1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Infect Dis. Author manuscript; available in PMC 2019 May 15.

-, HHS Public Access
«

Published in final edited form as:
J Infect Dis. 2019 May 05; 219(11): 1716-1721. doi:10.1093/infdis/jiy733.

Antibody-Mediated Virus Neutralization Is Not a Universal
Mechanism of Marburg, Ebola, or Sosuga Virus Clearance in
Egyptian Rousette Bats

Amy J. Schuhl3, Brian R. Amman?, Tara K. Sealyl, Markus H. Kainulainen?, Ayan K.
Chakrabartil, Lisa W. Guerrerol, Stuart T. Nicholl, Cesar G. Albarinol, and Jonathan S.
Townerl:?2

lviral Special Pathogens Branch, Division of High-Consequence Pathogens and Pathology,
Centers for Disease Control and Prevention, Atlanta 2Department of Pathology, College of
Veterinary Medicine, University of Georgia, Athens, Georgia 3Commissioned Corps, US Public
Health Service, Rockville, Maryland

Abstract

Although bats are increasingly being recognized as natural reservoir hosts of emerging zoonotic
viruses, little is known about how they control and clear virus infection in the absence of clinical
disease. Here, we test >50 convalescent sera from Egyptian rousette bats (ERBs) experimentally
primed or prime-boosted with Marburg virus, Ebola virus, or Sosuga virus for the presence of
virus-specific neutralizing antibodies, using infectious reporter viruses. After serum neutralization
testing, we conclude that antibody-mediated virus neutralization does not contribute significantly
to the control and clearance of Marburg virus, Ebola virus, or Sosuga virus infection in ERBs.
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The order Mononegavirales is the taxonomic home of numerous zoonotic viruses, including
filoviruses and paramyxoviruses. The Egyptian rousette bat (ERB; Rousettus aegyptiacus) is
a natural reservoir host of Marburg virus (MARV; family Filoviridae, genus Marburgvirus)
[1], a putative natural reservoir host of Sosuga virus (SOSV; family Paramyxoviridae,
unclassified rubulavirus-like virus) [2], and a dead-end host of Ebola virus (EBOV; family
Filoviridae, genus Ebolavirus) [3, 4]. Although ERBs infected with any one of these viruses
exhibit no signs of clinical illness, humans often develop severe disease after infection.
Shortly following experimental inoculation of ERBs with MARV [5-7] or SOSV (authors’
unpublished data), the bats develop viremia and exhibit high viral loads in multiple tissue
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specimens, oral swab specimens, rectal swab specimens, and urine specimens. In contrast,
ERBs experimentally infected with EBOV exhibit low viral loads in a limited number of
tissue specimens and fail to develop viremia or detectable viral shedding [3, 4]. Despite
these differences in viral infection dynamics, bats infected with any one of these viruses
develop virus-specific immunoglobulin G (IgG) antibody levels that begin to rise around 10
days after infection and peak between 14 and 28 days after infection [3, 5-7]. For MARV
[5-7] and SOSV, the end of viral shedding typically coincides with peak virus-specific 1gG
antibody levels.

The long-term dynamics of the virus-specific IgG antibody response and the outcomes of
reexposure to the virus have been investigated in ERBs infected with MARV only. Schuh et
al [7] demonstrated that, once bats attain peak virus-specific 1gG antibody levels following
experimental or “natural” infection with MARYV, the antibody levels rapidly decline and fall
below the threshold of seropositivity by 3 months after infection. After both groups of these
seronegative bats were experimentally challenged with homologous virus 17-24 months
later, they developed robust secondary immune responses by 7 days after infection, in the
absence of detectable virus replication or shedding, suggesting that primary infection
induces long-term protective immunity against reinfection with a homologous virus [8].
Storm et al [9] showed MARV-specific 1gG antibodies were still detectable in the majority
of experimentally infected ERBs 4 months after infection and in naturally infected bats 11
months after initial capture. Following experimental challenge of the latter group of bats
with a heterologous strain of MARV, some of the bats had detectable viral RNA in the blood,
and 1 bat had a MARV-positive nasal swab specimen. However, the bats developed
secondary MARV-specific immune responses by 5 days after infection, and virus was not
detected in any tissues that might lead to shedding and transmission, such as the salivary
glands, intestine, reproductive tract, and bladder. This suggests that, although MARV 1gG
antibodies were not completely protective against reinfection with a heterologous MARV
strain, they may have prevented widespread viral dissemination to tissues and shedding.

While ERBs are able to effectively control and clear MARV, SOSV, or EBOV infection, it is
unclear whether these events are mediated by the neutralizing ability of virus-specific 1gG
antibodies. Paweska et al [5], showed that 33% of ERBs inoculated with MARV possessed
low levels of neutralizing antibodies (titers of 1:4 to 1:8) 21 days after infection; however; it
is possible that viral neutralization activity increases later during convalescence or after a
secondary MARV exposure. Although Storm et al [9] demonstrated that pooled sera from
wild-caught, MARV-seropositive ERBs was able to minimally reduce the titer of a locally
circulating strain of MARYV, from 7.2 to 6.2 log1g 50% tissue culture infective doses/mL,
pooling of the sera precluded examination of individual heterogeneities in virus
neutralization ability and the ability to determine whether virus neutralization is a prominent
feature of virus clearance at the population level. In this study, we tested >50 convalescent
sera collected from ERBs that had been experimentally primed or prime-boosted with
MARYV, EBOV, or SOSV for the presence of virus-specific neutralizing antibodies, using
homologous infectious reporter viruses.
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All neutralization assays were performed in a biosafety level 4 laboratory at the Centers for
Disease Control and Prevention, and all filovirus work was performed in compliance with
Select Agent Regulations (Animal and Plant Health Inspection Service and Centers for
Disease Control 2014).

Informed Consent

Sera

Viruses

Informed consent and approval by the institutional review board were obtained prior to using
the SOSV convalescent human sera.

We prescreened convalescent and naive plasma/sera specimens, as well as the MR201
MARV monoclonal antibody [10], to identify appropriate positive and negative controls for
subsequent virus-specific neutralizing assays (Table 1). Convalescent ERB plasma/sera
specimens (the majority of which had high IgG antibody levels) from previous experimental
virus infection studies were used as test samples (Table 1). Briefly, MARV convalescent bat
plasma/sera specimens were generated in 3 ways. Bats in group 1 were experimentally
primed with MARYV and experimentally boosted with homologous virus 22 months later, and
convalescent plasma specimens were collected 3 weeks later [7, 8]. ERBs in group 2 were
“naturally” infected with MARV in a laboratory environment through contact with infectious
bats and experimentally boosted with homologous virus 15 months later, and convalescent
plasma specimens were collected 3 weeks later [7, 8]. Bats in group 3 were experimentally
primed with MARV and experimentally boosted with homologous virus 2 months later, and
convalescent sera were collected 3 weeks later. EBOV convalescent bat sera were generated
by experimentally priming ERBs with EBOV, boosting them with homologous virus 2
months later, and collecting antisera 3 weeks later. SOSV convalescent bat sera were
generated by experimentally inoculating ERBs with SOSV and collecting antisera 3 weeks
later. The group 3 MARV convalescent bat sera and the EBOV convalescent bat sera were
generated as part of an unpublished study evaluating the level of serological cross-reactivity
between filovirus-specific bat antisera and heterologous filovirus antigen, while the SOSV
convalescent sera originated from an unpublished experimental infection study designed to
assess if the ERB is a competent natural reservoir host for SOSV.

The following replication-competent, infectious recombinant (r) viruses that express the
fluorescent ZsGreenl (ZsG) protein in infected cells were used in the experiments: rMARV-
ZsG (GenBank accession number MK271062; Huh7+2), rEBOV-ZsG (GenBank accession
number KR781609; Huh7+2), and rSOSV-ZsG (GenBank accession number MG880225;
BHK+3, Vero E6+3).
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100% Focus Reduction Neutralization Test (FRNT1q0)

Test and control sera were heat inactivated at 56°C for 30 minutes prior to testing. All sera
were screened for the presence of virus neutralizing antibodies, using a FRNTqgq. Two-fold
serial dilutions of the sera, ranging from 1:8 to >1:128 (from 325 to 20 pg/mL for MR201),
were prepared in dilution medium (FlouroBrite Dulbecco’s modified Eagle’s medium
[DMEM] containing penicillin/streptomycin and GlutaMAX). Each serum dilution series
was mixed with an equal volume of dilution medium (100 pL) containing 150 TCIDg/20 pL
of virus and then incubated on a plate rocker for 1 hour at 37°C. All serum dilution series
included serum, virus, and reagent controls. Following incubation, 40 uL of each serum-
virus mixture was inoculated in quadruplicate onto monolayers of 95% confluent Vero E6
cells in 96-well clear-bottomed black plates containing maintenance medium (FlouroBrite
DMEM supplemented with 5% heat-inactivated fetal bovine serum [HI-FBS], penicillin/
streptomycin, and GlutaMAX). Plates were then incubated at 37°C in 5% CO, (duration, 2
days for SOSV, 3 days for EBOV, and 4 days for MARV). Following incubation, plates were
viewed under a fluorescence microscope, and each well was scored for the presence,
reduction, or absence of virus, as indicated by cells containing green foci. The FRNT 9o was
defined as the reciprocal of the highest serum dilution for which the average virus infectivity
was reduced by 100% when compared to the corresponding virus control wells.

FRNT5q

Test sera and relevant controls that exhibited FRNTqgg values =8 or a dilution effect were
tested by FRNT5q. One set of 2-fold serial dilutions of the serum samples, ranging from 1:8
to =1:2048 (from 325 to 1 ug/mL for MR201), was prepared in dilution medium, while the
second set was prepared in dilution medium containing 5% guinea pig complement (GPC).
Each serum dilution series was mixed with an equal volume of dilution medium (100 pL)
containing 125-164 TCIDs5p/20 UL of virus and then incubated on a plate rocker for 1 hour
at 37°C. Following incubation, 40 pL of each serum-virus mixture and controls were
inoculated in quadruplicate onto monolayers of 95% confluent Vero E6 cells in 96-well
black-bottomed plates. After the plates were incubated on a plate rocker for 1 hour at 37°C,
the virussera mixtures were removed, the cell monolayers were washed once with PBS, and
250 pL of carboxymethyl cellulose agar (1:1 mixture of 3% carboxymethyl cellulose sodium
salt to 2X MEM supplemented with 8% HI-FBS, penicillin/streptomycin, and sodium
pyruvate) was added to the wells. Plates were then incubated at 37°C in 5% CO» (duration, 2
days for SOSV and 4 days each for EBOV and MARV). The BioTek Cytation 3 Cell
Imaging Multi-Mode Reader imaged and counted the number of green foci in each well. The
FRNT5q was defined as the reciprocal of the highest serum dilution for which the average
virus infectivity was reduced by 50% when compared to the corresponding virus control
wells.

RESULTS

The MARV FRNT g value of MR201 was >325 pg/mL (>32.5 pg); however, it exhibited a
visual reduction in the number of viral foci at higher antibody concentrations (dilution

effect) and was selected as the positive control for subsequent MARV neutralization assays.
Two naive ERB plasma specimens (726415 and 725904) exhibited MARV FRNT g values
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<8 and were selected as negative controls for subsequent testing. All 30 MARV convalescent
ERB plasma/sera specimens from groups 1-3 exhibited MARV FRNT g values <8;
however, 1 plasma specimen from group 1 (685734) exhibited a dilution effect at lower
plasma concentrations and was subjected to further testing. The MARV FRNT5q values for
685734 and the negative controls (726415 and 725904) were <8 (with and without GPC).
Consistent with previous results [10], the MARV FRNT5q values of the MR201 positive
control were 325 ug/mL (32.5 pg; with and without GPC).

The EBOV convalescent nonhuman primate (NHP) pooled sera (703547; EBOV FRNT g =
16) and the naive NHP pooled sera (703694; EBOV FRNT g <8) were selected as the
positive and negative controls, respectively, for subsequent testing. All 20 EBOV
convalescent ERB sera exhibited EBOV FRNT g values <8; however, 4 sera (214838,
546240, 691073, and 721253) exhibited dilution effects at lower serum dilutions and were
selected for further testing. The EBOV FRNT5q values with and without GPC for all 4 of
these EBOV convalescent ERB sera, as well as the naive NHP pooled sera negative control
(703694), were <8. As previously shown [11], the EBOV convalescent NHP pooled sera
positive control (703547) was able to neutralize EBOV infectivity (FRNT5q = 16, and
FRNTs5o with GPC = 128).

Initial screening of the SOSV convalescent human serum (SOSV FRNT1gg = 800) and 2
naive ERB plasma specimens (726415 and 725904; SOSV FRNT g <8) confirmed their
selection as the positive and negative controls, respectively. All 3 SOSV convalescent ERB
plasma specimens exhibited SOSV FRNTqq values <8; however, 2 plasma specimens
(289953 and 290040) exhibited dilution effects at lower plasma dilutions. Further testing of
these 2 samples revealed they were only able to neutralize SOSV in the presence of GPC
(289953: FRNT5q <8, and FRNT5p with GPC = 16; 290040: FRNT5g <8, and FRNT5g with
GPC = 32). The SOSV convalescent human serum positive control (FRNTgq = 8192, and
FRNT5q with GPC = 32 768) and the 2 naive ERB plasma negative controls (726415 and
725904; FRNTs5g <8 with and without GPC) performed as expected.

DISCUSSION

In this study, we systematically tested the ability of >50 MARV, EBQV, and SOSV
convalescent ERB sera to neutralize live homologous virus. Our results demonstrate that the
effective control and clearance of these viruses by ERBs does not appear to be mediated by
virus-specific neutralizing antibodies. However, testing of additional SOSV convalescent
sera from ERBs, including samples collected later in convalescence and after secondary viral
exposure, is needed to firmly rule out antibody-mediated virus neutralization as a
mechanism for SOSV control. Nevertheless, the results of this study suggest that ERBs may
rely on other antibody-mediated functions (ie, phagocytosis or antibody-dependent cellular
cytotoxicity) and/or the innate immune response to modulate infection with these viruses
that are otherwise pathogenic to humans. A recent analysis of the ERB genome uncovered
expanded and diversified natural killer cell receptor families, major histocompatibility
complex class | genes, and type I interferons, and a theoretical functional analysis of these
genes suggested that they might allow bats to tolerate viral infection in the absence of
clinically apparent disease [12].
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schuh et al.

Page 6

Acknowledgments.

We thank Andrew Flyak and James Crowe at Vanderbilt University for donating an aliquot of the MR201 MARV
monoclonal antibody. A. J. S., M. H. K., and J. S. T. conceived and designed the experiments. A.J. S.,, B.R. A, T.
K.S, M. H. K, A K.C.,,L.W. G, and C. G. A. performed the experiments. A. J. S. analyzed the data. A. J. S., S.

T.

N., and J. S. T. wrote the manuscript.

Disclaimer. The findings and conclusions in this report are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.

Financial support. This work was supported by the Defense Threat Reduction Agency (grant HDTRA-14-1-0016,
subaward S-1340-03).

References

1.

Amman BR, Carroll SA, Reed ZD, et al. Seasonal pulses of Marburg virus circulation in juvenile
Rousettus aegyptiacus bats coincide with periods of increased risk of human infection. PLoS Pathog
2012; 8:1002877. [PubMed: 23055920]

. Amman BR, Albarifio CG, Bird BH, et al. A recently discovered pathogenic paramyxovirus, Sosuga

virus, is present in Rousettus aegyptiacus fruit bats at multiple locations in Uganda. J Wildl Dis
2015; 51:774-9. [PubMed: 25919464]

. Jones ME, Schuh AJ, Amman BR, et al. Experimental inoculation of Egyptian rousette bats

(Rousettus aegyptiacus) with viruses of the ebolavirus and marburgvirus genera. Viruses 2015;
7:3420-42. [PubMed: 26120867]

. Paweska JT, Storm N, Grobbelaar AA, Markotter W, Kemp A, Jansen van Vuren P. Experimental

inoculation of Egyptian fruit bats (Rousettus aegyptiacus) with Ebola virus. Viruses 2016; 8(2):29.
doi:10.3390/v8020029.

. Paweska JT, Jansen van Vuren P, Masumu J, et al. Virological and serological findings in Rousettus

aegyptiacus experimentally inoculated with vero cells-adapted hogan strain of Marburg virus. PL0oS
One 2012; 7:e45479. [PubMed: 23029039]

. Amman BR, Jones ME, Sealy TK, et al. Oral shedding of Marburg virus in experimentally infected

Egyptian fruit bats (Rousettus aegyptiacus). J Wildl Dis 2015; 51:113-24. [PubMed: 25375951]

. Schuh AJ, Amman BR, Jones ME, et al. Modelling filovirus maintenance in nature by experimental

transmission of Marburg virus between Egyptian rousette bats. Nat Commun 2017; 8:14446.
[PubMed: 28194016]

. Schuh AJ, Amman BR, Sealy TK, Spengler JR, Nichol ST, Towner JS. Egyptian rousette bats

maintain long-term protective immunity against Marburg virus infection despite diminished
antibody levels. Sci Rep 2017; 7:8763. [PubMed: 28821722]

. Storm N, Jansen Van Vuren P, Markotter W, Paweska JT. Antibody responses to Marburg virus in

Egyptian rousette bats and their role in protection against infection. Viruses 2018; 10(2):73. doi:
10.3390/v10020073.

10. Flyak Al, llinykh PA, Murin CD, et al. Mechanism of human antibody-mediated neutralization of

Marburg virus. Cell 2015; 160:893-903. [PubMed: 25723164]

11. Albarifio CG, Wiggleton Guerrero L, Lo MK, Nichol ST, Towner JS. Development of a reverse

genetics system to generate a recombinant Ebola virus Makona expressing a green fluorescent
protein. Virology 2015; 484:259-64. [PubMed: 26122472]

12. Pavlovich SS, Lovett SP, Koroleva G, et al. The Egyptian rousette genome reveals unexpected

features of bat antiviral immunity. Cell 2018; 173:1098-110 e18. [PubMed: 29706541]

J Infect Dis. Author manuscript; available in PMC 2019 May 15.



Page 7

Schuh et al.

an an 8> (26) ,enisod SoA M E oW RIBSIIUE NSV ¢ dnoub ‘gy3 Teceyy
an an 8> (vv) ,ennisod SBA Mg oW g BIBSHUE AYVIN € dnoub ‘gy3 196THY
an an 8> (v01) ,ennIS0d S3A M€ fow Z BIaSHUE AYVIN ¢ dnoub ‘gy3 v8ETYY
an an 8> (e8) ,anmsod SoA € fow eIBSIUR AYYIN ¢ dnoub ‘gy3 9,607
an an 8> (€r-) ,aneben S3A Mg oW g eIasHUe AYVIN € dnoub ‘gy3 ovv8EY
an an 8> (z6€) ,enmisod SoA MM € oz BIBSIUR AUV ¢ dnoub ‘gy3 sg18EY
an an 8> (Tee) jenmisod SBA M g oW g BIBSHUE AYVIN € dnoub ‘gy3 261612
an an 8> (63t) ,ennisod S3A Mg fow g elosnue AYVIN ¢ dnoub ‘gy3 088512
an an 8> (69) j2nmisod oN M € fow §T Bwse|dnue AV z dnoib ‘g3 208022
an an 8> (£z2) janmsod ON M € 0w GT ewsediue AYVIN Z dnoib ‘gy3 06789
an an 8> Ammdemz:woa ON M € ‘ow §T ewse|diue AYVIN z dnoub 'gy3 16€92L
an an 8> (192) jonmsod ON M € 0w GT ewse|diue AYVIN Z dnoib *gy3 ZvvieL
an an 8> (S91) ;@nmisod ON M € fow §T ewsediue AUV z dnouf ‘gy3 zz8v89
an an 8> (09) ;onmisod ON MM € ‘o 22 ewiseldnue AV T dnoJb ‘g3 9v1989
8> 8> 3a'e> (esc) jonmsod ON I € 0w zg ewiseldnUe AUV 1 dnoib ‘gu3 vEL589
an an 8> (6v) g®Wsod ON M € oW zZ ewse|dnue AYVIN 1 dnoub ‘gy3 G09YTZ
an an 8> (8v1) j2nmisod ON M € fow 2z Bwse|dnue AV T dnoib ‘g3 168589
an an 8> (82) ;onmsod ON M € fow 2z ewse|diue A4V T dnouf ‘gy3 19055
8> 8> 8> (T0-) , omeboN oN WN 2135 SAIEN gu3 v0652.
& 8> 8> (00T-) 5 goneboN ON VN ©J3s AN ay3 STY92L
Jwy/br gze Juy/bri Ggze  3Q w/brt Gze< an ON WN Apoanue AYVIN Apognue euojoouoN TOZHN
AntoSo anoqYV %) gUoNR110D o

OdO+%51INYd  %S1INMA

00T | Ny

HNsaY VS 113 108.1pu| 96|

poreIpe 1 |-lewwes adA] aidwres uiblio BInuep|

awi ] ‘15009 Joawl L

Author Manuscript

Author Manuscript

Apnis siyp ul pasn ssjdwes 1sa1 pue [0J1U0D Y JO S|Ie1ed
‘T alqeL

Author Manuscript Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2019 May 15.



Page 8

Schuh et al.

an an 8> (v2) ,enmisod SoA IM € fow Z elasue AOE3 ay3 80EYYY
an an 8> (081) ,3n1s0d e A E fow Z eiastiue AOE3 gy3 12zeyy
an an 8> (eLe) ,2nmisod SoA AME fow g elasnue AOg3 a43 vOZTYY
an an 8> (ezy) ,@nmsod SaA M E fow g eiasiue AOG3 gu3 9g61ZY
an an 8> (eL2) jenmisod oA Mg fow g elBsHUR AOG3 g43 LEVBIE
an an 8> (v29)  2nmisod SoA M€ fow g elasue AOE3 gy3 90v02Z
8> 8> 3a 8> (229) j3nmsod e A E fow Z eiasue AOE3 gu3 8e8vTe
an an 8> (802) j,3nmisod SoA AM g fow g elasue AOG3 g43 SSLYTE
an an 8> (evz) ,2nmsod saA MM € ‘o Z elsiue AO83 gu3 £0LVTZ
8> 8> 8> pPNIEDN SN VN (pajood) eiss anreN dHN VB9E0L
8zt 91 9T (901/Wb1 4o) anmisod s3A umouuN (pajood) esasnue AOE3 dHN LVSE0L
an an 8> (582) ,anmisod soA M E 0w RIBSIUR AIVIN € dnoib ‘gu3 6592,
an an 8> (819) ,ennisod S3A Mg oW g BIBSHUE AYVIN € dnoub ‘gy3 Lv29zL
an an 8> (8T€) ,ennIsod SoA M € ‘0w 7 BIBSIUR AUV € dnoub ‘g3 1.662L
an an 8> (692) ,enmisod SBA M € oW g BIBSHUE AYVIN € dnoub ‘gy3 E€TET69
an an 8> (182) ,ennisod S3A Mg ow g eIosnUe AYVIN ¢ dnoub ‘gy3 680769
an an 8> (181) ,ennisod SoA AME fow g eIBSIUE NSV ¢ dnoub ‘gy3 21589
an an 8> (zLe) ,enmsod S3A Mg oW g BIBSHUE AYVIN € dnoub ‘gy3 008789
an an 8> (0ce) ,enmisod S3A M€ fow Z BIaSNUE AYVYIN ¢ dnoub ‘gy3 £66959
an an 8> (822) ,enmisod soA M E fow eIBSIUR AYVI € dnoib ‘gu3 ¥06259
an an 8> (e-) ,anneben S3A Mg ow g eIasHUE AYVIN ¢ dnoub ‘gy3 8ST.¥S
an an 8> (829) ,ennisod SoA AME ‘0w RIBSIIUE NSV ¢ dnoub ‘gy3 156975
an an 8> () ,enmisod SBA Mg oW g BIBSHUE AYVIN € dnoub ‘gy3 629ty
OdO+%INgd  %INYA 00T | NYS H_RMMMMMM\,MHU% o6 porelpe i |-;ewwes mem_w_mmm_om %:ﬁ adA1 ajdures uibLio Bynuep|

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2019 May 15.



Page 9

Schuh et al.

‘(eBuikei) a1esA| paseq-snoroajul >Om_m_h

“(veg epuebn 2G810.002) a¥esA| paseq-snonosjul NIV,

"U18104d08]ONU JUBUIGLIODS] >m_<_>_Q

*U01199(109 UBWIdadS elas/ewuse|d 01 1S00q SNIIA WOJY BWII Y} SBI0USP , UOI1I8]|02 JO BLUIl,, 1S00d SNIIA 0] 8InsOdXa SNIIA [21IUI WO SWI) 8Y) S810USP ,1S00( JO swiL.,,

'snJIA ebnsos
‘ASOS ‘a1ewnd uewnyuou ‘qHN ‘auop 1ou ‘aN ‘ajqeaijdde Jou ‘wN ‘snin Bingei ‘AYVIN S ulingojBounwiwi ‘B ‘9 ulpngojfounwwi ‘96| uawajdwod Bid eauinb ‘Ddo ‘181 uonezifesinau uoronpal
SN0y} 960G ‘091 NY ‘1581 UonezZIeINaU UOIINPal snaoy %00T ‘00T L NY4 ‘Aesse Jusgqiosounwiwl paxull-swAzus “vS|13 ‘Jeq anasnod uendAB3 ‘gy3 ‘sniia ejog3 ‘AQG3T ‘19848 uonnjIp ‘3@ :SUOeINBIqAY

2 8> 3a s> (0ze) ;onmisod ON AN E YN Bwse|dnue ASOS a3 0v0062
91 8> 3a ‘s> (g09) ;onmisod ON AME YN ewsediue ASOS gy3 £5668¢
an an 8> (ge) jenmsod ON I E YN ewse|diue ASOS ay3 8££682
8> 8> 8> (011-) ,2nreboN ON wN ewise|d aneN ay3 v0652.
8> 8> 8> (0eT-) jonebeN ON wN ewseld aneN ay3 STr9zL
89/ 7€ 2618 008 (961/WB1 yb1y) jenmsod ON umoudun BIBSIUE ASOS uewnH VN
an an 8> (6ar) ,2nmisod oA Mg fow g elBsHUR AOG3 g43 v1z9zL
8> 8> 308> (v92) nmsod s3A W € ‘ol 7 eisiue AO83 au3 ese1zL
an an 8> (82v) ,onmisod SOA Mg fow g elBsUR AOG3 g43 90TTZL
an an 8> (zev) nmisod SoA Mg fow g elasue AOE3 a43 80602L
8> 8> 3a 8> (922) j3nmsod e M E 0w 7 eiasue AOE3 ay3 £L0T69
an an 8> (z86) ,3nmisod oA Mg fow g elBsHUR AOG3 g43 £92989
an an 8> (1v5) ,PAmsod oA M € ‘0w g elasiue AOg3 gy3 S72959
an an 8> (82¢) ,nmisod e A E fow Z eiasiue AOE3 gy3 196259
an an 8> (6v€) ,PAmISOd SN Mg fow g elasiue AOg3 gy3 18815
8> 8> 308> (912) ,Prmsod soA I € ow g eIsHUE AOE3 ay3 0vZ9vs
an an 8> (915) ,2AmISOd oA Mg fow g elaslue AOE3 gy3 Srevvy
OdO+%INgd  %INYA 00T | NYS H_RMMMMMM\,MHU% o6 pajelpe 1 |Fewwes mem_w_mmm_om %:ﬁ adA1 ajdures uibLio Bynuep|

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2019 May 15.



Page 10

Schuh et al.

‘a)esA| paseg-snonoajul ASOS,

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Infect Dis. Author manuscript; available in PMC 2019 May 15.



	Abstract
	METHODS
	Biosafety
	Informed Consent
	Sera
	Viruses
	100% Focus Reduction Neutralization Test (FRNT100)
	FRNT50

	RESULTS
	DISCUSSION
	References
	Table 1.

