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HE INTENT of this study was to provide insight on the evaluation and management of Rift Valley

fever (RVF) that affect small ruminants; sheep and goats. RVF is a zoonotic disease transmitted by
mosquitoes that is acute, febrile, and caused by a virus of the Bunyaviridae tamily, genus Phlebovirus that
represents a significant threat to humans and livestock. Severe clinical signs usually seen in cattle and
small ruminants, where it characterized by high fever (41 °C), abortions and a high mortality rates in the
newborn. ELISA assays can distinguish between past and recent infection, it cannot differentiate between
the past infected and vaccinated animals except by paired serum samples examination. A variety of highly
sensitive molecular techniques were established for RVF comprising quantitative real-time PCR nested
RT-PCR methods, multiplex PCR-based microarray assay, quantitative real-time PCR, recombinase
polymerase amplification (RPA) and RT Loop-mediated isothermal amplification (RT-LAMP). The
control of the RVF disease depends mainly on two main principles; the first one is the vaccine, and the
second is the combating of the arthropod vectors. There are two types of RVF vaccines, the accredited
live attenuated and inactivated vaccine preparations. The Clone 13 vaccine depends on the NSs gene,
which encodes the primary virulence gene, has a significant loss of naturally attenuated strain, which
developed from the Central African strain that was isolated from a human. The vaccine is highly
immunogenic in ruminants, save and do not lead to untoward effects in vaccinated animals.

Keywords: Rift Valley fever, Sheep, Goat, Diagnosis, Control.

Introduction

An acute or per-acute, febrile, mosquito-transmitted
disease called Rift Valley fever (RVF) is brought on
by a virus of the Bunyaviridae family, genus
Phlebovirus that represents a significant threat to
humans and livestock. It is responsible for serious
economic losses due to abortion and heavy mortalities
in newly born animals [1]. The OIE certifies that locally
validated techniques like RT-PCR are acceptable for
viral RNA detection. Although RVF is less infectious
than Foot and mouth disease (FMD) but the losses
due to RVF are incomparable to that of FMD [2].
ELISAs and virus neutralization tests have the ability

to detect antibodies to RVF virus. ELISA assays can
distinguish between past and recent infection, it
cannot differentiate between the past infected and
vaccinated animals [3]. Virus neutralization tests
depend on the presence of a live virus and this
generally not recommended outside endemic regions
[4]. Prevention of infection of the disease is the first
step in the disease control. Early detection of
infection through strict active animal inspection and
advised sentinel herd monitoring [5]. Once infected
animals are situated, prevention of the further spread
can achieved by mosquito control and animal
movement control. Animal vaccination is the most
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significant step in the disease control. Standard
precautions diminish transmission risk to healthcare
workers and farmers [6]. In Egypt, four epidemics of
RVF recorded during 1977, 1978, 1993 and 2003.
Furthermore, an epidemic of RVF accompanying
with severe abortion rates in sheep and cattle stated in
Upper Egypt in 1997. The abortion rate in ewes was
roughly 60-70%. The mortality rates were 50— 60%
in lambs, and 25— 35% in adult sheep [7]. The
disease first reported in Aswan, and then went up to
north into eight governorates of the Delta; mainly El-
Sharquiya, El- Qualubiya El- Giza and the Nile
Valley. The disease was associated with the human
cases that were assessed to be 18,000-20,000
individuals sustained from the disease and 599 died
in 1977 [8, 9]. Utilizing epidemiological research to
evaluate the present RVF situation in Egypt. The
used techniques in this study were AGPT, SNT and
ELISA [10]. The vaccinated sheep showed lower
prevalence of RVF, while vaccinated sheep, goat,
cattle and buffaloes revealed a higher prevalence
[11]. On the contrary, the non-vaccinated goats,
sheep, cattle, camels and buffaloes showed different
rates of prevalence. The continual migration of many

camels from Sudan poses the biggest danger of

RVFV introduction. The Nile River's surroundings
are the only places where there is a danger of RVFV
transmission by vectors, and this risk does not change
greatly over the course of the year [12]. Imported
camels placed in quarantines, where there is typically
little risk of vector-borne RVFV transmission. Then,
they are sent to slaughterhouses or animal markets,
many of which are found in populated areas, where
there is a considerably higher danger of transmitting
RVFV to humans or animals [13]. Other (risk-based)
monitoring tactics suggested because the current
measures (quarantines, vaccine, or testing) appear to
have a limited impact in reducing the likelihood of
RVFV introduction [14]. Consequently, the purpose
of the current study was to shed light on the diagnosis
and control of the Rift Valley fever that affect small
ruminants; sheep and goats.

Etiology

Rift Valley Fever (RVF) is mosquito-borne,
zoonotic disease, causing acute fever viral disease of
livestock and humans people. It brought by a virus of
the genus Phlebovirus, family Bunyaviridae (Fig. 1, a
& b) [15].

Fig. 1. Rift-Valley-Fever-virus schematic-diagram (a) and electron micrograph (b) [15].

Transmission

A mosquito Aedes, Culex, Anopheles, Erehmapodites, Monsosmia, primarily transmits RVF from animal

to animal (Fig. 2 a, b & ¢) [16].
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Fig. 2. RVF; transmitting mosquitoes, Aedes (a), Culex, (b) and Anopheles (c) [16].

Diagnosis of Rift valley fever
Clinical Picture

Rift valley fever typically exhibits severe
clinical symptoms in cattle and small ruminants,
where it characterized by high fever (41C°), In
Sheep, Loss of appetite, jaundice and weakness.
Nearly all lambs under two weeks of age will die and
in older sheep, mortality reaches to 30% with

abortions approaching to 100%. Cattle are less
susceptible than sheep, some are subclinical,
anorexia, excessive salivation, fetid diarrhea,
weakness, fall in milk yield and mortality averages
5% with some abortions. Water buffalo up to 50%
abortion rate camels (in Egypt) in-apparent disease
except abortions (Table 1. and Fig. 3 a & b) [17].

TABLE 1. Rift Valley fever host range and disease severity

Mortality Severf! IlIness Seve're Ill'ness Infection Refractive
~100% Abortion, Low Viremia Viremia to
Mortality Abortion infection
Calves Cattle - Camels Horses Guinea pigs
Lambs Sheep - Monkey Dogs Pigs
Kids Water buffalo -  Rats Cats Rabbits
Kittens Goats - Gray squirrels Monkeys Tortoises
Puppies Humans Hedgehogs
Hamster Frogs
White mice Canaries
Door mice Chickens
Field mice Pigeons
Field voles Parakeets

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)



490 MOHAMED A. MAHMOUD et al

Post-mortem findings

The postmortem findings associated with
RVF included enlarged friable liver with generalized
or focal necrosis of liver, enlargement, congestion,
and liver discoloration with sub capsular and
petechial hemorrhages in the cutaneous and serosal
surfaces. Brown-yellowish color of liver in aborted

o L

Fig. 4. Sheep affected by RVF; aborted fetus (a), necrotic 1

hemorrhages on the intestinal serosa (d) [18].

Differential diagnosis

To distinguish between the other illnesses
that can be misdiagnosed with RVF, a differential
diagnosis must performed. and these diseases causing
fever and abortion in small ruminants. The following;
Abortifacient agents, agents causing hepatitis and
agents that cause hemorrhages (Wesselsbron disease,
Bluetongue, Ephemeral fever, Enterotoxemia of
sheep, Vibriosis, Brucellosis, Nairobi sheep disease

[y

WIS L F

Fig. 3. Clinical signs of RVF; weakness and diarrhea in sheep (a), anorexia and emaciation in cattle (b) [17].

fetuses. Other gross lesions are generalized jaundice,
petechial and ecchymotic hemorrhages, subcutaneous
hemorrhages on both surfaces of the internal organs,
hemorrhages, edema and necrosis of lymph nodes,
kidney and gallbladder congestion and cortical
hemorrhages (Fig. 4 a, b, ¢ & d) [18].

i

iver (b), abomasum mucosal hemorrhage (c) and petechial

Rinderpest, Peste des petits ruminants and bacterial
septicemias) [19]. Signs of diarrhea, pneumonia, can
avoid Peste des Petits Ruminants disease (PPR) and
signs of nasal ulceration and facial edema can remedy
bluetongue, Pock lesions differentiate capripox,
Vesicular stomatitis excluded
pasteurellosis and contagious ecthyma, and caprine
pleuropneumonia  characterized by
manifestation alone (Fig. 5) [20].

pneumonic

respiratory
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M Mix Btv Pprv Rvfv Rpv Neg

Fig 5. Multiplex RT-PCR for Rift Valley Fever virus (RVFV), rinderpest virus (RPV), bluetongue virus
(BTYV), and Peste des petits ruminant’s virus (PPRV). M, 50-bp DNA molecular weight marker and

Mix, four viruses in a single-tube [20].

Laboratory diagnosis
Virus isolation

Although virus isolation is also a possibility,
lab workers are at risk from this virus. Although
hamsters, adult or suckling mice, embryonated
chicken eggs, or two-day-old lambs can also be

L ‘
' e N
i . _‘

& N

utilized, animal inoculation should avoided wherever
possible. Rift Valley fever virus can be cultivated on
BHK 21, chicken embryo-related (CER) cells, Vero
cells, AP61 mosquito cell lines and LT cell line (Fig.
6a&b) [21].
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Fig. 6. Giemsa staining of RVFYV for infection of cultured LT cell (x 400). (A) Mock (control) cells. (B)
cytopathic effect of RVFYV, necrotic foci (red arrows) [21].

Molecular detection

A variety of highly sensitive molecular
techniques were established for RVFV that include
quantitative real-time PCR, nested RT-PCR, RT
Loop-mediated  isothermal amplification (RT-
LAMP), multiplex PCR-based microarray assay, and

recombinase polymerase amplification (RPA). Using
a set of six primers, the RVF RT-LAMP amplifies
specific nucleic acid sequences. Amplification results
in the development of a DNA precipitation that is
visible to the naked eye. The assays are costless, easy
and practical (Fig. 7) [22].
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Fig. 7. Rift Valley fever virus positive bands on PCR gel (90 bp). Rift Valley fever virus MP-12 positive
control, lane 2, molecular mass ladder, lane 3, negative control, lane 4, pool 103 (positive), and lane

5, pool 86 (negative) [22].

The OIE confirms that locally validated
techniques like RT-PCR or real-time RT-PCR are
acceptable for viral RNA detection. A blind portion
of RVFV analyzed by thirty professional laboratories
from sixteen different nations. Both positive and
negative samples are included in this section.
Laboratories employed their regional RVFV test that
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molecularly based. The findings revealed that 28/30
laboratories (93%) used qRT-PCR because to its high
specificity and sensitivity. RVFV kit used for
qualitative detection of infection in human serum or
plasma sample by using Real Time PCR system (Fig.
8) [23].

Fig. 8. Real Time PCR Rift valley fever virus detection kit [23].

Serological diagnosis
Virus neutralization assay (VNA)

There are several analyses available for
identifying RVFV antibodies in various animal
species. Despite the fact that ELISAs and VNAs are
quite specific, cross-reactivity between RVFV and
the other members of phleboviruses can occur [24].

The Virus neutralization assay for RVFV recorded as
the gold standard test and it used for vaccine potency
evaluation and international trade assessment.
Although the test highly specific and could be used
on serum from many different host animals, it is
limited to special laboratories that have a proper
biosecurity facility [25].
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Enzyme-linked immunosorbent test (ELISA)

ELISA used to approve the existence of
RVF specific IgM and IgG antibodies, which indicate
recent infection or old infection, respectively [26].
The appearance of the antibodies is in a reversal
relationship to the virus titer in the blood i.e. the
antibodies appears with the gradual disappearance of
the virus. Therefore, the collected serum or blood
samples may contain live virus. These samples
should be inactivated before testing the detection of
IgM indicated a recent infection. ELISA assays can
distinguish between past and recent infection, it
cannot differentiate between the past infected and
vaccinated animals except by paired serum samples
examination [27]. Special indirect ELISA was
established to differentiate the infected animals from

the vaccinated (DIVA) ELISAs and virus

Uninfected

Cell pellet

neutralization have the ability to detect antibodies to
RVF virus. Virus neutralization tests depend on the
presence of a live virus and this generally not
recommended outside endemic regions. Commercial
ELISA testing is far more beneficial in low- and
middle-income settings due to its advantages of
speed, reduced cost, and lack of containment
requirements when compared to plaque reduction
neutralization testing [28].
Other serological methods

Other serological methods like the
immunohistochemistry (Fig. 9), Indirect
Immunofluorescence, agar gel immunodiffusion in
addition to radioimmunoassay and complement
fixation, hemagglutination inhibition assay (HIA) are
now a limited to be used for the serological diagnosis
of RVF in suspected animals [29].

RVFV-infected

Fig. 9. Immunocytochemistry and immunohistochemistry for RVFV, sheep liver sections (lower images)
Vero cells (upper images) tested for RVFV antigen. Slices from infected cells or liver from an
infected sheep showed extensive intra-cytoplasmic antigen staining in hepatocytes (right photos), but
slices from uninfected cells or liver showed no antigen [22].

Field test

It was successful in developing and
validating a pen-side test for the diagnosis of Rift
Valley fever using a lateral flow
immunochromatographic strip test (LFT) that relies
on finding the RVF virus nucleoprotein (N) in serum
samples (Fig. 10), [30].

Prevention and control of Rift valley fever

The control of the RVF disease depends mainly on
two main principles; first, one is the combating of the
arthropod vectors, and the second is the vaccination
[31].
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Fig. 10. Lateral flow immunochromatographic (LFT) strip test for the detection of Rift Valley Fever
(RVF)infection using the two selected monoclonal antibodies [30].

Prevention of animal and human outbreaks

Once diseased RVF animals are located, further
transmission can stopped by controlling animal
movement and mosquitoes. It is advised to limit the
slaughter of cattle or, at the very least, to use
protective gear (gloves, masks, and gowns) when
handling carcasses or aborted fetuses. To stop the
further transmission of animal diseases to humans,
public awareness and education about the warning
signals and risk factors are essential. The most
important step in the prevention of disease is
vaccination of animals. Standard precautions reduce
the danger of transmission to farmers and healthcare
professionals [32].

Combating of the vector

Mosquito repellents in the animal houses,
trousers and long shirts for the workers and other
arthropod control techniques exclusively
recommended to stop mosquitoes and other potential
insect vectors from spreading disease to human and
animal. Decreasing the green covering will help in
the reduction of the mosquitoes densities. All the
water ponds must be burred or covered with nets to
prevent the multiplication of mosquitoes [33]. The
use of biological combating by growing the
Gambosia fish in water resources and the huge areas
of the stagnant water to get rid of the developmental
stages of mosquitoes recommended [34].

Vaccination

Although there is no approved vaccine for
practice in humans, three licensed veterinary
vaccines are present to protect livestock [35]. The
approved live attenuated (Smithburn vaccine) and
inactivated vaccine formulations are the two forms of

RVF vaccines. In endemic areas, usage of the two
is restricted. In the US, the live
attenuated MP-12 vaccination has a conditional
authorization. Zimbabwe and South Africa have also
granted licenses for the Clone-13 vaccination. The
potential for co-infection and assortment between the

vaccinations

vaccination and the field virulent viruses suggests
that a new generation of efficacious and safe
veterinary RVFV vaccines still urgently needed [36].

RVF in Egypt

Four epidemics of RVF were recorded in Egypt;
during 1977, 1978, 1993 and 2003 (Jun—Oct) [37].
Furthermore, an epidemic of RVF accompanying
with severe abortion rates in sheep and cattle stated in
Upper Egypt in 1997. The abortion rate in ewes was
roughly 60— 70%. The mortality rates were 50— 60%
in lambs, and 25— 35% in adult sheep [38]. RVF has
documented in man, cattle, and buffaloes in Aswan
Governorate. Similar epidemic, El-Faiyum Oasis and
the majority of the governorates in the Nile Delta
both saw infection spread. After this outbreak, RVF
reappeared in intervals between 1993 and 2003 [39].
Moreover, the Ministry of Health distinguished 745
RVF cases (IgM positive) throughout 1993-2004 in
some governorates, which suggested recent infections
in humans. Following these outbreaks, many
instances (5306) were suspected to develop between
2004 and 2008 [40]. The RVF vaccine available in
Egypt is inactivated killed RVF vaccine, produced by
Veterinary Serum and Vaccine Research Institute,
prepared from Zagazig HS5O0lstrain. Clonel3 live
attenuated virus vaccine was also available in Egypt
[41].
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Conclusions

Special  indirect ELISA  established to
differentiate the infected from the vaccinated animals
(DIVA). A variety of highly sensitive molecular
techniques were established for RVFV involving
quantitative real-time PCR, nested RT-PCR methods,
multiplex RT Loop-mediated isothermal
amplification (RT-LAMP), PCR-based microarray
assay, and recombinase polymerase amplification
(RPA). The control of the RVF disease depends
mainly on two main principles; the first one is the
vaccine, and the second is the combating of the
arthropod vectors. There are two types of RVF
vaccines, the accredited live attenuated (Smithburn
vaccine) and inactivated vaccine preparations. The
Clone 13 vaccine depends on the primary virulence
gene (NSs gene) having a significant deletion of
naturally attenuated strain, which developed from the
Central African strain that was isolated from a
human. The vaccine is highly immunogenic in
ruminants, save and do not lead to untoward effects
in vaccinated animals. Another recombinant vaccine
developed that utilizes Lumpy Skin Disease virus
(LSDV) as carrier for RVFV
glycoprotein, resulting in a bivalent RVFV
vaccination with the added benefit of defending
animals from Lumpy Skin Disease.

a vector or

Conflicts of interest
The authors declared no competing interests.

Funding statement
There is no funding support

References

1. Mahmoud, M.A., Ghazy, A.A., Shaapan, R.M. Review
of diagnostic procedures and control of some viral
diseases causing abortion and infertility in small
ruminants in Egypt. Iraqi J Vet Sci, 35(3), 513-521
(2021).
http://dx.doi.org/10.33899/ijvs.2020.127114.1461

2. Mahmoud, M.A., Ghazy, A.A. and Shaapan, R.M.
Diagnosis and control of foot and mouth disease
(FMD) in dairy small ruminants; sheep and goats. Int J

Dairy Sci, 14, 45-52. (2019). DOI:
10.3923/1JDS.2019.45.52
3. Elfadaly, H.A., Shaapan, R.M., Barakat, A.M.,

Hassanain, N.A. and Mabher, A. International Journal of
Veterinary Science. Int J Vet Sci, 12(2), 236-241
(2023). DOI: 10.47278/journal.ijvs/2022.174

10.

11.

12.

Williams, R., Ellis, C.E., Smith, S.J., Potgieter, C.A.,
Wallace, D., Mareledwane, V.E. and Majiwa, P.A.O.
Validation of an IgM antibody capture ELISA based on
a recombinant nucleoprotein for identification of
domestic ruminants infected with Rift Valley fever
virus. Journal of virological methods, 177(2), 140-146
(2011). DOI: 10.1016/j.jviromet.2011.07.011

Ata, E.B., Shaapan, R.M., Ghazy, A.A., Kandil, O.M.
and Abou-Zeina, H.A. Epidemiological aspects of some
equine viral diseases. [raqi J Vet Sci, 37(1), 121-127
(2023). DOI:10.33899/ijvs.2022.133255.2195

Hassanain, N.A., Shaapan, R.M., Saber, M., Kabary, H.
and Zaghloul, A. Adverse impacts of water pollution
from agriculture (Crops, livestock, and aquaculture) on
human health, environment, and economic activities.
Egypt. J. Aquat. Biol. Fish, 25(2), 1093—-1116 (2021).
DOI: doi.org/10.21608/ejabf.2021.171677

Kenawy, M.A., Abdel-Hamid, Y.M. and Beier, J.C.
Rift Valley Fever in Egypt and other African countries:
Historical review, recent outbreaks and possibility of
disease occurrence in Egypt. Acta tropica, 181, 40-49
(2018). DOI: 10.1016/j.actatropica.2018.01.015

El-Akkad, A.M. Rrift valley fever outbreak in Egypt.
October—December 1977. The Journal of the Egyptian
Public Health Association, 53(3-4), 123-128 (1978).
DOI: pubmed.ncbi.nlm.nih.gov/572393/

Kandeel, M. and Al-Mubarak, A.L
diseases: current diagnostic, therapeutic, and preventive

Camel viral

strategies. Frontiers in Veterinary Science, 9, 915475
(2022). DOI: 10.3389/fvets.2022.915475

Shaapan, R.M., Hassanain, M.A. and Khalil, F.A.M.
Modified agglutination test for serologic survey of T.
gondii infection in goats and water buffaloes in Egypt.
Res J Parasitol, 5, 13-17. (2010). DOI:
scialert.net/abstract/?doi=jp.2010.13.17

Fawzy, M. and Helmy, Y.A. The one health approach
is necessary for the control of Rift Valley fever

infections in Egypt: A comprehensive
review. Viruses, 11(2), 139 (2019). DOLI:
10.3390/v11020139

Napp, S., Chevalier, V., Busquets, N., Calistri, P.,
Casal, J., Attia, M., Elbassal, R., Hosni, H., Farrag, H.,
Hassan, N. and Tawfik, R. Understanding the legal
trade of cattle and camels and the derived risk of Rift
Valley Fever introduction into and transmission within
Egypt. PLoS  neglected tropical  diseases, 12(1),
p-e0006143 (2018).DOI: 10.1371/journal.pntd.0006143

. Mroz, C., Gwida, M., El-Ashker, M., El-Diasty, M., El-

Beskawy, M., Ziegler, U., Eiden, M. and Groschup,
M.H. Seroprevalence of Rift Valley fever virus in
livestock during inter-epidemic period in Egypt,
2014/15. BMC  veterinary  research,13(1),  1-9.
(2017).DOLI: 10.1186/s12917-017-0993-8

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)


https://www.scopus.com/authid/detail.uri?authorId=55624881000
https://www.scopus.com/authid/detail.uri?authorId=15829482300
https://www.scopus.com/authid/detail.uri?authorId=15830084400
http://dx.doi.org/10.33899/ijvs.2020.127114.1461
https://doi.org/10.3923/IJDS.2019.45.52
https://doi.org/10.47278/journal.ijvs/2022.174
https://doi.org/10.1016/j.jviromet.2011.07.011
https://doi.org/10.33899/ijvs.2022.133255.2195
https://www.scopus.com/authid/detail.uri?authorId=57188757434
https://www.scopus.com/authid/detail.uri?authorId=15830084400
https://www.scopus.com/authid/detail.uri?authorId=7006533387
https://www.scopus.com/authid/detail.uri?authorId=55635741400
https://www.scopus.com/authid/detail.uri?authorId=54944800000
https://dx.doi.org/10.21608/ejabf.2021.171677
https://dx.doi.org/10.21608/ejabf.2021.171677
https://doi.org/10.1016/j.actatropica.2018.01.015
https://pubmed.ncbi.nlm.nih.gov/572393/
https://doi.org/10.3389/fvets.2022.915475
https://scialert.net/abstract/?doi=jp.2010.13.17
https://doi.org/10.3390/v11020139
http://dx.doi.org/10.1371/journal.pntd.0006143
https://doi.org/10.1186/s12917-017-0993-8

496

MOHAMED A. MAHMOUD et al

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gerken, K.N., LaBeaud, A.D., Mandi, H., L’Azou
Jackson, M., Breugelmans, J.G. and King, C.H. Paving
the way for human vaccination against Rift Valley
fever virus: A systematic literature review of RVFV
epidemiology from 1999 to 2021. PLoS neglected
tropical  diseases, 16(1), p.e0009852 (2022).DOI:
10.1371/journal.pntd.0009852

Mastrodomenico, V. Dissecting a Role for Polyamines
in Rift Valley Fever Virus Infection (Doctoral
dissertation, Loyola University Chicago) (2019). DOI:
gscholar&cbl=18750&diss=y

Kwasnik, M., Rozek, W. and Rola, J., 2021. Rift Valley
fever—a growing threat to humans and animals. Journal

of veterinary  research,65(1),7-14  (2021).DOLI.
10.2478/jvetres-2021-0009
Ganter, M.. Zoonotic risks from small

ruminants. Veterinary microbiology, 181(1-2), 53-65
(2015).DOLI: 10.1016/j.vetmic.2015.07.015

Mansfield, K.L., Banyard, A.C., McElhinney, L.,
Johnson, N., Horton, D.L., Hernandez-Triana, L.M. and
Fooks, A.R., Rift Valley fever virus: A review of
diagnosis and vaccination, and implications for
emergence in Europe. Vaccine, 33(42), pp.5520-5531
(2015). DOI: 10.1016/j.vaccine.2015.08.020

Haif, A., Khelifi-Ouchene, N.A., Khelifi, M.,
Ouchetati, 1., Zeroual, F. and Ouchene, N. Abortive
diseases and their various associated risk factors in
Algeria: a
review. Tropical Animal Health and Production, 53, 1-
14 (2021). DOTI: 10.1007/s11250-021-02926-6

small ruminants in systematic

Mahmoud, M.A., Ghazy, A.A. and Shaapan, R.M.
Diagnosis and Control of Peste des Petits Ruminants
Disease in Small Ruminants: A Review. World's
Veterinary  Journal, 12(2), pp.214-220.  (2022).

DOI: 10.54203/scil.2022.wvj27

Safini, N., Bamouh, Z., Hamdi, J., Jazouli, M.,
Tadlaoui, K.O. and El Harrak, M. In-vitro and in-vivo
study of the interference between Rift Valley fever
virus (clone 13) and Sheeppox/Lumpy Skin disease
viruses. Scientific Reports, 11(1), p.12395 (2021).
DOIL: 10.1038/341598-021-91926-5

Shiell, B.J., Ye, S., Harper, J.A., van der Heide, B.,
Beddome, G., Foord, A.J., Michalski, W.P., Bingham,
J. and Peck, G.R, Reagents for detection of Rift Valley
fever virus infection in sheep. Journal of Veterinary
Diagnostic Investigation, 32(4), pp.577-580 (2020).
DOI: 10.1177/1040638720926476

Moreno, S., Calvo-Pinilla, E., Devignot, S., Weber, F.,
Ortego, J. and Brun, A. Recombinant Rift Valley fever
viruses encoding bluetongue virus (BTV) antigens:
Immunity and efficacy studies upon a BTV-4
challenge. PLOS Neglected Tropical Diseases, 14(12),
p.e0008942 (2020). 10.1371/journal.pntd.0008942

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hassanain, M.A., Shaapan, R.M. and Khalil, F.A.M.
Sero-epidemiological value of some hydatid cyst
antigen in diagnosis of  human cystic
echinococcosis. Journal of Parasitic Diseases, 40, 52-
56 (2016). DOIL: 10.1007/s12639-014-0443-5

Van den Bergh, C., Venter, E.H., Swanepoel, R. and
Thompson, P.N. High seroconversion rate to Rift
Valley fever virus in cattle and goats in far northern
KwaZulu-Natal, South Africa,
reported  outbreaks. PLoS

Diseases, 13(5), p-€0007296
10.1371/journal.pntd.0007296

Shaapan, R.M., Toaleb, N.I. and Abdel-Rahman, E.H.
Detection of

in the absence of
Neglected
(2019).

Tropical
DOI:

Toxoplasma gondii-specific
immunoglobulin (IgG) antibodies in meat juice of beef.
Iraqi Journal of Veterinary Sciences, 35(2), 319-324
(2021). DOI: 10.33899/ijvs.2020.126829.1390

Ata, E.B., Zaghawa, A., Ghazy, A.A., Elsify, A. and
Shaapan, R.M., 2018. Equine herpesvirus type-1
etiology, epidemiology,
identification and recent diagnosis. Asian Journal of
34-45 (2018). DOI:

infection: pathogenesis,
Epidemiology, 11(1),
10.3923/aje.2018.34.45
Bronsvoort, B.M.D., Bagninbom, J.M., Ndip, L., Kelly,
R.F., Handel, 1., Tanya, V.N., Morgan, K.L., Ngu
Ngwa, V., Mazeri, S. and Nfon, C. Comparison of two
Rift Valley fever serological tests in Cameroonian
cattle populations using a Bayesian latent class
approach. Frontiers in Veterinary Science, 6, p.258
(2019). DOI: 10.3389/fvets.2019.00258

Magadu, R. Seroprevalence and factors associated with
Q fever and Rift Valley fever in goats in Moretele

municipality, South Africa (Doctoral dissertation,
University of Pretoria). (2019). DOI:
.handle.net/2263/76890

Cétre-Sossah, C., Pédarrieu, A., Juremalm, M., Jansen
Van Vuren, P., Brun, A., Ould EL Mamy, A.B.,
Héraud, J.M., Filippone, C., Ravalohery, J.P., Chaabihi,
H. and Albina, E. Development and validation of a pen
side test for Rift Valley fever. PLoS neglected tropical
diseases, 13(9), p-€0007700 (2019). DOLI:
10.1371/journal.pntd.0007700

Hassanain, N.A., Hassanain, M.A., Ahmed, W.M.,
Shaapan, R.M., Barakat, A.M. and El-Fadaly,
H.A. Public health importance of foodborne
pathogens. World Journal of Medical
Sciences, 9(4), 208-222 (2013).

DOI: 10.5829/idosi.wjms.2013.9.4.8177

Hassanain, N.A., Shaapan, R.M. and Hassanain, M.A.
Health Risk Factors with
Incidence of Toxoplasmosis in Egyptian Pregnant

Associated Antenatal

Women. Pakistan Journal of Biological Sciences:
PJBS, 21(9), 463-468 (2018).
DOI: 10.3923/PJBS.2018.463.468

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)


https://doi.org/10.1371/journal.pntd.0009852
https://www.proquest.com/openview/f772abfa7c9b81425265e95d1638dbfc/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/f772abfa7c9b81425265e95d1638dbfc/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.2478/jvetres-2021-0009
https://doi.org/10.1016/j.vetmic.2015.07.015
https://doi.org/10.1016/j.vaccine.2015.08.020
https://doi.org/10.1007/s11250-021-02926-6
https://dx.doi.org/10.54203/scil.2022.wvj27
https://doi.org/10.1038/s41598-021-91926-5
https://doi.org/10.1177/1040638720926476
https://doi.org/10.1371/journal.pntd.0008942
https://doi.org/10.1007/s12639-014-0443-5
https://doi.org/10.1371/journal.pntd.0007296
http://www.doi.org/10.33899/ijvs.2020.126829.1390
http://dx.doi.org/10.3923/aje.2018.34.45
https://doi.org/10.3389/fvets.2019.00258
http://hdl.handle.net/2263/76890
https://doi.org/10.1371/journal.pntd.0007700
https://doi.org/10.5829/idosi.wjms.2013.9.4.8177
https://doi.org/10.3923/PJBS.2018.463.468

ADVANCES IN DIAGNOSIS AND CONTROL OF RIFT VALLEY FEVER IN SMALL RUMINANTS ...

497

33.

34.

35.

36.

Shehata, A.Z., Mokhtar, M.M.,
Shaapan, Hassanain, M.A. and Zaky, S. Comparison

Hassanain, N.A.,

between Insecticidal Activity of Lantana camara
Extract and its Synthesized Nanoparticles against
Anopheline mosquitoes. Pakistan Journal of Biological
Sciences:  PJBS,22(7), 327-334 (2019). DOI:
10.3923/PJBS.2019.327.334

Abbas, W.T., Abbas H.H., Abdel-Shafy, S., Shaapan,
R.M., Ahmed, S.S. and Abdel-Kader, M. H. Evaluation
of using of some novel natural nano-pesticides on fish
health
Egyptian Journal of Aquatic Biology and Fisheries
(EJABF). 26(2), 31-44 (2022).
DOI: 10.21608/EJABF.2022.223352

and water physico-chemical parameters.

Soliman, W.S. Shaapan, R.M., Mohamed, L.A. and
Gayed, S.S.R. Recent biocontrol measures for fish
bacterial diseases, in particular to probiotics, bio-
and phage therapy. Open
9(3), 190-195  (2019).

encapsulated vaccines,
Veterinary ~ Journal,
DOLI: 10.4314/0vj.v9i3.2

Ayers, V.B., Huang, Y.J.S., Dunlop, J.I., Kohl, A.,
Brennan, B., Higgs, S. and Vanlandingham, D.L.
Immunogenicity of a Candidate Live Attenuated
Vaccine for Rift Valley Fever Virus with a Two-
Segmented Genome. Viral Immunology, 36(1), 33-40
(2023). DOI: 10.1089/vim.2022.0104

37.

38.

39.

40.

41.

Kenawy, M.A., Abdel-Hamid, Y.M. and Beier, J.C.
Rift Valley Fever in Egypt and other African countries:
Historical review, recent outbreaks and possibility of
disease occurrence in Egypt. Acta tropica, 181, 40-49
(2018). DOI: 10.1016/j.actatropica.2018.01.015

Fawzy, M. and Helmy, Y.A. The one health approach
is necessary for the control of Rift Valley fever
infections in Egypt: A
review. Viruses, 11(2), 139
DOI: 10.3390/v11020139

comprehensive
(2019).

Mroz, C., Gwida, M., El-Ashker, M., El-Diasty, M., El-
Beskawy, M., Ziegler, U., Eiden, M. and Groschup,
M.H. Seroprevalence of Rift Valley fever virus in
livestock during inter-epidemic period in Egypt,
2014/15. BMC veterinary research, 13(1), 1-9 (2017).
DOI: 10.1186/s12917-017-0993-8

Drake, J.M., Hassan, A.N. and Beier, J.C. A statistical
model of Rift Valley fever activity in Egypt. Journal of
vector  ecology, 38(2), 251-259 (2013). DOL:
10.1111%2F;j.1948-7134.2013.12038.x

Alhaj, M. Safety and efficacy profile of commercial
veterinary vaccines against Rift Valley fever: a review
study. Journal of immunology research, 2016, 7346294
(2016). DOI: 10.1155%2F2016%2F7346294

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)


https://doi.org/10.3923/PJBS.2019.327.334
https://www.scopus.com/authid/detail.uri?authorId=15830084400#disabled
https://dx.doi.org/10.21608/EJABF.2022.223352
https://www.scopus.com/sourceid/21100438194?origin=resultslist
https://www.scopus.com/sourceid/21100438194?origin=resultslist
http://dx.doi.org/10.4314/ovj.v9i3.2
https://doi.org/10.1089/vim.2022.0104
https://doi.org/10.1016/j.actatropica.2018.01.015
https://doi.org/10.3390/v11020139
https://doi.org/10.1186/s12917-017-0993-8
https://doi.org/10.1111%2Fj.1948-7134.2013.12038.x
https://doi.org/10.1155%2F2016%2F7346294

498 MOHAMED A. MAHMOUD et al

P dag— elall g alie Y 15 puall &l sisall b paaiall 5306l an daglia g gandidi B dpaad) clalady)
2ol dana bl ) 97 g e ariall ae pde 1o gana L) ae daaa

e = 83l - gl il S el - 3 ) gl e - o) el (il 5 bl !
e = 83l - ol gl S sall - ) gl dgnd - S kall ) ey o

Q\)ﬁ;.d\ ual L.fm (RVF) &.\..Ald\ Lfd‘js‘ JPuEN aaﬁls.n} Uil L.;‘; c}-aj\ cm! 9 :L.n\‘)ﬂ\ 04 %) ud@\
s sa sl all 0l e li )b Csmas e aa (i e gaaiadl ol ea elally a6 el
il sl (ain g gl iy ) Aile (e Gus o Ay G sall 4liy (O salls QL) Gn Jii) Lisd)
sale edai sala 4 5 pue ledle Ll (b Jia dpum yall al pe Vg Apdlall 5 Jiall 1508 Vg3 Sy 3 5y )
LAY, (alea) S go (st da 3 41) 1 al Aa o pli )l el Cu 66 il Sl jiadls JEY b
O Owad) (ELISA) 138Y) <oyl ahadiuly oSays 52Y 6l Jias JUlY) die gl Ve glas ) )
Jaall e (and (3 5k e Y1 B dcanal s baall sl G Sl eiSar Y 5 édianll 5 28Lull 5 sasl)
g auaiall ) g ead Apulial) 30005 4 jal) LN (e de giie Ol LES) Ao sana ladinl ey A 4 yiaal)
Aadl) 48 shnall Aulia s ¢ oSl Jualutiall 5 5alll Jeliny laliial Juduial) 3 pald) Jeliiy 35k (i Sl
e 3okl 5 A8l (3 )k aaiaty il B ) jall (g glade adicail) g  Audidll Juduial 3 el Jelas ) satiuall
A Sy () rand) aladiu) g Y o) e o ulad OS8Rl ool ) A (g
Lall AUl il jmsiie op aaiall ol sl en Claldl o ole o @lligh Gl piall () (il Y] COEL dailke
il e gl s 8 € Cida 3 ga g e Clone 13 W ading g Allanall dipal) 2l ol juaninss 5 ddaadl)
gy ¥ e Lede ai (A (asl) Lyl A e st lly clansala A58 sall AL (NS5 ()

Adanall gl s e e e BT L oo Vs o iaall Ul gl 3 4l delic aey

A8 cana il elall ce\_'\'ci}“ ‘t.\mld\ L._;J\Jl\ JPoEN ;a—“ﬂ‘ Cilalsly

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)



