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Abstract. Field and laboratory findings implicated Culex pipiens as a vector of Rift Valley
fever (RVF) virus during the 1977-1978 epizootics/epidemics in Egypt. This study evaluated
changes in infection and transmission rates, and viral titers in F, through F,6 generation Cx.
pipiens mosquitoes orally infected with RVF virus. Infection and transmission rates of RVF

S virus by this species changed significantly during the colonization process. However, the
ultimate viral titers of either the transmitting or the infected nontransmitting mosquitoes were
not affected by the colonization process. Following ingestion of virus, Cx. pipiens could be
separated into three distinct subpopulations, an uninfected group and two types of infected
mosquitoes-transmitters and nontransmitters. Transmitters contained significantly more vi-
rus (approximately 100-fold) than nontransmitters. These results demonstrated that not every
infected female mosquito should be considered a competent vector, even if the species (pop-
ulation) is known to be a primary vector. Transmission was also accomplished by probing

* ,mosquitoes which were unsuccessful in obtaining a blood meal. These data document the
long-held suspicion that vector competence studies based upon laboratory-colonized specimens
may not represent the field situation.

Until recently, Rift Valley fever (RVF) was con- was to examine variation, if any, in the vector

N -. sidered to be primarily a disease of domestic an- potential of different geographic populations of

imals in sub-Saharan Africa, while in humans it Egyptian Cx. pipiens for RVF virus. However, it
was considered serious, but rarely fatal. The virus was discovered that this objective could be
was first reported north of the Sahara Desert in achieved only by using field-collected and not lab-
1977 when it caused an epizootic/epidemic in the oratory-reared material. Because of the nonavail-
Nile Delta of Egypt which resulted in considerable ability of a continuous supply of field-collected
animal and human mortality." Field and labo- mosquitoes, this study focused on the effects of
ratory findings implicated Culex pipiens L. as a laboratory colonization on the vector-pathogen in-
vector of RVF virus•4  teractions of subsequent filial generations of field-

One of the original objectives of this research collected Egyptian Cx. pipiens. Specifically, we
examined the infection and transmission rates, and

Accepted 14 February 1983. various parameters of viral replication in these
hmosquitoes.

*In conducting the research described in this report,
the investigators adhered to the "Guide for the Care and MATERIALS AND METHODS
Use of Laboratory Animals," as promulgated by the
Committee on the Revision of the Guide for Laboratory Mosquitoes

j Animal Facilities and Care of the Institute of Laboratory
Animal Resources, National Research Council. The fa- The Cx. pipiens used in this study originated

cilities are fully accredited by the American Association from approximately 500 adults and larvae col-
for Accreditation of Laboratory Animal Care.

The views of the authors do not purport to reflect the lected on 10-11 March 1981 from several sites in

positions of the Department of the Army or the Depart- the village of Abu Heif, Sharqiya governorate,
ment of Defense. Egypt. Adult mosquitoes were collected by aspi-

Address reprint requests to: Thomas P. Gargan, 11, ration during night human and animal bait col-
Deportment of Arboviral Entomology, U.S. Army Med- lections, while larvae were collected from small -" -

ical Research Institute of Infectious Diseases, Fort De-
trick, Frederick, Maryland 21701. stagnant pools of water. Both stages were trans-

1154

,' 8484 02 21 137
_ .. _ ; -" "aP 

- ' ' :
: -,... _ ~ ~~.- ..; .. . . -. -. _.



LABORATORY COLONIZATION OF CULEX PIPIENS 1155

ported to Frederick, Maryland, in chests cooled N. J.) following intraperitoneal (IP) inoculation of
with wet ice. Voucher specimens were deposited 100-4,000,000 PFU of virus. Hamsters were bled
in the U.S. National Museum of Natural History at 4-hour intervals from the retroorbital plexus
Smithsonian Institution. using heparinized capillary tubes. Blood samples

Two separate insectaries were used for mos- (0.25 ml) were diluted in 1.0 ml of Medium 199
quito rearing. Experimental mosquitoes which had Hanks' balanced salt solution buffered to pH 7.4
been exposed to RVF virus were maintained in a with 1.10 g/liter of NaHCO3 + 10% heat-inacti-
P3 + biosafety laboratory, while stock colonies were vated (56*C for 30 minutes) fetal bovine serum
maintained in an insectary in another building. (M199/10% FBS) and stored at - 70°C until tested

To insure that members of the field-collected for virus.
parental generation were not transovarially in- To infect mosquitoes, hamsters were inoculated
fected with RVF virus, we monitored all hamsters IP with approximately 10,000 PFU of RVF virus.
used as blood meal sources for four consecutive Depending upon the desired titer, a viremic ham-
filial generations. All mosquitoes were reared on ster was sedated at different intervals postinocu-
a pooled basis in bioclimatic chambers at 26C lation by intramuscular injection of ketamine hy-
with a relative humidity (RH) of 70-80% and a drochloride (100 mg/kg) (Vetalar® Parke-Davis)
photoperiod of 15 hours of light and 9 hours of and xylazine (5 mg/kg) (Rompun ® Haver-Lock-
darkness. Adults were maintained in 30.5 X hart) into the caudal thigh muscle. The hamster's
30.5 x 30.5 cm screened cages that were draped abdomen and back were shaved before placing it
with moist towels and covered with clear plastic in a 30.5 x 30.5 x 30.5 cm wire cage containing
to maintain humidity. Apple slices and a 5-10% mosquitoes 5-8 days of age. The cage was kept
sucrose solution were provil.d as a carbohydrate in a dark humid atmosphere in a bioclimatic
source. Hamsters served as the source of blood for chamber and mosquitoes were exposed to the
the females. Larval rearing was similar to the hamster for a 2-hour period. Pre- and post-mos-
methods of Chapman and Barr.5 Larvae were quito exposure hamster blood samples were taken
reared in 29 x 19 x 5 cm plastic pans containing as described. To determine an infective dose (ID),
1 liter of continuously aerated tap water. The lar- or the amount of virus ingested by mosquitoes,
val diet consisted of a homogenized suspension of freshly fed mosquitoes (usually 5) were collected,
liver powder, yeast, and rabbit chow. Over- placed in individual micro-centrifuge tubes, and

j crowding of larvae was prevented by rearing 250- frozen at -70°C until tested for virus. The re-
300 larvae per pan. maining mosquitoes were anesthetized with car-

bon dioxide and replete females were removed,
Virus counted, and then transferred to a new cage. Par-

tially fed and unfed mosquitoes were removed and
The Zagazig hospital 501 (ZH-501) strain of RVF destroyed. Replete females were maintained in

virus used in these studies was isolated from the bioclimatic chambers at described conditions. To
serum of a fatal human hemorrhagic fever case in monitor virus replication, mosquitoes were col-j
the Sharqiya governorate, Egypt, in 1977, and had lected and frozen at - 70°C following different pe-
undergone two passages in fetal rhesus monkey riods of extrinsic incubation.
lung (FRhL) cells.' Approximately 500 aliquots of
the stock virus (FRhL-2) were initially prepared, Demonstration of transmission and isection
frozen, and stored at -70°C, thereby standard-
izing the source of virus throughout these exper- Following oviposition, randomly selected fe-
iments. The titer of the stock virus was 101'1 male mosquitoes were given the opportunity to
plaque-forming units (PFU) per ml as measured refeed individually on 90- to 100-g female hamsters
in Vero C t008 cell monolayers (ATCC # CRL after 7, 10, and 12 days of extrinsic incubation.
1586). Mosquitoes were placed individually in 80 mm x

30 mm glass tubes. One end of the tube was cov-
Ifection of hamsters and mosquitoes ered with screening, and the other end was fitted

with a plastic cap which had the center removed
Rift Valley fever viremia profiles were deter- and replaced with two overlapping pieces of rub-

mined in four groups of 90- to 100-g female Gold- ber. This self-closing cap permitted easy and safe
en Syrian hamsters (Lakeview Colony, New Field, insertion and removal of a mosquito. Hamsters . -

" -/I
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1156 GARGAN ET AL.

were placed individually in 130 mm x 40 mm Samples (mosquito, hamster liver and blood)
perforated metal cylinders which were closed on were tested for virus by the plaque assay tech-
one end. A glass tube containing a mosquito was nique in Vero cells. Serial 10-fold dilutions were
then placed in the open end of the restrainer and made in M199/10% FBS/PSF, and samples (0.1
pushed against the hamster. The tube was taped ml) were inoculated onto Vero cell monolayers in
to the restrainer and an identification number was 12-well plates, adsorbed for I hour at 36°C, and
given to both the mosquito and the hamster. overlayed with 0.75% agarose in Eagle's basal

Transmission experiments were conducted in a medium in Earle's salts with HEPES buffer (4 g/
modified hospital-type infant incubator, located in liter) + 7% FBS + PSF. Cell cultures were in-
a darkened room. The humidity was maintained cubated in a humidified atmosphere of 5% CO. in
between 70 and 90%, and the temperature var- air for 4 days for development of characteristic
ied between 25 and 29°C. After approximately 4 plaques. The cells were stained with another over-
hours, the mosquitoes and hamsters were sepa- lay of the above medium containing neutral red
rated, and the hamsters were caged singly and (330 14gtml), incubated, and plaques were enu-
observed daily for 27 days for clinical signs of merated on the following day.
illness and mortality. Virus transmission to a Virus identity was confirmed using RVF virus
hamster was verified by the recovery of RVF virus antiserum in the plaque reduction neutralization
from the liver of the dead animal. Serum was ob- (PRN) test as described by Early et al.7 and the
tained from a random sample of surviving ham- agar gel diffusion test as described by Ibrahim and
sters and assayed for RVF virus antibody. Each Sweet' and Tomori.9 Sera obtained from hamsters
mosquito exposed to a hamster was visually ex- surviving the transmission experiments were tested
amined without magnification for evidence of blood for RVF virus antibody by the PRN test as de-
feeding and then placed individually in a micro- scribed by Peters and Slone,"0 and by the indirect
centrifuge tube and frozen at -70°C until tested fluorescent antibody technique as described by
for virus. Tesh et al." i

i °
. t Five individually caged RVF virus seronegative

hamsters which had not been exposed to the virus Statistical procedures
or mosquitoes were maintained in the same room
as the experimental hamsters during each exper- Data were analyzed on the IBM 360/65 and DEC

iment to monitor possible aerosol transmission of PDP 11/34 computers using various statistical
RVF virus, procedures from a computerized biostatistical

For this study, the following two definitions are analysis library and SAS12 programs.
offered for clarification. The infection rate is the The RVF viremia profiles of four groups of
proportion of mosquitoes that contained virus, as hamsters inoculated with graded doses of virus
determined at a specific time (in this case day 7 were analyzed by 1-way analysis of variance (AN-
or later), following exposure to a viremic blood OVA). If the F statistic from the ANOVA was
meal. The transmission rate is the proportion of significant, then the least significant difference
infected mosquitoes that transmitted virus follow- (LSD) method"3 was used to compare each dosage
ing refeeding on a susceptible host. group mean time to death (MTD) with every other

group MTD.
Viral assays The filial generations of mosquitoes were

grouped according to the number of viral PFU
Mosquitoes were processed for virus isolation ingested by the freshly fed mosquitoes. A high,

by triturating individual mosquitoes in 1.0 ml of medium, and low ID group was established based
M199/10% FBS + 100 units/ml penicillin, 100 /zg/ upon the behavior of the viremic hamsters and an
ml streptomycin, and 5 /gg/ml fungizone (PSF). ANOVA test of the ID titers. Hamsters in the high
After centrifugation at 660 x g for 15 min at 4°C, ID group exhibited decreased activity with de-
the mosquito suspensions were frozen at - 70C creased but not absent responsiveness to external
until tested for virus, stimuli. However, the animals were not yet in a

Livers were removed aseptically from dead moribund state. Hamsters in the middle and low
hamsters, ground into a 20Sf (w/v) suspension in ID groups exhibited normal activity. Data were
M199/10% FBS/PSF, centrifuged as above, and then analyzed within and among each of the three
then the supernatant was dispensed and frozen at groups. ...

-70PC until tested. Analysis of ipyfection and transmission rates. The

AI%
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association between the length of the extrinsic in- ,c 0
cubation and the RVF virus infection rate in each 50 .- . .. -

°

generation of mosquitoes was examined by the chi- o 0 °
square test of independence. Because the observed - .
frequencies of the transmission rates were too small 0
for the sampling distribution of the chi-square sta- 1 .. OF

tistic, the association between the length of the - o,p

extrinsic incubation and the transmission rate was -.5 2 4 ! 38

examined by Fisher's exact test."' Infection and 2 - o' 0 -2

transmission abilities of sequential filial genera- -, I' o o 36o

tions of Cx. pipiens were analyzed by trend anal- 1J 2 ,2 2- i8 ,4
ysis using the chi-square test of independent pro-
portions. 13

The infection and transmission percentages were FIGURE 1. Rift Valley fever viremia profiles in ham-
then transformed by means of the arcsine or an- sters following intraperitoneal inoculation of graded dos-

. es of ZH-501 strain of virus. MTD = mean time to deathgular transformation. ,5 Correlation and regression in hours ± standard deviation. Initial sample size for
analyses were then performed on the arcsine the group receiving 106'1 PFU of virus was 4, and 5 for
transformed percentages. Furthermore, for these all other groups. All MTDs were significantly different
analyses the data were weighted according to the from each other; the groups receiving 103' and 10."

PFU were significant at P < 0.05, all other groups weresample sizes of the various generations. significant at P < 0.001,
The associations between the initial ID groups

and the later infection and transmission rates were
examined by chi-square and Fisher's exact tests.

Analysis of viral titers. Uninfected mosquitoes RVF virus. Most hamsters developed a viremia
were excluded from this portion of the analysis. >109" PFU/ml before dying, with survival time
A random multivariate analysis was used to ex- being dose dependent (Fig. ). The shortest sur-
amine the associations between the viral titers of vival time was between 12 and 16 hours postin-
infected mosquitoes that refed in the transmission oculation with the highest dose (106 PFU) of vi-

experiments with the following five variables: the rus. The lowest dose (100 PFU) of virus resulted
transmission status (transmitter vs. nontransmit- in the longest survival time of between 32 and 36 )
ter), the ID groups (high, medium, or low), the hours. The mean times to death of hamsters from
amount of feeding (partially fed vs. replete), the each of the four dosage groups were found to be sig-
extrinsic incubation period (day 7, 10, or 12), and nificantly different from each other (Fig. 1)
the number of filial generations since field collec-
tion (F, through Flo). Infection of mosquitoes

Nonsignificant elements were combined, and
then the significant associations were further ana- The number of viral PFU ingested by mosqui-
lyzed by other statistical procedures such as Kol- toes was regulated by exposing the mosquitoes to
mogorov-Smirnov (KS) tests for goodness of fit,'" a viremic hamster at selected times postinocula-

r2nANOVA, LSD, and t-tests. tion of virus. The specific times were determined
Data were collected on mosquitoes that were by extrapolation from the viremia profiles in Fig-

able to transmit virus to hamsters by probing ure 1. The titer of a viremic hamster and the titer
without obtaining a blood meal. The frequency in mosquitoes that fed on this hamster during a
data were analyzed by trend analysis using the 2-hour period were significantly correlated (r =

chi-square test.13 The viral titer data were ana- 0.92. P < 0.001). The titer of the freshly fed mos-
lyzed by ANOVA, LSD, and t-tests. quitoes was usually 100-fold lower than the titer

of the viremic hamster.

RESULTS
Confirmation of virus transmission to hamsters

Infection of hamsters Hamsters normally died from RVF virus 2-3
Hamsters had predictable viremia profiles with days following a successful mosquito transmis-

little variation between individuals at 4-hour in- sion. No RVF virus antibody was detected in the
tervals following inoculation of graded doses of sera from 300 randomly selected survivors. None

jA-w_ ..



1158 GARGAN ET AL.

TA1LE I

Rift Valleyfever virus iqfection rates in 16 generations ofEgyptian Culex pipiens, and transmission rates to hamsters

Titer of Infection rate Transrmion ratel
Infective infective

doe group* Generationt dose* % Proportion %t Proportion-

High 1 7.2 _t 0.4 67 39/58 48 15/31
2 7.3 ± 0.1 86 12/14 14 1/7
3 7.1 _ 0.4 78 63/81 44 16/36
5 6.2 ± 0.3 70 19/27 56 5/9
8 7.2 ± 0.1 78 70/90 25 13/521"

12 6.9 ± 0.3 93 169/1811t 18 16/91
14 6.6 ± 0.2 95 99/104 24 12/50
16 7.1 ± 0.1 84 125/149 21 15/70

Medium 6 5.4 ± 0.1 83#* 19/23 17 2/12
12 5.6 ± 0.2 87 84/97 12 6/49
14 5.3 ± 0.1 92 136/148 27 18/66

Low 6 2.4 ± 0.1 sl 26/51 5 1/19
10 3.7 ±t 0.4 57 54/94 17 5/30

* See text for behavior of voirmic hamsters.
t Filial generation from firnd collection.
$ Geoanetric mean t standard deviation, titer expressed as log,, PFU/mseple. Sample sizes for high group generation 1, 3, S. and 12 were 13. 29, 3.

and 0, respectively, and 5 for all other generations.
I Transmission experiments done on days 7. 10. and 12 extrinsic incubation.

Number of mosquitoes that contained virus/number of mosquitoes tested.
Number of mosquitoes that transmitted virus/number of infected mosquitoes that refed.

tt Point at which there was a significant difference (P < 0.00S by chi-square test.
$1 Significantly different from each other (P < 0.0t) by chi-square test.

of the seronegative room control hamsters that significant differences between the transmission
were used for each experiment developed RVF rates from the F, through the Fs generation. A
virus antibody, and when challenged with the vi- significant change did occur, however, in the
rus all hamsters died within 4 days. transmission rate between the F, and the F5 gen-

eration, when it decreased from 56% to 25%, re-

Infection and transmission rates spectively (Table 1). There were no other signifi-
cant changes in the transmission rates between the

Viral infection and transmission rates for 10 F8 and the F16 generations.
generations, representing F,-F,6 , of Cx. pipiens Significant changes in the infection or trans-
are shown in Table 1. The results were organized mission rates did not occur between generations
into a high, medium, or low group on the basis of F,, in the middle ID group nor between gen-
the ID titer of the mosquitoes and the behavior erations F, and F,, in the low ID group (Table 1).
of the viremic hamster. Replicate transmission For the mosquitoes in the high ID group, an
experiments were done with generations 6, 12, and increase in filial generations resulted in a signifi-
14. There were no significant differences in the cant increase in the percent infected (Fig. 2A).
infection or transmission rates between days 7, However, the reverse was true with transmission,
10, and 12 of extrinsic incubation; therefore, these which significantly decreased as filial generations
data were combined, increased (Fig. 2B). The filial generations and per-

For the mosquitoes in the high ID group, there centage of mosquitoes infected in the medium ID
were no significant differences between the infec- group were also significantly correlated (r = 0.89,
tion rates from the F, through the F9 generation. P < 0.001) and had a regression line similar to
However, a significant change in the infection rate the high ID group. Transmission, however, was
occurred between the F8 and the F,2 , when it in- not correlated with the filial generations of the
creased from 78% to 93%, respectively (Table 1). mosquitoes in the medium ID group.
The infection rate did not significantly change Regardless of the initial ID, infection rates nev-
again between the F,2 and the F,, generation. Fil- er reached 100%. This suggests that a proportion
ial generations 4, 7, 9, 11, 13 and 15 were not of individuals in every generation was refractory
examined, to infection (Table 1). Neither the infection nor the

Within the same high ID group, there were no transmission rates significantly changed between

,M-...x
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A 78 viral titers of mosquitoes in the other generations.
; 7 Since this difference (approximately 10-fold) could

r4 have been due to a laboratory error in the making
70- oor reading of viral dilutions, it was decided to

2 -eliminate all of the viral titer data from the F,4ee generation.

82- All the other data were then reanalyzed by a
z random multivariate analysis. The results of the

-06 second analysis showed no significant differences
W r=.. P-O.001 between the viral titers of mosquitoes and the5 4. y=:58.1+0.94x

number of generations from field collection (F,
0 i i i i ,is 1-, through F,,,), the length of the extrinsic incubation

period (day 7, 10, or 12), or the amount of feedingB so * by the mosquitoes (37 partially fed vs. 368 re-r :-O.76. pO.O01

46 plete). There were significant differences betweeny =41.3- I.0x

423- .Oa the viral titers of transmitting and nontransmit-
- ting mosquitoes (P < 0.0001) and also between

0 1 381: the viral titers of mosquitoes from the three ID
Z groups (P < 0.01).
'e< 34 Rift Valley fever viral titers of 16 generations

S-of infected Cx. pipiens that were involved in
S30- 0 transmission experiments are shown in Table 2.

Z 0
26 Mean viral titers of transmitting mosquitoes from

the three ID groups were not significantly differ-tW =22.
22 .ent from each other. There was, however, a sig-

-,-,r, * , , , , nificant difference between the mean viral titers
2 4 6 8 O t2 14 18 of nontransmitting mosquitoes from the high and

GENERATION medium ID groups. No significant differences were

FIGURE 2. Infection (A) and transmission (D) rates found between the mean viral titers of nontrans-
as functions of filial generations of Egyptian Cx. pipiens mitting mosquitoes from the low ID group and

j .which initially ingested a high infective dose of virus. those from the high and medium ID groups. Be-

;., cause of the significant difference between the me-
dium and high ID groups the viral titer data could
not be combined.

the high and medium ID groups for the F, and Viral titers of infected mosquitoes from the high
F14 generations. However, the infection rate for ID group that refed in transmission experiments
the medium ID group was significantly higher than are shown in Figure 3. The distribution of viral
that for the low ID group in the F" generation titers for engorged infected mosquitoes from the
(Table 1). Transmission rates for the F, generation middle and low ID groups showed a pattern sim-
in both the medium and low ID groups were not ilar to those in the high ID group. Two-sample
significantly different. KS tests demonstrated that transmitting and non-

transmitting mosquitoes were separate popula-

Viral liters tions. One-sample KS tests showed that each of
these populations had a gaussian distribution.

The initial random multivariate analysis showed Further analysis by t-tests showed a significant

significant differences between viral titers of in- difference between the mean viral titers of trans-
fected mosquitoes that refed in the transmission mitting and nontransmitting mosquitoes in each
experiments and the following three variables: the of the three ID groups (Table 2).
transmission status (transmitter vs. nontransmit- Transmission of RVF virus was also accom-
ter), the ID groups (high, medium, or low), and plished by probing mosquitoes which were unsuc-
the number of generations since field collection. cessful in obtaining a blood meal. The mean viral

The mean viral titer of F14 generation mosqui- titers in PFU ± standard deviation and sample
toes was significantly higher (P < 0.01) than mean size for these mosquitoes in the three ID groups

4i.-
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TABLE Z

Rift Valey fever Oiral titers in 16 generations of Egyptian Culex pipiens ftat refed and transmitted virus compared
to titers in mosquitoes that refed but failed to transmit virus

% Ial titers Viral titers
of transiitters of nontransmnitters

G.rouip Gen f No litarrot me"n N. Rang, Mean

High I I3 4.2-5.8 3.3 16 2.0-4.2 2.9
2 I - .1 6 1.8-4.3 3.0
3 16 4.0-7.1 5.3 20 1.0-3.9 2.7
3 3 4.8-5.8 5.4 4 2.4-3.7 3.1
8 13 4.7-5 8 5.2 39 1.5-4.3 3.2

12 16 5.0-6.0 5.3 73 0.8-5.4 3.1
16 15 5.1-6.2 3.4 33 1.5-4.6 2.8

Tootal 81 4.0-7.1 3.3 t 0.5§ 215 0.8-5.4 3.0 t 0.8**

Medium 6 2 3.6-6.2 5.9 I0 3.1-4.2 3.4
12 6 3.3-6.1 5.5 43 0.8-.7 3.6

Total 8 5.3-6.2 5.6 i± 0.3 53 0.8-.7 3.3 ± 0.7**

Low 6 1 - .1 18 2.1-5.3 3.6
10 35 3.2-6,3 3.6 25 1.6-.5 3.1

Total 6 5.1-6.3 5.5 :t 0. 5 43 1.6-5.3 3.3 :t 0.8

Titer of Infective dose and behavior of viremnic hansters ain Talle I
Flial genrrerahio from field collection
Transmiusin esfenmrents doae 00 days 7. tom. and 12 extrinsic incubtidon. sioral titers exires sed as lox,, PFU/sarriple
Geomretru: moean standardf desiattion
Signrifit difference (P -. (Mll hi~e in sirsl titers between transmitting mosquitoes and counterpart group that did not transmt
Sionificantis different fromrnewh other b% ANOVA oP. ii (55)tand LSlt P - 001

were: high, W" ± 0.4 (n =161; medium, 103- tion. No significant associations were found be-
In = 1); low, 10" -± 0. 1 (n =21. The number of tween the mean viral titers of these probing trans-
these mosquitoes was not significantly associated mitting mosquitoes and the various generations or
with the number of generations since field collec- between the three ID groups. Comparisons of mean

viral titers between engorged (Table 2) and prob-

ing transmitting mosquitoes within each of the ID
is groups were not significant.

11- *s1NONTRA NSMiT TE RS Rift Valley fever virus replication in Cx. pipiens
0-101 ANSMI T TEAS is shown in Figure 4. An eclipse phase consisting

of a 32- to 316-fold decrease in viral titer was
12 observed on day 2 postinfectious blood meal. A
issingle line was not drawn through the mean ofall

data points for each day of extrinsic incubation
0 because previous results indicated that there were

0 three significantly, distinct subpopulations of Cx.
or 6 pipie us: uninfected individuals (Table 1) and two

types of infected mosquitoes-transmitters and
041 nontransmitters (Fig. 3 and Table 2). Therefore,

individual mosquitoes were assigned to one of the
2 of a ~ 0 three subgroups on the basis of their viral titer

to and a mean was calculated for that subgroup.

Fl8: 16E .t ist butio sof 064 DISCt'SSIONj

of Vlleyfeve sirl ~ Laboratory colonization of field collected Egyp-

fective dose of virus, of RV'F virus (Table 11. The viral titers of trans-

77
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,0 "in the laboratory they undergo drastic selection,
with rapid alteration of the gene pool. 2 1 Stress fac-

0, 0 tors such as overcrowding and underfeeding have

I been reported to be among the major reasons why
Sol

insect populations kept in the laboratory for any
,0 - length of time may undergo evolutionary change.2 '

3. .Also, the founder effect may account for differ-
30• ences observed between natural and laboratory
20 • 1 populations of a species.'
20 ,It has been reported that the percentage of mos-

,o quitoes infected, and the efficiency of subsequent
2o 4 ...... a . ................I transmission of virus, varied direcdyv with the

DAYS EXTRINSIC INCUBATION amount of virus ingested by the mosquitoes. 2- 2
We found a similar result in the infection of an

FIGURE 4. Rift Valley fever viral replication in Cx. early generation of Cx. pipiens with RVF virus.
pipiens collected from Sharqiya, Egypt. Uninfected - r- y g
Hypothetical subpopulations: transmitters - , non- The F, generation mosquitoes that initially re-
transmitters ...... ceived a low ID of virus had a significantly lower

infection rate than their cohorts that received a
medium ID of virus (Table 1). The transmission

mitting and nontransmitting mosquitoes, how- rates, however, were not significantly different for
ever, did not significantly change from the F, the FS generation tested at these two ID levels.
through the F, generation (Table 2). Meegan et This lack of significance between the transmission
al.1 mentioned that laboratory colonization caused rates could be related to the small sample sizes
a decrease in the ability of this mosquito to trans- (Table 1).
mit RVF virus, but data to support this obser- No significant differences were found in either
vation were not presented. Their report on the the infection or transmission rates in late genera-
infection and transmission rates of RVF virus by tions (F 2 and F,4 ) of mosquitoes that were tested
the F4 generation of Cx. pipiens was similar to the at both the high and medium ID groups (Table

" results found in this study for comparable gener- 1). Unfortunately, we were unable to test the early
ations. Apparently laboratory colonization was in- generations of mosquitoes at these two ID levels.
advertently selecting mosquitoes which were able There is the possibility that the similarity within
to become infected with virus (Fig. 2A) while at the infection and transmission rates observed for
the same time were refractory to the spread of these two ID groups may not have field applica-
virus to the salivary glands (i.e., decreasing trans- bility because these rates were derived from late
mission rate, Fig. 2B). generation mosquitoes which had significantly

Laboratory colonization has been reported to changed from the F, generation mosquitoes.
have a diverse and unpredictable effect on the However, it is also possible that selective phys-
infection and transmission of La Crosse virus by iological responses of mosquitoes to viral infec-
Aedes triseriatus. '

7 Colonization has also been re- tions do not occur when they have ingested over
ported to alter the photoperiodic response for in- 10 PFU of virus.
duction of egg diapause in this species.' There Viral titers of transmitting females were similar
was no difference, however, reported for the in- to each other regardless of the amount of virus the
fection and transmission of two enzootic strains of mosquitoes initially ingested. We were surprised
Venezuelan encephalitis (VE) virus by natural to find that the initial ID produced significant dif-
populations and subsequent F2 and F4 generations ferences in the mean viral titers of nontransmit-
of Culex taeniopus. 1, It would be interesting to ting females. The nontransmitters from the high
determine whether continued colonization of Cx. ID group had a significantly lower mean viral titer
taenious would alter the infection and transmis- than the nontransmitting mosquitoes from the me-
sion rates of VE virus. dium ID group (Table 2). This finding is perhaps

It is not surprising that laboratory and field similar to the report by Kramer et al.,2$ which
populations of mosquitoes respond differently to demonstrated that viral titers decreased in the
various stimuli. It has been reported that when mesenterons of mosquitoes that were infected with
mosquitoes are removed from the field and placed high viral doses.
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Following ingestion of virus, Cx. pipiens could and other technical staff within the Virology Di-
be separated into three significantly distinct sub- vision, USAMRIID. We are also grateful to
populations. One subpopulation was refractory to Dwayne D. Oland of the Computer Science Office
infection with virus. This group apparently had a for computer programming and systems analysis
very strong mesenteronal infection barrier because support. The authors are also grateful to members
infection rates never reached 100% regardless of of the Egyptian Ministry of Health, especially Dr.
the initial ID (Table 1). There were two subpop- Al Motez Mobarak, the First Under Secretary.
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