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DISPATCHES

We	demonstrated	that	previous	vaccination	with	a	vesicu-
lar	stomatitis	virus	(VSV)–based	Lassa	virus	vaccine	does	
not	alter	protective	efficacy	of	subsequent	vaccination	with	
a	VSV-based	Ebola	virus	vaccine.	These	findings	demon-
strate	 the	utility	 of	VSV-based	vaccines	against	 divergent	
viral	pathogens,	even	when	preexisting	immunity	to	the	vac-
cine	vector	is	present.

Viral hemorrhagic fevers (VHFs) are caused by a group 
of genetically distinct zoonotic viruses, which include 

>4 virus families (Filoviridae, Arenaviridae, Bunyaviri-
dae, and Flaviviridae). Because of major and often highly 
publicized outbreaks, the most recognized VHF agents are 
Ebola virus (EBOV), Marburg virus (MARV), and Lassa 
virus (LASV). However, there are many other prominent 
etiologic agents of VHFs that (when infection numbers are 
combined) result in hundreds of thousands of infections an-
nually, which cause a major burden to public health care 
systems worldwide (1).

Illness and death associated with these pathogens, com-
bined with the threat of intentional release, has led to inten-
sive research efforts to develop rapid-acting, safe, and effec-
tive medical countermeasures to control the spread of VHFs. 
Because of nonspecific clinical onset; rapid progression to 
severe disease; uncertain pathophysiology of disease; and 
high viral loads in blood, secretions, or excretions of affect-
ed patients that can result in human-to-human transmission, 
the ideal countermeasure remains prophylactic vaccination. 
Several vaccine platforms have shown efficacy against in-
dividual VHF pathogens, many of which are based on simi-
lar platforms (1). Among the most successful VHF vaccine 
candidates are recombinant, replication-competent vesicular 
stomatitis virus (VSV)–based vectors, which in animal mod-
els have proven highly effective in preventing lethal disease 
after challenge with a variety of high-consequence viral 
pathogens, including, but not limited to, EBOV, MARV, and 
LASV, as well as Andes (ANDV) and Nipah viruses (2–5).

Although protective efficacy of individual vaccina-
tion in challenge experiments is evident, few studies have 

addressed the effect of sequential, long-term, vaccination 
strategies with 1 vaccine platform against multiple VHFs, 
including the VSV-based strategy. One study showed that 
a single vaccination, using a vaccine made from multiple 
VSV filovirus vaccines, affords protection against an oth-
erwise lethal challenge with distinct EBOV species and a 
MARV isolate (6). In addition, multiple consecutive vacci-
nations in a short period (≤14 days) with filovirus-specific 
VSV vaccines have been shown to elicit protective, pos-
sibly cross-reactive, immune responses in nonhuman pri-
mates (NHPs) (6,7). However, it remains unclear whether 
sequential vaccinations within a population that has mount-
ed a complete humoral immune response (≥90 days) after 
an initial vaccination with a VSV-based vaccine would 
elicit a robust and protective immune response after vac-
cination with a second VSV-based vaccine.

Although this question was previously overlooked be-
cause of the restricted geographic distribution of many eti-
ologic agents of VHF for which VSV-based vaccines have 
been tested, the emergence of EBOV in countries in West 
Africa to which LASV is endemic has heightened concerns 
of use and efficacy of 1 vaccine platform against multiple 
agents of VHF (8). The purpose of this study was to deter-
mine if previous vaccination with a VSV-based LASV vac-
cine would reduce the efficacy of subsequent vaccination 
with the VSV-based EBOV vaccine (Figure).

The Study
This study was conducted in accordance with a protocol 
approved by an Institutional Animal Care and Use Com-
mittee of the National Institutes of Health. All laboratory 
work with potentially infectious materials was conducted 
in a Biosafety Level 4 facility at the Rocky Mountain 
Laboratories (Division of Intramural Research/National 
Institute of Allergy and Infectious Diseases/National In-
stitutes of Health).

Three cynomologus macaques were vaccinated with 1 
dose of 107 PFU of VSVΔG/LASVGPC, a live-attenuated, 
recombinant viral vaccine in which the VSV surface glyco-
protein has been replaced with those of LASV, by intramus-
cular injection as described (4). Another age-matched con-
trol animal was vaccinated with an irrelevant VSV-based 
vaccine (VSVΔG/ANDVGPC) (5). At 28 days postvacci-
nation, the 4 NHPs were challenged with a lethal dose of 
LASV (104 50% tissue culture infectious doses [TCID50s]) 
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(9). The control animal showed signs of Lassa fever 7–10 
days postinoculation and was euthanized 13 days postch-
allenge because of severity of disease. Classic indicators 
of Lassa fever, including decreased total protein and albu-
min; increased serum levels of alanine aminotransferase, 
aspartate aminotransferase, amylase, blood urea nitrogen, 
and alkaline phosphatase; and hematologic abnormalities, 
including thrombocytopenia and lymphopenia, were appar-
ent in this animal.

Virus isolation conducted for select tissue samples 
showed LASV titers of 5–7 log10 TCID50/g of tissue; blood 
samples collected on day 10 and at the time of euthanasia 
(5 and 6.25 log10 TCID50/mL, respectively) showed viremia. 

In contrast, the 3  animals vaccinated with VSVΔG/LAS-
VGPC resisted lethal LASV challenge and did not demon-
strate any clinical signs of disease or any hematologic or 
biochemical indicators of LASV infection. At no point in 
the study was virus found in blood samples collected regu-
larly from these 3 animals, even when tested by sensitive 
reverse transcription PCRs. An ELISA with serum samples 
collected 45 days postchallenge demonstrated equivocal 
antibody titers (100) against a recombinant LASV nucleo-
capsid protein in 1 NHP. The other 2 animals did not show 
seroconversion, which suggested that vaccination caused 
nearly sterile immunity against LASV (Table).

Approximately 90 days after the original vaccination 
with VSVΔG/LASVGPC, the 3 NHPs were vaccinated 
with a single dose of 107 PFU of VSVΔG/EBOVGP  by in-
tramuscular injection as described (3). An additional NHP 
was vaccinated with a control vaccine as outlined above 
and served as the inoculation control. At the time of vacci-
nation, the 3 macaques had a robust VSV-specific antibody 
response with titers of 25,600, as determined by a whole vi-
rus ELISA (Table). Despite this finding, the 3 animals that 
received the VSV-based EBOV vaccine mounted an effi-
cient response to the EBOV glycoprotein (Table) and were 
completely protected when challenged 28 days later with 
a lethal dose of EBOV (103 PFU) (10). Postchallenge, the 
3 NHPs did not show any clinical signs of disease. Hema-
tologic and serum biochemistry values remained constant 
throughout the study, and virus was not found in blood 
samples collected regularly and tested by using real-time 
reverse transcription PCR.

In contrast, severe EBOV hemorrhagic fever devel-
oped in the control animal, which was characterized by 
increased serum concentrations of alkaline phosphatase, 
aspartate aminotransferase and alanine aminotransfer-
ase; thrombocytopenia; and viremia (≥7 log10 TCID50/mL 
whole blood) beginning 3–6 days postchallenge. This ani-
mal was euthanized 7 days postchallenge, and titration of 
selected tissue samples showed EBOV titers of >9 log10 
TCID50/g tissue. An ELISA conducted at the conclusion 
of the study (42 days post–EBOV challenge) showed in-
creased antibody responses to VSV (titers =102,400) and 
seroconversion to the EBOV viral protein 40 antigen (titers 
1,600–6,400) in the 3 surviving NHPs (Table), which is 
consistent with published results (10).

Conclusions
Because of the remote locations where VHF agents are 
present, an overall shortage of  health care professionals 
and clinics in these locations, and mobility of human popu-
lations, any vaccine against these pathogens would ideally 
need to elicit a protective immune response after a single 
vaccination. For this reason, replication-competent viral 
vectors are considered leading VHF vaccine candidates.

Figure. Effect	of	sequential	vaccination	with	recombinant	
vesicular	stomatitis	virus	(VSV)–based	vaccines	on	protective	
efficacy	afforded	by	each	vaccine	in	nonhuman	primates.	
Vaccination	with	a	VSV-based	Lassa	virus	vaccine	encoding	
the	Lassa	virus	glycoproteins	provides	complete	and	possibly	
sterile	immunity	against	a	lethal	Lassa	virus	(LASV)	challenge.	
Approximately	90	days	after	receiving	the	initial	VSV–Lassa	
vaccine,	animals	were	vaccinated	with	a	VSV-based	Ebola	virus	
(EBOV)	vaccine.	Although	we	observed	a	robust	VSV-specific	
immune	response,	the	VSV–Ebola	virus	vaccine	provided	
complete	and	possibly	sterile	immunity	against	a	lethal	Zaire	
Ebola	virus	challenge.	EHF,	Ebola	hemorrhagic	fever.
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As the VSVΔG/EBOVGP vaccine heads toward clini-
cal trials, it is necessary to clarify the potential limitations 
of using the VSV platform against multiple VHF agents. 
A major drawback for many viral vector platforms is pre-
existing immunity against the vector itself, which can de-
crease or nullify the essential protective immune response, 
which results in vaccine failure. Design of the VSV-based 
vaccines, which encode and express glycoproteins from 
various pathogens without its own glycoprotein (11,12), 
suggest that preexisting immunity would not influence pro-
tective efficacy of individual vaccinations (12). However, 
until now, this possibility has not been examined in disease 
models. Results of this study demonstrate that multiple 
VSV vaccines can be used in a population without any del-
eterious effect on overall protective efficacy.
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Table. Serologic	responses	in	3	nonhuman	primates	sequentially	vaccinated	with	2	VSV-based	VHF	vaccines* 

Nonhuman	
primate	no. 

Lassa	virus	challenge	study  Ebola	virus	challenge	study 
Prechallenge Postchallenge  Prechallenge Postchallenge 

LASV	GPC 
LASV	
GPC LASV	NP VSV 

 
EBOV	GP EBOV	GP 

EBOV	
VP40 VSV 

1 ND ND 100 25,600  6,400 25,600 1,600 102,400 
2 ND ND <100 25,600  6,400 25,600 6,400 102,400 
3 ND	 ND <100 25,600  6,400 25,600 6,400 102,400 
*VSV,	vesicular	stomatitis	virus;	VHF,	viral	hemorrhagic	fever;	LASV,	Lassa	virus;	GPC,	glycoprotein precursor;	NP,	nucleocapsid protein;	EBOV,	Ebola	
virus;	GP,	glycoprotein;	VP40	viral	protein	40;	ND,	not	determined.	Titers	are	indicated	as	reciprocal	endpoint	dilutions	from	ELISAs	for	recombinant	
antigens	(LASV	NP,	EBOV	GP,	and	VP40),	or	whole	virus	preparations	(VSV). 
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