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Introduction

Zika virus (ZIKV) is a mosquito-borne flavivirus originally confined to Africa and Asia
that has spread to islands located in Southeast Asia, and most recently to the Americas and
the Caribbean. Approximately 80% of infected individuals are asymptomatic, while the
remaining infected population exhibit mild febrile syndrome such as rash, conjunctivitis,
and arthralgia. In some adults, ZIKV causes neurotropic Guillain-Barré syndrome.
Vertical transmission of ZIKV in infected mothers causes fetal growth restriction,
microcephaly, and congenital eye disease?®. Cases of ZIKV sexual transmission from male
to female®8, male to male®, and a suspected case of female to male transmission'® have been
reported. ZIKV has been detected in the semen of infected males!'-1%, even after months of
symptom onset®19, Viral persistence in the testes and semen can increase the risk of ZIKV
transmission through rectal route in men having sex with men (MSM) and between
heterosexual partners. The anorectal mucosa is a major entry site for HIV-1 transmission
among MSM?°, and for the acquisition and transmission of other sexually transmitted
diseases, such as syphilis, chlamydia, and gonorrhea. Although the risk of ZIKV
acquisition through the rectal route is high, no pathobiological information is available.
Here, we describe the establishment of a rectal route of ZIKV infection system using
immunocompromised (ifnarl”) male mice to determine their susceptibility to ZIKV and to
assess viral dissemination to male reproductive organs. We found that rectal inoculation of
ZIKV results in viremia with non-lethal infection. The rectal mucosa is susceptible to ZIKV
entry and replication. Following rectal inoculation, ZIKV establishes active testicular
infection that persists at least 21 days. During the acute phase of infection, the highest viral
load was observed in the spleen, with inflammatory and immune cellular infiltration.

Macrophages in the splenic red pulp are the target cells for ZIKV infection.

Mouse models of ZIKV pathogenesis have shown that mice deficient in type | IFN receptor
(ifnarl” or A129) signaling pathway develop neurological disease in adults and congenital
infection in pregnant females?-2*, Adult immunocompetent (wild-type) mice are resistant to
ZIKV infection due to a robust innate immune response that limits infection and spread. Thus,
the ifnarl”- mouse model has become a widely used in vivo system to investigate the

pathogenesis of ZIKV diseases. Subcutaneous or intravaginal ZIKV infection of ifnarl” female
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mice leads to the activation of systemic and localized immune responses and the establishment of
congenital and neurological diseases?®?>%8, Vaginal exposure of ZIKV during the first trimester
of pregnancy leads to fetal growth restriction and brain infection in wild-type mice, and loss of
pregnancy in ifnarl” mice?. In ifnarl”- male mice, ZIKV robustly infects the brain, spinal cord,
and testes??. ZIKV causes injury in the testes and epididymis of male mice, further reducing the
levels of testosterone and oligospermia?’. Moreover, ZIKV persists within the testes of ifnarl™”
mice following subcutaneous inoculation and causes testicular atrophy at 21 days post-
infection?®. ZIKV-mediated damage to the testes may lead to male infertility?®. Recently, it was
shown that intraperitoneally infected AG129 (interferon o/p and -y receptor knockout) male mice
had persistent testicular infection for more than a month, and the semen contained infectious
ZIKV from 1 to 3 weeks post-inoculation®. In addition, ZIKV infection was documented in 50%
of female mice mated to infected non-vasectomized male mice*. Collectively, these findings
provide important insights on the long-term potential effects of ZIKV infection of female and
male reproductive organs. Currently, there is no knowledge regarding ZIKV acquisition via
rectal route of infection. Further studies are needed to understand ZIKV replication and
persistence within different tissue compartments after sexual transmission, including the rectal

mucosa.

In this study, we used ifnarl” mice to study the pathogenesis of ZIKV Asian genotype strain
PRVABC59 in 4-6-week-old male mice by rectal inoculation (3.4x10° pfu per mouse), and
followed disease progression for 21 days post-inoculation (dpi) (Fig. 1A). Mice were closely
observed twice a day during the experimental period. Weight loss and neurological signs were
monitored at various timepoints. We found that rectal inoculation of ZIKV does not cause
mortality in ifnarl” male mice (Fig. 1B). Two of five infected mice showed lethargy and
transient sickness, with relative body weight loss (12-14%) at 10 dpi (Fig. 1C). These mice were
closely monitored and they steadily recovered by 21 dpi (Fig. 1C). In addition, infected mice
showed peak viremia at 7 dpi (Fig. 1D). In an independent experiment, we tested the
subcutaneous model of infection with PRVABC59 (2x10° pfu/mouse) to confirm its
pathogenesis and development of lethal disease. Consistent with previous reports using A129
mice®!, subcutaneously infected mice demonstrated significant weight loss and eventually

succumbed to infection (Supplementary Fig. 1A-C). Infected mice had high acute viremia as
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early as 3 dpi and exhibited malaise, incoordination and neurological signs of posterior hind leg

paralysis by 6 -7 dpi (Supplementary Fig. 1C-D).

To assess ZIKV dissemination to the male reproductive system after rectal inoculation, we
measured ZIKV genome copies in the testes and the accessory sex gland seminal vesicles, and
the rectal mucosa at 3, 7 and 21 dpi by RT-qPCR. The rectal mucosa is lined by a single layer of
columnar epithelial cells above the stroma that creates a mosaic of mucus-filled crypts. This
simple columnar layer transitions into the stratified epithelium of the anal canal. We detected
ZIKYV replication within the rectal tissue at 3 dpi (Fig. 2A). ZIKV further disseminated to the
testes and seminal vesicles, with peak acute viremic loads at 7 dpi (Fig. 2B), and persisted in the
testes and rectal mucosa at 21 dpi (Fig. 2C). Future studies characterizing specific rectal cell
types permissive to infection at earlier timepoints will provide insight on how ZIKV exploits this

niche for replication and persistence.

Rectal inoculation with ZIKV leads to viral dissemination to the brain at 3 dpi (Fig. 2A). Despite
ZIKV infection of the brain, mice did not show malaise or neurological signs of disease at 7 dpi,
as observed in subcutaneous route of infection. Some mice in the rectal route experiment showed
little to no viral burden, while others sustained high viral loads in the brain (10* -10° ZIKV
genome copies/ug of RNA). However, subcutaneously infected mice showed comparable higher
viral loads in the brain at 6 dpi (10° copies) (Fig. 2D), further suggesting that the virus was
causing a fundamentally different disease outcome in rectally-infected mice. Furthermore,
rectally-infected mice showed significantly high viral loads in the spleen at 3 dpi that persisted to
7 dpi (with a mean of 6x10° copies) (Fig. 2A-B). In contrast, subcutaneously infected mice
showed lower viral replication in the spleen (with ~10* copies per mouse) at 6 dpi (Fig. 2D). It is
likely that during rectal infection, the virus can enter through the rectal mucosa and gain access
to the inferior mesenteric vein (IMV) to reach the spleen. Before joining the hepatic portal vein,
the IMV connects to the splenic vein and mixing of infected blood from the rectum to splenic
circulation can occur. Subcutaneous inoculation with ZIKV can result in rapid entry of infectious

viral particles into the circulatory system to reach the target organ brain.
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94  We then determined whether ifnarl” mice of reproductive age (12-week-old) would be able to
95  control infection as efficiently as 4-6-week-old mice following rectal inoculation with ZIKV. 12-
96  week-old mice did not succumb to infection nor showed signs of disease at 3 or 7 dpi
97  (Supplementary Fig. 2). Infected mice were active and alert throughout the experimental period.
98  Two of four infected mice showed relative body weight loss from day 5 to 7 and recovered by 10
99  dpi, with clearing of the viremia at 14 dpi (Supplementary Fig. 2B-C). Similar to the
100  experimental results of young mice, ZIKV disseminated to the testes, seminal vesicles, and brain,
101 and caused robust infection of the spleen by 14 dpi (Supplementary Fig. 2D). The lack of
102  observable differences between age groups suggests that rectal inoculation with ZIKV may
103 provide protective immunity that limits lethal infection as compared to subcutaneous route of
104 infection, which induces acute encephalitis and neurological disease in this model system.
105
106  We then set out to investigate the cellular response to ZIKV infection in the spleens of 4-6-week-
107  old mice in detail. Following rectal inoculation, ZIKV rapidly disseminated to the spleen at 3
108  dpi, further causing splenomegaly by 7 dpi (Fig. 3A-B). To determine the immune cells
109  contributing to the splenic response to infection, we performed immunohistochemistry using
110  markers for CD11b* macrophages and dendritic cells, Ly6C™ neutrophils or granulocytes, and
111  CDA4" T-cells. A rabbit polyclonal antibody recognizing ZIKV NS4B antigen was used to detect
112 virus in the spleens of infected mice at 7 dpi. NS4B is a membrane bound cytoplasmic protein
113 involved in flaviviral RNA genome replication. ZIKV infection caused infiltration or expansion
114  of macrophages, dendritic cells, neutrophils, and CD4* T-cells to the spleen (Fig. 3C). To
115  identify ZIKV target cell types in the spleen, we performed co-immunostaining of ZIKV NS4B
116 with cell-specific markers anti-CD4, anti-Ly6C, anti-CD11b, or anti-F4/80 on consecutive tissue
117  sections. Viral antigen was not detected in CD4" T-cells and neutrophils (Supplementary Fig. 3).
118  Viral antigens were specifically found in the cytoplasm of F4/80* macrophages in the red pulp,
119  outside of germinal centers (Fig. 3D and Supplementary Fig. 4). Further studies examining virus-
120  specific immune responses in the rectal mucosa and within peripheral organs, including lymph
121 nodes and spleen, may provide insight on how the immune system controls ZIKV infection
122 following rectal route of exposure.

123
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During viral infection, there are active counter responses between the host and the virus, which
often triggers the host’s first-line of antiviral defense, an innate immune response *2. This initial
response is often measured by the induction of anti-viral and inflammatory cytokines at sites of
active viral infection and tissue damage. Since the ifnar1” mice contain intact NF-kB, as well as
type 1l and 111 IFN signaling pathways, we observed that ZIKV elicited a robust innate immune
response in the rectum, testes, seminal vesicles, and brain at 7 dpi, as provided by the activation
of key inflammation-related genes (Fig. 4). The pro-inflammatory marker, ICAM1, was highly
expressed in the rectum, testes, seminal vesicles, and brain, but not in the spleen (Fig. 4A). ZIKV
also elicited a strong IL-6 (Fig. 4B) and TNFa (Fig. 4C) response at these sites. The interferon
stimulated gene OAS1 was highly expressed in all the tissues tested, including the spleen (Fig.
4D), further suggesting a robust host response to infection mediated by an intrinsic cellular
antiviral defense. During subcutaneous infection of ZIKV, systemic dissemination to the brain
was not only confirmed by high viral load, but also by the vigorous IL-6 and ICAML1 response
measured in the brains of infected mice (Fig. 4E). Overall, rectal inoculation of ZIKV prompts a
robust initial innate immune response as observed by the expression of these pro-inflammatory
and anti-viral cytokines, which can ultimately activate an anti-viral state to control infection. We
expect that during rectal route of infection, ZIKV may stimulate stronger innate immune
responses at the mucosal surface, which may further orchestrate the adaptive immune system to

limit virus replication. This response can result in reduced tissue destruction and mortality.

Our current understanding of rectal route of ZIKV infection and transmission is limited. In the
current study, we determined that the rectal mucosa is permissive to ZIKV replication following
rectal route of inoculation, which may provide significant implications for ZIKV transmission
via anorectal route among MSM and heterosexual partners. Our experiments with
immunocompromised male mice show that ZIKV disseminates to the testes and seminal vesicles
following rectal inoculation. The testes are considered an “immunoprivileged replication site” for
ZIKV. Our study shows that ZIKV actively replicates in the testes at least 21 days post-
infection, suggesting that the testes may provide a reservoir for active viral presence to
perpetuate transmission. Semen, pre-ejaculate, or blood (via rectal damage or lacerations) may
also contribute to ZIKV transmission via anorectal route. Therefore, studies examining the use of

viricide to limit ZIKV entry to the rectal mucosa are critical. Moreover, rectal route of
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155  immunization against Rotavirus virus-like particles®® or a Hepatitis A virus vaccine®*, have been
156 shown to elicit strong systemic humoral responses. Our model system of rectal infection can be
157  used as a platform to study immunization against ZIKV and to further understand the long-term
158  effect of infection on mucosal immunity. It provides the opportunity for further exploring the
159  impact of ZIKV persistence on male reproductive health and maternal transmission.

160

161  Methods

162

163  Ethics Statement. This study was performed in strict accordance with the recommendations of
164  the Guide for the Care and Use of Laboratory Animal. The institutional Animal Care Use

165  Committee of the Cedars-Sinai Medical Center approved the study.

166

167  Cell lines and virus. Aedes albopictus mosquito C6/36 cell line (CRL-1660 cell line from

168  ATCC) was used for propagating virus. C6/36 cells were maintained at 30°C in Dulbecco’s

169  Modified Eagle’s Medium (Sigma Aldrich) supplemented with 10% heat-inactivated fetal bovine
170 serum (FBS) (Gemini) with 100 U/mL penicillin (GIBCO) and 100 pg/mL streptomycin

171 (GIBCO). Vero cells were obtained from ATCC and were cultured in DMEM supplemented with
172 10% FBS, penicillin and streptomycin, 1X GlutaMax (GIBCQ), and 20 mM HEPES (GIBCO).
173 The ZIKV PRVABCH59 strain was received from the Center for Disease Control (CDC).

174  Working ZIKV stocks were prepared by infecting C6/36 cells. Supernatants were collected and
175  centrifuged at 200 g at 4°C for 10 min to remove cellular debris, aliquoted, and frozen at -80°C.
176

177  Quantification of ZIKV by plague assay. Monolayers of Vero cells were plated on 12-well
178  plates. Virus supernatants from C6/36 cells were tittered by making dilutions in DMEM and
179  were added to Vero cell monolayers at 37°C for 4 hours. Then, complete medium was added.
180  Two days following the infection, plaques were counted manually as previously described.
181

182  Rectal inoculation of A129 mice. Pathogen-free ifnarl receptor-deficient mice (B6.129S2-

183  Ifnar1™A9Mmjax or A129) were purchased from the Mutant Mouse Resource and Research
184  Centers (MMRRC) supported by NIH. 4-6-week-old ifnarl”- male mice were rectally inoculated
185  with PBS or ZIKV (PRVABC59, Puerto Rico 2015) while anesthetized. N=5-6 mice per group.
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186  Briefly, a calginate swab was used to remove fecal stain from the anal orifice. For rectal ZIKV
187  inoculation, each mouse was inoculated with 3.4x10° plaque forming units (pfu) in a volume of
188 20 pul using a sterile smooth pipette tip (after passing or penetrating through anal orifice). Mice
189  were kept with the rectum facing upwards for 4 minutes to reduce leakage of the inoculum.

190  Survival, weight loss, and symptoms were monitored for 3, 7 and 21 days post-rectal inoculation
191  (dpi). For the older mice study (12-week-old), rectal inoculated mice were infected for 14 days
192  as described above. At the indicated post-infection times, mice were humanly euthanized using
193  CO2 and blood was collected for viremia. To measure ZIKV viremia, 25 ul of blood was

194  collected by direct cardiac puncture at the indicated timepoints post-infection. Total blood RNA
195  was extracted using the viral RNA mini kit (Qiagen). The rectum, testes, seminal vesicles,

196  spleen, and brain were harvested for evaluating viral load and cellular gene expression, as well as
197  for immunohistochemistry. Tissues were removed from ZIKV infected mice or uninfected (PBS)
198  control mice and dissected in thirds for fixation in 10% neutral buffered formalin, 4%

199  paraformaldehyde, or RNAlater (Thermo Fisher Scientific) for RNA isolation.

200

201 Subcutaneous inoculation of A129 mice. For subcutaneous (SC) infections with ZIKV, 4-6-
202 week-old ifnarl” male mice were inoculated with PBS (n=4 mice) or ZIKV (2 x10° pfu per

203  mouse in a 40 ul volume) (n=4 mice) in the hind limb region. Blood was collected for viremia at
204 3 and 6 dpi, and the brain and spleen were harvested for viral load.

205

206 RNA sample preparation and RT-qPCR. To determine levels of virus in tissues of control and
207 infected mice, tissues were placed in RNAlater (Thermo Fisher Scientific) immediately after

208  harvest and stored at -80°C. Tissues were homogenized and RNA was extracted using TRIzol as
209  per the manufacturer (Thermo Fisher Scientific). Total RNA was isolated from rectum, testes,
210  seminal vesicles, spleen, and brain. RNA was quantified using a NanoDrop 1000

211 Spectrophotometer (Thermo Fisher Scientific). cDNA was prepared from 1 pg of RNA using
212 random hexamer primers and the SuperScript 11 Reverse Transcriptase Kit (Thermo Fischer

213 Scientific). QPCR was performed using SYBR Green ROX Supermix (Life Technologies) and a
214  QuantStudio 12K Flex Real-Time PCR System (ABI Thermo Fisher Scientific). Briefly, the

215  amplification was performed using 10 pl volume reactions in a 384-well plate format with the

216  following conditions: 50°C for 2 minutes followed by 95°C for 2 minutes, then 40 cycles at 95°C
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217  for 15 seconds and 60°C for 1 minute. The relative concentration of each transcript was

218  calculated using the 22T method and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
219  threshold cycle (C+) values were used for normalization. The basal mMRNA level in tissue from
220  the PBS-inoculated group was normalized to 1 and the fold change relative to basal was

221 determined for each tissue type. The gPCR primer pairs for the mRNA transcript targets are

222 provided in Supplementary Table 1. ZIKV RNA transcript levels were quantified by comparing
223 to astandard curve generated using dilutions (10*-10° copies) of a ZIKV NS5 gene containing
224  plasmid. ZIKV RNA levels are expressed as ZIKV genome copies per 1 pg of RNA using the
225  standard curve.

226

227  Immunohistochemistry. Tissue was incubated in 4% PFA for an hour and transferred to PBS.
228  Tissues were then submerged in 10%, 20%, and 30% sucrose for an hour each. Tissue was then
229  embedded in OCT (Fisher Healthcare) and incubated overnight at -80°C. Tissues were cut (10
230  um thick) using a Leica cryostat microtome and mounted on Super Frost microscope slides

231 (VWR). Sections were washed 3 times and permeabilized using blocking buffer (0.3% Triton X-
232 100, 0.1% BSA, in 1 X PBS) for 1 hour at room temperature. For ZIKV staining, sections were
233 incubated overnight at 4°C with a polyclonal anti-Zika NS4B antibody (rabbit, 1:250)

234  (GeneTex). The sections were then rinsed with 1X PBS three times and incubated with

235  secondary antibody, Alexa Fluor-conjugated 488 antibody (raised in rabbit; 1:1000), for 1 hour
236 at room temperature. The antibodies used for immune cell staining are listed in Supplementary
237  Table 2. For immune cell staining, Anti-Ly6C was used to immunostain monocytes, neutrophils,
238  or granulocytes; anti-CD11b for monocytes, macrophages, and dendritic cells; anti-CD4 for

239  CD4" T-cells, and anti-F4/80 for macrophages. The secondary antibody, Alexa Fluor-conjugated
240 555 (1:1000), was used for visualization of immune cell infiltrates. Nucleus was stained with
241 DAPI (4',6-Diamidino-2-Phenylindole, Dihydrochloride) (Life Technologies) at a dilution of
242 1:1000 in blocking buffer.

243

244  Data analysis. All testing was done at the two-sided alpha level of 0.05. Data were analyzed for
245  statistical significance using the parametric two-tailed unpaired t-test Mann Whitney to compare
246  two groups (uninfected vs. infected) with Graph Pad Prism software, version 7.0 (GraphPad
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Software, US). Kaplan-Meier survival curves were analyzed by the Gehan-Breslow-Wilcoxon

test. p-values less than 0.05 were considered significant.
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371 Figure 1. Rectal inoculation of ZIKV in ifnarl”- male mice results in a non-lethal, self-

372 limiting infection with viremia. (A) Schematic showing the infection timeline for PBS

373 (uninfected) and ZIKV infected groups. (B) Kaplan-Meier survival plot shows percent survival
374  of ifnarl” male mice post-rectal inoculation with PBS (n=5) or ZIKV (n=6). (C) Body weight
375  change, represented as a percentage, of male mice post-rectal inoculation. Error bars represent
376  the standard deviation (SD). (D) Viremia in uninfected and infected mice at 3, 7, and 21 dpi.
377  Individual mice are represented by circles (PBS) or diamonds (ZIKV), with means represented
378 by black lines. Two-tailed unpaired, non-parametric Mann-Whitney tests were conducted, where
379  *p <0.05 and **p<0.001. ns, non-significant.
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383  Figure 2. Tissue viral load following rectal and subcutaneous routes of ZIKV inoculation.
384  Graphs depict ZIKV genome copies detected by RT-gPCR in various tissues at 3 dpi (A), 7 dpi
385 (B), and 21 dpi (C). Each symbol corresponds to data from an individual mouse. n=5-6 mice per
386  group. (D) Viral load in the spleen and brain at 6 days post-subcutaneous infection with ZIKV.
387  n=4 mice per group. Two-tailed unpaired, non-parametric Mann-Whitney tests were conducted,
388  where *p <0.05 and **p<0.001.
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Figure 3. ZIKV induces splenomegaly and infiltration of inflammatory cells in spleen after
rectal route of infection. (A) Graph shows spleen weight at 7 and 21 days post-rectal
inoculation. (B) Gross image of spleens from PBS and ZIKV infected mice at 7 dpi. (C)
Inflammatory and immune cellular infiltrates in the spleen of PBS and ZIKV inoculated mice at
7 dpi. Panels depict spleen tissue immunostained with anti-Ly6C, anti-CD11b, and anti-CD4. (D)
Spleen tissue immunostained for ZIKV antigen NS4B. Anti-F4/80 was used to detect
macrophages in the spleen. Merged images show viral antigen within the cytoplasm of F4/80*
macrophages in the red pulp of the spleen. Nuclei was stained with DAPI. Scale bar, 25 um. The
images (20X) are representative of 5-6 different animals for PBS and ZIKV groups.
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Figure 4. Tissue expression of inflammation-related genes at 7 days post-rectal inoculation
with ZIKV. Expression of inflammation-related genes in the rectum, testes, seminal vesicles,
brain, and spleen at 7 dpi. Total RNA was extracted from tissue and relative mRNA levels of
ICAML1 (A), IL-6 (B), TNF-a (C), and OAS1 (D) were determined by RT-qPCR and normalized
to GAPDH. The basal mRNA level in tissue from the PBS-inoculated group was normalized to 1
for each tissue type and the fold change relative to basal is shown. (E) Levels of ICAM1 and IL-
6 in the brain of mice subcutaneously infected with ZIKV at 6 dpi.
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470  Supplementary Table 1. RT-qPCR primer sequences

Primer Forward primer Reverse primer

ZIKV | AAGTACACATACCAAAACAAAGTGGT | TCCGCTCCCCCTTTGGTCTTG

ICAM1 | GTTCTCTAATGTCTCCGAGGC CTTCAGAGGCAGGAAACAGG
IL-6 | CAAAGCCAGAGTCCTTCAGAG GTCCTTAGCCACTCCTTCTG
TNFa | CTTCTGTCTACTGAACTTCGGG CAGGCTTGTCACTCGAATTTTG
OAS1 | AGAGATGCTTCCAAGGTGC ACTGATCCTCAAAGCTGGTG
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Supplementary Table 2. Reagents or resources used in this study

Reagent | Source | Identifier

Cell lines

Aedes albopictus mosquito, ATCC CRL-1660

clone C6/36

Vero, African green monkey ATCC CCL-81
Virus
PRVABC59 | CDC | Drs. Aaron Brault and Brandy Russell
Antibodies
Anti-mouse F4/80, BM8 eBioscience Catalog No: 14-4801-81
Anti-mouse CD4, clone OX-38 BD Biosciences Catalog No: 550297
Anti-mouse Ly6C, clone HK1.4 Biolegend Catalog No: 128012
Zika virus NS4B protein GeneTex Catalog No: GTX133311

antibody, rabbit polyclonal

Goat anti-rabbit Alexa Flour-
488

ThermoFisher Scientific

Catalog No: A-11008

Goat anti-mouse Alexa Flour-
555

ThermoFisher Scientific

Catalog No: A32727

Reagents

QIlAamp Viral RNA Mini Kit

Qiagen

Catalog No: 52904

Platinum SYBR Green gPCR

SuperMix-UDG w/ Rox

ThermoFisher Scientific

Catalog No: 11744500
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498  Supplementary Figure 1. Subcutaneous infection with ZIKV causes weight loss, posterior
499  hind limb paralysis, and mortality in ifnarl”- mice. Related to Figure 1. (A) Kaplan-Meier
500 survival plot and (B) body weight change of PBS and ZIKV-infected mice via subcutaneous

501 route. (C) A mouse (right) in the infected group shows hind limb posterior paralysis at 6 dpi. (D)
502  Viremiaat 3 and 6 dpi. Two-tailed unpaired, non-parametric Mann-Whitney tests were

503  conducted, where *p <0.05 and **p<0.001.

504  Supplementary Figure 2. ZIKV burden at 14 days post-rectal inoculation of 12-week-old
505 male mice. Related to Figures 1 and 2. (A) Kaplan-Meier survival plot of PBS (n=3) and ZIKV
506 (n=4) infected groups. (B) Graph presents percent body weight change at various timepoints
507  post-rectal inoculation. (C) Viremia in PBS and ZIKV-infected mice at 14 dpi. (D) Tissue viral
508 load at 14 dpi. Each symbol corresponds to data from an individual mouse. Two-tailed unpaired,
509  student t-tests were conducted, where *p <0.05 and **p<0.001**.

510 Supplementary Figure 3. ZIKV antigens were not present in immune cells of the spleen.
511 Related to Figure 3C. Uninfected and ZIKV infected spleen tissue at 7 dpi were co-

512  immunostained with ZIKV NS4B and anti-CD4 (A), anti-Ly6C (B), or anti-CD11b (C). Nuclei
513  was stained with DAPI. Scale bar, 25 um. The images (20X) are representative of 5 different
514  mice for PBS and 6 mice for the ZIKV infected group.

515  Supplementary Figure 4. ZIKV antigens localize with splenic macrophages within the red
516  pulp of the spleen after rectal route of infection. Related to Figure 3D. Uninfected and ZIKV
517 infected spleen at 7 dpi were immunostained for ZIKV protein NS4B and macrophages using
518  anti-F4/80 antibody. Merged images show ZIKV antigens present in the cytoplasm of F4/80*
519  macrophages within the red pulp (RP) of the spleen. White pulp, WP. Nuclei was stained with
520 DAPI. Scale bar, 100 um. The images (4X) are representative of 5 different mice for PBS and 6
521  mice for the ZIKV infected group.
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