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Brief Report

Rift Valley fever virus (RVFV; Phenuiviridae, Rift Valley 
fever phlebovirus) is the cause of RVF, a severe, zoonotic, 
mosquito-borne disease that in humans and livestock results 
in significant public health and economic consequences.17 
Recurrent epidemics have occurred in eastern and southern 
Africa, usually following heavy rain and flooding, with the 
disease spreading beyond Africa to the Arabian peninsula in 
2000, causing large epidemics in Saudi Arabia and Yemen.22 
Bayesian- and population-based genetic analyses have 
shown that translocated virus initiates smoldering infection, 
which remains undetected until suitable climatic conditions 
precipitate outbreaks, as occurred in South Africa between 
2008 and 2011.7,12

Following increased rainfall in South Africa during 2017–
2018, an isolated outbreak occurred in May 2018 in the Free 
State Province of South Africa with cases reported in sheep 
and humans.26 During these outbreaks, RVF affected mainly 
sheep, but also humans and a wide range of other animals 
including cattle, goats, and various indigenous wildlife and 
exotic species including alpacas (Vicugna pacos).18 RVFV 
infections were confirmed in liver samples from autopsied 
animals using reverse-transcription real-time PCR (RT-
rtPCR) and immunohistochemistry (IHC), which prompted 
alpaca breeders in the Western Cape Province of South Africa 
to vaccinate valuable animals against RVF even though the 

safety and efficacy of the available vaccines in this species 
were unknown at that time. There are currently 3 commercial 
RVFV vaccines in South Africa, 1 inactivated virus and 2 
live attenuated virus (LAV) vaccines (Clone 13 and Smith-
burn strain).9 The live attenuated Smithburn strain was gen-
erated between 1953 and 1958 by serial passaging of the 
RVF_Entebbe_44 virus, isolated from mosquitoes in 
Entebbe, Uganda in 1944.23 This highly passaged, signifi-
cantly immunogenic, attenuated strain has served as a vac-
cine in South Africa since 1958.

The largest commercial alpaca farm is currently in the 
Western Cape Province with ~350 animals. However, 
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Abstract. Rift Valley fever (RVF) is a zoonotic, viral, mosquito-borne disease that causes considerable morbidity and 
mortality in humans and livestock in Africa and the Arabian Peninsula. In June 2018, 4 alpaca inoculated subcutaneously with 
live attenuated RVF virus (RVFV) Smithburn strain exhibited pyrexia, aberrant vocalization, anorexia, neurologic signs, and 
respiratory distress. One animal died the evening of inoculation, and 2 at ~20 d post-inoculation. Concern regarding potential 
vaccine strain reversion to wild-type RVFV or vaccine-induced disease prompted autopsy of the latter two. Macroscopically, 
both alpacas had severe pulmonary edema and congestion, myocardial hemorrhages, and cyanotic mucous membranes. 
Histologically, they had cerebral nonsuppurative encephalomyelitis with perivascular cuffing, multifocal neuronal necrosis, 
gliosis, and meningitis. Lesions were more severe in the 4-mo-old cria. RVFV antigen and RNA were present in neuronal 
cytoplasm, by immunohistochemistry and in situ hybridization (ISH) respectively, and cerebrum was also RVFV positive by 
RT-rtPCR. The virus clustered in lineage K (100% sequence identity), with close association to Smithburn sequences published 
previously (identity: 99.1–100%). There was neither evidence of an aberrant immune-mediated reaction nor reassortment with 
wild-type virus. The evidence points to a pure infection with Smithburn vaccine strain as the cause of the animals’ disease.
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smaller farms can be found throughout South Africa, and the 
total number of commercially farmed alpaca is ~5,000. An 
additional unknown number of alpacas are kept to guard 
sheep. Farmers were advised to vaccinate their animals with 
RVFV LAV vaccine and other vaccines in 2010 when it 
became apparent that alpacas were susceptible to the dis-
ease. Farmers have been vaccinating their animals annually 
since then and have reported deaths in the weeks following 
vaccination, but, to date, an untoward vaccine reaction has 
not been suspected.

In June 2018, 2 alpacas were presented for autopsy at the 
Western Cape Provincial Veterinary Laboratory in South 
Africa. The animals originated from a herd of 40 animals that 
had been vaccinated with RVFV Smithburn vaccine ~20 d 
prior. Although wild-type RVF disease, irrespective of the 
species, had not been reported recently in the vicinity of the 
alpaca herd, they were nevertheless vaccinated as a precau-
tion. Immediately post-vaccination, 4 animals (2 cria and 2 
adults; cases 1–4) were reported to have sudden onset of 
fever, anorexia, respiratory distress, and neurologic signs 
that included vocalization, tremors, disorientation, over-
knuckling, and ataxia. A cria (case 2) died the evening of 
inoculation and was not presented for autopsy. Consequently, 
the reason this cria died remains unknown. Two of the ani-
mals (case 1, a 4-mo-old female cria, and case 3, a 6-y-old 
male) became recumbent and died ~20 d post-inoculation 
and were autopsied. The fourth alpaca (an adult animal, case 
4) survived and was still alive and well at the time this report 
was submitted. Macroscopic lesions were nonspecific and 
included cyanotic mucous membranes, severe pulmonary 
edema, and petechiae and ecchymoses in the ventricles of the 
heart. Brain, liver, spleen, kidney, lung, small and large intes-
tine, and pancreas from both cases, and spinal cord from case 
1, were collected and preserved in 10% neutral-buffered for-
malin. Formalin-fixed, paraffin-embedded (FFPE) sections 
stained with hematoxylin and eosin were examined, includ-
ing multiple levels of the brain. Histologic lesions were only 
present in the cerebrum and were typical of nonsuppurative 
encephalomyelitis, with perivascular cuffing, multifocal 
mild neuronal necrosis, gliosis, and meningitis (Fig. 1A). 
The cuffs were several cells thick and predominantly lym-
phocytes and plasma cells with fewer macrophages. Lesions 
were more severe in the cria (case 1).

Given the concern regarding potential Smithburn vaccine 
strain reversion to wild-type RVFV or an adverse vaccine 
response, mid-cerebral brain samples and an organ pool 
(liver, spleen, lung, kidney) were submitted for RT-rtPCR. 
FFPE brain and liver sections were also examined using IHC 
and in situ hybridization (ISH). Total nucleic acid extractions 
were performed on ~0.1-cm3 formalin-fixed tissue. The 
specimens were processed using ceramic beads (MagNA 
Lyser green beads; Roche) with proteinase K digestion 
(200 µg/mL, Tris–EDTA buffer pH 8.0) at 56°C for 2 h and a 
total nucleic acid isolation kit (MagNA Pure 96 DNA and 
viral NA small volume kit; Roche) on a high-throughput 

PCR platform (MagNA Pure 96 system; Roche). The pres-
ence of RVFV RNA was detected using RT-rtPCR as 
described previously.5 RVFV antigen was also demonstrated 
in FFPE specimens using 2 IHC assays and ISH as described 
previously.16,19 Briefly, for IHC, sections were incubated 
with a monoclonal anti–RVFV Gn antibody (NR43190 
[4D4]; BEI Resources Repository) overnight or a polyclonal 
hyperimmune mouse ascitic fluid (National Institute for 
Communicable Diseases, Johannesburg, South Africa) to 
RVFV for 1 h. The standard immunoperoxidase methods for 
both antibodies included heat-induced epitope retrieval, 
incubation of slides with the antibodies, both diluted to 
1:500, and detection using an avidin–biotin complex tech-
nique (Vectastain mouse elite ABC kit; Vector). The RVFV 
anti-Gn antibody was visualized with 3,3′-diaminobenzidine 
(DAB substrate kit; Vector), and the polyclonal antibody was 
visualized with NovaRED peroxidase substrate (NovaRED 
substrate kit; Vector). Unvaccinated and histologically nor-
mal alpaca control tissues, RVFV antigen–positive sheep 
liver, as well as isotype control antibody slides, were included 
in the IHC runs. To confirm that immunoreactivity to the 
polyclonal mouse ascitic fluid observed was the result of 
RVFV antigen presence, sequential tissue sections were also 
incubated with polyclonal mouse ascitic fluid to Wesselsbron 
virus (National Institute for Communicable Diseases). RT-
rtPCR– and IHC-positive RVFV alpaca cases that occurred 
in 2010, and additional uninfected alpaca, served as positive 
and negative control tissues, respectively. Chromogenic in 
situ hybridization was conducted as published previously 
using a RVFV segment L specific probe (516121-V-RVFV-
L; Advanced Cell Diagnostics) except that the RNAscope 
camelid positive probe (RNAscope probe Cd-POL2RA; 
Advanced Cell Diagnostics) replaced the sheep positive con-
trol probe.19

The cerebrum samples from 2 alpacas (cases 1, 3) were 
positive for RVFV segment M viral RNA by RT-rtPCR, 
whereas their pooled organ samples were negative. The 
RVFV IHC and ISH identified RVFV proteins and RNA, 
respectively, in the cerebrum, with viral antigen and RNA 
present in multiple groups of neuronal cell bodies and in den-
dritic arborizations and axons (Fig. 1B–D). Liver samples 
were also negative for RVFV by IHC and ISH, further raising 
concern that the alpacas may have died from an adverse 
response to Smithburn vaccine rather than a virulent RVFV 
strain infection. Subsequently, the same nucleic acid samples 
from the 2 RT-rtPCR–positive cases (case 1: RV2655_18; 
case 3: RV2652_18) were used as template to amplify and 
sequence regions from each of the 3 RVFV genome seg-
ments. Amplification of all 3 genome segments was per-
formed individually (2× SuperScript III one-step RT-PCR 
system, with Platinum Taq DNA polymerase; Invitrogen) in 
a 20-µL reaction in combination with 0.25 µmol/L of each 
primer set as described previously.25 Primers were used to 
amplify and sequence ~500-bp regions of the large and 
medium genome segments; an ~270-bp region of the small 
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genome segment was targeted as described previously.7,25 
The resulting amplicons were submitted to Inqaba Biotech-
nical Industries (Pretoria, South Africa) for Sanger sequenc-
ing using the primers incorporated during the generation of 
the amplicons.

Alignments for each of the 3 genome segments were pro-
duced, which included the new (RV2652_18, RV2655_18) as 
well as previously published RVFV sequences obtained from 
outbreaks in South Africa, using sequence analysis software 
(CLC Genomics v.9; Qiagen). Additional genetic character-
ization of all 3 genome sequences from these samples 
(RV2652_18, RV2655_18), followed by maximum likeli-
hood phylogenetic analysis using molecular evolutionary 
genetics analysis (MEGA6; https://www.megasoftware.net/) 
under General Time Reversal (GTR) model with G + I = 4 for 

1,000 bootstrap replications, clustered both RV2652_RSA_18 
and RV2655_RSA_18 together, with close association with 
previously published Smithburn vaccine sequences 
(DQ375430, DQ380193, DQ380155; Suppl. Fig. 1).24 
Sequences from RV2652_18 and RV2655_18 shared 100% 
sequence identity between them and 99.1%, 100%, and 99.4% 
sequence identity with the aforementioned Smithburn 
sequences (segments L, M, and S, respectively). In contrast, 
the Smithburn vaccine sequence shares 99.2%, 98.8%, and 
98.4% identity with the original RVF_Entebbe_44 virus 
sequence (DQ375429, DQ38019, DQ380156; respectively, 
segments L, M, and S) and 97.9%, 98.6%, and 98.8% identity 
with the first Entebbe_44-derived vaccine used in Kenya 
1951 (Rintoul_57; DQ375429, DQ38019, DQ30156; respec-
tively, segments L, M, and S). Given that samples RV2652_

Figure 1.  Vaccination with the Smithburn live attenuated Rift Valley fever virus (RVFV) vaccine strain caused encephalitis in a 4-mo-
old female alpaca (case 1). A. Multifocal neuronal necrosis and gliosis. 400×. H&E. Bar = 50 µm. Inset: bar = 25 µm. B. Viral antigen in the 
cytoplasm of a necrotic neuron. 400×. Anti–RVFV Gn immunohistochemistry. Same magnifications for main and inset as panel A. C. Viral 
RNA in the cytoplasm of multiple neuronal cell bodies. 200×. RVFV segment L in situ hybridization (ISH). Bar = 100 µm. D. Magnification 
of inset in panel C. 400×. ISH. Same magnifications for main and inset as panel A.

https://www.megasoftware.net/
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RSA_18 and RV2655_RSA_18 cluster with Smithburn 
vaccine virus rather than any of the other known South Afri-
can RVFVs (Suppl. Fig. 1), the sequencing data supports 
these animals’ singular exposure to RVFV Smithburn strain, 
consistent with their clinical vaccination records, and the 
absence of hepatic necrosis or hepatitis. The sequences from 
all 3 RVFV segments from both alpacas (cases 1, 3) have 
been deposited in GenBank (accessions MW316057–
MW316062).

Reportedly, alpacas are susceptible to infection with wild-
type RVFV, but the clinical signs and lesions have not been 
documented.18 Clinical manifestations reported in drome-
dary camels included abortions, neurologic disorders, hem-
orrhages, as well as fatal peracute disease.6,21 These 
manifestations are somewhat unlike those in small rumi-
nants, and in particular sheep, in which abortion storms, 
mortality rates of up to 100% in neonates, and multifocal 
random necrotizing hepatitis, but not encephalitis, are char-
acteristic.13–15 Encephalitis with viral antigen in the central 
nervous system has also not been described in natural cases 
in ruminants but is a complication of RVFV infections in 
humans, and has been experimentally reproduced in mice 
and rats.3,4,13 The severe neurologic clinical signs and marked 
meningoencephalitis in our cases, accompanied by an 
absence of necrotizing hepatitis, could not be directly linked 
to the use of the Smithburn vaccine. Instead, genetic analysis 
was necessary to rule out infection with wild-type RVFV.

Various vaccines have been developed to control RVF in 
livestock in endemic regions using either inactivated whole 
virus, natural attenuated isolates (e.g., MP-12 or Clone 13), 
or live-attenuated Smithburn strain.17 The mutagenized 
MP-12 strain was proven safe and immunogenic for alpacas 
in controlled laboratory studies.20 In contrast, immunity 
induced by a single-dose of inactivated vaccine is inade-
quate, and animals require repeated vaccinations to ensure 
long-lasting protection.8 Meningoencephalitis induced by 
Smithburn vaccination in alpacas, or any other adverse reac-
tions to vaccine strains in alpacas, has not been reported pre-
viously, to our knowledge. Consequently, the Smithburn 
vaccine, which is inexpensive and induces long-lasting 
immunity, is an appealing option for livestock producers 
despite the risks of teratogenic effects and abortion as well as 
the potential for reassortment with wild-type virus.8 Adverse 
reactions to Smithburn vaccine reported previously in other 
livestock include abortions, stillbirths, and neonatal deaths in 
sheep, abortions in cattle, and disease very akin to that caused 
by virulent RVFV strains, including hepatic lesions and abor-
tion in goats and a low incidence of encephalitis in lambs 
<6 wk old.1,2,10,11 In our case study, 36 other alpaca that were 
immunized did not show an adverse reaction. Unfortunately, 
it is not known what set these animals apart from the alpacas 
that developed meningoencephalitis. Therefore, independent 
safety testing of vaccine strains such as Smithburn is advised.

Our case study identifies several unknowns concerning 
RVF in alpacas, including the pathomechanism that caused 
this particular neurovirulent response, how common this 
adverse vaccine response is in alpacas, and the route of viral 
entry into the brain. There was no evidence of an aberrant 
immune-mediated reaction nor was there evidence of reas-
sortment with wild-type virus. The evidence points to a pure 
infection with Smithburn vaccine strain as the cause of the 
animals’ disease. Further investigation is warranted to under-
stand this specific pathogenesis and assist with development 
of safer RVFV vaccines. Meanwhile, our findings suggest 
that the use of Smithburn vaccine in alpaca prior to further 
investigation is ill advised.
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