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Trypanosome-induced ovarian dysfunction

Evidence of higher residual fertility in trypanotolerant small East African goats

B. M. MuTtayoBa!, S. GoMBE!, G. P. Kaava? E. N. WaINDI!

Summary

Changes in the length of oestrous cycles, plasma progesterone and oestra-
diol-174 levels were monitored for 6 months in Trypanosoma congolense-in-
fected normocyclic small East African goats obtained from three tsetse-endemic
areas and one tsetse-free area of East Africa. Irregular oestrous cycles were
observed in all infected goats, before cessation at the second cycle post-infection
in the more susceptible and fourth cycle in the more resistant goat groups. A
significant decline in the progesterone and oestradiol-178 parameters were
observed. The decline in hormonal values was, however, less in the more
resistant than in the susceptible goat groups at least in the first 2 months
post-infection. Resumption of the ovarian cycle were observed in few resistant
goats after 5 months of the infection. It is concluded that clinical tolerance is
correlated with residual fertility, 1.e., the greater the tolerance the higher the
retention of fertility.

Key words: ovarian dystunction; residual fertility; trypanotolerance; Trypano-
soma congolense.

Introduction

The use of trypanotolerant livestock is now considered to be an important
alternative strategy for increasing animal numbers in tsetse-endemic areas of
Africa where other conventional disease control measures have proved uneco-
nomical and/or ineffective. With the increasing reports of the occurrence of
severe degenerative lesions of the reproductive organs in trypanosusceptible
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animals (Ikede and Losos, 1972, 1975; Isoun et al., 1975; Ikede, 1979; Anosa and
[soun, 1980; Kaaya and Oduor-Okelo, 1980; Waindi et al., 1986), it has recently
become necessary to examine the degree of gonadal dysfunction in trypanotol-
erant livestock before wide exploitation of these animals is encouraged. To
what extent trypanotolerant animals retain their fertility following trypano-
some infection is not well known. Since, trypanosome-infected animals devel-
ops varying degrees of reproductive impairments, the term “residual fertility” is
used in this paper to denote the resulting fertility which potential remain
following the infection.

Murray et al. (1981) reported that N’dama cattle can survive and retain a
higher degree of residual fertility in tsetse-endemic areas where Zebu perish.
Recently, Mutayoba et al. (1987) showed that Small East African breed of goats
obtained from Morogoro, a tsetse-endemic area in Tanzania, were more tol-
erant to experimental chronic Trypanosoma congolense infection than goats
obtained from Arusha in Tanzania and Lambwe Valley in Kenya (also tsetse-
endemic areas). Goats obtained from Imbo, a tsetse-free enclave in Central
Nyanza, Kenya, however, were much more susceptible as assessed by parasit-
aemic and haematic parameters, body weight change and mortality rates. The
present paper reports on the changes in reproductive function in the same
groups of goats (for which previous data was obtained) following the infection.
The relationship between trypanotolerance and higher residual fertility is dis-
cussed.

Materials and Methods

A total of 52 normocyclic Small East African female goats (Mutayoba et al., 1987) aged between
2-3 years were used. Ten female goats obtained from cach of the tsetse-endemic areas (Morogoro in
Tanzania and Lambwe Valley in Kenya) and tsetse-free (Imbo, Kenya) and 9 goats from Arusha,
Tanzania (tsetse-endemic area) were experimentally inoculated via the jugular vein with approxi-
mately 2.5x10% T. congolense (EATRO-1753) obtained from Kenya Trypanosomiasis Research In-
stitute (KETRI).

Thirteen uninfected goats from all experimental groups served as controls.

Prior to the infection, all goats were acclimatized for 1%2 months and screened for haemapro-
tozoa using Giemsa-stained smears and were found negative. At the end of the acclimatization
period, male bucks with deviated penises were introduced to monitor overt oestrus. At the same time,
all females were bled (5 ml/goat) for two consecutive cycles between 9.00-10.00 a.m. every other day
to provide plasma for baseline pre-infection self-control hormonal levels. The bleeding continued
throughout the infection period at the same rate except during oestrus when 1t was done at 6 hourly
intervals. The plasma obtained was stores at —20°C until needed for hormonal analyses. The infection
period lasted 6 months.

Plasma concentrations of progesterone and oestradiol-178 were determined in 200 ul and
500 ul plasma aliquots, respectively, by dextran-charcoal radioimmunoassay according to the WHO
(1984/85 matched reagent manual) and adopted for use with goat plasma (O’hara et al., 1985;
Katongole and Gombe, 1985).

The antisera to progesterone and oestradiol-17f were supplied by WHO and had been raised
against progesterone 3-(o-carboxymethyl) oximino-BSA and oestradiol-6CMO-BSA, respectively.
The *H-tracers were obtained from the Radiochemical Centre, Amersham, England.
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Three quality control (QC) goat plasma pools containing different concentration of each
hormone were included at three places in each assay to monitor the assay drifts and interassay
coefficient of variations (CV’s). The interassay CV’s for progesterone assay were 9.8% (n = 36) at
12.7%£0.3 (SEM) nmol/l; 10.4% (n=12) at 6.4 =0.3 nmol/l and 13.3% (n=21) at 2.7%=0.1 nmol/l. The
CV’s for oestradiol-17f assays were 7.6% (n=36)at 998.9+ 17.7 pmol/l; 10.1% (n=36) at 623.4+10.5
pmol/l and 12.8% (n=35) at 120.3£ 3.5 pmol/l. The intraassay CV’s were calculated from 25 similar
aliquots assayved together for each QC pool and were below 8% for both hormones. The sensitivity of
the assays were 0.05 nmol/l (n = 21) and 11.8 pmol/l (n = 29) for progesterone and oestradiol-174
assays, respectively.

The respective hormonal values were averaged on monthly basis for each goat and each group
and were analysed by one-way analysis of variance.

The difference between group means were compared by a modified Duncan’s New Multiple
Range Test (Kramer, 1956) as described by Steel and Torrie (1960).

Results

Clinical observations

Comparative detailed clinical observations in the same experimental and
control groups have been described recently (Mutayoba et al., 1987). Morogoro
goats were found to be more tolerant followed by the Arusha, Lambwe Valley
and Imbo goats in that order. All infected goats become parasitaemic within 5-8
days and thereafter, the Morogoro goats had intermittent scantly parasitaemias
than other groups. Thus, out of 77 samples examined for the presence of
trypanosomes during the first two months of the infection in the Morogoro
group (Table 1) 21 (27.3%) were negative, whilst, only 5 (7.2%), 12 (16.9%) and 3
(4.8%) of the 69, 71 and 62 samples examined in the Lambwe, Arusha and Imbo
goats, respectively, were negative. This was significantly different (p<0.01).
This pattern persisted throughout the course of the infection.

The Morogoro goats had also less severe anaemia (indicated by PCV
changes), weight losses and lowest mortality rate compared to the Imbo goats
(Table 2). The Lambwe and Arusha goats were intermediate between the resis-
tant (Morogoro) and susceptible (Imbo) goats.

Oestrous cycles

The lengths of the oestrous cycles between the experimental and control
goats prior to the infection period were not markedly different (Table 3) and a
length of 20.1£0.2 days (n = 104) being recorded. The cycle lengths were
determined as an interval in days between two behavioural oestrus with the aid
of teaser bucks and supplemented by hormonal assays. Following the onset of
parasitaemia, irregular and increasingly shorter (p <0.05) overt and silent cycles
(detected by hormonal analyses) were noted in all infected groups. In the more
susceptible Imbo goats, cyclicity ceased at the second cycle post-infection,
whilst in the more resistant Morogoro goats, shorter 3rd and 4th cycles were
recorded before cessation. Ovarian cycles ceased at the end of the 3rd cycle in
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Lambwe and Arusha goats. Resumption of the oestrous cycles were recorded in
six infected goats following the spell of short rains in mid-October.

Seasonal ovarian activity was observed in the control goats, with highest
cyclicity (100%) in May and June and least (0%) in September. Cyclicity was
once again high at the start of short rains in late October. Eleven control goats
came back on heat within 12 weeks after the onset of short rains but resumption
of cyclicity in the infected goats (two from each of the Arusha, Morogoro and
Imbo groups) was delayed to an average of 3 weeks after the onset of rains.
However, two of the control and one infected (Arusha) goats became pregnant
thereafter.

Plasma progesterone levels

No marked regional (group) differences were noted in the monthly and
peak luteal progesterone values prior to trypanosome infection (Fig. 1, Table 4).
However, a significant difference in the mean monthly and luteal progesterone
values were recorded within a month and 2nd cycle postinfection, respectively,
between the infected and control goats and between infected groups. Whereas,
the control goats maintained high mean progesterone levels (10.7 £0.8 nmol/l)
in July, one month postinfection (Fig. 1), the mean monthly progesterone values
of the infected groups (3.0+0.5 nmol/l; 4.7£0.6 nmol/l; 7.1 0.8 nmol/l and
2.2+0.3 nmol/l in the Lambwe, Arusha, Morogoro and Imbo groups, respec-
tively) recorded during the same month, were significantly lower (p <0.001).

The decline was, however, least in the Morogoro goats (p <0.001) when
compared to other infected groups. This pattern was maintained up to the end
of August when all infected and control goats became acyclic. The mean pro-
gesterone levels of the infected groups were still slightly low in September
(nonsignificant) and in October (p<0.01) during the acyclic period. Luteal
progesterone values (Table 4) followed the same trend between the infected and
control goats from the 2nd cycle postinfection. The differences in hormonal
levels among the infected groups were, however, equivocal.

Seasonal ovarian activity in the control goats were marked by a decline in
the mean monthly progesterone values in August (p<0.01) and September
(p<0.001). Following the onset of short rains, the hormonal levels started to
rise. However, the mean monthly progesterone values of the pregnant infected
Arusha goat was significantly lower (6.9 nmol/l, p<0.001) than the pregnant
control goat values (>20 nmol/l).

Plasma oestradiol-17p levels

The preinfection monthly oestradiol levels and corresponding preovula-
tory peaks were not significantly different between the experimental and con-
trol groups in May (Fig. 1, Table 5).

A significant difference in the monthly (p<0.01) and peak (p <0.01) values
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232



12 1uRdITUSIS 918 9[2AD PI¢ PUB PUT Y] UL SAN[RA [011U0D (GO Q> d) 18 A[IUBdJIUSIS I9JJTP 10U OP MOI JWES YL Ul (P J q B) s1diaosiadns awes 9y} SulIeaq SUBdN
"A19A1102ds21 ‘sdnoid [011u0d pue pa1ddjul ‘sdnoid paloajul udIMIdQ SANBA J dle T4 pue '
NS F SUBdW SB UIAIF Sanjep

"K19A1109d ST “30UIPIFUOD JO [9A] 0| PUR 054G 1B URDIIIUBIS “IOUBIJIUTISUOU SJOUIP 4y s SU —

(100°0>d)

|

(8) 8°0F6°91 = (Le (D) v'TFL9 - g  12qQWIAON 01
(6) TIFE9I (0) 1'7+8'8 (@) LTF9°L - = L 19QOO-PIN
= - - - - 9 12q01O-PIAN
(€) TYF6TI - = - - S
(9) 6°0F€ 61 - (€) €179°¢ = - v
#x597 LT #+x£6°C (01) 017,881 - (L) 6'0FqC 01 (6) ¢ 1FqL'8 (9) 9°0F:9° €
xxx09 TT #6876 (T1) 6°0FpE 81 () S TF2al 01 (6) £ 17-8°¢1 (L) T1F40°01 (8) S0Feb'S 4
SU 9¢°] Su 80’1 (€1) 8'0F=861 (8) 0°TFeC 91 (6) T1Fe€ 81 (6) S 1FeL 91 (8) 1'1Fe9°61 I aunf-piiy
*x6L°T #xC8 T (€1) 9°0Fet 61 (6) 8'0Far9 61 (01) L0Fe0°61 (6) 1'1FeL 1T (01) 8°0F48712 (e aunf-priy
SU 780 SU 9470 (€1) 8°0F8IC (01) 6°0F¥°0T (01) L0F8°02 (6) 8°0F20T (01) L'0FE 1T T 01 ke
uonoajut
oner ¢ ones 14 (+) 191ye pue syluow
2duBdJIUTIS  ddUBIIJIUTIS (=) a10323q ur porrad
JO [9A37] JO 19AD7] [011u0) oqui| 0103010 BYSTIY  AJ[[BA amquueT] SIPAD  drewrxorddy

S120F [011U0D PUB P122JUl JO (J/jowu) s[aAd] auoldlsadolrd vwserd [eain|

UBIN “p qeL



"PAUTWLIBOD 210m sYBAd 101pR1ISI0 A101B[nA0A1d 350U S1E0T SUT[IAD 910UIp SI19YOBIQ UI SIdqUINN —

(S0"0>d) 18 Appued1jIugdIs 13JJIp 10U Op M01 dwres Yl ul (2 q e) sidudsiadns awes 9yl ulIeaq SUBIA

"A[2A1122dS1 “00UAPIUOD JO [OAI] 0] PUEB 054G 1B 2DUBIYIUSIS “QOUBDIJTUTISUOU 1OUIP 4 ue SU —
"A[9A1103ds31 ‘'sdnoId [011U0D pue Pa1ddjul ‘sdnoid paldajul ayl uAIM1aq San[eA J 10UIP I pue L] —

INAS T SUBOW SEB UJAIZ San[BA

(8) L'OEFHHE9 - (D9TIy = = 8  JOQUWIAON 03
(6) €LTFE06L (D) S65F6'S8T  (T) £TTF60VE (1) 78T¥ - L 199010Q-pPIN
- - - =+ = 9 I19q01O-PIN
(T) L€6F0790S = - - - ¢
(9) 0°6£78°919 & (1) 6°L6T = ~ 1%
wxx91 11 SUGS0 (6) 8°6TT4S 888 - (b) 1'THFeb'€9€ ~ (S) CO8FeO€TE  (S) CPEFeb VLT €
kS 1T 89T (T CTEFI6L9 (b)) 88IFeLTIT  (6) 6PEFa6FOP (L) TOEF40 10 (8) 8 TSTFeq0 S9E Z
#x17°€ SUBDD (€1 PTTFOTOL  (8) STLFelI'9LS  (6) 1'SSFe6'S09  (6) TTOFSTRS  (8) I'SSFeL 119 I aunf-pr
*xxCL Y wrx0S°S (€1) €LIFqe998L  (6) P'8TFELEL  (6) 9CTFe80L8 (L) €TEFQT IPL (O1) €¥TFeel 18 [~ aunf-piy
SU 9L SuQOT (€D SE€TFS LYY (0D p'zeFxTs8L (0D TIST6808  (6) 0'1SF9°668  (01) 8°6TFL 968 i 01 KN
uor129JuI
oner gy oner 4 (+) 101J® pue syjuow
oouediiudis  duedIugis (=) a10J9q ur porrad
JO 19427 JO [9A27] [011u0)) oquuif 0103010 BUSNIY  AJ[[BA dmquue] S30[AD  orewrxoxddy

$1203 [011U0d puE PaldAul Jo ([/jowd) S[aAd] ¢/ [-[01pe1Isao vwse[d yead uedy "¢ J[qe]



in June were attributed to the missed peak values in the Arusha (two), Imbo
(one) and Morogoro (one) goats.

A significant decline in the monthly (p<0.01) and peak values (p<0.05;
p<0.01) were recorded in all infected groups within a month, and first and
second cycle post-infection, respectively. The monthly levels remained low
(p<0.01) during the acyclic period in the infected groups. The Morogoro goats,
however, maintained shightly higher monthly values in July and August
(p <0.05) than the Lambwe and Imbo goats. Changes in the preovulatory peaks
were not significantly different among the infected groups.

Seasonality in the ovarian function in the control goats were marked by a
significant decline in both monthly and peak oestradiol levels (p<0.01) from
July to October before increasing in November following resumption of the
ovarian cycles. The monthly and peak levels were still significantly lower
(p<0.01) in the few infected goats which came back on heat in November.

Discussion

Chronic trypanosome infection resulted in progressive cessation of oes-
trous cycles and marked depression of plasma progesterone and oestradiol
levels. Changes were initially more marked in the peak hormonal levels, but
first decline occurred also in the basal values as the infection period progressed.
Trypanosome-induced depression of plasma oestradiol-174 and testosterone
have recently been reported in goats (Kivihya et al., 1985; Waindi et al., 1986).
Disruption of ovarian activity and prolonged elevation of progesterone levels
due to the persistence of corpora lutea have also been reported recently in the
British white goats and Boran cows chronically infected with T. congolense
(Luckins et al., 1986). A close relationship in the fall of preovulatory oestradiol
and luteal progesterone values observed in the infected goats in this study
suggested the lack of normal corpora lutea (CL’s) formation resulting from
inhibited preovulatory oestradiol rise. Histologically, O’hara et al. (1985) and
Mutayoba et al. (1988) reported the degeneration of partially lutenized tertiary
follicles, absence of CL and lymphocytic infiltration in the degenerating ovar-
1an stroma in the female goats infected with 7. congolense. It seems from the
above studies that trypanosomiasis causes variable reproductive anomalies in
female animals ranging from lutecolysis failure to impaired luteogenesis and
degeneration of the entire ovarian stroma.

The plasma oestradiol levels obtained in this study were, however, higher
than values reported in other breeds of goats but were closely similar to those
previously reported in the Small East African goats from Uganda (Katongole
and Gombe, 1985). Values ranging between 120-900 pmol/l were reported
during normal oestrous cycles of the goats in that study.

The rate and degree of ovarian depression in the infected goats seemed to
depend on the susceptibility of individual goats and in resistant goats, they also
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depended on duration of the infection. The resistant Morogoro goats were
better in maintaining the ovarian cycles and higher hormonal values than other
infected groups, at least in the first 2 months of the infection. It was, however,
observed from this study, that, chronic parasitaemia ¢ven at low levels may
exacerbate the underlaying ovarian lesions and reduce the fertility of resistant
animals even further as evidenced by the loss of ovarian cycles in the Morogoro
goats and levelling of hormonal values between infected groups in subsequent
months.

Resumption of ovarian activity was observed in some chronically infected
goats during the spell of short rains.

Although, this could have been due to the seasonal effect as also evidenced
in the control goats and reported in other studies in the Small East African goats
(Katongole and Gombe, 1985), it was an indication that trypanotolerant ani-
mals were potentially capable of regaining their ovarian function during the
course of the infection. Indeed, one infected goat became pregnant. Quantita-
tively all goats which survived a six month infection period irrespective of the
group were viewed as having been more resistant (trypanotolerant) than those
which succumbed. These were 3 (Imbo), 5 (Arusha), 6 (Lambwe) and 7 (Moro-
goro) goats. The surviving Morogoro goats were in good body condition and
had scanty parasitaemias than other infected groups. Their residual fertility by
the time the study was terminated was still markedly reduced as indicated by
low hormonal values even in the goat which became pregnant. These results,
however, help to explain the high level of herd infertility and pregnancy failures
often associated with trypanosomiasis in the field (Parkne and Dhake, 1972;
Kanyari et al., 1983).

It was also noted in this study that trypanosomiasis delayed the resumption
of ovarian cycles in the infected goats following the onset of short rains. In the
field conditions, this delay is more likely to be worsened by an increase in the
tsetse population and rate of trypanosome infections during the rainy season.
To what extent does it affect the onset of goat breeding secason in tsetse-endemic
areas during rainy seasons is poorly documented and needs to be investigated. It
suffices to speculate from the observations obtained from this study that there
might be a considerable interference in the breeding season even in resistant
infected animals so that young ones are born late when pastures are deteriorat-
ing. In this regard, other conventional disease control methods (namely tsetse-
control and chemotherapy) are quite essential especially during the rains so as
to exploit the genetic superiority of resistant livestock in improving their re-
productive efficiency.
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