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Abstract. The transmission and course of the Tahyiia virus infection induced by the infected Culi
seta annulata mosquitoes in chimpanzees are described in this paper. Four out of five chimpanzees
exposed to infected mosquitoes hecame sick.The course of the Tahyfia virus infection in chimpanzees
was characterised by the rise of body temperature, viremia and the virus neutralizing, hemagglutinin
inhibiting and complement fixing antibody formation. In two chimpanzees also the acceleration of
erythrocyte sedimentation was observed. Infection could be caused even by three infected mosqui-
toes feeding on the animal. The usefullness of chimpanzees in studying the acute human Tahyiia
virus infection is discussed.

The high frequency of Tahyiia virus antibodies in human population and the
serologic results providing the evidence of acute human infection with the Tahyiia
virus on the one hand and the lack of adequate laboratory evidence of clinical
illness caused by the Tahyfia virus on the other, led us to undertake the expe-
rimental Tahyfia virus infection in chimpanzees which were found suitable for
studies with this virus (Simgov&, BArpoS 1966). To simulate as closely as possible
the conditions occurring in nature we used mosquitoes for inducing the infec-
tion and we worked with an extraneural variant of the Tahyina virus at a low
passage level not inoculated intracerebrally during passaging. We carried out the
experiments with the mosquito species Culiseta annulata (Schrk.) in which the

overwintering of Tahyiia virus was proved experimentally during its hibernation
(DantELOVA, MINAR 1969).

MATERIAL AND METHODS

Experimental animals. Young chimpanzees (Pan troglodytes), females and males ranging from
4.1 to 4.7 kilograms in weight, were quarantined singly or in pairs in the cages during five weeks prior
to experiments. At this time the health condition of each chimpanzee was checked by systematic
physical examinations, hematological and scrological tests, The animals were fed on the usual diet
of monkey-food supplemented with fresh vegetables.
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The mosquitoes of the C. annulata species were collected as imagoces in the caves near Beroun
(central Bohemia). They were kept at the temperature of 25--26 “"C and 90 %, relative humidity.
They were fed with a 109, glucose solution.

Virus and infection of mosquitoes. The *236™ strain of Talyia virus isolated from mosquitoes
by intramusculur inoculation of Syrian hamsters (BARDOS, DanikrovA 1959) was used in its 10th
extraneural passage.

The mosquitoes were infected by feeding on viremic hamster hlood to which 5 9%, of glucose had
been added. The blood meal was exposed to the mosquitves for three hours. After finishing the expo-
sure, the blood-glucose solution was titrated by intracercbral inoculation to 8 g white mice,

Exposure of chimpanzees to mosquitoes. The chimpanzees were anesthetized with pentobarbi-
tal (Thiopental) injected subeutaneously (30 to 40 mg/kg of body weight) in the nuchal region of
animals. For engorgement on the chim-
panzees the mosquitoes were confined in
small silon cages which were fixed at the
shaved skin on the ventral thoracoabdo-
“ minal region of the sleeping chimpanzees,
so that the mosquitoes could feed without
difficulty (Fig. 1). Various numbers of
mosquitoes were allowed to feed on each
chimpanzee. The cages with mosquitoes
were applied gradually to chimpanzees so
that each animal was exposed to the mos-
quitoes for three to three and a halfl ho-
uré. Subsequently to the exposure the
~ maosquito infection rate by the isolation
experiments from Lhe individual engorged
mosquitocs and average virus levels both in the engorged and unengorged mosquitoes were established.
In the isolation experiment 1 mosquito was ground in 1 ml of the 10 9, guinea pig scrum in pH 7.4
saline with 1000 units of penicillin and 1000 y streptomyein. After 30 minutes stay in a refrigerator
the suspension was centrigufed for 5 minutes at 2500 rev/min. and inoculated intracercbrally (0.01 ml)
and subcutaneously (0.03 ml) to one litter of 1 to 2-day-old suckling mice. To ascertain the mosquito
virus level a suspension from 10 mosquitoes gronnd in 1 ml of diluent was titrated and each tenfold
dilution was inoculated intrucerebrally to suckling mice. The mosquito suspension was considered us
@ 107 dilution. The virue level was expressed as the total average amount LDy, of virus in the body of
one mosquito as was described earlier (Danierov A, MinAi, Rosicky 1968).

Fig. 1. Exposurc of chimpanzee to mosquitoes,

Observations on ehimpanzees exposed to the mosquito leeding

Viremia: The chimpanzees were examined for viremia during 15 days after the exposure to mos-
quitoes at 24 hours’ intervals. Samples of blood were obtained from the antebrachial vein or by cardiac
puneture. For virus recovery the blood was taken into syringes rinsed with heparin solation, contain-
ing 100 LU. of heparin in 1 ml of buffered saline, pH 7.2. The virus contents in the blood of chimpan-
zees was determined by the intracerebral inoculation of tenfold dilutions of blood into grovips of
4—6 weanling mice weighing 7—6 g. Undiluted blood of the chimpanzees was also routinely inoculated
intrucerchbrally to two litters of 1 to 2-day-old suckling mice in order to detect low levels of circulating
virus. Virus concentrations were expressed as the number of LDy, per 0,03 ml of inoculum as calcula-
ted by the formula of Reep and Muenca (1938). The specificity of death of the mice was checked by
subpassages or also by intracerebral virus nentralizution tests in mice with immune mouse serum
against Tahyfia virus.

Physical examinations: The rectal temperature of each chimpanzee was tuken during 14 days
before and during 21 days after the exposure to mosquito hite twice daily. 36.9 “C were considered
the upper limit of normal body temperature. Further daily examinations included auscultation
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of the heart and respiratory system, palpation of the lymph nodes and observation of the animal’s
behavior. During the whole period of experiment the erythrocyte sedimentation rate was ascertained
in 3 to 7 days’ intervals. Fecal specimens or rectal swabs were collected at 7 days’ intervals for bacterio-
logical and parasitological examinations.

Antibodies: Sera from the chimpanzees collected before and at intervals for as long as 3 months
after the exposure to the mosquito bite, were tested for the presence of neutralizing, hemagglutinin
inhibiting and complement fixing antibodics to Tahyiia virus. The sera were kept at —20 °C and all
samples taken from one chimpanzee were examined simultancously.

The virus ncutralization test was carried out in the GMK All-1 green monkey kidney stable cell
line (GiiNALP 1965). The tube culture of CMK cells were grown in a synthetic medium (Svonim at al.
1960) containing 10 % heated calf serum and antibiotics, its pH was adjusted by adding 0.5 ml of
7.5 9, NaCHO; solution per 100 ml medium. In the maintenance medium the amount of serum was
decreased to 2 9% and 1.4 ml of 7.5 % NalICOj; solution per 100 ml was used. Undiluted sera and serial
fourfold dilutions of the sera (inactivated at 56 °C for 30 minutes) were mixed in equal volume with
30—100 CPDsy, of Tahyiia virus. After incubation at room temperature for one hour the virus-serum
mixtures were inoculated into two tube cultures for each serum dilution. The antibody titer was
recorded as the highest serum dilution producing virus neutralization.

The hemagglutination inhibition test was carried out by the method of Crarck and CasAvrs (1958).
HA antigen was prepared from infected newborn mouse brains by the sucrose-aceton extraction, and
the test sera were diluted in 2-fold steps starting from sera diluted 1 : 20. Four to eight hemagglutinat-
ing units were used.

In the complement fixation test carried out by the conventional method eight to sixtcen units
of antigen and two units of complement were used with an overnight incubation at 4 °C. The sera
were diluted in two-fold steps starting with undiluted sera.

RESULTS

The transmission of the Tahyiia virus to chimpanzees was performed 17 or 18 days
alter the infection of C. annulate mosquitoes. The virus titer of the mosquito
infection source had been of 1044 LDx,.

The average virus level in one mosquilo checked before and after feeding on
chimpanzees reached the values of 105.7LDs, and 10%2°LDsp respectively. At this
time the infection rate in mosquitoes showed fifty per cent.

Chimpanzee No. 31 (a male weighing 4.5 kilograms) was exposed to 39 mosqui-
toes C. annulata out of which five specimens were found engorged after the exposure.
The Tahyiia virus was detected in three of them. Viremia was recovered in chim-
panzee No. 31 on suckling mice inoculated with undiluted blood obtained on the
first and second day but the amount of virus in the blood of chimpanzee on these
days was too low to be titrated in weanling mice. The quantity of virus circulating
during the third to sixth day after infection was higher and rcached the maximum
titer of 102.0L1D¢/0.03 ml of blood on the fourth postinfection day. The inoculation
of undiluted blood into suckling mice failed to reveal the presence of viremia after
the eighth day (Table 1).

On the second and fourth days of infection the chimpanzce No. 31 developed
a rise of temperature. In the morning and in the afternoon of the sccand day 37.3 °C
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Table 1. Viremia in chimpanzees following exposure to bite of Culiseta annulata infected with

Tahyia virus
Virus titre in the blood (log. LDs/0.03 ml)* on days after exposure to
Chimpanzee mosquito bite
No. = I = = .
1 2 | 3 |4 | s 6 1| 8 | 9 [10-1s

I e =3 - . |

31 <05 | <05 1.0 2.0 0.5 0.6 <05 | <05 0 0

33 <05 | <0.5 < 0.5 1.0 2.0 0.7 <0.5 | <0.5 0 0

35 0 <5 1.0 | 0.5 1.5 >2.4 1.0 | <05 1 <0.5 0

36 0 0 0 0 0 0 o ' 0 0 0

39 <0.5 0.5 <{.5 0 0 0 0 <05 <05 0
o 1 _ . _ | 1 B —

*0 <= virus recovered
<0.5 -~ virus isolated from undiluted blood in vccasional wennling mouse or in suckling mice

was observed, by the third day the temperature returned to normal and in the after-
naon of the fourth day again a rise to 37.6 °C was registered. On the following days
the chimpanzee developed normal temperature (Iig. 2).
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Fig. 2. Infection in chimpanzee No. 31 following exposure to bite of Culiseta annulata infected with
Tahyiia virus.

The erythrocyle sedimentation rate of this chimpanzee estimated prior to the
exposure to the mosquito bite showed 4/7 and 4/12 millimetres respectively. On
the third, sixth, cleventh, fourteenth and on the twenty-first postinfection days
35/67, 35/76, 30/62, 20/55 and 25/77 millimetres were obscrved. From the thirtieth
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day a gradual return to the preinfection rute was established and on the 54th day
after infection again 5/11 millimetres were found (Fig. 2).

The chimpanzee No. 31 possessed no demonstrable Tahyiia virus neutralizing,
complement fixing or hemagghatination inhibiting antibodies initially and also on
the sixth postinfection day. The virus neutralizing antibodies appeared on the ele-
venth day, gradually reached high levels with a peak titer of 1024 on the thirticth
day and persisted for the whole period of investigation, i.e. for three months in
a titer of 512. The hemagglutination inhibiting antibodies appeared on the fourteenth
day after infection, a peak titer of 40 was observed on the thirticth day but since
two months after the virus inoculation by mosquitoes no hemagglutination inhibit-
ing antibodies were found in the tested chimpanzee, The complement fixing anti-
bodies were detected in this animal for the first time three weeks afler exposure,

“they reached a titer of 32 at the fourth and sixth weeks and persisted in a titer of
16 even three months after infection (Table 2).

Table 2. Antibody response of chimpanzees following exposure to Culiseta annulata infected with
ahyha virus

Days Chimpanzee

post |~ - . S e
pris 4 3] 33 35 36 | 39

S N [ wr ler| vy | om | cr | v | wmr [(;1-' Wl nr | cF | v | mi Icr

0 0 |<20 0 0 <20 I —* 0 l <20 0 0 |<20|—* L] -I«.:20 0

6—1 0 |<20 0 0 <20 0 0 <20 |[—-*| 0 | <20]| —* 0 |<20 |—™
1112 16 '< 20 0 | B <20 0 0 <20 0 0| <20 —-* 4 20 |—*
14—-15 128 20  —* 1024 20 |1>2 1024 <20 8 0 | <20, —*; 512 20 |—*
21-22 512 20 | 16 |>1024 20 8 —te] = %% 0 | <20]|---*]| 256 20 |—*
30 -31/>1024 40 | 32 1024 20 —* — - — 0 | <20 —*|1024 40
41—42 512 20 | 32 1024 40 8 —-— — — 0 | <20| —* 64 20 132
54.-55 512 20 | 16 1024 40 8 - - - 0 | <20| -* 64 20 132
8 — 069 512 (<20 | 16 1024 201 4 —_ - - 0 | <20 —=*| 64 20 |16
92-93 512 (<20 | 16 1024 |<20 | 4 —_ - - 0 |<20 | —*| 64 |<20 |16}
| _ ) ) 1 )

VI, HI and CF titers rcpresent the reciprocal endpoints of serum-dilution
0 no antibodies detected in undiluted sera

* Serum anticomplementary at dilution £1: 16
** Animal died

In a sccond attempt at transmission of the Tahyfia virus 41 mosquitoes C.
annulata fed on the chimpanzee No. 33 (a female weighing 4.0 kilograms) exposed to
70 mosquitoes.

Viremia detected in this chimpanzee resembles the course of virenia in the chim-
panzee No. 31 (Table 1).

On the second day of infection the chimpanzee No. 33 developed fever. That day
in the morning a risc in temperature to 37.5 °C was observed, during the day the
temperature continued to rise and in the afternoon reached 38.5 °C. On the follow-
ing days the temperature dropped and on the fifth pestinfection day only 35.5 °C
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were registered. On the seventh day again a rise in temperature up to 37.2 °C
appeared but since the ecighth postinfection day a normal temperature was ascer-
tained (Fig. 3).

The erythrocyle sedimentation ratc showed an acceleration already on the third
postinfection day when 40/80 millimetres were found in contrast with 5/15 and 5/17
millimetres observed prior to the exposure to infection. The sedimentation rate of
erythrocytes in this chimpanzee showed a slow return to normal, on the 54th day
20/40 millimetres were yet ascertained (Fig. 3).
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Fig. 3. Infection in chimpanzee No 33 following exposure to bite of Culiseta annulata infected with
Tahyfa virus.

)

The antibody response of the chimpanzee No. 33 is given in Table 2. Whilc on the
eleventh postinfection day the virus ncutralization antibodies showed a low level,
on the fourteenth day already a titer of 1024 was found and this high level of anti-
bodies persisted for the whole period of investigation without changes. On the
fourteenth postinfection day also the hemagglutination inhibiting antibodies deve-
loped and reached a titer of 40 during the sixth and cighth weeks, then declined,
two months after infection still a titer of 20 was found, but a week later the chim-
panzee possessed no hemagglutination inhibiting antibadics. The complement
fixing antibody formation showed a low level on the fourteenth day, and titers
of 8 and of 4 persisted during the three months of investigation.

In three further experiments the chimpanzee No. 35 (a female weighing 4.1 kilo-
grams) was exposed to 75 mosquitoes out of which 30 were found engorged, the
chimpanzee No. 36 (a female weighing 4.7 kilograms) was exposed to 78 mosquitoes
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out of which 37 fed on it and finally 8 mosquitoes were fed upon the chimpanzee
No. 39 (a malc weighing 4.1 kilograms) exposed to 53 mosquitoes.

While the chimpanzees Nos, 31 and 33 revealed no symptoms of disease during
the last two-week period of quarantine, in the chimpanzees Nos. 35, 36 and 39
a raise in erythrocyte sedimentation rates was observed during the whole isolation
period and in the chimpanzee No. 38 also

temperature oscillations from normal to g4 l o e 05 LI;“/'J-OJ 4
. - - ’
fever were found. For this reason in the A\ 2
chimpanzees Nos. 35, 36 and 39 no erythro- : s b J
- . . . a
cyte sedimentation rate and in the chim- i~ i -
panzee No, 30 neither the body temperature % ,L..\/_\/\/\L 3
. a7 f
could be evaluated following the exposure bl N | o

to the Tahyﬁa virus infection. e

Chimpanzees Nos. 35 and 39 developed 043 FOLLOWING EXPOSURE:
. . . - - SO0LD LINE REFPRICSENTS TEMPERATLRE
viremia as well as antibodies following the DROKEN LWL REPRESENTS VREMA

infection but in the blood of the chimpan- Fig. 4. Responsc of chimpanzees No. 35 and
zec No. 36 no virus could be detected at  No.39 to inoculation of Tahyiia virus by
any interval following the exposure to infected mosquitoes.

mosquito feeding and the results of sero-

logical examinations of this chimpanzee revealed no changes in comparison with the
data obtained before the exposure to the mosquito feeding (Tables 1 and 2).

The course of temperature and viremia following the Tahyha virus infection of
chimpanzees Nos. 35 and 39 is shown in Fig. 4. In the blood of the chimpanzee
No.35 no virus could be detected 24 hours after exposure. Traces of virus were found
on the second day and the blood virus concentration reached the maximum on the
sixth postinfcction day, when a titer of 10241 D/0.03 ml of blood was ascertained.
Viremia lasted for eight days: A rise in temperature appeared on the fourth day
following the exposure, when in the morning and in the afternoon 37.3 °C were
registered. On the fifth postinfection day the temperature returned to normal.
The chimpanzee No. 39 showed a low level of viremia on the first, sccond and third
day. From the fourth to seventh postinfection day ne virus could be detected in
undiluted blood of this chimpanzee, but on the eighth and ninth postinfeetion days
again traces of blood virus occurred. The first rise in temperature occurred on the
fourth day following the exposure, reaching 37.3 °C in the morning and also in the
afternoon. After a two days period of normal temperature on the seventh day fever
of 38.3°C appeared in the morning, but in the afternoon only 37 °C were ascertain-
ed. Next day in the afternoon the tempcrature reached once again 37.4 °C—and
from the ninth postinfection day a normal temperature was observed.

None of the five chimpanzees, with exception of one animal, showed any marked
changes in their behavior during the experiment. One chimpanzee, No. 35, was found
to be noticeably weak when removed from the cage for examination on the 13th
postinfection day. On this day still a normal temperature of 36.4 °C was ascertained
in it. On the next three days this chimpanzee was sitting quietly in the cage, was
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eating less and his body temperature dropped below 35 °C. On the 17th day follow-
ing the infection the chimpanzee No. 35 died. The dissection examinations, includ-
ing histological observations of organs revealed no pathological findings. No virus
could be demonstrated in either part of the brain or striated museles, lungs, spleen,
liver, kidneys and inguinal lymph nodes.

DISCUSSION

The elucidation of clinical illness caused in humans by Tahyiia virus is handicapped
by the lack of virus isolation from acute human Tahyiia virus infections. From non-
-human primates, examined following an experimental subcutaneous infection with
Tahyfm virus, chimpanzees have been found the most suitable for the observa-
tions of overt clinical signs of experimental Tahyﬁa virus infection (SiMKOVA,
B4wrpo3 1966). |

The mosquito Aédes vexans which is the main vector of Tahyiia virus in Czecho-
slovakia (S1mkovA, DanierovA, BArpo3 1960; DanierovA 1966), this could not be
used becanse the experiments were carried out during the winter season. Culiseta
annulata mosquito has been found a very suitable vector for multiplication and also
for overwintering of Tahyiia virus (DanierovA, MinAk 1969).

The transmission of Tahyha virus by the mosquito C. annulata obtained in
four out of five expased chimpanzees is the first proof of direct transmission of this
infection to animals by C. annulata feeding on them.

The deseribed experiments have demonstrated that chimpanzees may be infee-
ted by mosquitoes with Tahyiia virus. The chimpanzees Nos. 31, 33, 35 and 39
each developed viremia and rise of temperature or fever, with following antibody
formation. In two chimpanzees also the acceleration of crythrocyte sedimentation
was observed. As for the relation between viremia and the febrile period, we found
it interesting and important that the rise of temperature preceded the development
of viremia in all four chimpanzces. Although caution must be exercised in drawing
parallels between the responses in experimentally infected chimpanzees and natu-
rally infected humans, the results of these studies might be uscful in attempt to
isolate virus from an acute human Tahyiia virus infection. Further results of these
studies suggest that the temporary appearance and persistence of Tahyiia virus
neutralizing, hemagglutinin inhibiting and complement fixing antibodies in the
chimpanzees infected by mosquito feeding closely rescmble those seen in human
infections, Certain antibody responses scen in natural infections might well be
explained by some of the antibody patterns observed in chimpanzees,

We did nat succeed in proving by Tahyiia virus isolation technique that the
death of the chimpanzee No. 35 was specific, but this possibility was not excluded.

The failure in developing infection in the chimpanzee No. 30 is very interesting.
However, the virus must have been inoculated to this animal during the mosquita
feeding. 37 mosquitoes fed on this chimpanzee and even if the infection rate in C.
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annulata was very low (only 509) and the transmission rate which was unknown
might be lower than the infection rate, we consider the number of feeding mosqui-
toes as sufficient. This conclusion is illustrated by the results obtained in the chim-
panzees Nos. 31 and 39. In the chimpanzee No. 31 the illness occurred even after

only three infected mosquitoes had fed on it.

The virological, immunological and clinical characteristics of Tahyiia virus
infections induced by mosquitoes in chimpanzees call attention to the potential
usefulness of this model in studying human discase.

Acknowledgement. We thank Dr. Maréek T. for conducting the complement fixation and hemag-
glutination inhibition tests and Dr. Halik J. who made the histopathological examinations. We
arc also indebted to Dr. Odler 1. for providing the bacteriological examinations.

REFERENCES

Biroo§ V., Danterovi V., The Tahyha virus
—a virus isolated [rom mosquitoes in (zecho-
slovakia. ). Hyg. Epidem. (Praha) 3:
264—276, 1959.

DaNiELovA V., Quantitative relationships of
Tahyiia virus and the mosquito Aédes
vexans. Acta virol. 10: 62— 65, 1966.

—, Minik J., Rosick¥ B., Experimental survi-
val of the virus Tahyiia in hibernating mas.
quitoes Theobaldia annulata (Schrk.). Folia
parasit. (Praha) 15: 183—187, 1968.

—, —, Experimental overwintering of the Ta-
hyifia virus in mosquitoes Culiseta annulata
(Sehrk.) (Diptera, Culicidae). Folia parasit.
(Praha) 16: 285—287, 1969.

GiUnarp A., Growth and cytopathic effect of
rubella virus in a line of green monkey kid-
ney cells. Proc. Soc. exp. Biol. (N. Y.) 118:
85—90, 1965.

Rececived 17 March 1969,

Reep L. J., Muencu H., A simple method of
cstimating fifty per cent endpoints. Am. J.
Hyg. 27: 493—497, 1938.

Sconim D,, Micar J., CiMmerovA O., Mares 1,,
DiEvo M., Some experiences with the prepa-
ration ol inactivated poliomyelitis vaccine
in Czechoslovakia. II. The preparation of
media. Cs. Epidem. 9: 111—121, 1960.
(In Czech.)

SiMovAi A., DANIELOVA V., BArpo§ V., Expe-
rimental transmission of the Tahyfa virus
by Aédes vexans mosquitocs. Acta virol. 4:
341—347, 1960,

—, BArno§ V., Experimental '1'ahyﬁa virus
infections in primates. Proceedings of the
Symposium on arboviruses of the California
complex and the Bunyamwera group, Smo-
lenice, October 18—21, 1966. Publ. House
of the Slovak Academy of Sciences, in press,
1969.

A. 5., Vjskumny tstav epidemiolégie a mikro-
biolégie, Sasinkova 9, Bratislava, CSSR



