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RICKETTSIAL. AND HANTAAN-LIKE VIRAL ANTIBODY IN
THE NILE RIVER DELTA OF EGYPT

ANDREW CORWIN. MUSTAFA HABIB. DOUGLAS WATTS. MEDHAT DARWISH.
JAMES OLSON. BOULOS BOTROS. RICHARD HIBBS. MATTHEW KLEINOSKY.
HO WANG LEE. ROBERT SHOPE. anp MICHAEL KILPATRICK
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Carro, Eqypr; Insute of Viral Disease. Korea Umive v, Seoul. Republic of Korea:
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Abstract.  To determine the current prevalence of antibody 10 arboviruses. rickettsiae,
and hantaan-like viruses. a survey was carried out in the Nile River Valley of Egypt. one
of the principal foci of the 1977-1978 Rift Valley fever (RVF) outbreak. Blood specimens
were obtained from 9135 persons representing 190 study households. Enzyme immunoassay
testing showed that the overall prevalence of IgG antibody was 4% to sand fly fever Sicilian
(SFS). 2% to sandfly fever Naples (SFN). 15% to RVF. 20% to West Nile. and 4% to
Hantaan (HTN) viruses. Antibody was demonstrated among 32% of the same study subjects
to Coxiella burnetii. 38% to Rickettsia typhi. and 32% to R. conorii. The prevalence of
agent-specific antibody tended to increase with age. Particularly notable was the low prev-
alence of RVF intection in children born after the height of the RVF outbreak. No detectable
antibodies were tound in the population less than seven vears of age and in only 3% of
those 7-12 years old. In contrast. 26% of the study population 13-19 vears old. who were
voung children and infants at the time of the outbreak. were found to have RVF antibodies.
suggesting that the level of intensity associated with transmission decreased considerably
following the documented 1977-1978 outbreak. Geometric mean titers (GMT) ranged
from 139 for C. hurnewt 1o 1.305 for RVF. and did not vary significantly by age. except
for high titers for RVF in the 20—9-year-old age group. A significant upward trend in
GMT was also noted when antibody was detected in the specimen for more than one
phlebovirus. This was observed for SFS. SFN. and RVF, i.e.. 1.172 for RVF only. 1.334
for RVF and SFN. 1.828 for RVF with SFS. and 2,111 for RVF with SFN and SFS (P <
0.05). These tigures attest to the boosting phenomenon found when antibody for one
phlebovirus is found in association with others. These tindings show prevalences of rick-
ettsial antibodies and warrant further study of disease incidence associated with acquired
infection. Additionally. familial clustering of infected cases in households was evident only
for C. burnetii, R. typhi. and R. conorii. and was independent of sex.

Not since the outbreak of 1977-1978 has Rift
Valley fever (RVP) virus been recognized in the
Nile River Delta of Egypt.'! A high case fatality
rate was associated with the estimated 20.000-
100.000 human cases. in addition to widespread
viral zoonosis.* * Clinical features described from
hospital-based observations at the peak of the
epidemic included encephalitic. ocular. and
hemorrhagic manifestations.* Several other ar-
boviruses have been associated with human dis-
case in Egypt. although not in epidemic propor-
tions. These include sand fly fever Sicilian (SFS).
sandfly fever Naples (SFN). West Nile (WN).
Sindbis (SIND). and Quarantil viruses.*-'' Each
of these viruses may cause asvmptomatic infec-

tion or a mild, self-limiting acute undifferentiat-
ed febrile illness. However. sporadic cases of en-
cephalitis among adults have been associated with
WN and SIND infection.” Except for RVF, the
viruses mentioned above are maintained en-
zooticaily in Egypt by hematophagous arthro-
pods and wild and domestic vertebrates.'*-!* Vi-
ral transmission to humans occurs when they
serve as blood meal sources for infected arthro-
pods.

The presence of other viral and rickettsial
agents has been reported in human populations
in Egypt. However. conclusive evidence of as-
sociated human disease is lacking. Isolates of
Hantaan (HTN)-like virus were obtained from
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humans and rodents (Hoogstraal H. unpublished
data). Coxiella burneti. Rickettsia tvphi, and to
a lesser extent R. conorii have been identified in
humans and animals.' ="' Humans serve as tan-
gential hosts when bitten by infected arthropods
and or from transmission via exposure to acro-
solized fecal or urinary excretions.

A cross-sectional survey of households 1n a
community-based study of arboviral. rickettsial.
and hantaan-like diseases was carried out in the
Nile River Delta of Egyvpt. The purpose of this
survey was to collect baseline data for longitu-
dinal comparnisons and to determine the current
prevalence of antibody to selected viruses and
rickettsiae. The household served as the princi-
pal sampling unit and so ensured broad-based
age representation and the analvucal framework
for examining tamilial and geographic clustenng.

SUBJECTS AND METHODS
Study population

A survey was carried out in the village of Katr
Avoub, located in the Bilbeis area of the Sharqgiva
governate. one of the principal foci identified in
the 1977-1978 RVF outbreak.”’ Situated ap-
proximately 60 kilometers northeast of Cairo.
this area 1s characterized by fertile agricultural
lands fed by tnbutaries from the Nile River.
Specimens and household data were collected
duning May. June. and July 1991 from 915 per-
sons (356 males and 539 females) representing
190 households (mean of 4.8 persons house-
hold). Ages of the study population ranged from
less than one vear old to 80 vears (mean = SD
17.23 = 15.12). The mean age of females (18.91
= 15.77 vears) was significantly higher than that
of the males (14.60 = 13.65) (P < 0.0001).

The study village had previously been demo-
graphically mapped and every household and
person had been assigned a unique identifier for
enrollment in a longitudinal study of disease in-
cidence. The household served as the principal
sampling unit. Sample households were random-
ly selected using a proportional clustering strat-
egy. Additionally. a clinical and laboratory di-
agnostic capability was established at the Bilbeis
Epidemiology Study Unit and laboratory. clini-
cal. and field staff had been trained to conduct
applied field research.

A standardized questionnaire providing for
demographic. social. and environmental infor-

mauon was field tested for cultural acceptability
and linguistic appropnatcness. Trained inter-
viewers then administered questionnaires in Ar-
abic to all members of selected households. after
obtaining informed consent (adults > 1§ vears
old provided representation as legal guardians
for all minors).

Serofogic tests

Familyx members were escorted to the studyv
chinic located in the village. Follow-up was car-
nied out 1n the houschold in the case of absentees.
A blood specimen was obtained by finger stick
from each studyv subject. and serum was scpa-
rated by centrifugation and stored at — 20°C until
tested for antibody. Enzvme immunoassays (EIA)
were used to test sera for 1gG class antibody to
R.tvphi. R. conorit, C. burnetit, andto RVF, WN.
SFN. SFS. and HTN viruses. Antigens for R
tvphi and R. conorii assavs were supplied by Dr.
G. Dasch (Naval Medical Research Institute, Be-
thesda. MD). and antigen for C. burnetii tests
was provided by Dr. J. D. Chulay (LU'.S. Army
Medical Research Institute of Infectious Dis-
eases. [USAMRIID] Fort Detnck. Frederick.
MDi. Rift Valley fever antigen. provided by the
Salk Institute (Swiftwater. PA). was prepared from
sucrose-2cetone liver extracts from infected
suckling mice. Antigens for WN, SFS, and SFN
were produced from supernates of infected
BHK-2 cell cultures and were supplied by T. J.
Ks- zek (USAMRIID). Hantaan virus antigen
wa: obtained from Dr. J. LeDuc (USAMRIID).
Negauve control antigens for all rickettsiae and
viruses were prepared from uninfected cells of
the same cell hines that were used 1o prepare the
test antigens.

The EIA for R. iyphi. R. conorii. C. burneti.
and HTN virus was a four-step procedure similar
to that described by Voller and others. in which
the microtiter wells are directly coated with an-
tigen.”” The assays for (. burnetii were performed
as described by Williams and others.”* The as-
savs for WN. SFN. SFS and RVF included an
additional step that used virus-specific mouse
hyperimmune ascitic fluid to capture the antigen
on the plate. The coating buffer for both assay
formats was phosphate-buflered saline (PBS). pH
7.4,

The following generalized procedure was used
for the assay. Flat-bottomed. 96-well. polysty-
rene plates (Immulon 2: Dynatech Laboratories.
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Chantilly, VA) were coated with viral antigen
and negative control antigen overnight at 4°C.
Wells for assays that used the capture antibody
tormat were initially coated in the same manner
with virus-specific antibody. The plates were
washed five times with PBS containing 0.1%
Tween 20 (PBST). serum samples (diluted 1:100
in PBST containing 5% fetal bovine serum [FBS))
were added to duplicate antigen and control wells.
and the plates were incubated for 60 min at 37°C.
The plates were again washed five times. goat
anti-human IgG conjugated to horseradish per-
oxidase (Kirkegaard and Perry. Gaithersburg,
MD) dilutea in PBST with FBS was added to all
wells. and the plates were incubated for 60 min
at 37°C. The plates were washed as before. 2.2'-
azino di (3-ethyl-benzthiazoline) sulfonate
(ABTS) substrate (0.6 g/1) was then added to the
wells. and the plates were incubated for 20 min
at 37°C. Optical densities (OD) were determined
at 414 nm using a Multiskan MCC 340 MK 11
multichannel spectrophotometer (Flow Labora-
tories. McLean, VA). A sample was considered
positive if its net OD value (difference between
positive and negative antigen values) exceeded
the net mean plus three standard deviations of
ten negative control sera. All samples that were
positive at the 1:100 screening dilution were
titered by two-fold endpoint dilution. Box titra-
tions were performed to optimize the concentra-
ttons of antigens and the anti-human 1gG con-
Jugates used in the tests. Antibodyv-positive and
-negative control sera were included in each test.

Statistical tests

The proportional hypothesis test method was
used to determine statistical differences between
two proportions from one group (overlapping
categories from a single sample). In addition. 95%
confidence intervals (CI) were calculated for pro-
poiuons from a single sample by the exact and
normal method. Chi-square tests with Yates'
correction were performed when comparing
multiple proportions from mutually exclusive
sample groups. Finally, the Student’s 7-test and
analysis of variance were used to determine the
significance of differences between mean values.

RESULTS

Table 1 shows age-specific prevalence of 1gG
antibody to selected agents. The overall preva-
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lence of IgG antibody among study subjects was
4% (95% C1 2.6-5.3%) for SFS. 2% (95% C1 0.8-
2.7%) for SFN. 15% (95% CI 12.5-17.3%) for
RVF, 20% (95% CI 17.7-23.1%) for WN, and
4% (95% CI1 2.4—4.9%) for HTN viruses. Anti-
body was demonstrated among 32% (95% CI
29.2-35.4%) of the same population for C. bur-
netii. 58% (95% CI 54.8-61.4%) for R. ryphi, and
32% (95% CI 28.2-34.9%) for R. conorii. The
proportion of males exhibiting antibody titers
did not differ significantly (P > 0.05) from that
of females. even when controlling for age. re-
gardless of the agent. The prevalence of agent-
specific antibody tended to increase with age.
except for RVF. for which prevalence peaked
{47%) in the 20-29-vear old age category. The
low prevalence of infection in children born after
the height of the outbreak was notable. Anti-
bodies were not detected in members of the pop-
ulation who were less than seven vears of age and
were found in only 3% of those 7-12 years old.
In contrast. 26% of the 13-19-vear-old age group
of the population, who were children and infants
at the time of the outbreak, were found to have
RVF antibodies.

Table 1 also shows the agent prevalence esti-
mates of phleboviral infection. with and without
controlling for the presence of the two other phle-
boviral agents for which testing was done. The
differences among prevalence values at each age
varied significantly, except in the 0-9-year-old
age category for RVF, SFS. and SFN, and the
10-19-vear-old age group for SFN only. These
differences were noted to increase with age in the
case of all three phleboviruses.

The agent-specific gcometric mean titers
(GMT) presented in Table 2 for selected arbo-
viruses ranged from 195 for SFN to 1,305 for
RVF. and did not vary significantly with age (P
= 0.05). except for comparatively high GMTs
of 1.451 (n = 57). 2.015 (n = 39). 2487 (n =
11). and 1.198 (n = 12) for RVF in the 20-29-,
30-39-. 40—49-, and 50-59-vear-old age cate-
gories, respectively. A GMT of 1.212 was dem-
onstrated among the population = 60 years of
age (n = 5) for SFN. The GMT values were gen-
erally lower for the rickettsiae. ranging from 139
for C. burnetii to 292 for R. tyvphi. There were
no significant differences among age groups (P =
0.05).

A significant upward trend in the GMT was
noted when antibody was detected in the same
specimen for more than one phlebovirus (Table
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TasLE |
Serologic evidence of arboviral. Hantaan-itke, and ricketisial infections among villagers, by age. in Bilbeis, Egypt

Age group 1years)

[{S] 1019 20-29 30-3 049 50-59 =60
Arboviruses
West Nile (No. tested) (321) (268) (104) (82) (38) (22) (13)
Prevalence* 0.062 0.127 0.404 0.476 0.368 0.682 0.204 <
Rift Vallev (No. tested) (318) (267 (105) (83) (38) (26) 1%
fever Prevalencc® 0.00% 0.154t 0.571F 0.506% 0.3688 0.500%f 0.4667
Prevalencez 0.009 0.135 0.470 0.330 0.079 0.270 0.133
Sand fly fever (No. tested) 317 (266) (104) (82) (38) (29) (12)
Sicilian Prevalence* 0.012 0.049t 0.164F 0.256§ 0.6058 0.375% 0.666%
Prevalence® 0.012  0.030 0.050 0.073 0.132 0.083 0.167
Sand fly fever (No. tested) (318) (267) (105) (83 (38) (26) (15)
Naples Prevalence® 0.000 0.018 0.048+ 0.120+ 0.368§ 0.625% 0.466%1
Prevalence® 0.000 0.012 0.019 0.036 0.053 0.115 0.067
Hantaan-like (No. tested) (336) (271 (rtn (8% (38) 27 (16)
virus Prevalence 0.038 0.033 0.018 0.058 0.000 0.074 0.000
Rickettsiac
Rickettsia tvph (No. 1ested) {33%) (271 (tih (85) (38) 2N (16)

Prevalence 0.364 0.649 0.784 0.764 0.842 0.777 0.937

Rickettsia conorii (No. tested) (287) 217 (96) (66) (34) 23) 12)
Prevalence 0.209 0.345 0.406 0.439 0.323 0.478 0.583

Coxicella burnetii (No. tested) (335) (271) (1 (85) (38) 27 (16)
Prevalence 0.340 0.295 0.252 0.376 0.421 0.296 0.437

* No. of antibody-posttive sera no. ot sera tested

tP 005

P - 0001

&P~ 0.0001

P00

# No. of agent-specihc. antibody-positin e sera only and negauve for the other two phieboviral agents no. of sera tested

TABLE 2
Frequency distribution of 1gG antibody titers among the study population, by agent*

Tners Total
Agent 100 200 400 800 1.600 3.200 6.400 12.800 No. (%1t GMT¢
Arboviruses
West Nile 89 29 23 10 15 6 1 173 (20) 224
Rift Valley
fever§ 7 10 19 28 51 32 17 3 167 (20) 1,305
Sand fly fever
Sicilian§ 12 5 5 9 7 4 4 46 (5) 575
Sand fly fever
Naples§ 7 10 3 2 2 2 3 29(3) 195
Hantaan-like
viruses 13 9 7 1 1 314 204
Rickettsiae
Rickettsia tvphi 197 45 70 206 518 (58) 292
Rickettsia conorii 95 20 48 69 232(32) 262
Coxiella burnetii 210 36 20 19 285 (32) 139

* Values arc the no. of individuails with specified antibady titers.

+ Percentage of all sera examined for specitic agent.

$ CGreometnic mean tter

§ Trers were reporied for each phlebovirus only 1f higher or 1n the absence of the other two.
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TABLE 3
Antibodv 118G responses to single, dual. and multiple phleboviral infections in the study population

Viruses No GMT* Y% tested
Rift Valley fever onlyt 127 1.172 15
With sand fly fever Naplest 4 1.345 1
With sand fly fever Sicilian 26 1.828 3
With sand fly fever Napies and
Sicilian 10 2111 1
P < 0.05
Sand fly fever (Naples) only 14 200 2
With Rift Valley fever 2 282 <1
With sand fly fever Sicilian 11 1.029 1
With Rift Valley tever and sand fly
fever Sicilian 2 1131 <1
P < 0.01
Sand fly fever (Sicilian) only 32 391 4
With Rift Valley tever 6 2.262 1
With sand fly fever Naples 5 527 1
With Rift Valley fever and sand fly
fever Naples 3 1.600 <1
P < 001

© Creometne mean titer.

+ No antibodies were detected for either of the other two phlchoviruses,

£ Only if higher anubody titers were detected for the agent,

3). This was true for SFS. SFN. and RVF. i.e..
1.172 for RVF only. 1.345 for RVF and SFN.
1.828 for RVF with SFS. and 2.111 for RVF with
SFN and SFS (P < 0.05). The overall GMT for
specimens with RVF antibody only (1,172) var-
ied little from the value calculated (1,180) with-
out consideration of the other two phleboviruses.
The same finding was observed for SFS (391
versus 456) and SFN (200 versus 353).

Familial clustering of infected occupants in
households was most evident for C. burnetii. R.
nphi. and R. conorii, and to a lesser extent for
WN and RVF, independent of sex (Table 4). Ad-
ditionally. there was no apparent clustering of
antibody-positive households (with one or more
occupants exhibiting IgG antibody) in any of the
four zones used to geographically divide the vil-
lage (Table S). This was true for all the agents.

TABLE 4
Household clustering (proportional distribution) of occupanis with antibody 10 West Nile (WN), Rift Vallev fever
(RVF). sand flv tever Sicilian (SFS), sand fly fever Naples (SFN). and Hantaan-like (HTN) viruses. and Rickettsia
typhi. R. cononi, and Coxiella burnetii, in Bilbeis Egypt

House- Arboviruses Rickettsiae
holds HTN
with WN RVF SFS SFN R npm R. conoru C. burnetu
person® 106t N2 13 29 2s "9 19 3
1 641 61 90 92 84 2 49 40
2 20 26 10 8 8 2 23 28
k) 8 11 0 0 8 20 18 15
4 4 2 0 0 0 10 8 8
5 4 0 0 0 0 b l 8
6 0 0 0 0 0 7 I 1
7 0 0 0 0 0 2 1 0
8 0 0 0 0 0 1 0 0
9 0 0 0 0 0 1 0 0
10 0 0 0 0 0 I 0 0
Il 0 0 0 0 0 Q 0 0
12 0 0 0 0 0 1 0 0

12 hod

* Houscholds with 1. 2.

ve oCc

-7
+ Values are the no. of houscholds with at least one agent-specific. antibodv-positive occupant.

 Values are the percentage of h holds (no. of h holds in ¢

occupant).

gory® no. of h holds with at least one agent-specific. antibody-positive

S ——
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TABLE §
Geographic distribution iclustering) of households with ai least one antbodv-positive occupant for selected agents.

by zone, in Bilbeis. Egvpr®

Creographic roncs

] 2 3 ]
No Nao N No.
posiune positine positive posSHiIve
no no e no
S tested n tested “u tested Yo tested xt
Arboviruses
West Nile 71 (20/28) 48 (43 90y 59 (2237 64 (21:33) 6.1 (NS
Rift Valley
fever 39 (11.28) 60 (54-90) 62 (2337 45 (15:33) 5.7 (NS)
Sand fly fever
Sicilian 34 (15:28) 36 (3290 38 (14 37 39 9/23) 4.7 (NS)
Sand fly fever
Naples 29 (8/28) 21 (19/90) 14 (337 27 (9/33) 29 (NS)
Hantaan-like
virus 4 (1°28) 15 (1491) 9 3 3 21 (7/34) ND
Rickettsiae
Ruickettsia tvphi 93 (26 °28) 96 87:91) 95 (3537 91 31734y 1.0 (NS
Rickettsia conoru 85 (22/26) 60 4575 83 (30 36) 67 (22/33) 9.4%
Coxiella burnetii 68 (19:28) 73 (66/91) 62 (23 37y 68 (23/34) 1.38 (NS)

* The village of Katr Ayoub 1s divided into four disunct geographical zones. Each sone 1s separated trom the others by natural boundanes that
include roads. canals. and agnculiural and plaving helds. The enure village covers an area of approumately 10 km'. Values are the percentage of
houscholds (no. of househoids with at least one anubods -positive occupant tor the select agent no ol houscholds with occupant(s) tested for an

agent-specihic antibody |
+ NS = not significant (£ - 0.08%. NI = not donc
TP DOS

except for R. conorii. for which differences in
household prevalence were noted between zones
1 and 2 (P < 0.05)and 2 and 3 (P < 0.01).

DISCUSSION

Data reported during the 1950s showed an av-
erage prevalence of 22% for WN virus antibody
and 24% or higher for SFS and SFN virus an-
tibodies among children in the Nile River Delta.
while our data indicated the overall prevalence
of antibodies to WN (20%). SFS (4%) and SFN
(2%) viruses to be lower.* * ** In contrast, rick-
ettsial antibodies were demonstrated in a sizable
proportion of the study population. particularly
for R. typhi. for which 512 (58%) of 883 study
subjects were antibody-positive. Similarly. an-
tibody prevalence among school children sur-
veyed from the Nile River Delta in 1989 was 9%
for SFS. 4% for RVF. 3% for WN. and 9% for
HTN viruses, and 22% for C. burnetii. 53% for
R. typhi. and 37% for R. conorii.”*

Most notable was the low prevalence of RVF
antibody in the population born after the peak
of the 1977-1978 outbreak (< 2% of the popu-

lation less than 13 vears of age). Meanwhile, the
proportion of the population greater than 12 vears
old exhibiting antibodies (42%) was comparable
to the overall prevalence found in 1978 (36%).-!
These data suggest that the level of intensity as-
sociated with RVF transmission decreased con-
siderably following the documented 1977-1978
outbreak and that RVF has not re-emerged as
an important agent of human infection in Egypt
since the outbreak 13 vears ago.

Significant differences were found in age-spe-
cific phleboviral prevalence when the analysis
was performed with and without controlling for
the presence or absence of the other phleboviral
like-agents (Table 1). These discrepancies may
be attributed to cross-reactivity or result from
the natural occurrence of dual or multiple infec-
tions involving other phleboviruses. The abso-
lute differences in proportions clearly increased
with age for RVF, SFS and SFN viruses and
showed the risk of acquiring more than one phle-
boviral infection is likely to be a function of age:
as people grow older. there are more opportu-
nities for exposure to additional viruses. Sera
from patients with known exposure to a single
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phleboviral agent was not available for serologic
control purposes.

A possible boosting phenomenon may explain
the upward trend in GMT when antibody for
one phlebovirus was found in association with
antibody to another. Analytical controls for pos-
sible cross-reactivity were accomplished through
the selection of only the highest titers when dual
or multiple infections were detected. The ques-
tion raised subsequent to the outbreak as to
whether sequential infection with phlebotomus
group viruses broaden the antibody response and
enhance protection can be partially addressed by
these findings.”* The evidence presented indi-
cates that the antibody response is strengthened
by the effect of boosting. Enhanced antibody re-
sponse has also been reported for SFN virus in
Cypriots with Toscana virus compared to when
antibodies to SFN virus were found alone."’

Familial clustering of persons with antibodies
to R. typhi. R. conorii. and C. burnetii was evi-
dent in this study. Transmission may theretore
be related to environmental determinants in the
household. Animal slaughter carried out as a
familv-oriented activity within or near the place
of residence. which involves cattle. sheep. goats.
and camels. may account for the clustering phe-
nomenon associated with C. burnetii, while ex-
posure to infected fleas responsible for R. nphi
infection is likely to be linked to significant ro-
dent infestation. which is observed both in the
home and fields. The high prevalence of R. con-
orit, however. and the tendency of antibody-pos-
itive individuals to cluster by residence. requires
further investigation. with emphasis on probable
tick vectors. The only indication of geographic
clustering of households with antibody-positive
occupants was observed for R. conorii. Risk fac-
tors associated with zone-specific transmission
are not reported in these study findings. How-
ever. significant differences in antibody preva-
lence of R. typhi. R. conorii, and C. burnetii were
reported among tour villages located in the Bil-
beis area in the Sharqiva governate (all within
30 kilometers driving distance from each oth-
er).?* Additionally, a comparatively high prev-
alence (29%) of antibody to SFS virus was found
in only one of the villages surveved.**

The high prevalence of rickettsial IgG anti-
bodies among study participants warrants ad-
ditional investigation. Longitudinal studv of
rickettsial disease incidence is currently under-
way. Furthermore, environmental risk deter-
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minants, particularly those associated with the
household. should be considered given the fa-
milial clustering evident with R. ryphi. R. conorii.
and C. burnetii.

Finally, these data show that when analyvtical
biases are introduced to adjust for possible cross-
reactivity and dual and multiple infections among
phleboviruses. prevalence values may change
significantly. Therefore, findings should be
weighed as to the statistical controls applied in
determining prevalence.

Acknowledgments: We give special thanks to Salwa
Mohanna for formatting and presentation. Susan Hibbs
for assisting in the preparation of the data for presen-
tation. Dr. Atef Soliman and Adel Salib for technical
assistance, Dr. Ray Arthur for review of the manu-
script. and finally Fathi Aboul Fadl. who coordinated
and inspired the field efforts.

Financial support: This study was supported by the
Naval Medical Research and Development Command.
Naval Medical Command. National Capital Region
(Bethesda. MD) Work Unit No. 3IM162770.
A870.AR.322.

Disclaimer: The opinions and assertions contained
herein are the pnivate ones of the authors and are not
to be construed as official or as reflecting the views of
the Navy Department. the Department of Defense. the
Government of the United States. or the Egyptian Min-
sstrv of Health.

Authors’ addresses: Andrew Corwin, Douglas Watts.
James Olson. Richard Hibbs, Matthew Kleinosky. and
Michael Kilpatrick. U.S. Naval Medical Research Unit
No. 3. PSC 425 Box 5000. FPO AE 09835-0007. Mus-
1afa Habib. Centers for Field Appiied Research (CFAR).
Ministrv of Health. Cairo. Egypt. Medhat Darwish.
Faculty of Medicine. Ain Shams University, Cairo.
Egypt. Boulos Botros. U.S. Naval Medical Research
Unit No. 3. Adjacent to Abbassia Fever Hospital.
Ramses Street Extension. Abbassia Code No. 11517,
Cairo. Egypt. Ho Wang Lee. Institute of Viral Disease.
Korea University. Seoul. Republic of Korea. Robernt
Shope. Arbovirus Research Unit. Yale University. New
Haven, CT 06510.

Reprint requests: Research Publications Branch. U.S.
Naval Medical Research Unit No. 3, PSC 452 Box
5000. FPO AE 09835-0007.

REFERENCES

1. Botros BAM. Ksiazek TG. Morrill JC, Salib AW,
Soliman AK. Scott RM. Barakat A, 1988. Rift
Valley fever in Egypt 1986. Surveillance of sheep
flocks grazing in the northeast Nile Delta. J
Trop Med Hyg 91: 183-188.

2. Laughlin LW. Meegan JM. Strausbaugh LJ. Mer-
ens DM. Watten RH. 1979. Epidemic Rift Val-
ley fever in Egypt. Observation of spectrum of




. Schmidt JR. Schmidt ML. Said MI. 1971.

VIRAL AND RICKETTSIAL INFECTIONS IN EGYPT

human illness. Trans R Soc Trop Med Hyg 73:
630-633.

. Scott RM, Feinsod FM. Allam IH. Ksiazek TG.

Peters CJ. Botros B. Darwish MA_ 1986. Se-
rological tests for detecung Rift Valley fever an-
ubodies in sheep from the Nile Delta. J Clin
AMicrobiol 24 612-614.

. Taylor RM. 1959. Phlebotomus (sandfly) fever in

the Middle East. Proccedings of the Sixth In-
ternational Congress of Tropical Medicine and
Malariology 5: 149-158.

. Darwish MA. Feinsod FM., Scott R McN, Ksiazek

TG. Botros BAM, Farrag 1H. Tahir BA_ El Said
S. 1987. Arboviral causes of nonspecific fever
and myalgia 1n a fever hospital patient popula-
ton in Cairo, Egvpt. Trans R Soc Trop Med
Hyg 81: 1001-1003.

. Feinsod FM. Ksiazek TG. Scott R McN, Soliman

AK. Farrag 1H. Ennis WH. Peters CJ. El Said
S. Darwish MA. 1987. Sandfly fever-Naples in-
fection in Egyvpt. Am J Trop Med Hyg 37: 193~
196.

. Melnick JL. Paul JR, Riordan JT. Bamectt VH.

Galdbium N, Zabin E. 1951. Isolation from
human sera in Egypt of a virus apparently iden-
tical to West Nile virus. Proc Soc Exp Biol Med
T7:661-663.

. Taylor RM. Work TH. Hurlbut HS. Rizk F. 1956.

A study of the ecology of West Nile virus in
Egvpt. Am J Trop Med Hyg 5: 579~620.

. Abdel Wahab KS. 1970. Arboviruses and central

nervous system disorders in Egypt. . Aca Virol
14: 501-506.

. Mayer V. Hanna AT. Wahdan MH. Mahmoud

YS. El Dawala K. 1967. Prevalence of Sindbis
virus antibodies in an Egvptian rural commu-
nity. J Hyg Epidenuol Microbiol Immunol 11:
1—3.

. Tayvlor RM. Henderson JR. Thomas LA. 1966.

Antigenic and other characteristic of Quaranfil.
Chenuda. and Nyvamaninin arboviruses. Am J
Trop Med Hyg 15: 87-90.

Phle-
botomus fever in Egypt. Isolation of Phleboto-
mus fever viruses from Phlebotomus papatasi.
Am J Trop Med Hyve 20: 483-490.

. Work TH. Hurlbut HS. Tayvlor RM. 1955. Indig-

enous wiid birds of the Nile Delta as potential
West Nile virus circulating reservoirs. Am J
Trop Med Hyvg 4: 872-888.

. Schmidt JR. El Mansoury HK. 1963. Natural and

experimental infection of Egyptian equines with
West Nile virus. 4nn Trop Med Parasitol 57
415~427.

. Taylor RM, Hurlbut HS. Work TH. Kingston RJ.

783

Frothingham TE. 1955. Sindbis virus: a newly
recognized arthropod transmitted virus. 4Am J
Trop Med Hyg 4. 844-862.

. Tavior RM, Hurlbut HS. Work TH. Kingston RJ.

Hoogstraal H, 1966. Arboviruses isolated from
Argas ticks in Egypt: Quaranfil. Chenuda. and
Nyamanimy. 4m J Trop Med Hvg 15: 76-86.

. Al LB, Imam IZE. 1966. A serological survey

of Q fever in Egypt with an epidemiological re-
view. J Egvpt Public Health Assoc 41:175-181.

. McDade JE. Zaklama NS. Imam IZE. Wanees M.

1973. Serological survey for Q fever in Egyptian
domestic ammals. J Egvpr Public Health Assoc
47 101-108.

. Botros BAM. Soliman AK, Darwish M. El Said S.

Momill JC, Ksiazek TG, 1989. Seroprevalence
ol munne typhus and fievre boutonneuse in cer-
1ain human populations in Egypt. J Trop Med
Hve 92: 373-378.

. Sohiman AK. Botros BAM. Ksiazek TG, Hoogs-

traal H. Helmy 1. Morrill JC, 1989. Seroprev-
alence of Rickettsia typhi and Rickettsia conorii
intection among rodents and dogs in Egypt. ./
Trop Med Hyg 92: 345-349.

. Meegan JM. 1981. Rift Valley fever in Egypt an

overview of the epitzootics in 1977 and 1978.
Contrib Epidennol Biostarist 3: 100-113.

. Voller A, Bidwell D. Bartlett A, 1976. Microplate

enzyme immunoassays for the immunodiagnos-
15 of virus infections. Rose NR, Friedman H.
eds. Manual of Clinical Immunology. Wash-
ington. DC: Amencan Society for Microbiology.
506-512.

. Wilhams JC. Thomas LA, Peacock MG, 1986.

Humoral immune response to Q fever: enzyme-
hnked immunosorbent assay antibody response
to C. bumetii in experimentally infected guinea
pigs. J Clin Microbiol 24: 935-939.

. Smithbum KC, Tavlor RM. Rizk F, Kader A, 1954.

Immunity to certain arthropod-borne viruses
among indigenous residents of Egypt. 4AmJ Trop
Med Hyg 3: 9-18.

. Corwin A, Habib M. Olson M. Scott D, Ksiazek

TG. Watts D. 1992. The prevalence of arbo-
viral. nckettsial. and Hantaan-like viral anu-
body among school children in the Nile River
Delta of Egypt. Trans R Soc Trop Med Hyg 86
677-679.

. Shope RE., Meegan JM. Peters CJ. Tesh RB. Tra-

vassos da Rosa AA. 198]1. Immunological sta-
tus of Rift Vallev fever virus. Contrib Epidemiol
Biostatist 3: 42-52.

. Entrem R. Styhanou M. Niklasson B. 1991. High

prevalence rates of antibody 1o three sandfly fe-
ver viruses (Sicilian. Naples and Toscana) among
Cypriots. Epidemiol Infect 107: 685-691.

Accession For
FTIS GRAMI &
{ DIIC TAB O
Unamownged |
’ Juastifieation __ |
|
' By
| Diswributtony ;

Availedbility @odes

AT @O




