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Reproductive anomalies associated with the tsetse DNA virus infection in the female tsetse hosts
Glossina morsitans centraldachado andslossina morsitans morsitans Westwpiodculated with the
virus during the 3rd instar larval stage were studied and the data compared to those obtained from the
control females injected with sterile physiological saline.

Virus infected flies had significantly longer first and second pregnancy cycles (P<0.0001) and pro-
duced pupae that were of significantly less weight in milligrams (P<0.0001) compared to controls.
Transmission of the virus to progeny was not absolute and only 2186 mf centrali@nd 48% ofG.

m. morsitandirst progeny flies from infected females developed salivary gland hypertrophy as a result
of transmission from mother to progeny.

The virus infected females produced significantly fewere pupae compared to the controls during the
experimental period (P<0.00001).
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The tsetse virus causing salivary gland hypethe end of a first pregnancy cycle which takes 18
trophy and male sterility has been shown to infeatays in the laboratory conditions while subsequent
some tsetse fly species naturally in the wild includeycles take 9 to 10 days (Langley 1977). The larva
ing Glossina pallidipesand Glossina morsitans pupates in 15 to 30 min and the adult fly emerges
morsitangWhitnal 1934, Jaenson 1978, Otieno efrom the pupa 30 days later. Tsetse thus have a low
al. 1980, Ellis & Maudlin 1987). Subsequently itreproductive potential in comparison to other in-
has been partially characterized as a doubkects as only a small number of developed larvae
stranded DNA virus (Odindo et al. 1986). Acan be produced in the life of a female. The fecun-
method of infecting tsetse flies in the laboratorglity of tsetse is thus highly dependent on the sur-
was developed by Jura et al. (1993), thus facilitatdval rate and the duration of interlarval period.
ing laboratory experimentation on this virus to Jura et al. (1988) examined the ovarioles of vi-
determine how it affects its hosts. rus infectedG. pallidipesand observed that the

Tsetse flies are reproductively peculiar becausmajority of the germaria were affected by degen-
the females give birth to larvae, nourished withireration and severe necrosis and virus particles were
the mother by a secretion from the highly modiseen within the germarial cells suggesting that this
fied uterine milk gland (Tobe & Langley 1978). virus may be transmitted transovarially to the prog-
The first oocyte is ovulated about nine days aftegny by an infected female. The degenerative changes
emergence of the female (Saunders 1970) andrizay affect the development of the larva resulting
fertilised as it enters the uterus. Embryogenesfsom such an egg. Sang et al. (1997) demonstrated
takes place for three days after which the larvthat flies infected by this virus had difficulty in feed-
hatches and goes through three larval instars in tirg and this affected their survival significantly.
uterus. It is born as a full term 3rd instar larva athese factors would probably influence the repro-
ductive performance of the infected female fly.
Evaluation of the potential of this virus as a
n _ _ _biocontrol agent in the control of tsetse flies includes
KCOrr.(T.?)pOEdIn% aLljttl’?or.t Fax: +254-2-720030. E-mailyptaining information on the effects of the virus on
Remr_n @ken.healthnet.org the female reproductive potential as well. The spe-
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effects of this virus on the duration of the pregnancy RESULTS
cycles, pupal productivity and their weights. Effects of virus infection on pregnancy cycle

MATERIALS AND METHODS and pupal weightslt was observed that the dura-
tions of the first and the second pregnancy cycles

the Ruma National Park in the Lambwe Valle)):n virus infected flies were significantly longer than

Game Reserve in Western Kenya. Flies were didl the controls and the pupae produced by virus

sected in the laboratory and any hypertrophied salffécted females were of significantly lower

vary glands retrieved and frozen in sterile physiV€ights compared to those produced by control

ological saline. Fifteen pairs of these were latdemales (P<0.0001, Table I).

homogenised in 0.5 ml of sterile saline centrifuged

at 3,000 rpm for 15 min at°@. The supernatant TABLE |

was used to inoculate experimental flies. Mean duration of 1st and 2nd pregnancy cycles (in
Production of virus infected and control flies  days) and weights (in mg) of pupae produced in 1st

Freshly larviposited larvae @. m. centralisor and 2nd cycle by virus infected and control female

Virus material - G. pallidipesvere trapped at

G.m. morsitansvere obtained from the insectary Glossina morsitans centralis
where tsetse are reared ab@@nd 75-80% rela- treatment Cyle No. Mean Mean
tive humidity. The larvae were inoculated with 1 larvae  duration weight

m of virus suspension prepared as above using
ontrol C1 59 17.84+0.54  27.46x0.50
the method developed by Jura et al. (1993). Thg Cco 58 9.0940.20  29.38+0.35

) or . .
thhmqluf? confers .]'OOA)I mfgcngﬂ Q trfeatEd.l flle%hfected C1 50 22.38+0.76  22.38+0.75

ontrol flies were inoculated with it of sterile C2 40 12804117 21.55+0.74
saline. After the larvae pupated they were incu-——
bated under the insectary conditions for approxf<1: first pregnancy cycle; C2: second pregnancy cycle;
mately 30 days to emerge. At emergence the sexes 25.115, P < 0.001 for duration of cycle 1 and F =

were caged separately in PVC fly holding Cage%g’fg' g oi?b?ovlvé%ﬁtug?tfu"p%f iygqu'/f':e il; 3377'651;
Flies were always fed on a live rabbit. ’ R

Effects of virus infection on pregnancy cycle(,)'001 for weight of pupa 2.

pupal production Virus-infected 2-day ol@.m.
centralisfemales were fed on rabbit blood and af-
ter few hours mated to 8 day-old males obtained Virus transmission rates to progeny flies by vi-
from the insectary, where they are fed every otheus infected femaleslt was observed that an in-
day also on rabbit blood. The males were removdécted female did not always transmit the virus to
after 24 hr of mating and destroyed. The femaleall her progeny. Only 21% of the progeny fr@n
were tranferred to single fly holding plastic vialsm. centralisand 48% of the progeny fro@. m.
measuring 5 x 2.5 cm with a nylon netting on onenorsitansdeveloped the syndrome (Table II).
end to allow feeding, kept under insectary condiwhere an infected fly was able to produce more
tions and fed every other day. A group of controlhan one puparium, in most cases it either produced
flies were treated similarly. Flies were observeall infected progeny or all normal progeny except
for two pregnancy cycles and the duration of thewo flies (nos. 14 and 18, see Table IIl) which pro-
cycles, pupal production, weights of pupae anduced mixed progeny (one virus infected and one
their emergence were recorded. uninfected). The rest of the flies in the experimen-
Transmission rate of the virus from the mothetg| group produced only one or no larvae at all and

to progeny Both G. m. morsitangndG. m. cen- in few cases the larvae produced failed to pupate.
tralis were used in these experiments. Females of

these species emerging from both control and virus
infected pupae were fed on rabbit blood on day 2 TABLE Il

and then mated to 8 day-old males as in the previ-Transmission rates of hypertrophied salivary gland
ous experiment. The flies were caged singly in syndrome by virus infecte@lossina morsitans

single-fly holding plastic vials, fed regularly and morsitans(Gmn) andGlossina morsitans
checked daily for pupal production for three preg- centralis(Gmg

nancy cycles. The pupae from each fly were cage;_qy species Total EM NSG HSG %HSG
separately in single fly holding tubes and upon emer- pupae  pupae

gence they were dissected and examined for sali=
vary gland hypertrophy. At the end of the three preg2™™ 39 29 15 14 48.28
nancy cycles, the experimental females were dis&2™° 32 18 14 4 2222
sected to check for insemination and to confirm salEM: emerged; NSG: normal salivary gland; HSG:
vary gland hypertrophy in the virus infected flies. hypertrophied salivary gland.




Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93(6), Nov./Dec. 1998 863

Pupal productivity Table IV demonstrates that Among the controls of both species, over 90% of
45% of the femal&. m. morsitanand 47% of5. the females produced three larvae during the ex-
m. centralisdid not produce any larvae at allperimental period and as demonstrated in Table V,
through the experimental period although they wernafected females produced significantly more pu-
inseminated. Some of the females either died beae per female compared to the controls.

fore they .Iarviposited' or failed to Iarviposﬁt over DISCUSSION
the experimental period. Only 10% the virus in- o
fected G. m. morsitanandG. m. centralisemales These results reveal that the tsetse virus infec-

produced three larvae during the experimention has detrimental effects on the female repro-
ductive performance, lengthening the interlarval

TABLE IlI periods and reducing the pupal production and their
weights. The reduction in the weights of pupae of
infected flies can be attributed partly to the pres-
ence of necrotic lesions in the germaria and viral
particles detected in the germarial cell nuclei (Jura
Fly . Pupae 1st 2nd 3rd et al. 1988). The presence of virogenic stromata in
no.  Species produced pupa  pupa  PUPFhege cells is an indication of replicating sites of

Virus infection rates in 1st progeny of virus infected
femaleGlossina morsitans centrali&maq producing
more than one viable pupa

2 Gmc 3 NSG NSG NSG the virus. Replication and assembly of virions in
4 Gmc 3 HSG  HSG cells provides a stress on the affected organ as the
15 Gme 2 NSG  NSG cell macromolecular synthetic machinery is
g gmc g mgg “gg NSG  switched over to the synthesis of viral protein. The

mce replication of the virus in the ovarioles could have
5 Gmc 2 NSG NSG . . .

an impact on the nutritive requirements and other

9 Gmm 3 HSG HSG HSG d | 't hich Id lead to del
10 Gmm 3 HSG HSG Hsc developmental factors which could lead to delays
5 Gmm 2 HSG  HSG in larval development or lack of it. This could also
18 Gmm 2 HSG NSG partly explain the increased interlarval periods. The
39 Gmm 3 NSG NSG NSG replication of the virus and the pathological
14 Gmm 3 NSG NSG HSG changes observed in milk glands of virus infected

HSG: hypertrophied salivary gland; NSG: normafémales (Sang et al. 1996) may also lead to the
salivary gland. poor nutritional provision to the lania uteroand

could also explain the reduced pupal weights and

TABLE IV

Pupal production rates in three pregnancy cycles by virus infected and &lossiha morsitans morsitarssd
Glossina morsitans centralfemales

G. m. morsitans G. m. centralis
Infec. Cont. Infec. Cont.
Pupae produced N % N % N % N %
0 pupae 18 45 0 0 18 47.4 0 0
1 pupa 9 225 0 0 12 31.6 0 0
2 pupae 9 225 2 4 4 10.5 3 5.6
3 pupae 4 10 48 96 4 10.5 50 94.3

N: the number of females producing the pupae in the experiment; %: proportion of females producing 0, 1, 2 or 3
pupae during the three cycle period.

TABLE V

Mean number of pupae per female produced in three pregnancy cycles by infected an®Gtussimh
morsitansmorsitans(Gmmn) andGlossina morsitans centrali&mag

Gmm Gmc
Infected Control Infected Control
Females 40 48 38 53
Mean # pupae/female 0.95+0.16 2.96+0.03 0.84+0.16 2.94+0.03

X2 =68.57; P<0.0001 faBmm; X2 = 68.72; P<0.0001 faBmc
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