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Annex 3
Original: English
October 2012
REPORT OF THE MEETING OF THE OIE AD HOC GROUP ON RIFT VALLEY FEVER
Paris, 9–11 October 2012
_______
1.
Opening
The OIE ad hoc Group on Rift Valley Fever (RVF) met from 9 to 11 October 2012 at the OIE Headquarters in
Paris, France. Dr Kazuaki Miyagishima, Deputy Director General of the OIE and Head of the Scientific and
Technical Department, welcomed the participants on behalf of the OIE Director General, Dr Bernard Vallat.
2.
Appointment of chairperson and rapporteur
Dr Pierre Rollin and Dr Jeroen Kortekaas were appointed as chairman and rapporteur, respectively.
3.
Adoption of the agenda
The Agenda and the List of Participants are presented in Appendices I and II of this report, respectively.
4.
Finalisation of the updating of Chapter 2.1.14 Rift Valley fever of the Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals
The Group reviewed the chapter in the light of recent scientific advances and the latest available technologies
in diagnostic tests and vaccine development, taking into account the updated version of the instructions for
authors adopted by the Biological Standards Commission in 2012.
a)
Summary and Section A: Introduction
Only minor modification was made to the text: a sentence was added to the introduction to provide
information on differential diagnosis.
b)
Section B: Diagnostic techniques
In accordance with the instructions for authors, the Group added a table at the beginning of section B
summarising the test methods available and their ‘purposes’. This Group was the first ad hoc Group to
implement this instruction. During the discussion on the development of the table, the Group felt that it
was difficult to fit into table format the test methods for RVF and their proposed purposes. In addition,
the Group was of the opinion that some of the proposed purposes overlapped with each other and were
difficult to apply to a generic model. The Group therefore adapted the proposed purposes to make them
more applicable to RVF, while ensuring their broader applicability (for other diseases) and avoiding
overlapping among the purposes. The purposes included in the table were the following: Surveillance,
Laboratory confirmation of clinical cases, Humoral immune status in individual animals or populations
post-vaccination, and Population free from infection. Some footnotes were also added in the table to
provide more information when relevant. The Group felt however that the table format tended to oversimplify actual situations and might not be so useful. As an alternative, the Group strongly suggested
developing short paragraphs describing the advantages and disadvantages of each diagnostic test method
and the advice on how to apply these methods in different epidemiological situations.
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At the request of the Biological Standards Commission, the Group included detailed protocols for the
different test methods, where relevant. The Group agreed that these protocols should preferably describe
the use of diagnostic tests that are validated by the OIE Reference Laboratories for RVF.
The Group was informed that references to commercial diagnostic kits should be avoided in the Manual
of Diagnostic Tests and Vaccines for Terrestrial Animals (Terrestrial Manual). However the Group
stressed that the protocols used by OIE Reference Laboratories were validated using commercially
obtained materials and that these materials must therefore be used when these protocols were followed.
The Group also pointed out that the diagnostic test methods recommended in the chapter should be
validated in each laboratory implementing these techniques in collaboration with the OIE Reference
Laboratories for RVF. The Group agreed to include a statement in the introduction of Section B to reflect
this point: “All the test methods described below have to be validated in each laboratory using them.” In
addition a reference was made to Chapter 1.1.5 Principles and methods of validation of diagnostic assays
for infectious diseases of the Terrestrial Manual.
c)
Section C: Requirements for vaccines
1. Background
A table was added to briefly describe vaccines currently in use. Apart from the commercially available
veterinary vaccines (Smithburn-based live-attenuated vaccines, inactivated vaccines and the Clone-13
vaccine), the inactivated human vaccine TSI-GSD-200, although no longer available, was added to this
table. The Group was of the opinion that this information might be useful to the users of the Terrestrial
Manual.
2. Outline of production and minimum requirements for conventional vaccines
Section 2a: Characteristics of the seed virus
Apart from minor modifications, subsection iii) Validation of a vaccine strain was added to this section.
Subsection iv) Emergency procedure for provisional acceptance of new master seed virus (MSV) in the
case of an epizootic was not added as this did not apply to RVF virus given that only one serotype of
RVF virus exists.
Section 2b: Method of manufacture
Besides some minor modifications, in subsection iii) In-process controls a relevant sentence from the
European Pharmacopoeia was added, briefly describing an in vitro test of the inactivation procedure.
In the subsection iv) Final product batch tests (Safety), a short protocol for batch safety testing was
provided.
Section 2c: Requirements for authorisation/registration/licensing
The Group developed text for subsection i) Manufacturing process, and added more details to subsection
ii) Safety requirements by providing protocols for the safety tests (in young animals and in pregnant
animals) and information on the precautions to take for both live and inactivated vaccines. The Group
also provided a protocol for the reversion-to-virulence test and information on environmental
considerations for live vaccines.
Subsection 3: Efficacy requirements
The Group agreed that the demonstration of vaccine efficacy in lambs would be sufficient evidence of
the quality of a vaccine to endorse its use in other species, while it might be more appropriate to test the
efficacy of the vaccine in the species for which the vaccine would be applied. The rationale for this
recommendation was, first, to reduce the number of experimental animals, and, second, to address the
fact that, apart from cattle, no protocols to evaluate vaccine efficacy in other target species (goats,
wildlife species) were available.
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Protocols to evaluate immunogenicity in lambs and pregnant ewes were provided and it was specified in
the text that appropriate modification should be made when dealing with other species.
The Group agreed that it was important to determine challenge virus load in the blood by both
quantitative real-time reverse-transcription polymerase chain reaction (qRT-PCR) and virus isolation. By
combining these methods, analysis of viraemia in control animals would demonstrate the successful
challenge as well as sensitivity of virus isolation procedures and qRT-PCR.
Subsection 4: Vaccines permitting a DIVA strategy (detection of infection in vaccinated animals)
The Group mentioned that no DIVA strategy was currently applicable for existing RVF vaccines.
Subsection 5: Duration of immunity
The Group developed a paragraph for this section.
Subsection 6: Stability
The Group developed a paragraph for this section.
5.
Adoption of the report
The Group adopted the report at the end of the meeting.
_______________
…/Appendices
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Appendix I
OIE AD HOC GROUP ON RIFT VALLEY FEVER
Paris, 9–11 October 2012
_____
Agenda
1.
Opening
2.
Appointment of chairperson and rapporteur
3.
Adoption of the agenda
4.
Finalisation of the updating of Chapter 2.1.14 Rift Valley fever of the Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals
5.
Adoption of the report
___________
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Appendix II
OIE AD HOC GROUP ON RIFT VALLEY FEVER
Paris, 9–11 October 2012
____
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World Health Organization
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[email protected]
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Appendix III
2
CHAPTER 2.1.14.
3
RIFT VALLEY FEVER
4
SUMMARY
5
Rift Valley fever (RVF) is a peracute or acute zoonotic disease of domestic ruminants in Africa. The
virus is currently confined to the African continent and Arabian Peninsula. It is caused by a single
serotype of a mosquito-borne bunyavirus of the Bunyaviridae family (genus Phlebovirus). The disease
occurs in climatic conditions favouring the breeding of mosquito vectors and is characterised by
abortion, neonatal mortality and liver damage. The disease is most severe in sheep, goats and cattle,
in which it produces abortions in pregnant animals and a high mortality rate in the newborn. Older nonpregnant animals, although susceptible to infection, are more resistant to clinical disease. There is
considerable variation in the susceptibility to RVF of animals of different breeds species. Those breeds
or strains that are exotic to Africa or are from areas where RVF is not endemic, tend to be more
susceptible. Camels usually suffer an inapparent infection with RVF virus (RVFV), but sudden
mortality, neonatal mortality and abortion occurs and abortion rates can be as high as in cattle. Among
ruminant game, buffalo also abort during an inapparent RVF infection.
6
7
8
9
10
11
12
13
14
15
16
Humans are susceptible to infection and get contaminated through contact with infected animal
material (body fluids or tissues) or mosquito bites. Infection of humans by vectors is a striking feature
in countries with a relatively small population of animal hosts. In such areas, RVF may be recognised
first in humans. It RVFV has also caused serious infections disease in laboratory workers and must be
handled with high level biosecurity containment. It is recommended that laboratory workers be
vaccinated if possible.
17
18
19
20
21
22
Identification of the agent: RVFV consists of a single serotype of a bunyavirus of the genus
Phlebovirus that has morphological and physicochemical properties typical of bunyaviruses this
genus.
23
24
25
Identification of RVFV can be achieved by virus isolation, antigen-detection enzyme-linked
immunosorbent assay (ELISA) or immunopathology. Viral RNA can be detected by reverse
transcription-polymerase chain reaction.
26
27
28
The virus can be isolated from blood, preferably collected with in an anticoagulant, during the febrile
stage of the disease, or from organs (e.g. liver, spleen and brain tissues) of animals that have died
and from the organs of aborted fetuses. Primary isolations are usually made on cell cultures of various
types, such as African green monkey kidney (Vero) and baby hamster kidney (BHK) cells, chicken
embryo reticulum, or primary cells of sheep or cattle origin. Alternatively, sucking, hamsters, adult or
suckling mice, embryonated chicken eggs or 2-day-old lambs may be used for primary virus isolation.
29
30
31
32
33
34
38
A rapid diagnosis can be achieved by using the supernatant of homogenised samples as antigen in
virus neutralisation (VN) tests; immunofluorescent staining of impression smears of liver, spleen, brain
or infected cell cultures; or by the demonstration of virus in serum, taken during the febrile stage of the
disease, by enzyme immunoassay or immunodiffusion.
39
The presence of characteristic histopathological lesions in the liver assists in the diagnosis.
40
Serological tests: Identification of specific antibodies is mostly achieved by ELISA or virus
neutralisation test. Infected animals develop specific antibodies that may become demonstrable by VN
as early as 3 days following infection and after 6–7 days by enzyme-linked immunosorbent assay, and
by haemagglutination inhibition. Serological tests used less often include immunofluorescence,
complement fixation and immunodiffusion.
35
36
37
41
42
43
44
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45
46
47
48
49
50
51
52
Requirements for vaccines and diagnostic biologicals: Live attenuated or inactivated virus
vaccines and antigens for can be used in countries where RVF is endemic or at risk of introduction
during outbreaks. These vaccines should preferably be prepared from nonpathogenic mouse- or
mutagen-attenuated strains of RVFV grown in cell cultures. The mutagen-attenuated strain of RVF is
not yet at a stage where it can be recommended for use.
In RVF-free countries, vaccines and diagnostic tests should preferably be limited to those using
inactivated virus. Work with live virus should be performed by trained personnel in biocontainment
facilities following appropriate biosafety procedures.
54
Suitable virus strains can be obtained from the There are two OIE Reference Laboratories for RVF
(see Table given in Part 3 of this Terrestrial Manual).
55
A. INTRODUCTION
56
57
58
59
60
61
62
Rift Valley fever (RVF) virus consists of a single serotype of a bunyavirus of the genus Phlebovirus and has
morphological and physicochemical properties typical of bunyaviruses. The virus is enveloped, spherical and 80–
120 nm in diameter. Short Glycoprotein spikes project through a bilayered lipid envelope. The virus is readily
inactivated by lipid solvents and acid conditions below pH 6. RVF virus (RVFV) has a three-segmented, singlestranded, negative-sense RNA genome and consists of the three segments: L (large), M (medium) and S (small),
each of which is contained in a separate nucleocapsid within the virion. The S segment is ambisense RNA, i.e. has
bi-directional coding (Gentsch &amp; Bishop, 1979).
63
64
65
66
67
68
69
70
71
Rift Valley fever (RVF) is a peracute or acute, febrile, mosquito-borne, zoonotic disease caused by a virus of the
family Bunyaviridae, genus Phlebovirus. It is usually presents in epizootic form over large areas of a country
following heavy rains and flooding, and is characterised by high rates of abortion and neonatal mortality, primarily in
sheep, goats, cattle and camels. The susceptibility of different species and breeds to RVF may vary considerably.
Some indigenous African animals may have only inapparent infections, while exotic or others breeds suffer severe
clinical disease with mortality and abortion. Susceptible, older non-pregnant animals and some other species usually
often do not show signs of disease. Camels have been regularly involved in the RVF epidemics in East Africa and
Egypt. Clinical disease is not seen in adult camels, but abortion occurs and some early post-natal deaths have been
observed.
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
Signs of the disease tend to be nonspecific, rendering it difficult to recognise individual cases (Coackley et al., 1967;
Coetzer, 1982; Coetzer &amp; Barnard, 1977; Easterday, 1965; Gerdes, 2004; Meegan &amp; Bailey, 1989; Swanepoel &amp;
Coetzer, 1994; Weiss, 1957) during epidemics; however, the occurrence of numerous abortions and mortalities
among young animals, together with disease in humans, is characteristic of RVF. RVF has a short incubation period:
of about 12–36 hours in lambs. A biphasic fever of up to 41&deg;C may develop, and the fever remains high until shortly
before death. Affected animals are listless, disinclined to move or feed, and may show enlarged superficial lymph
nodes and evidence of abdominal pain. Lambs rarely survive longer than 36 hours after the onset of signs of illness.
Animals older than 2 weeks may die peracutely, acutely or may recover or develop an inapparent infection. Some
animals may regurgitate ingesta and may show melaena or bloody, foul-smelling diarrhoea and bloodstained
mucopurulent nasal discharge. Icterus may sometimes be observed, particularly in cattle. In addition to these signs,
adult cattle may show lachrymation, salivation and dysgalactia. In pregnant sheep, the mortality and abortion rates
vary from 5% to almost 100% in different outbreaks and between different flocks. The death rate in cattle is usually
less than 10%. Camels have been regularly involved in the RVF epidemics in East Africa, Egypt and more recently
Mauritania. Clinical disease is usually not seen in adult camels, but sudden deaths, abortion and some early postnatal deaths have been observed. Differential diagnosis includes: bluetongue, Wesselsbron disease, enterotoxemia
of sheep, ephemeral fever, brucellosis, vibriosis, trichomonosis, Nairobi sheep disease, heartwater, ovine enzootic
abortion, toxic plants, bacterial septicaemias, peste des petits ruminants, anthrax and Schmallenberg disease.
89
90
91
92
93
94
95
96
97
98
The hepatic lesions of RVF are very similar in all species, varying mainly with the age of the infected individual
(Coetzer, 1982). The most severe lesion, occurring in aborted fetuses and newborn lambs, is a moderately to greatly
enlarged, soft, friable liver with a yellowish-brown to dark reddish-brown colour with irregular congested patches.
Numerous greyish-white necrotic foci are invariably present in the parenchyma, but may not be clearly discernible. In
adult sheep, the lesions are less severe and pinpoint reddish to greyish-white necrotic foci are distributed throughout
the parenchyma. Haemorrhage and oedema of the wall of the gallbladder are common. Hepatic lesions in lambs are
almost invariably accompanied by numerous small haemorrhages in the mucosa of the abomasum. The contents of
the small intestine and abomasum can be are dark chocolate-brown as a result of the presence of partially digested
blood. In all animals, the spleen and peripheral lymph nodes can be are enlarged, oedematous and may have
petechiae.
99
100
101
Microscopically, hepatic necrosis is the most obvious lesion of RVF in both animals and humans. In fetuses and
neonates of cattle and sheep, foci of necrosis consist of dense aggregates of cellular and nuclear debris, some fibrin
and a few inflammatory cells. There is a severe lytic necrosis of most hepatocytes and the normal architecture of the
53
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102
103
104
liver is lost. In about 50% of affected livers, intranuclear inclusion bodies that are eosinophilic and oval or rod-shaped
are found. Mineralisation of necrotic hepatocytes is also seen. In adult animals, hepatic necrosis is less diffuse and
in sheep, icterus is more common than in lambs (Coetzer, 1982; Swanepoel &amp; Coetzer, 1994).
105
106
107
In humans, RVF infections are usually inapparent or associated with a moderate to severe, nonfatal, influenza-like
illness (Madani et al., 2003; McIntosh et al., 1980; Meegan, 1981). A minority of patients may develop ocular retinal
lesions, encephalitis, or severe hepatic disease with haemorrhagic manifestations, which is generally fatal.
108
109
110
111
112
RVF virus (RVFV) has caused serious human infections in laboratory workers. Staff should either be vaccinated
when a vaccine is available and work should be performed under high containment level with respiratory protection
3, work under containment level 4 conditions, or wear respiratory protection. Particular care needs to be exercised
when working with infected animals or when performing post-mortem examinations (see Chapter 1.1.3 Biosafety and
biosecurity in the veterinary microbiology laboratory and animal facilities).
113
114
115
116
117
118
RVFV consists of a single serotype of the Bunyaviridae family (genus Phlebovirus) and has morphological and
physicochemical properties typical of bunyaviruses. The virus is enveloped, spherical and 80–120 nm in diameter.
Glycoprotein spikes project through a bilayered lipid envelope. The virus is readily inactivated by lipid solvents and
acid conditions below pH 6. RVFV has a three-segmented, single-stranded, negative-sense RNA genome and
consists of the following segments: L (large), M (medium) and S (small), each of which is contained in a separate
nucleocapsid within the virion. The S segment is an ambisense RNA, i.e. has bi-directional coding (Giorgi, 1991).
119
120
121
No significant antigenic differences have been demonstrated between RVF isolates and laboratory-passaged strains
from many countries, but differences in pathogenicity between genotypes have been shown (Bird et al., 2007;
Swanepoel et al., 1986).
122
123
Infection of humans by mosquito vectors is a striking feature in countries, such as Egypt, with a relatively small
population of animal hosts and a large population of mosquitoes.
124
125
126
127
128
129
130
RVFV is endemic in many African countries and may involve several countries in the region at the same time or
progressively expand geographically over the course of a few years. In addition to Africa, large outbreaks have been
observed in the Arabian Peninsula and some Indian Ocean Islands usually occurs in epizootics in Africa, which may
involve several countries in a region at one and the same time. These generally, but not exclusively, follow the
periodic cycles of unusually heavy rainfall, which may occur at intervals of several years very rarely in semi-arid
zones (25–35-year cycles), or more frequently (5–15-year cycles) in higher rainfall savannah grasslands, or the
flooding of wide areas favouring the proliferation of mosquitoes.
131
132
133
134
135
Rainfall facilitates mosquito eggs to hatch. Aedes mosquitoes acquire the virus from feeding on infected animals,
and may potentially vertically transmit the virus, so that new generations of infected mosquitoes may hatch from their
eggs (Linthicum, 1985). This provides a potential mechanism for maintaining the virus in nature, as the eggs of these
mosquitoes may survive for periods of up to several years in dry conditions. Once livestock is infected, a wide variety
of mosquito species may act as the vector for transmission of RVFV and can spread the disease.
136
137
138
139
140
Low level undetectable RVF activity may take place during inter-epizootic periods. RVF should be suspected when
exceptional unusually flooding and subsequent abundant mosquitoes populations heavy rains are followed by the
occurrence of abortions together with fatal disease marked by necrosis and haemorrhages in the liver that
particularly affect newborn lambs, kids and calves, potentially concurrent with the occurrence of an influenza-like
illness in farm workers and people handling raw meat.
141
142
During an outbreak, preventive measures to protect workers from infection should be employed when there are
suspicions that RVF-virus-infected animals or animal products meat and tissue samples are to be handled.
143
B. DIAGNOSTIC TECHNIQUES
144
145
The collection of specimens and their transport should comply with the Chapter 1.1.1 Collection and storage of
diagnostic specimens and Chapter 1.1.2 Transport of specimens of animal origin of this Terrestrial Manual.
146
147
148
Proper diagnosis should always use a combination of techniques based on history, the purpose of the testing and
the stage of the suspected infection. For a definitive interpretation, combined epidemiological, clinical and laboratory
information should be evaluated carefully.
149
150
151
All the test methods described below should be validated in each laboratory using them (see Chapter 1.1.5
Principles and methods of validation of diagnostic assays for infectious diseases of this Terrestrial Manual). The OIE
Reference Laboratories for RVF should be contacted for technical support. Table 1 provides a general guidance
24
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152
153
summary on the use of the diagnostic tests methods. More detailed aspects are addressed in the test descriptions
that follow.
154
Table 1. Test methods available and their purposes
Purpose
Population
freedom from
infection (nonvaccinated
animals)
Individual
animal
freedom from
infection
Efficiency of
eradication
policies1
Confirmation
of clinical
cases2
Prevalence of
infection surveillance
Immune status
in individual
animals or
populations
postvaccination
Virus isolation in
cell culture
–
–
–
+++
+
n/a
Virus isolation in
sucking mice
–
–
–
+
+
n/a
Reverse
transcriptase
polymerase
chain reaction
–
–
–
+++
+
n/a
Antigen
detection
–
–
–
++
+
n/a
Histopathology
with immunohistochemistry
–
–
–
++
–
n/a
Enzyme-linked
immunosorbent
assay
+++
++
+++
++
+++
+++
Virus
neutralisation
+++
+++
+++
++
++
+++
Method
Key: +++ = recommended, validated method; ++ = suitable, but requires further validation;
+ = may be used, but should be interpreted with caution; = – not appropriate for this purpose.
155
156
157
1.
158
159
160
161
RVFV may be isolated from serum but preferentially from plasma or blood collected with anticoagulant during the
febrile stage of the disease in live animals, or from liver, spleen and brain of animals that have died, or from aborted
fetuses. Primary isolation is usually performed in hamsters, infant or adult mice, or on cell cultures of various types
or by intracerebral inoculation of sucking mice.
162
a)
Specimen collection
Using appropriate protective equipment to ensure biosafety of the staff, approximately 5 ml of blood with
anticoagulant (preferably ethylene diamine tetra-acetic acid [EDTA]) collected during the febrile stage of the
disease or approximately 1 cm3 of liver, spleen, brain and/or abortion products collected post-mortem should
be submitted for virus isolation. The samples should be kept at 0–4&deg;C during transit. If transport to the
laboratory is likely to take more than 24 hours, the samples should be frozen and sent on dry ice or frozen cold
pack. In case of blood sample, plasma should be collected and frozen for transport.
163
164
165
166
167
168
169
Identification of the agent
ab) Isolation in cell cultures Culture
Approximately 5 ml of blood collected during the febrile stage of the disease or approximately 5 g of liver,
spleen and brain collected after death should be presented for virus isolation. The samples should be kept at
0–4&deg;C during transit. If transport to the laboratory is likely to take more than 24 hours, the samples should be
frozen and sent on dry ice.
170
171
172
173
1
2
If vaccination by DIVA vaccines are used in these policies then DIVA discriminatory assays should be useful (ELISA assay
because the neutralisation assay do not allow the distinction between antibody following naturally infection or following
vaccination)”. The sentence between
Laboratory confirmation of clinical cases should require a combination of at least two positive results from two different
diagnostic test methods: either positive for virus/viral RNA and antibodies or positive for IgM and IgG with demonstration of
rising titres between paired sera samples collected 2-4 weeks apart. Depending of the stage of the disease, virus and/or
antibodies will be detected.
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174
175
176
177
178
179
Approximately 1 g of homogenised tissue is suspended 1/10 in cell culture medium or buffered saline, pH 7.5,
containing sodium penicillin (1000 International Units [IU]/ml), streptomycin sulphate (1 mg/ml), mycostatin
(100 IU/ml), or fungizone (2.5 &micro;g/ml). The suspension is centrifuged at 1000 g for 10 minutes and the
supernatant fluid is injected intracerebrally into 1–5-day-old mice or intraperitoneally into hamsters or adult
mice. Infant mice will either die or be obviously ill by day 2. Adult mice are affected 1–3 days later. Although
mice or hamsters are the laboratory animal of choice, lambs and embryonated chicken eggs may also be used.
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
A variety of cell lines monolayers including African green monkey kidney (Vero), baby hamster kidney (BHK)
chicken embryo reticulum (CER: cells developed by Tsunemasa Motohashi at the Nippon Institute for Biological
Science, Tokyo, Japan; recharacterised as a hamster line) (4) and AP61 mosquito cells (Digoutte et al., 1989)
primary kidney or testis cells of calves and lambs may be used. They are inoculated with 1/10 1 ml of clarified
dilution of the sample supernates and incubated at 37&deg;C for 1 hour (with mosquito cell lines, the incubation
should be done at 27&deg;C for 1 hour). It is advisable to also inoculate some cultures with a further 1/100 dilution
of the inoculum. This is to avoid the production of defective particles, which follows the use of very high virus
inoculaum. Some tubes containing flying cover-slips should also be prepared. The cultures are washed with
phosphate buffered saline at room temperature and covered with medium containing 2% serum free from
antibodies against RVF. The inoculum is removed and the monolayer is washed with phosphate buffered saline
or culture medium. The wash solution is removed, replaced by fresh culture medium and incubated at
appropriate temperature. The cultures are observed microscopically for 5–6 days. Mammalian cell lines are
preferably used since RVFV induces a consistent cytopathic effect (CPE) characterised by slight rounding of
cells followed by destruction of the whole cell sheet within 12–24 hours. Confirmation of virus isolation should
be performed preferably by immunostaining or reverse transcription-polymerase chain reaction (RTPCR).Specific identification of RVF virus antigen may be made 18–24 hours after infection by
immunofluorescent staining of the cover-slip preparations.
197
198
199
200
The virus may also be detected by immunofluorescence carried out on impression smears of liver, spleen and
brain. A rapid diagnosis can sometimes be made by demonstrating viral antigen in tissues or in serum of febrile
animals by a complement fixation or agar gel immunodiffusion (AGID) test. A rapid diagnosis can also be made
by detection of viral RNA using a reverse-transcription polymerase chain reaction (RT-PCR).
201
bc) Isolation in sucking mice Agar gel immunodiffusion
202
203
204
205
206
207
This method should be avoided if possible, for reasons of animal welfare and biosafety. Approximately 1 g of
homogenised tissue is suspended 1/10 in cell culture medium or buffered saline, pH 7.5, containing sodium
penicillin (1000 International Units [IU]/ml), streptomycin sulphate (1 mg/ml), mycostatin (100 IU/ml), or
fungizone (2.5 &micro;g/ml). The suspension is centrifuged at 1000 g for 10 minutes and the supernatant fluid is
injected intracerebrally into 1- to 5-day-old mice. Sucking mice will either die or be obviously ill by day 2 postinoculation.
208
209
Confirmation of virus isolation should be performed preferably by immunostaining or polymerase chain reaction
(PCR).
210
211
212
213
214
215
216
217
The AGID test is useful in laboratories without tissue-culture facilities. Approximately 1 gram of tissue,
preferably liver, is homogenised and made up to a 10–20% suspension in borate saline buffer, pH 9.0. The
material is centrifuged at 1000 g and the supernatant is used in the test. Micro-AGIDs are performed on
standard microscope slides covered with 3 ml of 1% agarose in borate saline. Patterns of six peripheral wells
and a central well are prepared and filled with reagents as follows: a positive, preferably hyperimmune serum in
the central well, positive control antigen in wells 1 and 4, test tissues in wells 2 and 5 and negative tissues in
wells 3 and 6. A precipitin line of continuity should be formed between control antigen and positive serum that
extends to include a line between test tissue and serum for a case to be considered positive.
218
cd) Reverse transcription polymerase chain reaction
219
220
221
222
223
224
225
226
A rapid diagnosis can also be made by detection of viral RNA (Sall et al., 2001) using validated conventional or
real-time RT-PCR (Bird et al., 2007; Drosten et al., 2002; Garcia et al., 2001; Le Roux et al., 2009; Sall et al.,
2001). These techniques were very useful during RVF outbreaks in Africa. The PCR was used, among other
techniques, for antigen detection in two recent RVF virus outbreaks in Africa – one in Kenya in 1998 and a
limited outbreak in South Africa in 1999. It may also be used to detect RVFV in mosquito pools (Jupp et al.,
2000). RT-PCR followed by sequencing of the NS(S) protein-coding region has been used in phylogenetic
analysis to characterise two distinct lineages of RVF virus – one Egyptian and the other sub-Saharan – making
this technique a powerful molecular epidemiological tool (29).
227
228
229
This technique should be followed by sequencing on selected samples. Below are proposed protocols for
conventional and real time RT-PCR. For information on specific procedures consult the OIE Reference
Laboratories.
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230
Agarose gel-based RT-PCR assay
231
232
233
234
This procedure is used at the OIE Reference Laboratories. The RT-PCR assay consists of the three successive
procedures of (a) extraction of template RNA from the test or control sample followed by (b) RT of the extracted
RNA, (c) PCR amplification of the RT product and (d) detection of the PCR products by agarose gel
electrophoresis.
235

236
237
238
239
240
RNA is extracted by an appropriate chemical method according to the procedure recommended by the
commercial kit’s manufacturers. When the procedure is finished, keep the extracted RNA samples on ice if the
RT step is about to be performed. Otherwise store at –20&deg;C or –70&deg;C. For RT-PCR, the protocol from Sall et al.
(2001) are used. For the first RT-PCR step, NSca (5-’CCT-TAA-CCT-CTA-ATC-AAC-3’) and NSng (5’-TA-TCATGG-ATT-ACT-TTC-C-3’) primers are used.
241
242
i)
Test procedure
Prepare the PCR mix described below for each sample. It is recommended to prepare the mix in bulk for
the number of samples to be tested plus one extra sample.
Nuclease-free water (15.5 &micro;l); RT-PCR reaction buffer, 5&times; conc (10 &micro;l); MgCl2, 25 mM (1 &micro;l); dNTPs,
10 mM mixture each of dATP, dCTP, dGTP, dTTP (1 &micro;l); primer NSca, 10 &micro;M (2.5 &micro;l); primer NSng
10 &micro;M (2.5 &micro;l): Enzyme Mix, 5 units/&micro;l (0.25 &micro;l).
243
244
245
246
247
ii)
Add 40 &micro;l of PCR reaction mix to a well of a PCR plate or to a microcentifuge tube for each sample to be
assayed followed by 10 &micro;l of the RNA (prepared in step ix) to give a final reaction volume of 50 &micro;l.
248
iii)
Spin the plate or tubes for 1 minute in a suitable centrifuge to mix the contents of each well.
249
iv)
Place the plate in a thermal cycler for PCR amplification and run the following programme:
250
45&deg;C for 30 minutes: 1 cycle;
251
95&deg;C for 2 minutes: 1 cycle;
252
94&deg;C for 30 seconds, 44&deg;C for 30 seconds, 72&deg;C for 1 minute: 40 cycles;
253
72&deg;C for 5 minutes: 1 cycle.
254
255
256
257
v)
For the nested RT-PCR step, NS3a (5’-ATG-CTG-GGA-AGT-GAT-GAG-CG-3’) and NS2g (5’-GAT-TTGCAG-AGT-GGT-CGT-C-3’) are used.
258
259
260
261
Mix a 20 &micro;l aliquot of each PCR reaction product with 4 &micro;l of staining solution and load onto a 1.2%
agarose gel. After electrophoresis a positive result is indicated by the presence of a 810 bp (242 bp for
Clone 13) band corresponding to RVFV sequence in the NSs coding region of the S segment of the
genome.
vi)
Prepare the PCR mix described below for each sample. It is recommended to prepare the mix in bulk for
the number of samples to be tested plus one extra sample.
Nuclease-free water (35.5 &micro;l); RT-PCR reaction buffer, 10&times; conc (5 &micro;l); MgCl2, 25 mM (1.25 &micro;l); dNTPs,
10 mM mixture each of dATP, dCTP, dGTP, dTTP (1 &micro;l); primer NS3a (5’-ATG-CTG-GGA-AGT-GATGAG-CG-3’), 10 &micro;M (2.5 &micro;l); primer NS2g (5’-GAT-TTG-CAG-AGT-GGT-CGT-C-3’), 10 &micro;M (2.5 &micro;l):
Enzyme Mix, 5 units/&micro;l (0.25 &micro;l).
262
263
264
265
266
267
268
vii)
Add 49 &micro;l of PCR reaction mix to a well of a PCR plate or to a microcentifuge tube for each sample to be
assayed followed by 1 &micro;l of the amplicon obtained from RT-PCR reaction with NSca and NSng to give a
final reaction volume of 50 &micro;l.
269
viii) Spin the plate or tubes for 1 min in a suitable centrifuge to mix the contents of each well.
270
ix)
Place the plate in a thermal cycler for PCR amplification and run the following programme:
271
95&deg;C for 2 minutes: 1 cycle;
272
94&deg;C for 1 minute, 55&deg;C for 1 minute, 72&deg;C for 1 minute: 25 cycles;
273
72&deg;C for 5 minutes: 1 cycle.
274
275
276
277
x)
Mix a 20 &micro;l aliquot of each PCR reaction product with 4 &micro;l of staining solution and load onto a 1.2%
agarose gel. After electrophoresis a positive result is indicated by the presence of a 668 bp (129 bp for
Clone 13) band corresponding to RVFV sequence in the NSs coding region of the S segment of the
genome.
278
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279
Real-time RT-PCR assay
280
281
282
The real-time RT-PCR assay can use the same procedures of extraction of total RNA from the test or control
sample followed by RT of the extracted RNA as for the conventional procedure. The protocol is adapted from
Drosten et al. (2002). If commercial kits are used the manufacturer’s method should be followed.
283

Test procedure
284
285
286
287
288
289
i)
Prepare the PCR mix described below for each sample. Again it is recommended to prepare the mix in
bulk for the number of samples to be tested plus one extra sample: nuclease-free water (1.4 &micro;l); RT-PCR
reaction master mix, 2&times; conc. (10 &micro;l); real-time PCR forward primer RVS: 5’-AAA-GGA-ACA-ATG-GACTCT-GGT-CA-3’, 10 &micro;M (2 &micro;l); real-time PCR reverse primer RVAs: 5’-CAC-TTC-TTA-CTA-CCA-TGTCCT-CCA-AT-3’, 10 &micro;M (2 &micro;l); RVP: FAM 5’-AAA-GCT-TTG-ATA-TCT-CTC-AGT-GCC-CCA-A-3’
TAMRA 20 &micro;M (0.2 &micro;l).
290
291
ii)
Add 17 &micro;l PCR reaction mix to a well of a real-time PCR plate for each sample to be assayed followed by
3 &micro;l of the prepared RNA to give a final reaction volume of 20 &micro;l.
292
iii)
Spin the plate for 1 minute in a suitable centrifuge to mix the contents of each well.
293
iv)
Place the plate in a real-time PCR machine for PCR amplification and run the following programme:
294
45&deg;C for 30 minutes: 1 cycle;
295
95&deg;C for 5 minutes: 1 cycle;
296
95&deg;C for 5 seconds, 57&deg;C for 35 seconds: 45 cycles.
v)
297
298
299
300
301
e)
Reading the results: Assign a threshold cycle (CT) value to each PCR reaction from the amplification plots
(a plot of the fluorescence signal versus cycle number; different cut-off values may be appropriate for
different sample types; Parida et al. (2007). The CT values used to assign samples as either RVFV
positive or negative should be defined by individual laboratories using appropriate reference material.
Antigen detection
The antigen detection enzyme-linked immunosorbent assay (ELISA) is an immunocapture test. Samples are
tested at different dilutions with appropriate positive and negative controls. This test has been used for human
and animal samples during outbreaks in Saudi Arabia and Kenya (Madani et al., 2003; Munyua et al., 2010).
302
303
304

305
Test procedure
306
307
308
309
310
311
i)
The controls and antisera used in the performance of this assay have been treated to kill any RVFV that
may have been in them at the time of production. Within the limits of our ability to detect viable virus these
products are safe. The material to be tested for the presence of RVF viral antigen is potentially
contaminated with viable RVFV or other agents for which a differential determination is being sought.
Good laboratory practices should be used at minimum. Samples could be inactivated using appropriate
detergent and heat inactivation.
312
313
314
315
ii)
The basic approach is that of a double antibody sandwich capture assay in which the antigen is captured
by antibody on a solid phase and then detected by a second antibody. A detection system using the
horseradish peroxidase (HRPO)–ABTS is then applied to determine how much of the detection antibody
has been retained on the solid phase of the system.
316
317
318
319
320
321
iii)
Capture (coating) antibody (diluted 1/2000 in PBS [no Tween] pH 7.4 and coated overnight at 4&deg;C; control
wells are coated with a similar dilution of normal fluid): Plates are coated with a specific anti-viral antibody
(available in OIE or WHO Reference Laboratories) capable of capturing viral antigen from the test sample.
Normal serum is added to rows to serve as controls used to determine the non-specific background or
noise of the system. In this instance it is a hyperimmune mouse ascitic fluid (HMAF) (it could also be
monoclonal antibodies) specific for RVF viruses.
322
323
324
325
iv)
Suspect samples and control antigen (diluted 1/4 and then diluted four-fold, down the plate): These are
added in serum diluent to allow specific viral antigens to bind to the capture antibody. Serum diluent
(phosphate buffered saline, 0.01 M, pH 7.4, with or without thiomersal) contains 5% skim milk and 0.1%
Tween 20 to reduce nonspecific binding.
326
327
328
v)
Detection antibody: An antibody, high titred for specific viral antigen, is added to allow detection of the
bound viral antigen. In this experiment, it is an anti-RVF hyperimmune rabbit serum (available in OIE or
WHO Reference Laboratories) that has a high titre against RVF viruses.
329
330
vi)
Anti-rabbit conjugated to HRPO (commercial product): Used to detect the rabbit anti-RVF that binds to the
antigen.
331
332
vii)
Criteria for determining positives. A standard control antigen has been provided and will be run in a
standard dilution series. This, in effect, provides a standard curve which will determine the limits of
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detection of the assay. A group of normal tissues or samples, uncontaminated with antigen, are tested to
determine the background of the assay and the limit at which the standard was positive. The values of
these normal controls are used to generate the mean and standard deviation of the random background
to be expected with negative samples. A sample is considered positive if its optical density (OD) value
exceeds the mean plus 3 standard deviations of these normal controls.
333
334
335
336
337
338
Annex 3 (contd)
df) Histopathology
Histopathological examination of the liver of affected animals will reveal characteristic cytopathology, and
immunostaining will allow the specific identification of RVF viral antigen in infected cells tissue (Coetzer, 1982;
Swanepoel et al., 1986). This is an important diagnostic tool because liver or other tissue placed in formol
saline neutral buffered formaldehyde in the field is inactivated for diagnostic purposes and does not require a
cold chain, which facilitates handling and transport from remote areas remote from the laboratory.
339
340
341
342
343
344
2.
Serological tests
345
346
347
348
349
Samples collected from animals for antibody testing may contain live virus and appropriate inactivation steps should
be put in place. A combination of heat and chemical inactivation has been described (Van Vuren &amp; Paweska, 2010).
Immunofluorescence assays are still used, although cross-reactions may occur between RVFV and other
phleboviruses. Techniques such as agar gel immunodiffusion (AGID), radioimmunoassays, haemagglutination
inhibition (HI), and complement fixation are no longer used.
350
351
352
353
354
355
356
357
Several assays are available for detection of anti-RVFV antibodies in a variety of animal species. Currently the most
widely used technique is the ELISA for the detection of IgM and IgG. Virus neutralisation tests (VNT) including
microneutralisation, plaque reduction neutralisation (PRN) and neutralisation in mice have been used to detect
antibodies against RVFV in the serum of a variety of species. Neutralisation tests are the most specific diagnostic
serological tests and will record the earliest response, but these tests can only be performed with live virus and are
not recommended for use outside endemic areas and/or in laboratories without appropriate biosecurity facilities and
vaccinated personnel. However, alternative neutralisation assays not requiring handling of highly virulent RVFV and
not requiring high containment, are being developed and validated.
358
359
360
361
Other available tests include enzyme-linked immunosorbent assay (ELISA), haemagglutination inhibition (HI), AGID,
immunofluorescence, radioimmunoassay and complement fixation. In these tests, however, cross-reactions may
occur between RVF virus and other phleboviruses. An advantage of these tests is the fact that they can be
performed with inactivated antigen and can therefore be used in RVF-free countries.
362
a)
Enzyme-linked immunosorbent assay
363
364
365
The ELISA is a reliable and sensitive test that may be employed with several species to detect antibodies
against RVFV. Both IgG and IgM ELISAs are available for most species. IgM-capture ELISA allows diagnosis
of recent infections to be made on a single serum sample.
366
367
368
369
A number of ELISAs using different formats are commercially available and others are under development
(Afetine et al., 2007; Cettre-Sossah et al., 2009; Jansen Van Vuren et al., 2007; Madani et al., 2003; Munyua et
al., 2010; Paweska et al., 2003; Paweska et al., 2005; Van Vuren &amp; Paweska, 2010). They are used routinely in
many countries for single case diagnosis, outbreak management, and surveillance.
370
371
372
373
374
375
The HI test can be employed with great confidence in nonendemic areas. However, sera from individuals that
have had previous infections with phleboviruses other than RVF may react with RVF antigen to titres as high as
40 and, rarely, to titres of 320 (33). In suspected cases, the OIE Reference Laboratory for RVF (see Table
given in Part 3 of this Terrestrial Manual) can be of assistance in carrying out neutralisation tests for specificity.
The HI antibody titre after vaccination with RVF virus vaccine may be as high as 640 or, rarely, 1280, whereas
titres following natural infections with RVF virus are usually significantly higher.
376
377
378
379
Below are two such tests used at the OIE Reference Laboratory for RVF at ARC-Onderstepoort Veterinary
Institute. Both assays use 10% non-fat milk/Tris salt Tween (NFM/TST) as blocking and dilution buffer and TST
buffer: 50 mM Tris/150 mM NaCl/0.1% Tween 20 as washing buffer (pH 8.0). The reactions are stopped with
2N H2SO4.
380
381
382
The recombinant nucleoprotein (rN) of RVFV is produced and purified as described by Williams et al. (2011).
Conjugation of the protein to HRPO is performed as per the Nakane &amp; Akira Kawaoi (1974) protocol. The rN
antigen is stable for up to 1 year at 4&deg;C.
383
384
To prepare plates for immediate use, make a checkerboard titration of the capture antibody or antigen against
the conjugate in a 96-well ELISA plate to determine the minimum reagent concentration that would give an OD
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385
386
387
value of 0.5–0.6 when read at 650 nm after an incubation period of 20 minutes. This will inform how the
antibody/antigen and conjugate must be diluted for coating of the plates and detection of the antigen/antibody
binding in the test.
388
IgM capture ELISA
389

Test procedure
390
391
392
i)
Coat each well of the 96-well ELISA plates with 100 &micro;l of the capture antibody (affinity purified Rabbit antisheep IgM1) diluted to 1 &micro;g/ml in PBS (that is a 1/1000 dilution if so determined by the titration), and
incubate overnight at room temperature in a humid chamber.
393
ii)
Wash the plates three times with wash buffer.
394
iii)
Block the plates with 300 &micro;l blocking buffer and incubate for 1 hour at 37&deg;C.
395
iv)
Wash the plates again three times with wash buffer.
396
397
v)
Dilute both control (positive and negative) and test sera 1/100 in blocking buffer and add each serum in a
designated well at volumes of 100 &micro;l /well.
398
vi)
Incubate the plates for 1 hour at 37&deg;C. Avoid drying by putting plates in a humid chamber.
399
vii)
Following the incubation step, wash the ELISA plates with wash buffer three times.
400
401
viii) Dilute the rN-HRP conjugate 1/6000 and add 100 &micro;l of this in each well. Use blocking buffer as the
conjugate control (cc).
402
ix)
The plates are then incubated for 60 minutes at 37&deg;C.
403
404
405
406
x)
The plates are washed, as in step ii above. Ready to use tetra methyl benzidine (TMB) substrate at 100 &micro;l
quantities is then transferred to each well, and the plates allowed to stand at room temperature for a few
minutes, until development of a colour change or OD values of 0.5 when the plates are read at 650 nm.
Exposure to direct light should be avoided.
407
408
xi)
Stop the reaction with 100 &micro;l stop solution, and read the OD values using an ELISA plate reader at 450
nm.
409
410
411
xii)
Interpretation of results: results are expressed as percentage of the positive serum control (PP) using the
formula: [(mean OD of duplicate test serum/mean OD of positive control)]&times;100, where a positive and
negative cut-off values are determined by receiver operating characteristic (ROC) curve analysis.
412
413
414
It should be noted that the cut-off value for an ELISA can be adjusted for different target populations as well as
for different diagnostic purposes (Jacobson, 1998). The cut-off values determined by the recent validation
exercise at ARC-OVI are the following: PP (%) values: negative &lt;4; suspicious 4–5; positive&gt;6.
415
Indirect IgG ELISA
416

Test procedure
417
418
419
i)
Coat each well of the 96 well ELISA plate with 100 &micro;l of rN diluted in 50mM of carbonate buffer (pH 9.6)
using the dilution ratio determined by prior titration as explained above; and incubate overnight at room
temperature in a humid chamber.
420
ii)
Wash the plates three times with approximately 300 &micro;l wash buffer per well.
421
iii)
Block the plates with approximately 300 &micro;l blocking buffer and incubate for 1 hour at 37&deg;C.
422
iv)
Wash the plates again three times with nearly 300 &micro;l of wash buffer per well.
423
v)
Dilute both control (positive and negative) and test sera 1/100 in blocking buffer.
424
vi)
Add 100 &micro;l of the diluted sera in designated wells in duplicate.
425
vii)
Incubate the plates for 1 hour at 37&deg;C. Avoid drying by putting plates in a humid chamber.
426
viii) Following the incubation step, wash the ELISA plates with wash buffer three times.
427
ix)
Dilute Protein G-HRP conjugate 1/32000 in blocking buffer and add 100 &micro;l of the conjugate in each well.
428
x)
Incubate for 60 minutes at 37&deg;C.
429
430
431
xi)
The plates are washed, as in step ii above. Add 100 &micro;l of ready to use TMB substrate to each well and
allow the plates to stand at room temperature for a few minutes, while avoiding exposure to direct light.
The plates are read at 650 nm to determine if OD of 0.4–0.6 has been reached.
432
xii)
Stop the reaction with 100 &micro;l stop solution, and read the plates using ELISA plate reader at 450 nm.
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433
434
435
xiii) Interpretation of results: results are expressed as percentage of the positive serum (PP) using the
formula: [(mean OD of duplicate test serum/mean OD of positive control)]&times;100, where a positive–negative
cut-off is determined by receiver operating characteristic (ROC) curve analysis.
436
437
438
It should be noted that the cut-off value for an ELISA can be adjusted for different target populations as well as
for different diagnostic purposes (Jacobson, 1998). The cut-off values determined by the recent validation
exercise at ARC-OVI are the following: PP values (%): negative &lt;4; suspicious 4–6; positive&gt;7.
439
b)
Virus neutralisation (the prescribed test for international trade)
447
The VN test may be employed to determine the presence of antibodies in naturally infected animals and in
vaccinated animals vaccinated with RVF vaccine. The test is highly specific and can be used to test serum of
any species. It is generally used to measure vaccine efficacy. Factors other than neutralising antibodies may
play a part in resistance to RVF. The Smithburn neurotropic mouse brain strain of highly attenuated RVFV
(Smithburn, 1949) or any other, preferably attenuated, RVFV, also referred to as modified live virus and
adapted to cell culture is used as challenge virus. The virus antigen is stored at –80&deg;C, or 4&deg;C in freeze-dried
form. The stock is titrated to determine the dilution that will give 100 TCID50 (50% tissue culture infective dose)
in 25 &micro;l under the conditions of the test.
448
•
Test procedure
449
i)
Inactivate the test sera for 30 min in a water bath at 56&deg;C.
450
451
ii)
Add 25 &micro;l of cell culture medium with 5% RVF-negative serum and antibiotics to each well of a 96-well cell
culture plate.
452
453
454
iii)
Add 25 &micro;l of test serum to the first well of each row and make twofold dilutions. Titrate each serum in
duplicate from 1/10 to 1/80 for screening purposes or in quadruplet and to higher dilutions for
determination of end-point titres. Include known positive and negative control sera.
455
iv)
Add 25 &micro;l per well of RVFV antigen (diluted in cell culture medium and calculated to provide 100 TCID50
per well) to each well that contains diluted test serum and to wells in rows containing negative and
positive control serum. In addition, make twofold dilutions of challenge virus antigen in at least two rows
each containing cell culture medium only.
459
v)
Incubate for 30 min at 37&deg;C.
460
461
vi)
Add 50 &micro;l per well of Vero, BHK CER or any other suitable cell suspension at 3 &times; 105 cells/ml or at a
dilution known to produce a confluent monolayer within 12 hours.
462
vii)
Incubate the plates in an atmosphere of 3–5% CO2 for 3–5 days.
463
464
465
viii) Using an inverted microscope, the monolayers are examined daily for evidence of CPE. There should be
no CPE in rows containing positive control serum and clear evidence of CPE in rows containing negative
control serum indicating the presence of virus. Determine the results by the Spearman–K&auml;rber method.
440
441
442
443
444
445
446
456
457
458
466
b)
Enzyme-linked immunosorbent assay
467
468
469
For the serodiagnosis of RVFV a number of ELISAs using different formats have been published and are
commercially available (1, 28). The use of inactivated whole virus or mouse liver antigens has recently been
replaced by recombinant nucleocapsid (N) protein as antigen.
470
471
These ELISAs are at present in an indirect format and apart from the very important safety consideration also
have the advantage of antigen stability and the ability to test 40 sera in duplicate per plate instead of only 20.
472
473
An indirect ELISA with pre-coated plates using a nucleocapsid protein (NC) recombinant antigen and Protein G
peroxidase conjugate is described below (17).
474

475
476
Unless otherwise stated, all dilutions are made with 10% (w/v) dried milk buffer and all washes performed three
times with volumes of 250–300 &micro;l/well.
477
i)
Using pre-coated plates add 50 &micro;l of diluted (1/100) serum in duplicate wells
478
479
ii)
Add control sera at predetermined dilutions in duplicate wells. Incubate for 60 minutes at 37&deg;C. Wash the
plate.
480
481
iii)
Add Protein G/horseradish peroxidase conjugate at a working dilution to all wells of the plate. Incubate for
60 minutes at 37&deg;C. Wash the plate
Test procedure
Biological Standards Commission/February 2012
31
Annex 3 (contd)
AHG on Rift Valley Fever/October 2012
482
483
iv)
Add 50 &micro;l of ready-to-use TMB Substrate to all wells of the plate. Cover the plate and incubate at room
temperature in the darkness for 20–30 minutes.
484
485
v)
Add 50 &micro;l of ready-to-use Stop solution to all wells of the plate. Tap plate gently to allow contents to mix.
Wait 5 minutes and read plate using a spectrophotometer equipped with a 450 nm filter.
486
vi)
Suggested plate layout.
A
2
3
4
5
6
7
8
9
10
11
12
CC
CC
1
2
3
4
5
6
7
8
9
10
B
CC
CC
1
2
3
4
5
6
7
8
9
10
C
C++
C++
11
12
13
14
15
16
17
18
19
20
D
C++
C++
11
12
13
14
15
16
17
18
19
20
E
C+
C+
21
22
23
24
25
26
27
28
29
30
F
C+
C+
21
22
23
24
25
26
27
28
29
30
G
C–
C–
31
32
33
34
35
36
37
38
39
40
H
C–
C–
31
32
33
34
35
36
37
38
39
40
487
488
CC: Conjugate control; C++: High positive control serum; C+: low positive control serum;
C–: negative control serum; 1–40: test samples.
Newer ELISA formats are being introduced, including formats that are more specific for IgG and IgM (27).
489
490
1
c)
Haemagglutination inhibition
491
492
493
494
495
496
497
498
The HI test adapted to a microtechnique is based on Clarke &amp; Casals (7). A sucrose/acetone-extracted
hamster liver antigen is used in a 96-well U-bottomed plate test and antigen is diluted so that
4 haemagglutinating units are used in the test. Nonspecific inhibitors of haemagglutinin are removed by kaolin
extraction of sera followed by adsorption with packed goose erythrocytes (RBC) prior to testing. Doubling
dilutions of sera made in borate saline buffer, pH 9, are tested against equal volumes of antigen. Plates are
held overnight at 4&deg;C before the addition of 50 &micro;l of 0.5% RBC to each of the wells. Plates are read after
30 minutes at room temperature and end-points are recorded as the reciprocal of the highest serum dilution
producing complete inhibition of agglutination.
499
500
Positive and negative control sera are incorporated into each test. A test is considered to be valid only if the
control sera give the expected results. Sera with titres below 1/40 are considered to be negative.
501
502
503
504
HI is an appropriate screening test for surveys although it is not specific. Marked cross-reactions do occur
between the phleboviruses, but homologous titres exceed heterologous titres. Experimentally, African
phleboviruses other than RVF have been shown to be nonpathogenic for ruminants, and antibodies that they
might induce are unlikely to cause confusion in RVF diagnosis (33).
505
C. REQUIREMENTS FOR VACCINES AND DIAGNOSTIC BIOLOGICALS
506
507
508
This Section has been extensively revised and updated. Although some
portions of the existing text have been incorporated, new text and deleted text
have not been marked, in the interests of clarity.
509
1.
Background
510
Currently available RVF vaccines are either live attenuated or inactivated vaccines.
511
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512
513
Table 2. Summary of the current RVF vaccine strains
Smithburn live
attenuated virus
vaccines
Clone-13 live
attenuated virus
vaccine
Inactivated virus
vaccines
TSI–GSD–200 inactivated
human vaccine (presently
not available)
Origin of the
isolate
Mosquito isolate,
Uganda, 1948
Human isolate, 1974
Field strains (South
Africa and Egypt)
used
Mosquito isolate, Uganda, 1944
Attenuation
More than 200
passages in murine
brain
Natural deletion in
NSs gene
Not applicable
Not applicable
Production
substrate
BHK cell line
Vero cell line
BHK cell line
Diploid fetal rhesus lung cell line
Target
livestock
livestock
livestock
human
DIVA policy
No
No
No
Not applicable
514
515
516
517
518

The live attenuated Smithburn RVF vaccine: the vaccine virus is derived from Smithburn’s original neurotropic
strain. This strain is not lethal to adult mice inoculated intraperitoneally and is safe for use in all breeds of cattle,
sheep and goats (Barnard, 1979; Smithburn, 1949). However, it may cause fetal abnormalities or abortion in
pregnant animals. The Smithburn RVF vaccine has been used for decades in the control of RVF in Eastern and
Southern Africa and in the Middle East, and is still used to date in different endemic region.
519
520
521
522
523

The Clone 13 RVF vaccine: Clone 13 is a naturally attenuated strain characterised by a large deletion of the
gene encoding for the main virulent factor, the NSs (Muller et al., 1995). The risk of reversion is considered
unlikely. No abortion or side effects have been seen in experimental vaccine trials (Dungu et al., 2010; Hunter
&amp; Bouloy, 2001). It was recently introduced in South Africa for use in sheep and cattle using a single injection
regimen.
524
525
526
527
528

The inactivated RVF vaccine: the currently produced formalin-inactivated vaccines derived from a field strain of
RVFV adapted to growth in cell culture (Barnard, 1979; Barnard &amp; Botha, 1977). These vaccines are currently
adjuvanted in aluminium hydroxide. However inactivated RVF vaccines need a booster 3–6 months following
initial vaccination, followed by yearly boosters. Inactivated RVF vaccine is also used in outbreak situations, and
in pregnant animals as the attenuated Smithburn vaccine is not suitable for this group.
529
530

Inactivated experimental human vaccine formerly produced by the Salk Institute (USA) is no longer available
(Meadors, 1986).
531
532
Many other candidate vaccines are either being developed and evaluated in target animals or are in early stage of
development (Food and Agriculture Organization of the United Nations [FAO], 2011).
533
534
535
536
There are a number of product characteristics that it would be preferable to have in an effective and safe RVF
vaccine, and that should be used to define a target product profile. Elements of a target product profile for a RVF
vaccine should preferably meet recommendation 2 of the report of the FAO meeting, 2011 (FAO, 2011) and as
indicated below.
537
538
539
540
The main purpose of a RVF vaccine is to prevent epizootics and epidemics in species of economic interest
(susceptible livestock species [ruminants] and, potentially, camelids), and limit the impact on animal and public
health. In addition to the potential economic impact, it could also have some implications in international movements
of animals. It is relevant to distinguish specific requirements for endemic regions and regions free of the disease.
541
542
543
Endemic region: the objective is the prevention and control of epizootics and epidemics in endemic areas and to
contribute to the improvement of livestock production in endemic areas. In order of priorities, characteristics of the
vaccines are:
544

preferably one dose, resulting in a long-lasting immunity;
545

preferably a life-long immunity after a limited number of doses.
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546
547
548
549
550
Free or non-endemic region: vaccines would be used either for the prevention of, or the response to an introduction
of the virus. The expected characteristics of the vaccines are: safe with a quick onset of protective immunity and
protection in animals of all ages and physiological status. Although DIVA (detection of infection in vaccinated
animals) is an important property of any future vaccine, a requirement for DIVA should not hinder or block the
development or licensing of an effective RVF vaccine.
551
In all the cases, the vaccines should be:
552
553

Safe for the staff involved in the production of the vaccines and for the users, safe to all physiological stages of
animals, and with minimal risk of introduction into the environment (potential vectors);
554
555

Protective in multi species and if possible in all susceptible species of economic importance, to prevent
infection and transmission;
556

Cost effective for producers and users preferentially with a single-dose vaccination;
557

Easy to use (e.g. preferably needle-free delivery), suitable for stockpiling (vaccine bank) and quick availability.
558
559
Staff handling virulent RVFV should preferably work in high containment facilities and be vaccinated, if vaccines are
available, to minimise the risk of infection.
560
561
562
Guidelines for the production of veterinary vaccines are given in Chapter 1.1.6 Principles of veterinary vaccine
production. The guidelines given below and in Chapter 1.1.6 are intended to be general in nature and may be
supplemented by national and regional requirements.
563
564
In the following description of vaccine production, information is given on live vaccine production adjacent to
information on inactivated vaccine production.
565
2.
Outline of production and minimum requirements for conventional vaccines
566
a)
Characteristics of the seed virus
567
i)
568
569
570
571
572
The exact source of the isolate should be recorded and should include the type of material from which the virus
was derived. The in-vitro passage history of the virus and details of the ingredients should be recorded in
accordance with Chapter 1.1.6 of this Terrestrial Manual.The master seed virus (MSV) should be tested for
identity, purity (freedom from adventitious agents) and safety. Characterisation of the MSV should be done
using biological or genetic parameters as relevant.
573
574
Assuming adequate immunogenicity and for obvious safety reasons, it is highly recommended that attenuated
virus strains be used for the production of inactivated vaccines.
575
576
The number of virus passages from the MSV stock to the final product should not exceed five (European
Pharmacopoeia, 2012).
577
ii)
578
579
580
581
582
583
584
585
586
587
588
589
590
The purity of the MSV and cells to be used for vaccine production must be maintained during the process. The
seed virus should be free from adventitious agents, bacteria and Mycoplasma, using tests known to be
sensitive for detection of these microorganisms (see Chapter 1.1.7 Tests for sterility and freedom from
contamination of biological materials). The aliquot to be tested should be representative of a titre adequate for
vaccine production, but not such a high titre that hyperimmune antisera are unable to neutralise seed virus
during purity testing. Seed virus is neutralised with monospecific antiserum or monoclonal antibody against a
RVFV different from the seed virus and the virus/antibody mixture is cultured on several types of cell line
monolayers. Neutralised cultures should be passaged and tested for adventitious viruses that may have
infected the cells or virus seed during previous passages. As an example, Bovine viral diarrhoea virus (BVDV)
is a potential contaminant introduced through the use of fetal bovine serum in cell culture systems. A cell line
highly permissive for BVDV types 1 and 2 is recommended as one of the cell lines chosen for evaluation of the
MSV. Products of bovine origin should be obtained from countries with negligible bovine spongiform
encephalopathy (BSE) risk.
591
iii)
592
593
The vaccine derived from the MSV must be shown to be satisfactory with respect to safety and efficacy for the
species for which it is intended.
34
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594
b)
Annex 3 (contd)
Method of manufacture
595
i)
Procedure
596
Live vaccines
597
598
599
600
601
602
603
604
Virus seed is produced in cell culture. Selection of a cell type for culture is dependent on the degree of virus
adaptation, growth in medium, and viral yield in the specific culture system. Vaccine products should be limited
to the number of passages from the MSV and should be restricted to five. Generally, large-scale monolayer or
suspension cell systems are operated under strict temperature-controlled, aseptic conditions and defined
production methods, to assure lot-to-lot consistency. Dose of virus used to inoculate cell culture should be kept
to a minimum to reduce the potential for viral defective interfering particles. When the virus has reached its
appropriate titre, as determined by CPE or other approved technique, the harvest can be clarified. Generally,
the vaccine is freeze-dried, preferably in the presence of a suitable stabiliser.
605
Inactivated vaccines
606
607
608
Antigens used in inactivated vaccines are generally prepared in a similar way to live vaccines. The virus
present in the virus maintenance medium is inactivated using a validated inactivation method then can be
eventually concentrated/purified and formulated with a suitable adjuvant.
609
610
611
In the case where a virulent RVFV is used for inactivated vaccine production, staff handling the live virus
should be vaccinated if vaccines are available and the facilities and practices should conform with high
containment level minimising the risk of infection of the staff and release into the environment.
612
ii)
613
614
615
Cell lines used for cell culture should be demonstrated free of extraneous agents. All animal origin products
used in the production and maintenance of cells (i.e. trypsin, fetal bovine sera) and growth of virus should be
free of extraneous agents, with special attention paid to the presence of BVDV.
616
iii)
617
618
Yield can be assessed using antigenic mass or infectivity assays. Sterility of antigens should be checked
throughout the process.
619
620
621
622
A validated inactivation control method is used to assure complete inactivation of the bulk material of each
batch. For inactivated vaccines, samples taken at regular timed intervals during inactivation, then inoculated
into a susceptible cell line (as used for production), should indicate a complete loss of titre by 2/3 of the total
duration of the inactivation process.
623
624
625
For tests in cell cultures, not less than 150 cm2 of cell culture monolayer is inoculated with 1.0 ml of inactivated
harvest. The product complies with the test if no evidence of the presence of any live virus or other microorganism is observed.
626
627
At the end of the production, antigen content is measured to establish that minimum bulk titres or antigenic
mass have been achieved.
628
iv)
629
Sterility
630
631
The final products should be tested for absence of bacteria, Mycoplasma and fungal contamination (see
chapter 1.1.7).
632
Identity
633
634
The bulk live attenuated virus or the inactivated antigen as well as the final formulated product (freeze-dried or
liquid) should undergo identity testing before release to demonstrate that the relevant RVF strain is present.
635
Safety
636
637
638
639
Unless consistent safety of the product is demonstrated and approved in a registration dossier and the
production process is approved for consistency in accordance with the standard requirements referred to in
Chapter 1.1.6 of this Terrestrial Manual, batch safety testing is to be performed. The final product batch safety
test is designed to detect any abnormal local or systemic adverse reactions.
Requirements for ingredients
In-process controls
Final product batch tests
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640
641
642
643
644
645
If batch safety testing needs to be performed, each of at least two healthy sero-negative target animals have to
be inoculated by the recommended route of administration with the recommended dose of vaccine. The
animals are observed for local and systemic reactions to vaccination for no fewer than 14 days. Any undue
reaction attributable to the vaccine should be assessed and may prevent acceptance of the batch. If the
potency test is performed in the target species, observation of the safety during this test can also be considered
as an alternative to the batch safety test described here.
646
Batch potency
647
648
649
650
For live vaccines, potency is usually based on live virus titre. For batch release of inactivated vaccines, indirect
tests can be used for practicability and animal welfare considerations, as long as correlation has been validated
to the percentage of protection in the target animal. Frequently indirect potency tests include antibody titration
after vaccination of suitable species. Alternative methods (antigen mass) could be used if suitably validated.
651
Moisture content
652
The moisture content of the lyophilised attenuated vaccine should not exceed 5%.
653
c)
Requirements for authorisation/registration/licensing
654
i)
Manufacturing process
655
656
657
658
For registration of vaccine, all relevant details concerning manufacture of the vaccine and quality control testing
(see Section C.2.b.i to iv of this chapter) should be submitted to the Regulatory Authorities. This information
shall be provided from three consecutive vaccine batches with a volume not less than 1/3 of the typical
industrial batch volume.
659
The in-process controls are part of the manufacturing process.
660
ii)
661
662
663
For the purpose of gaining regulatory approval, the following safety tests should be performed satisfactorily. In
addition of these tests, the vaccines should be tested for safety in the field (see Chapter 1.1.6 on field tests
[safety and efficacy]).
664
Live vaccines
665
Vaccines should be tested for any pathogenic effects in each of the target species claimed on the label.
666

Safety requirements
Safety test (overdose) in young animals
667
668
669
Carry out the test for each recommended route of application using in each young target animal not older
than the minimum age recommended for vaccination. Use vaccine virus at the least attenuated passage
level that will be present in a batch of the vaccine.
670
671
672
673
674
675
676
677
Use not fewer than 8 healthy young target animals without antibodies against RVFV. Administer to each
animal a quantity of the vaccine virus equivalent to not less than 10 times the maximum virus titre likely to
be contained in 1 dose of the vaccine. Observe the animals daily for at least 14 days. The body
temperature of each vaccinated animal is measured on at least the 3 days preceding administration of the
vaccine, at the time of administration, 4 hours after and then daily for at least 14 days. The vaccine
complies with the test if the average body temperature increase for all animals does not exceed 1.5&deg;C, no
animal shows a temperature rise greater than 1.5&deg;C for a period exceeding 3 consecutive days, and no
animal shows notable signs of disease or dies from causes attributable to the vaccine.

678
Safety test in pregnant animals
679
680
Safety at different stages of gestation should be demonstrated if the product is to be used in pregnant
animals.
681
682
683
684
685
Carry out the test with vaccination by a recommended route using not fewer than 16 healthy animals of
the same age and origin and that do not have antibodies against RVFV: 8 in the first third of gestation and
8 in the second third (periods of time where the teratogenic risk of RVF is the highest [Botros, 2006;
Hunter, 2002]). Use vaccine virus at the least attenuated passage level that will be present in a batch of
the vaccine.
686
687
688
Administer to each group a quantity of the vaccine virus equivalent to not less than the maximum virus
titre likely to be contained in 1 dose of the vaccine. Clinical observation of animals is carried out daily until
parturition. Blood samples should be taken from newborn animals before ingestion of colostrum.
36
Biological Standards Commission/February 2013
AHG on Rift Valley Fever/December 2011
Annex 3 (contd)
689
690
691
The test is invalid if the vaccinated animals do not seroconvert before parturition. The vaccine virus
complies with the test if no abnormalities in the gestation or in the animals are noted. No animal shows
notable signs of disease or dies from causes attributable to the vaccine.
692
Vaccine virus must not be present in blood samples from newborn animals.
693

Non-transmissibility
694
This test should be performed in the most susceptible species which is sheep for RVF.
695
696
697
698
699
Keep together not fewer than 12 healthy lambs, at the minimum age recommended for vaccination and of
the same origin, and that do not have antibodies against RVFV. Use vaccine virus at the lowest passage
level that will be present between the MSV and a batch of the vaccine. Administer by a recommended
route to not fewer than 6 lambs a quantity of the vaccine virus equivalent to not less than the maximum
virus titre likely to be contained in 1 dose of the vaccine.
700
701
Maintain not fewer than 6 lambs as contact controls. The mixing of vaccinated lambs and contact lambs is
done 24 hours after vaccination.
702
703
704
705
After 45 days, euthanise all lambs. Carry out appropriate tests on the lambs to detect antibodies against
RVF virus and on the control lambs to detect RVFV in the spleen and liver. The vaccine complies with the
test if antibodies are found in all vaccinated lambs and if no antibodies and no virus are found in the
control lambs.
706

Reversion-to-virulence
707
708
709
710
711
712
This test is carried out using the master seed lot. If the quantity of the master seed lot sufficient for
performing the test is not available, the lowest passage material used for the production that is available in
sufficient quantity may be used. At the time of inoculation, the animals in all groups are of an age suitable
for recovery of the strain. Serial passages are carried out in target animals using five groups of animals,
unless there is justification to carry out more passages or unless the strain disappears from the test
animal sooner. In vitro propagation may not be used to expand the passage inoculum.
713
The passages are carried out using animals most appropriate to the potential risk being assessed.
714
715
716
717
718
719
720
721
722
723
724
725
726
727
The initial administration is carried out using the recommended route of administration most likely to lead
to reversion to virulence, using an initial inoculum containing the maximum release titre. After this, not
fewer than four further serial passages through animals of the target species are undertaken. The
passages are undertaken by the route of administration most likely to lead to reversion to virulence. If the
properties of the strain allow sequential passage via natural spreading, this method may be used,
otherwise passage of the virus is carried out and the virus that have been recovered at the final passage
are tested for increase in virulence. For the first four groups, a minimum of two animals is used. The last
group consists of a minimum of eight animals. At each passage, the presence of living vaccine-derived
virus in the material used for passage is demonstrated. Care must be taken to avoid contamination by
virus from previous passages. When the virus is not recovered from any intermediate in vivo passage,
repeat the passage in ten animals using in vivo passaged material from the last passage in which the
virus was recovered. The virus recovered is used as the inoculum for the next passage. If the vaccine
virus is not recovered, the experiment is considered to be completed with the conclusion that the vaccine
virus does not show an increase in virulence.
728
729
730
731
732
733
734
735
736
General clinical observations are made during the study. Animals in the last group are observed for
21 days unless otherwise justified. These observations include all relevant parameters typical for the
disease that could indicate increase in virulence. Compare the clinical signs and other relevant
parameters with those observed in the animals used in the test for safety of the administration of 1 dose. If
the last group of animals shows no evidence of an increase in virulence, further testing is not required.
Otherwise, material used for the first passage and the virus recovered at the final passage level are used
in a separate experiment using at least eight animals per group, to compare directly the clinical signs and
other relevant parameters. This study is carried out using the route of administration that was used for
previous passages. An alternative route of administration may be used if justified.
737
738
739
Unless otherwise justified and authorised, the product complies with the test if no animal dies or shows
signs attributable to the vaccine strain and no indication of increased virulence is observed in the animals
of the last group.
740
741
742
743
744
745
746

Environmental considerations
A risk assessment should be prepared where potential spread or risk of live vaccines to non-target
species or spread by vector is considered.
•
Precautions (hazards)
Modified live virus vaccines may pose a hazard to the vaccinator depending on the strain and level of
attenuation of the virus. Manufacturers should provide adequate warnings that medical advice should be
sought in case of self-injection of vaccine.
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Safety test (of one dose and a repeated dose)
For the purposes of gaining regulatory approval, a trial batch of inactivated vaccine should be tested for
local and systemic safety by each recommended route of administration in an in-vivo test in eight animals
of each target species. Single dose and repeat dose tests using vaccines formulated to contain the
maximum permitted payload should be conducted. The repeat dose test should correspond to the primary
vaccination schedule (e.g. two injections) plus the first revaccination (i.e. a total of three injections). The
animals are observed for local and systemic reactions to vaccination for no fewer than 14 days after each
injection. Any undue reaction attributable to the vaccine should be assessed and may prevent acceptance
of the vaccine.
749
750
751
752
753
754
755
756

757
Safety test in pregnant animals
758
759
Safety at different stages of gestation should be demonstrated if the product is to be used in pregnant
animals.
760
761
762
Carry out the test with vaccination by a recommended route using not fewer than 16 healthy animals of
the same age and origin and without antibodies against RVFV: 8 in the first third of gestation and 8 in the
second third.
763
764
765
Administer to each group a quantity of the vaccine equivalent to not less than the maximum antigen mass
likely to be contained in 1 dose of the vaccine. Clinical observation of animals is carried out daily until
parturition.
766
767
768
The test is invalid if the vaccinated animals do not seroconvert before parturition. The vaccine complies
with the test if no abnormalities in the gestation or in the animals are noted. No animal shows notable
signs of disease or dies from causes attributable to the vaccine.

769
Precautions (hazards)
Inactivated RVFV vaccines present no danger to vaccinators, although accidental inoculation may result
in an adverse reaction caused by the adjuvant and secondary components of the vaccine. Manufacturers
should provide adequate warnings that medical advice should be sought in case of self-injection of
vaccine.
770
771
772
773
774
iii)
Efficacy requirements
775
776
777
778
779
780
Vaccine efficacy is estimated in vaccinated animals directly by evaluating their resistance to live virus
challenge. In general, a successful test in lamb is considered to be sufficient evidence of the quality of a
vaccine to endorse its use in other species. Under circumstances where a vaccine is produced for use primarily
in a species other than lamb, it may be more appropriate to test the efficacy of the vaccine in that same
species. However, except for cattle, efficacy tests in other target species, such as goats or camelids have not
been developed yet.
781

Immunogenicity test in young animals
782
The following test is applicable to sheep. For other species, appropriate modifications could be made.
783
784
785
786
787
788
A test is carried out for each route and method of administration recommended for vaccination using in
each case lambs of the minimum age to be recommended. The quantity of vaccine to be administered to
each lamb for a live vaccine is not greater than the minimum virus titre to be stated on the label and the
virus is at the most attenuated passage level that will be present in a batch of vaccine. For inactivated
vaccines, a minimum antigenic dose should be used according to the recommended vaccination
schedule.
789
Use for the test not fewer than 16 lambs without antibodies against RVF.
790
791
792
For live vaccine, collect sera from the lambs before vaccination, 7 days and 14 days after vaccination and
just before challenge. For inactivated vaccine, collect sera from the lambs before the first and second
injection of the primo vaccination and at the time of the challenge.
793
794
795
796
797
Vaccinate not fewer than 8 lambs, according to the recommended schedule. Maintain not fewer than eight
lambs as controls. For live vaccines, challenge each lamb after 20–22 days by an appropriate route with a
virulent RVFV. In case of inactivated vaccines, challenge each lamb 14 days after completion of primo
vaccination. Observe the lambs at least daily for 14 days after challenge and monitor for clinical signs and
viral load by virus isolation and qRT-PCR in blood.
798
799
The test is invalid if antibodies against RVFV in the sera of the control animals indicate that there was
intercurrent infection with the virus during the test.
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The vaccine complies with the test if, during the observation period after challenge, in vaccinated lambs
compared to controls there is a significant reduction in duration and titre of viraemia, and a notable
reduction in clinical signs (if the challenge virus used produces such signs).
800
801
802
803

Immunogenicity test in pregnant animals
804
805
The following test is applicable to sheep. For other species, appropriate modifications should be made,
e.g. the most sensitive gestation period for challenge.
806
807
Use 16 ewes without antibodies against RVFV, randomly allocated to either the vaccine group (n = 8) or
the control group (n = 8).
808
809
A test should be carried out for each of the recommended routes and methods of administration. The
vaccine administered to each ewe is of minimum potency.
810
811
812
813
814
815
816
817
818
819
820
821
Vaccinate ewes free from RVFV and without antibodies against RVFV, before pregnancy, according to the
recommended schedule. Use for the test not fewer than 16 pregnant ewes (eight vaccinated and eight
controls). Keep all the animals as one group. Take a blood sample from non-vaccinated animals shortly
before challenge. Challenge each animal between the 40th and 60th days of gestation. Two test models
for the challenge may be performed with a sufficient quantity of virulent RVFV (observation until lambing
or harvest of fetuses at 28 days). Observe the animals clinically at least daily from challenge, and either
until the end of gestation or until harvest of fetuses after 28 days. If abortion occurs, examine the aborted
fetus for the presence of the RVFV. If animals are observed until lambing, immediately after birth and prior
to ingestion of colostrum, examine all lambs for viraemia and antibodies against RVFV. If fetuses are
harvested 28 days after challenge, examine the fetuses for RVFV by suitable methods. Transplacental
infection is considered to have occurred if virus is detected in fetal organs or in the blood of newborn
lambs or if antibodies are detected in precolostral sera of lambs.
822
823
824
The test is invalid if any of the control animals have neutralising antibody before challenge. The test
should show significant difference in protection and transplacental transmission between the vaccinated
and control groups of animals.
825
iv)
Vaccines permitting a DIVA strategy (detection of infection in vaccinated animals)
826
There is currently no DIVA strategy available for the existing RVF vaccines.
827
v)
828
829
830
As part of the authorisation procedure the manufacturer should demonstrate the duration of immunity of a given
vaccine by either challenge or the use of a validated alternative test, such as serology at the end of the claimed
period of protection.
831
vi)
832
833
The stability of all vaccines should be demonstrated as part of the shelf-life determination studies for
authorisation.
834
835
The period of validity of a batch of lyophilised RVF vaccine or a batch of liquid inactivated vaccine should not
be less than 1 year.
Duration of immunity
Stability
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NB: There are OIE Reference Laboratories for Rift Valley fever
(see Table in Part 4 of this Terrestrial Manual or consult the OIE Web site for the most up-to-date list:
http://www.oie.int/en/our-scientific-expertise/reference-laboratories/list-of-laboratories/ ).
Please contact the OIE Reference Laboratories for any further information on
diagnostic tests, reagents and vaccines for Rift Valley fever
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