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In conducting the research described in this report, the
investigators adhered to the "Guide for Laboratory Animal
Facilities and Care," as promulgated by the Committee on
the Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Resources, National Academy
of Sciencee-National Research Council.

ABSTRACT

The dog was shown to be susceptible to Rift Valley fever virus
(RVFV). Death occurred in all animals of 1 and 7 days of age
inoculated with 1 x 102.2 MICLDI or more of virus, and two of four
puppies died following inoculation with 1 x 100.2 MICLD of virus.
Temperature at death was hypothermic. Older animals, although
susceptible, were not killed by RVFV; there were no signs of
clinical illness, although 50% of adult dogs developed a viremia.
All animals with a positive viremia demonstrated a positive serum
neutralization titer. Transmission of RVFV from pup to mother
and from pup to pup was demonstrated. There was evidence that
antibodies were passed from mother to pup in the colostrum. The
data suggest an effect on fertility. The epidemiological aspects
of this study are discussed.

i
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I. INTRODUCTION

Rift Valley fever (RVF) is an acute viral disease primarily of sheep,

cattle, and humans. The mortality is very low in adult cattle, about

morbidity in susceptible humans is very high, mortality is 07. unless
complicated by secondary infection.

The disease in animals is characterized by a shore incubation
* period, febrile response, and a very high mortality in susceptible

animals. Human infections due to laboratory accidents have occurred
in England, Japan, and the United States. The disease in humans is
characterized by an "influenza-like" syndrome2'3 with fever, chills,
headache, malaise, and generalized muscle pain. The onset is sudden
and the course short (4 to 7 days); however, complete recovery sometimes

* may take weeks.

Reported animal outbreaks so far have been confined to the African
continent., primarily to the Rift Valley area of Kenya.! As with an exotic
disease., although confined to a particular area or continent, the
possibility always exists of outbreaks in any country by exposure to

asymptomatic carriers or vectors of the virus.

* The Randall vaccine' has proven highly inmmunogenic and effective inI
j protecting individuals fromi laboratory infections,5` but it is possible

that man can be an asymptomatic carrier capable of transmitting the
disease to a susceptible species, e.g. sheep or cattle, or through
household pets such as dogs and cats. In the absence of specific
information concerning this possibility, newborn suckling puppies, adult
dogs, and dogs of intermediate age were tested for their susceptibility
to Rift Valley fever virus (RVFV). The possibility that the dog is an

* sasymptomatic carrier and is capable of transmitting the disease was also
tested.

II. MATERIALS AND METHODS

* - 'A. AFIMALS AND THEIR CONDITIONING

The dogs used in these studies were purebred beagles purchased from
commnercial breeders of laboratory dogs. Pregnant bitches were purchased,
and the 1-, 7-, 14-, and 21-day-old puppies were born in the laboratory
so that the exact age of the litters was known at time of challenge. The
42-day-old litters were purchased with puppies still nursing. Approximately
30 days before shipment, all animals 84 days old or older were vaccinated
by the supplier for canine hepatitis, leptospirosis, and rabies. The
only exceptions to this rule were the 84-day-old puppies, which were
vaccinated 7 days before shipment.

S4.
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B. EXPERIMENTAL STUDIES

The experimental design is presented in Figure 1. The results reported
herein are divided into three major areas of work utilizing the pregnant
bitches,, their pups and other adult dogs to accumulate data. The first of
these major studies was designed to provide information on the dose-response
relationship of different age dogs to RVFV (studies 1 to 7). Adults and
bitches with litters of 1-, 7-, 14-, 21-, 42-, and 84-day-old pups were
used for these studies. Pups were inoculated by the subcutaneous route
with 0.5 ml amounts of virus at concentrations of 0.2., 2.2, 4.2, 6.2, or
8.2 log10 MICLW. Ten litters containing a total of 53 pups and six adult
dogs were included.

The second major study was designed to provide information on the
transmission of the virus by an asymptomatic host known to have a viremia;
i.e., (i) horizontal transmission (pup to pup; studies 1-C, 2, 4, 5-K),
(ii) ascending transmission (pup to bitch; studies 1-A, 1-C, 1-D, 2, 3, 4,
5-K), and (iii) descending transmission (bitch to pup; study 1-B).

The final phase of this work included certain supplemental studies
concerned with the clinical manifestation of RVFV in infected dogs. All
dogs (inoculated and uninoculated) were observed for alterations of body
temperature, antibody response, and virus replication in the blood. In
several of these dogs, studies were conducted on the transfer of passive
immunity to RVFV via the colostrum (study 8), along with the possibility
of abortion as a result of RVFV infection (study 9).

C. INOCULUM

The van Wyk strains of RVF¶1 was used for virus inoculation and serum
neutralization studies. The virus was propagated in a monolayer tissue
culture system utilizing a permanent mouse cell line grown in medium 199
peptone plus 107. calf serum.

D. ASSAY PROCEDURES

* The mice used for titration of viremias and serum neutralization tests

were the Fort Detrick strain Swiss-Webster. They were of mixed sex and
weighed 10 to 12 g. All mouse inoculations were made intracerebrally
employing 0.03 ml of material after appropriate dilutions in Ranks balanced
salt solution (607.) plus medium 199 peptone (307.) plus calf serum (10%.)
at pH 7.8. Eight mice were used for each dilution of the assay. The
Spearman and Karber' method of calculating mouse intracranial lethal dose
(log,, MICLDO0 was used.

The viremias were determined on whole heparinized (1,000 USP units/ml
of Na heparin, Upjohn) blood diluted at 10-1, 10-2,9 and 10-3.

•m * Im
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EE. SAMPLING AND MONITORING TECHNIQUES

Pre- and postinoculation blood samples were drawn in 10- to 20-ml
quantities depending on age and size of the dog. The blood was allowed
to clot, and the serum was decanted for serum neutralization titers.

Up to 10 days postinoculation, the temperature of each dog was taken
rectally, and clinical observations were made every 24 hours unless the
animal showed signs of illness; then monitoring was increased to twice a
day. Time-to-death was recorded morning and evening. Postinoculation blood
samples were taken at least twice during the first 7 days to determine if
and to what degree a viremia was present.

F. SERUM NEUTRALIZATION TEST

Blood samples (20 ml) for serum neutralization were drawn 28 days
postinoculation and, in some cases, at 21 days postinoculation. Serum was
inactivated by heat at 56 C for 30 minutes, then serum neutralizing antibody
was measured by mixing equal portions of undiluted inactivated serum with
equal volumes of serial 10-fold dilutions of virus produced in a tissue
culture medium. The inactivated serum-virus mixture was held in a water
bath at 37 C for 1 hour before inoculation in mice. The log serum
neutralization index (LSNI) was the difference between the MICLD5 of virus
in the presence of a known negative serum and the test serum. A known
negative and a known positive serum were always used during each assay as
a negative and positive control. The LSNI was considered positive in all
cases where the index value was 1.0 or greater.

G. POSTMORTEM

All dogs that survived infection were sacrificed at 30 days post-
inoculation and complete autopsies were performed. The results of these
observations are available separately.*

* Mitten, J.Q., personal communication.

-- .
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III. RESULTS

A. DOSE-RESPONSE CURVES

Only pups of l and of 7 days age died after inoculation with RVFV
(Tables I and 2). Death occurred in all animals inoculated with 102.2
or greater MICLD5 of virus, and two of four pups inoculated with only
100.2 MICLD5 of virus died. Older pups and adults, although infected, ,
were not killed by this virus (Tables 2 and 3).

The general relationship between dose and time-to-death is presented
* in Figure 2. A positive correlation between increased dose of virus

and shorter time-to-death was apparent; also, it was apparent from the
statistically lower slope (P<O.01) of the dose-response curves for 7-day-
old pups compared with 1-day-old pups that the resistance of 7-day-old
pups was increasing rapidly. This conclusion was consistent with the
increased resistance of 21-day-old and older dogs as indicated by their
survival after inoculation.

Seven-day-old pups from two litters born of immunized bitches were
resistant to inoculation for all doses of virus through 108.2 MICLD5
(Table 4). Resistance in this case was passive and is discussed later.

In an attempt to characterize the clinical response of the dog to
RVFV infection, daily temperatures of all animals were recorded. The
temperature response of 1- and 7-day-old pups during the course of
infection was hypothermic or low normal. Only six of 14 pups were
hyperthermic at any time, and all died in a hypothermic state, some with
body temperatures as low as 91 F. The temperature responses of 21-, 42-,
and 84-day-old pups and of adult animals remained in the normal range
and without drastic temperature fluctuation in any case,

Until 18 to 24 hours before death, when most puppies became comatose,
no clinical signs of illness were expressed. Two 1-day-old pups and one
7-day-old pup showed some degree of central nervous system involvement
as evidenced by ataxia, paddling, and opisthotonos. The pathological
data support these clinical findings.
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TABLE 3. RESPONSE OF 42-DAY-OLD PUPS TO
RVFV (STUDY 5)

Animal Inoculated Viremiaa/ LSN2T by
Identi- Dose, 1ogl0 Day Postinoculation Postinoculation
fication MICLD, 2 3 4 5 6 7 0 28

BITCH J 8.2 NegE/ Neg 1.51 - - Neg Neg 2.55
Pups: J-1 8.2 2.82 3.19 - - - Neg - 2.96

J-2 8.2 0.76 Neg - - - 3.19 - 3.41

J-3 6.2 Neg Neg - - - Neg - 3.18

J-4 6.2 Neg Neg - - - Neg - 2.67

J-5 0 Neg Neg - - Neg - Neg

J-6 0 Neg Neg - - - Neg - Neg

BITCH K 0 Neg 3.14 - 3.51 - 4.51 Neg 2.37
Pups: K-I 8.2 3.35 2.89 - - - 2.82 - 2.98

K-2 8.2 3.11 Neg - - - Neg - 3.17

K-3 4.2 Neg 2.84 - - - 2.94 - 2.34
K-4 4.2 3.14 3.01 - - - Neg - 3.26

K-5 0 Neg Neg - - - Neg - Neg
K-6 0 Neg Neg - - - Neg - 2.46

a. Log10 MICLDW per ml of blood.
b. Log serum neittralization index.
c. Negative at 10-1 dilution of the blood.

9

8
-b= -0.4"9

7 -1-Week-Old Puppies

86

C?
J b=

a ob -0.9371

E 4 IOay-Old Puppies P.

3

2

i0 I I---
0.2 2.2 4.2 6.2 8.2

10 10 10 10 10

Challenge Dose

FIGURE 2. Dose Response of 1-Day-Old and 1-Week-

Old Puppies to Rift Valley Fever Virus.
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TABLE 4. RESPONSE OF 7-DAY-OLD PUPS FROM TWO IMMUNE BITCHES (STUDY 8)

LSNIa/ Day
An ima l Inoculated Dose, Postinoculation

Identification log,0 MICLD50 Ob/ 28

Bitch N 0 2.13 2.50

Pups: N-I 8.2 - 1.45
N-2 8.2 - 1.38
N-3 6.2 - 2.10
N-4 6.2 - 1.75
N-5 6.2 - 1.63
N-6 4.2 - 1.00
N-7 4.2 - 1.00
N-8 0 - Neg!/

Bitch L-2 0 3.00 2.50

Pups: L-l-a 8.2 - 1.50
L-2-b 8.2 - 1.94
L-3-c 8.2 - 1.28
L-4-d 8.2 - 1.86
L-5-e 8.2 - 1.50

a. Log serum neutralization index.
b. For the two bitches, zero day was 4 months from their initial

inoculation. All pups were negative for viremia at 5 and 7 days
postinoculation.

c. Negative at 10-1 dilution of the blood.

B. TRANSMISSION OF RVFV BETWEEN INDIVIDUALS

A total of 19 animals were exposed only by contact with infected "A
animals, as summarized in Table 5. Ascending transmission occurred inSsix of eight cases. In one case3 the bitch developed a viremia following

inoculation of the pups (Table 3, Bitch K). We were unable to demonstrate
descending transmission in the one case tested (Table 1, Bitch B).
Horizontal transmission was demonstrated in three of eight uninoculated
pups. One pup (Table 1, Bitch C, pup C-l) developed both a viremia
and LSNI, and two pups (Table 2, Bitch E, pup E-1 and Table 3, Bitch K,
pup K-6) developed only LSNI.

- -- _ _ _; .

A'
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TABLE 5. RESPONSE OF DOGS TO EXPOSURE
BY DIRECT ANIMAL CONTACT

Method and Number of Number Having Number Showing/a
Age of Dog Animals a ViremiaA/ Positive LSNIE/

Descending transmission
Bitch to 1-day-old puppies 3 0 0

Ascending transmission
Pups to Bitches 8 1 6

Horizontal transmission
Pup to pup 1-day-old pups 1 1 1

7-day-old pups 2 0 1
21-day-old pups 1 0 0
42-day-old pups 4 0 1

Total of all attempts 19 2 9

a. Viremia = >10 MICLD50 per ml of blood.

b. LSNI = log serum neutralization index >1.0.

C. MANIFESTATION OF RVFV INFECTION

1. Viremia

Of the 11 inoculated 1-day-old pups, three were negative when tested
for viremia, four were positive with viremias between 10~3.5 and 104.8 MICWDVml
of blood, and, in addition, four animals died before viremia titer was
determined (Table 1). The data on responses of 7-, 14-, and 21-day-old pups
(Table 2) show that all inoculated pups of Bitch E (7-day-old) developed
a viremia and died. All the 14-day-old pups from Bitch F were sacrificed
for pathological studies on days 2, 4, and 6 postinoculation; howeverY each
of these three pups developed a viremia on days 1 and 2. Even with
inoculated doses as low as 102.2 MICLDW of virus, all four inoculated pups
(Table 2,. Bitch G) developed viremias on the 2nd day, and viremia persisted
in two animals through the 7th day postinoculation.

older puppies did not succumb to infection., but developed viremias
(Table 3). Six of eight inoculated pups (42-day-old) had viremias at least
one time between the 2nd and 7th day; however., all eight animals became
infected as evidenced by LSNI at 28 days postinoculation.
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Eighty-four-day-old pups and adult dogs displayed the same pattern
(Table 6) as the 42-day-old pups. Seven of the 12 inoculated 84-day-old
pups developed viremias, and all 12 were infected because they developed
positive LSNI by 28 days postinoculation. Of the 18 adult dogs used inthe study, 11 were challenged directly with doses ranging from 4.2 to 8.2
log, MICLD• per ml. Of these 11, six (55%) developed viremias, and 10
(91%) developed positive LSNI. The single animal (Bitch I) considered

i LSNI-negative was one of the six adults that developed viremiasY showing
2.75 log,0 MICLD9 per ml of blood on the 3rd day postinoculation. Thus,
the data indicate that the rate of infection among adult dogs challenged
directly was essentially 100%.

2. Serum Neutralization Tests

All inoculated animals that developed a positive viremia and
survived had a nositive LSNI. In addition, inoculated animals that did
not develop a viremia developed a positive LSNI on testing at 21 and/or
28 days, indicating subclinical infections that resulted in immunological
responses. Finally, nine of 19 uninoculated animals showed a positive
LSNI. Only three of these nine animals had developed a viremia (Table 5).
The data are inadequate to determine whether the LSNI is affected by
(i) age of animal at inoculation, (ii) inoculated dose, or (iii) the
observation of a viremia; however, the 28-day titers tend to be higher
than the 21-day titers.

3. Passive Immunity via Colostrum

Two bitches that survived inoculation (Bitch L-2, study 6 and
Bitch N, study 7) were kept for breeding in order to infect their puppies
at various ages. The degree and duration of passive immunity derived
from the colostrum could then be recorded as the relationship among

*age, time-to-death, and dose.

It was shown that maternal antibody, as determined by LSNI, was
i passed via the colostrum to pup. Two pregnant bitches (H and I, Table 7)

challenged with a high dose of RVFV aborted their puppies. All of
Bitch I's puppies were stillborn. One of three of Bitch H's puppies
was stillborn; the other two were LSNI-negative at birth and LSNI-
positive after 24 hours.

HMO
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TABLE 7. RESPONSE OF PREGNANT BITCHES TO CHALLENGE WITH RVFV (STUDY 9)

Animal Ino:.ulated ViremiaA/ LSNIŽ/ Day

SIdenti- Dose, log10  Day Postinoculation Postinoculation
fication MICLD5 3 5 7 0 28

Bitch HS/ 8.2 3.35 Neg Neg Neg 1.37

Pup at birth Neg

Pup at 24 hours 1.12

Bitch Ij/ 8.2 2.75 Neg Neg Neg 1.0

a. Log,0 MICLD9 per ml of blood.

b. Log serum neutralization index.
c. At 21 days postinoculation, whelped a litter of three puppies, of which

one was stillborn.
d. Aborted all puppies stillborn on the 13th day postinoculation, which

was 5 days before the expect(;. whelping date.

+A

The fact that maternal antibody is passed in thc Lolostrum led
to a study in which the two adult bitches (N and L-2, study 8) that had
survived the infection, and were demonstrating a positive LSNI, were
bred. The puppies were inoculated with virus when 7 days old. Table 4
gives the results. None of the inoculated puppies succumbed to the
infection, nor did they develop viremias at either 5 or 7 days post-
inoculation. Both of these observations are in direct contrast to
results obtained with 1-week-old puppies from a nonimmune bitch (Table 2,
Bitch E, study 2), and suggest passive protection afforded by maternal
antibody being transferred via colostrum. The data obtained from the
two puppies of bitch H (Table 7) also support this conte:t"fon. Of interest
is the obserition that puppy N-7, which was not inoculate., was negative
for serum neutralization at 28 days postinoculation or 5 weE..s after
whelping.

4. Effect of RVFV on Fertility

Two parous bitches whose litters were aborted, had the following
history. Bitch K (Table 3) was subsequently rebred and whelped a full-
term litter of six puppies 5 months after challenge of her first litter;
three were stillborn and three died within 24 hours. Her LSNI was
negative I day after whelping, 2.12 at 7 days after whelping, and 2.37
at 28 days postinoculation. Bitch R (Table 6) aborted on the 48th day
of pregnancy. Her LSNI was >2.67 at 28 days postinoculation, 2.25 atI day after abortion, and >4.5 at 4 weeks after abortion. One bitch

S _____- ~ -- ,
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(L-10, Table 6) which had been inoculated at 84 days, conceived after
breeding as determined by palpation and reabsorbed her fetuses during the
2nd trimester of pregnancy. Serum neutralization studies were not done
on her during or after pregnancy. These observations led ub. to examine
the reproductive data on bitches that were bred 1 year after challenge
with RVFV. The data (Table 8) show that under our conditions (i) the
estrus cycle was abnormal in that prolonged anestrus was exhibited, (ii)
the fertility of the bitches was impaired, and (iii) the parturition rate
as determined by live litters was abnormally low.

IV. DISCUSSION

The susceptibility of most species to RVFV is in question because of
the limited number of animals inoculated in controlled laboratory experiments.
The most extensive work to date is that of Easterday, Murphy, and co-
workers, 8-10 working mainly with lambs, goats, and calves. They point
out that their data on sheep are still incomplete and should be extended.9

Easterday,l following Findlay's classification, attempted in his review
to classify species on the basis of their susceptibility to RVFV. He lists
the dog as not being susceptible to the RVFV. The presently reported data
summarized in Table 9 show that the canine species is susceptible, and by
using Easterday's classification,1 puppies younger than 3 weeks of age
would be 4+ (100%. or nearly 1007% fatal) while older animals would be 1+
or possible ± as virus may survive for a time in blood but usually without
causing a reaction. It appears from Easterday's data1 and ours that an
accurate classification of species susceptibility cannot be determined
without extensive laboratory testing at various doses and ages.

Animal-to-animal transmission was successful. The unsuccessful
attempts by others using various species are summarized by Easterday.1 The
authors feel that,, in view of the reports in the literatureSl on
attempted isolations from animals, the most likely route of transmission
in these studies is by urine (mother licking and cleaning pups) or by
saliva (pups playing with mouth to mouth contact, or by injuring nipples
of mother while nursing).

It was also of inter'ist that approximately 507. of 84-day-old puppies
and adults developed viremias, and these viremias extended in some cases
over a 4- to 5-day period at levels of approximately 103 MICLDSC per ml
of blood without any significant clinical responses. Because the animals
were sampled only twice in 8 days, it is probable that, in many, viremias
were not detected. It is believed that, if adult animals were sampled
on a 4- to 8-hour basis from time of inoculation through 10 days post-

* ~inoculation, practically 1007. of the animals would show viremias of
several days' duration.

{ m I
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Easterda9 maintains that "how and where the disease is maintained"

is unknown in most cases. RVFV is known to be an arbovirus capable of

being transmitted by almost any mosquito, yet the "reservoir" host has

never been clearly identified.' Capstick and Gosdenis suggested that

adult sheep might serve in this capacity. The present authors suggest

that the canine species be considered for the role of reservoir host

and carrier of RVFV in the Rift Valley of Africa. The above premise

is based on the following reasons: (i) the disease is primarily of

sheep and goats and the dog is used extensively in the herding of these

species, (ii) the dog is capable of viremic levels sufficient to infect

mosquitoes, (iii) the dog, except for the very young, shows no clinical

illness while infected, and, finally, (iv) the dog, being a very close

companion of man, not only could account for some human infections, but

also mosquito transmission to other species. The authors realize that

much work remains to prove the statements above, but feel it is

reasonable to suggest the dog as a reservoir host for RVFV based on

the results presented here. More work needs to be done on the mode

of animal-to-animal transmission, for this is of particular interest

when evaluating the role of the canine species in the dissemination of

RVFV. Direct excretion of infective virus would imply a carrier as well

as a reservoir state.

i • i
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