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MRMC	(WRAIR	&	USAMRIID)	has	been	able	to	
leverage	longstanding	capabilities	to	respond	
quickly	to	emerging	infectious	disease	
outbreaks:

Ø Subject	Matter	Expertise

Ø Basic/Translational	Science

Ø Manufacturing

Ø Broad	Network	of	International	Sites

Ø Clinical	Trial	Infrastructure

Ø Partnerships

• Government,	Academia,	Industry

Building on Decades of Experience to Pivot 
toward Public Health Emergencies
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Introduction of Zika to the West
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Clinical Manifestations

• Only 20% of infections are symptomatic
• Also characterized by:

• Non-purulent conjunctivitis
• Diffuse myalgia
• Polyarticular arthralgia

• Neurologic manifestations
• Guillan-Barre Syndrome (~1/4000)
• Encephalitis, Cerebritis
• Congenital Zika Syndrome
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Zika Threatens Readiness
>160 confirmed
current Zika virus cases 

in MHS beneficiary 

3 cases in pregnant 
Service Members 

1 in pregnant dependent

Devastating	Impacts:
Ø Sexual	transmission—impact	on	military	families	with	potential	birth	defects
Ø Rare	occurrence	of	Guillain-Barre	Syndrome
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Rapid Countermeasure Development

Early	Zika	Detection	
Biosurveillance in	South	 East	Asia	aided	vaccine	design

Proven	Vaccine	Platform
Successfully	developed	licensed	vaccine	for	Japanese	Encephalitis,	another	flavivirus

In-house	Capabilities	
Developed	and	produced	>	1,500	doses	for	clinical	testing	

Zika Vaccine (ZPIV)
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Phase I Clinical Trials of ZPIV

WRAIR
Silver	Spring,	MD

Previous	flavivirus	immunity

Saint	Louis	University	(SLU)	Center	for	
Vaccine	Development

Dose	optimization

SLU	Center	for	Vaccine	Development
Puerto	Rico

Natural	flavivirus immunity

Harvard	BIDMC
Boston,	MA

Accelerated	schedule

NIH	Vaccine	Research	Center
Bethesda,	MD

DNA	vaccine	prime,	ZPIV	boost

First vaccination at WRAIR: 09 November 2016

In	9	months,	WRAIR	went	from	vaccine	concept	to	clinical	testing
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Animal Model Development
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Unprotected sexual intercourse between persons residing 
in or traveling from regions with Zika virus transmission is 
a risk factor for infection. To model risk for infection after 
sexual intercourse, we inoculated rhesus and cynomol-
gus macaques with Zika virus by intravaginal or intrarectal 
routes. In macaques inoculated intravaginally, we detected 
viremia and virus RNA in 50% of macaques, followed by 
seroconversion. In macaques inoculated intrarectally, we 
detected viremia, virus RNA, or both, in 100% of both spe-
cies, followed by seroconversion. The magnitude and du-
ration of infectious virus in the blood of macaques suggest 
humans infected with Zika virus through sexual transmis-
sion will likely generate viremias sufficient to infect compe-
tent mosquito vectors. Our results indicate that transmis-
sion of Zika virus by sexual intercourse might serve as a 
virus maintenance mechanism in the absence of mosquito-
to-human transmission and could increase the probability 
of establishment and spread of Zika virus in regions where 
this virus is not present.

Zika virus is a member of the Spondweni serogroup, 
family Flaviviridae, genus Flavivirus (1,2). Since the 

initial isolation of the virus in 1947 (3), intermittent reports 
of Zika virus infection have been described throughout 
sub-Saharan Africa and Southeast Asia (4). Recently Zika 
virus extended its geographic distribution into virus-naive 
regions, resulting in large outbreaks in tropical regions (5–
7). Most Zika virus infections are asymptomatic, and infec-
tions that are symptomatic typically cause a mild febrile ill-
ness (2,5–7). However, severe clinical outcomes, including 
congenital birth defects and Guillian-Barré syndrome, have 
been reported in a subset of infections (2,5–8).

Although the primary mechanism of Zika virus 
transmission is through the bite of an infective mosquito 
(3,9,10), sexual transmission involving virus strains origi-
nating from African and Asian Zika virus phylogenetic lin-
eages has been reported (11–18). This route of transmission 
has been identified in nontraveling sexual partners of men 
who were infected with Zika virus during travel to virus-
endemic regions (11–15,17–19).

Recent evidence suggests that sexual transmission of 
Zika virus is responsible for a substantial number of in-
fections (17–19) and could be a virus maintenance mecha-
nism in the absence of mosquito-to-human transmission, as 
well as a mechanism by which Zika virus is introduced to 
virus-naive regions. Viral persistence studies have demon-
strated isolation of infectious Zika virus from ejaculate of 
a vasectomized patient 69 days postillness (20), detected 
Zika virus RNA in spermatozoa of another patient 56 days  
postillness (21), and detected Zika virus in semen speci-
mens for >6 months after illness (22,23).

Although the titer of infectious Zika virus in semen is 
unknown, RNA levels of up to 7.5–8.6 log10 copies/mL have 
been reported (13,21,24,25). These data suggest that male-
to-female vaginal, male-to-female anal, and male-to-male 
anal transmission might occur more often than previously 
recognized and that persons might be exposed to a higher 
dose of Zika virus from sexual intercourse with an infectious 
man than through the bite of an infective mosquito (26,27).

To model risk of Zika virus infection after sexual in-
tercourse, we nontraumatically administered 7.0 log10 PFU 
(8.7 log10 copies) of the ArD 41525 Zika virus isolate into 
the vaginal canal or rectum of 16 adult rhesus or cynomol-
gus macaques and monitored them for evidence of infec-
tion through 28 days postinoculation (DPI). This dose was 
selected to correspond to high Zika virus RNA load(s) re-
ported in human semen (13,21,24,25).
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Abstract

Studies have demonstrated cross-reactivity of anti-dengue virus (DENV) antibodies in

human sera against Zika virus (ZIKV), promoting increased ZIKV infection in vitro. However,

the correlation between in vitro and in vivo findings is not well characterized. Thus, we evalu-

ated the impact of heterotypic flavivirus immunity on ZIKV titers in biofluids of rhesus

macaques. Animals previously infected (�420 days) with DENV2, DENV4, or yellow fever

virus were compared to flavivirus-naïve animals following infection with a Brazilian ZIKV

strain. Sera from DENV-immune macaques demonstrated cross-reactivity with ZIKV by

antibody-binding and neutralization assays prior to ZIKV infection, and promoted increased

ZIKV infection in cell culture assays. Despite these findings, no significant differences

between flavivirus-naïve and immune animals were observed in viral titers, neutralizing anti-

body levels, or immune cell kinetics following ZIKV infection. These results indicate that

prior infection with heterologous flaviviruses neither conferred protection nor increased

observed ZIKV titers in this non-human primate ZIKV infection model.

Author summary

Zika virus (ZIKV) is a mosquito-borne, emerging flavivirus. In addition to asymptomatic
or mild febrile manifestations, ZIKV infection in humans is associated with comparatively
rare congenital and neurological abnormalities. Previous in vitro studies have demon-
strated cross-reactivity of antibodies derived from dengue virus infections with ZIKV, as
well as antibody-mediated enhancement of infection in cell culture. Therefore, there is
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Fig 2. ZIKV titers in peripheral blood. ZIKV viral load was determined using RT-qPCR (A, RNAemia) and Vero cell plaque
assay (B, Viremia). Dotted lines indicate the limit of detection (RNAemia = 2500, Viremia = 25). Serum specimens were used
for days 1, 3, 5, 6, 8, and 10. Plasma specimens were used for days 2, 4, 7, and 9. Naïve group days 6 and 7 values represent
two and one positive specimen, respectively. Means with SEM are displayed.

https://doi.org/10.1371/journal.ppat.1006487.g002

Zika virus in flavivirus-immune macaques
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Infection Rates after Inoculation with Zika Virus

number of plaques. Preexposure serum samples collected 
from rhesus macaques at –28 DPI and from cynomolgus 
macaques at –20 DPI showed no neutralization activity 
for Zika virus, indicating that these animals were not pre-
viously exposed to the virus. Postexposure serum samples 
were screened on 7, 15, 21 and 28 DPI.

Results

Intravaginally Inoculated Macaque Viremias  
and Antibody Responses
After intravaginal inoculation of Zika virus, 50% (2/4) of 
rhesus macaques and 50% (2/4) cynomolgus macaques had 
detectable viremias; mean peak titers were 3.8 log10 PFU/
mL (7.2 log10 copies/mL) for rhesus macaques and 3.5 log10 
PFU/mL (6.8 log10 copies/mL)  for cynomolgus macaques 
(Figure 1). We detected viremia at 4–6 DPI (mean dura-
tion 3.0 d) for rhesus macaques and 3–7 DPI (mean dura-
tion 4.0 d) for cynomolgus macaques and virus RNA in 
serum at 3–7 DPI for rhesus macaques and 3–9 DPI for 
cynomolgus macaques. By 15 DPI, only those rhesus and 
cynomolgus macaques that showed viremia or virus RNA 
in serum seroconverted (R1, R4, C3, and C4), as shown by 
PRNT80 titers ranging from 1:640 to 1:1,280 (Table 1). We 
observed no virus neutralization for macaques R2, R3, C1, 
and C2 (Table 1).  Menstruation was observed in all female 
macaques during the course of the study, but menstruation 
was not observed in any of the female macaques at the time 
of virus inoculation.

Intrarectally Inoculated Macaque Viremias  
and Antibody Responses
After intrarectal inoculation of Zika virus, 75% (3/4) of 
rhesus macaques and 100% (4/4) of cynomolgus macaques 
had detectable viremias; mean peak titers were 4.8 log10 
PFU/mL (8.0 log10 copies/mL) for rhesus macaques and 
4.8 log10 PFU/mL (8.6 log10 copies/mL) for cynomolgus 
macaques (Figure 2). Although we did not detect viremia 
in 1 rhesus macaque (R6), we detected virus RNA in se-
rum samples from this macaque at 6 DPI (5.2 log10 cop-
ies/mL) and 7 DPI (6.1 log10 copies/mL). Two cynomolgus 
macaques (C5, C8) had viremia levels ≥5.0 log10 PFU/mL 
for 2 days. We detected viremia at 3–7 DPI (mean duration 
3.0 d) for rhesus macaques and at 2–6 DPI (mean dura-
tion 2.8 d) for cynomolgus macaques and virus RNA in 
serum at 2–7 DPI for rhesus macaques and 1–12 DPI for 
cynomolgus macaques. By 15 DPI, all rhesus and cyno-
molgus macaques had seroconverted (R5, R6, R7, R8, C5, 
C6, C7, C8), as shown by PRNT80 titers ranging from 1:320 
to 1:1,280 (Table 2).

Clinical Signs and Laboratory Results
We observed no overt clinical signs, including pyrexia, 
joint swelling, weight loss, or decreased appetite, for any 
of the infected macaques. The telemetry unit in macaque 
C6 failed during the study. Therefore, we also used rectal 
temperatures to determine the absence of pyrexia (online 
Technical Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/23/8/17-0034-Techapp1.pdf). No macaque 

Figure 1. Viremia and virus RNA 
detected in serum of rhesus and 
cynomolgus macaques after 
intravaginal inoculation with 
Zika virus. A) Rhesus macaques 
(animals R2 and R3 showed 
negative results); B) cynomolgus 
macaques (animals C1 and C2 
showed negative results). Solid 
lines indicate virus titers in log10 
PFU/mL. Dotted lines indicate 
genome copies in log10 copies/
mL. The lower limit of detection 
was 1.0 log10 PFU/mL for virus 
titers and 3.0 log10 copies/mL for 
genome copies. C, cynomolgus; 
DPI, days postinoculation;  
R, rhesus.
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