognomenic, supgestive or non=sipecific
(Dennis, 196S). Many people (Dennis, 1969; Nj.mu et aley
16733 Pler et 3l., 1972).seem to agree that plecentitis
is a commen finding in «ll cases of infectious sbertion,
However in abortion assoclated with plroplasma
(Christic, 1963; Klinger and Ben-Yossef, 1972; Fowler
and Swift, 197%; Swift and paumer, 1978; Corres et 21.,
1978; Swift, 1979) and trypanusomes (Nuru, 1974), no
plecentitis were reported. Thus placentitis mey not be
& necessary prelude to &ll infecticus abiortions, The
mechanism of abortion in piroplasmns has been attributed
tu genital fetul infecticn (Corres et al., 1978),
ancexia and accompanying Loidosis from maternal anemia
(Swift and Paumer, 1976). The mechanism of aberiion
due to trypancsomes is harder to explain. It is
speculited that transplacentel transmissiong do cccur
and abcrtizn is due to fetal infection even though the
perasite may noet be easily demonstrated in the fetus

(Ogwu and Nuru, 1981).
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Bacterial and mycotic &agents produce atortion in
the bovine mainly by the production of toxic products =
endotoxins in gram-negetive bacteria (Reider ana Thomas,
1960; Dennis, 1961), Most gram-positive bacteriz result
in fetal infection and death and subsequent aLortion
producing uterine and placental lesions (Njoku et al.,

1973; NJoku and Dennis, 1973,

Viral infections often result in fetal malformations
or dysplasia (Sever and London, 1969; Ward, 1569;
Bistner et al,, 1970; Elizan &nd Fabiji, 1970; Kehrs
et al.,, 1970a; Kahrs et al., 1970b; Kahrs et zl., 1970c;
Kahrs et zl., 19713 Catalanc and Seve:r. 'U%1; .cott
et 21., 1973; Osburn and Kennedy, 1981) reculting cften
in the death and abortion of the infected fetusec.
Persistent infection occurs with certain viruses such
as blue tongue resulting in the calves becoming a
potential reservoir of infection thrcughout 1ife (Osburn
end Kennedy, 1981). 1In others like I.B.R., there is
extensive cell destruction in all stages of gesteticn
but apparently abortion uccurs most frequently in the
last trimester (Kennedy and Richerds, 196l; Lelling et zl.,

19733 Zemjanis @nd Hurtgen, 1975).
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BOVINE #BOUKTIONS IN NIGERI~

There are very few reports on bovine abortion in
Niseria, The available rejorts suggest that it is
syoerecie (MacGregor, 1962; Leémorce anu welnman, 19723
Lamorde and Franti, 1973; Nuru, 1974) and that the
livestock vwners tend to live with it without informing
the Veterinary suthorities (Muru, 1974). The corly
reports from Veterinary Division o f the HMinistry of
Heelth and Forestry Recsources of Northern Bi eria
1959 - 1963 indicate that gborticns were confincd to
the then Benue Flateau end North-Eastern States
(MacGreg or, 1959, 1960, 1962, 1963). Lkarly sporuviic
2bortions in cattle were alsc repurted in Kuntagcra,
Bida and Minna igricultural Centres (An.on, 1960)., In
the late 1950's, buth kdamewa end Zaria provinces
reported that buvine gvorticn in the areas were of
cunsiderable eccnomic aénd public health significence
(in.n, 1956), &bortions and breeding difficultics
were rep.rted at the Birnin Kudu &nd the Razv LIBC

{ MecGregcor, 1962).

Reported incidence of alorti.n in herds veried
frim state tuv state., 1In locwul herds, it ran_ed from
0.9 percent in [l.rth-western state .f 43.1 percent in
North-castern stote (Leén-rdc *nd Frenti, 1975 and huru,
1974) ¢  Leworde wnd heinmia (1972) re; T 12.L, rercent

egbortion rate in loeczl Fulani herds and
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3.9 vercent in Government farms,  Nuru (1974) found that
ab.rtion was more widesypread in the savenna gruzing

areas of the country theén was previcusly thought,

£1though the bulk f vovine evortions in Rigeria
rem.in undiasnesed most cfficiel reports tend to
incriminate Lrucellosis znd trypéncsumiosis ¢z the maj'r
etivlopdic agpents of bLovine abertion (MecGreror, 1962).
Nemolic Fulani cattle wuvmers counsider trypancscmizsic
ag an important b.vine abturtifacieat cuming sc¢c.oad only
t: nutriti-nal Jdeficiencies (MacGregor, 19623 Lomorce

and Frenti, 1973, Huru, 1974).

b.vine Brucellesis in Nijperia

Brucellosis has been reported sporadically from
v:riyus varts of the country since 1927 (Banerjee @nd
Bhatty, 1970). Hygroma or "Eokkale® in céttle is well
known ti the Fulani cettle cwners &nd has bLeen associtted
with Lovine aburtion (énon, 198¥). This .bscrvition has
in fzct been confirmed by the high brucella titre in
“he "bokkele" sera (Hurm, 1974) @nd by the isolatiun

¢f Brucells abortus orgenism (Fensterbank, 1978).,

Bovine brucellosis (Bang's Diseese) is causel by & small

srom=negative rod, Brucella abortus, that prow intrae

cellularly (Roberts, 1971). It wes first descrived in
Denmark Ly Bang in 1897 and the organism was first

isclated in yganda by 1uce in 1910 (cited by Kagumba
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end Noudokha, 1676). Brucellosis is the most important
worlowide cause of sbeorticn in cattle except in the U.S,
wiere the cradicetion prugram has been most successful

(fcberts, 1971). Brucella abortus causes aburticn in

cattle in the list trimester and & sulsequent pericd of
infertility is usually cxjerienced. The trunsmission,
rethogenesis, clinicel sipns and Jdisgnosis «~f infecticn

is very well esteblished. (Lembert ¢t a2l., 19603 Menthedi,
166L; 31uo. and Henderson, 1966; Rotawks, 19713 slton

et z1., 1975).

Our knowledee f buvine btrucellosis in liijeria is
tosceld mainly on the sporadic serclogical surveys (Jdems
anu McKay, 1966; BenerJee and Bhetty, 1970; dNuru, 19743
Esuruosc, 1974#; 1974b). There are cnly few reports
wn the actual isolsti>n of the brucelle or_ cnism (Bze,

15783 Bale, 1980),

working with government herds in Northorn Niferie,

Bunerjee and Bhatty (197C) found thet the incidence
bovine brucellosis in 1934 was 15§; 9% i 19465 3%

in 1947 end 11,8 in 1948, Ser.lopical results of
cettle btled ot veri wus parts <f Sokote province (State)
in 1970-71 showes that the prevalince rate for
Bulzsse was 12%; 15 four Dogen Deji ranch; 20k fur
Talate Mafara end O% for Kotor Keshi LIBC (Lid, 1972,

cited by Nuru, 1974). 1n & similar ser:l gical study
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2f c.ws in the then six Northern states, Nuru (1974)
foure the highest rate of Lrucella infectiun in Kwara
stete 26.4% fullowedl bty Northe-eéstern stite 3.3%; Nurth
Centrol 0.,7% and 0.0% in Keano state. The reportec
infection rote in the Fuleéni cattle in the six horthern
stite was 7.1% and 3% 3.6% in & .overnment rench (buruy,

1974) «

In the Western stete,N'uzme and Keteku cattle
have been repurted to be the mest heevily infected
(Esuruuso, 197Lu). It weés yointed out by tnis author
thet these herds were the breeding units frum which new
herds derived their sticke. An infecticn rate of 23,.3%
was repurted ir the Keteku herd at the Upper Opun cistri-
bution centre., 1n Bendel state (Mid-=West) 2E.05
infecti o n rate was reported for the lgara ranch; 12.5%
for the Ubiaja rinch and 31,03% for the Oria ranch
(Esurucs., 1975). In she Easstern states, adams and
McKey (19€6) reported 1.2% infectiin rete in a government
her: «f zelu cattle in 1962, {4 mure recent repcrt from
Nsukka (snambrz Stete) inddicated a 106 infucticn rete
in & herc of N'dame cattle located at the University
of Nigeris, lisukka teaching and research farm (Esurucso,

1975) .
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OTHER INFECTIOUS ABORTIFACIENT I: NRICERA

Alhough brucellosis and trypanosomiasis #re
generally regarded as the major infectious cbortifacient
disecses in sigeria (kuru, 1974), there are others such
ag leptospirosis that are known to be present here whose
associetion with bovine aborticn have not been well

investigated,

Leptospirosis: 1 most parte of the world, the

Hebdomadis serogroup and in particular the Hardjo
serotype has been recognised as a cause of abortion and
infertility in cattle (himatredjo and Campbell, 1975).
Ellis and Michna (1976) have demonstrated z relation-
shir between the presence of infection in cattlie by

the Hebdomadis serogroup of leptespira and a history

of undiagnosed abortion in Scotland, Thes: workers &lse

isoléted a leptospira of this serogroup from an 8 month

fetus, This asscociation of leptespirosis with bovirne
abortion has alsoc been established by Little et al.,

(1960) and Higgins et al., (19860).

In North hwerica, Leptospira pomon: ppeired to be
the principal serotype involved in bovine a.crtion
(Boulanger et 2l., 1958; Hanson, 1960; Stoerner, 1968),
but the L. grippotyphosa and L. hardjo have 2lso been
incriminated (hanson end Brodie, 1967; Diesch et al.,

1971; Reberts, 1971).
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hbortion occurs in the last trimester and within
& weeks after the acute phage (Roberts, 1971). fihe
abortion rate viries from 5 to 4 depending upon the
number of susceptible cattle in the last rime-ter ol
gestetion, virulence of the leptospira, and the opportu-
nity for spread oi infection (Stoenner, 1368)., Not all
susceptible infected cows in advanced pregrnancy &bort;
occasionally, an infected cow may give birth tu a weak,
non-viable calf that dies within a few days (Roberts,
1971, Bkllis and Michna, 1976). Retained placenta,
metritis and infertility are common sequel of leptospiral
infection in cattle (Stoenner, 1968). Other clinicel
signs include sudden drop in milk yield, fever hemoglo-

binuria, anaemia, jaundice &nd death (Koberts, 1971).

A fetal leptospiraemia occurs following invasion
of the placentomes and fetal dezth is considered to be
due te anoxia from leptospiral haemolysin (Fennestad and
borg-Fetersen, 1958). The fetus is usually cezd for
gbout 24 hours or more befcre expulsion; consequently
the lesions ére non-specific and are due to in-utero
autclysis viz: generclized hemoglobin inhibition in all
tissues, blood tinged subcutaneous «dema &nd effugions
in the scrous cavities (Dernis, 1969), The uniform
edematous end sutolytic invoivement of the plécenta is
suggestive of leptospirosis (Dennis, 1969). The inter

cotyledonary areas are cdema@tous and semitranspérent
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with brown gelatinous fluid between the amnicn and
allentois (Tv runge and Sicasp, 1953). 4ll cotyledons
zre light tan to vellowish, atwnie and &vesculsar (Dennis,

196¢€) .

Here in higerie, LEze (1961) has shown thet there
is @ high prevelence oi leptespiral entibodies in our
cattle population., In his study on cight hundred cattle
examined scrologicelly, he found 63% positive at serum

dilutions of 13100 =nd above. Turner et al,, (1975)

et
—_—

hod earlier obtained a 63,9 positive by microegglutine-

tion test to L. grippotyphosé, L. hérdjo @ni L. pomone,

hithough these workers have shown evidence cf high
prevelence of leptospirzl titre, there arc no reports
of the association of leptospirosis with bovine abortion
in digeria, lowever, ti.e Theriogenology Seciiovn of this
Depertment did investigate @ cese in Keaduna Stzte and
found that leptospira orgenism wés responsibic for the
abortion., Recently also the Section wes involv:d in an
uncenfirmed cuse of leptespiral cbortion in 2 government

herd in Kano sStete,
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VIRAL ABORTIUNS IN NIGERIA

Although viral agents sach as I.5.5.,, BJY¥.J., cnd [13
have been associated with bovine abortion (Chow‘gﬁ a5
196l 3 Sever end London, 196L; Kendrick and Straub, 1967;
Chow, 1968; Kahrs et zl,, 1970a, 1970b, 1970Uc; hLoberts,
1971; Kendrick, 1971; Kelling et al,., 157<; Hubbert et
al., 1973; Swift, 1973; Zemjanis and Hurtger, 1575),
very little is kncwn about them here in higeria (Zwart,
1966; Taylor et al,, 1977) and their association with
bovine abortion in Nigeria remains unknown, Using
serolmgy, Zwaért (16€66) was able to aemonstrate the 1BR
virus was widespread in the Nigerisn lattle population
even though the disesse in its clinical manifestations
has never been identified. Taylor et z2l,, (1977) has
snhown that there is a widely scattered BVD virus anti-
body in sheep and goats in Nigeria, In a similar study
ty Taylar and fullan (eilted by Taylor et al,, 1977),

Iy percent prevalence réte was recorded in cattle,
Tnere was no associeaticn of these viruses with bovine

ébortion,
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BOVINE TRYFANCSOMN1ASIS I NIGERIA

Bovine trypanoscmiasis is &nctl.r ehorticu-cuusing
disease in Nigeria, For yeers the settled Fulani
cattlemen have observed that the Federal Goveriment's
sronscred tse-~tse fly eradiceticon cempaign 2nd the use
of adeqguate chemotherapy had greetly reduced tre gbore-
tion rate in their herds. The association of trypanoso-
miesis with bovine abortion his been based on rather
cirmumstantinl evidence (Kirkby, 19633 Maclenran, 19633

1970; Leefland, 19753 Nuru, 1974).

In reviewing the cccurrence aud epizootizicgy of
bovine trypanosomissis in Skike ferm, Kirvkoy (171963)
observed that the high @zbortion ratc in 154 ° wes
zgsocicted with T. congolense infection @5 no cther
avcrtifacients were found, 1n thot year & 16 percent
infection rate wes recorded which subsequently increased
to 31 percert infection rete in 1956 with 57 cut of
131 cettle (31%) zborting. 1n 157z, € of 190 aborting
cows in thne some Shike farm were infected with trypano-
scmes, 1n 1973, 2 out of 3 cows that aborted in Shika
farm had trypancsome infectior (Laocflang, 1975). 5o
important is the trypanosomicsis prodlew in itais e~ try
that it would ve nccossary to look at trypunosomes #nd

cittle production in Nigeria.
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TRYF&ANGSOMES £MD CHATTLE FRODUCTIUM I NiIGEK1A

Trypanosomiasis continues to be cie of the most
importent cbstecles to cattle industry in ligeria,
despite the efforts of the Federal Pest Contrel Depart-
ment of the MNinistry of kgriculture, The wide-spread
distribution of tse-tse flies - the vectors of Lirican
trypanosomiasis heés imposed & nomadic or trenshuménce
system of livestock husbandry on the Fulani cettle

rearers (Lcefleng, 1976).

In a study conducted by the World Beni :nd Nigerien
consultants for the Federacl Ministry of Agriculture &nd
the Netional Committee on Green Revolution (1921), it
wes estimated that 600,000 to 700,00 sq. km or 7858 .%£
the e¢ntire country, is infested with the tsc-tse fly,
This, fccording to the study, includes 254 of land
intested sc=sonelly £nd S% infested throughout the
yeir., 1t is clear thercforce that tee-tse flies end
tryrenosomes Zre importent in the Nigerian liv stock

industry.

The importince of the disease wis recogniscd by
the colonial administration in Nigesas widich in 947,
set up the west ffricaen Institute for Trypunosomiesis
Research (VALTR) in Keduna ol ¢ relatively nigh invest-

ment cost of £350,000.00, David West (1987) noten thet
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an investment of this colosscl sum was in recognition

of the importance of the discase, Today, the ljgerian
Institute for Trypaéncsomiasis Rescal.lr (NIik) which
‘repléced the WhITR together with the Foderal Fest
Control Department, the Faculties of Veteriaery hoedicine
throughout the country ard other institutes anu organi-
sations have coatributid immenscly to the contrel of

the menace of trypanosomiésis in our livestock,

Despite their combined efforts however, trypancsomiasis
still remeins - major obstacle to livestock prcauction

in Nigeria (ikede, 1981),

The apparent failure to control trypanonsoniasis
dospite technological developments in medicine hog
been attributed to the highly veriable nature of
bovine trypanosomiasis (Mansfield, 1978; Tlizard ot al.,
1978a). Secondly, it is only in recent yenrs thet the
discese and organisms have been studied with reletively

sophisticcted techniques (Tizard ¢t &l., 13706b).

The group of menomorphic sélivarien trypinosomes
is by for the most importent to the livestock industry
(Leeflend, 197€). This include two species: Trypancsome

congolense and T, vivix, T. vivix is prolcoly *re mest

common trypanosome in Nigerien cattle (Glover, 1961),

1. congolense is the most importent causc of bovine

trypanosomicsis in East Africa (Tizerd et ol

.
-_.'

1978).



T. brucei, the third important trypanosome or cottle,

is the letst pathogenic for the domestic @nimc’s (Hernby,
1949; tenning, 1956; Stephen, 197C; idc&rd ¢t 1., 157€)
though it has been reported thet up to 304 cattle in
some regions cf Nigeria may be infected with U, bruceg
(Gudfrey and Killicke-Kendrick, 1961; Godfrey =t gl.,
1964 s Gray, 1970). The non-pathogenic T. theileri is
widespreed in Nigeria and 60-100% of our catilc moy be

infected (NITR, 1964).

Clinicsl signs of buvine trypasnosomizsis resemble
those scen in huméan trypanosomiasis and include 5rad;al
but prougressive onsct of irregular fever, 2anenic,
splenic, hepatic and lymph node enlargement and
cachexia (Apted, 197C; Crmercd, 197C). Affecled
individuals e¢ventually show neurologicel disturbences
including hyperesthesia, lassitude and weakness, Loss
of muscle control, somnolence, com& and death may also
ceceur except thet neurological signs are rare in
animals (Stephen, 1970). The signs in animtls include
intermittent fever, extreme anemia, lymphiétic enlirge-
ment hepatosplencomegaly., Frogressive cachezic involving
both boedy fot ©nd muscle héas been regarded by mest
researchers as € very significont recture st leest from
the standpoint of the economics of livestock producticn,
The course of the disetse i= highly variable and ranges

from the apparent asymptomatic carrier state to © very
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Severe cute diseise with deuth within a few weeks

(Apted, 1970; Crmerod, 1970);

The distribution ¢f trypanocsomes witnin tsiccted
aaimals depvends cn the specics of trypanoscume invelved,

Trypnoscmes of the T. bruced group (I. brucei Lrucei,

T. brucei grombiense and T. brucei rhodesiense) ic

capéble of penetreéting the capillary tissues (Losos and
Ikede, 19703 Godwin znd Guy, 1973) and of multiplying
outside the bloud vascular system, It is thevefore not
surprising that this group of trypancsomes are wiaely
distributed outside the véscular system and oitern
encountered in cerebrospinal fluid, aquecus nuncr,
lymph and in ccnnective tissue fliid (koranby, 1949;

Fernhead et al,, 1974). ZIrypenuscpe vivex znd T.

cengolense, on the contrary, do not usually leeéve the blood

stream (Losos &nd lkede, 1973; Losus et al., 1973;

Tizerd et al., 1978)., They tend to ludge preferentially
within the micrucirculation by attaching tu the ciépillary
vescular endothelium (Lusos and lkede, 1973; Bungener

end Muller, 1976; Benks, 1978)., Consequently the
cuncentyation f these orgenisms may be 5 to 10 times
greéter in the capillery beds especiglly of tne kidney
énd spleen than in the lerger vessels, such us the

Jugular vein.
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peology of bovine trypancsomiasis in Iigeri:

The susceptibility of domestic animals, including
Zebu cettle, toe trypencscemicsis, contragts strongly with
the resistence to the discase vbserved in wild 1ife and
the dwerf-brecds of ceottle (Leefleng, 1978). dccuording
ts tris author, tryponcsomizsis cxists fundamerntally in
o sylvatic tramsmission cyele in which mzn ana livestock
ere n.t n.rm@lly pérasitized. This sylvatic cycle
includes tee-teo fliics, woody vegetation and some
(Maclennsn, 1963), It is unly when utn cnd hisz demestic
onimels stray into this sylvatic cycle or whon infected
tsc=tse fly stroys vut of it that dumestic tryponusoe

miasis results.

Several workers (Lecfleng, 1978) have shown thot
b vine trypancscvmiasis in Nigeriz is must significent
in the Sudzn and Guinea vegetotion zones, Tie coastel
zvnes cennct be used for raising livestock because of
the thick feorest vegetation ubiquit.ously infestzd with
tsctse fly snd the lack of adequéte pssture land, In
the Sthel z:ne, which is an importent livestock
breeding e2rea, tsetse flies are absent, Livestick
pireduction in this zione is therefore .nly limited by
lack of water and inadequéte grezing areas during the
rether prolcenged dry sefson which is cheracteristiic of

this zcne. In the Suden 7one, tsetse flies especizlly
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Gl .ssina morsitens and G, tachinuides &re prosent,

mainly in woody areas and along river end flood pléins,
This zine ﬁruvid:s excellent grezing area durily; the
rainy season altnough there is mire widespread cavarnch
tscetse than during the dry seés.n. In the dry seéson,
there is @ graduel depletion of aveileble grass and
weter and cattle are therefore furced to gratc ol

water in the fadama area where tsetse flies or. &bunaent,
The Guinea vegetation zone is idesl for grazing. There
is usually abundant f.orage gnd weter, excent fir o short
periond towards the end of the dry season whoen Jrezing

is restricted tu the river pleins., Unfortunstely, this
zone is also idecl for severel species of toctoe flies

(Leeflang, 1978).

The abuve state of affeir has forced the Fuleni
cattle owners toc adopt the ennuel trenshumance patitern
f 1ife (Asunmeh, 1977; Leeflenyg, 1978). wssentielly,
the partern followed is sumething like this., 1In the
wet season, 76 percent of 211 the Nigeriun catile ore
loecoted in the Sahel and Sudan vegetation z rnes.
(Mzeclennsn, 1970). M.st of these zreas fre tvetce fly
frce. The remsining cattle are found in areieg around
Jois, Mambille Flateau and sume selected scutiern :reas
where the risk of tsetse fly is minimal., oOuring th:
dry seéson, most <f the céttle in the Sehel =nd Suden

vegetation hove to migrate to the Guinea zonces where
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grazing and water are sbundant and where catit. .- ére able
t¢ withstand the tsetsc fly challenges., H wover, these
animals are consequently expused to the dan er f treking
through the heevily infested savanna tsetse rly telts,
Lfter the first few reins, the cittle are tnen rushed
back t¢ their traditional breeding erees =1 too Sthel

end Suden vegetction zones where grazing and water have

niw become available,

Trypenosomicsis ond eccnomics of cettle production

The devasteting effects of trypenocsomes in the
tropicel livestuck industry is so well Kaown that
sccording tu Urquhart (1960), it has becume customary
t. preface telks on @animel trypancsomiasis by emphéasizing
the increase in livestock number which would be possible
if trypancsomiasis wes controlled, The impourtince of
trypan:.scmiasis in cattle preduction perticularly in

Nigerie cen therefore never be cver-emphasized,

The interim report of ¢ study conductod by the
W.rld Bank and liigerian Consultents fur the Federal
Ministry of Agriculture and the Netional Committce on
Green Revoluticn (1981) indicoted that Nigerie cannct
Pe sclf sufficient in beef supply till 1686, Even then
the Committee recogniscd thot Niperie has to woerk hard

tu meet this target. Fullan and Grindlc (1480) found
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that the average liveweight of cows and stecrs in Jos
Pleteau were 250 kg and 350 kg respectively., This is
probably truc of their average refpective wel, nhts
thrcughout the country except for the exotic “nd dwarf
breeds., The killing out percentase (KOF) is repurted
to be 49% (Green Revolution Report, 1961) with &n
everage carcas weight of 125 kg. This is rather low
ccmpered to the uvver 60X in mcst temperate countries
using exctic breeds, Hcwever, the reason for tne low
K.,U.F. has veen ettributed to the fact that about 50%
of the cattle sent to slaughter are for reasuns of
sickness or unthriftiness (ILCh, 1980). Altn.ugh
trypanusomes are not the only cause of sickness and
unthriftiness among Nigerian cattle population, it

méy hcwever he identified as a major factour in the low
hOP because bevine trypanosemiasis is & cnronic
wasting disease, The Nigerian Federal Governuent has a
policy to eradicate the tsetse flies by the uge of
insecticides. Remarkable success is szid ©2 heve been
achieved since the campaign began in 1955 (Putt et al.,
1976, 8¢ far, it is reported that 19640 km? of land
have been cleared in the North (94% by ground spraying
and 6 by helicopters). The estimated cost is put at
N357/km2 for grcund application and MLOO/ka fur helicop=-
ter applicaticn. This gives &RU4L.9 million for ground
application and k4.7 million for helicopter application
and a total of .49,587,072.00, This cclossal sum from
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our meagre resources could have kreen used for better
developmental purposes, Thus the economics of tsetse
fly and trypanoscme in cettle and other livestock
production in this country cannot be concluded without
menticning the large losses in the naticnal revenue
due to the iniectiun, The large investment in the
spraying programme does not take into account the
devastating effect cf the insecticide on the environe
ment and consegquently on the human health enc the
sncial problems that héve been created. dowever, high
financial benefits are expected t¢ accrue to tue live-
stock industry due tc the tsetse eradication in the

cloa&red areas,

Clinical trypancsomiasis in Nigerian livestcck
can be effectively countrolled by the use of drug
combinations = Novidium, Ethidium, and berenil in high
risk areas in crder to prevent clinical outbreaks of
trypanosomiasis, &t present there are no data tc show
how much is spent annually on therapy though it stands
to reason that the amount must be large, and mu:t
constitute an important source cof economic drain to

the cattle industry.

Losses from death, sickness and unthriftiness
have nct been calculated ror the Nigerian livestock,
It is postulated that this must be colussal wnen ccmbined

with the wastage of guod grazing lands that are tsetse
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infested; areas that are potentially capaple of
supporting livestock, one is forced to lonk at the
figures quoted by Jasiorowski (1972) of extra 120
million cattle for Africa and by Griffin (1.78) of
extra 150 million sheep and extra 250 millicn goets for
hfrica if trypancsomiasis wés controlled in the seven

million square kilometers of tsetse infested africa.



TRYP&NOSOMES «ND BOVINE ABORTIUN

For years, settled Fulani catilemen have ubserved
that the Federal Government's sponsored tsetse {ly
eradication campaign and the use of adequate cheuo--
therapy has greatly reduced the abortion rate in their
herds, Several other workers have associated trypano--
somes with abortion particularly in livestock. 4
comprehensive review of this has been published (Cgwu
and Nuru, 1981). Furthermore, Murray et 21 (19861),
{n Bast ifrica have cbserved that eerly and late preg-
nancy abortion occurs in Zebu cattle followiing natural
challenge with trypancsomes., Ige and Amodu (1975)
have observed infertility in cattle infected with

T. vivex and T. congolense. These workers heve also

attributed long celving intervals in the N'damz tc
trypancsomiasis infection. In order to understand

the mechanism of trypancsomal abortion, it is
essential that we look at the possibilities of
transplacental transmission of trypanosomes in enimals

and man,
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TRaNSPLACENTAL TRANSMISSIUN OF TRYPANOSUMLS
IN 4NIMEL &ND MaN

Transplacental transmission of trypancsomes is
the passage of the maternal infection across the S
placenta itself., The consequence of such fetal infec-
tion like any other fetal infection may include; fetal
death and/or abcrtion; abortion of a live fetue; fetal
malfermation or dysplasia; persistent infection;
surclinical infection of no sericus consequerce (Usburn

10l Kermnedy, 1981) and premature delivery,

Ri.TS

In rats, Shaw and Dusanic (1973) have shown that

Irypanosomsa lewisi is capable of termineting pregnancy.

This, huwever, depends on the time of gestatiun when
the dam is infected, The fate of the fetuses was also

shown to depend on the time of maternal infection,

Rats infected early in the first week rescorbed
their fetuses succéssfully, while those infected later
in the week had greater difficulty in resorbing their
fetuses, The fetuses of these dams infected 2t mid-
term in gestation developed normally until the time of
parturition, when the majority of the pregnant animals
died without giving birth +¢ their young, aiimals

infected during the last week of pregnancy gave birth
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to litters of normal animals. In the work or Van de
Branden (1935) normal fetuses were cobtained from rats
infected with Trypanosom& brucei. slthough it w&s not
possible to detect T. brucei microscopically in the
blood of the fetuses. infection of a rat did occur,
however. when it was inoculated with the fetal blood.
This possibly explains why Wittebolle (1937) was unable
to demonstrate the presence of T gambiense in the
fetal blood of an infected rat. The presence of

T. lewisi in the fetuses of infectea mice wi ™ demorns:
trated by Minning (1936) by the development of immunity
against T. lewisi by these fetuses  Morenas and Roman
(1937) were able to demonstrate the presence of trans-
placental transmission of T. brucei in rats, but they
were of the opinion that this mode of transmission

must be very rare.

khlthough most workers seem to believe thet trans--
placental transmissiocn of tryp&nosomal species does
occur in rats, Gonzalez (1942) and Gillet and Herman
(1976) demonstrated the absence of transplacertzl

passage of T. eguiperdum in mice. Genzalez (13S42)

showed that T. equiperdum was incapable of trans~
placenggl migration even when highly virulent strains

were used.
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GUINE+ PIGS

In experimentally infected guinea pigs, Kreneveld
and Mansjoer (195L) were able to demunstrate the
transplacental transmission of T, evansi. although
Biccca (1942) was able to demonstrate that whereas the
blocd of fetal guinea pigs from a dam infected with
I. brucei was infective for other guinea pigs, no
trypancsomes were microscopically observable in the
blood uf these fetuses., This cobservation is similar
to that reported in rats and mice (Van den Branden,
1935; Wittebolle, 1937). 1In his work, Oleg (1941) was
urable to demonstrate tranfplacental transmissicn of
I, brﬁcei in guinea pigs with & normal placenta.
However, he was able to demonstrate it when the
placenta was damaged by pricking or under conditions
of oxygen deprivation; hence it was his opinion that
the normal placenta of the guinea pig was a good
harrier to trypancsomes and that the fetuses of guinea

pigs can ee infected only when the placenta is damaged,

RUMINANTS

Several cases of possible transplacental transe
mission of trypancsomes in ruminants and hence subse-
quent a‘ortions have been demcnstrated (Horny, 1921

L

Pignewr, 1932; Dikmans et al., 1957; Lundholm gt al.,

1957; Lamy & Bouley, 1967; Gr¥nert & asndressen, 1970;



Woo & Limebeer, 1971; Paikne & Dhake, 1972; [kede &
Loscs, 1972; Mculton & Kraus, 1972; Isoun & Anosa,
19743 and Nuru, 1974)., In the buffale, Paikne and
Dhake (1972) reported the abortion of & fully
developed calf which was positive for T. evansi., The
abortion was &attributed to I. gvansi, and subinccula-~
tion of the fetal blood from the calf to rabbits
resulted in the deaths of the rabbits., 1Ikede & Losos
(1972) inoculated sheep intravenously with L. vivax
and reported the birth of a weak lamb 33 days later
that was positive for I. vivax, &lthough Iscun angd
tnosa (1974) did not report a similar finding, they
were able to demonstrate the presence of T. vivsx in
amnioctic fluid of a pregnant sheep that had been

infected experimentally.

In cows, Hornby (13821) suggested that T, xiggg is
capable of causing abortion of weak calves., xalthough
he did not speculate on the mechanism involved, it 1s
now believed that trypancsomes are capable of trans-
placental migration in pregnant bovine females, There
iz other evidence for this, notably from the work of
Dikmans et al., (1957) who found T. theileri in the
stomach contents of an aborted calf, Lundholm gt al.
1959} confirmed the suggestion of Dikmens et al.,
(1957), that transplacental transmission of trypanosomes

in cattle was possible by their demonstration of
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T. theileri as a contaminant of cell cultures of
bovine fetal kidney celis. In 1967, Lamy & Bouley
reported heavy trypanoscmal parasitemia in & newly
born calf. Pigneur (1932) detected T. vivax in the
blood of a prematurely born calf of an infected cow;
incculation of blouod from the calf into a pregnant goat
resulted in the birth of an infected premature kid,
rnother case demonstrative of transplacental transmis<
" nion of trypanosomes in the bovine female was reported
by Moulton & krauss (1972) who found T. theileri as @
contaminant of cell cultures of bovine fetal spleen.,
The trypanosomes in this were initially intracellular
but eventually became extracellular., Woo % Limebeer
(1971) reported the presence of trypanosemes in cell
cultures from the spleen and kidneys of an B8-month-old
calf ~u~., The trypanosomes were first noticed in the
spleen cultures. They were dividing and were all of
the wrypama.sti.ute forms. The authors also found
that therc was a higher indicence of trypanosomes in
spleen cultures than in kidney culture and attributed
this to the larger number of trypanosomes in the sinu-
soids of the spleen than in the capillaries of the

kidney.

Contrary evidence on the transplacental transmis-
sion of trypanosomes has come from cultural surveys of
cattle in Kenya (Reid et al., 1967) and Njgeria (Gray

and Nixon, 1967) which showed that infection rates were
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lower in young than in older animals, and did not reveal
any congenital infections in c¢alves from infected cows.
These findings indicate that the transplacentzl route

may be an abnormal method of transmission,

More recently, Nuru {1974) conducted four experie
ments on the effect of'i. vivax on pregnant cows
following natural infection; the effect of I. vivax on
susceptible pregnant cows challenged intravenously;
the effect of.i. vivax on pregnant cows following intra-
amniotic challenge; the intravenous challenge of
pregnant cows with 2.'31325 and subsequent termination
of pregnancy. It was his opinion that T. vivax does
not directly cause abortion per se. It is Interesting
to note that T. vivax, although not detected directly
in the blood of fetuses from the last experiment, was
detected in &a susceptible cow that had been incculated
with the blood from the fetuses. This work, although

suggestive, was inconclusive,

FPerhaps the earliest reported evidence of trans-
placental transmission of trypenoscmes in domestic
animals was that of Sergent and Lheritier (1919). 1In
their pioneering work, the authors inccmlated two camels
with I. berberum. Both camels aborted dead letuses
almost at term. In neither case it wi$ no>t possidbic o
demonstrate any trypanosomes in the spleen of the

aborted fetuses. However, filtrates of crushed spleen
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in both cases produced infections in the inoculated
dogs. This was the first documented evidence of a
trypanosome species being eble to cross the placental

barrier.

HORSES

There is apparently little litereture on the
possibility of . transplacental transmission of
trypanosomes in horses. There is however, one report
from Kraneweld & Mansjoer (1954). Using T. evansi,
they demonstrsted that incculatdon of this organism
into pregnant meres resulted in fetal deaths and their

subsequent mummification,

M &£ N

Human fetuses too are reported to be infected
from their mothers. Bassett-Smith (1919) had considered
transplacental transmission of trypanoscmes a possibie-
lity. His suggestion was strengthened by Kellersberger
(1925) who found 2 large number of trypanosomes in the
blood of a 3-week-cld baby. Perhaps the first confirmed
case report of the transplacental transmission of trypa-
nosomes in man was that of Derre et al,, (1937). The
child was born in France in 1934, but the mother had

been infected while pregnant in some parts of central
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and west Africa, The child was under weight (2.4 Kg)
and had an abnormally large head. After several months
of test, trypancsomes were later discovered in the
cerebrospinal iluid. énti-trypancosome drug therapy
geve good results and the child lived., A more recent
human case of the transplacental transmission of trypa-
nosomes was reported By Glewe (1979) “from Lagos,
Nigeria, Here a ventricular tap was performed on the
baby and the cerebrospinal fluid was found to he
swarming with trypanosomes even though no trypanosomes
were seen in the Bloed. The mother was positive for
trypanosomes,
L
MECH&NISMS OF TRANSPL#CENTEL TRENSMISSION
OF TRYP&NOSOMES

From the above, there is séme evidence for the
possgible transplacental transmission of trypancsomes
In the rat, guinea pig, sheep, cow, buffale, camel,
mare and man, However, some of these species have
different types of placenta; equines and ruminants
have the epithelicchorial. type of placenta, man,
rabbits and guinea pigs have the haemochorial type,
while rats and mice have the endothkliechiri.i types
of placenta (Bjorkman, 1951, 196L, 1965at), For the
fetus to be infected from the maternal circulation,

trypanhsomes must be capable or have a means of passing
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through tissue barriers, Trypanosomes are known to
poes _ss biologically active products (Tizard, 1978b),
Of interest here are enzymes: proteases, phosgpholi-

pases and a vascular-permeability-increasing factor .

Trypanosomes possess both acid phospnatase &and
cethepsin D (Venkatesan et al., 1977). These enzymes
together with other proteases may &ct on & number of
biologically significant substrates including plasmino-
gen and fibrincgen (Boreham & Facer, 1973). FPhospholi-
pases are the second group of enzymes which trypano-
somes are known to posses (Tizard et 2l., 1977, 1978):
these are capable of destroying cell membrane phospho=-

lipids. &#s I, vivax and T. congolense lodge preferen-

tially within the microcirculation by attaching to the
capillary vascular endothelium (Losos & Ikede, 1973;
Bungener & Muller, 1976; Banks, 1978), it is easy to
see how trypancsomiasis in pregnant animal may result
in placental damage., 1t must, however, be emphasized
that the enzymes are released only on lysis of the
trypanosomes, The presence of neuraminidase has been
detected by Esievo (1980). This enzyme is known to
suppress pregnancy in mice (Gasic and Gasic, 1970) as
well as altering the antigenic ~~kee-up of trophoblasts
thus resulting in abortion and infertility (Muller and
Saathoff, 1972). 1In addition to cnzymes .T, brucei

has been shown to posses a vascular permeability
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increasing factor (Goodwin & Guy, 1973), thouph the

precise nature of this factor remains unknown,

Trypanoscmes have been identified in the exjeri-
mentally infected dams, and transplacental transmission
appears to be the only plausible mode of infection of
those fetuses. However, no one has ever produced a
satisfactory explanation as to the mechanism by which
this organism is able to cross the placenta, HNuru
(1974) in his thesis stated that the method by which
trypancsomes ceuse abortion is not known, One
mechanism often pgstulated 1s that there may be damage
to the placenta (Njoku, 1980, personal communication).
1t is perhaps important to state here that no one so
far has been @tle to demonstrate placental damage in

animal trypanosomiasis.

IMMUNOGLOBULIN LLVELS IN TRYRF&NUSOMIASIS

In mammals, immune response te infection is
characterised by the sequentjal synthesis oi different
classes of immunoglobulins in which the initi¢l immuno-
glokulin M (IgM) synthesis is replaced by immuncglobun-
lin G (IgG) synthesis (Baner &« “tavitsky, 1961 and
Barrett, 1974). 1In trypanosomiasis, this sequence is
modified and the infection is characterised by the

prolonged production of IgM antibodies (Masseyeff and
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Lamy, 1966, Lucking, 1972, 1473, 1976) This disease

1s not only characteristic hy this prolonged production
oi IgM but the IgM levels may be greatly =levated (Klein
et al  1967; Houde et al., 1969; Rees., 1969: Seed. 1969:
Baker & Taylor, 1971; Luckins, 1872, 1976; obayashi

wt al., 1976} -:~iyr. on some occarions, 2C times the
pre-iufection values {Kobavashi 2% 21.. 197&). Tn
contrast IgC levels tend to remain scnstant at velues
~lose to normal /Kobayashi & Tizard, 1976) though

values 2l times the preinfection lzvels aave: been

reported {(Rees. 1969. .uckins., 1672).

This prolonged synthesis of IgM, though not
rathopomonic, has been used as a basi: {or ilhe
diagnosis of trypanosomiesis., 1In Wes xiT.cz, the

importance of the estimation of serum IgsM ¢s a screening

test for the diagnosis of T. gambicnse Fus been
demonstrated by Mattern et al., (1961 = lisitern

(1662, 19%4. 1968). Other workers heve ~1.0 voalidated
this screening test including Binz et al. 71368);

Goidl and Marsden (1974) and Lumsdew {1966

This tremendous nroduction of Igh seens to be
direc’ed aganst a number of antigens. Some uf these
are specifically antitrypanosovmes (Sec! et al,, 1969
while athers may %e heterophils (Houba et al., 1969;
Mackenzie, 1972) or directed against autoantigens

(Mansefield end Kreir, 1972; Mackenzie et al., 1¢73).



Few observitions huve been made on tae eiiect of
tryvpanosomiasis on serum immunoglobulin lovel:s in

cattle (Desowitz, 1959, Luckins, 1972, 1975).

Using Zebu cattle from tse-tse free arecs ind
allowing thea naturzl challenge, Luckins (1.472) found
thet there was a significent increegse in Igh and 1gG
levels. Increzses of 2-9 times preinfection levels
of IgM were repcrted 2 weeks after the catiie were
introduced intc the enzootic aree and there persicted
for severzl months. IgG levels were report2d to show

only a 2-fold increase during the period.

Ir. this later work, using experimental T,

congolense and T. vivax intection, Luckins (1U75)

found that increases in IgM levels occurced within 14
days of infection coinciaing with the first wppecrance
oi the trypanosomes in peripheral blood. Increcses

of 2-10 times were recorded., IgG levels snowed only
little increase. The animal thet died of ths infection
showed only 2n initial incresse in IqM levels kut
subsequently Igh and 1gG levels dectine until the
animal died, The levels of 1gh were also reported to
h&éve declined to @pproximeétely the pre-infeclion

levels witain 25 days fellowing diminazens zceturste

trestment.,
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EFFRCT OF EXPERIMENTAL T. VIVEX INFECTION
ON FERTILITY OF HEIFERS
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INTRODUCTION

Although sterility and abortion are aaung the
symptoms of human sleeping sickness (sapted, 1970), the
situation in animal trypanosomiasis is not quite clear
(Ikede, 1975). In humans, the reproductive rrollems
assoriated with sleeping sickness &re attriouted
partially to endocrine dysfunction, esvecially hypori-
tuitarism (apted, 1970). In cattle there is sutificient
evidence of abortions caused by trypanososres (krampitz,
1970, Nuru, 1974 and Ogwu, 1982, unpublishcd . 4:,

The mechanism of this abortion has not beci clearly
worked out but may have to do with transplacental
trensmission (Cgwu and Nuru, 1961), fetal puthology
(Ogwu, 19262), :nd plucental damaze (N3oku oerional

communications).

The role of trypanosomes in the fertility of
caéttle in endemic areas has not been fully investigated,
In one study, Ige and .modu (1975) fcund tnat there was

irregular estrus in heifers infected with T. concolense

and infertility occurred, 1In one heifer, thure was
jrregular estrus 9 months post infection, then it had

a healthy calf and never returned to estrus for up to

6 months, Using T. brucei, tlese workers found no

sigus of heat by infected znimals until 8 - G nmontts,

With T. vivax infection no signs of estrus were ouserved



in 3% months after the disappearance of the parasi-
temia. Infertility and long calving intervuis
cbserved in endemic areas of bovine trypanosomiesis

were attributed to the disease.

£1though no reasons were given by Ige and smodu
(1975) for the observed infertility. this may be due
to the hypophysial lesions in association with animal
trypanosomiasis(Losos &nd Ikede, 1370, M~Cully end

Nietz, 1971, Ikede end Loscs, 1975).

This paper reports the findings of én investi
gation set up to examine the effect of experimental
infection of T. vivax, Y5b, on the fertility of

bovine heifers.



MaTERILLS «ND METHODS

Experimental wnimals

+# group of fifteen B—year-ola heiférs were acguired
from the Kanc state Government-owned LIBC farm at
Gumel, Nigeria, a tsetse fly free area. The heifers
were selected after careful examination including that
of the overies and genitalia, The animals were trans-
ported in a truck to the Feculty of Veterinary Medicine,
khmadu Bello Unilversity, Zaria, Nigeria and housed in

the research pen of the Faculty.

Two days alter their arrivel here, they were
dipped using Ffizona {(Ffizer Products Ltd; lkeja,
Nigeria) and dewormed with Thiabendazol (Thibenzol;
Merck Sharp and Dohme) and Ranide(R) (Merck =zharp and
Dohme) 2 weeks apart. The animals were screenaed for
brucellosis, In addition, their blood was evaluated
for baseline hematoclogical data and for the presence
of blood perasites, which if present were freated with
Imizol (The Wellcome Foundation Ltd; Londen) &nd/or
Maxitet (Beecham, #inimal Health, Brentford, England),
The animals were fed grass hay supplemented with cotton
seed cake and wheat offals for & months before the
experiments and during the experimental periocd, They were

givern mineralised salt 1ikk (Pfizer Products Ltd; lkeje,

Nigeria) and water ad libitum. 4t the end of the
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experiment infected animels were tredted with Novidium

chloride (Major and Bo. (MNig.) Ltd., Keno, Nigeria),

Trypanosomes

The Y58 strain of T. vivax isolated from & natural
infection in N'dama cow (Leeflang et al., 1976} was

used.

Stabilate used was preserved in 5% DHISO and
stored in liguid nitrogen. Prior“fo use in- the
present experiment, the stabilate was first incculated
into sheep which subsequently developed clinical
trypanosomiasis., Bleod from this sheep was then used

L3

for the experineatl.

Experimental Design

gix heifers were selected from the group of 15.
Four of the selected heifers had corpora ILutee ind
were on days 10, 11, 12 and 12 respectively ci their
individual estrous cycles. The other 2 heifers
serving as controls were én days & and B respectively
of their estrous cycles. Because of prior kuowledge
of the estrous cycle length of these heifers &nd the
prepatent period of the strain of T, vivax Y5C, the
experimental heifers were inoculated intravencusly

with approximately 1.5 x 106 I. yivax on day 16 for




the first 2 @&nd day 14 for the last 2, Ine controls
were not inocculated, The 6 heifers were kept in 2 pen
with the proven bull, The animals were observed
clusely until they were seen to be bred. after the
breeding the bull &nd the 2  control heifers were
removed and kept in separate pens. Following
inoculation, the animals (including the controis) were
bled daily for the first 3 weeks and there after

thrice a2 week, Serum samples were collected once a
week. Blood collections were via the Jugular veni-
puncture into vacutainer tubes with ethylene diumene-
tetraacetic acid (EDT+#) (Img/ml blood) as anticocgulant,
Samples for sera collection were collected in plain
vacutainer tubes without anticoagulant. Jsuch szuples
were allowed to coagulate at room temperature for 4
hours and centrifuged at 1000 RFM for 10 minutes &t

hOC. The sera were separated out into labelled serum
vials and stored at - 20°C until assayed,., 0Un each
occasion, rectzl temperatures were taken before

bleeding.

Haematocrit Centrifuge Test for Trypanosomes

» microhaematocrit capillary tube containing
approximately 70 ul of blcod was centrifuged tor
5 minutes just as for measurement of PCV. The tubes
were then placed on a clean glass slide, & drop of

immersion oil wis put on top of the capillary tubes
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with the cil filling the spzces between the capillary
tubes. The buify coat plasma junction was then

exemined under the microscope using the oil immersion
objectives &8s described by Woo (1969). The degree of

pzrasitemia was classified as follows:

+ = occasional trypanosomes seen
++ = 1 to 2 trypanosomes seen

4

3 toZ0 trypancsomes seen

++++ = over 20 trypanosomes sSeen

Thin Blood Films for Trypanosome Identification

Clean, grease-free microscope slides were used,
ibout & micrclitres of blood were placed at cre end
of the slide and & thin smear méde with the aid of
ancther microscope slide. The slides were quickly
air dried and fixed for 3 minutes in methanol. u&fter
this the slides were stained in 10% Giemsa, dried and

about 100 fields scenned under ¢il immersion (x 790).

Facked Cell Volume (PCV)

In crder to estimate the degree of anemia the
packed cell volume (FCV) wes determined by the microhze-
matocrit method using the international microhaemztocrit

centrifuge,
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Reproductive and Pregnancy Examination

During the 6 months acclimatization pericd,
reproductive evaluation of the heifers was carried
out. To do this the heifers were examined rectally
after proper restraint in a chute on the day of estrus
end weekly thereafter. To echieve this, an obstetrical
glove is worn and lubricated with socap, The hand is
introduced intc the rectum and the ovaries and genitelia
palpated as described by Zemjanis (1970). Pregnancy
examination was carried out during the selection at
the LIBC farm &t Gumel, on arrival at the Faculty, 4O

days post breeding and two weeks thereafter,
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RESULTS

i1l the heifers exhibited esirus hetween deys 20
end 22.. Not much external signs were shown, The
heifers first started to mount othuer heifers and then
stood to be mounted, When the bull was introduced
the heifers did not stand to be mounted until avout
6 hours after the onset of estrus, Ip &ll, the
length of estrus was about 16 hours (+ 2.5) and varied
slightly with the different helfers, In addition,
estrus irn these heifers was marked by restlessness and
the vulva in all the animals was slightly edematous
and relaxed. The mucosa of the vaging was pink and
congested, Strings of clear mucus were shown by &11
the animals and in these helfers,. the mucus marked the
peak of sexudl receptivity. Thereafter the heifers 3

did not accept the bull sagain.

Rectal examination &t the time of estrus shiowed
2 highly tonic genitalia and & matured Graafian

follicle.

Hlthough the bull attempted to mount the heifers
ecrly during estrus, intromission w&s not allowed as
the heifers tended to "jump" and ward off the bull,

The bull however continued to follow and lick the vulva
of the heifer con heat until it allowed him to breed

her, il1ll the heifers were bred once,
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Following breeding, the heifers showed signs of
pain, The tails were elevated for sometime, There
was tenesumus and attempts at frequent micturation,

No metestrous haemorrhage wég observed in the animals,

Clinical Sipgns and Farasitemia

+#11 the infected heifers developed trypanosomiasis,
Ffter the first l days, the heifers became increasingly
lethargic. Their hair coats become dull and their
mucous meﬁbranes pale ir. color following the onset of
anemia, There was a2 gradual loss of condition,
Lacrination was evident in all the infected heifers
and the superficial lymph nodes were noticeably
enlarged. Despite these signs, the animals continued

to eat and had goed appetite,

From the third day postinfection, the heifer
started exhibiting increases in rectal teaperature
rising on occasions to 40°C and fluctuating., The
rectal temper&ture in the infected animals was
statistically higher than those in the non-infected
controls (P€C.0C1). The temperature returned toc normal
following the diseppearance of the parasites from
peripheral blcod. The fluctuations in rectal tempera-
ture, parasitemia and packed cell volume are shown in

tables 1 & 2 and summarised in fugure 1,
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Trypancsomes were detected in the peripheral
circulation of the heifers on day L (2 in one heifer
and on the fifth day in the rewaining 3, Thereafter,
there were fluctuztions in the degree of paragitemia,
The peak of the paresitemia occcurred between the 8th
and 12th day pi snd continued to fluctuate thercafter,
Paragites were still detectable in these animals aiter

tThree months pi.

The packed cell volume (FCV) decreased from the
6th day and scnt’rued to decrease gradually., The
PCV values in the infected heifers were loweslt between
the 2Cth and 50th day post infection. These values were
statigtically different fror those of the controls
(F<0.00"). In most of the infected animals the PCV
started to rise after about 100 days post infection,
The rise was graduzal and never reached the preinfection

levels,

It was observed that all the infected heifers
developed a chronic type of trypanoscmissis., This is

probably due to the strain of Irypanosoma vivax (Y58)

used, No acute trypancsomiasis was recorded i any

of the infected heifers,
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Effect on ggrtility

#11 the 6 animals, L, infected and 2 controls,
were bred within one week, HRectal examination of the
ovaries one week later showed fully developed corpore
jutea in 211 the heifers and no significant dirfference

was detected in the sizes of the corpora lutea.

Rectal examination of the heifers LO days post
breeding showed c¢hat while all the | infected
heifers were not pregnant, the 2 controls were
pregnant, In addition no functional structures,
follicles or corpora lutea, were palpable on the
ovaries of the heifers, The heifers did not return to

estrus for over 5 months.
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DISCUSSIUN

The mouse infeclive strain of Irypenosoma vivax

(Y58) used in this experiment caused clinical chronic
trypanosomiasis in all the heifers. This result showed
that the Zebu cattle were &ble to withstand a single
infection of T. vivax. In the field, however,
continuous challenge occurs. This, coupled with poor
nutrition and ti:k borne infections are probably respon-
sible for the fatality seen, 1In this experiment these

2 factors were eliminated and no fatality was

recorded,

The results also showed that T. vivax infection
was characterised by high fluctueting parasitemia and
significantly high rectal temperatures, The animals
were bred at the onset of these 2 factors and no
pregnancy resulted, Since the heifers ovulzted and
were bred, one can infer that infection with I. vivex

resulted in the infertility.

There are ways by which T, vivax infection could
have resulted in this conception failure, The first
is the rise in bedy temperature of the heifers, It is
well known that hyperthermia causes morphological
abnormalities of eggs e.g. shrunken cytoplasn, rugtured
vitelline membranes or ruptured zona pellucides (Hefez,
1968). Dunlap &nd Vincent (1971) found that thermal

stress after meting had disastrous effects on beef



78

heifers exposed to 32°C for 72 hours immediately after
insemination, 1In dairy cows, Wiersma and Stott (1966,
1969) found that the first L4-6 days after service were
most critical, although these studies were done with
ambient temperature, infections producing high body
temperatures are likely to produce the same eifect if
the high body temperatures coincide with the time ot
mating. In this study breeding was done in all the
experimental aninals at the onset of the hyperthemia,
Thus it is possible that the high body teuperatures
resulting from T, vivax infection was in part responsi-

ble for the conception failure/embryonic death,

Thermal stress has been known to affect the uterine
envircnment, Research in embryo transfer has provided
adequate information on the impartance of the state of
the uterine environment for the viability and develop-
ment of the embryo (Rowson et al., 1972), lHigh ambient
temperatures in recipients were known to affect the
uterine environment, Thus it is known that thermal
stress acts directly on the milieu interieur rather
than on the embryo itself (Hafez, 1968). It is likely
that high body temperatures produce the same effect,
Hecent study by Zakari et al,, (1981) has shown that
elevated rectal temperature was detrimental to concep-

tion.
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since high temperatures affect the uterine envirors-
ment,. the survival of the ejaculated sperm cells may
be affected apart from the direct effect of high body
temperature in the fem&le on the cells. ‘Thus it is
likely that the high body temperature in the infected
female procduced unfavourable environment for the sperm
~ells ejaculated during mating. In additiorni the high
body Lemperature of the heifers may have affected the
cells directly thus resulting in conception faiiure.
In sheep. Ulberg and Burfening (1667) reported &
correlat.on between body temperature neer the time of
meting and subsequent embryo survival, Similar resulis

have bcen reported by Ulberg and Sheean (1973).

e secona possible way by which T, vivex may
have cavsed “he conception failure is by the produc-
1. on of neuramin.dese (= sialidase EC 3.2.1,18). The
strain of T. vivax used (1.e, Y58) has been shown to

produce neuraminidase (Esievo, 1980) .

Other workers (Muller and Seathoff (1972) have
shown that crgAanisms producing neuraminidase are
capable of causing abortion and infertility by
aiterirg the antigenic make-up of trophoblasts,., In
erotaer studv. Gesic and Gasic (1970) demonstrated
totel suppression of pregnancy in mice by pest-coital
administration of neuraminidase, which interferes

w th implantation.
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Since no conception occurred in any of the
infected animals in this study, one might infer that
neuraminidase may be responsible for the conception
failure or at least one of the factors respensible for

the failure.

The third possibility to account for the concep=
tion failure/embyonic death, is the direct effect of
T. vivax itself on the pregnant uterus and or emuryo,
Since tissue reactions héve been observed in bovine
species infected with T. vivax (Isoun and Esurucso,
1972) and transplacental transmission is poassible in
bovine trypanosomiasis (Hornby, 1921, Dikmas et &l.,
1957; Lundholm et al., 1959, Lamy and Bouley, 1967;
Pigneur, 1932; Nuru, 1974 and Ogwu and Nuru, 1981) it
is therefore possible that there is & direct invasion
of the embryo resulting in death and subsequent

resorption.,

The results from this study showed that experie
mental T. vivex infection caused the suspension of
cyclic activities in the infected heifers. Similer
observation has been made by Ige and imodu (137%5).
These workers observed that 3 females infected with
T. vivax did not come into heat until 32 months &fter
the disappearance of perasitemia, &«lthough no evidence
is avajlable from this present work to account for this

anestrus, other workers (Wiersma and Stott, 196€ =znd
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1969) have shown that increased body temperatures
depressed plasma progesterone and corticosteroid levels,
In addition, protracted anemia resulting from trypanosome
infection is ¥nown to affect pituitary function
(sannusi, personal communication). Of importeance.

here, however, is the finding of lkede and lLosos (1975)
and those of Morrison ct al., (1981),that hypophysial
lesions do occur in sheep and dogs respectively infected
with T. brucei. Jilthough no such findings bave been
reported in T, vivax infection (probably because there
is less research done with the orgénism)it ic possible

that hypophysial lesions could occur,

Estrous activity is controlled by an intricate
balance between the gonadotropin releasing hLioruones
.GnRH, the gonadotropins Fellicle Stimuting hormone,
FSE, and Luteining hormone, Lh, 6K &and sex stercids
(estrogen and progesterone). The hypophysis, parti-
cularly the adenophypophysis, is perhaps one of the
most important orgargin this carefully integrated
hormonal process. Therefore, it is easy to see why
an infectious agent capable of producing hypophysizl
pathology can result in cesation of cyclic activities
and therefore result in anestrous, More work is
definitely required to establish the hypopnysial
pathology in cettle infected with T, vivax, and to
study the reproductive hormone levels in heifers

ipfected with the organism,
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Table 2: Means and Standard deviations of PCV and
rectal temperature in two non-pregnant
control heifers..

Days of Experiment PCV % Tenperature °C
-8 37.8 + 3.18 B.45 + 0,07
-3 38.5 % 3.53 38.45 ¥ 0.21

0 38.7 + L4.59 38.45 + 0.07
1 38.5 + L.24 38.45 + 0.07
2 37.5  3.53 38.50 ¥ 0.00
3 37.7 + 3.88 38.5C + 0.00
Uy 37.7 + 3.88 30,50 + G.00
5 39.7 * 2.47 38.40 * 0.14
6 39.5 + 2,12 38.37 + 0,07
7 39.0 1 1.'.'.1 Baoho _t 0.1)_3_
8 38.3 + 2.47 38.50 + 0,14
9 38.5 ¥ 0.70 38.45 ¥ 0.14
10 40,00 + 2,12 36.50 + 0.00
11 38.7 + 3.12 8,50 + 0.C0
12 39.7 + 2.47 38.5C + 0.00
13 38.5 + 2.2 38.45 + 0,07
1L 38.5 ¢ 2,12 38.5C ¥ ©.00
15 38.7 + 1.76 38,55 ¥ 0,07
16 39.0 + 2,82 38.40 + 0.00
17 36.3 + 2.47 38,50 * 0,00
18 38.0 + 2,82 38.55 + 0.21
19 38.5 + 0.70 38.55 + 0.07
21 38.5 + 0.70 38.55 + 0 07
25 39.2 * 1.76 30.6C ¥ 0.14
28 39.7 ¥ 1.76 38,55 ¥ 0.07
31 39.0 ¥ 2.82 38.55 + 0.07
36 39.0 ¥ 2.82 38.25% 0.07
39 40,0 + 2,82 38,0 + 0.14
y2 40.0 + 2.82 36,50 + 0.00
Ly 38,2 ¥+ 3.88 38,55 + 0.07
49 38.0 + 2,82 38.45 % 0.07
51 38.0 ¥ 2.82 38.45 * 0.07
53 38.5 + 3.53 38.40 + 0.4
58 38.5 + 3.53 38,55 ¥ 0.07
A0 36.0 + 2.82 36,50 ¥ 0,00
€3 38.0 ¥ 2.82 38.40 ¥ 0.1k
65 39.7 * 2.47 38,50 = 0,00
70 39.7 + 2.47 38.50 + 0.00
(A4 38,00+ 2.82 38.45 + 0.07
79 39.0 + 141 38,55 » 0.07%
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86

Deys of Experiment PCY % Temperature ¢
81 38.2 + 2.47 38,40 + 0.4
8% 368.5 £ 3.53 385 ¥ 0.07
56 39.5 + 2,12 38.4C + 0.00
88 38.5 + 2,12 36,50 % 0.4
91 37.2 % 2.47 3845 F 0.07
93 37.0 x 2.82 38.50 + 0.14
95 38,2 ¥ 3.18 38,50 F 0.00
98 38.00 + 2.82 38.60 ¥ 0.4

100 38.2 + 2.47 38,50 + 0,C0
102 38.2 % 2,147 38,45 T 0.07
109 38.2 + 2,47 38.45 £ 0.07
115 39.0 + 2,82 38,45 = 0,09
12¢ 38.5 + bL.gh 36,55 % 0.07
129 LO.5 +-0,07 38,50 + 0,00




Figuie 1

Temperature curveg, perasitemia and
packed cell volume (FCV) in Zebu heifers

infected with Trvranosoma vivex ncar time

of estrus.
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PART Il1I

THE EFFECTS OF TRYPANCSOMA VIVAX ON FIRST,

SECUND AND THIRD TRIMESTER PRECNANCY IN

HEIFERS



90

INTRODUCTION

For many years, tse-tge transmitted trypancsomisis
particularly in cettle, hés been the major constraint
to meat production in &frice., Ten million sg. kilo-
metres of land in &Trice is said to be tse~tse fly
infested, requiring about 2 = 3 billion U,3, dollars
to eradicate (Devid-West, 1981}, 1In Nigeria, trypano=-
scmiasis is responsible for the nomadism and trenshumance
with all their attendent socio-ecconemic and political
problems (Asuamah, 1977)s It is also responsibile for
the restriction of ruminants especially catile tc the
Sahel sand Northern Sudan vegetation zenes where reinfall
and therefore pasture is limited and rendering the
iush pestures of the South unutilized for grawving,
Reasons have been advanced (Tizard et al,, 1378, Cgwu
and Nuru, 1981) on why, inspite of the apparent
technological develepments in medicine, pathogenic
trypanosomes continue to maintain their lethal grip
on poth human and domestic animals in mest parts of
subgaharan Africa, The pathogenesis and immunobiology
nf African trypancsomlasis has been the subject of many
recent reviews (Ikede, 1975; Murray, 1975; Mensfield,

1978; Tizard et al., 1978),

However, Ilnspite of the devastating gffects of
trypanosomes on livestock production, very little has

been done regarding the role of these, pathogens on
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Yovine reproduction. The review by Ogwu and huru (1981)
has indicated that transplacental transmission of
trypanesomes may be 2 possibility in animals @nd men.
In the cow, several workers (Hornby, 1921; Dikméns

et al,, 1957; and Lundholm et al,.,, 1959) have shown
that trypanosomes are capable of causing abortion,
premature or wesk calving, Of interest here is the
finding of Shaw &nd Dusanic (1973) that in the rat,

the time of maternal infection during pregnancy effects

the fate of the fetuses.

this work was carried out to show whether T. vivax,
infection does indeed cause abortion, prema.Lure and or
weak calving. In addition, tﬁ; work was designed to
ascertain at what stage of pregnancy the infection
ceuses abortion, premature or weak calving and to
determine, if possible, the mechanism by which these

disturbances of pregnancy are brought about,
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MATERIALS AuWD METHODS

gggg;imggtal Arimals

r

Twenty four heifers aged 3 years were ac¢uired
from the Kano State government Livestock Investiga-
tion and Breeding Centre (LIBC) farm at Gumel and from
National Animal Production Research Institute (KAFRI)
farm 2t sShika, Nigeria, The heifers were selected
after careful examination which included that of the
ovarics and genitalia, The animels were transported
in a truck to the Faculty of Veterinary tedicine,
Ahmadu Bello University, Zaria, Nigeria and housed in

the research pen of the Faculty.

Two days after their arrival at the Faculty, they
were dipped using Pfizonal (Pfizer Products Ltd., Ikeja,
Nigeria) and dewormed with Thiabendazol® {Thisbenzol,
Merck Sharp and Dohme, England) and E{anideR (vierch
ISharp and Dohme, England) 2 weeks apart, The animzls
were screened for brucellesis and leptospirosis. In
addition, their blood was evaluated for baseline
hematological data &nd for the presence of blood
rarasites. The enimals that were positive for piro-
plasms were treated with ImizolH (The Wellcome Founda-
tion Ltd., London) and/or MaxitetR (Beecham Animal
Health, Brentford, Middlesex, England). The animals

weré fed grass hay supplemented with cotton seed cgke
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and wheat offals for 6 months before the exueriments

and during the experimental period. They were &lso
given mineralised salt lick (Pliéer Froducts Ltd., Ikeja;
Nigeria) and water ad libitum, At the end of the
hxreriments, the non-pregnant infected animals were
treated with Novidium chloride {(novidium, Major and
Co.,(Nig.) Ltd., Kano, higeria), while the pregnant

infected animals were treated after caiving.

Trvpanosomes Used

The Trypanosoma vivax, Y50 used wis isolated from

a natural infection in N'dama cow (Leeflang et al., 1976).

Stebilate used was preserved in 5% DMsO and
stored in liquid nitrogen. Frior to use in
these experiments, the stabilates were first inoculated
into sheep which subsequently developed clinical trypa-
nosomiasis. Blood from this sheep was then used to

infect the experimental h;ifers.

Experimental Design

The animals were divided into 3 groups ot 6 each
and usec fur ti» firet, second and third triasester

trials respcct 1y,
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In the first trimester trial, the animzls were
bred by a proven bull and diagnosed pregnant Ly day LO,.
Four of the pregnant animals were inoculated intra-
vencusly (via the jugular vein) with approximately
1.5 x 106 T. vivex strain Y50 on dey ©0 whilz the
other two pregnant animals were used as contrels. The
controls were not inoculeéted. Frior to the infection,
all the animals were rectally palpated to ensure that
they had normel pregnency. in addition, these animals

were bled and their blood ev&luated for baseline
| hematclogical data and for the pregence of bLilood

parasites,

In the second trimester, 6 four month pregnant
animals were used. These animals were ailso bred as
done above. They were diagnosed pregnant oa day LO
by rectal examination, In addition, the animuls were
palpated twice ahmonth until the fourth month when
they were used. Four of the animals were inoculsted

while the other two were used as controls,

In the third trimester, the same procedure wis
carried out. Four animals were infected while two
were uced as controls. tiowever, here, two animals
were incgulated with T. vivax on the first week of
the seventh month while two were incculated on the

20th day of the seventh month.



Following inoculation, the animals (incivaing the
controls) were bled daily for the first 2 weeks and
thereafter thrice a week. 5Serum samples were collected
once a week for 3 weeks before the inoculation, on the
days of inoculation and once a week thereafter, Blood
collections were via the Jjugular venipuncture into
vacutainer tubes with etliylene dizrinetetra-acetic
acid (EDTA) (1mg/ml blood) as anticeagulant, Samples
for serea collection were collected in plain vacutainer
tubes without enticoagulent, Such samples were
allowed to coagulate at reem temperature for .|
hours and then centrifuged at 1000 rpm for !,
minutes at hOC. The sera were separated out into
labelled serum vials and stored at -207C until they
were assayed, for the presence of trypanosomes &nd
FCV. On each occasion, rectal temperatures were taken

before bleeding.

The clinical cheanges asscciated with the infection
were noted. In addition, the parturition were also
cbserved: the fetal membranes and the fetus were

examined both grossly and histologically,

ra) Hematocrit Centrifuge Test (ECT) for Tryvanosomes

4 microiemetocrit ceri.lary tube containiiy &Upro-
ximately 70 ul of blood was centrifuge for 5 winutes ag

for measurement of PCV., The tubes were then pleaced
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on & clean glass slide., A drop of immersion oill wés
put on top of the capillary tubes with thne oil filling
the spaces between the capillary tubes, The vuffycoat =
plasma Jjunction - was then examinea under the micros-
ccpe using the oild imwersion ebjective &s described
by Woo (1969). The degree of parcsitemis wes classi-
fied as follows:=-
+ = occasional trypanosomes seen
++ = 1 te 2 trypanosomes secn
+++. = 3 to 20 trypanosomes seen

++++ = Over 20 trypanosomes seen

(b) Thin Blood Film Examination for Trypanosome
Identification
Clean, grezse-free microscope slides wer< used.
About 5 microlitres of blood were placeé at one end
of the slide and a thin spread mode, The slides were
quickly air-dried @nd fixed fcr 3 minutes in methanocl.
After this, the slides were stained in 10% Giems& for
30 minutes, dried and about 100 fields scanned under

the cil immersion (x 790).

(c¢) Packed Cell Volume (FCV)

In erdeg to estimate the degree of anemia, the
packed cell volume (PCV) was determined by the micro=-
hematocrit method using the international microhema-

tocrit centrifuge.
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Reproductive &nd Pregnancy Examination

A reproductive evaluation of all the animels wes
carricvd out on the different farms of purchase to
ensure that only cycling animals were selected., Also
during the € months acclimatization period, reproduce-
tive examination cof all the heifers was done, The
heifers were also rectally examined on day 40 after
breeding, on the day of infection and twice wonthly
thereafter. To achieve this, &an obstetrical glove
was worn and lubricated with soap, The animtls were
properly restrained in a chute. The hand was then
introduced inteo the rectum and tne uterus retracted
by the direct method as describea by Zemjanic (1970).
The ovaries and the genltalig were then pulpzted,

For pregnancy examinatiorn, the same procedure was
carried out and the uterus and the entire uterine

horns pelpated as described by Zemjanis (1270).

For the infected animals in the second and third
trimesters, the fetuses were palpuated to ascertain
their viability, The calves were weighed at birth
and their blocd examined for the presence of trypsno=-
somes, & postmortem examination was carried out on

the dead calves and heifer,
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Flecental Lxamination

The placentae of the infected animals togetier
with these of the contrel animals were examinea within

Ly hours after parturition.

Macroscopic Examination

——

The placentae were siretched out on & flat board
eénd washed with water. The entire membranes including
the cotyledons and the intercotyledonary arees were

cerefully examined as described by Dennis (1369),

Histological E:amination

Lfter the macroscopic examination, secticne of the
cotyledon, intercotyledonary areas and other parts of
“he fetal membranes were taken and placed in 1%
buffered neutral formalin. Tbey were fixed for 7
hours and then trimmed and processec. Faraffin-embedded
sections were cut at 6 microns. stained with hemsto=-

xylin and eosin (H & E) and examined microscopically.

Statistical Analysis

- — — — — - ———

Analysis of variance wes performed on the FCV and
rectal temperactures of the animals in the different
grours using the method of Statistical Package for the

Social Sciences (SPSS) and the Genstat V mnethod,
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fpart from comparing velues in che different
treatment greours, interaction such as @nimal/group
interactions were considered. & 95 percent confidence
level wes used thus where F»0,05, it was consicered

non-significant,
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RESULTS

All the inoculated heifers developed clinical
trypanosomiasis. There was & gradual deterioration in
body condition following the onset of petency, Tlis
was characterised by lethargy, wegkness, weizght loss,
dull hair coats and pale mucous membranes, !.owever,
this loss of body condition wé&s dependent on the
stage ofpregnancy as infected heifers in the third
trimester of pregrancy showed mare pronounced loss of
condition., Infected heifers in the first and seconc
trimester showed & very mild form of the diseeése, In
heifers infected during the third trimester, there
was 4 progressive loss of condition until they
delivered either prematurely or full term. All the
infected heifers maintained good appetite throughout
the duration of the experiment or until death., 1In all
the groups, a chronic course of trypanosomiasis wes
observed, & summary of the major observations in

heifers and calves are chown in Table 8,

Farasitemia:

A1l “he infected heifers developed parasitemia
3-8 days p.i. lnitially parasjtemia was nigh and
fluctuating, Later, it became low and non-detecteble

about ®0 days p.i.
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In heifers infected during the first trimester,
parasitemia was generally high and fluctuating, 1In
the heifer that &aborted, parésitemia was consistently
high until 2 days after the abortion, . he paresites
were found in the blood of the heifer until <» wiys

a*orti n when they ooy eired,

In the secornd trimester heifers, parasitemia
was sustained though at a comparétively low luvels

after the first lj weeks p.i.

Heifers infected during the third trimester hed
high paresitemie fluctuating between L+ and Z+ until
they delivered or died. Thereafter, parasitenis

became low and subseéquently, non-detectatle (figures

1 - 3).

Rectal Temmeratures:

Rectzl temperstures incressed from the &th aay
p.i. in the first and second trimester groups. The
increase in the third trimester group was nmore réepid
and increases were recorded from the second day p.i.
Highest rectal temperatures recorded in the first,
second end third trim?sxer groups were 40,2, .3 and

40.37C respectively.

e 2
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The increases in rectel temperatures ware more
pronounced in the infected¢ heifers of the third
trimester, This is illustrated in figures 1 - 3,
Group veriations over the study period were stétistie

cally significant (F<€0.05).

racked Cell Volumes

In 81l the groups, there was & progressive
decrease in FCV be_inning from atcut the bHth day p.i.
The lowest PCV-of 11} was recorded in & third trimester
heifer on the day of death, The decre:se wis more
pronounced initially ir the first trimester heiters
as illustrated in tzbles 1 - 6 and figures 1 - 3,
Between the groups. the differences in the PCV &as 8
result of the infection wes significent (F«0.05).
within the groups, the difference hetween the FCV of
the infected heifers and those of the non-iafected
controls over the periods was nighly significant
(P<D.001) as stow in the analysis of variance table
(table 7). In all the heifers (infected and non-
infected) there was a decrease in PCV as the znimels
became full term. After parturition, the aninzls

showad @ progresesive increase in FCV.
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Effects cn Pregrancy &nd Deliverys

In the first trimester, one heifer (No. 1933)
aborted 39 days post infection and 99 days post
breeding. The atorted fetus wés not seen; only jarts
cf the fetal membranes were seen hanging down tre
vulva, The remaining three infected heifers together
with the two centrols hed relatively normal pregnancy
and delivery. In heifer number 1703, extensive vulva
edema was observed 56 days p.,i. (figure 6). The
swelling was massive and by the end of the second deay,
it started to disappear. This same heifer had an
extensive ventral edema 2 weeks before parturition,
The navel area was mostly involved and pre-parturient
udder enlargement was significantly larger than those
of other infected heifers, No dystocia case was
observed and fetal membranes were dropped within I hours

p2stpartum.

In the second trimester, the T, vivax imiection
did not seem to have affected the pregnancy. All the
infected heifers had normal gestation and calved
without problems. hLere again, there was no reteined
placenta problem., The placentae in all dropped within

L4 hours postpartum,
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In the pregnant heifers infected duriug the
third trimester, the effect of the infection o=z
pregnancy was dramatic &s the heifers started
“throwing out” the fetuses prematurely. Premature
delivery occurred in 3 (75%) out »f thne 4 infected
heifers. In the 2 heifers infected on day O of the
seventh moith, they were overwhelmed by the infection
and crematur~ delivary occurred 13 days and 2 days
respectively p.i. In the first case, the calrl died
within 20 minutes after delivery (figure 8) the
seconc¢ calf survived even trnougn it had parasitemia
of 3+ (figure 9). Cne of the two remaining inlected
heifers had a premature dclivery while the ct“er could
not go int« labor at term &nd the calf had tc be
pulled out (figure 7). The heifer had been recumbent
5 days before the c&lf was pu_led out anc it died @bout
3 nours after the forced 2xtraction. The heifer died
of the exnerimental infection with T, vivax 43 shown
by the postmortem examination., The calf lived for
less than 24 hours, In the 3 heifers that survived,
2 had retzincd placentae which were mannucllv removed
after 46 hours. Uterine involution was deluyed in

both.
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z#ifect on the Calves:

The birth weights of the calves for the fiist,
second and third trimester infected heifers rénged
from 18 = 2)j; 20 - 28 and 10 - 18 l:g respectively, The
cealves of heifers infected during the first trimester
were weaker than those of the second trimester or the
controls, Although they were full term, they required

good nursing tc survive.

In all the celves that survived, none showed
clinical tryrenosomiasis, 1n the celves of ieifers
infected during the third trimester, only e showed
T. vivax in its blood and had a high parasitemiz of
3+, No clinical signs of the infection were developed
by the cazlf apart from swollen lymph nodes, 'here was
a progressive decreese in the parastemia until
perasites were no longer demonstreble in the blcod

about 6l days post delivery.

The PCV of czlves of the infected heifers at
birth are as shown:

First trimester: 27.5 - 3€.5%

Second trimesters 30 - 37%

Third trimester:s 22.5 = 31,0 °

Fer the first € days postpartum there were
progressive decreases in the PCVs, Thereafter the
PCVs increased steadily until about 30 days later when
a rather steady rCV of about 1315% was maintained,
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Gross and nistclogical Findingss

The placentae in all the infected heifers did not
show any gross sbnormalities - (figure 12). Histologi=-
cal sections did not reveal much either.. Iiowever in
the placentae of heifers infected during the tnird
trimester, it was observed that there were more mono=
nuclear cells in the sections than in those of the

controls (figure L & 5).

In the two calves that died, postmortem results
revealed that the lymph nocdes were enlarged, in
both cases, the spleens were grossly enlarged also,
There were petechial hemorrhages in the hearts, 1In
the calf that died scon after birth (fig.re 8), 35mls
of blood tinged fluid were obtained from the
peritoneal cavity, There was also some hemothorax,
In the other calf, 15 mls of blood tinged fluid were
removed from the pericadial sac and 210mls of same
fluid from the thoracic csvity., 1n both calves, there
was serus (gelatinous) atrorhy of verirenal @nd pelvic

fats.,

Histological sections of organs Irom the calves
revezled inconclusive evidence of some hemorrhige,
cardiac muscle degeneration and edema, 1t must be
emphasized however, that the heart muscles of the two

calves had the seme lesions (figure 10 & 11),



DISCUSSION

Cattle generally show the cheracteristic signs
of trypeancsomiasis when infected experimentall; with
T. vivax, In pregnent heifers, the signs, especially
cmaciation and lethargy are more gronounceu during the
third trimester &s shown in this experiment, This
might be due to increased stress at that period of

pregnancy,

Similarly, the observed high parasitemia in the
thiru trimester heifers are also due to the saue
rcfison, Thus when parturition occurs either prema-
turely or full tern, the stress of pregnancy is removed
and the animals were therefore better &abie to fijht
the infection. The results of the PCV in the infected
heifers are more difficult to interprete, 1t it not
anown why heifers in the first trimester had nmore
severe znemia than those of the second and even third
trimrster infected heifers. It may be @ssocizted with

the endocrine changes associated with pregnancy.

The abortion cbserved in heifer Lo. 1933 infected
during the first trimester may be due to thne infcction
with T. vivax. Why c.ly one out of the L infected
heifers should abort could be due to individugl

variation in response to trypé&nosome infection,
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Murray et al., (1981) found differences in suscepti-
bility to tryranosome infection not only between

breeds put also witnin breeds, There was aliso irdivi-
duel veriation: in tewsperature, PCV and parasitemia
(figures 1, 2 & 3). Eovine atortion due to tryvenoso-
mizsis during the first trinester is & cou.uoi: observation
emorg the Fulani cattle owners in Nigeria, Slamilar

ohservation hes been made by Murray et al., (1501).

That none of the heifers infected durin. the
cecond trimester aborted was rather interestiug., This
is in accordance with the mild clinicel manifestations

of tre infection shown by this group of heifers,

Although ebortioas, premature delivery, still
birth and weak calf deliveries as seen in the inifected
third trimester heifers have for long been assocjoted
with bovine trypanocscmiasis, the experiments reported
here have provided some explanation for these. This
explanation is that during the migration to the southern
guinea zones, the tsetsefly areas, some of the cows
already heavily pregnant get infected and subsequently
have still births or deliver prematurely, or deliver
wecak calves. GSome of the cows theét zre then in the
second trimester stzge cof preghancy resist the infec-
tion end carry their pregnancy to term and zive bhirth

to normal calves, usually on their return toc their
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normal breedling zones, However some cows anda heifers
that get infected during their first trimester stage

of pregnency in the Lseetcie fly belt &bort subsequently,

The occurrence of abortion in early and l:te
pregnancy has also bteen observed by Murrey et i,
(1681) in Zebu cettle. however this is the fir:t
experimental I'. vivax infectiou resulting in preuature
delivery in pregnant heifers. This concludes that

transylacental trensmission of T. vivax does occur,

tlthough severali workers have reportea abtortion
in cows associated with trypancscme intection (hornby
19215 bigneur, 1932; Dikmans et al.. 1957; Woo and
Limebeer, 1971; Murray et ai., 1907) nobody nss been
“ble to show conclusively the mechenisw (8) involved
in this abortion. The results of these present
experiments show that there are ne gross
but minor and inconclusive histclogical placental
lesions, The observed increase in mononuclear cells
may be en indicttion of inspparent inflamatory
reaction caused by T. vivex migretion through tle

organ, More work is definitely required in tais &rea,

¥hile the cbserved fetal heart muscle de eneration
and edema have also been reported in calves experimen-
telly infected with T, congolense (Valli and Forsbery,
1€79) no such finding had earlier been associated with
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T. vivax jnfection in celves, It must be ampliceized
here that no T. vivex wes found in these parti.ular
célves rerortedc in tnese experiments at the time of
birth. Conversely in one of the premature caives thet
survived T. vivax was recoverec from it throughout

a period of over by d&ys without clinical manifests-

tions.

This might be due to the mind stréin ol I. vivex
used in this experiment (Ilemobacde, persounal
communication) and the fact thet celves in ceneral
are known to be resistant to trypanosome infcction

(Fienes, 1G70).

The observetion that pregnant heifers inlected
during the second trimester did not abort may indicate
thet, somehow, heifers at this stege of preguency have
better resistance to trypanosomiasis, thereby
preventing transplacental transmission and subsequently
fetal infection. &lternatively, it may mean that
fetuses at this stage of development are able to
resist the infection having acquired immunocompetence
to fight the infection. Similarly, fetuses infected
during the third trimester have some of their organs
¢.8. heart muscle dameged., Some or most of the fetuses
survive but are stressed. The stress results in tre

sroduction of corticosteroid from the rather m&étured
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fetal adrenal glands, These hormones then act on the
fetoplacental unit interrupting its production of
luteotrophnic hormones and progresterone as showlt by
Csburn and Kennedy (1981)s This is then com licated
by the rather severe maternal infection, hypertihermia
end fetal hypoxie resulting from maternal anenia
caused by the infection. The result is the preamature
expulsion of the fetus. The occasicnal early abcrtion
rpserved may be due to fetal infection., Giace
susceptibility veéries between individuals, soue of
the infected fetuses die and are expelled by the dam
wnile most survive and gradually get rid of the
infection before birth. The observed weakness of
calves in this categﬂry during the experiment may not

be unconnected with the early damsge to the spleen,

In conclusion, it may be stated that in pregnant
neifers infected with T, vivax, transplacental
transmission of the organism occurs, resulting in
fetal infection., The outcome of the fetel infection
then depends mainly on the stage of the preznancy and
to a lesser extent on the vearietion in individual

susceptibility.
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SUMMARY

A group of 18 heifers purchased from tue Kano
5tete Livestock Investigatién and Breeding Center
(L1IEC) in Gumel and from the National Aniaal Produc-
tion Research Institute (NAFR1) Shika, Kaduna State
wes tested for brucellosis, dewormed &nd the baseline
henatological aate determined, The heifers were fed
¢rass hay supplemented with cotton seed caxe and wheat
offels, Following 6 months acclimatization in the
Feculty nf Veterinary Medicine, ahmadu Bello Univer-
sity, Zaria: research pens, they were then bred by a
proven bull and divided into 3 groups of 6 heifers

each.

In the first group, L heifers were infected with

Trypanosoma vivuax on day 60 (first trimester) of

pregrnancy wihiile 2 other pregnant heifers were
uninfected controls. The second and third groups were
similarly infected in the Lth (second trimecter) and

7th (third trimester) months of pregnancy.

One infected heifer in the first trimester group
aborted 39 days post infection (p.i.) while the
remaining 3 had relatively normal gestation and
parturiticn, 1In the second trimester group, the

pregnancies were carried to term with normal deliveries,
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In the third trimester group, 3 tnfected heifers
(75%) had premature deliveries while the lt'. died
about 3 hours after the full term calf was pulled out,
£11 the control heifers had normal gestation and partu-

ritioni

No gross abnormalities were seen in the placentae
of the infecled heifers but histological sectiong of
the infected third trimester pregnancy helfers revesaled
more mononuclear cells than in those of the uninfected
controls., Fost-mortem examination of the desd pre-
mature calveg showed lymphoadenopathy, spleenomegslly,
serous atrophy of perirenal and pelvic fat, epicerdial
petechial hemerrhage snd bleood-tinged peritonesl and
pericardial fluids., histologically, there were slight

myocardial hemorrhages and edema,

T. vivax was recovered in the blood of one of the
preméture calves. Both birth weights and PCV of the
calves were affected by the experimental maternal
infection. 4The birth-weights and FCV of calves of
infected dams had lower hirth-weights and PCY than the
calves of the control heifers. This work therefore

demonstrates transplacental transmission of T, vivax
in heifer,

amongst the infected heifers in the 3 stages of
pregnancy, clinical manifestation of the infection

vaeried with heifers in the third trimester showing
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more severe signs than those in the first aad second
trinesters of pregnancy. There igs alsc group veria-
tions iu rectal temperature 2nd PCV of tre infected

heifers,
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Table 1: lMeansz and standard deviations of PCV snd
rectal temperatures of heifers infected
during the first trimester

Time (davs) PCV <% Temperature (°C)
"'8 31"}.0 _i'. 6.27 3807 : 0'2‘{4-
0 33,9 + 3.25 33.5 + Q.66
1 34,0 + 3.50 35,5 + 0,19
2 3345 + 3.70 38.8 + 0.39
3 32&75 i 3-75 38.8 ;l'_ 0052
4 33.25 * 4,51 38.6 ¥ 0,15
5 33.25 + 4,51 38.8 T 0.23
6 30.87 * 3.75 38,8 T 0,49
7 30,25 % 4,57 38,4 ©0.75
8 28,75 + 4.33 38.9 % 0.53
9 28,50 + 3.69 38.9 + 0,30
10 27.87 ¥ 3,96 39.1 * 0.52
11 2?037 :‘_ 14‘-78 3902 _‘!‘_ O.!-+9
12 28,37 + D34 39,1 + 0,65
13 28,37 T 5.85 39.4 T 0,61
15 25.83 * 3,01 29,6 0,52
16 25.83% ¥ 3,01 39,0 % 0.35
17 24,72 + 5,354 38.8 * 0,29
18 26,75 + 2,59 Sel + 0,53
19 26,75 + 2,22 28,8 F 0,86
21 26,25 ¥ 4,65 39,2 + 0,40
25 26,13 * 6,11 38,8 « 0.39
28 25,62 ¥ 2,62 3.8 ¥ 0.68
31 26,87 + 4.17 39,6 + 0,63
36 26,50 * 4,17 39.2 ¥ 0.17
39 26,50 F 4,43 38.8 ¥ 0.29
L2 25.37 ¥ 4.67 30,2 T 0,34
4h 28,37 ¥ 6,47 38,6 + 0.19
49 28.25 ¥ 5.04 39.1 ¥ 0,43
51 27.62 ¥ 2,56 38,8 F 0,42
53 _ 28,62 + 2,86 38,7 + 0.28
58 29.12 ¥ 3,11 38,8 ¥ 0,48
60 30,50 ¥ 2.48 38,8 ¥ 0,76
63 28,75 + 3.01 38,5 + 0,06
65 29.?5 i 2036 38.4 + 0.05
70 29.00 * 3.85 383.6 + 0.2
77 29,37 + 5,18 33.5 ¥ 0,30
79 31.00 % 2.34 38,7 F 0,45
81 30,00 ¥ 2.00 38,4 ¥ 0.95
86 30,25 + 2,63 38.5 % 0.10
86 30,62 * 2,25 38,5 T 0,10
91 30.37 % 2.56 38,5 ¥ 0,05
93 30,37 + 2.49 38.5 ¥ 0.13
95 30,50 + 1,91 38,6 % 0,15



116

el
Time (cays) FCY % Temperature (“C)
08 30,75 + 2,32 38.6 + 0,22
100 21.62 + 3.54 38.5 + 0,05
102 30,50 + 4.02 38,5 + 0,17
109 30,12 ¥ 2,65 32,5 F 0,05
115 239,75 ¥ 2.72 38,5 ¥ 0,08
122 50,25 ¥ 2.500 36,5 + 0.13
129 30,25 ¥ 2.72 36,5 ¥ 0.12

Hﬁ?p g
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Tahle 23 liewns end standard deviations of PCV and
rectnl temperatures of heifers infected
during the second trimester

Time (days) PCV %% Temverature (°C)
-8 38,25 # 3.2 38,65 + 0412
= 37.25 + 2.60 3637 * 032
QO 3?.50 : £03t; 390E)2 + Col-}(}
1 3737 * 2.28 33,45 ¥ 0,05
2 3737 * 2428 28,42 ¥ Q.08
3 56,87 + 2,56 38,47 + C.C5
Li 5*13.58 :‘_ 5.“'5 jtJaa? _'t C‘ob‘?
6 34,87 % b2 38,90 ¥ 0.42
7 35.50 + 4,26 39,20 + 0,48
a8 33,00 * 4,79 3C,17 + C.h4
9 32.25 ¥ 3.96 59,10 * 0,28
10 3213 #* 417 39,47 + 0.06
12 29,00 * 2.71 39-’4‘,’ _"_'. (¢33
13 29,63 + 3.09 39.42 + 0,36
1’4 29-?5’ _‘_t 2-‘)0 39-‘*'; _"; .,.";—‘_—_"
15 30.63 % 3.57 39.45 + 0,35
16 29.50 ® 2-7& 39.3(1 + 1,00
17 29.63 * 1.65 39,17 * 0451
18 26,00 ¥ 1.96 39.37 * 0435
19 28429 * 3.30 3G.952 * C,37
21 28,00 ¥ 2,94 38,85 + 0,70
23 27437 * 2.28 38.85 ¥ 0,50
24 2737 * 2.28 38,85 * 0,50
31 26,37 % 4430 30.35 * 0,76
36 26.87 * L.yh 39.23 * 0,20
39 25425 + 486 %9.00 ¥ 0,01
2 23.63 + 5,36 39.23 + 0,34
49 27.C0 % L.75 38.95 * 0.65
51 27.25 + 247 39,10 * 0.25
S 27,37 + 2.49 39,28 ¥ 0.26
60 26,00 ¥ 6,69 30,80 ¥ 0.54
63 25,88 + 5.97 38,65 * 0,73
65 27.12 * bbb 38,85 + 0.64
70 26412 ¥ 4,21 33455 * 0.17
77 25400 ¥ 4,14 36.60 * 0.4
79 2413 + 3.92 382,57 * 0,22
1 24425 ¥ 4,50 38,50 ¥ 0,08
86 18428 ¥ 11.65 38.55 + 017
88 26,38 + 2,78 38,90 ¥ U,0E
91 26.63 £ 1.11 33,83 % V.71
93 2€.12 ¥ 1.65 36,65 * 0,13
a5 26,00 * 2,12 38,52 * 0,09
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Time (days) PCV % Temperature (°C)

98 27.13 + 1.65 303.5% + 0,00
16C 2775 + 1.71 3i:.50 + 0,14
102 26,75 * 1,66 %5,k3 T .09
109 29437 & O.k& 38,48 F 0400
115 23450 + 1,00 Z3.4% E 0,09
122 30,00 * 0.9 ZR,40 T 0436
129 40 L 00 + 0.81 22,50 + (e 3

— o ——— T W



1%

Table 3: Mecrus and standard deviations of PCV and
rectal temperatures of heifers infected
during the third trimester

Time (cays) PCY % Temperature (°c)
i3 36,87 + 4.15 38,35 # 0.35
-3 36-?5 + ":'06.5 3!5-6(1 -+ "..:;...
0 36.63 + 5.13 38.50 + ©.,73
1 36,62 ¥ 4.69 303,70 ¥ 0,22
2 35.00 + 4,3C 39,80 + 057
.3 3€.75 = 5.0€ FALE0 = 1 3%
b 37.13 ¥ 4,30 39.65 * 0437
f‘ 5‘:‘.0\: : 2.‘:#5 39»‘? j: Oo}!
6 33.50 + 3,42 3953 + 045
'17 3205? + 1. {\ .;J":"u?? + ‘.112’-
8 29.50 = 3.34 39.50 ¥ C.41
G 26,63 + 3.90 39.53 * 0.2€
10 28.75 i‘. t"‘l11 39.'/(! i '..:ot.:f
11 28.38 + 442 39.55 ¥ 0,40
12 27.63 ¥ 4.1 36.45 ¥ 0.33
13 (:{}.t:‘\} + 3»:36 39-(&0 + (.'.;'3‘.'
. 26413 * 3.26 39.70 & Qa8
16 29135 + 3.57 39,20 + 04,2F
1" 25.50  0.71 39,0 ¥ Go2h
16 23,37 + 5,02 38.83 ¥ 0,49
19 24,15 ¥ Tobb 38,70 ¥ 0,35
21 23.33 * 7.28 38.70 ¥ 0,36
25 24,38 + 7.23 38.35 + L.24
28 25,90 # 5.12 38,85 + U.47
31 25462 + 5.72 38.87 * 0,49
36 2613 * 6.59 35,89 * Ce35
39 27.0U + 4,65 IBE3 + (.53
L2 27.50 + 3.93 35485 * 0a94
L4 26.00 ¥ 6,41 38.93 ¥ U047
49 25.13 + 5.89 307 + V45
51 29,75 + B.7h 38,20 + V.62
53 24,75 ¥ 7.39 38,56 + (412
55 20,87 ¥ B.23 36,67 * €429
60 235.75 % 741 39,10 x C.b5
63 24,00 ¥ 8,51 39,54 ¥ .36
65 22.00 * 9,14 3,90 ¥ (o35
76 19,06 + 5,76 3,07 7 e23
77 18.75 = 7o 14 38,66 ¥ .27
79 23.00 * 5.95 38,50 & LM
o 22-&23 :". ;{069 3».).‘)'\: _'_"_ \_,.1
36 25.53 ¥ 6,01 £463 + 00
88 28,17 + 3.25 35,90 ¥ 0.5
N 26,83 + 3.25 . 36,90 * 0.53



o ———

Time {days)

D

95
240
1,2

109

et
[ I
“ra
126

- -
- - w = B

v (S
Ze 7.'
2,2

- 2.2
o, B 0
I
" _9_"?:
o 63.1.)-3
a Dl
3 aneD
4/ | =

———— L —

} » ()
Temperature \ c)

— —— —— - D ST
a———— ST T ——
- - - -

53.63 +

023
ity
(ahE
A .c‘-.'L.
GesiB

( o{-’" z

. . ’
R

)

Lignlt]y

—— . » -



Table 42 leens and standard deviations of FCY «nd
rectal temperatures of control heilers
for first trimester trial

Time (days) FCV Temperature (°c)
-8 39.75 + 10.25 305 & Dl
"'3 5‘:-'.5‘-«" E 90;:9 3“0‘3 ; e
g 3\).;‘5 i 1“.25 3().:3'-) -; Mg bt
1 3900 % 9.9 385 ) & el
2 40,5 +* 1'-}.51 38.50 = o'~
3 39.5" __"_'_ 9.19 3‘5-:—)5 :_: . _’
L 3905") + 8.48 3“-35 + Uel™
5 3,50 + 5,49 36,60 + W0
6 35,50 * .49 313,55 + (.07
7 38.25 # £413 38,45 * (el
o :53-3-5'\1 i TTE 5‘1055 1 Ve 1
9 L, 00 . 9.9 BeH0 + Giguis
10 36,75 + 8,83 3E .50 % (Yol
11 39.50 # 9.19 35457 & Q0
12 30,75 + 8.83 36,55 * 0,7
13 36,50 * 9,19 38,55 * 0.07
14 39.25 + 8.83 36455 + U7
15 39.50 + Te77 3450 * (00
15 39,00 * 6436 38,50 % 0,00
17 38,25 + Ga71 38.55 + Co''7
18 36,00 ¥ 7.07 850 # U0
15 39,00 + 6.71 38425 + 007
2 38,25 + 6,71 33,50 + 0,00
25 38.50 + 771 33,50 * 0,00
2% 37-25 b 6.71 35"0“45‘ : Qi)
31 37.50 * 777 35,500 F U400
36 38,00 + 707 38,55 * (1477
39 20,75 + 4.59 35,55 + U.U7
42 36,75 + B.34 36,59 ¥ 0 07
L4 35.00 ¥ 9.89 36,50 + ULt
49 .5‘3.25 : ‘)05{’ 3;.&')0‘1 T 0.7
51 37.29 * Tol2 365,90 * 0,00
53 3725 + 742 33,45 ¥ 007
58 37625 * Tub2 36,55 + (eUT
Gu 37.25 + TJhc 38,50 * Cal
G3 37.00 + 7.07 365,55 + (ol'7
65 36,77 * 8a13 38490 * (alK
73 3700 % 707 38459 # . .J7
77 37.00 ¥ G.4E 38,50 % OgUC
79 36,50 + G636 35,50 * o0
31 39.25 + €413 38,49 ¥ U 7
86 38450 + T.77 38,60 * 0,00
88 3850 & TTT 363,50 + (a0
71 5450 % 777 38,50 £ 0.0
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Time {(days) pPCvV o romperaturae (°0)

93 37425 1 5271 3050 & .00
95 3735 & 3453 S0a35 £ U7
100 37.50 % 6436 3005 3 (107
102 33,50 % Gk Jlralir & Al
169 , 37.75 & 7Tv42 JUa50 & Osa
115 36,00 ¥ 7,07 35,00 % 0414
122 33,75 T 742 33450 + 0.0Q
19 35,50 ¥ 7.77 36,55 & 0.07
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Table 5: llvons and standard deviations of PCY ornid
rectel temperaturcs of contrel hoeifcers for
th sccond trimester trial

TZme (days) FCV % Tenperature (°C)
d 35.75 + 4,59 32.55 + 0,07
-3 37.0C = 5,65 3 .40 % 0.00
Q 59e7TH -:‘_ 4459 1485 ¥ 0«21
1 37.75 * T.h2 35,40 % 0.4
& 37+50 % T7.07 360 £ 0,00
3 37.50 % 7.07 30,40 ¥ 0.14
4 36,50 + 4,94 5 .50 + 0,00
5 36.00 ¥ 5,65 Fe60 ¥ 0.4
6 j{JaOO : S.rs -‘s'i‘l-."{'r:j" ;l-. O-U?
7 3C.00 # 5,65 30.55 = C.07
. ‘5'?.5[3 i ().3(’ 3-“5 +_ L‘!.O‘?
9 37.00 + 5.65 %560 + Golk
10 36425 T 5.30 3155 % 0,07
11 36,25 * 5430 35440 ¥ Co14h
12 36,00 * 5,65 3445 ¥ 0.07
"y 3525 + 5.30 3795 # 0,07
14 3525 +* 5-'5:‘ Hiel:H = 0,07
15 35.50 + 5,65 3650 x 0.00
1 34.50 ¥ 4,94 37450 + Q.14
17 35.00 ¥ 7.07 %i5.50 * 0,00
1% 35.00 * 4,24 3550 ¥ 0,00
14 3525 * 3,86 350 ¥ 0,00
21 35.00 * 6.36 33,50 ¥ 0.00
25 35.00 * 6,36 35450 = 000
2:. 35.5C + 5.65 33,50 + Q.00
31 575 * 95430 3U,7C * 0.00
36 :j‘.’ﬂ?i’ '_"_ 5-30 -55505‘; :"‘ !J‘UK’?
:;j 35-75 i 5.50 3?}'055 _+ (‘J-\._)‘?
42 35479 % 5.30 32.75 * 0,05
L 3579 * 5.30 3,55 + 0,07
4o 36.75 + 5.30 35440 * 01
51 37.00 * 5,65 38425 + U, 35
22 3€.25 * 5.30 37,55 ¥ 0.07
54 3G.00 * 4.9 3065 = 0,07
60 36425 * 5.30 33,55 ¥ 0,07
63 3&0!15- _'!'_ 4059 : ".50 + 0.00
65 35450 % 4,94 37,50 ¥ 0,00
79 35.50 % 4Gk 3,50 ¥ 0,00
7T 3NTE & K 2550 o 0G5S
7S 36,00 + 5,CE 340 = 0 1
<1 3750 ¥ 777 3.5C ¥ 0,00
26 37.75 * 6.0 30,45 ¥ 0,07
i 37.00 % 6.77 35450 ¥ 0,00
i 3€425 + [heti3 3490 ¥ 0,00
93 35,75 + 4,39 311,50 + 0,00



Time (doys) FCV % Temperature .o 2)
OF 39e2H + 4,59 3ehs + 0,07
glio i A4 .50 I Ge 36 F:ia50 + 0,07
* 38 34,75 = 671 31,50 ¥ 0,00
129 34,75 + 5.71 3590 + 3,00
35,00 ¥ 7.07 35450 ¥ 04,00
ok 30400 = 7.07 3i2eti + Qa7
15_"’ '.':‘.".50 : 7-?? 3 o:.-'(-' "‘_ 'wtao
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of FPCY o1d
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Time {days)

==
Tenmperature ( C

ol
.

-

32,60 = 014
B399 +~ 0400
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G690 * 0,00

.20 = 0O Q0

45w 0207
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Table 7: Analysis of veriance table for poack.ed cell
volume (FCV)

dJource or

variation DR 58 agit M3 VF
Groun 3 Ae02.68 7.45 1600.56 05,410
Animal 5 10577410 25803 371542 227 .445

Group, Aninal
Intercction 15 Q242,82 14,034 £16.1G 35,726

Residunl 1264 21543,07 33,43 16,7
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Table €3  Summary of cilinicezl cbservaticns in infected heifers and
clinical/pstholegical cbservatigns in the calves

Greoups of infected nregnant keilirs
g z 3
Highest rectal temperature in infected
. o

heifers (¥C) 4G.2 40,3 40.3
Lowest PCV recordsd in infected
heifers () 2G.0 1€.0 11.0
Nature c¢f infection in heifers mild mild severe
Abcrtion + - _
Fremature delivery - - +

crditicry of calves at birth weak viable weall
Average weights of calves at birth (kg) 20,7 28.4 15.0C
Lverage PCV of calves at birth (Gd) 30.% 21,5 25,05
Ueath of calves soon after birth - -~ +
Retaired Flacenta - - -
Increased monnuclcar cells in
histclogical section of the nlacenta = - +
Cardizc lesiong in the fetus HA LA +
+ = Present 1 = heifers infected during the first trimester.. I = &
- = Abgent 2 = heifers infected during the second trimester, M = L
Mg = liot Applicable 3 = heifers infeccted during the third trimester. N = 4
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Fizure 1

Temperature curve parasitemia and pack.d
cell volume (PCV) in Zebu heifers infected

with Trypenosoma vivax during the first

trimester of pregnancy.

129
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Figure 3

Temperature curve, parasitemia and packed
cell volume (PCV) in Zebu heifers infected with

Trypancosoma vivax during the third trimester

of pregnancy.
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Figure L:
Fhotomicrograph of a section of the
fetal meﬁbrang of & heifer ianlectlea
during the third trimester, Note the

morohuclear cells (x 1000).

53 Fhotomicrograph of a section of the
fetal membrane of a control heifer

for the third trimester trial, (x 1000).

6: Gross photograph of the vulva opened
to show edem@ in a heifer infected
during the first trimester of

pregnancy. (x 0.5)
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Figure 10: Photomicrograph of a heart section
of one of the premature calvez, lote

the extravasation énd edema (x 1000;,

113 Fhotomicrograph of a heart section
from one of the premeture calves.
Note the edema, (x 1000).

12 Pnotograph of a fetal membrane from

an infected heifer (No. 1708) showing

no gross lesions (x 0.5).
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PuRT IV

IMUNOGLUBULIN (Igi and 1gG) LEVELS3 IH
BOVIN. TRYFaNOSOMILSIS
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INTRODUCTION

In mammals, immune response te infection is
characterised by a sequential synthesis of different
classes of immuncglobulins, The initial imiunoglobulin
M (IgM) synthesis is replaced by immunoglobulin G (1gG)
synthesis (Bazner and Gtavitsky, 1961; Barett, 1974).

In trypanosomiasis, this sequence is modified ad the
infection is characterised by the prolenged production
of IghM antibodies (Masseyeff and >omy, 1965: Luckins,
1972, 1973, 1976). This disease is not only charac-
terised by this prolongeu producti-n of Ighk, but also

& greatly elevated level of the antibudy (rlein et al1.,
1967; Houba et al., 1969; Rees, 1963; Seed xt al., 1969;
Baker and Taylor, 1971; Luckins, 1972 and 1976; kobayashi
and Tizard, 1976), rising, on some occasions 20 times
the pre-infection level (Kobayeshi and Tizard, 1976).

In contrest, IgG levels tend to remain constant #t
values close to normal (Kobayashi and Tizard, 1976}
though values 2 = 4 times the preinfection levels have
been reported (Rees, 1969; Luckins, 1972). This
prolonged synthesis of 1gM, though not pathogaomonic,
heés been used @s a basis for the diasgnosis of trypeno-
somiasis (Lumsden, 1966; Binz et £l,, 1968; Coidl @nd

Marsden, 197L).
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The tremendous rroduction of IgM seems to ve
directed asgainst @ number of antigens, While s=ome z2re
specifically antitrypanosomes (Seced et al., 1965)

others may be heterophil (Houba et 2l., 1569;
Mackenzie et al., 1972) or directed egainst cutozntigens

(Mensfield and Kreir, 1972; Meckenzie et al., 1.73).

Few observations have been made on the cffects
of tryrarosomicsis on serum immunoglobulin levels in
cattle (Luckins, 1972; 1976). Using Zebu cattle from
tse-tse fly free areas and allowing them nalural
challenge Luckins (1972) found that there was a signi-
ficant increase in IgM and IgG levels. Increases of
2 - 9 fold preinfection levele of IgM were reported
two weeks after the cattle were introduced inte the
enzootic area and these persisted for several nmonths,
1gG levels were reported to increase only 2-fold during
the period, Similar observations were reported by the

same author in 1676 in experimental Trypéanosoma

congolense and Trypanosom? vivax infections.

This work w&s carsied out to determine the IgM

and IgG levels in Trypenosoma vivax infection and how

the levels are affected by the different stages of

preg.aancy ia heifers.



1l

M&TERIGLS &ND MLTHODS

Experimental inimals

+#. group of heifers aged 3 years were acyuired from
the K2no State Governmernt LIB& farm at Gumel wnd from
No.FRI farm at Shika. The heifers were selected after
careful examination which included the examination of
the ovaries and genitalia, Thg animals were transporten
in 2 truck to the Faculty and housed in the research

pen of the Faculty.

Two days zfter their arriveael et the Wacully, they
were dipped using Pfizon.aR (Pfizer Products Ltd., lkeja,
Nigeria) and dewormed with Thiabendazol® (:hiavenzol,
Merck Sharp and Dohme, England) and Ranide™ (Merck
Sharp and Dohme, England) 2 weeks apart., The animéls
were screened for brucellosis énd leptospirosis. In
addition, their blood was evaluated for baseline hemato-
logical data and for the presence of blced parasites,
The animals thet were positive for piroplasms were
treated with Imizol™ (The Wellcome Foundation Ltd.,
London). The animals were fed grass hay suprlemented
with cotton seed c?ke #nd wheat offals for © months
before the experiments and during the experimental
period. They were also given mineralisea salt icks

(Pfizer Products Ltd., lkeja, Nigeria) and witer adelib,
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+t the end of the experiwmencs, ihe uecn pregant infected
animals were treated wath Novidium chlceride (Novidium,
iejor and Co., Nig Ltd . Kanr digerla waile e

pregnant infected animals were treated at=er celving.

The Trypangsoma vivex iscd 13 designatea Y5O and
was .soi&ted from & natural infecticr “n N aama cow

(Leeflang et al., 1976).

Stabilate used was ypreserved in % Ln30 and
stored in ligusld nitroger Pr:or 1o use in
these experiments. the stab.letes ver: first inoculated
into sheep which subsequencly developed cliaicsl
trypanosomiasis. DbBlood Irom Th.s shezp was then used

to infect the experimeatal li2ifers

Experimental Design

Four grours of 6 heifers were used Jor tle
experiments. In each group. L anim2ls weie Infecled
while '! were uninfectied contreols The first group of
2nimals were noun -pregnant animals used £z teriility
frial - &s described in Chapter 1. "2 szcond. third
and fourth groups were those used for studving the
effects of experimental infechion »n fi-s:. second end

third trimester pregnsnzy respect_ve v a5 described in
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Chapter I11. Lach experimental animal was incculated
intravenously (viza the Jjugular vein) with arproximately

1.5 x 106 T. vivax.

The first group of animals, 2 were infecuved on day
1l and the remaining on day 16 of their estrous cycles
while experimental :animals in groups 2, 3 znd L were
inoculated on day 50, hth month aud 7th wonth of their

preguancies respectively.

Following inoculation, the animals {including the
controls) were bled deily for the first 2 or 3 weeks
and thereafter thrice a week, Serum samples were
ccllected once a week for 3 weeks before tne inocula-
tioi, on the day of inoculation and once & week there-
after. Serum samples were also collected once & week
for b weeks after treatment. Blood collectious were
via the Jugular venipuncture into vacutainer tubes with
ethylene diaminetetra-acetic acid (EDT#) (1 mg/ml klood)
as anticoggulant, Samples for sera were coliccted in
plain vacutziner tubes without anticoagulant, &uch
samples were allowed to coagualate at room temperaturs
for L hours and centrifuged at 1,000hcM for 10 minutes
at LOC. The sera were separated out into labelled serum

vials and stored at - 207C until assayed.
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(@) Eematocrit certrifugal test (HCT) forr Trypepgsomes

i microheretocrit capillery tube rcon:iaining
gpproximately 70 ui of bleod wes centriZu-a for §
minutes as for measurement ol POV The t.s2s were then
placed on & clean glass slide, &« drop of irmersicn oil
was put on top of the capillary tubes with the oil
filling the spéces between the cayillery tubes, Tae
buffycoat - plesmé Junction was then ~xamired under Lhe
microscope using the oil immersion opjective &g described
by Woo (1969). The degree of parasitemic wuo classified
as follows:-

+ = occesional trypernoscomes sean

++ = 1 to 2 trypancsomes scon
+++ = 3 to 20 trypénosomes seen

++++ = Over 20 trypanosomes sceh

(b) Thin Blood Film for Trypznoreme ldcnrificotion

le. n

n, Jrease=free nicroscope slicoes werc useds

s+ bout & microlitres cof blood were placed @5 cue end of
the slide and & thin spread dade, The gliaes wore
quickly 2ir-dricd and fixed for 3 minutes in wcthenol,
#Tter this, the slides were stained in 10! uicuwrz for
3¢ minutes, dried and about 100 ficlds scanoud unaer

the o0il immersion (x 79C).
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(c) Facked Cell Velume (FCV)

In order to estimate the dzgree of aneuia, the
packed cell volume (iCV) wos determined by the micro-
hematocrit method using the international microhems-—

tocrit centrifuge.

Reproductive end Pregnéncy bxamination

i reproductive evaluation of ail the animels wes
carried out on the different farms of purchzse to
ensure that only cycling anime&ls were selectecd. hlSo
during the 6 months acclimatization pericd, reproduce
tive examination of all the heifers was done, The
heifers were also rectally examined on day LU after
breeding, on the day of infection and twice monthly
thereafter. To achieve this, an obstetrical gleve
is worn and lubricatea with soap, The animuls were
properly restrained in & chute, The hand was then
introduced into the rectum and the cervix identified.
The uterus was then retracted by the direct method
as described by ZemJjanis (1970), The ovaries and the
genitalia were then palpated, For pregnancy exeémination,
the same procedure was carried out and the uterus and
the entire uterine horns palpated as described by

Zemjanis (1970).



Immunoglobuline Level Determination

(2) Immunoglobulin G (1gG) determination:

+ single radial iommunodiffusion method of Fahey
and McKelvey (1965) was used for the quantitative
determination of 1gG levels in the collected serum
samples, The IgG kits were obteéined from Miles
Laboratories in England) and stored for about U deys
before use in a refrigerator at uoc. On the duys the
analyses were carried out, requirced number of plotes
were brought out and allowed to warm up te room teumpe-
rature. The serum samples to be &énalysed were ©lco

treated similarly,

Freparation of the Standard Curve: 2.5 ul of ecech

reference standard provided were carefully pipetizd
into the wells on the immunodiffusion plates as
irdicated witk the 2id of disposable micropipcites
provided in the kit. The required 2.5 ul voluue wés
indicated on the cepillary tubes between two black
lines, The concentration of the reference slcrdards

were L,000, 2,000, 1,000 and 500 mg/100 ml,

Three drops of water were pipetted inte the
moisture trough bordering the plate, The cover wés
replaced and the plate left undisturbed at room

temperature for 18 hours.
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Precipitin rings were measured directly from the
calibrated immunodiftusion plates; each ruling on the
plate being one millimetre and indicetea on record
sheets also provided in the kit. The ring diamcter of
the standerds (X axis) were then plotted agoinst the
known concentrétions of the standards (Y axis) on the

semi-logarithuic graph paper provided,

Sample hnalysiss & pretest run of some savnles wes

carried out and the diameter of some found to Le
larger than the diameter of J0OOO mg/100ml reference
standard, #s5 & result of this, all the samples were
then diluted 1:5 with 0,9 saline solution., The
samples were then ¢ .ced for identification purjoses
and a 2.5 ul of each diluted sample pipetted inte the
2ifferent wells with & total of 17 samples ancivsed on
one plete, The plates were then treated like the
standards and precipitin rings measured directly from
the calibrated immunodiffusion plates and recorded,
The concentraticn of 1gG in each semple were determined
by reading agsinst the standard curve. The final
coucentration of eacrn sample was then chtained Ly

multiplying by 5, the dilution factor.



(b) Immunoglovulin M (Igh) determination:

The same single radial immunodirfusion method of
Pehey end Mekelvey (1965) wes used for the guantitative
determination of IgM levels in the collected serum
samples, The IgM kits were obtained from riles
Laboratories in England and stored for about 20 diys
before use in ¢ refrigerator at L”C. Cn the days the
analyses were carried out, & required number of plates
were brougnht out and allowed te come to room tempercture,
The serum samples to be analysed were all allowed to

come room g ITomperature,

Preperation of the standard curve:s 10 ul of each

reference standard provided were cérefully pipetted
int~ the wells on the immunodiffusion plates &=
indiceted with the aid of disposable micropipettes
#lso provided in the kit. The required 10 ul velume
was indicated on the ecspillary tubes betweo. two blsck
lines, The concentraticn of the referenca stondards

were 520, 260, 130 sand 60 mg/100ml.

Three drope of water were pipetted into the
moisture trougn bordering the plate. The cover wes
replaced and the plates left undisturned at room

temperature for 22 hours,
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Precipitin rings were measured directly from the
calibrated lmmuncdiffision plate, each ruling on the plate
beirig one miilimeter &énd recorded on record sheets
glso provided in the kit. The ring diameter of the
standard (X axis) was then plotted against the known
concentrations of the standards (Y axis) on the semi=-

logsrithmic graph paper provided.

Sample Analysing: &s with the IgG determinsticn, a

pretest run was also cerried out and a 135 dilution of
all the samples was done with 0,9% saline solution,
The samples were then coded for identification &nd a
10 ul ~f each diluted sample plpetted into the
different wells with a tﬁtai of 17 samples analysed

N oe.on plate,

The plates were then treated like the suiandéards
and the precipitin ring diameters measured directly
from the calibrated immunodiffusion plates and recorded,
The concentration of IgM in each sample was determined
by reading against the standard curve, The final
cencentration cf each sample was obtained by

multiplying by 5, the dilution factor,
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Statistical analyais

inalysis of variance was performed on the Igh and
1gG values of the animals in the different treatment
greups using the method of Statistical Packuyge for

Social Sciences (SFSS) and the Genstat V method,

Comparisons of values in the different treatment
groups were done, In addition, intersctions cuch &5
groupr/period interaction, group/unimal interacticn
and period/animal intersction were considered. &4 95
percent cenfidence level was chosen thus where F»0,05,

it was considered non-sgignificant,



RESULTS

The standard curves of IgM and IgG obhained by
using the provided IgM and IgG are shown in {igures 1
and 2, Consistent curvez were obtained on the
different days on which the anslyses were done. The
IgM end 1gG levels in the different gnimels within the
I} treatment groups are shown in eppendix ©, &, 7, &end
8 while the mean values and the infection differentials
for the different groups ére shown in tables 7 - 8,

The mean values for the control @nimals in the
different groups are also shown in tebles 9 - 16,

These mean values are summarised in figures 3 - 10,

In all the groups, there wis & significant rise
in IgM levels starting from the first week post
infection (pi) corresponding with the first rize in
paresitemia, Ii all the groups, 7 - 8 fold iucreages
were recorded, Feak levels were found between the
fourth and nineth week p.i. However, there wore
differences in the rate of increases between the
groups (P€0,001) and in the ability of the diflerent
groups to muintcin pesk leavels (PKO,001),  .among
enimals within the same group there were diflferences
in the 1gM levels but the differences were stetisticeally
non-significant (P»0.05), When £he interclass correla=-

tion coefficient (interaction) anelyses were dore, it



155

was found that the rise over the stated period betwseen
the groups wes statistically significent (Pgl.0%).
Thus the group/period interaction wés signiiicant,
:.1s0 both group/animal interaction and period/animal
interaction were statisticelly signiticant (see

analysis of veriance teble for IgM).

In the non-pregnant heifers the 1gM rise wes
greaual and peak levels of over 2,000 mg/lolal -
2,4,12.5 mg/100ml were &ttained from the lLth week, 1In
the heifers infected during the first trimester of
pregnancy the rise in IgM levels was more rapid than
those in the non-pregnant group. By the third week,
levels over 2,000 mg/100 ml were already recoraed and
the peak levels of 1gM were more sustained (sec figure

L) and over - 8-fold increzses were measured,

In heifers infected during the second trimester,
the IgM response was even more rapid than tliowe
infected in first trimester. 1In this group of heifers,
IgM levels of 2,400 mg/100ml were recorded in the
third week @and response weés sustained for over 1
weeks. In heifers intected during the third trimester,
it was found that the Igh response was graauzl, compara=
ble cnrly to those of non-pregnant heifers, .Here, only
4=5 fold increases were recorded and the Izi response

was less sustained than those of other pregnint groups,
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In &li the groups the difference between the
infected acimals and the controls wés hignly sipgnificant
(P<C,.001). No statistically significent difrerence vas
however found in the controls in the different groups
altnough heifers in their third trimester proecrascy had

nigher levele of IgM.

The IgG results showed similar pattern oi increases,
In all the treatment groups the risc wes gravual end the
I1gG response comes after the IgM response. 1 ©ll the

groups @ 1.2+2,5 fold increases in 1gG levels were

recorded, Unlike the 1gM response where peak levels
were recorded about the 3rd ~ Lth weck, veak levels of
1gG were recorded from the 6th - 7th week excevt in the
second trimester heifers where peak levels woere recorded

from the Lth week.

The differences in the 1gCG response in Leiters in
the different groups were highly significant (1 <0.001).
Unlike .in the case of 1gM response, differcrncos amongst
neifers in the groups were alse significeat (¥<0,ChH).
The TgG response of the different groups over tho 15
veek period (Group/Feriod Interaction) wes sipgnificantly
different (F€0.05). 3Similarly, the group/cnimel end
piriod/animal interactions were also stetisticully

significent (sce analysis of variance tuble for 1gG)
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In the non-pregnant heitfers, mezn peai levels of
5,659 mg/1G9 ml ware recorded., In the individuel heifers,
peak levels ranged from 4,600 mg/100ml in hoiler L31
to 7,0C0 mg/1C0ml in heifer L32 giving 2 2 = 2.8 fola
increase, Tic mean 1gG levels in the control wifers
ranged from ~-,500 mg/1Ciml -2,775.0mgy100ul., [0 signi=-
ficant increases were rocorded throughout the period

of investigation in the control heiiers,

In heifers infected during the first triswsesicor,
mean peak leveis of L4,837 - 5,875mg/100ml were recorded.
The peak leveis in the individugl heifers rengea from
5,500 = 7,000mg/100ml giving & 2,2 - fold incresge,

In the control heifers in this groups, the nmeon 1gG6

level ranged from 3,050 - 3,750 mg/100ml. Variction in
the levels c: 1gG in this cuntrol group cver the experi-
mental perind wis not significant, The IgG levels in

the infocted heifers were significantly higher thaén those
of the non-infucted controls (F€0.0C1), Figure § shows
thet the menn poeeck IgG lovels the infected heifers were
attained 6 week po.ie. ¢nd “the regponse wes sustocincd
throughout the investigation period with only slight

drop during 1<th and 13th week.



In heifers infected during the second trimester,

bout

[v1]

there was a rapid IgG response reaching & peak at
the 4th week p.i: The mean peak level was not well
sustained in this group. There was & greduzl decrease
initielly and from the 11th week the decreise was rapid
falling almost to the preinfection level by tie 15th

week., The peak levels in the individual h-ifcrs infected
ranged Irom 5,500 - 7,C00 ng/100ml, Intragroup differences
between infected animals were significant (F<C.05).

In this group also a 2,2 - 2.8 fold increase was

recorded for the IgG levels., Varietion in the I1gG

leveds in the control heifers wés non-significant

(ESD.05) theugh some increases were recorded Irom the

Sth week p.i. The 1gG levels in the infected heifers

were significantly higher tnan those of the control

(FP<0.001),

In heifers infected during the third trimester,
there was a gradual Igi response to the infection,
Optimum or mean peak levels were attained rrom the E&th
week p.i and sustained, towever, in this group, the
ability to respond to the iniection wés les: @s 1.2 =1.4
fold increase was recorded on the overall. Ucutween the
6th end 9th week, the pcak response was maintained after
which, there was & gradual urop in the levels of IgG.
Between the 9th and 1Lth week, variations in the levels

of 1gG existed between the animals. The peal levels of IgG



159

in the inf-ctud heifers in the group réngsd fram L,600 -
65,500 giving 1.2 = 1.4 fold increcsc. The I4 (-vels in
the control huifers which were high when coaparcd to
those of other groucrs decreesed significant.y frow the
7th week, This decressce wes uniform in the 2 control

enimals,
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DISCUSSION

The results showed thetl & single T Mivir inf.ction
nf thoese heifcrs produced @0 treminGous incre se in the
1GM level and lesser jnerceescs in the 1gh levid, Signle
ficant incredses in gk levels coincidca witi. rc first
wive of parasitemia which occurrcd 7 = 1 duys Fede
Thise results &re in conformity with thosc recorted by
Luckins (1972, 1973 and 1976) in Zebu céttle fud thosc
of Binz et =l., (166€). Hattern (12462, 14964 end 1068),
Lumsden (1966) Mt sseyeff @&nd Lemy (1966) in humans. The
1¢G levels in the inficted heifers showed 2 4. = 1.5 fold
jnerecsc. This also agroes with the findings of

cosseycff and Lamy (1966) Messeyeff et egl., 1972 vnd
Luckins (1972, «nd 1976). However, though bLr.TC is
guneral agrecsent on the changes in the leveas of 1gM
ir trypenosomiasis the findings in the caow ok 1gG
giffer., In trypunosomizsis, Masscycff and Lomy (1945€)
end Luckins (1972 =ad 1976) found incre&sed lovels o
potn IgM and 1gG in hun-n end bovine CLS€S. Similerly
Frommel ct Gl (1970) found jnereesed levels of 1gG

in rebbits infected with 1. cguiperdium bul ouss et 21,

(1569) founa no such iNCTeaESEs ir 1gG levels in wonkeys

infocted with 1. gembiense, T. rhodesicnss und T. brucel.

Clarkson and Ferhal: (1975) found thet 1gG 1lzveis in

cottle infected cxperirentelly with T. vivax did ot
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increase until 50 days ofter infeection, It i: thought that findin
en elevited level of IgG in clirnicel trypanosominsis

dependa na the scasitivity of the mcthod(s) used &nd

on whethwer k. supgect is npregnent or not and L f

preghnant, the stoge of the prognéncy.

From the result reported here it eppears thet in
bovine tryponosomicsis, there is a general 1.3 increasc
in cl1l infected znimcls whi'ieh 1s sustained by prigriicy
gnd the stage of proynancy. smong the prozncatl heifers
it cén @lso bLe scen thet animels infoctoed duxine tre
third triacstor ntve & pooroer &bility to mainis 90 *he
cievet d levels of IgM than those in their firoet tnd
sceond trimestor steges of pregnency. In heifer Lo, 402,
there was a gredusl decreesce in IgM levels until it

died of the infection,

Tre 1gG respense in the infoectod hMeilcrs tuough
slight (1.2 - 2.5 compared to 8§ fold increas. in Igh)
showed rather intoresting pittern, whereas Ighl lovels
wire greetly cleveted wituin the first iy dins peiey
1gG levels during the corresponding periog roncined low
zrd except in heifers in their second trimester, optimum
response was not recorded in @11 the others until ¢tout
42 deys p.i. Lnother interesting sspect of the 1pG

response wes greater group and intrigroup variations.
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Here Bgain it can be s@id thet generclly rogaunt
heifers responded better then non-prognent ows &pert
from heifers infected during the third trimestor, 1In
tnis group cf heifers, the initicl IgG levels before

infection were higher then those of other groups,

If the :levctad‘lgc tnd Ighk levels wers & medsure
of the zbility of inficted heifers to conbut the
infoetion then it could be ssid that preghiunt hwifors
arc more protuected thén non-pregnint heifera, In
r.ddition one could also s:zy that hcifers i the third
trimester, preocbly tecnuse o the stress of wdvinced
pr-gnincy are more likely to succumb to try:nosome
infection, Our observetion is thet this is really the
truc situation, Non-pregnint heifers woere wnore severely
effected by the 1. vivex infection then heifers inficted
uurihg the first énd second trimester. neilips in the
third trimuster were viry bodly effected (soo Fart 111).
The situation during the third trimester mey be due to
the stress of pregnuncy. GSince fdvénced prog: ey is so
much strisg to the ‘nimal, infeetions such 96 trypénoso-
miesis often result in fatelity irn this group ot animels,
Simil=r observetions hove boeun made with other Inlcctions

such &s tuberculosis (sbdulkadir, perscncl cumwunicstion),
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On¢ point of interest though is thet It is unot
cleer if the ¢Qeveted lgh response is prot ctive or not,
Luckins (1975) reportec thet grot.ctive antibi.dics

ggiinst antigenic veriants of 1. congolunse vere Ifourc

in the IgM fraocticons of suré though the protoctive
ectivity of wnole scrum was grester thin thut i the 1gM
frection elone, Gimilerly, protective &Ceivity beas

been fournd in the 1gh friction of scre from =~ uLcits
infected witn: T. brucei, T. gembiense ana L. guiperdium
(bveed ot wl,, 1969 end Sved, 41872). Little clin,

were Scen in the protective éctivity of Igh irictions

in I. cougolunse infected cazttle (Lucking, 1976) but

nocording to 3ccd (1972) protective zctivity iz found
in J1gG frezction of scvre later in infection -iwen the
cetivity of igh ¢ntibodies hus declined. 1un tids
rogerd thercfore my cerlicer hypothesis tnat proghnont
enimals are more protocted against T, vivex itection

ts snown by taneir lgh and 1gG response is volid.

The relevince of this study is that it tizo
villdated the ftct thit the demonstratioan of cloveted
Ighi levels can be used @s & screening test Lo Lue
dizgnosis of T. vivax infcction in cettle, I bumens,
vattern (1962, 1964 <nd 1968) hés alrcegdy domonstrsted
this., #nother importeént zspect ol the work isc that it
has shown that the reproductive stotus of the animal
should be taken inte consideration in the intermiretetion

of the screeuing test based on elevated Igh levels,
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SUMMRY

Immunoglobulin M énd G respenscs in bovine tryrénce
semiasis (T. vivex infoction) were studied in non-
preguent, first, scvcond and third trincster progaunt
heifers, In each category, U4 heifers were infectud
while 2 uniafectoed wire usid as controls, I.6v eova IgG
luevels in serum samples freom the heifers were monitored
over @ 15 weck study period using kits obtiincd from

Miles Liboratories, Englind,

inl]l the infected heifers shiowed significo:r® rise
in Ig¥ levels when compercd to the uninfectod coatrols,
i 7 to B=fold incretses wiri recordod. hcre were,
however alfferences in the rate of increeses anu cuility
to mzintein peok level responses (P<C.01) between the
groups, Imicected pregnent heifers in the first arnd
second trimcesters responded better then inficicu non-
pregrent and infceted hedifers in the third trisester
of pregnéncy. i1n 211 the groups, the dirff.ronceg botween
the infected and control heifers were hignly ciendficent

(F€0.001),

The IgG rosults showed similer though rrocnil
pnttern of incrveses in the infected helfers, 1n ihe
different grovps, ¢ 1.2 to 2,5=-fold increas.c wele

recordec. 7These were significently different from levels
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in the control Lcifers (Pg0.01). #giin orueciunt hoeifors
in the first 2ui second trimesters responded heticr then

non=pregnant “od third trimestor pregnent hel ors,

The resvlis correl:ited with the cobscrwve:iiin thet
givern the sim. conditions, clinicel ménitest tions of
T. vivex infoction is morc scvere in non=proesnint theén
in preguent hieifors except those in advincad Lruegurncy,
It ic suggested thot in using elevetid Ig8l _wvels &8
& serecuing test for the dicgnosis of 1. vivix infvction,
considoepration should be given to the reproauc.ive

stetus of the 2uimal in the intepretetion ot the test,



166

Table 1: liean IgM levels (+ 3.D.) of infected animals
and their corresponding mean infection
non=pregnant

differential MO Igh, + S.D.

Zroup

Week

——

P

W @ ~I Y oA o

i N S o
L B o L &

fﬁ???oéh”) Meang , Tph {+ S.D.j
300 + 0.0 62.5 + 0O
300 + 0.0 0.0 + O
300 + 0.0 62,5 * 0
862.5 + 505 33745 + 441
1531.5 % 664 1218,8 + 663
2065.5 +°791 17164.0 + 839
2181.3 + 830 1811.3 + 938
+ 2412.5 & 375 2112.5 » 375
2412,5 + 375 2112.5 + 375
2412,5 + 375 2065,6 + 344
2412,5 + 375 200%.0 = bk
2012.5 + 375 2081.3 + 438
2255,0 + 433 1925.0 + 433
2012.5 + 325 1737.5 + 375
1850.0 + 0.0 1550.0 + 0
1712.5 + 275 12,5 + 275
134%,8 + 380 1043,8 + 380
1206,3 + 188 906.3 + 168




Table 2:

+ $,D) = first

ean IsN levels (+ 5.D.) of infected animals
and Cthwir cerresponding mean infection
differential, /Z\ IgM

Trinester grcup

Week

Fean ("‘ -"'c."o)

(my:/100m1)

el =

o)

10

11

A
i

14
15

761.3
2181,53
1650.0
2275.0
600,00
2600,.0
2600,0
2600.0

I+ 1+ 1+ i+ |+ |+ |+ I+ J+ i+ |+ |+ 1+ |1+ |+

1+

I+

t:r? .

550

633

-

379

41 .6
41,6
4146
596.9
1461 .3
1881, 3
1650,0
1975.0
2500,0
2300,0
23500,0
2300,0
2300,0
2300,0
1975.0

7575

Mean /N Ipil (+

- ——

-

211445 =

-

T2e2
Tée2
T2e2
L78

4 l}.‘__l—}

Y

D)
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fable 3: Meau Igi: levels (+ 5,D.) of infected animals
anJd their corresponding mean infecticn
difforential, /N Igh (+ S,D,) - Second
triacster group .

Vieak lean (+ S.Ds) Mean /N Igit (+ S,D)
- 393.8 + 63 62,4 + 2,0

=1 362.2 + 72 0.0 = 102
0 362.5 * 72 62,5 # 72
1 44%,8 + 134 81,3 + 134

2 1387.5

I+
\n
N
o

1078.3 + 258

3 2612,5 + 375 2050,0 + 375
4 2600,0 + 0,0 2253.1 % 31
5 2000,0 + 0,0 2300,0 + O
6 2600,0 + 0,0 2284,4 + 31
7 2600,0 # 0.0 2237.5 % 0O
8 2412.5 + 375 2050.0 + 375
9 2812.8 + 375 2050,C + 375
10 2225,0 + 433 2050,0 + 375
41 201245 + 375 2050,0 + 375
12 2412,5 + 375 1987,5 & 375
13 2z25.0 » 433 1800,0 + 433
14 £235,0 * 433 1800,0 + 433
15 1762.5 + 616 1200,8 + 650
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Table 4: liean levels of Igll in infected heifer (+ 5.D.)
and their corresponding mean infection ™
[_\. et (: SeDe) = third trimester

differential

grou:
Week tean (+ 3,D,) Mean /N Igti (& 5.D,)
(r:g/100ml) ;

-

D N 0 v N e

=S WO
o

11 2275.0

12 '
13
14 '
15

-

R —

575  + 100 26848 % 338
L1E.8 + 256 20063 + 142
650.0 + 206 175.0 # 150
962.5% + 390 437.5 # 390
1625.0 + 650 1233 # 615
1950.0 + 751 1425.0 « 751
#600,0 * 0,0 2075.0 % O
2500.0 = 0,0 2075.0 # O
<H00.0 + 0,0 2075.0 + O
2600.,0 + 0,0 2975.C + 0
<h12.5 + 375 1887.5.48 375
2412.5 + 375 1667.5 + 375
22750 % 650 1750,0 £ 650
+ 650 1750,0 + 650
1918.6 * 532 1455.0 ~ 932
1777.5 # 1198 1935:0 = 856
1652,5 + 1070 1235.0 = 750
1916.7 + 653 1391.7 # 653

# Based on reading from three animals, the fourt!h having
died of the diseases.
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Table 5: Mean IgG levels ,(+ S.D) of infected_animals
and tiheir corresponding mean infection
differential (+ S.D) - non pregnant group

Veek  Mean (+ 5.D) Mean /N\IgG (% 5.D¢)
mg/100ml )

-2 2057.5 ¢ 275 275.0 + O

- 2037.5 * 275 137.0 * 275

0 2637.5 * 275 137.0 + 275

1 2775.0 + 318 275.0 * 316

2 2600.0 + 404 900,0 + 404

3 3837.5 + 1156 1337.0 + 1156
L 4175.0 + 490 1400,0 + 490

5 4175.0 + 690 1675.0 + 490

6 5050,0 + 520 277540 + 450

7 2650.0 % 995 3150,0 + 995

8 5650,0 * 995 3150.0 + 995

9 4837.5 + 832 2087.5.x 832

10 4837.5 + 840 2337.5 + €40

11 L837.5 + 640 2337.5 = 840

12 L437.5 + 1018 1937.5 + 1018
13 4225.,0 + 1060 1725.0 - 1060
14 4O1Z.5 + 1045 1512.5 & 1045
15 LUN12,5 + 1045 1237.5 + 1045
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Table 6: {wan IgG levels (+ S.D) of infected aninals
antd thelr corresponding mean infection 4
di';wrcntial,'£§ TpG (: SeDe)= first trinester

“':I‘_L‘_“a §. 4

Week '(;El}ﬂ(}%mliﬁ.) Mean A\ TgG (+ 8:Ds)
- 5125.0 * 722 625.0 + 31¢

. 2950,0 % 59 625.0 + 318
o 3125.0 722 25.0 + 318
1 3475.,0 + 908 700.0 # 422
2 4212.5 * 779 987.5 + 425
3 4437.5 » 1018 1000,0 + 836
& Leo37.5 + 84O 1437.0 & 840
5 LB37.5 + 840 1437.C + 340
6 567540 * 750 2825.0 + 750
7 5875.0 + 750 2675.0 & 750
8 5875.0 + 750 247%,0 + 750
9 5875.0 + 750 2475.0 + 750
10 2875.0 + 750 2750.0 & 750
11 £875.0 + 750 2475.0 * 750
12 5437.5 + 1329 2057.5 = 1329
13 5212,5 + 1389 1812.5 + 1329
14 5650.0 + 995 1900.0 + 995
15 54625.,0 + 1132 1675.0 = 1132
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Table 7: Mean IgG levels in infected heifer (+ S.D.)
and their corresponding infection
differential M\ IgG, (+ S.D) = second
trimester group -

o e Ak e sl

Week Mean IgG (+ S.D.) Mean /™ IgG (4 $.D.)

{mg/100m1 )"~
FY: 27975.0 % 318 275.0 + 318
- 2775.0 + 318 275.0 + 318
o 265745 £ 279 1325,5 + 275
1 3500,0 + 905 1325.0 + 895
2 4600.0 + 0.0 2100;0 + 0.0
3 5275,0 + 450 2775.0 + 450
4 5500,0 + 0,0 3000.0 % 0.0
5 5G00,0 + 0.0 2725.0 *+ 0,0
6 5875.0 + 750 3375.0 + 750
7 5650,0 + 995 3150,0 + 995
8 5275.0 + 450 2775,0.% 450
9 $275,0 + 450 2500,0 + 450
10 5050,C + 520 2275,0 + 520
11 5050.0 + 520 2275.0 + 520
12 46525,0 + 450 2050,0 + 450
13 L387,5 + 425 1612.0 + 425
14 3612.5 + 736 £37,0 + 736
15 3205.0 + 350 450,0 + 350
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Table 8. flean 1gG levels in infected aninals (+ SeDa)
and their corresponding mean infection

differential IgG
trimoster grou

P

(+ 5.D4) = third

- aa

Week lcan (+ S.D,)

mg/100ml

Mean /N Igt (4

-|-‘ ,l.__l.)

——

e 3750,0 #+ C,0 0.C + C.0
-1 572040 # 0,0 0,0 = C.0
0 $750,0 + 0.0 0.0 + 0.0
1 3962,5 + 425 212.5.4 42

2 4387.5 & 425 812.5 + 350
3 43075 + 425 8T5 + 4l

4 “B12.5 + 715 862:,5 + 715
5 4012.5 + 715 862.5 + 715
& 5275.0 + 450 187540 -~ 450
7 127540 + 450 1875,0 + 450
8 5275.0 + 450 2225.0 + 450
2 5275.,0 + 450 22250 + 450
10 S062.5 + 875 2012,5 + 875

11 4450,0 + 1246 1212.5 £ 1025
12 L1187 .5 + 1225 1837.5 + 17225
13 431445 % 1463 1537.5 £ 1055
14 4106.3 + 1819 1763.6 + 861

15 LO16.7 + 1010 1866 ,7 + 1010




Table 9: lican Igli levels and standard deviations
for the non pregnant controls

:::k*‘.““ FMean (: :'.I'.",)I. .
D 62.5 + Ba,b

=1 300.0 + 0.0

0 362.5 # HE

1 300.0 + 0.¢

2 300.0 + 0.0

N S oy A%
N \N +°
o O ©o
o O N
- - -

O O \n
i+ I+ |+
0 0 I
. . [\
O O \C

s
o
&
.
C
i+

0.0

R

~ O

ot :
7

|+

O
p
o
C
-
o

|+

0.0

10 300.0 + 0.0
11 500.0 + 0.0
12 300.0 + 0,0
13 500.0 * 0.0
14 500.0 # 0.0
& 300,0 + 0,0
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Table 10: rlean Igl levels and standard deviaticons
Tor thie Tirst trimester control heifers

Week Mean (+ 3.D,)

vz 500,00 * 0.0
- 300,0 + U0
O 300,0 + 0,0
1 362,5 + 0,0

300,0 + 0,0

200.0 « 0,0

£ y%!

300,0 * 0.0

30C.0 + 0,0

wn

6 300.0 + G.0

7 300.0 * C.0
8 ,2'01: - (.- : (j - l)
;4] GCO . C; :'- O - l‘

10 300.0 + 040

11 300.0 + 0.0
12 300.,0 + 0.0
13 300,C + 0.0
14 300.0 + 0,0
15 300,0 # 0,0
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Table 11. (=zan Ipll levels and standard deviations
for the sccend trimcster contrel heifcrs

— A b - -

ieek Mean (+ 5.D4)

.2 362.5 4 83.4
- 425.0 + 0.0
0 300.0 % 0,0
1 362¢5 % 8B4
2 362.5 + 88,4
3 362.5 + B84
4 362.5 + 86.4
5 300.0 + 0.0
s 300,0 + 0.0
7 362,55 + BB4
8 362,5 + 88,4
9 362.5 + BB.4
10 362.5 + 8.4
11 362.5 * 88,4
12 25,0 + 0,0
13 425,0 + 0.0
14 425.0 + 0.9
15 425.0 + 0,0
16 k25,0 + 0,0
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123 can Tgll levels and standard deviations
ifor the third trimester control heifers

e & e

Week Mean (# S.D.)

e A A e —

w2 525.0 * 141
-7 525.,0 + 141
0 52540 + 141
1 525.0 # 141
2 525.0 + 141
3 525.0 + 141
4 H25.0 + 141
5 525.0 + 141
{ 525.0 + 141
7 525,0 + 141
& 525.0 + 141
9 525.0 + 141
10 529,.,0 * 141
11 525.0 4 141
12 425.0 * 0.0
13 425.0 + 0.0
T4 425,0 + 0,0
15 525.0 + 141
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Table 13%: nwan IghG luvels and standard deviations
for the nonepregnant centrels

—— A -

Week Mean (+ 35.D,)

- 2775.0 + 88,9
-1 2500,0 + 0.0
O 2500.,0 % 0.0
1 29500,0 + 0.0
2 2500,0 + 0,0
3 2500,0 + 0,0
4 2775.C + 3838,9
5 2900.0.+ 0,0
6 2500.0 + 0,0
7 2500,0 = 0,0
8 2500,0 + 0.0
9 2775.0 + 388,9
10 2500.,0 + 0.0
11 2500,0 % 0,0
12 2500,0 + C,.U
173 2500,0 + 0,0
14 2500,0 + 0,0
15 2775,0 + 388,9

——— . B s W mw —
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ble 14: 1wan LG levels and standard deviations
oy Tirst trimester control heifers

rd

Yook Mean (+ S.D)
-7 56C060 + 4435
-1 3400.0 + 495
0 3400,0 + 405
1 3400,0 % 405
2 3500.C # 495
3 3400.0 + 455
4 5400,0 + 495
ot 00,0 + 495
) 2050, 0 + 0,0
7 3400.0 + 495
g $400,0 + 495
9 3125.0 + 8B4
10 3125.C + 884
11 3400, 0 + 495
12 400, 0 + Lhas
13 3400,0 + 4495
14 3750,0 + 0.0
15 3750.C + 0,0

- - -
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Table 15. tuan 1gG levels and standard deviations
Jo. the second trimester contrel heilfers

Hoeolk Mean (:_ SaDa’)

&
=
Ll

o

-1 2500.0 + 0.0
0 2500.0 + ©,

1 2500.0 + 0O.C
2 2500.0 * 0.0
3 2500.0 % 0.0
4 2500.0 = 0.0
2 2775.0 % 385
6 2500.C + 0.0
7 2500,0 + 0.0

8 2500,0

14
o
-
o

kel

277590

i+
W
o
Ve

10 277540

{4
ol
Fos)
O

1 2775.0 + 329

—
\®

2775 .0 + 3449

-
LS

27750 + 3337

-
=g
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Table 16: lwan Igl levels and standard deviations
for the third trinmester control heifers

Weck Nean (+ S.D,)
- 3750,0 + 0,0
- 3750,0 + 0.0
0 3750,0 + 0,0
1 3750,0 + 0.0
2 3400.0 + 495,0
3 3400,0 + 495
4 3750.0 + 0.0
2 3750.0 + 0.0
6 3400,0 + 495
7 3400.0 + 495
8 3050.0 = 0.0
2 3050.0 # 0.0
10 3050.0 * 0.0
11 3400,0 + 495
12 3050.C + 0,0
13 3050,0 + 0,0
14 3050,C + 0.0
15 3050.0 # 0.0

. —— s - - - -



Table 17:. Analvsis

" varianco

table for

16

Iglt

Stratun LF S 8548 ¢ VR
Between Crouss 3 2.55 0,34 0,85 5,34
Fericds 17 169,43 22,49 .97 62.64
Between Animals 5 401,57 93.64 BC, 31 504,57
Group/leriod

Interaction 51 11.58 1.55 0.23 1.43
droup/Animal _
Interaction 15 17,09 2,28 P 716
Feriod/Animal _
Interaction 85 107 . 26 14.33 1.26 T:99
E("'-’-'.Jidual }'49 59-79 5' :: 0.1




Table 1&: . Analysis of variance table fer g0

Stratun bHF a5 S5y, s Vi
Petweun Grouns 3 16.53 5G4 564 55.18

Feriods 17 60, 14 Z1.10 354 34,61
ligtweer Aninals 5 103,54 30.47 20,79 203,35

Group/Feriod
Interaction 51 1316 4,62 0..24 2.53

Group/Aninal .
Interaction 15 1739 6.10 le16 11.34

Feriod/Aningd
Interaction £5 48,55 17035 (.57 5-54

Residual 266 25.45 2,93 0.10

. ————— i —— -———
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Figur.e 1

Standard 1M curve
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Figure 2

Standird 1gG curve



CONCENTRATION OF BOVINE 19G mg /100wy .

o~
wun <

: i T —— T T T T

7 8 9 10 1 12 13
RING DIAMETER IN mm

o B

W
‘



188 188

Figure 3

hMean Ige Tevels in non-pregnent heifors
infected with T. wvivex closc to the time of estrus

and thaet of the non-=infected contrels
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Figure 4

Meen Ig.. 1lcvels in pregnant heifers i decteu
during the first trimester with T. vivex z2nd thei

of the non=infected pregnunt controls
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Figure 5

Mean I&. levels in pregnant heifcrs infootod
during th= sccond trimester with T. vivex and thet

of the non-infected pregnent controls
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Figure 8

Memn Iga levels in pregnant heifers infected
during tne first trimcster with T, vivex and thet

of the non-infected pregnant controls
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Figurc 9

Mean Ip” levels in pregnant heifeps infected

during thc¢ second trimester with I. vivex and thet

of the non-infecteg Pregnunt controls
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Figure 10

Mean IgG levels in vregnant heifers infected
during the third trimester with T. vivax and thot

of the non-infccted pregnant controls
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PART V

ROLE OF T, VIVAX INFECTION OF FEMALE
REPRODUCTION IN CATTLE:

General discussion
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Clinical manifestetions of trypanosomiasis in
cettle produced by pathogenic trypanosomiasis &rc
similar (Saror, 1975). Cliniczl signs include inter=-
mittent pyrexi:c, weight loss, debilitation, wcakness
and anemia, The course of the trypangsomizsis in this
work varied in the individuel heifers and dependent on

the reproductive stetus of the animal,

Results of this study show thet the Zebu cittle
cén withsteénd ¢ single T, vivex infection. & mild
course of infection wées followed generally, This wes
probably due to the good nutrition &énd managerment the
heifers were under, So if good nutrition and proper
ménagement practice is followed, the widely held view
that bovine trypanosomizsis is cne of the principel
factors restricting development of livestocx industry
in Nigeria (Leefland, 1974) may be disproved, The
problem however is that concurrent infections such as
anaplasmosis, babesiosis, heartwater and helminthiasis
tend to complicate the picture, In this work, these
concurrent infections were properly téken care of by
regular dippings and prophylactic helminth control.
Thus the effects of the trypanosome &lone were more
clearly observed in the animals &nd the much publicised
weight loss, debility, weakness, @nemia and cventusl
death were,to. & very large extent, reduced. It is
of interest to note that of the 16 heifers infected,

only one died of the infection,
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The extent of cliniczl manifestation of tne infection
varied generally more with the reproductive status of

the heifer., .

¢f the 4 freatment groups, the ﬂon—pregn&nt
heifers and heifers in the third trimester pregnency
showed more severe debilitation, anemia, weakhess and
lethargy. The observation was rather surprising
especially in those non-pregnant heifers. while it
may be e&sy To explain these observations in heifers
infected during the third trimester those of non-
- pregnant helifers are difficult to explein.,. During
the third trimester the heifers were stressed by the
advanced pregnancy and T. vivax infection tended to
add to this stress and therefore the cliniceal manifes-
tations of the disease were more pronounced, 11 is
not understood why nen-pregnant heifers showed more
severe signs of the disesse than heifers in the first
and second trimester pregnancy. However, it may
not be unconnected with the hormonal changes zssocliated
with pregnancy. These chenges, though not understood,
may have improved the defence mechanisms of the heifers

to T, vivex infection.

The finding of differences in the anemic produced
by the infection is significant., Several workers
(Fienngs, . 1954; Naylor, 1971; Losos gt al., 1473;
Murrey gt al,, 1974; Saror, 1975; Esievo, 1980) have



207

demonstrated anemia due to bovine trypanosomiasis., Some
of these workers have been able to postulate the
mecnanisms involved in the production of the anemia,
These include the hemodilution theory of Naylor (1971),
direct toxic action of trypznosomes on blood (Hawkins
et gl., 1975); @ucelerzted erthrocytic destruction
(Fiennes, 1954, Losos et 2l., 1973); immunologically
mediated e¢rythrocyte destruction (Fiennes, 13254,
Mackenzie and Cruickshang,1973; Esuruoso, (1974c) and
production of neuraminidase which cleaves off surface
sialic acid, thus rendering erythrocytes more prone to
phagocytosis by the reticuloendothelial system (Esievo,
1980), Whatcver the mechanism is invelved, this
present work has demonstrated clearly that it is
affected by thc reproductive status of the heifer as
non-pregnant heifers have mere pronounced aneumia when
compared to pregnant heifers experimentally infected
during the first and second trimester, The fall in
PCV in heifers near term in both infected ard uon-
infected may be due to the rather large amounts of
blood being shunted to the placenta and hemodilution
as the elevated estrongen levels at this time leads to
water retention (Turner and Bagnara, 1976). Similar

obtservation has been made by Hewett (197L).
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The parasitemia in all the treatment groups was 'T]'Jf

gimilar, The initial parasitemia was very high,

Subsequently it showed fluctuations but lower than ' ’?f
the initial. This reduced level of parasitemis may be.
a measure of the combating ability of the animals.
However, the subsequent waves ol parasitemis were - ;iy
higher in the individuazl animals in the non-pregnant
group &nd heifers in the third trimester pregnéncy
than those in the first &nd second trimesters. In most
of the infected heifers, it was observed that self o
cure occurred 1in the heifers afier the first 3 months, _;;
In some animals, it was also observed that zfter '%.AT;Ei
abortion or premsture delivery, the aaimals were better
able to handle the infection &as the parasitemia tended

to drop or disappeared,

. Ou the immunoglohulin M and G levels, it is clear
from the results that there were significant increeses
over the preinfection level in all the grougs of
animals. The test was only a quantitative test, it
is not known for sure how much of the immunoglobulins
were directed against the trypanosome antigens. Hhowever,
wark by other'aﬁthors (Seed gt 1., 1669) has shown that
some of this tremendous production of IgM seems to be
directed specifically against the trypanosocmes while
others may be hetlerophils (Houba gt &l., 1969; E'Z_ Ey

Meckenzie et al., 1973) or directed against autosntigens
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(Mansfield and Kreir, 1972; Mackenzie et al., 1973).
The persistent high levels of 1gM may have reculted
from continuous antigenic stimulation., snother factor
thet may be responsible for the high levels of Igh is
the rather continuous antigenic variation cheracteris-

tics of Trypanosome spp. EBE&ch new antigenic variant

elicits new immunologic response culminating in the
persistently high levels of IgM. The present work
has shown that the immunologic response to I, vivax
infection is dependent on reproductive status of the
heifers as the response of the infected non-pregnant
heiferg and heifers infected during the third trimes-
ter were inferior to those of heifers infected during

the first and se¢cond trimester,
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The effects of T. vivax infection on reproduction in
heifers have been discussed in the various chapters,
In general the effects include conception failure,
anestrus, abortion in the first trimester, premature
and weak calving in the third trimester. Since
efficizn. reproduction is a very important part of
cattle production, it is imperative that the role of
trypanosome infection in cattle should be viewed with

all seriousness.

Conception failure &nd infertility in cattle
population in *his country have not been thoroughly
studied |Nc one knows for sure the megnitude of the

problems, no:r 21. the cause(s). Trichomonas foetus,

knowrn to causc conception failure in some parts of the
world h&s not been positively ildentified as a cause in
our indigenous catile, It is therefore important that
the finding of concention fzilure and anestrus resulting
from T. vivax Infection be taken seriously and adequate
steps t.%en To recommeind prophylactic course of action
especiallyv in the endemic areas. It may he stated here
that the economic significance of this finding is high,
The prature is complicated by the fact that these
conception f7ilures are again followed by 2 long

pericd »f anes*rous in the infected heifers, Thus one
can see why calving intervals ranging from 16 months

(Fricke. 19€l) - 2i; months (Nuru, 1974) have been quoted
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for our indigenous c&ttle population in the northern
states of Nigeria while a calving interval as high as
27 months has been reported in nomadic herds (Pullan,

1979) .

The question is why do cows in endemic arecs
become pregnant since they are in constant tse~tse fly
challenge. The possible answer may be that cattle in
endemic areas &re challenged early in life, &s &
result, some die while others survive. The animals
that survive acquire some immunity to the trypanosome
infection with mild subsequent infections. However,
since the majority of our cattle population are in the
traditional breeding zones of the Sahel and Sudan
vegetation, it is only those thet migrate to infested

areas that are affected.

It is true thet only one of the I infected heifers
in the first trimester aborted. Similar early wbortions
have been observed by Murray et al,, (1981) in Zebu

cattle exposed to natural field challenge.

The premeture deliveries seen in the third trimes-
ter heifers in this work is 2 new dimension in our
ever growing knowledge of bovine trypénosomiasis,
The Ject that this had not been previously reported,
mey have been due to the fact that heavily pregnant

cows are not usually used for experiments,
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The hypothesés £0 explain the role T. vivax infecticn
o reproduction in heifers are illustrated in figure ?
and 2. From these it can be seen that in non-pregnant
heifers clinical trypanosomiasis results in the disrupg-
tion of reproductive process., It is postulated that
the trypanosomes or their products (see part 1I) cause
conception failure by affecting the conceptis

directly or by indirectly affecting the uterine environ-
ment by elevating the body temperature thus making it
impossible for implanatation te occur er causirng death
of the conceptus, The observed anestrus is postulated
to he caused by the effect of the infection on the

pituitary gland,

In pregnant heifers (figﬁre 2) infection during
the first trimester results in sporadic abortions.
These abortions are postulated to have resuited from
fetal infection and subsequent death. However in some
heifers, abortien do not occurs Here it is postulated
that the organisms still cross the placental barriers
leading to fetal infection. For some unknown reasons
the fetuses get rid of the infection and the pregnancy
progresses rather normally leading lo the delivery of

viable but weak calves, S

In heifers infected during the second trimester,
it is postulated that the trypancsomes may have still

crossed the placental barriers, However, the fetuses
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et this time do not develop parasitemia and pregrency
is not affected, In this group viable calves are

born,

In the third trimester heifers, infection with
T. yivax results in fetal parasitemia leading to
premature deliveries, stillbirths and deliveries of
non-viable calves, In these cglves parasitemia is

demonstrable is some while in others it is not,
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Figure 1

Hypothesis to explain the effects of
T. vivax infection on reproduction in

heifers,



Susceptible Heifer

l

Infection with T. Vivax

Parasitemia

v

Pituitary and other organs affected ()

v
~ Conception failure

Protracted *anestrus
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Figure 2

Hypothesis to explain the effects of

I. vivax infection On pregnancy in heifers



Susceptible Pregnant Heifer

v
Infection with T. Vivax

Y
Parasitemia
In first trimester In second trimester In third trimester |
heifers heifers heifers
l 1 L
Crosses placental Crosses placental Crosses placental
barrier barrier barrier
v Y .
Fetal parasitgmia Fetus Fetal parasitermia
¥ 4 —
Fetal death No parasitemia Premature births |
| still births non- i
J viable calves '
A J o

r\fiable calvesJ

Trypanosomes disappear

Sporadic
abortion

| Viable but weék calves

e
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APPENDIX 1

CHAIGES IN RECTAL TEMPERATURE, FCV

AND PARASITENMIA IN NONPREGNANT ZEBU
HEIFiRS EXPERIMENTALLY INFECTED ViITH
IRYPAHOSCHA VIVAX CLOSE TO THE TIHE

OF ESTRUS



HEIFER NO. L 31
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Temperature

HCT
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E. vivax

Te Wive:,

T. vivax

T, vivax

Te vivax
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Le V1Va

few
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few
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Day Temperature %PCV HCT Thin Smear
18 39.8°C 3540 Tryps + I. vivax
24 39,5°¢C 30,0 Tryps + T, vivax
25 39.5°¢C 28,54 Tryps ++ 2. vivax
28 40,0°C 26,0 Tryps ++ T, vivea
31 40,0°C 26,0 Tryps + T. vivax
36 52,9 25013 Tryps + T, vivax
39 313,8°C 25,045 NFF NEF

42 38,6°C 18.0k Tryps ++ 1e vivax
Ly 33.4°C 18.5%% Tryps + Te vivax
49 39,6°C 15,0, Tryps + NEF

51 39.9°C 1754 ryps + Lo vivax
53 39,8°C 18,04 Trvps + MPF

58 40,0°C 18,0 Tryps + KPF

60 38,3°C 19,0 NPF HEF

53 38.4°C 20,55 NFF F¥

65 39,0 20,0 NEF NEF

70 39.5% 21,053 Tryns ++ 2. vivax
72 39.6°C 20,5 NEF MR

77 39,6°C 22,0 NPF NEF

79 39.4°C 250 \NFPF NDF

81 30.0% 25 .5 NPF e F

85 38,4°C 26.0/ NEF HEF

86 33,8°C 26.0; Tryps + NEF

88 38.5°C 26,0, LPF NPF

9 40,0°C 2645, NPF NPF

93 39.8°C 27,0/ Tryps + N

13



Day Temperature PCV HCT Thin Smear
385 38,6°C 2.0 Tryps + T. vivax
98 39,0°C 21,5 NIF NPF

100 38,8°C 22,5 NFF NPF

102 33,8°C 24,07 NPF 48

109 32,6°C 25,0, NEF HPF

115 £.5°C 25.0,. NPF NEF

N

122 28.,5°C 25,5 NP KPR
129 36,5°C 26,0/’ NEF o
135 38,5°C 26.0, HPF LEF

157 383,4°¢C 26,0 HPF
164 78,4°C 26,5 NPF =

171 38,5°C 27.0/ NPF NPF



o
HEIFER NO. L 25

Dey Temparature WI'CV HCT Thin Smear

- 35 38.5°¢C 45,0;  NFF T, mutang few-
- 29 B.4°C 45,0,  NFF T, putano- faw.
- 22 33,4°C 46.0i7  NPF T. mutans few:
- 15 33.5°C 45,5 NPF NEF |
-8 35.5°¢C 45.0¢%  NEF NPF

-3 32,5°¢C 45,0: NPF NEF

o) 35,5°C 45,0  NPF NFF I. vivax

1 38.5°C 45,04  ND NEF

2 38,5°C 45,04  NPF NPF

3 38,7°¢C 44,54  NEF . PP

4 33,8°C 45,050 NEF NEF

5 383,8°¢C 45,04 Tryps + NPF Breed

6 %3,8°C 44,0," Tryps ++ T wvivax

7 33,0°C 43,04 Tryps ++ T, vivax

8 39.5°C L2.0Y.  Tryps +++ T. vivax

9 35.9°%C 40,00 Tryps ++++ T. vivax

10 39,5°C 40,0 Tryps ++++ T. vivax

11 32.9°C 39,0, Tryps ++++ T. vivax

12 40,6°¢C 36,0 Tryps +++ T. vivax

13 45,0°C 36.,5% Tryps ++++ Ts vivax

14 4., 0°C 25,04 Tryps +++ T, vivax

15 40,4°C 35,5 Tryps ++ T. vivax

16 40.0°¢C 31,04 fryps ++ T, vivax

17 40.0°C 1.0 Tryps ++  I. vivax




Day Temperature “PCV HCT Thin Smear

18 39.8°C 30,01 Tryps ++  T. vivax

21 3949°C 28,0;7 Trvps +++ L. vivax

25 32,9°¢ 22.0;° Tryps ++ T, vivax

28 39,8°C 22,0/ Tryps + T, vivax

31 39,6°C 21,0y  Tryps + HEF

36 38,8°C 20,0, NPF NEF

39 2 9PC 18.0¢ Tryps ++ T. vivax

L2 %4,0°9C 18,5 Tryps + T. vivax

L 39, 0°c 16,04 Trvps + T, vivax

LG 40,5°C 14,0, Tryps ++ T. vivax

51 38,5°C 13,5, Tryps + T, vivax

5% 33 3CC 13,05 Tryps + _T.. vivax

58 33,6°C 16,0, NPF NEF

60 36.5°C 18,5 NEF NEF

63 33,4°C 19.0¢° Tryps + NEF

65 39,6°C 22.0y  WPF NEF

70 36,8°C 22.5/ NFF NEF

72 33,5°C 25.0° NFF NEF

77 36,6°C 26,0 NiF NiF

79 %245 C 26,04 NPF NER

e1 38,5°C 26.5¢ NFF I. mutans few
85 38.4°C 28,0 NFF T. nutons few
85 38.5° 28,5/ NiF T. mutens few
88 38.5°C 28,57 NIF NiF

9 3a,5°C 28.5!" Ni'F NEF

9% 38,6°C 28,5/ HNiF NEF



253

Day Temperature R HCT Thin Sme,:a_;
95 38,4°¢C 29,08/ NEF NPF
98 - 38.4%C 30,0  NPF NFF
100 353,5°C 30.04 NIF NLP
102 - 76,45C 30,00 LF - NLF
109 53,59 30,000 NPF NPF
115 36.5°C 30,5y NPF NPF
122 35.5°C 30,5  NPF NEF
129 38,500 30,0  MNPF NEP
135 30,5°C 30.0¢ NPT NP
157 - 38.69¢ 30 0 NPF NFF
164 36,6°C 31,04  NPF NPF

171 33,4°C 51,0  NEW NDF



HEIFER NO. L 20

Dayv Temperature YPCV HCT Thin Smear

- 35 38,6°C 42,5y NFF I, rutans few
- 29 38,4°C 41,0 NPF T. mutans few
- 22 38.5°C 40.,5¢  NFF T. mutans few
- 15 35,4°C 41,0/ NPF NPF

- 8 38,4%C 40,5 NPF NPw

-3 38,5C 40,05  NPF NPF

0 35,4°¢ 4G,0/ KPR NPF T. vivex
1 3¢,5°C 4G,0”  1PF HPF

2 8.5°C 40,0 PF NEF

3 3:246°C 40,5  NFF NEEF

4 36,5:°C 40,0  Tryps + NPF

5 39.0°C 39,0 Tryps + T, vivex

6 39,0°C 39,50 Tryps + T. vivax Breed
T 39,0°C 38,0, Trvps ++ T, vivax

8 30.8°C 38,0 Tryps +++¢ 2. vivox

9 3249°C 37,0, Tryps ++++ I, vivox

10 39.5%C 37,0  Trvps ++++ I, vivax

11 40.0°C 37,00  Tryps +++4 T. vivax

12 4¢ 5% 35,04 Tryps ++++ T. vivex

13 40.0% 35.5/ Tryps +++ T. vivox

14 40,0°%C 25«55 Tryps +++ T, vivax

15 59,49 31.,0,°  Tryps +++ T, vivax

16 3G 15 C 30.0% Tryps #+++ T. vivax

17 30,8%C 30,0 Tryps ++++ T, vivax




a8
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Day -Pempersture YPCV  HCT - ‘Thin Smear
18 35,3°C 30.0% Tryps +++ T. vivax
21 39,9°C 30,0/ Tryps ##+ I, vivax
2h 39,0°C 24,04 Tryps ++ 1. vivax
28 39.0°C 24,04 Tryps + T, vivex
31 39.5°C 23.5%  Tryps + T. vivax
36 354590 19,579  Iryps +++ T, vivex
39 36.99C 19.59  Tryps +++ T. vivax
42 %4,5°C 18,0  Tryps ++ T, vivax
4y 39.0°C 18,54  TIryps ++  T. vivax
49 35,9°C 19,007 Tryps + T. vivax
51 39.0°C 19.5/  Tryps + T. vivex
53 50,0°C 19,5  Tryps + T, vivax
58 %3,69C 20.0¢%  Tryps + KPF

60 59.0%C 20,0/ NPF NPF

63 39,4°C 18,0 NPF - NPF

65 29.0°C 18,0, NFF Heo

70 38.5°C 18.5. KPF NPF

72 38.5°¢C 19.0¢%  NPP NEF

77 35.9°C 21,0/,  Trums + NPF

79 39.5°C 1.5  Tryps -+ T, vivax
&1 26,007 21.5¢  NEF NPF

85 38,6°0 22,0/ NFF | NPE

86 38.6°C 22,04  NPF . NPF

88 38.4°C 22,04/ NPF  NPF

91 38.5%C 23,04  NFF © NPF

93 %5.0°¢ 22.5%  Tryps + NPF



%PCV

Day Temperature HCT Thin Smear
95 38.6°C 25,0/  NEF NPF
98 36,5°C 25,04 PR [TPF
100 38.59C 25,50  NPF NPF
102 38,49C 26,07 NEPF NPF
109 20,4°C 25,5, NEF NPF
115 38,4°C 25.5  NPF NPF
122 23,59¢ 26,05  NPF 2130
129 36,690 27.0¢%  NEF NEF
135 28, 4°C 26.5%  NEF NPF
157 32,5°¢C 26,07  NPF NEF
164 %8,5°C 26.0  NPF NPF
171 30,470 28.07  NPF NEF



HEIFER NO,. IL.32

e
3
~

Day Tempurafuﬁe HPCY HCT Thin Swear

- 35 38.8°C 49,00  NPF T, mutong few
- 29 38.5°¢C 40,04  NPF i. mutans few
- 22 38.6°C 40,07  NPF T. mutans few
- 15 81,400 40,5 NFPF T. mutans few |
-8 36.6°¢ 40.5%,  NPF NPF

-3 38.5°C 40,0,  NPF NEF

0 36.4°C 40.0¢  NPF NPF.T. vivax
1 358,5°C 40.5.  NEF NPF

2 38, 4°¢C 40,54  NPF NEF

3 38,5°C 40,0/ NPF NP

A 365,80 41,0,  NPF NPF

5 33,4°C 40.0s"  Tryps + T. vivax

& 33,9°%C 40,57 Tryps ++ T. vivex

7 39,87C 39,50  Tryps 4+ T, vivex

8 39,9°C 39,0 Tryps ++++ T. vivix Breed
9 39,9°C 38,07 Tryps 4+ Ek viynx

10 39,5°C 38,0,/ Tryps 4+++ T, vivox

11 40.0°¢ 26,000 Tryps ++4+ 2. vivax

12 40.0%¢ 35.5%  Tryps +++ 1. vivox

13 40,0°C 35,5, Tryps +++ L, vivax

14 40,0%C 33,00 Tryps ++ T. wvivex

15 39,8°C 33,0/  Iryps + T. vivax

16 39,8%C 30,0  Tryps + T, vivoax

17 35,8°C 30.00  Tryps +++ . vivix




Day Temperature Y'PCV HCT Thin Smear

18 39.8°C 29.0/ Tryps +++ T. vivex
21 39,9°C 27.0; Tryps ++++ 7, vivax
25 4{.‘.00{: 2350, Tryps +++ T, vivax
28 40,2°C 23.0;. Tryps ++ T, vivax
31 39,8°C 20.0/ Tryps + T. vivax

36 35.0°C 20,0¢ Tryps + T. vivax

o . Wy n m »
39 38.,8°C 19.0/ Tryps ++  I. vivax
42 38,9°C 18.0,° Tryps + I. vivax
44 36.5°C 18,0,/ Tryps + T. viva

49 3645°C 16,0 Tryps + NPF

51 35.6°C 18.0¢ Tryps + T, vivax
53 3&3.1-0(‘: 19,0/ Tryps + i vixf_:-':x
58 37.0°% 20,0’ NPF NPF

60 33.9°C 17,0  Tryps + T. wivax
63 39,0°C 18,044 NPF IPF

65 39.5°C 20.5/ NEPF NEF

70 39.,0°C 21.0/ NFF 90

72 39,0%C 21.5.. NPF NPF

77 38,69C 21 00 Tryps + 104 39

79 33,8°C 21,0 NPF

81 36,8°C 21.5 PP P

85 5.0°C 23,0, * NPF NEF

86 283,5°C 24,0 NPF NP
88 38,5% 24,0, NFF M
9 38,59 24,5 NEF [OF

L3

o
W
N
aQ o
N
A
-
=

38, NPF NEFF



Day Teuperature S'PCV HCT Thiin Smear
5 58,5%C 25,04  NPF NPF
98 38.69C 25.5," NPF NP¥
100 32,5°C 26,0,  NFF NFF
102 38,5°C 26,0%  NPF NIF
109 36,59 26,57  NPF NPF
115 38,45 26,04  NEP N2
102 36,6°C 26,0%  NPF NPF
129 35,4°C 25.,5%  NPF NPF
135 et 4YC 25,0 HPF NPT
157 36,590 26,0,  NFF NPP
164 32.5°¢ 26,0/  NPF NEF
174 23,570 26,040 NEF NEF



HEIFER NO. I 66 (CONTROL)

260

Day Temperature YPCV HCT Thin Smear
- 35 38.5°C 42, 0% NEF 1. mutans few
- 29 138,4°C 40, 0% NPF T. mutans few
- a2 38, 6°C 4045% NPF T. nmutans few
- 15 38.4°¢C 40, 0% NPF T. mutans few
-8 3&,4°C 40, 0% NPT NPF
-3 38,39 41,08 NPF NER
¢! 33,5%C 42, 0% NFF NP
1 %63, 4°¢ 47, 5% NPF NPF
2 38.5°C 540, 0% NEF NFF
3 38.5°C 40, 5% NPF NPF
4 3e,5% 40, 5% NPF NPF
5 38,5°C 41, 5% NPF NPF
6 58,49 b, 0% NEF NPF
7 38,3°C 4O, 0% NEF NPF
8 38,6°C H0 4 0% NPF LEF
g 383,4°¢ 40, 0% NEF NFF
10 38.5°C 41 ,5% NPF NPF
11 36,59 41, 0% NFF NPY
12 38.5°C 40, O NPF NPF
1% 36,590 40, 0% NPE NPR
14 35,5°¢C 40, 0% NFF NPF
15 35.6°C 40.0% NPF REF
16 38.4°¢ 41, 0% NPF NPF
30.,6°C 4O 0% NPF NPF



™
N
—

Day Temperature WPCV HCT Thin Smear

18 35,7°C 40 . 0% NP NEF

21 38,6°C 39,04 NPF NEF

25 35.5°C 39.0% NPE NPF

28 33,59 40, 5% NPF NPF

31 38,5°C 41, 0% NPF NEF

36 383,459 41 L O NFF NFF
39 353,59 41 Qv REF NER

42 33.3°C L2, 0% NPF NET

Ll 365,590 L2, 0% NPF WET

49 383.5°C 41, 0%% NEF . myutans few
51 36,490 L0, 0% K193 Y. mutans few
53 32,490 Lo, 08 “PF NPF

58 %3.3°C 41, O NPP NPF

60 26.6°C 41,0 NPF NEF

63 38,5°C 40, 0yt NPF PR

65 33,59 40, 0% NPR JPF

70 38,4 °C 41.5% NPF NER

72 33,59 41 5% NPR NPF

77 35.5°C 41, Os NPF BEE

79 38.5°C 40,00 NPF NFFP

81 25,%59C L. 04 NPF NPT

85 38,4°C L, 0% NPF NPF

86 38,3°C 41, 08 NPF NPF

88 38,5 41,04 NPF T. mutans few
91 58,49 40, 0% NPF NPF



262

Day Temperature C4PCV e~ HCT ~Thin Smear

93 38,4°C 39. 0% NPF NEF

95 36.5°C 39. 0 NPF NFF

98 38.5°C 40,545 NEF NPF

100 28.57C H0 55 NPF NFEF

102 .. 35,5°C L0, O NPF NPF

109 35,4°C Lo, 0% NEF NPF

115 35, 45¢ 41 ,0% lNPF NFF

122 3¢,6°C 41, 0% NPF PR

129 38,5°¢C 42, 0% NPF T, mutans few
135 %8,5°¢ 41 ,5% NPF T. mutans few
157 38.5°¢C 40, 0% NPF NEE

164 38.5°C 47, 0% NDF NEPF

171 33.5°C 40, 5% NPF NPF



HEIFER N )

Day I'Omp::r.ature %PCV HCT Thin Smear

- 35 36,5°C 35,04 NFF T. mutans few
- 29 35-‘.2‘0? 35.. 0% PR :_. Eﬂ;ans few
- 22 38.50(. 35 .5% MPF ___. mutans few
- 15 36.5°C 354 05: NPF T. mutens few
-8 28,5°C 35.5% NPF NPF

-3 554 69¢ 364 0% NPF NIE

0 38,4°C 354 5% NPF NEPF

1 38,5 35.5% NEF NPF

2 33.5°C 35, 0% NFPF NPF

3 30,.5°C 35 o O NEF HPF

4 38,5°C 36,5% NPF NEF

5 36,3°C 38, 05 NPF HEF

6 3t:43°C 38,01 NPF PR

7 58,5°¢C 38,0 NPF %30

8 312,49 364 55% NEF NPF

9 38.5°C 38, 0% NEPF NPF

10 32.5°C 38, 5¢ NPF HPF

11 38.5°C 36,5% NPF NEF

12 38,5°C 37, 0% NPF NPF

13 38,4°¢ 37, 0% NPF HPF

14 38,5°¢ 37,04 NPF {PF

15 38.5°C 3745% NPF . mutans few
16 38,4°C 37,05 NPF NPF

17 38,5°¢ 36, 5% NEF NPF
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Day Temperature %PCV HCT Thin Smear
18 38,4°C 36, 0% NPF NFF
21 58,5°C 38.0% i{PF NPF
25 38,6°C 3805 NPF NFPF
28 38.7°C 38, 0% HPF NPF
31 33,5°C 38, 5% 1PF NEPF
36 322, 6°C 37.05% 1PF NIF
39 36,6°C 37.0% NPF NEF
42 3,5 38,0% NPF NEF
bty 38,5°% 38,04 NPF NEF
49 38,6°C 35 ¢ 5% NPF NPF
51 38.5°C 364 0% NPF NEF
53 36545°C 364 0% NPF NPF
58 35.4°C 364 0 NPF NPF
60 38,5°C 36, 0% NPF NPF
6% 33,5°C 36,0 IiPF NPF
65 33.3°C 36, 0% NFF NPF
70 38,5°C 38, 0% NPF NPF
72 38,5°¢ 38, 05 IPF HPF
77 36.4°C 374 5% NPF NEF
79 38,5°C 36,05 NPT HPF
81 38,5°C 38.0% NPF NPF
85 38,5°C 3645% NPF NPF
86 56,5°C 36, 05 NEF NPF
88 38,5°C 38,04 NPF HEF
91 3845°C 37.0% NEF NPF



N
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Day Tenperature %WPCV HCT Thin Smear
93 38.6°¢ 35.5¢% NPF NPF
95 38.5°C 35, 0% NPF NPF
98 38.7°C 364 0% NPF NPF
100 35,5°C 36,08 NPF NPF
102 33.5°C 36,54 NPF NPF
109 IBS.SOC 36,4 5% NPF NPF
115 38.4°¢C 3704 NPF NPP
122 33,5°¢ 38, 0% MPF NPF
129 38.5°C 35 o O NDPF NPF
135 38,5°C 40.0% NEF NPF
157 38.6°C 40,0 NPF NPF
164 38,4°C 38,55 NPF IIPF
171 33.5°C 38,04 NFF NPF



APPENDIX 2

CHANGES IN RECTAL TEMPERATURE, PCV
AND PARASITEMIA IN PREGNANT ZEBU
HEIFEAS EXFERIMENTALLY INFECTED WITH
TRYPANCSOMA VIVAX DURING THE FIRST
TRIMZSTER AND THOSE OF THE CONTROLS

66
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HEIFER NO. 1633

Day Temperature #%PCV HCT Thin OSmear

= 35 36.5°C 37.0% NFF 2. mutans few
- 29 38,4°C 38,050 NPF T. mutans few
- 22 38,5°C 34,0%  NFF T. mutans few
- 15 3845°C 33.0% NPF T. mutans few
-8 38,6°C 43,0%  NPF T. mutans few
-3 38.5% 42,05  NPF T. mutans few
0 38.5°C 42,0/ NPF NPF

1 36.8°C 41,6%  NPF NPF

2 38.5°C 42,084  NFF NPF

3 845°C 35.0% Tryps + T. vivax

4 38+5°C 33.0% Tryps ++ Te vivax

5 38:57°¢ 30.0% Tryps +++ T, vivax

6 39.07°C 27.5%  Tryps +++ T. vivax

7 38,8°C 30,0y Tryps ++ T. vivax

8 38,5°C 29,0% Tryps +++4+ 1. vivax

9 38,7°C 28,06, Tryps ++++ T. vivax

10 364,9°C 29.0¢1  Tryps ++++ T, vivax

14 3‘-.}.O°f3 32,0 Tryps +++ 3. _.r_l_\f_'}_:_{_

b 1 39.2°C 29,04 Tryps ++ T. vivax

13 39.5°C 29.05%  Tryps ++ I. vivax

14 39.5°C 28,0% Tryps ++ T. vivax

15 40,0° 28. 0% Tryps ++ I, vivax

16 35.1°C 26.5% Tryps + T. vivax

17 35,8°C 28.0% Tryps ++++ T, vivax

18 38,9°C 28.0% Tryps ++++ T. vivax




Day Temperature ®PCV HCT Thin Smear

21 39,1°C 26.0% Tryps +++ T. vivax

25 39,5°C 24,0%  Tryps +++ T, vivax

28 39,0°¢ 24,07 NPF NPF

21 39120 21,04 Tryps ++ T. vivax

36 38,7°C 20.0# Tryps +++ T. vivax

39 40,0°C 21.05% Tryps ++ T, vivax Aborted
42 39.8°C 28,0% NPF NPF

L4 39.2%C 24,04  NPF NIF

49 38,3°C 26.0% NPF NPF

51 40,1°C 27.0% NPF T, mutans few
53 39.3°C 27.0¢  NPF T. mutans few
58 39.1°C 30,0%¢  NPF T. mutans few
60 39.3°C 28,05  NPF NPF

63 38,7°C 28,0%  NFF NEF

65 39,3°¢ 28,04 Tryps ++ To vivax

70 3¢ 1700 24,04 Tryps + T. vivax

72 39,1°C 24,04 NPF NEF

77 36.5°C 29.0%  NPF NPF

79 38,5°C 29.0% NFF NPF

81 38,6°C 30,04  NPF NPF

85 30,4°C 32,0% NEF NPF

86 38.9°C 26.0%  NFF NPF

88 33,5°¢C 28,04  NPF NEF

91 38.5°C 29.04 NFF I, mutans few
93 38.4°C 29,0%  NFF T. mutans few

95 38.5°¢C 30,0 NPF NPF
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Day Temperature YFCV HCT Thin Smear
98 38.5°C 31,06 NPF NEF
100 38,5°C 31.5% NPF HPF
102 35.4°C 32 .0 NFF NPF
115 33.7°C 32 5% NPF NPF
122 33,6°C 33,055 NPF NPF
129 3644°C 32,0% NPF NPF
135 313,5°C 31, 0% NPF NEF
157 38,5°C 31,04 NPF NPF
164 30145°C 31,04 NPF NPF
171 35,5°C 30,05 NPF NEF



HEIFER NO, 1703

27C

Tryps ++

Day Temperature wPCV HCT Thin Swear

- 35 33.5°C 30.0%  NPF I, mutsns few
~ 29 38.5°C 31.0%  NPF T, mutans few
- 22 38.4°C 29.5%  NPF T. mubtans few
- 15 38,5°C 77 29,0%  NPF NFF

- 8 38,6°C 29,54  NPF NPP

-3 38,5°C 29,0% NPF WPP

0 383.5°¢ 29.0%  NPF . NFF

1 36, 4°C 28,54  NPPF NPR

2 33,49C 28.5%  NPF NPF

3 38,5°C 27.0%  NPF NPF

4 36,590 26,04  Tryps + NPF

5 38.5°¢C 24.,5%  Tryps ++ T, vivax

6 32,8°C 25,0%  Tryps ++ T. vivax

7 39.5°C 25.05%  Tryps ++++ I. vivax

8 59.2°C 24,5%  Tryps ++++ T, vivex

9 36.5°C 22,08 Tryps ++++ T, Vivax

10 38, 5°C 23,04  Tryps ++++ T. vivax

11 38,2°C 21.0%  Tryps ++++ T, vivax

12 57.7°C 23.0% Tryps ++ 1. vivax

13 36,5°C 23,0% Tryps ++  T. vivax

14 38,89C 23.,5%  Tryps +++ T.ovivax
215 38.9°C 23.5%  Tryps +++ T, vivax

16. : 39.900 25 ,0% Tryps +++ T, vivex

17 40,0%¢ 25.0¢  Tryps ++  T. vivax

18 39.9°C 26,05 T. vivax



— "

Day Temperature %PCV HCT - Thin Smear
21 36,8°C 26,04  Tryps ++ T, vivax
25 40,0°C 25.04  Tryps ++ T, vivax
28 23,5°C 26,0%  Tryps + T. vivax
3 39,0°C 24,5%  Tryps + NPF

36 37,6°C 24,04  Tryps + T, vivek
3G za 50 24,5%  WEF NPF

42 f533.306‘ 25 ,5% Tryps + T. vivax
by 33,200 25.,5%  Tryps + T. vivax
49 %2,8°C 24.,0%  Tryps ++ T. vivax
51 40.2°C  25.5%  Tryps ++++ T, vivax
53 39,4°C 20,0%  Tryps +++ T. vivax
58 20, 6°0 28.04  NPF NPT

60 35, 79C 28,04  NPF NFF

63 34,570 24.,0%  NPF NPF

65 39,1°¢C 27,54  NFF NPT

70 28, 6°C 21,04  NPF NEF

72 38.5°¢C 24,0%  NPF NPF

77 24,0°¢ 26,09  NPF NEPF

79 39,0°C 27,06  NEF NPP

81 %3, 6°C 29,0%  NPF NPF

85 8,4°¢ 29,5%  1DF NDF

86 385,570 28,5%  NPF NPF

88 38,5°%¢ 30,04  NPF NPF

g1 38,5°C 30,04 NPF NPF

93  38,6°%C  29,b%  NPF NPF

95 - 38,5% 29.0%  NEF NPF



™
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Temperature

Day YPCV HCT Thin Smear
98 38,5°C 31.0% NPF NPF
100 38,6°C 30, 0% NEF NPT
102 38,6°C 30, 0% NPF NFF
109 38,5°C 30,05 NEPF NPF
115 33.57C 28,5% NDF - NPF
122 38,5°C 29, 0% NPF NPF
129 35.8°C 27.0% NPF NFPF
135 38.5°¢C 28, 0% NPF NPF
157 36.4°¢C 27.5% NPF NPF
164 39.7°C 30, 0% NPF NPF
171 38.5°C 29.5% NEF NPF



HEIFER NO, 1714
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Day Temperature KPCV HCT Thin Smear

- 55 38,4 °C L2,0%  NPF T. mutans few
- 29 8.6% 43,00 NPF T, nmutans few
- 22 38,5°C LL,0%  NPF T. mutans few
- 15 38,5°C 4t4,5%  NPF NPF

-8 38,6°C 45,0  NPF NFF

-3 33,6°C 45,06  NPF NPF

0 38,5% 45,0%  NPF NPE

1 38,5% 45,0%  NFF NEJ

2 38,4°C 45,04  NPF NEF

3 39,0°% 42,046 Tryps + T. vivax

4 38.8°C 34,5%  Tryps ++ T. vivax

5 38.,4°C 3545  Tryps ++++ T. vivax

[ 38,8°C 35.00( Tryps ++++ T, vivax

7 39.,0°C 33,06 Tryps ++++ T. vivax

8 38,5°C 33,0% Tryps +++ T. vivax

9 38,8°C 33.5/% Tryps +++ T, vivax

10 39.0°C 35.5% Tryps +++ T, vivax

11 39.4°C 34,0/ Tryps +++ T, vivax

12 39,5°C 3L.04  Tryps ++ T, vivax

13 38.5°%C 31.9” Tryps + T. vivax

14 37.8°C 37 5% Iryps + T, vivax

15 38,7 38.,5% Tryps + i. vivax

16 38,9°C 344,55 Tryps ++ T, vivax

17 33,5°C 35.04¢4 Tryps + T, ‘vivax
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Day Temperature WPCV HCT Thin Smear

18 38.8°C 34,5%  Tryps + T, vivax

19 39-006 30.5%  Tryps + T ﬁivax

2B 38,900 29.5%  Tryps ++ T, vivax

28 38,2 29.0¢ Tryps =+ T. vivax

1 36,6°C 32,0%  Tryps + T. vivax

36 28,5°C 34,5,  NPF NEF

39 36,09 37.0%  NPF NPI

b2 39.0°C 34.5%  Tryps + T. vivax

b 25.3°C 38,0, NPF NPF

49 38.5°C 35,59  NFF NEF

51 39.39% 37,04  NPF NPF

53 39,2°C 36,5¢  NPF NPT

58 59.0°C '37.0{/  NFF NPF

60 30.5°% 34,05 NPF NEF

53 38, 9°C 32,00 Tryps + T, vivax

65 3005°C 32,5/ Tryps + T. vivax

70 35.5°C 32,0¢¢ NPF NPF

72 38.5% 32,05  NFF NPF

77 39.5% 30,5  NPF NPF

79 39.0°C 32,044 NPF NPF

81 38.5°%C 32,5  NPF NPF

85 38,5°C 33,00 NPF NPF

86 38.5°C 34,0  NEF NEF

88 38,5°C 33,004 NPF NPF
38,59 33.0%  NPF NFF



295

Day Temperature %RCV HCT Thin Smear
o3 38.5°C 33.0%  NEF NPF
'_95 38,5°C 34,5%  NPF NER

98. | 38.7°C 35.0¢6  NPF NPF

100 38,5°C 33,0%  NPP NPF

102 35, 7°C 32.5%  NPF NPF

109 38,5% 32.0%  NPF NEF

115 38,9°C 33,05%  NPF NPF

122 38,6°C %6.,0%  NEF NFF

129 38,5°C 35,54  NPF INPF

1%5 38.5°C 33.5¢%  LPP NPF

157 38,6°C 23,00 NPF NPF

164 33.5°C 33,04  NPF NPF

171 38.5°C %0,0%  NPF NPF
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HEIFER NO. 1817

Day Temperature %PCV HCT Thin Smear

- 55 36,5°C 35,0% NPF 7. mutans few
- 29 33,7°C 34,5%  NPF T, mutans few
- 22 33,6°C 34,04  NEF T, mutans few
- 15 38,5°C 34,04  NFF T, mutans few
-8 3845°C 34,5% NFF NET

-3 38,7°C 35,0%  NPF NPF

0 %8,6°C 34,06 NFPF NEF

1 38,5°C 34,0%  NPF NEF

2 36,8°C 25,046 NPF NEF

3 38,6°C 32,0%  NPF HEF

b 39.4°C 30,0% Tryps + 7. yivex

5 39.8°C 31,084 Tryps + T. vivax

6 39.20C 27.5% Tryps +++ L. vivax

7 38,6°C 26.05% Tryps ++++ L. vivax

8 38,6°C 25,06 Tryps ++++ T. vivax

9 38,5°C 26.0%  Tryps ++++ L. vivax

10 3£.8°C 26,005 Tryps +++ T, yivax

11 38,9°C 26.5% Tryps ++ Lo vivax

12 5644°C 25.5% Tryps + T. vivax

13 3943°C 26,04 Tryps + T. vivax

14 39.5°C 26.0% -« Tryps ++  T. vivax

15 38,4°C 25,0% Tryps ++ T, vivax

16 33,8°C 26,04 Tryps + T, vivax

b 4 5).00{3 25.,5% Tryps + T, vivax



Day Temperature %CCV HCT hin Smear
| 18 39.906 2_1&.05’5 Tryps ++ 1. vivax
| 21 39.80C 24,5%  Tryps +++ T, vivax
.25 ‘ 40.,0°¢C 24.0%  Tryps ++ I, vivax

28 . 38.7°C 28,04 NEP NPF
.31 . 38.5% 27.5%  Tryps + I, vivax
26 38.7°C 26,04  Tryps +++ T. vivax
39 38.3°C 28.0%  NPF mpF
42 | 39.5°C 28,04  Tryps + T, vivax

bl 39,0°C 26.0%  Tryps + T. vivax

49 38,6°C 27.5%  NPF NEF

51 38,9°C 28,05  Tryps ++ T, vivax

53 ” 39.0°C 25,04  Tryps + T. vivax

58 38.5°¢C 28,5%  NPF NPF

60 %9,1°¢C 24,04  NPF | NPF

63 38.5°C 22.0%  NPF NPF

65 38,5°C 25.04  NPF NPF

70 33,7 °C 24,5%  NPF NEF

72 33,6°0 26.0%  NPF NP

77 38,5°C 25,04  NPF HEF

79 53,69 26,006 UPF | NPF

81 33.5°C 25,04  NEF NPF

85 %8.,5°¢C 27.5%  NEF NPF

86 38.5°%C 27.5%  NPF NPF

88 2.5% 27.5%4  NPF NDPE

91 38,5 29.0%%  NPF T, mutans few

9% %3, 4°C 29,04  NDF NEF
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Thin Smear

Day Temperature %PCV HCT

95 38,7°C 28, 0% NPF NEF
98 38.5°¢C 27 .5% NFF NPF
100 38,5°¢C 27, 0% NPF NPF
102 38.5°C 27 4 0% NPF NPF
109 38,8°C 28.0% NPF NPF
115 35,4°¢C 29.0% NPF NPF
122 38,5°¢C 28,55 NPF NFF
129 38.5°C 27 . 0% NPF NPF
135 38,45C 28,04 NPF NPF
157 38,5°C 27 5% NFF NFF
164 383.4°C 27 . 0% NEF NPF
171 38,5°C 27 5% NEF NEF



HEIFER NO. 1764

(Control for 1st Trimester Trial)
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Day Temperature YFCV HCT Thin Smear

- 35 38.5°C 45,04 NPF T. mutans few
- 29 38,5°¢C 46, 0% NPF T. mutans few
- 22 38,6°C 46,55 NPF T. mutans few
- 15 38.5°C 46,0 NEF NPF

- 8 38,5°C 46,04 NPF NPF

-3 38,7°C 46,0% NEF NiF

0 38,5°C 47,04 NPF NEF

1 38.4°C 46,5, NPF NPF

2 38,5°C 46,0 NPF NEF

3 38,5°C 47,04 NPF NPF

4 38,6°C 4645% NPF NPF

5 38.5°C 46,54 NPF NPF

6 38,5°C 46,0 NPF NPF

7 38,5°C L8, 0 NEF NPF

8 38,6°C 46,0 NEF NEF

9 38.6°C 45 55 NPF NPF

10 38,6°C bl 5 NEF NPF

11 38.5°C Lk (5% NPF NEF

12 38,4°C b 0y NPF NPF

13 38,6°C b4, 0% NE'F T. mutons few
14 38.5°C 47 . O% NEPF T. mutans few
15 38.5°C 47,5  NFF T. mutans few
16 38,5°C 46,04 NPF T. mutans few



Temperature

SePCY

Day HCT Thin Smear

17 38,50 45, 0% NPF T, mutans few
18 38.5°% U5 o O% NPF T. putans few
21 38.5°C 45 5% NPF T, mutars few
25 %8.5°C 43, 5% NPF T. mutans few
28 3844°C 43 0% NPF I. mubtans few
31 33.59C Gty 0% NPF T. mutans few
36 38,6°C b, 5% NPF NPF

39 38,59 43,09 NPP NPF

42 38.5°C by, 0% NPF NPF

L 38.5°C 42,0% NFF NPF

49 36.5°C 43,0% NPF NPF

51 33,5°C 40,0% NPF NEF

53 38,5°C L2, 5% NPF NPF

58 38.5°C 43, 0¢f NPF NEF

60 38.6°C 45, 0% NPF NPF

63 33,6°C 40, 0% NPF NPF |
65 38,5°% 42 0 NPF NPF h
70 38.5% 42,5 NPF NPF

72 38.4°¢ 42 5% NPF NPF

77 38.5°C 43, Q% NPF NPT

79 33,5°% 43.0% NPF NPF

a1 33.6°C 42.5% NPF NPF

85 38.4% 42,04 NPF NPF

36 38,6°C 42, 0Kt NPF NPF

88 33.5%C 43, 0% NPF NPF

91 35.5% 43,05t NPF NPF
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Day lemperature GPCV HCT Thin Smear
93 36,4°0 45.0% . WPF NPF

95 33.,6°C by, 5% NEPF NPF

08 38,5°¢C bl , O NPF NPF

100 38.5°C 43,54 NPF NEF

102 38.5°C 42, 0% NPF NPF

109 35.5°C 40, 0% NPF NPF

115 36.5°C 42,0% NPF T. mutans

122  38.5% L2, 05 NPF T. putans
129 38,6°C 43,044  NPF T. mutans

135 36.7°C 43,04 NFF T. mutans

157 38.7°C L3, 0% NFF T. mutans

164 33,6°%C 4y, O NPF T. mutang

171 38.5°C 43,54 NPF T, nutans



HETIFER NO, 1801

(Control for 1st Trimester Trial)
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Day Temperature ‘PCV HCT Thin Smear

- 35 34.5°C 39,04 NPF T. mutans few
- 29 28.6°C 35.01 NPF I. mutans few
- 22 3t5,6°C 32, 0% HPF T. mutans few
- 15 38,6°C 30,04 NPF NPF

- 8 3t:45°C 32,04 liPF NEF

- 'S 33.5°C 33,0; NPF NP

0 38.5°C 32,5Y% NEF NPF

1 33.4°C 32,5} NPA NEF

2 38.5°C 33, 0% qFF E

3 3:.5°C 32,5% NEPF NPF

4 38.5°C 32.5) IPF NPR

5 36.5°C 32,0y PR NPT

6 35.5°C 32,04 HEF NEF

7 33.5°%C 33,0, NFF NEF

8 3645°C 33,0’ NPF IPF

9 38.5°C 33.5% NFPF PF

10 %3,6°C 32,5 I'PF HPF

1 38.6°C 32,5 1P P

12 3645°C 32,04 NPF upw

13 31,5°C 33,0 NPF NPT

14 38.5°C 33,0 NPF HFF

15 56.5°C 35505 NPF NPF

16 8.5°C 33,0y NPF PF
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Day Temperature  ypgoy HCT Thin Smear

17 38,5% 32.5¢ NPF T. mutans few
18 38.6°% 32,0 NPF T. mutans few
21 38,4° 33,04 NFPF T. mutans few
25 38,5°C 34,07 NPF I. mutans few
28 38,5 34,54 NFF L. mutans few
31 38.7°C 33454 NPF T. mutans few
36 3845°¢ 34,0y NPF I. mutans few
39 38:5% 34,04 NPF T. mutans few
42 38.5% 33.5% NPF L. mutans few
e 38,5°C 33.0¢ NPF NPF

49 38,4°¢ 32,55 NPF NFF

51 38,5°C 32,0/ NPF NFPF

53 38,6°C 33.0¢ NPF NEF

58 38.6°C 30, 5% NPF NFF

60 38.5°C 30,5 NEPF NPF

63 38.5°%C 310 NFF NPF

65 38.5°C 32,5y NPF NPF

70 38.5% 32,04 NPR NPF

72 38.5°% 32,04 NEPF NEF

77 38.6°C 31.5¢ NEF NPF

79 38.5° 31 4 0 NPF NFPF

81 38,5% 31,0/ NPF NPF

85 38.6% 35.04" NPF HPF

86 38.5° 33.0y NFF KPF

a8 38,5°% 31.04 NPF NPF

91 38,5% 34,08 NPF NPF
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Day Temperature YPCV | H CT.I‘ WW‘I‘h in Smear

93 33,5°C 33.5% NPF NPF

95 3846°C 33,05/ NPF NPF

98 38,5°C 33, 04 NPF NPF

100 38.6°¢C 32,55 NPF T, mutans few

102 38.6°C 35 .04 NPF T, mutans few

109 33.6°C 33,55 NPF T. mutans few

115 35.,5°C 33,0/ NPF ¢ mutans few

122 33.5°C 35,04 NPF W.omutar s fow

129 33,5°C 32.5%" NPF L. wotang 2%
135 38,5°C 33.0% NDF T, mutans few

1 57 38,5°C 33.5% NPF ", mutens few

164 33,6°C 33,0 NPF ", mutens few

171 33.5°C 33.0% NPF 7. mutans few



APPENDIX 3

CHANGES IN RECTAL TEMPERATURE, PCV
AND FARASITEMIA 1IN PREGNANT ZEBU
HZIFERS EXPERIMENTALLY INFECTED WITH
TRYFANOOCOMA VIVAX DURING THE SECOND

TRIMESTER AND THOSE OF THE CONTROLS
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HEIFER NO. 318

Day Temperature - < PCV HCT Thin Smear
- 35 38.59C 38,0 NPF NEF

- 29 38,6°C 37,0, NPF LPF

- 22 38.5°C 38,5  NPF NPF

- 15 38.5°C 39.0," NPF NEF

-2 36,4°C 36,0, NPF NPF

-3 38,59C 35.5; NPF HPF

0 3344°C 35,0, NPF NEF

1 3349 37.0;0 NFF JPF

2 38.6°C 38.0%  NFF HPF

3 38.6°C 39.5;" NPF NEF

b 38.4°C 39.0¢ NFF NPF

5 38489 39,0,/ NEF NPF

6 38,£°C 38,5, NPF NET

7 386.8°C 38.0;" Tryps + e vivaz
8 356°C 40,0,/ Tryps + 7. vivaz
9 38,9°C 37.0i° Tryps ++ I. vivax
10 39.6°C 39,5 Tryps +++ I, vivax
1 39,8°C 36.0 Tryps +++ T. vivax
12 39.8°C 36,5 Tryps +++ L. vivax
13 39.9°C 35.0) Tryps +++ L. vivax
"% 40,09 35.00 Tryns +++ T. vivax
15 39.5°C 34,57  Tryps +++ T, vivax
16 31.9°¢ 31,0y Tryps ++++ 1, vivax

17 38,4°C 33,0/ Tryps ++++ T. vivax
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Day Temperature S'PCV HCT Thin Smear
186 39,8°C 32,0/  Tryps +++ L. vivax
21 39,8°C 35457 Tryps ++++ L. vivex
25 9.7°C 33,07  Tryps +++- L. vivax
28 39.1°€C 31.5% Tryps +++ T, vivax
31 33,2°% 30,59 Trype ++ T, vivax
36 40,3°C 32, 0% Tryps ++ T. vivax
39 39.5°C 31,0  Tryps ++ 7. vivax
42 36,0°C 30405 Tryps + T. vivax
by 39,1°C 30,04  Tryps + 7. vivax
49 33,0°C 31.07 Tryps + T. vivax
59 30.3°C 32,04  NPF NPF

93 22,09C 30,00 Tryps + T. vivax
58 3¢.5°C 29,5/  Tryps + T, vivax
60 34,5°C 31,04  NPF P

63 33,6°C 32,05 NEPF HPF

65 38.,4°C 28457 Tryps + T. yivax
70 38.6°C 29.0¢ Tryps + 7, vivax
72 38.5°C 29,5  NPFF NEF

77 3545°C 28,08/  NPF NEF

79 33,6° 29,04  NPF NEF

&1 38,3°C 28,0, 123 NEF

85 40.1°C 23,5  NFF 933

86 32,9°C 20.5  NPF NPF

86 30,8°C 18,0,  Tryps ++ T, vivax
91 38,7°C 20,0, NPF NEF
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Day Temperature “BCV HeT Thin Smear
83 32846 C 21.0% NPF NPF
95 33.6 C 22,54 MPE NPF
98 383v6 C 25 W 54 NPF NET
100 38,3 C 25 .0y NI'F NP
102 28545 C 23.5)¢ NPF HPE
109 38.5 C 25,05 NPF NEF
115 33,5 C 27.0% NPF NFF
122 38,5 C 26.5% NPF NEF
129 3847 C 29.5% NPF NEF
135 38,2 C 29.0% MPF NPF
157 38.6 C 29.5% NEF NEF
164 35.5 C 29.0 NPF NIPF
17 38,7 C 30,000 NPR NEF
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HEIFER NO, 327

Day Temperature  Y¥PCV HCT Thin Smear
- 35 3645°C 43,05 NPF NPF

- 29 38 ,,4°C 42,5y NFF T. mutans few
- 22 3645°C L2.,5% NPF T, mutans few
- 15 30,57 43,0 NEPF NEPF

-5 38.6°C 43,0y NFF NEF

-3 35,4°C 42,5% NEF NEF

0 3¢.5% 43,09 NEF NEF

1 38,5% 42,0y NPF NEF

2 35,58°C 40,0¢ NPF NPF

3 37.9°C 43,09, Tryps + NEF

4 38.4°C 35,5 Tryps ++  I. vivax
5 3&,8°C 38.00° Tryps ++ T. vivax
6 za,8°C 38401 Tryps +++ T. vivex

7 39,4°C 37 55 Tryps ++++ T, vivax
8 39.2°% 34,0/ Tryps ++++ T, vivax
9 39,1°C 34,0/ Tryps ++++ 1. vivax
10 30,4°C 33,0 Tryps ++++ T. vivax
11 39.0°% 35.55" Tryps ++++ T. vivax
12 35,0°C 3045% Tryps ++++ T. vivax
13 39.4°C 30455 Tryps +++ T. vivax
14 59,5°¢ 30,5¢ Tryps ++ T. vivax
15 39.5°¢C 28,54 Tryps ++  T. vivax
16 40,3°C 30, 05% Tryps ++  T. vivax
17 39.5°C 30,04 Tryps ++  T. vivax
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Day Temperature  %FPCV HCT - Thin Smear
18 - 39,5% 30,04 Tryps ++ T, vivax
2 32,49 30, 5% Tryps + T, vivax
25 39.0°C 30,04 Tryps + . vivax
28 39.4°¢C 28, 5% Tryps + T, vivax
31 30.4°C 26,0 NFPF NET

36 A9,.6°¢ 30,040 Tryps + T. vivax
39 34.2°C 36, 0% Tryps + I. vivax
42 39.0°C 30,04 NEF NPF

L 39,5°C 28.0% Tryps + T. vivax
49 39.5°C 29, 0% NPF NEF

51 39.4°C 30,04 NIF NEF g
53 39.4°C 26, 0 Tryps ++ L. vivax
58 %9,0°¢ 26,0 Tryps + T. vivax
60 32.5°¢ 29, 0% Tryps + T. yvivex
6% 33.5°C 30,0 Tryps + I. vivex
£5 38,0°C 30, 05 NEPF NPF

70 33,5°C 30. 0% Tryps + T. vivax
72 36.5°C 31,04 Tryps + T. vivax
77 38,6°¢C 30,05 NPF NEF

79 35.4°C 30, 0¥ Tryps + NPF

81 283,5°¢ 30,07 Tryps ++ 2, vivax
85 33.8% 30,04 NPF NEF

86 3,5°C 29, 5% NEF NPF

88 - 3e.4% 27.0% NPT NPF

91 30,6°C 28,0/ NPF NEF
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Day Temperature " PCV HCT Thin Smear
93 38.6°C 30,0/ NEF NEF

95 30.5°C 29,0/ NIF NEF

98 35,5°€C 26,05 NEF NDF

100 78.4°C 24,55 Tryps + T. vivax
102 36.4°C 25,05 NFF HEF

109 31,5°¢C 27.0% NPF NPE

115 38.5°C 26,044 NEF MPF

122 3845°C 30,05 NPF NPF

129 38,59 30, 0% lPF NPF

133 38,6°C 31,05 NEF NPR

157 38.5%C 30, 5% NPF NEF

164 33,5°C 30,05 NPF NPF

171 38.5°C 30,04 NEF WF



HEIFER NO, 325
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Day Temperature “%PCV HCT Thin Smear

- 35 3545 °C 4O, 08 NEF UPF

- 29 38.4°C 40, 0 NFF NPF

- 22 36.5°C 3945 NPF T. mutans few
- 15 35.5°C 40,01 NFF T, mutans few
- 8 58.,6°C 38.5% NPF T. mutans few
-3 38,5°C 40,5 NPF NFF

0 383,4°C L0, 0% NPF NDF

1 30.5%C Lo, 05 NPF NFF

2 38,7°C 38,54 NPF MPF

3 33.5°C 39, 5% NPF NPF

4 38.6°C 40, 06! NEF NPF

5 33.5%% 39, 0% NPF NPF

6 38,4°C 39,0 NPF NPF

7 38.8°C 29, 0% NPF NPF

8 39,0°C 39, 0% Tryps +  T. vivax

9 38.9°C 38,59 Tryps ++ T. vivax

10 39.500 38.54% Tryps ++ T. vivax

1 40,0 37.0." Tryps ++++ T, vivax

12 39,5°¢C 374 55! Tryps ++++ T. vivax

13 39.0% 36. 0% Tryps ++++ T, vivax

14 38,89 36,00 Tryps ++++ I, vivax

15 39,0% 34, O Tryps ++++ T, vivax

16 39.5°C 30404 Tryps ++++ T. vivax

17 39.4°C 30. 05 Tryps +++ T. vivax



Day Temperature ¢'PCV HCT Thin Smear
18 39,2°C 30,05 Tryps ++ T. vivax
21 39.0°C 29,5  Tryps +++ T, vivax
25 38,0 26.5%  Tryps ++ T, vivax
28 38.5°C 30.5% Tryps ++ T. vivax
31 36,8°C 27 .04 Tryps + T. vivax
36 38,9°C 26,0/ Tryps ++ Te vivax
39 39429 260! Tryps ++ T. vivax
42 35.0°C 26,0,  Tryps + T. vivax
bb 3548°C 24,55  NPF NPF

49 38,7°C 23.5% Tryps + NPF

51 38,0°%C 24,04  NPF PF

53 32,8°C 24,0 NFF NPF

58 39,1°C 22,04 Tryps ++ T. vivex
60 39.4°C 22,05 Tryps + T. vivax
63 39.6°C 22,0  NFF NPF

65 39.7°C 24 .55 Tryps + T. vivax
70 35.8°C 25,0, NIF NPF

72 38,4°C 22,0 Trps + LPF

T 36.8°C 16.0%  Tryps + T. vivax
79 38,5°C 17.0) Tryps + NEF

81 33.4°C 20,54 NPF NPF

85 35.5°C 20,000  NPF NPF

86 3645 °C 20.0%  NPF NPF

88 38.5°%C 21,0%  NPF NEF

91 38.5°C 24,0  NPF NEF
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HEII'ER NC, 337

Day Tempearature POV HCT Thin Smear
- 35 38,5°C 35 . 0% NEF NEF

- 29 33.5°C 35,00 NFF NE#

- 22 35,690 34,5 NPT NPE

- 15 38.5°C 35 .04 NPF T, mutens few
-8 38.5°C 35.5  NPF T. mutans few
-3 38.4°C 35,0 NPF NPF

0 38,490 35, 0 NPF NPF

1 3:,59¢ 35.0/ NPF HPF

2 38.5°C 35 .55 NFF NPF

3 38.5°C 35,05,  NPF NPF

4 39,7°C 34,54  Tryps + T. vivax

5 39.5°C 34,0, Tryps +++ T, vivax

6 39,6°¢ 34,0 Tryps +++ T, vivax

7 - 39.8°C 33,01 Tryps ++++ T, vivax
8 39.9°C 32.5% Tryps ++++ T. vivax

9 38.5°¢C 30,0, Tryps ++ T. vivax
10 35,40 28,5 Tryps +++ T, vivax
11 39.5°C 27454 Tryps +++ 1. vivax
12 39,5°¢C 27 .5 Tryps ++++ T, vivax
13 39,4°C 27.5Y! Tryps ++++ T. vivax
14 39.5°C 27 .05 Tryps ++++ 1. vivax
15 39.8%¢ 27.0%  Tryps ++++ 1T. vivax
16 39.57¢C 25,00 Tryps ++++ T. vivax

17 55.4°¢C 25.5%  Tryps ++++ . vivax



Day Temperature PCV HCT Thin Smeapr
18 39.0% 27.0%  Tryps 4. Io vivax
21 35.5% 2740 Tryps e I. vivax
25 38.7% 28.5%  Tryps 44 I. vivax
28 39.0% 28,0/ Tryps + Lo vivax
31 39.0% 2B.5%  Tryps L. vivax
36 38.6°C 25 .08 NPF NPF

39 36.0° 25,0 Tryps + T, vivax
42 39.0°C 25,0 NPF NPF

44 39.5% 27 n 05! Tryps + Te vivax
49 39.0% 22.0¢ Tryps + I. vivay
51 39.1%% 21.5  Npp NPF

53 39.2% 19.0¢  NpF NPF

58 39.5°% 17.04 NPF NEF

60 38.4° 21.0¢  Tryps 4 I. vivax
63 38,5°C 24,0, NPF NPF

65 35.5% 26,0  Npp NPF

70 38,5% 26,0’ NPF NPF

72 36.8% 28,5 NPF NPR

Y i 38,5% 28,5 NPF NEF

79 33.9% 28.5"  npp NPF

81 38:5°%% 29,0 NPF NP

85 36.4%% 27.0 NPF NEF

86 3¢,5° 27,5  ypp NEF

88 38,5% 28,0 NFF NFF

91 38.7% 27.0  NPF NPF
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Day Temperature L PCV HCT Thin Smear
93 38.5°C 25,05  NPF NPF
S5 38,4°¢C 274 5% NPF WEF
98 38.6°C 28,04 NPF MDF
100 38.5°¢C 28.0)!  NPF NPF
102 33.5°C 284 0% NPF NEF
109 35.3°C 27.57  NPF NPF
115 37.8°C 28.05.  NPF NPF
122 38,59 28,5  NPF NPF
129 38,3°C 29,0%  NFF NPT
135 38,5°C 29,0/  NFF NDF
157 38.5°C 31.5{¢  NPF NPF
164 38,5°¢C 31,080  NPF NPT
171 36,5 30,04  NPF NPF



HEIFER NO. L 39

(Control Animal)
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Day Temperature  {/PCV HCT Thin Smear

~ 35 58.6°C 33,0,  NFF I. nutans few
- 29 38,6°C 32,0 NPF L. mutans few
- 22 3845°C 3245 NPF T. mutans few
- 15 38,7°C 32,55 NEF NPF

-8 313,5"C 32,5  NPF IPF

-3 38,5°C 32,5,  NPF NPF

0 38.4°C 32,5  NPF NPF

1 38,5°C 32,06  NPF NFF

2 38.5°C 32,040  NPF IPF

3 38,6°C 32,5,  NPF NPF

4 38,4°C 33,0,  NFF NPF

5 38,7°C 32,5,  NPF NPF

6 36,5°C 32,5  NPF NP

7 38.8°¢C 32.5,"  NPF PR

g 36.3°C 32,55 IPF NPF

9 38,5°C 33,0,  NPF HPF

10 38.5°C 32.0¢  NPF T. putans few
11 38,4°¢ 32,04  NEF NPF

12 38.5°C 32,04  NPF NEF

13 36,5°C 33,0/  NPF NEF

14 38,7°C 33.0/  NPF NEF

15 3&.UOC 3255 NPF T, mutans few
16 36.3°C 32.5  NPF 7, nutans few
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Day Temperature  PCV HCT Thin Smegr
17 38,5°C 32,0/ NPF NPF
18 38,6°C 39 .55 NPF NPF
21 38.4°C 31,54 NPF NEF
25 38.,.4°0 31,5 NPF NPF
28 38,6°C 31,04 NPF NPF
31 35,5°C 30,0 NFF NPF
%6 38..5°C 23,0/ NPF NPF
39 38,5°C 32,5 NPF NEF
42 38.59C 30,54 NPF HPF
XA 38.5°C 31,0 NPF NP
L9 38,5°C 31,56 NPF NER
51 38,7°C 32,0/ NPF NEF
5% 38.6°C 32,0% NPF NPF
58 38.3°C 32,04 NPF NFF
60 37.06°C 32,0 NPF NPF
6% 38.5°C 33,00 NPF NPF
65 353.5°C 33,00 NPF NPF
70 38,6°C 33,00 NPF NEF
72 38,7°C 32,55 NPF NEF
T7 38,6°C 32,0/ NFF NPF
79 38,5°C 32,0/ NPF NPF
81 35.,5°C 32,0/ NEF NPF
85 38.5°C 32,07 NPF NPF
86 33,5°%C 32,04 NPF NPF
M 38,3°C 32,0y NPF NPF
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Day Temperature  $PCV HCT Thin Smear
93 38,50 33.5%  NPF NPF
95 38.5°C 33.5¢ NPF NET
o8 38,49C 31,04 NEF NEF
100 364.5°C 30.0%  NFF NEF
102 33,59C 32.5%  NPF NPF
109 38,4°C 32,04 NPF NPF
115 38,6°C 30, 0% NPF NPF
129 38,50¢ 30,0/ NPF NPF
135 38,5°C 30,0/ LPF NPF
157 38,5°C 31,0/ NEF NFF
164 3845°C 31.5Y NPF NPF
171 38.3°C 32,04 NPF NER



HEIFER NO. 227

(Control Animal)
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SPCV

Day Texperature HCT Thin Smear

w 35 38,6°C 40,0%  NPF NEF

- 29 38,5°C 40,044  NPF T. mutans few
- 22 38:5°C 41,04  NFF T, mutans few
- 15 33,4°C 39.0%  NPF T. mutans few
-8 38,5°C 39.0%  NPF T. mutans few
-3 38.5°C 39.0%  NPF NPF

0 38,5°C 39,5%  NPF NPF

1 38.5°% 39.5%  NPF NPF

2 38,5°C 39,5%  NPF NFF

3 38,59 39,05  NPF NPF

4 38,4°¢C 41, 0% NFF NFF

5 38.,4°C 39,04  NPF NPF

6 38,3 43,0% NPF NFF

y 33.6°C 42 54 NPF NPF

8 38.5°% 42,5%  NPF NPF

9 38.5°C 40,04  NFF NEF

10 38,7 L4O,0%  NPF HEF

11 45 40,0%  NFF NEF

12 33,69 40, 0% NPF WPF

13 38,4°C 42,0%  NPF HEF

14 38.5°% 41, 0% HPF NEF

19 38.5° 40,0%  NPF NPF

16 36.5° 40,0%  NPF VPF
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Day Temperature  $PCV HCT Thin Smear
17 38,4°C 40,0% NPF NPF
18 38.5°C 39,0%  NPF NPF
21 30 39,5%  NFF NPF
25 38,6°C 39,5%  NPF NEF
28 38,4°C 38,0%  NPF NPF
31 38.5°C 40,0%  NPF NEF
36 38,5°C 39.5%  NPF NPF
39 38,5°C 38,0%  NFPF NPF
42 38,5°C 38,05 NPF NEF
L 38,5°C 39.5%  NPF NEF
49 8.5°C 39,54  NPF NPF
51 38.7°C 39.5%  NFF NPF
53 38.5°C 39,5%  NPF NEF
58 38,4°C 59.5%  NPF NPF
60 38,5 39,54  NFF HPF
63 36,6°C 40,5%  NFF NPF
65 38,3°% 39.5%  NPF NEF
70 38,5 41,0%  NPF NPR
72 38,L°C 4O, 0% NPF NFF
77 38.7°C 39,5%  NFF NPF
79 38,5°C 40,0%  NPF LPF
81 38,5°C 38.5%  NFF NEF
5 38.5°C 39,04 NEF NEF
86 38.5°C 39.0%  NPF NPF
88 38:5°C 39,54  NEF NEF
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Day Temperature %PCV HCT Thin Smear

91 38,5° 40.0%  NPP Rigin

93 38.5°C 4%,0%  NPF NPF

95 23,4°¢ 42, 0% NPF NP

o8 35.6°C 41 5% NPF NPF

100 38.5°C 4L2.5%  NPF NPF

102 33,59¢ %9.0%  NPF NEF

109 38.5°C 38.5%  NPF NEF

115 38.5°C 29.0% NPF T. nmutans few
122 38,5°C 39.5% NPF T. mutans few
129 38,5°C 79,54 NPF NBF

135 33.5°C 40.0%  NPF NPF

157 38,490 41.0% NPT NPF

164 38,5°C 42, 0% NPF NPF

171 38,5°% 40,08  NPF NEF



APPENDIX &

CHANGES IN RECTAL TEMPERATURE, PCV
AND PARASITEMIA IN PREGNANT ZEBU
HETFERS EXPERIMENTALLY INFECTED WITH
TRYPANOSOMA VIVAX DURING THE THIRD
TRIMESTER AND THOSE OF THE CONTROLS
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HETFER NO. 1708
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Day Temperature  (4PCV HCT Thin Smear
- 35 36,5°C 49,0%  NPF T, mutansg few
-I 29 33,59 L7, 05 NPF I, mutans few
- 22 32.69C 43,04  NPF T. mutans few
- 15 24,59C 43,0%  NPF NPF
-8 38,5°C 43,04  NPF NPF
-3 %1,5°C 42.5%  NPF NEF
36.,5°C 42,5%  NFF NPF
38.,5°C 41,5%  NPF NPF
9,5°¢C 40.5%  Tryps + NPF
39.8°C 37.0%  Tryps + NDF
40.0°¢C 35.0%6  Tryps ++ T. vivax
39.7°C 33.5%  Tryps +4+  T. vivax
39.5°C 26;5% Tryps ++++ T, vivax
39.4°C 26, 0% Tryps ++++ T. vivax
39.4°C 26,0% Tryps ++++ T. vivax
33.5°C 28,04  Tryps ++++ T. vivax
10 39.5°C 27.5%  Tryps ++++ 1. vivax
1.1. 29.5°¢ 28,0 Tryps ++++ I. vivax
12 29,69 26.0% Tryps +++ T. vivax
13 349.5°C 25 .54 Tryps +++ T. vivax
14 39.3°C 25454 Tryps +++ T. vivax
15 39.7%C 25 . 0% Tryps +++ T, vivax
16 39,2°C 16,5% Tryps + T. vivax
17 %3.0°C 13,04  Tryps ++ T. vivax
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Day Temperature SSPCV HCT Thin Smear
18 - 39,5°% 12.5%  Tryps + NPT

21 39.6°C 14,04  Tryps + T. vivax
25 39.9°C 17.54  Tryps + L. vivax
28 39,4°C 184545 Tryps + T. vivax
31 39,0°C 20,0 Tryps + T. vivex
36 39.5°C 25 .55 Tryps + T. vivax
39 39.9°C 25.5%  Tryps + T, vivax
40 40,0 25.5% Tryps ++ T. vivax
b2 30.,2°C 25.5%  Tryps + T. vivax
4y 35.0°C 19,54  Tryps + T. vivax
49 39,5°C 25, 04 EPF NPF

51 39,6°C 26,0 NPF HPF

53 39.1°¢C 29.0%  NPF NFF

58 39,6°C 26,09  Tryps + NPF

60 39.5°C 2455 Tryps + T, vivax
63 35.6°C 28,000 NEF NPF

65 79.0% 25,04  NFF NPF

70 38,4°C 22.0% NPF NPF

72 36,5 °C 26.5%  NPF NEF

77 353,690 25.5%  NPF NPT

79 39.0°C 24,04  NPF NEF

81 35,0C 24, 0% NPF NPF

85 38.8°C 25.5%  NPF NPF

86 365.5°C 26,5  NEF NPF

88 38.5% 25,55  NPP NPF
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Day Temperature Y ‘PCV HCT Thin Smear
Y 33.5°C 30,0,  NFF NFF
93 39,5°C 30,5%  NPF NEF
9% 39,6°C 25,0%  NPF NPF
99 33.9°C 28,0%  NFF NPF
100 %3.5°C 28.5%.  NPF NLF
102 35.5°C 29,0/  NPF NEF
109 38.5°C 29,54  NPF NEF
115 %6.5°C 29,0/  NPF NEF
122 38.5°C 30,05  NFF HPF
129 38.7°C 31,0,  NPF NEF
135 38,5°C 30,0/,  NFF NEF
157 58,6°C 31,5  NPF NEF
16 382,5°C 31,0  NPF HEPF
“7 %5.6°C 30,0, NEF HEF
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HEIFER NO. 1856

Day Temperature  »PCV HCT ; Thin Smear
- 35 38.5°C 38,5/  NPF NPF

- 29 38,5°C 35,455 NEPF HEF

- 22 33,5YC 34,0/ NPF HEF

- 15 30,6°C 37,00 HEF NPF

-8 33,5°C L % NPF WPF

-3 36,45 °C 375, NPF MPF

0 38,59C 375, NPF NEF

1 3943°C 38,07 NFF NPF

2 39.5°C 35,0  NIF NFF

4 35346°C 34,0y Tryps + T, vivax
5 3046°C 33,07  Tryps + T, vivax
6 39.7°C 34,0 Tryps ++ T. vivax
7 39,6°C 3345% Tryps ++++ L. vivax
8 34,9°C 34,0, Tryps ++++ L. vivex
9 49,9°C 34459 Tryps ++++ . vivax
10 33,8°C 23,07  Tryps ++++ T, vivax
‘% 33,9%C 31.0/ Tryps ++++ T, vivax
12 40,0°C 30,0,  Tryps ++++ T. vivax
13 3945°%C 29,0/ Tryps ++++ L. vivax
14 53,9 28,0/ Tryps ++++ L. vivax
15 %0.9°C 255" Tryps ++++ L. vivax
16 39.2°C 28,000  Tryps ++ T. vivax
17 39,5 °C 28,5,  Tryps +++ L. vivax
18 39.9°C 27,5,  Tryps ++ T. wivex
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Day Tesﬁper‘a‘bux'e UEPCY HCT Thin Smear
21 39,9°C 28,5 Tryps ++ T. vivax
23 40,0%C 29.0/7 Tryps ++ I, v¥ivax
25 39.5°C 2945/ Tryps + I, vivax
28 38,8°C 30.5! Tryps + T. vivax
31 39.09C - 35.8(  NFF NEF

36 33,6°C 33.%‘/ Tryps + T. vival
39 365, 80C 33,05 NIF NFF

42 7,7°C - 37,04 NPF NFPF

A %3,5°¢C %2.0%  NPF NPT

49 33.6°C . 34,57  Tryps + T. vivax
51 33, 6°C 30.5%  Tryps + I. vivax
53 38.5°C 31,54 . Tryps + NI'F

58 28,5°¢ %0,0%  NFF 393

60 39.0°¢C 33.0¢  Tryps + T. vivax -
63 39,0°¢C 33,0 Tryps + T. vivax
&5 33,8°C 26.0% . Tryps + NEF

70 33.3°C 27.0% . NPF NEF

72 353,7°C 27.5%  NEF NEF

77 35.0°C 28,04 NEF NEF

79 39.2°C 32,04  NPF NPF

87 39,29 31,5¢ . NPF NPF

85 39,0°C 30.5%  NEF NPF

86 33,8°C 77 31,0% . NPF NPF

88 38.5°C - 31.0% . NPF NPF

91 23,9°¢C . 33,05  Tryps + T. vivax
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ST

Day Temperature SPCV HCT Thin Smear
93 38.9°C 33,04  Tryps + T. yivax
95 38.7°C 26.0%  Tryps + I. vivax
98 38,5°¢ 27 . 0% NEF NEF

100 38,5°¢C 28,5¢%  NEF NEPF

102 %5,6°0 32,0  NPF NEF

109 38.5°C 31,074  NPF NFF

115 58.5°C 31,04  NPF NPF

122 36.5°C 30,5  NPF NPF
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HEIFER NO. 1592
Day Temperature  4PCV HCT Thin Smear
- 35 38,5 37455  NFF T. mutans few
- 29 382,59 37.5%  NFF T. mutans few
- 22 33,5°¢C %7.0/ NFF NPF |
- 15 33,6°C 37,05  NFF NPF
-8 36,5 °C 37,0 NEF NPF
-3 38.5°C 36,5, NPF NPF
0 38.4°C 36,55 NFF NEF
1 38,5°C 36,5/ NPF NFF
2 38.89% - 38,5%  NPF NPF
3 38.9°C 32,05  NPF NFF
4 39,4°¢C 32,04 NPF NPF
5 39.6°C 33.04  Tryps + NFF
6 40,0°C 27.5%  Tryps + T. vivax
7 40.3°C 25,04  Tryps ++ T. vivax
8 40,2°%C 25.0% Tryps +++ T, vivax
9 40,0%C 24.,0%  Tryps ++++ T, vivax
10 40,0°C 23,000 Tryps ++++ T. vivax
11 39,5°C 22,5  Tryps #+++ T, vivex
12 40,0°C 22,05/ Tryps ++++ T. vivax
13 40.0°¢C 19.55"  Tryps ++++ T, vivax
14 35,4°C 20.05"  Tryps +++ T, vivax
15 39.8°C 25.00  Tryps ++++ T, vivax
16 39,9°C 23.08  Tryps +++ T. vivax
17 39.8°C 28,0%  Tryps +++ T, vivax
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Day Temperature YPCV HCT Thin Smear
18 35.9°C 27.5/4 Tryps +++ . vivax
21 3945 30,04 Tryps + T, vivax
25 39.6°C 31.0% Tryps + T. vivox
28 39,4°C 30,0~ Tryps + T. vivax
3 36.7°C 27.05 Tryps + T. vivax
36 3BT 26,5 Tryps + T. vivax
39 39.7°%C 27,0, Tryps + T. vivax
42 3. 5°C 27.5% Tryps + I, vivax
Ll 33.5°C 27.5% RFF NFF

49 38.5°C 28,0:: Tryps + T. vivax
51 35.7°% 29.5, Tryps + T. vivax
53 36.5°C 28,5/ NFF NPF

58 39.2°C 26,04 Tryps + 2. vivex
60 35, 7°C 26,0/ Tryps + T. vivax
63 38,9°C 28,0, Tryps + T, vivex
65 363,5°C 16.5% Tryps + T. vivax
70 38,56°C 15.0¢ KrF NPF

72 38,5° 15,0,/ NFF NEF

77 5845°C 14.0/ Tryps + T. vivax
79 30,5°C 20.0,% NFF NPF

81 20,59 28,0, NFF NEF

85 58,5 26,00 NEF NDF

86 38.4°C 23,0 NiF NFF

&t 3.59C 28,0% MPF NEF

91 38.4°C 28.07 NEF NPF
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Day Temperature . SPCV HCT Thin Smear
83 3:3,5°C 28.5%  NFF NPF
g5 38,5°¢C 28,08  NI'P NEF
98 38,5%C 28.5%  NIF NFF
100 36,5°C 29.0%°  NEF NEF
102 35.,6°9C 28.5% NFF NPF
109 73,5°C 27.0; NP NEF
115 35,5°C 29,0  NEF NDF
122 3t:.59C 30.0y  NIF NEF



HEIFER NO. 402
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Day Tenmperature  $FCV HCT Thin Smear
- 35 38,5 32,0, NEF NLF

- 29 3645°C 32,0/  NFF NFF

- 22 35.6°C 30,5, NPF NPF

- 15 362:5°C 31,08  NPF NPF

-8 38.5°C 31.5%  NPF NPF

-3 38.57°C 32.0% NPF NPF

0 36,5°C 32,04  NPF NPF

1 32.5°C 31.5% NPF NPF

2 32,8°C 30.05  !PF NPF

3 39.2°C 32,0% Tryps + NPF

L 35.4°C 30.0% Tryps ++++ 2. vivax
5 30,49 30,06 Tryps ++++ T, vivay
&) 30,6% 30.06( Tryps ++++ T. vivax
b 549,7°C 30405 Tryps +++ I'. vivax
8 3¢.7°C 30. 08 Tryps ++++ T, vivax
9 29,2% 27.5%¢  Tryps ++ T, vivax
10 19,9°¢ 27O Tryps +++ T, vivax
11 35.8°%C 26.0% Tryps +++ T, vivax
12 39.5°C 26.5% Tryps + T. vivax
13 39,0°C 26,04 Tryps +++ T, vivax
14 39.5°C 27.0% Tryps ++ T, vivax
15 39,4°C 26,5% Tryps ++ T, vivax
16 349.9°C 26.0%  Tryps ++ Ze vivax
17 39,5° 27.0% Tryps + T. vivax
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Day Temperature  Y“PCV HCT Thin Smear
18 39.9°C 26,0% Tryps ++ L. vivax
21 39,8°C 25.0¢0 Tryps ++ Te vivex
25 39.6°C 2bi0%  Tryps +++ T. yivax
28 33.2°C 23455 Trvps ++ T, vivex
31 3943°C 22,5y NPF NPF

%6 38,3°C 22.5%  NPF NPF

39 38,59 34,000 NPF ‘PF

42 38.4°C 22,0¢¢ NFF NEF

L4 30,4°C 21.0%  Tryps + NPF

45 32,4°C 14,0%  NPF HPF

51 3843°C 14,066  Tryps +++ T. vivax
5 3n.m°c 135,04 Tryps +++ T, vivox
53 3845°C 13.0%  Tryps ++ Te vivax
60 38,29 12.5%  Tryps ++ T. vivax
63 $R.2°¢C 12,060 Tryps ++ . vivax
65 38.0°%C 12.0% Tryps + T, vivax
68 37.0°C 12.0¢ Tryps + T, vivax
70 28,99 13.0% Tryps + T. vivax
72 368,5°C 13.0% Tryps ++  T. vivax
77 38,6°C 13.0% Tryps + Te vivax
79 33,4°C 12,0 Tryps ++ T, vivex
&1 38,6°C 12,5 Tryps +++ T, vivax
88 35.5°C 11.5% Tryps + T, vivax
1 38,2°C 11.5% Tryps + T, vivax
23 33,2°C 11.0% Tryps + T. vivax
C 32,0°C 11.0% Tryps + T, vivax
98 37:0% 11.0% Tryps + T. yivax
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HEIFER NO._ 1671 (Control Heifer)

Day Temperature “PCV HCT Thin Smear
- 35 38,5°% 35,00 K T, mutans few
- 29 38.4°C 32,C%  NFF I. nutans few

- 29 36,5°C 30,0 NP NEF

- 15 38,5°C 70,04 MR NET
= g 35,7°C 30,00 NPT Y
- 5 3 .6°C Rl 0L MR Bl

32,5°C 34,00 Np© NEF

N O BN S o
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313,5°C .6l AP N

36.4°C 33.G;°  WEF NPT
8 z5,5% Ly At Y NF#
9 33,5°C 780 1o Ni
10 33.5°C 33.5)° MNIF NER

12 38,3°C 35.C% PIT NEF
13 38.3°C %50 P e
14 26,4°C Zhe5% N I"F
15 38,4°C 2,54  NPF NP
16 38,4°C 34.5,° MNFF Hiw
17 38,6°C 34,5 NFF NPF
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Day Temperature  ,/PCV HCT Thin Smear
18 38,7°C 31 4 0% NPF NFF
21 38,5°C 30,0/  NFF NEF
25 38.5°C 20,0,.  NFF NEF
28 38,5°9C 30,05 NEF NPF
31 38,5°C 29,0/ NPF NPF
36 3843°C 29.5%  NPF WP
39 3642°C 29,5/  NPF NEF
42 38,0°C 20,0/  NPF NPF
L 8.3°C 27.05.  NFF NPF
49 38,3°C 26,07 NPF NPF
51 32,4°C 26,0/  NPFF NPR
53 38,2°C 28.5%  NPF NPF
58 38,5°C 28,5/  NEF NPF
60 38+3°C 28,5¢  NFF NPF
63 33,4°C 30, 04/ NEF NPF
65 38.4°C 32,04 NEF NPF
70 3:,6°C 30,0/ NEF NEF
72 33.4°C 32,5  NPF HEF
77 38,3°C 33,0,  NPF NPF
79 38,3°% 33,0  NPF NPT
81 382,3°% 30,0/ NPF NPF
85 38,.3°C 30,0/ NPF NEF
86 38,4°C 30.5%  NFF NPF
88 38,4°C 30,0#  MNPF NPF
91 38,4°C 31,0/  NEF NEF
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Day Temperature #PCV HCT Thin Lmear
9% 36.5°C 29,5Y NPF NPF
95 3&,5°C 30,0, NPF VPR
98 36,4°C 2G,04 NEF NFF
100 38,3°C 30,0 NEF NPF
102 3343°C 30,0/ NPF PF
109 38,2°C 30.0¢% NEF MFF
115 36.5°C 30509 NPF PF
122 38,4°C 30.5Y NFF LPR
129 38+5°C 30.5%  NPF NPF
135 38645°C 31,0/ NPF NPF
157 38,5°C 31,55 NPF HFF
164 35.6°0 33.0 NEF NPF
171 33.7°C 33,0 NPF NPF
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HEIFER NO. 1674 (Controi Heifer)

Thin Smear

- 35
- 38,

= O

O 0O N o v W N

—_ e  ed e ek
o TR Y e e N S

Day Teuperature  $/PCV HCT
38,6°C 30,004  NPF
38,:5%¢ 30,55 NPF
38.4°C %0407 NFF
365 7°C 30.0; NFF
38,69C 30,05 HEF
36,59C 30,05 NEF
35.5°C 30,0/  NIF
38.59C 30,0/ NEF
38.3°9C 30.54 NPF
3643°C 31.0; HPF
33,7°C 30.5¢ WPF
385,6°C 31.5Y% NPF
38.7° 32,0: NPR
33.7° 29.5)  UFF
33.3°C 29,54 NPE
35,0°C 30,0 JPF
352°C 30.0%  NPF
38.3°C 29.5% NPF
38,3°C 29.5  UPF
33.4°C 29.5Y NPR
38.7°% 29.5"  NPF
38.5°C 29,04  NPF
38.2°% 29,09  NPF
38.,3% 27.08  NPF

-
~]

T. mutans few
T. mutens few

T. mutens few

M

N
. Jl

trj

| By

t-j 1. nw

(A »iry
i

m

T nucans fow
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Day Temperafﬁfel %PCY HCT Thin Smear

18 38.4.°C - 27.0%  NPF NPF

21 33.5°C 25.0;  NPF NPF

25 31, 6°C 29,04 UFF NEF

28 32,6°C 30,0’ NPF NPF

31 782,6°C 2704 HPF 2193

36 33,6°C 27,05 NEF NEF

35 33,3°C 27,57 WPF T. mutans few
42 38,4°C 26,05, NFF T. mutons few
44 38,4°C 30.0% NFF T. mutans few
49 38,4°C 31,0  NIF T, mubtens few
51 36,45 27,0/ NPT I. mutsng few
53 564.5°C 27,00 NEF I. mutans few

58 38,6°¢C 27.0y  NEF T. putans few
60 35.5% 27.07%  NPF T. mutens few
63 3¢ 45°C 27.0.5  NPF T. mutuns few
65 35,450 25. 0% NEF T. mutans few
70 3645 °C 28.04  NPF P. mutans fow
72 3545 °C 28,54 NP T. sutens few
77 30,5°C 28,57  NPF T. nutans few
79 38.5°C 26.5¢%  NPF T. mutans few
a1 38.5% 27.0/ MPF T. mutans few
85 35,5 °C 26.54  NPF 7. mutsns few
86 35,3 28,050 NP T. mutans few
88 38,4 28,08 NFF T mutong few
91 56.2°C 28.5%  NPF NPF
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Day Temperature  #PCV HCT Thin Smear

93 36,3°C 29,0 NPF NFF
95 38.4°C 29.0:: NPF NP
98 38,4°C 29,0/,  NPF PR
100 38,5°C 27.5%  NEF NDR
102 38, T°C 26,65 NPF

109 36:,6°C 27 O NEF

115 38.7°C 28.0¢  WHPF MR
122 33.,7°C 28,0y  NFF NPF
129 3i2,5° 27.5¢  NFF

135 33,5°C 27.5¢  NPF SEa
157 38.4°C 28,0/ NPF NEF
164 36545°C 28,0,  NEF NEF
171 38, 7°C 28,0  NPF o



AFPENDIX 5

IgM AND IgG LEVELS IN NONPREGNANT
Z¥bU HEIFERS EXPERIMENTALLY
INFECTED WITH TRYPANOSOMA VIVAX

CLOSE TC THE TIME OF ESTRUS AND
THOSE OF THE CONTROLS
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Igll LEVELS IN HEIFER NO, L.31

Ve ek Ring Concentration Final F\ TgM
?éi?eter mg/ 100 gg??éﬂml A
“2 £e0 60 300 625
+1 5.0 60 300 6.0
0 D45 60 200 62.5
1 545 85 425 125.0
2 6.0 125 625 225 .0
3 £e5 185 925 459,5
4 6e5 185 925 625.,0
5 75 370 1,850 1,550.0
6 7.5 370 1,850 1,550,0
7 765 370 1,850 1,550.0
8 7.5 370 1,850 1,487.5
9 7.5 370 1,850 1,425.0
10 TaD 370 1,850 1,250.0
11 7.5 370 1,850 1,550,0
12 7eD 370 1,850 1,250.0
13 7.0 260 1,300 1,000,0
14 7.0 260 1,300 1,000.0
15 760 260 1,300 1,000,0
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I LEVELS IN HEIFEH N, Lgﬁ

We k Ring Concentration Final /Y IgM

Diameter mg/ 100 Conc.,

(mm) mg/100ml
-2 5.0 60 200 6245
+1 5,0 60 300 0.0
Q 5.0 -60 300 2.5
1 740 260 1, 300 1,000;0
2 7;5 370 1,850 1,550.0
3 a;o 520 2,600 2,13?.5
4 8,0 520 2,600 2,300,0
5 8,0 520 2,600 2,300.0
6 8.0 520 2,600 2,3%00,0
7 8,0 520 2,600 2423745
& 8,0 520 2,500 2,174.5
9 8.0 520 2,600 2,300.0
10 3,0 520 2,600 2,300.0
11 75 370 1,850 1,550,0
12 7.5 370 1,850 1,550.0
13 ST 370 1,850 1,550,0
14 75 370 1,850 1,550.0

15 7.0 260 1,300 1,000, 0
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IgM LEVELS IN HEIFER NO. 120

Week Ring Concentration Finnl 3 1eM
Diame ter mg/100 Conc,
mg/100ml
-2 5 60 300 62.5
+1 Dl 60 300 0.0
0 o 60 300 6240
1 Te) 260 1,300 1,000,0
2 745 370 1,650 1,550,0
3 3.( 520 2,600 2:137.5
4 8eU) 520 2,600 2,300,0
5 840 520 2,600 2,300.0
6 84U 520 2,600 2,300,0
7 840 520 2,600 2,237.5
8 3l 520 2,600 2,175.0
9 Gal 520 2,600 2,300,0
10 Ge0) 520 2,600 2,3%00,0
11 7.5 370 1,850 1,55C.0
12 Te5 370 1,850 1,550.,0
13 Ta2 370 1,850 1,550.0
14 7C 260 1,300 1,C00.0
15 7ol 260 1,300 1,000,0
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IeM LEVELS IN HEIFER NO. L32

Week Ring Cencentration Final [ Igh
Diameter mg /100 Conc.,
(inm ) mg/100ml
-2 5e0 60 300 62.5
-1 5.0 60 300 0,0
0 Haet) 60 30U 62.5
1 540 60 425 125.0
2 75 370 1,850 1,550,0
3 8.0 520 2,600 2:137:5
4 8.0 520 2,600 2,300,0
5 340 520 2,600 2,300,0
6 8,1 520 2,600 24300,0
7 8. 520 2,600 2,237.0
8 Get 520 2,600 2,175.0
9 o) 520 2,600 24 300,0
10 Te5 370 1,850 1,550,0
11 8! 520 2,500 Z4300,0
12 Te3 370 1,850 1,550,0
13 Te5 370 1,850 1,550,0
14 Ay 185 925 £25,0
15 B! 185 925 625.0
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TeM LEVELS IN HEIFER NO. L15

{Control Heifer)

Week Ring Concentpation I"inal Concentpation
Diameter (mg/100m1 ) {mg/10G0m1)
(rm)
-2 Gt : 658 500
41 5el) 60 300
o 55 85 425
1 5.0 60 300
2 54() 60 300
3 el 60 300
4 5.0 60 300
5 5e0 60 300
6 5.0 60 a00
7 5.5 85 425
8 55 &85 425
g 5.0 60 : 300
G 5.C €C : 300
11 5.0 60 300
12 5.0 60 300
13 Dot 60 300
14 S,U 60 300

5l 60 300

—_—
\n
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IgM LEVELS IN HEIFER NO. L66

(Control Heifer)

Weak Ring Concentrotion Final Cogg;htr;tion
Diameter {mg/100ml) {mg/100m1)
{mn)
-2 - 5.5 85 425
<1 540 60 300
9] 5.0 &0 _ 300
1 5.0 60 300
2 G et) 60 300
3 5e0 &0 300
4 5,0 60 700
2 5.0 60 300
6 e &0 300
7 .0 60 300
& 5.0 60 300
9 5.0 60 200
10 540 60 306
11 540 60 300
12 5.0 60 300
13 DLl 60 300
14 Deld 60 300

15 5.0 60 | 300
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IpG LEVELS IN HEIFER lC. L31

week Ring Concentration Final Z:};gﬁ
Diameter mg/100ml Conce
(mm) mg/100ml

- Bl 500 2,500 275.0
<1 Bt 500 2,500 00
0 G 500 2 4500 o)
1 6.9 610 %4 50 5510
2 6D 610 3, 115U 550140
2 65 610 3. 050 550 ()
L Ts 750 3,750 975.U
9 Te2 92" 4,600 2,100,0
6 2% 920 4,600 2,100,0
7 745 920) 4,600 2,100,0
8 Ted g2t b, 601 2,100.0
9 T3 920 4,600 2,100.0
10 75 920 4,600 2,100.0
11 74D 920 4,600 2,100.0
12 745 920 4,600 2,100.0
13 7.0 750 3,750 1,250.0
14 7.0 750 3,750 1,250.0

15 7.C 750 3,750 G75.0




TeG LEVELS IN HEIFER NO. LZ25
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Week Ring Concentpation Final /> 186G
Diameter (mg/100ml)  Conce.
(mm) mg/100ul

-2 645 610 3,050 2750
+1 645 610 3,050 550.0
(o} 6.5 610 3,050 550.0
1 Ee e10 3,050 550.,0
2 70 750 3,750 1,250.0
3 7¢O 750 3,750 1,250.0
L e 520 4,600 1,825.0
5 7.0 750 3,750 1,250.0
6 8.0 1100 5,500 3,000,0
7 Sl 1100 5,500 3,000.0
8 8.0 1100 5,500 3,000.0
9 8,0 1100 5,500 2,725.0
10 8.0 1100 5,500 %,000.0
1 3.0 1100 5,500 3,000,0
12 7. 920 4, 600 2,100.0
13 T o5 920 4,600 2,100.0
14 740 750 3,750 1,250.0
15 7.0 750 3,750 975.0

——— S A—— " ——
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TG LEVELS IN HEIFER NO, L2C

deek Ring Concentration Fincl N 1gG
Diamcter (mg/100ml ) Conc.
(5am) (mg/100ml)
- 6o 500 2,500 27540
41 a0 500 2,500 0.0
0 e 500 2,500 0.0
1 £.sC 500 2,900 0.0
2 (49 610 3,050 550,0
3 6l 610 3,050 550.0
4 7,0 750 3,750 G75.0
5 5 920 4 , 600 2,100.0
6 8,0 1100 5,500 3,000.0
i 3.0 1100 5,500 %,000.0
é 1,0 1100 5,500 %,000.,0
9 3.0 1100 54000 2,725.0
10 Bel 1100 5,500 %,000.0
11 8.0 1100 5,500 %,000.0
12 8.0 1100 5,500 2,000.0
13 £,0 1100 5,500 5,000,0
14 8,0 1100 5,500 3,000,0.
15 .0 1100 5,500 2,725.0




IgG LEVELS IN HEIFER NO. L32

Week Ring Concentpation Finnl L 1gG
Diamcter (mg/100m1) Conc,
(inm ) (mg/100m1 )
w2 6.0 500 2,500 275.0
< 640 500 2,500 0.0
0 6.0 500 2,500 0.0
1 60 500 2,500 0.0
2 740 750 3,750 15250;0
3 8.0 1100 5,500 3,000.0
4 ad 920 4,600 1,825.0
5 740 750 3,750 1,290,0
6 840 1100 5,500 3,000,0
7 8.5 1400 7,000 4,500,0
g e 1400 7,000 4,500,0
9 7 o 750 3,750 975:0
10 7C 750 3,750 1,250;0
11 740 750 3,750 1,250.0
12 e 5 610 3,050 550.0
13 64 610 3,050 550,0
14 645 610 3,050 50,0
15 b5 610 3,050 275.0
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I14zG LEVELS IN HEIFER NO. L1

(Eontrol Heifer)

Concentration

Weck Ring Final Concentration
Diameter (mg/100m1) (mg/100 ml)
(rm)
-2 6.0 500 2,500
+1 6.0 500 2,500
0 Got) 500 2,500
1 64U 500 2,500
2 0.0 500 2,500
3 Bt 500 2.500
4 640 500 2,500
5 6.0 500 2,500
6 Bl 500 2,500
T 6l 500 2,500
8 640 500 2,500
9 6. 500 2,500
10 6.0 500 2,500
y i Dol 500 2,500
12 6,0 500 2,500
13 6.V 500 2,500
14 640 500 2,500
15 6.0 500 2,500




-
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APPENDIX 6

Igli AND IgG LEVELS IN PREGNANT
Z¥EU HEIFEHS EXFERIMENTALLY INFECTED
WITH TRYFANOSOMA VIVAX DURING TIE

FIRST THIMESTER AND THOSE OF THE
CONTRCLS



CIpMt LBVELS 1N HETFER NO. 1933
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Week Ring Concentration Final ,Zﬁ;IgM
Diametor (mg/100ml) Conc,
{mm) {mg/100m1 )
-2 5.0 &0 300 0.0
1 5.0 60 300 0.0
o 5.0 60 300 0.0
1 545 85 425 62.5
2 6.0 125 625 325.0
3 6.5 185 025 £25.0
4 740 260 1,300 1,000,0
5 B.0 520 2,600  2,300.0
6 3,0 520 2,600 2,300.0
7 8,0 520 2,600  2,3%00.0
8 8.0 520 2,600 €y 300.0
9 £.0 520 2,600  2,3%00,0
10 5,0 520 2,600 2,300.,0
11 8.0 520 2,600 2,300.0
12 (a0 520 2,600 2,300,0
13 8.C 520 2,600 2,300.0
14 340 520 2,600 2,300.0
15 5,0 520 2,500 2,300.,0
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Ied LEVELS IN HETIFER NC, 1714

Weuk Ring Concentration Final LEFIgM
Diameter (mg/100ml) Conc.
(1 ) (mg/ 1001 )
-2 5.0 60 200 0.0
-1 5.0 60 300 0.0
0 5.0 60 300 0.0
1 6.0 125 625 52540
2 8.0 520 2,600 24 300,0
3 3.0 H20 24000 2,300.0
4 8.0 520 2,600 2,300,0
5 8.0 520 2,600 2,300.0
6 8.0 520 2,600 2, 300,0
7 8,0 520 2,600 2,300,0
8 B, 520 2,600 2,300,0
9 540 520 2,600 2,300.0
10 8.0 520 2,600  2,300.0
11 .0 520 2,500 2,300,0
2 7ol 260 1,300 1,000,0
13 75 370 1,850  1,550.0
14 8.0 520 2,600 2,300,0
15 8.0 520 2,600 2,300,0
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dgM LEVELS IN HEIFER NO. 1817

e ———

Veck Ring Concentration Final L TeM
Diameter (mg/100m1 ) Conc.
mm ) (12¢2/100m1 )

- 5.0 €0 3¢ 0.0
-1 s 60 300) 0.0
0 5.0 60 300 0.0
1 7.0 260 1,300 1,000,0
2 7o 260 1,300 1,000,0
3 3,0 520 2,500 245300,0
4 TaD 260 1, 30C 1,000,0
5 840 520 2,600  2,300.0
6 340 520 2,06 2,300.0
7 8,0 520 2,600 24300G,0
8 8.0 520 2,600 2,300,0
9 8.0 520 2,600 2,300,0
10 8.0 520 2,600 24,300,0
11 S.0 520 2,500 2,300,0
12 Bl 520 2,600 2,300.0
A3 7l 260 1,300 1,000,0
14 75 370 1,8 1.550,0

15
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IgM LEVELS IN HEIFER NO. 1703

Week Ring Conocuntration Final L TeM
Diamcter (mg/100ml) Conce
(mim) (mp/100mL)

w2 545 85 425 125.0
41 : 545 _ 85 425 1250
0 5.5 85 425 125.0
1 7.0 260 14 300 1,000.0
2 8,0 520 2,600 2, 300,40
3 8.0 520 2,600 2,300,0
4 8,0 520 24601 2,300,0
5 760 260 14300 1,000.0
6 8.0 520 2,600 2,3%00,0
7 8.0 520 2,600 2,300,0
2 8,0 520 2,600 24 300.,0
9 8.C 520 2,600 2,300,0
10 81l 520 2,600 2,300,0
11 8.C 520 2,600 24 300,0
12 8.0 _ 20 2,600 2,300,0
13 8.4 | 520 2,600 24 300, 0
14 8,0 520 2,600 245 300,0

15 8.0 520 2,600 2,300.0




340
LM LEVELS IN HEIFER NO. 1801
{Control Heifer)

Week {inéo Concentration Final
Diameter (mg/100ml) Concentration
{mm) (mg/100m1 )

-2 . 5.0 &0 200
41 5.0 60 300
0 5.0 €0 | 300
1 5.0 60 200
2 5.0 60 300
3 5.0 60 300
4 5.0 60 300
5 50 60 300
& 5.0 60 300
7 5.0 60 300
8 5.0 60 200
9 5.0 €0 300
10 5.0 60 300
11 5,0 60 300
12 5.0 60 300
13 5.0 60 300
14 5.0 B0 300

15 5.0 60 300




3
Igit LEVELS IN HEIFER NO. 1764
(Control Heifer)

Week Ring Concentyetion Finol
Dianeter (mg/100m1) concentration
(rm} (ng/100m1)
-2 Seld 60 30C
&1 5.0 60 300
O 50 60 300
1 5e2 85 425
2 €40 60 300
3 5 el £0 300
4 5e0 €0 300
, 5.0 €60 500
6 540 60 300
7 560 60 400
8 5.0 60 300
9 )« 0 60 300
10 50 60 300
1" 5.0 60 300
12 50 60 300
13 540 60 300

14 0 60 500

5
15 540 €0 300




IgG LEVELS IN HEIFER NO. 1933

Week Ring Concentration Final [ 1gG
Diameter (mgz/100m1) Conc,
(mm (mg/100m1)
-2 6,0 500 2,500 -900.0
<N 65,0 500 2,500 -900,.0
0 6.0 500 2,500 +500.0
1 5.0 500 23502 ~300.0
2 645 610 3,050 ~350.0
3 6.5 610 3,050 =350,0
4 7.0 750 3,750 350.0
5 7.0 750 3,750 350.0
6 8.0 1100 5,500 2,450,0
7 2,0 1100 5,500  2,100,0
8 8,0 1100 5,500  2,100,0
9 340 1100 D507 29375.0
10 8,0 1100 5,500 24375.00
11 8,0 1100 5,500 2,100,00
12 8,0 1100 5,500 2,10C.00
13 TeD 920 4,60C 1,200,0
14 £.0 1100 ,500  1,750.0
15 75 920 4,600 850,0

- —



I;:¢ LEVLLS FCR HEIFEK 1O. 1714

Week ring Concentration Finnl /1. 1gG
Dianmcter (mg/100m1 ) Conc.
(mm) (ng/100ml )
-2 6.0 500 2,500 -900.0
+1 6.0 500 2,500 -400,0
0 6,0 500 2,500 ~900.0
1 Ee® 610 3,050 -350.0
2 745 920 4,600  1,200.0
3 745 920 4,600  1,200.0
4 8.0 1100 5,500  2,100.0
5 8,0 1100 5,500  2,100.0
6 8.0 1100 5,500  4,250,0
7 8.0 1100 5,500  2,100.0
8 5,0 1100 5,500  2,100.0
9 8,0 1100 5,500  2,375.0
10 2,0 1100 5,500  2,375.0
m 8.0 1100 5,500 2,100,0
12 8.0 1100 5,500 2,100,0
13 8.0 1100 5,50C 2,100,0
14 540 1100 5,500  1,750.0
15 §,0 1100 5,500 1,750.0




3L4

IoG LEVELS IN HEIFER NO, 1817

Weck Ring Concentration Final lﬁnIgG
Diameter (mg/100ml ) Conc.
(mra) (mg/100ml)
-2 740 750 3,790 350,0
= Go" 610 3 050 ~350,0
0 740 750 3,750 350, 0
1 7.0 750 3,750 350.,0
2 745 920 4,600  1,200.0
3 7.0 750 3,750 %5040
4 Tt 920 4,600 1,200,0
5 oD 920 4,600 1,200.0
6 3.5 1400 7,000 3,950.0
7 845 1400 7,000  3,600.0
8 8.5 1400 7,000 %,E0040
g 8.5 1400 7,000  3,875.0
10 BeD 1400 7,000 39875.0
11 PS5 1400 7,000  3,600.0
12 84" 1400 7,000 3, 600.0
13 845 1400 7,000 3,600.0
14 o5 1400 7,000 3,25040
15 8.5 1400 7,000  3,250.0




345
IgG LEVELS. FCLL HEIFER NO, 1703

-

Week Ring Concentration Final [ IgG
Diameter (mg/100m1) conc. '
(rom) . ) (mg/100m1 )
-2 70 750 34750 350.0
+1 740 7H0 3,750 350,0
0 7.0 750 3,750 350.0
1 7.5 920 4, 600 1,200,0
2 745 920 4, 600 1,200.0
3 8.0 1100 5,500  2,100.,0
4 8,0 1100 5,500  2,100.0
5 8.0 1100 5,500 2,100.0
6 840 1100 5,500 2,450.0
7 3.0 1100 5,500 2,100.0
8 3e0 1100 5,500  2,100.0
9 8.0 1100 5,500 2,375.0
10 8.0 1100 5,500 2,375.0
11 840 1100 5,500 2,100.0
12 740 750 3,750 350,0
13 7.0 750, 3,750 350,0
14 Teb 220 4,600 850.0
15 75 920 b, 500 850,0




" 346
IsG LEVELS IN HEIFER REO. 1801
{(Control Heifer}

Week Ring Concentfetion Final

Diameter (mg/100m1 ) Concentration

{mimn ) {mg/100n1)
“2 £45 610 3,050
+1 5.5 610 3,050
0 645 £10 3,050
1 6.5 610 3,050
2 6.5 610 3,050
3 5,5 610 2,050
4 6.5 610 5,050
5 (.5 610 5,050
6 6.5 610 3,050
7 645 610 ‘ 3,050
8 6.5 610 3,050
9 40 500 2,500
10 (a0 500 2,500
11 7.0 750 3,750
12 7e0) 750 3,75C
13 7.0 750 3,750
14 7.0 750 3,750
15 7.0 750 3,750
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IgG LEVELS IN HEIFER NO. 1764

(Control Heifer)

pre

Week Ring Concentraticn Final
Dinneter (mg/100ml) Concentration
() (mg/100ul)
-z 7.0 750 3,750
1 7.0 750 3,750
0 7.0 750 3,750
1 7.0 750 3,750
2 7.0 750 3,750
3 7.0 750 34700
4 70 750 3,750
5 7.0 750 5,750
6 6.5 610 3,050
7 70 750 3,750
8 740 750 3,750
9 7.0 750 3,750
10 7.0 750 3,750
11 6.5 £10 3,050
12 6.5 610 3,050
13 6.5 €10 3,050
14 7.0 750 ' 3,750
15 7.0 750 3,750




348

APPENDIX 7

Igit AND IgG LEVELS IN PREGNANT
ZEBU HEIFDRS EXPERIMENTALLY INFECTED
WITH TRYFANOSOMA VIVAX DURING THE
SECOND TRIMESTER AND THOSE OF THE

CONTRCLS



Igit LEVELS IN HEIFER NO. 318

349

Week Ring Concentration Final L Igh
Diameter (mg/100m1) Cone,
(rim) (mg/100m1)

- 5e5 85 425 6245
-1 5ol 60 300 -125.0
0 560 60 300 0.0
1 5.0 650 300 62,0
2 7e5 37C 1,850 1,487.5
3 8.0 520 2,600 2423745
4 8.0 520 2,600 2,237.5
5 8,0 520 2,600 2,300.0
6 8.0 520 2,600 2,300,0
7 840 520 2,600 2,237.5
8 B 520 2,600 2523745
g 840 520 2,600 2,237.5
10 5,0 520 2,600 25 23T D
11 ol 520 2,600 2,237.5
12 8,0 520 2,600 2,17540
13 8,0 520 2,600 2,175.0
14 et 520 2,6C0 2,175.0
15 740 260 1,300 875.0




IpM LEVELS IN HEIFER NO, 327

350

2,600

Week Ring Conecentration Final JANERE
Diameter (mg/100ml) Conc.,
(mm) (g /100m1)

+2 5.5 85 425 62.5
<1 5.5 845 L 5 0.0
o) = 85 425 125.0
1 5e5 85 425 62.5
2 6.5 185 925 56245
3 Te5 370 1,850 1,487.5
4 2,0 520 2,600 2,237.5
5 8,0 520 2,600 2,300.0
& 3.0 520 2,600 2,300,0
7 840 520 2, 600 2,237.5
8 8l 520 2,600 2,2375
9 8,0 520 2,600 2,237.5
10 8.0 520 2,600 2,237.5
11 8,0 520 2,600 2,237.5
12 8,0 520 2,600 2,175 .0
13 8,0 520 2,600 2,1754,0
14 8.0 520 2,600 2,175.0
15 540 520

2y 175.0




LM LEVELS 1IN HEIFER NO. 337

Ring Concentrﬂtion Finel 15 IgM
Diameter (mg/100ml Conce
(mm) (mg/ 10 )ml)

-

-

e 15 % 5
J e A
- a
85 e 5 sl
) s o
~ ¢ \
5 TP \HJL'r i&zl,\ (‘._,’.‘--
] )
. ~
545 85 429 6245
- . e o 5
5 185 929 5629
» -
) 185 ?.,' ) L,cj;.,J
oo
‘e \ 5'! :) :-‘J l._; [} vi ] J."- -
v 181 [
B.( "):\“ 2y GLU 240U )
- ~ p zr7 G
'(f. 520 P “.a"."(' oy & _-51?1
. F [ y 3 [/ / _vl.lr_- I)
oL Dl 240 2yc2100
- 27 5
- i i
.__..\, e \J oy [ ,é_j(..r
( g y nZE7 5
2oV 520 e J Lgtdle
1 % F259 ’ “8'7 =
/15 2 1,., ) 1, Fad

1 L ] ii&(‘; - t)

T a2 370 1,850 1 ,h'{""_:) .0
i % 570 1,850 1,425 0
T 370 1,85C 1,425.0
[ o\ 60 1 ' j‘.;k" 37" J U
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IgM LEVELS IN HEIFER NQ. 325

Week Ring Concentration [inal Loy IgM
Diameter {(mg/100ml) Conc.
(mm) (mg/100ml)
=2 5.0 60 300 -62.5
- 5.0 60 300 ~125.0
0 5.0 60 300 0.0
1 6,0 125 625 262.5
2 Te5 370 1,850 1,487.5
3 8.0 520 2,600 2923745
4 8.0 520 2,000 2,237.5
5 8,0 520 2,600 2,300.0
6 8,0 520 2,600 2,300.0
7. 82,0 520 2,600 242375
8 % 370 1,850 14487.5
'S 745 370 1,850 1,487.5
10 745 370 1,850 1,487.5
1 8.0 520 2,600 2,237.5
12 8.0 520 2,600 2,175.0
13 7¢5 370 1,850 1,425,0
14 75 370 1,850 1,425,0
15 Te5 370 1,850 1,425,0




(e}
\_r"
(V8]

I LEVELS IN HEIFER NO., 139
(Control Animal)

Week Riég_- Concentpration Final
Diameter (mgz/100m) ) Concentration
(mm) (mg/100ml )
-2 549 85 425
-1 545 5 425
0 2.0 60 %00
1 D.w 85 425
2 De’ 85 425
3 5 85 L25
4 De5 85 425
5 Dl 60 300
6 50 60 300
7 5e5 85 425
8 o S, 85 /425
9 HeD 85 425
10 5.5 85 425
11 9eH 85 425
12 540 60 300
13 D2 85 Le2w
14 S5 85 425
15 Dt 89 45




354
IegM LEVELS IN HETFER NO, 227
{Control Animal)

Week Ring Concentration Final

?;ﬁ?eter {me/100ml ) %;gﬁiggiigion
-2 2.0 ©0 300
=1 DeD 85 425
0 5.0 60 200
1 5.0 60 200
2 5.0 60 200
3 5.0 60 ' 300
4 5.0 60 300 .
5 5.0 60 300 ’
6 5.0 60 300
7 5.0 60 300
8 a0 60 300
S 5.0 60 200
10 5.0 60 300
11 5e5 85 300
12 5¢5 85 425
13 5.5 85 425
14 5.5 85 425

85 425

—
\n
WA
.

W




IgG LEVELS IN HEIFER NCO. 313

A2 4

Week Ring Concentratiocn  +Final 0y IgG
Diameter (mg/100ml) Conc.,
(mra) (mg/100ml )
-2 6,0 500 2,500 0.0
i 6.5 610 3,050 550.0
0 6.0 500 2,500 0.0
1 745 920 4,600 2,100.0
2 75 920 4,600 2,100.0
3 7.5 920 &, 600 2,100.0
4 8.0 1100 5,500 3,000,0
5 8.0 1100 5,500 2,725,0
6 8.0 1100 5,500 3,000.0
7 7.5 920 4, 600 2,100.0
8 7.5 920 &, 600 2,100.0
9 745 920 4,600 1,825.0
10 7.5 920 4, 600 1,825.0
11 745 920 4, 600 1,825,0
12 7¢5 920 4,600 1,825,0
13 TeD 920 4,600 1,825.0
14 £.5 610 3,050 2720
15 645 510 3,050 275%.0




TG LEVELS IN HEIFER NO. 327

Ring

Concentration

Weeak Final A 0 186G
Diameter (mg/100m1) Cong. L=
(mmn : o (mg/100mL)

-2 6.5 61677 3,050 550.0
+1 6,0 500 2,500 0.0
o) 6,0 500 2,500 0.0
1 6.0 500 2,500 0.0
2 75 920 & , 600 2,100.0
3 8.0 1100 5 4 500 3,000.0
4 8,0 1100 5,500 %,000,0
5 8.0 1100 5,500 2,725.0
6 8.0 1100 5,500 5,000,0
7 3,0 1100 5,500 3,000.0
8 8.0 1100 5,500 3,000, 0
9 8.0 1100 5,500 2,725.0
10 8.0 1100 5,500 2,725.0
11 8,0 1100 5,500 2,725.0
12 745 920 &, 600 1,825.0
13 7.0 750 3,750 975.0
14 6.5 610 3,050 275.0
15 6.5 610 %,050 275.0




IgG LEVELS IN HETIFER NO, 337

357

Week Ring Concentration Final IgG
Diameter {mg/100ml) Conc., D
(rm ) e (mg/100m1 )
-2 6.5 610 3,050 550,0.
41 6.5 610 5,050 550.0
0 65 610 3,050 550.0
1 £a5 610 3,050 550.0
2 7.5 920 l, 600 2,100.0
3 8.0 1100 5,500 3,000.0
4 8.0 1100 5,500 3,000.0
5 8,0 1100 5,500 2,72540
6 8.0 1100 5,500 3,000.0
7 3.0 1100 5,500 3,000.0
8 8,0 1100 5,500 3,000.0
9 8.0 1100 5,500 2,725.0
10 Te5 G20 4,600 1,825:0
1 745 920 4,600 1,825.0
12 Te5 520 4,600 1,825.0
13 Ted 920 4,600 1,825.0
14 745 920 4, 600 1,825,0
15 645 610 3,050 27540




358
1gG LEVELS TN HEIFER NO. 325

Week Ring Concentration Final [N IgG
Diameter (mg/100m1) Conc.
(mm) (mg/100ml)
-2 €0 500 2,500 0.0
+1 £e0 500 2,500 0.0
0 6.0 500 2,500 0.0
1 645 610 3,050 55040
2 75 920 4,600 2,100,0
5 840 1100 5,500 %,000.0
4 8.0 1100 5,500 %,000,0
5 8.0 1100 5,500 2,725.0
6 e’ 1400 7,000 4,500.0
7 BeH 1400 7,000 4,500,0
8 8.0 1400 5,500 3,000.0
5 3,0 1100 5,500 2,725.0
10 2.0 1100 5,500 2,725.0
1M 8,0 1100 5,500 2,725.0
12 8.0 1100 5,500 2,725.0
13 745 920 4,600 1,625.0
14 79 750 3,750 975.0

15 7.0 750 3,750 975.0




359
IzG LEVELS IN HEIFER NO. L39
(Control Animal)
Vieek Ringo Concentration Final
Dinmeter (mg/100ml) Concentration

{(rmm) (mgz/100111 )
-2 6.0 500 2,500
-1 640 500 2,500
0 640 500 2,500
E 6.0 500 2,500
2 64C 500 2,500
3 6.0 500 2,500
4 640 500 2,500
5 640 500 2,500
6 6.0 500 2,500
7 640 500 2,500
8 6.0 500 2,500
5 6.0 500 2,200
10 6.4( 500 2,500
1 heC 500 2,00
12 o 500 2,500
13 6.0 500 2,500
14 ok 500 2,500




TgG LEVELS IN HEIFER NMO.. 227

360

(Control Animal)

VWeek Ring Concentration Final
Diameter (mg/100ml) Concentration

(rm) (mg/100m1)
D 6.0 500 2,500
- 6.0 500 2,500
O é.o 500 2,500
1 6,0 500 2,500
2 6,0 500 2,500
3 6.0 500 2,500
& 660 500 2,500
5 5.5 610 3,050
6 i) 500 2,500
7 lé.o 500 2,500
8 5.0 500 24500
S '6.5 610 3,0%0
10 G5 610 3,050
11 6.5 610 3,050
12 | 565 6§10 3,050
13 G.9 610 3,050
14 (S 510 3,050
15 645 610 3,050
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APPENDIX 8

IgM AND IgG LEVELS IN FREGNANT
ZEPU HEIFERS EXPERIMENTALLY INFECTED
WITH TRYPANOSOMA VIVAX DURING THE

THIRD TRIMESTER AND THOSE OF THE
CONTROLS



TpM LEVELS IN HEIFER NO. 1708

362

Week Ring Concentration Finél [ IgM
Diameter (mg/100ml) Conc.
(mri) (mg/100ml )

-2 949 85 425 -100,0
24 5,0 60 300 -225.0
C o 85 425 -100,0
1 6,0 TeS 625 100.0
2 7.0 260 1,300 775.0
3 740 260 1,300 775.0
4 8.0 520 2,600 2,075.0
5 840 520 2,600 2,075.0
6 8.0 520 2,600 2,075.0
7 5.0 520 2,600 2,075.0
8 8.0 520 2,600 2,075.0
g 5.0 520 2,600 2,075.0
10 8,0 520 2,600 2,075.0
11 8,0 520 2,600 2,175.0
12 3,0 520 2,600 2,175.0
12 10 520 2,600 2,175.0
14 745 370 9,850 1,425.0
15 T3 370 1,850 1,325.0




363
g}t LEVELS I HEIFER 1O. 1592

_———-——_-—_..——-.....4-.- -

Week Ring Concentration Final /- IgM
Diameter (mg/100m1)  Conc.
(mm) (mg/100m1)

w2 7.0 260 1,300 77540
-1 Be5 189 G925 400,0
0 GaZ 185 925 4L00.0
1 740 260 1,300 775.0
2 T.C 260 1,300 775.0
) 7.0 260 1,300 77540
4 3,0 520 2,600 2,075.0
5 8.0 520 2,600 2,075.0
6 53,0 520 2,600 2,075.0
7 8.0 520 2,600 2,075,0
8 8,0 520 2,600 2,075.0
9 8.0 520 2,600 2,075.0
10 8.0 520 2,600 2,0754.0
11 30 520 2,600 2,075.0
12 540 520 2,600 2,175.0
13 8.0 520 2,600 2,175.0
14 Bl 520 2,600 2,175.0

15 8.0 520 2,600 2,075.0




IgM LEVELS IN HEIFER NO. 1856

36h

Ring Concentration Final - IgM

Diameter (mg/100m1 ) Conc., L

(mm) (ng/100ml)
-2 640 125 625 100.0
il 6,0 125 625 100.0
0 6.0 125 625 100,0
1 740 260 1,300 775.0
2 3.0 520 2,600 2,075.0
3 (o 220 2,600 2,075.0
4 8.0 520 2,600 2,075.0
o 8.0 520 2,600 2,075.0
6 8.0 520 2,600 2,075.0
7 8.0 520 2,600 2,075.0
8 3,0 520 2,600 2,075.0
9 8.0 520 2,600 2,075.0
10 8,0 520 2,600 2,075.0
11 30 520 2,600 2,075.0
12 TeD 370 1,850 1,425.0
13 TeS 370 1,850 1,425,0
14 7.0 260 1, 300 875.0
15 7.0 260 1,300 875.,0

——




365

ITegM LEVELS HEIFER NO._QOZ

-

T M Tty e LT
(mm ) (mg/100ml )

-2 ¢a0 125 625 10040
=1 640 125 625 100.0
0 640 125 625 100.0
1 640 125 625 100,0
2 7.0 260 1,300 775.0
3 8.0 520 2,600 2,075.0
4 §,0 520 2,600 2,075.0
5 3,0 520 2,600 2,075.0
6 8,0 520 2,600 2,075.0
7 84,0 520 2,600 2,075.0
8 745 370 1,850 1,325.,0
S 75 370 1,850 1,325.0
10 7.0 260 1,300 775.0
11 740 260 1,300 77540
12 6.0 125 . 625 - 200,0
13 5.0 60 60 365.0

LY
-
AN
.

O
h
(@&

60 465,0 7




366
IpM LEVELS IN HEIFER NC, 1671

(Control Heifer)

Week %ig%etur C?E;i?gngﬁon giggintration
() : mg/100mL
2 5.5 o e
» 5.5 g5 - 425
o 5.5 85 425
, 5.5 85 425
5 5.5 85 425
5 5.5 85 425
4 5.5 85 425
5 5.5 85 425
6 55 85 425
r 5.5 85 425
8 549 85 L25
S 5.5 85 425
10 545 85 425
11 6aD  ~ 125 625
12 5.5 85 425
1% 5.5 85 425
14 5.5 85 425
15 545 85 425




IgM LEVELS IN HEIFER NO,1674

(Control Heifer)

367

ot

Week Ring Concentration
Diameter (mg/100ml) Concentration
(mm) (mg/100ml)

2 6.0 125 625
=1 6.0 125 625
0 6.0° 125 625
1 540 125 625
2 640 125 625
3 6.0 125 625
4 640 125 625
5 640 125 625
6 6.0 129 625
7 6.0 125 625
8 640 125 625
9 640 125 625
10 G40 125 625
11 945 85 425
12 242 85 425
13 5D 85 425
14 5e¢2 85 425
15 640 125 625




168

IpgG LEVELS IN HEIFER NO. 1708

week Ring Concentration Final o 1gG
Diameter (mg/100ml1) Conc. b
(mm) (mg/100m1)

-2 740 750 3,750 0.0
-1 740 750 3,790 0.0
0 7.0 750 3, 720 0.0
1 70 750 3,750 0.0
2 7Y 920 4,600 850.0
3 Tao 520 4,600 1,200.,0
A 8.0 1100 5,500 1,750.0
5 8,0 1100 5,500 1,750.0
6 8.0 1100 5,500 2,100.0
7 8,0 1100 5,500 2,100.0
8 8,0 1100 5,500 2,450.0
9 3.0 1100 5,500 2,450,0
10 8.0 1100 5,500 2,450,0
11 7.0 750 3,720 300,0
12 8,0 1100 5,500 2,450,0
13 ol 750 3,790 700,0
14 [ «2 750 3,750 700,0-
15 7o' 750 3,750 700,.0

e et



pG LEVELS IN HEIFER NO. 1592

369

Week Réng ‘ Concentration Final /5 LegG
Diameter {mg/100m1) Conc.,
(mm) (mg/100m1)
-2 7.Q 750 3,750 0.0
+7 740 750 3,750 0,0
0 7.0 750 3,750 0.0
g . 8920 4,600 850.0
2 745 920 4, 600 1,200,0
3 Ta" 920 &, 600 1,200,0
4 7.0 750 3,750 0.0
5 7.0 750 3,750 0.0
6 8.0 1100 5,500 2,100,0
7 . 8,0 1100 5,500 2,100.0
8 8.0 1100 5,500 2,450.0
9 6,0 1100 5,500 2,450.0
10 8.0 1100 5,500 2,450,0
11 8,0 1100 5,500 2,100.0
12 8.0 1100 5,500 2,450.0
13 8,0 1100 5,500 2,450.0
14 8.0 1100 5,500 2,450.0
15 8,0 1100 2,500 2,450,0




370

1gG LEVELS FOR HEIFER NO. 1856

Week Ring Concentration  Final IgG
Diameter (mg/100ml) Conc. JAY
(mm) (mg/100m1 )

-2 740 750 3,750 0.0
=1 7.0 750 3,750 0.0
0] 7.0 750 3,750 0.0
1 7.0 750 3,750 0.0
2 7e5 920 4,600 850,0
3 TeS 9520 4,600 1,200.0
4 75 G20 4,600 850,0
5 75 920 4,600 850.0
6 8,0 1100 2,500 2,100,0
7 8.0 1100 5,500 2,100.0
8 8.0 1100 5,500 2,450,0
9 8,0 1100 5,500 2,450,0
10 8,0 1100 5,500 2,450,0
b 8,0 1100 5,500 2,100.0
12 8.0 1100 5,500 2,450,0
13 8,0 1100 5,500 2,450.,0
14 8,0 1100 5,500 2,450,0
15 8,0 1100 5,500 2,450,0




IpG LEVELS IN HEIFER lO. 402
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Week R@ng Concentration Final [§\ IgG
Diameter (mg/100ml) Conc, :
(mm) (mg/100ml)

-2 7.0 750 3,750 0.0
- 7oV 750 3,750 00
0 7.0 750 3,750 0.0
1 7.0 750 3,750 G, 0
2 7.0 750 3,750 0.0
4 7.0 750 3,750 350,0
4 .5 920 4,600 850,0
5 7.5 920 4,600 85040
6 .5 920 4,600 1,200.0
7 75 9520 4,600 1,200,0
8 5 920 4,600 1,550,0
9 7s5 920 4,600 1,500,0
10 740 750 3,750 700,0
11 645 610 3,050 350,0
12 6,5 £10 3,050 0,0
13 6.4 500 2,500 550, 0
14 5.0 335 1,675 14375.0




TgG LEVELS IN HEIFER NQO. 1671

(Control Animal)

Weak Ring Concentration Final
Diameter (mg/100m1 ) Concentration
(mm) (mg/100ml )

-2 740 750 3,750
=1 740 750 3,750
0 740 750 3,750
1 7.0 750 3,750
2 7.0 750 3,750
3 740 750 3,750
b 7.0 750 3,750
5 7.0 750 3,750
6 7.0 750 3,750
(] 740 750 3,750
8 645 610 3,050
9 645 610 3,050
10 6e5 610 3,050
11 64° 610 3,050
12 7.0 750 3,750
19 6.5 610 3,050
14 6465 610 3,050
15 6.5 610 3,050
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I1gG LEVELS IN HEIFER NO. 1674

(Control Animal)

Week Ring Concentration Final
Diameter (mg/100ml) Concentration
(mm) mg/100ml
-2 7.0 750 3y (20
- 7.0 750 3,750
¢ 7.0 750 3,750
1 740 750 3,750
2 66D 610 3,050
3 645 610 3,050
4 7.0 750 3,790
5 7.0 750 3,750
6 645 610 3,050
7 62 610 3,050
8 65 610 3,050
9 645 610 3,050
10 6eD 610 3,050
11 70 750 3,750
12 7.0 750 3,750
13 645 610 3,050
14 740 750 3,750
15 7.0 750 3,750




