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Development of an Immunofluorescence Method
for the Detection of Antibodies to Ebola Virus
Subtype Reston by the Use of Recombinant
Nucleoprotein-Expressing HelLa Cells
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Abstract: An indirect immunofluorescent assay (IFA) to detect Ebola virus subtype Reston (EBO-R) anti-
bodies was developed by the use of a2 HeLa cell line stably expressing EBO-R nucleoprotein (NP). This TFA
has a high specificity for the detection of EBO-R IgG antibodies in both hyperimmune rabbit sera and mon-
key sera collected during an EBO-R ouibreak in the Philippines in 1996, Furthermeore, this IFA showed a
higher sensitivity for the detection of EBO-R antibodies than did the IFA using HeLa cells expressing the
NP of Ebola virus subtype Zaire, These results suggest that this new IFA is useful for seroepidemiological

studies of EBO-R infection among monkeys.

" Key words: Ebola virus subtype Reston, IFA, Cynomolgus macaque, Recombinant nucleoprotein

Ebola virus is divided into 4 subtypes: Ebola sub-
type Zaire (EBO-Z), subtype Sudan (EBO-S), subtype
Ivory-Coast (EBO-IC), and subtype Reston (EBO-R)
{6, 7). All the Ebola subtypes except EBO-R are report-
ed to be highly pathogenic to human and nonhuman
primates (13, 23, 24). EBO-R infection has caused high
mortality among cynomolgus monkeys originating in
the Philippines, but only asymptomatic EBO-R infections
have been reported in humans (3, 4, 15, 25). Severai
EBO-R outbreaks were reported among monkey colonies
imported from the Philippines to the United States and
Ttaly (24, 8, 10, 17, 25). However, the natural reservoir
of EBO-R and the prevalence of antibodies to EBO-R
among wild monkeys are not yet known.

An indirect immunofiuorescent assay (IFA) using
virus-infected Vero cells has been widely used for the
detection of antibodies to Ebola viruses (1, 4, 11, 21, 22,
24). However, the specificity of the IFA became the
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_subject of discussion when some populations, including

human and nonhuman primates, with no history of Ebola
virus infection showed low IFA titers to filoviruses (1,
3-5, 11, 22). We previously developed an IFA using
HelLa cells expressing the recombinant muclecprotein
(rNP) of EBO-Z and demonstrated that this assay had a
high sensitivity and specificity for the detection of anti-
bodies to Ebola virus in human sera (18). In the present
study, we established another IFA using HeLa cells sta-
bly expressing EBO-R NP and compared the sensitivi-
ty to EBO-R antibodies of these two IFA. We found that
the IFA using the EBO-R NP had higher sensitivity to
EBO-R antibodies than the IFA using the EBO-Z NP
did.

We constructed the recombinant plasmids, pKS336-

Abbreviations: CMV-IE, cytomegalovirus immediate-early;
EBO-IC, Ebola virus subtype Ivory Coast; EBO-R, Ebola vims
subtype Reston; EBO-S, Ebola virus subtype Sudan; EBO-Z,
Ebola virus subtype Zaire; ELISA, enzyme-linked immunosorbent
assay; FITC, fluorescein isothiocyanate; GST, glutathione S-
transferase; IFA, indirect immunofluorescent assay; NP, nucleo-
protein; ORF, open reading frame; PBS, phosphate-buffered
saline; NP, recombinant nucleoprotein,
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EBO-R-NP and pKS336-EBO-Z-NP, for the expression
of EBO-R NP and EBO-Z NP, respectively. The entire
DNA of the nucleoprotein (NP) open reading frame
(ORF) of EBO-R was amplified from the ¢cDNA of
EBO-R (9) (DDBJ accession no. AB050936) by PCR
using the primers EBO(R) NP/F (5-AGG GGA TCC
CGA TAT GGA TCG TGG GAC-3, the BamHI restric-
tion site is underlined) and EBO(R) NP/R (5-TGG GAT
CCG GTT ACT GAT GGT GCT GC-3'; the BamHI
restriction site is underlined). The amplification condi-
tions were as follows: 2 cycles of denaturation at 94 C for
1 min, annealing at 40 C for 1.5 min, annealing at 55 C
for 1.5 min, and extension at 72 C for 3 min. This was
followed by an additional 15 cycles of denaturation at 94
C for 1 min, annealing at 55 C for 3 min, and extension
at 72 C for 3 min; and a final extension at 72 C for 5 min.
The PCR product was then purified and cloned into a
pGEM-Teasy vector (Promega, Madison, U.S.A.) to
generate pTe-EBO-R-NP. The insert was confirmed to
have the identical nucleotide sequence as the original.
The pTe-EBO-R-NP and the plasmid carrying the entire
NP ORF of EBO-Z, pAcYMICMV-EBO-NP (18), were
digested with BamHI. The NP ORF of EBO-R and that
of EBO-Z were then purified and subcloned into the
BamHI site of the expression vector, pKS336 (20), which
expresses a foreign gene under the control of the EF-BOS
promoter (16). The pKS336 plasmids carrying the NP
ORF of EBO-R and that of EBO-Z were designated as
pKS$336-EBO-R-NP and pKS336-EBO-Z-NP, respec-
tively.

Hela cells were then transfected with either pKS336-
EBO-R-NP or pKS336-EBO-Z-NP by the use of
FuGENE 6 Transfection Reagent (Roche Diagnostics,
Mannheim, Germany) and OPTI-MEM-I (Life Tech-
nologies, Rockville, Md., U.S.A)), according to the man-
ufacturer’s instructions. The HeLa cells transfected
with the respective plasmid were selected in Dulbec-
co’s minimum essential medium containing 2 pg/ml of
blasticidin-S-hydrochloride (Sigma, St. Louis, Mo.,
U.S.A)), 5% heat-inactivated fetal bovine serum, and
kanamycin. The selected HeLa cells were confirmed to
express the EBO-R NP or the EBO-Z (NP by IFA.

The HeLa cells stably expressing EBO-R rNP or
EBO-Z rNP were trypsinized, washed with PBS, spotted
on l14-well Teflon-coated slide glasses (Cat. No.
JL926101, AR Brown Co., Ltd., Tokyo), air dried, and
fixed with acetone at room temperature for 5 min. The
slides were stored at —80 C until use, then thawed and
dried just before use. Serum samples were twofold seri-
ally diluted from 1:20, and 20 pl of each dilution was
spotted on the well of the slide and incubated under
humidified conditions at 37 C for 1 hr. After washing
with PBS, the slides were reacted with fluorescein iso-

thiocyanate (FITC)-conjugated goat antihuman IgG anti-
body (Cat. No. 62-7111, Zymed Laboratories Inc.,
Calif., U.S.A.) or FITC-conjugated goat antirabbit IgG
(Cat. No. 62-6111, Zymed Laboratories Inc.) at a dilution
of 1:100. The slides were washed with PBS and exam-
ined for the staining pattern under a fluorescent micro-
scope. The antibody titer in the IFA was determined as
the reciprocal of the highest dilution showing positive
staining.

We prepared two types of EBO-R rNPs, His-EBO-R-
NP and glutathione S-transferase-tagged partial rNP of
EBO-R (GST-EBO-R-ANP), for the immunization of
rabbits. The pQE31 plasmid (QIAGEN, Hilden, Ger-
many) was digested with EcoRI and Sa/l. Then, the
flashed 88-bp insert was subcloned into the blunt-ended
BamHI site of pAcYMI (14) to generate pAcYMI1-
QE31. The pTe-EBO-R-NP digested with BamFI was
subcloned into the BamHI site of pAcYMI1-QE31 to
generate pAc-His-EBO-R-NP. Then, the His-EBO-R-NP
was expressed in Tn5 cells by the transfection with the
recombinant baculovirus (Ac-His-EBO-R-NP), as report-
ed previously (19). The GST-EBO-R-ANP was made as
follows. A partial EBO-R NP gene corresponding to the
C-terminal half (amino acid 360 to 739) was amplified
from the cDNA of EBO-R by PCR using the primers,
EBO(R)NPSF (5-GCT GGA TCC AGA GAA CTC
GAC AGC CT-%, the BamH1 restriction site is under-
lined) and EBO(R)NP8R (5-GTG GAA TTC TTA CTG
ATG GTG CTG CAA-3', the EcoRI restriction site is
underlined). The PCR fragment was subcloned into a
pGEX-2T vector (Amersham Pharmacia Biotech, Little
Chalfont, UK.). Then, the GST-EBO-R-ANP was
expressed in £. coli (BL-21 strain).

Three rabbits were immunized with the His-EBO-R-
NP or the GST-EBO-R-ANP 4 times using IMJECT-
ALUM (Pierce, Rockford, 111., U.S.A). Sera were col-
lected from these rabbits, and used in the study. We used
16 cynomolgus monkey serum specimens collected in the
monkey export and breeding facility (Facility A) in the
Philippines that had experienced an Ebola Reston out-
break in 1996 (15). We also used 96 cynomolgus mon-
key serum specimens collected in another monkey breed-
ing facility {Facility B) in the Philippines where no
Ebola outbreak had been documented.

In the IFA, the HeLa cells expressing EBO-R rNP
showed a unique pattern after staining with the EBO-R-
antibody positive sera from rabbit and monkey, while
those stained with normal sera and normal HeLa cells
stained with the EBO-R-antibody positive sera did not
show such a pattern (Fig. 1).

We examined the reactivity of serum samples from 3
rabbits immunized with the EBO-R NP and from 16
monkeys in Facility A by IFA using the HeLa cells
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Fig. 1. The specific staining patterns of HeLa cells expressing EBO-R NP in the IFA. [FA staining patterns of HeLa cells expressing
EBO-R NP with anti-EBO-R NP rabbit seram No. 1 (A), EBO-R infected monkey serum (No. 2408) from Facility A (B), normal rab-
bit serum (C) and EBO-R uninfected monkey serum from Facility B (D), and those of normal HeLa cells with anti-EBO-R NP rabbit
serum No. 1 (E) and EBO-R infected monkey serum (No. 2408) (F). Each serum was tested at the dilution of 1:160.

expressing EBO-R rNP and EBO-Z NP (Table 1). None
of the 96 monkey serum samples collected in Facility B,
where no Ebola outbreak had been reported, reacted
with EBQ-Z NP or EBO-R fNP. On the other hand, all
sera showed positive staining with both HeLa cells
expressing EBO-R tNP and EBO-Z rNP. However, the

antibody titers determined by the two cell lines were
different. All 3 rabbit sera and 12 of the 16 monkey sera
had titers equal to or greater than 1,280 in the IFA using
EBO-R 1NP. Two of the 3 rabbit sera and 7 of the 16
monkey sera had antibody titers equal to or greater than
1,280 in the IFA using EBO-Z NP. One of the 3 rabbit
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Table 1. EBO-R antibody titers obtained by the IFA using HeLa cells expressing
EBO-R NP and those expressing EBO-Z NP

Serum Antibody titers to Ratio of
specimens EBO-R NP EBO-Z NP the titers”
I: EBO-R rNP-immunized rabbits
Normal” <20 <20 ND®
No. 1? 10,240 10,240 1
No. 27 2,560 320 8
No. 3¢ 1,280 1,280 1
II: Monkeys in Facility A during the EBO-R outbreak
in the Philippines® '
No. 2408 10,240 1,280 8
No. 2194 5,120 2,560 2
No. 2713 5,120 1,280 4
No. 2195 2,560 1,280 2
No. 2696 2,560 2,560 1
No. 2669 2,560 640 4
No. 2404 1,280 640 2
No. 2180 1,280 160 8
No. 2189 1,280 1,280 1
No. 2739 1,280 1,280 1
No. 2921 1,280 320 4
No. 2728 1,280 320 4
No. 2191 640 640 1
No. 2190 160 160 1
No. 2693 160 20 8
No. 2181 30 40 2
HI: Monkeys in Facility B in the Philippines?
Nos. 1-96 <20 <20 ND

 Serum from a normal rabbit,

% Serum from a rabbit immunized with GST-EBO-R-ANP {C-terminal half:

AA360to 739).

@ Sera from rabbits immunized with His-EBO-R-NP.
@ Sera from monkeys that had been confirmed to have EBO-R-specific antibod-

ies.'?

* Ninety-six monkey sera from Facility B where no EBO-R outbreaks occurred.
A Caleulated by the formula: Antibody titers obtained with EBO-R rNP/those

obtained with EBO-Z rNP.
9 Not dene.

sera and 11 of the 16 (69%) monkey sera showed high-
er antibody titers with EBO-R NP than with EBO-Z rNP
in the IFA.

IFA using Ebola virus-infected cells has been mainly
used for detecting antibodies to Ebola virus. This IFA,
however, has often been demonstrated to show low
specificity (1, 3-5, 11, 21). Alternatively, enzyme-
linked immunosorbent assay (ELISA) has been used as
a reliable method for investigating the Ebola antibody
prevalence (12). In the present study, we developed an
immunofluorescent assay using HeLa cells stably express-
ing EBO-R tNP. We then demonstrated a unique stain-
ing pattern, using sera from EBO-R fNP-immunized
rabbits and from the monkeys in the breeding facility
where several EBO-R outbreaks had occurred in the

Philippines. On the other hand, 96 monkey serum sam-
ples from another facility where no Ebola outbreak had
ever occurred did not react with EBO-R NP in the [FA,
This indicates that the IFA using Hela cells expressing
EBO-R NP or EBO-Z rNP has high specificity for
monkey sera. This IFA has a number of advantages
over the IFA using Ebola virus-infected cells because
these cell lines can be prepared and used safely in the lab-
oratories without biosafety level-4 facilities.

We recently demonstrated that the IFA using HeLa
cells expressing EBO-Z rNP showed high sensitivity
and specificity to convalescent human sera from patients
infected with EBO-Z (18). In the IFA, the expression
pattern and the sensitivity of EBO-Z NP expressed by
the EF-BOS promoter in HeLa cells were virtually the

- 14 —



NOTES 637

same as those expressed by the cytomegalovirus imme-
diate-carly (CMV-IE) promoter, previously reported by
Sajjo et al. (18) (data not shown). Therefore the IFA
using HeLa cells expressing EBO-Z fNP by the EF-
BOS promoter is thought to have a sensitivity as high as
the TFA using CMV-IE.

The 16 sera collected from monkeys during the EBO-
R outbreak in the Philippines in 1996 reacted with both
EBO-R NP and EBO-Z rNP in the IFA. However, 11 of
these sera showed higher reactivity with EBO-R NP than
with EBO-Z INP. Therefore the IFA using the HeLa
cells expressing EBO-R NP is more suitable than the
IFA using EBO-Z NP for detecting EBO-R-specific
antibodies in monkeys. The new IFA using EBO-R
NP has a high sensitivity and specificity and is useful for
the seroepidemiological study of EBO-R infection among
wild monkeys.
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