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The complete nuclectide sequences of the medium {M) segment of seven Chinese isolates of Crimean-Congo hemorrhagic
fever {CCHF) virus were determined. The M-segment RNA of CCHF virus comprises 5356-5377 nucleotides depending on
the isolate and encodes a protein comprising 1689-1697 amino acids in a viral compiementary sense. Phylogenetic analysis
of the M segment showed that the Chinese CCHF virus isolates were clustered into three groups, one of which was more
closely related to a Nigerian isolate. Pairwise comparigson of a precursor protein showed that amino-terminal regions
comprising 250 amino acids were extraordinary heterogeneous, with a 22 4% identity in amino acids being observed between
the most distantly related isolates. Since all the viruses were Isolated from 1966 to 1988 within a restricted area in the
Xinjiang Autonomous Region in western China, the results indicate that a muitisource virus population is endemic in this

region. @ 2002 Elsevier Science {USA)
Key Words: CCHF virus; China; M-RNA; sequence.’

INTRODUCTION

Crimean-Congo hemarrhagic fever (CCHF) virus is a
member of the genus Nairovirus in the family Bunyaviri-
dae and causes severe hemorrhagic fever in humans
resulting in a mortality rate of 10-50% (Gonzalez-Scarano
and Nathanson, 1996; Schwarz et a/, 1997). CCHF virus
is transmitted to humans by bites from Ixodid ticks,
especially the genus of Hyalomma. The virus is also
transmitted to humans either by direct contact with blood
or tissues from infected animais, mainly sheep, or by
patient's blood, vomit containing blood, or respiratory
secretions {Swanepoel et &/, 1985; Schwarz et a/,, 1998).
The latter human-to-human infection sometimes causes
nosocomial outbreaks of CCHF (Joubert et a/, 1985, Le
-Guenno, 1997). Outbreaks of CCHF have been docu-
mented in Africa, the Middle East, Eastern Europe, and
western Asia (Suleiman ef a/, 1980; Joubert et al, 1985;
Yen et al, 1085; Altaf et al, 1998; Khan et al, 1997,
Gonzalez et al,, 1990). In China, the disease is known to
be endemic in the Xinjiang Autonomous Region {Yen et
al., 1985).

Phylogenetic analysis based on the partial sequence
of the S RNA segment of CCHF virus isolates around the
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world demonstrated that the viruses can be subgrouped
into three genetic groups; however, there is no correla-
tion between genetic group and geographic origin of the

“viruges or year of virus isolation (Rodriguez et af, 1987).

The complex phylogenetic picture of CCHF viruses is
probably due 1o the introduction of virus strains from
different geographic areas through the importation of
virus-infected livestock animals carrying ticks or the mi-
gration of virus-infected (or tick-infested) birds (Gonza-
lez-Scarano and Nathanson, 1996, Rodriguez et al,
1997).

CCHF virus possesses a negative-sense RNA genome
consisting of three RNA segments: the large {L), medium
(M), and small (S} segments. The S segment encodes a
nucleoprotein (NP), the M segment encodes a glycopro-
tein precursor, which is cleaved into mature glycopro-
teins, G1 and G2, and the L segment encodes RNA
polymerase (Schmaljohn, 1996). In the case of the Ha-
zara virus, another member of the CCHF serogroup of
Nairoviruses, a third structural glycoprotein of approxi-
mately 45 kDa was identified apart from G1 and G2, but
its coding strategy has not yet been analyzed (Foulke et
al, 1981). Only Dugbe Nairovirus has been analyzed for
the nucleotide sequence and coding strategy of the M-
segment RNA (Marrictt et af, 1992). The processing of
the Dugbe virus M-segment precursor protein is rather
complex compared to that of the other Bunyaviruses; the
5’ end of the open reading frame (ORF) encodes a
nanstructural protein of 70 kDa, and G2 may be gener-

0042-6822/02 $35.00
© 2002 Elsevier Science {USA)
All rights reserved.



180 MORIKAWA ET AL

TABLE 1

Qrigin of Chinese CCHF Virus Isolates

Isolate  Year of Geographical M segment RNA

No. isolation origin Source (nuc)/ORF (aa)®
66019 1966 Bachu Patient 5368/1689
7001 1870 Bachu Patient 5377/1697
75024 1975 Aksu Patient 5356/1689
7803 1978 Bachu Patient 5356/1689
Long-eared
79121 1979 Bachu Jerboa 5377/1697
8402 1984 Bachu Tick 5367/1689
88166 - 1988 Bachu Patient 5367/1689

? Nucleotide numbers of the M-RNA/amino acid numbers in the
M-RNA-encoded ORF.

ated from its carboxyl-terminal region {Marriott et al,
1992).

In the present study, we determined the complete
nucleotide sequences of the M-segment RNA of seven
Chinese CCHF virus isolates. Analysis of the genetic
characteristics of the M segment of CCHF virus showed
that Chinese CCHF virus isolates were clustered in three
groups, one of which included the Nigerian tick isolate
IbAr 10200. The results suggest that a multisource virus
population is endemic in a restricted area in the Xinjiang
Autonomous Region of China. Furthermore, we found
that the amino-terminal regions of the large open reading
frame (ORF) comprising approximately 250 amino acids
(aa) were extraordinary heterogeneous. Comparison of
the ORF between CCHF and Dugbe viruses suggests a
common coding strategy of the M segment of Nairovi-
ruses, i.e., a nonstructure protein located at the amino-
terminal region of the OREF, followed by G2 and G1.

RESULTS

Sequence of M segment of Chinese isolates
of CCHF virus

Bachu county in the Xinjiang Autonomous Region of
China has been a CCHF endemic area at least since the
1960s, with a CCHF outbreak documented virtually every
year. The viruses were therefore mainly isolated from
patients or ticks in this region {Yen ef a/, 1985; Gonzalez-
Scarano and Nathanson, 1898). One exception is isolate
79121, which was isolated from a rodent, a long-eared
Jerboa, living in a desert area. The seven CCHF virus
strains used in the study were isolated in the western
desert regions, Bachu and Aksu counties, in the Xinjiang
Autonomous Region between 1966 and 1988. The origins
of the viruses are summarized in Table 1. All seven
isolates of CCHF virus were isolated by injecting the
specimens intracerebrally into suckling mice. RT-PCR
was performed to amplify the five parts of the M-segment
RNA and the amplimers were directly sequenced. Each

extremity of the RNA was amplified by either the 5'RACE
or the 3’'RACE method and sequenced.

The M-segment RNA of CCHF virus comprises 5356~
5377 nucleotides depending on the isolate; i.e., 5356
nucleotides for isolates 75024 and 7803, 5367 nucleo-
tides for 8402 and 88166, 5368 nucleotides for 66019, and
5377 nugcleotides for isolates 7001 and 79121 (Table 1).
Twenty-nine nucleotides of the 5’ and 39 nucleotides of
the 3" extremity of the-viral RNA are conserved armong
isolates. The 5’ and 3’ ends are complementary to each
other and may form a stable base-paired panhandle
structure at a calculated free energy of —30.1 kcal/mol
(Fig. 1). The 3'-extremity sequence of the M-segment
RNA matches that of the S-segment RNA perfectly for 11
bases and partially for 21 bases, while the 5'-extremity
sequence of the M segment matches that of the S seg-
ment perfectly for 12 bases and partially for 23 bases
(Fig. 1).

The M RNA segment encodes a protein comprising
gither 1689 (for isclates 66019, 75024, 7803, 8402 and
88166) or 1687 (for isolates 7001 and 72121) amino acids
(Table 1), with a molecular weight of approximately 187
kDa, in a viral complementary sense.

The results demonstrate that there is an extraordinary
hypervariable region at the amino-terminal region within
the ORF of CCHF virus. Pairwise comparison of the ORF
showed that the amino-terminal regions comprising 250
amino acids were quite heterogeneous, with an identity

U GG GuUCyU

U GA A uca A GAAA

VRNA 3' ends:
S 3'-AGAGUUUCUUUGUGCACGGCGAAUGCGGG

*hhkkhkhdhkhhkkt *hk Gk kR

M 3' -AGAGUUUCUUUAUGAACGCCGUGCAGUCA

vRNA 5' ends:
S 5'-UCUCAAAGAUAUCGUUGCCGCACAGCCCU

Kkkdkkdkkdedhk Kk bk dkdd

M 5'-UCUCAAAGAUAUAGUGGCGGCACGCAGUC

CCHFV vs Dugbe (M segment)

VRNA 3' ends:
CCHFV 3 '-AGAGUUUCUUUAUGAACGCCGUGCAGUC

JededekeEkkdk KAk KArkhkhhkkk &

Dugbe 3'-AGAGUUUCUGUAUGGACGCCGUGUAUGU

VRNA 5' ends:
CCHFV 5'-UCUCAAAGAUAUAGUGGCGGCACGCAGU

dkdkddkhkdRd ik Jeogk g ook ek ke ke

Dugbe 5'-UCUCAAAGAUAGCGUGGCGGCACAGCAA

FIG. 1. (1) Possible base-pairings of the 3’ and &' en&s of the M

_segment of CCHF virus isolate 7001. (:} indicates a complementary

residue. The calculated free energy of the swucture is —30.1 kcal/mal.
{2) Comparisan of the ends of CCHF virus M and $ segments, or the
ends of the M segment of CCHF virus and Dugbe virus. {(*) indicates an
identical residue.
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TABLE 2

Identity within the Variable Region (1-250 aa}/{1-812/83% nuc) and within the Conserved Region (251-1683 aa)/(813/840~5360/5377 nuc)

% ldentity in nucleotides

% ldentity in
amino acid 10200 75024 7803 66019 8402 88166 7001 79121
Variable region
10200 83.2 83.2 88.1 65.6 65.9 52.5 52.5
75024 71.8 98.8 68.2 66.8 66.8 521 52.1
7803 71.8 97.2 68.3 66.4 66.4 51.0 51.0
66019 46.5 48.0 48.8 73.5 73.5 51.7 51.7
8402 44.4 455 455 57.7 99.5 51.4 514
88166 448 45.9 45.9 58.5 99.2 51.3 51.3
7001 28.4 - 301 27.2 22.4 26.8 27.2 100
79121 28.4 301 27.2 224 26.8 27.2 100
% ldentity in nuclectides
% Identity in
amino acid 10200 75024 7803 8402 88166 66018 7001 79121 Dugbe
Conserved region
10200 89.3 89.2 B2.7 82.8 828 743 74.2 53.5
75024 94.7 99.5 83.5 83.4 B3.2 74.2 4.1 53.4
7803 94.2 99.4 83.3 83.2 83.1 74 73.9 53.3
8402 92.4 935 93.0 8.6 85.7 75.1 74.9 53.7
88166 92.2 93.3 92.8 99.5 85.6 74.9 74.8 53.7
66019 91.2 923 91.8 935 93.2 749 74.9 63.2
7001 826 83.0 82,6 83.6 83.4 B81.9 99.8 52.9
79121 82.4 82.6 82.1 83.2 83.1 81.7 995 52.9
Dugbe 373 36.6 365 37.6 375 37.0 36.9 36.9

as low as 22.4% chserved bhetween the most distantly
related isolates (Table 2), while the remaining region of
approximately 1400 amino acids was well conserved
with a 81.7% identity observed between the most dis-
tantly related isolates.

Since the aminoe and carboxyl termini of the G1 and G2
of CCHF virus have not been determined, the precise
location of these glycoproteins within the ORF is not
known. However, based on the amino acid alignment of
the ORF of Dugbe virus, the amino terminus of which has
been determined (Marriott et &/, 1992}, the amino termi-
nus of the CCHF virus is F{L/S)D{S/N){I/ THANIK/RIGMK
located from amino acid residue 1054 (for isolates 7001
and 79121} or 1046 {for the other isolates). If this is the
case, the G1 of the CCHF virus comprises 644 amino

acids with a predicted molecular weight of 72.2 kDa (for

isolates 7001 and 79121) or 72.6 kDa (for the other iso-
lates) and with three 1o four potential N-linked glycosyi-
ation sites. These molecular weights are similar to that of
75 kDa obtained from the authentic CCHF virus G1 (Clerx
et al, 1981). As with Dugbe virus G1 (Marriott at al,, 1992),
the predicted amino terminus of the G1 of the CCHF virus
does not directly follow a hydrophobic region, but rather
I6cates at approximately 50 amino acids downstream of
the nearest hydrophobic region, a potential signal se-
guence. Thus, it is likely that the mature G1 of Nairovi-

ruses including the CCHF virus arises by proteolytic
processing after a signal cleavage event.

CCHEF virus isolates comprise three genetic groups

Neighbor-joining phylogenetic analysis of the amine
acid sequences of the ORF in the M segment of seven
Chinese isolates and a Nigerian isclate, IbAr 10200, was
performed using the ClustalW program. Dugbe virus was
used as an outgroup of the tree. As shown in Fig. 2, the
phylogenetic tree topology shows three groups. Group 1
contains isolates 7001 and 79121, group 2 contains iso-
lates 66019, 8402, and 88166, and group 3 containg
isolates 76024, 7803, and the Nigerian IbAr 10200. This
topology was also obtained by a neighbor-joining phylo-
genetic analysis of conserved partial region of the M-
segment sequences (data not shown). The tree based on
the M-segment sequence suggests that the genetic dis-
tance of CCHF virus isolates does not correlate with
geographic origin, the year of isolation, and the hosts.

DISCUSSION

We report here the complete sequence of the M-
segment RNA of seven CCHF virus isolates from China.
The M-segment sequence of a Nigerian isolate of CCHF
virus, IbAr 10200, was previously deposited in GenBank.
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Dugbe

#7001
#79121
#66019 == —_IbAr10200

0.1 #8402 #75024

488166 47803

FIG. 2. Phylogenetic tree for the CCHF virus based on the entire
arnino acid sequence of the M-segment-encoded protein. Seven Chi-
nese isolates and & Nigerian isclate, IbAr 10200, of CCHF virus were
analyzed by a neighbor-joining method using ClustalW program (Hig-
gins et al, 1991). Dugbe virus was used as an outgroup of the tree. The
tree was drawn using TreeView program (Page, 1995). The numbers at
the nodes are the bootstrap confidence tevel for 1000 replicates. The
scale indicates the number of substitutions per site.

However, as with other Nairoviruses, little is known
about the coding strategy of the M-segment RNA, pro-
cessing of the precursor protein, and identification of the
conserved and variable regions within the protein en-
coded in the M segment. This has been partially ana-
lyzed for Dugbe virus belonging to the Nairobi sheep
disease serogroup of the Nairoviruses. The M-segment
RNA of Dugbe virus encodes a large precursor protein of
G1 and G2 in a viral complementary sense. This precur-
sor of Dugbe virus comprises 1551 amino acids, with a
predicted molecular weight of 173.3 kDa, which is far
larger than those of G1 (73 kDa} and G2 (35 kDa). The G2

of Dugbe virus was incompletely mapped 1o the carbox--

yl-terminal half of the 70-kDa nonstructural protein (Mar-
riott et al., 1992), which corresponds to the amino-termi-
nal half of the targe precursor. The G1 of Dugbe virus
was mapped to the carboxyl terminus of the large pre-
cursor and its amino terminus did not follow a predicted
signal sequence (Marriott et af, 1892), but rather resides
at approximately 50 amino acids downstream of the
nearest hydrophaobic region. According to the amino acid
alignment of the precursor protein of Dugbe virus, the
amino terminus of G1 of which was determined to be
Phe at amino acid residue 897 of the precursor (Marriott
et al, 1992), the amino terminus of CCHF virus is Phe at

amino acid residue 1054 (for isolates 7001 and 73121) or
1046 (for the other isolates). i this is the case, the CCHF
virus G1 comprises 644 amino acids with a predicted
molecular weight of 72,2-72.6 kDa and with three to four
potential N-linked glycosylation sites, which is similar to
that of 76 kDa estimated from the authentic CCHF virus
G1. The predicted amino terminus of the CCHF virus Gt
does not follow a hydrophobic region, but rather locates
at approximately 50 amino acids downstream of the
nearest hydrophobic region to function as a potential
signal sequence. This figure is similar to that of the
Dugbe virus G1, and a further amino-terminal trimming of
the G1 by an unknown protease may occur foliowing the
cleavage of a signal peptide.

In the case of Rift Valley fever (RVF) virus, belonging to
genus Phiebovirus, the coding strategy of the M RNA
segment is somewhat similar to that of Nairoviruses. The
M segment encodes a preglycoprotein or nonstructural
protein (NS, &t the amino terminus in a single ORF in a
viral complementary sense, which is then followed by G2
and G1. The NSy region of RVF virus has five in-frame
initiation codons preceding G2, and these initiation
codons play a functional role in the processing of G1 and
G2 (Kakach et &/, 1988, 1983; Schmaljohn et al, 1989,
Suzich et a/, 1990). Since the amino and carboxyl termini
of CCHF virus G2 have not yet been identified, we couid
not determine the carboxyl terminus of the NSy or pre-
glycoprotein, However, at least four in-frame initiation
codons exist within the amino-terminal 250 aa region of
CCHF virus, indicating that the in-frame initiation codons
in the Narovirus NSy, region play a similar functional role
in the generation of G2 and/or G1 as those in RVF virus.
A significant difference in the NS,-G2 region between
Nairoviruses and RVF virus is the localization of potential
signal sequences in this region. The NSy region of RVF
virus has a potential signal sequence just upstream of
G2 in addition to a potential signal at the amino terminus
of NS, and the signal sequence just upstream of G2 is
thought to be used for processing of this protein (Collett
et al, 1985). On the other hand, a potential signal se-
quence locates only at amino terminus of this NS,-G2
region in CCHF and Dugbe viruses. These features seem
to suggest that this amino-terminal signal sequence is
used for the processing of CCHF virus G2 from a large
precursor that includes the NSy region initiated at the
first or second initiation codon. Further analysis of the
expression of the CCHF virus M-segment cDNAs carry-
ing mutations or deletions of these multiple initiaticn
codons may allow the verification of assumptions.

The amino-terminal region of the precursor protein
comprising approximately 250 aa was quite heteroge-
neous among CCHF virus isolates. Since six of the seven
Chinese CCHF virus isolates used in this study origi-
nated in Bachu county in the Xinjiang Autonomous Re-
gion, while isolate 75024 originated in Aksu, close to
Bachu county, it is reasonable that isolates 7001 and
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79121, 76024 and 7803, 8402 and 88166, respectively, are
closely related to each other. However, the amino acid
identity of the amino-terminal 250 aa region between
isolate 68019 and 7001/79121 was only 22.4%, in contrast
to the high identity of 83% in amino acids of the remain-
ing about 1400 aa region. This suggests that the amino-
terminal region per se has little functional significance
and only functions to control the expression and pro-
cessing of the G2 and G1.

Phylogenstic analysis of the M-segment encoded pro-
tein showed that Chinese CCHF virus isolates were
clustered in three groups, one group consisting of iso-
lates 7001 and 79121, the other group consisting of iso-
lates 66019, 8402, and 88166, and the remaining group
consisting of isolates 756024 and 7803. A Nigerian isolate,
IbAr 10200, was clustered in the last group. A previous
study of phylogenetic analysis based on partial S-seg-
ment sequences showed no correlation between genetic
group and geographic origin of the virus or year of virus
isolation (Rodriguez et al, 1997). However, phylogenetic
analysis of the S segment also indicated that the Chi-
nese CCHF virus isolates were clustered in the same
branch and apparently distinguishable from the IbAr
10200 (Rodriguez et af,, 1997). The sequences of the M
segment of three {86019, 8402, 88166) of the Chinese
isolates were recently reported {Ma et afl, 2001), and
their sequence data were virtually the same as our data
with minor differences. These minor differences may be
due to differences in sequencing strateqy, since we have
directly determined the sequence from RT-PCR products
while Ma and associates determined the sequence after
cloning into a plasmid vector. They suggested that the
Chinese CCHF virus isolates formed an independent
phylogenstic branch distinguishabte from IbAr 10200.
This discrepancy between their results and ours may be
due to the smaller number of sequence data analyzed in
their study. In the meantime, our data strongly suggest
that several distinct genetic variants of CCHF virus are
endemic in a restricted area in the Xinjiang Autonomous
Region in China. To more clearly understand how these
diverse populations of CCHF virus are maintained in the
restricted area, analysis of more virus samples from
ticks, animals, and patients is required.

MATERIALS AND METHODS
Viruses

CCHF viruses, 66019, 7001, 75024, 7803, 79121, 8402,
and 88166, were all isolated in China between 1966 and
1988 {the first two numbers indicate the year of isclation).
All the isolates except 75024 originated in Bachu county
in the Xinjiang Autonomous Region of China. Isclate
75024 originated from Aksu county, which neighbors
Bachu county in the Xinjiang Autonomous Region. The
CCHF virus isolates were intracerebrally inoculated into
suckling mice and the brains were collected at 4-5 days

after inoculation. The inoculation of the viruses was
performed in a containment laboratory under the regu-
lations of the Institute of Epidemiology and Microbiology,
Chinese Academy of Preventive Medicine, China.

RNA isolation and first-strand ¢cDNA synthesis

Total RNAs were isclated from brain homogenates
using RNAZol B {TEL-TEST, Friendswood, TX) according
1o the manufacturer's instructions. ¢DNA was synthe-
sized using a You-Prime-First-strand ¢DNA synthesis kit
{Amersham Pharmacia Biotech, Piscataway, NJ) with a
random hexamer {p(dN},) as a primer.

PCR and sequencing

Primers were synthesized based on the sequence
data of the Nigerian isolate, IbAr 10200 (GenBank Acces-
sion No. U 39455). PCR was performed using random
hexamer-primed ¢DNAs of the isolates as templates,
using an Expand High Fidelity PCR System (Roche Di-
agnostics, Mannheim, Germany). The fragments includ-
ing extremity of the sequence were amplified by either
the 5'"RACE or 3'RACE method using a commercial kit
(5'RACE System, Version 2.0, Life Technologies, Rock-
ville, MD). The amplimers were purified on agarose gel
and directly sequenced by the dideoxy chain terminator
method using an ABI PRISM 3t0 Genetic Analyzer (Ap-
plied Biosystems, Foster City, CA). The complete se-
guences of the M segment of seven Chinese isolates of
CCHF virus were deposited in DDBJ under the Accession
Nos. AB069669—-AB069675.

Sequence analysis

The alignment of nucleotide and deduced amino acid
sequences was performed using DNASIS-MAC software
{Hitachi Software Engineering Co., Lid., Kanagawa, Ja-
pan). Phylogenetic analysis using neighbor-jcining
method was performed using the ClustalW program {Hig-
gins et a/, 1991). The tree was drawn using the TreeView
program (Page, 1996).
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A HeLa cell line continucusly expressing recombinant nucleoprotein (rNP) of the Crimean-Congo hemor-
rhagic fever virus (CCHFYV) was established by transfection with an expression vector containing the cDNA of
CCHFV NP (pKS$336-CCHFV-NP), These cells were used as antigens for indirect immunofiuorescence (IF) to
detect immunoglobulin G antibodies to CCHFV. The sensitivity and specificity of this IF technique were
examined by using serum samples and were compared to those of the IF technigue using CCHFV-infected Vero
E6 cells (authentic antigen). Staining of the CCHFV rNP expressed in HeLa cells showed a unique granular
pattern similar to that of CCHFV-infected Vero E6 cells. Positive staining could easily be distinguished from
a negative result. All 13 serum samples determined to be positive by nsing the authentic antigen were also
determined to be positive by using CCHEVY rNP-expressing HeLa cells (recombinant antigen). The 108 serum
samples determined to be negative by using the authentic antigen were also determined to be negative by using
the recombinant antigen. Thus, both the sensitivity and the specificity of this IF technique were 180% compared
to the IF with authentic antigen. The novel IF technique using CCHFV rNP-expressing HeLa cclls can be used

not only for diagnosis of CCHF but alse for epidemiological studies on CCHFYV infections.

Crimean-Congo hemorrhagic fever virus (CCHEV) is a mem-
ber of the genus Nairovirus in the family Bunyaviridae and is
the causative agent of a severe hemorrhagic fever known as
Crimean-Congo hemorrhagic fever {(CCHF). The mortality
rate of CCHF is as high as 50% in humans (§). CCHFV is
prevalent from Africa through to the western part of China,
including Eastern European and Middle Eastern countries (9).
CCHFYV is a tick-borne virus, and wild and domestic animals
including sheep, cattle, goals, and ostriches are the reservoirs
for zoonoses (8). The virus can be transmitted to hwmans
either by bites of ixodid ticks (genus Hyalomma) or by direct
contact with blood and tissues from viremic livestock (6, 21, 22;
J. F. Saluzzo, J. P. Digoutte, M. Cornet, D. Baudon, J. Roux,
and V. Robert, Letter. Lancet i:1179, 1984). The ticks are
reservoirs and vectors for livestock, wild animals, and humans.
CCHFV can also be spread from CCHF patients to other
persons, resulting in nosocomtial outbreaks (2. 7, 20, 25). Out-
breaks of CCHF among shepherds, agricultural workers, and
abattoir workers have often been reported (11, 21); therefore,
these occupations present a high risk of infection in areas of
CCHF endemicity. Because of the high mortality rate of
CCHF and the person-to-person transmission, early diagnosis
of suspected cases and use of appropriate barrier measures by
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health care workers are necessary for the prevention of noso-
comial infections.

A CCHF epidemic in the United Arab Emirates was re-
ported to have been caused by CCHFV introduced from So-
malia and Nigeria through imported livestock and ticks (17).
Furthermore, it is possible that a traveler with CCHF could,
during the virus’s incubation period, visit areas previously
known to be free of CCHF. Therefore, development of diag-
nostic methods for CCHFV infections is necessary even in
countries hitherto free from outbreaks of CCHF.

Because of its virulence to humans, CCHFYV should be han-
dled in a high-containment laboratory. This restriction makes
it difficult to prepare diagnostic methods using live CCHFV. In
the present study, we developed an indirect immunofluores-
cence (IF) technique using HeLa cells stably expressing recom-
binant nucleoprotein (CCHFV 1NP) to detect specific immu-
noglobulin G (IgG). This new IF technique is useful both for
the diagnosis of CCHF and for scroepidemiological studies on
CCHFYV infections.

MATERIALS AND METHODS

Virus and cell lines, CCHFV {Chinese strain 66019) isolated from a patient
with CCHF in the western part of the Xinjiang Autonemaous Region in 1966 (26)
was used in this study, The S-segment RNA gene of strain 66019 has been
deposited in GenBank under accession no. AJ010648. Vero £6 and Hela 228
celt fines were purchased from the American Type Culture Collection and used.
These cells were cultured in Dulbecco’s minimum essential medium (DMEM:
Life Technologies, Grand Island, N.Y.) containing 3% heat-inactivated fetal
bovine serum and antibiotics such as penicillin and streptomycin (DMEM-
5FBS).
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FIG. 1. Structure of pKS336-CCHFV-NP. The gene, a cDNA of
the NP gene of CCHFYV strain 8402, was inserted into the BumiHI
restriction site within the multicloning site.

Sera. Twenty-five serum samples were collected from donors with or without
& history of CCHF in the Xinjiang Autonomaus Region (26). an area of CCHF
endemicity in the People’s Republic of China, Ninety-six serum samples col-
lected from healthy Japanese adults were used as controls. Further. a monkey
(Macaca fascicularisy was immunized with purified CCHFV (NP by using an
adjuvant {Inject Alum; Pierce, Rockford, 1IL), and the scrum was collected and
used as a positive control. The monkey serum coltected hefore the immunization
was used as a negative control. .

CCHFV NP expression vector. The pKS$336 expression vector was constructed
from the pSV2 bsr and pEF321 B-T plasmids (12, 13}. A map of this vector is
shown in Fig. 1. The nucleotide sequence of the vector is available in GenBank
under accession no, AF403737. The blasticidin S deaminase (bsr) gene was under
the control of the simian virus 40 early promoter. The DNA of interest was under
the control of the human elongation factor-le (HEF-ia) gene promoter.

The ¢cDNA enceding the nuclecprotein (NP) was amplified by reverse tran-
scription-PCR {rom the cDNA of the § segment of the Chinese CCHFV strain
8402 {accession no. AIG10649), with the designed primer set CCHF FfBam
(3GT GCT GGA TCC ATG GAG AAT AAA ATC-3') and CCHF R/Bam
(3'-C GGA TCC TCA GAT GAT GTT GGC AC-3'). in order to add the
BamH1 restriction site {undertined} to both ends. PCR conditions were as fal-
lows: 5 cycles of denaturing at 94°C for 40 s, annealing at 40°C for 30's, annealing
at 50°C for 30 5, and extension at 72°C for 2 min: 15 cycles of denaturing at 94°C
far 40 s, annealing at 55°C for 30 5, and extension at 72°C for 2 min; and an
additional extension at 72°C for 5 min. The PCR product was purified. digested
with BemHI. and subcloned into the BemHI site of the pKS336 vector {Fig. 1).
The CCHFV NP gene inserted inte pKS336 (pKS336-CCHEV-NPY was von-
firmed to be in the correct orientation to the promoter. sequenced by using
appropriate primers with an ABI PRISM 310 Genetic Analyzer (Perkin-Eimer
Applied Biosystems, Foster City, Calif.}, and confirmed to be identical to the
original sequence.

Transfection. HeLa cells were transfected with pKS336-CCHFV-NP using the
FuGENE 6 Transfection reagent (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer's instructions, The cells transfected with the
plasmid were sclected with 3 pg of blasticidin S-hydrochlorideiml in DMEM-
3FBS. HeLa cell clones were analyzed for expression of CCHFV NP by indirect
IF using the monkey setum raised against CCHFV NP, Cells expressing
CCHFVY NP were subcleored and used as IF antigens.

Antigens. Vero Eb cells either infected with CCHFV (strain 66019) or mock
infected were cultured for 4 days. CCHFV-and mock-infected cells were then
harvested by trypsinization and washed with phosphate-buffered saline (PBS).
The cells were spotted onto 14-well HT-coated slide glasses (AR Brown Co..
Ltd.. Tokyo. Japan} and fixed with acetene &t room temperature for 5 min.
CCHFV aatigen-negative slides were prepared as a negative control for IF
antigen. IF antigen slides were stored at ~70°C until use. These IF antigens
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(CCHFV slides) were used as the authentic CCHFVY antigens. CCHFV slides
were preparcd according to the regulations of the Institute of Epidemivlogy andl
Microbiology, Chinese Academy of Preventive Medicine.

Recombinant 1F antigens were prepared as follows. HeLa cells expressing
CCHFYV NP were mixed with parent HeLa cells at a ratio of 1:3 and washed with
PBS. The cells were then spotted onto [4-well stide glasses, air dried. and fixed
with acetone at room temperature for 5 min, CCHFV NP slides were stared at
—70°C until use, Antigen-negative stides were preparcd similarly by using HeLa
cefls and were used as the contrel antigen for the IF test. These IF slides were
thawed and dried immediately prior to use.

IF test. Human serum samples and monkey control serum samples were
twofold seriafly diluted from 1:20 to 1:1.280 and placed on both CCHFV stides
and CCHFV NP slides. The slides were incubated under humidified conditions
at 37°C for | k. After the slides were washed with PBS, the antigens on the slides
were treated with fluerescein isothiocvanate (FITC)-conjugated goat enti-human
12G antibody (Zymed Laboratories, San Francisco, Calif.) at a Ghution of 1:70
The FITC-conjugated anti-hurnan [gG antibady was used not only for the human
serum samples but also for the menkey control sera. After another wash with
PBS. the slides were examined for staining patterns under a fluorescent micro-
scope {Olympus, Tokyo, Japan) with an appropriate barrier and excitation filters
for FITC visualization. CCHFVY antibody-positive and -nggative controls were
inclucled in each assay. The titers of tested samples were recorded as the recip-
rocals of the highest dilutions praducing positive staining.

Statistical analysis. The differences in the antibody titers determined by the IF
techniques using authentic and recombinant antigens were compared by the
Wilcoxon signed-rank test. The relationship between the antibody titers deter-
mined by these two methods was evalvated by Spearman’s rank correlation
coeflicient.

RESULTS

Immuncfluorescence of CCHFV rNP-expressing HeLa cells.
Positive-control monkey sera showed IF staining as a granular
pattern. while negative-control sera showed no specific staining
{data not shown). The antibody titers of the positive-control
monkey serum determined by the IF techniques with recom-
binant and authentic antigens were both 160, Positive IF stain-
ing of CCHFV rNP antigens expressed in Hela cells with a
single CCHF patient serum sample is shown in Fig. 2a.
CCHFV (NP was stained as granular aggregates (Fig. 2a),
while control cells showéd no staining (data not shown), The
staining pattern of authentic virus antigens in Vero E6 cells
with the same human serum sample was similar to that of
CCHFYV rNP in HelLa cells (Fig. 2b), while control cells failed
to show any specific staining (data not shown).

Sensitivity and specificity of IF staining of CCHFV NP in
human serum samples, The sensitivity and specificity of the IF
technique using CCHFV NP slides were evaluated in com-
parison with those of the TF technique using authentic CCHFV
antigens. Thirteen of 25 serum samples collected in an area of
CCHF endemicity in the Xinjlang Autonomous Region
showed a positive reaction to the IF technique using authentic
CCHFYV slides, while 12 serum samples showed a negative
reaction. Ninety-six Japancse serum samples were also deter-
mined to be negative for CCHFV. All 13 serum samples de-
termined to be CCHFV IgG antibody positive with authentic
CCHFV slides also showed a positive reaction with CCHFV
NP slides. Furthermore, all 108 serum samples (comprising 12
Chinese and 96 Japanese samples) determined to be CCHFV
IgG negative with the authentic CCHFV slides also showed a
negative reaction with CCHFV rNP slides. These results indi-
cate that both the sensitivity and the specificity of the IF tech-
nique vsing CCHFV NP slides were 100%, compared to the
IF technique using CCHFV slides.

The titers determined by the IF technique with CCHFV NP
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FIG. 2. Pusitive IF staining of CCHFV rNP-expressing HeLa cells (a) and CCHF V-infected Vero E6 cells {b) with a CCHT antibody-positive

serum sample.

slides were posilively correlated with those determined by the
IF technique with authentic antigens (P < 0.01) {Fig. 3). The
titers determined using CCHFV NP slides were siatistically
significant at the same level as those determined using CCHEV
slides (P = 0.07).

2000
w

3 1000

]

[«

£

=

|

I

Q

Qo

£ 1004

= ]

w

2

pal

w

g

2

10 —r———
10 100 1000

. Titers by IF with CCHFV slides

FIG. 3. Relationship between the titers of tgG antibody to CCHEV
determined by IF using CCHFV slides and those determined by [F
using CCHFV rNP slides, Serum from the monkey, which was immu-
nized with the purified CCHFV (NP, was also tested by IF using
authentic and recombinant antigens. The titers of the positive-control
monkey serum sample () and the 13 CCHFV antibody-positive hu-
man serum samples (@) were plotted. Each data point represents one
serum sample.

DISCUSSION

We established a HeLa cell line continuously expressing
CCHFV NP by using a novel vector, pK8336. The cells ex-
pressed CCHFV NP in the cytoplasm in granular aggregate
form. which was indistinguishable from that of CCHFV-in-
lected Vero E6 cells (Fig. 2). The IF technique using these
CCHFV rNP-expressing cells was highly sensitive and specific
for the detection of IgG antibodies to CCHFV.

CCHFV-infected cells, e.g., Vero cells, or mouse brain cells
have been mainly used as antigens for the detection of IgG to
CCHFV (1, 5, 10, 16, 24). In one study, a CCHFV NP was
used for the detection of IgG antibodies to CCHFV (15}). The
investigators used CCHFV NP derived from a European
strain of CCHFV (AP92; GenBank accession no. U04958) as
an antigen for an enzyme-linked immunosorbent assay
(ELISA) and proved that CCHFV rNP was efficacious in de-
tecting CCHFV antibodies in the ELISA. The amino acid
homolegy of CCHFV NP from strain 8401 with that from
strain AP92 was 91.9%. It was revealed that the antibodies to
Dugbe and Hazara viruses. related nairoviruses, did not cross-
react with CCHFV NP in the ELISA (15). Therelore.
CCHFV NP in HeLa cells seemed not to cross-react with the
antibodies to these viruses in IF, although further study is
needed. The sensitivity and/or specificity of the ELISA using
CCHFV NP was not evaluated in that report (15). In this
paper, we confirmed the efficacy of CCHFV rNP as an antigen
and also clarified the sensitivity and specificity of the IF with
CCHFV NP in comparison (o the IF with authentic CCHFV
anligen in detecting specific CCHFYV antibodies.

It has been reported that IeG antibodies to CCHFV can be
detected within 9 days in all patienls with CCHF (3). IgG
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antibodies to CCHFV were also demonstrated by the IF
method within 8 days for two CCHF patients who were not
treated with anti-CCHFV serum (19). The IgG and IgM anti-
bodies to CCHFV were not detected in sera from patients with
CCHF within the first 3 days from onset (3). Based on these
results, we can diagnose a patient as having CCHF by detecting
a significant rise in the titers of IgG antibody to CCHFV in
serum samples obtained on the 9th day or later and within the
first 3 days from onset. However, the I1gG antibody response
was weak or was not detected in fatal CCHF cases (3, 19). In
this regard, antigen detection (14, 23), virus isolation, and
reverse transcription-PCR (4, 17, 18) are also necessary for the
rapid and accurate diagnosis of CCHF. ‘

In summary, we established an efficacious IF technique using
HeLa celis expressing CCHFV rNP for the diagnosis of CCHF
and for seroepidemiological studies on CCHFV infections.
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The full-length nucleoprotein of Crimean-Congo hemorrhagic fever virus (CCHFV; 482 amino acid residues)
was expressed as a His-tagged recombinant protein (His-CCHFY rNP) in the baculoviras system. The His-
CCHFV rNP was efficiently expressed in insect cells and purified by Ni?* eolumn chromatography. Using this
substrate, an immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) was developed. We
evaluated the sensitivity and specificity of the IgG ELISA, using serum samples previously determined to be
antibody pesitive or ncgative by immunofluorescence tests on CCHFV-infected Vero E6 cells. We found very
good correlation between the two tests: 87% for the positive sera (13 of 15) and 99% for the negative sera (107
of 108). These results indicate that the new IgG ELISA using His-CCHFV rNP has high sensitivity and
specificity for detecting CCHFY antibodies. The CCHF patients’ sera with high titers reacted only with the NP
fragment containing amino acid residues between 201 and 306 in Western blotting. It is known that amino acid
homologies are high in this region among various isolates, Thus, it is expected that this ELISA can detect
antibodies not only for Chinese strains of CCHFV but also for other strains circulating in the world. These
results suggest that the IgG ELISA system developed with the recombinant CCHFV NP is a valuable toel for

diagnosis and epidemiological investigations of CCHFYV infections.

Crimean-Congo hemorrhagic fever virus (CCHEV) helongs
to the family Bunyaviridae (genus Nairovirus) and causes severe
hemorrhagic symptoms in humans (7). CCHF is distributed
worldwide with the exception of the American continents.
There have been many ocutbreaks of CCHF in countries from
South Africa to the western part of China, including Eastern
European and Middle Eastern countries (8). CCHFV is a
tick-horne virus which is transmitted by ticks from the genus
Hyalomma (7). Humans are usually infected with CCHFV
either through the bites of infected ticks or by direct contact
with virus-contaminated tissues or blood. CCHF outbreaks
have been reported among agricultural workers, abattoir work-
ers, and shepherds who handle livestock animals such as sheep,
goats, and ostriches (10, 21). Furthermore, nosocomial, or
in-house, CCHF infections have also been reported among
caregivers (2, 6, 20, 23).

It was reported that the epidemic of CCHF in the United
Arab Emirates was caused by imported livestock and ticks
from Somalia and Nigeria (17). Although there has been no
definite evidence that CCHFV is imported from an cutbreak
area to CCHFV-free countries through CCHFV-infected hu-
mans, it is possible that the virus couid be introduced to out-
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break-free areas through CCHFV-infected ticks, humans, and
animals,

In the present study, we developed an enzyme-linked immu-
nosorbent assay (ELISA) to detect CCHFV-directed immuno-
globulin G (IgG) by using the recombinant nucleoprotein
(rNP). We demonstrated that this new ELISA system has high
sensitivity and specificity in detecting CCHFV antibody in hu-
man sera in comparison to the indirect immunofluorescence
(IIF) method using authentic viral antigen. The results suggest
the usefulness of this IgG ELISA for serological diagnosis and
epidemiological studies of CCHFV infections.

MATERIALS AND METHODS

Cells and viruses, The Vero EG cell line was purchased from the American
Type Culture Collection and cultured in Eagle’s minimum essential medium
containing 10 fetal bovine serum and antibiotics (penicillin and streptomycin).
TaJd insect cells were also used for the expression of CCHFY rNP in a baculo-
virus system. Tn5 insect cells were cultured in TC-100 (Life Technologies, Rock-
ville, Md.) supplemented with 10% fetal bovine serum. 2% tryptose phosphate
broth {Becton Dickinson Microbiotogy Systems, Sparks, Mcd.). and kanamycin.
CCHFV (Chinese strain 66019) isolated from a patient with CCHF in the
western part of the Xinjiang Autonomous Region, People’s Republic of China,
in 1966 was used in the study (24).

Sera. Twenly-five serum samples were collected from human subjects in the
area where CCHF is endemic, the western part of the Xinjiang Autonomous
Region. Two serum samples collected from patients with CCHF in the conva-
tescent phase were provided to us by T. G. Ksiazek, Special Pathogens Branch,
National Center for Infectious Diseases, Centers for Disease Control and Pre-
vention (CDC). Atlanta, Ga. Ninety-six serum samples collected from Japanese
volunteers who had no past history of travel o the area where CCHF is endemic
were used as controls. An anti-CCHFV NP polyclonad rabbit serum was raised
in a rabbit previously immunized with purified CCHFV NP in the form of a
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FIG. 1. The eatire NP and truncated NP fragmems of CCHFV. The truncaied NP fragments were expressed as fusion proteins with GST on
the N-terminat side. The designations and amine acid positions of the truncated NP fragments arce indicated,

mixture with adjuvant (Inject Alum; Pierce, Rockford, 1), Further, a monkey
(Macaca fascicularis) was immunized with purified CCHFV NP using the adju-
vant Inject Alum, and serum was collected and used as a positive control. The
monkey serum colleeted hefore immunization was used ag a negative control.
The method of expression and purification of CCHEV rNP is described below. A
moneclonal antibody direcied against glutathione S-transferase {GST) protein
wus generated by fusing the spleen cells collected from BALB/c mice immunized
with purificd GST-tagged protein with mouse mycloma eells (the PYAg568 celi
line} and was used in these experiments,

Recombinant transfer vector. [n order (o construct our transfer vector, an
entire cDNA clone of NP from CCHFY Chinese strain 8402 was used. The DNA
of CCHFV NP was amplified by PCR from the source using primers CCHE-NP/
F(Hi) {5’-GTGCTGGATCCATGGAGAATAAAATCG-3") and CCHE-NP/
R{HI) (5'-CGGATCCTCAGATGAYGTTGGCACTG-3") (the BamHI resiric-
v sites are undertined in both sequences). The PCR conditions were 5 eveles
of denaturation at 94°C for 40 s, annealing at 40°C for 30's. anncaling at 50°C for
30 s, and extension at 72°C for 2 min; 15 cycles of denaturation at 94°C for 40 5.
annealing at 33°C for 30 s. and extension at 72°C for 2 min; and additivnal
extension at 72°C for 5 min. The amplified DNA (1.6 kbp) was digested with
BwmHI and subcloned into the BamHI site of pQE30 vector DNA (QIAGEN
GmbH, Hilden. Germany) to construet pQE30-CCHFV NP. The inserted
CCHFV NP DNA was sequenced using appropriate primers with ABI
PRISMTM 310 genetic analyzer (PE Applied Biosystems, Foster City, Calif.)
and was confirmed to be in proper orientation to the promoter and identical to
the original sequence. The DNA fragment of CCHFY NP with a histidine (His)
tag was solated from the plasmid pQE30-CCHFV NP by digestion with EcaRI
and Safl. Then, it was repaired for blunting with Klenow enzyme and ligated into
the bluat-ended cloning site of pAcYM1 (13). The resultant recombinant trans-
fer vector with the correct orientation to the promoter was designated pAcYM (-
His-CCHFV NP.

Generation of recombinant baculovirus, TnS insect cells were transfected
with mixtures of purified Awographa californica nuclear polyhedrosis virus
(AcMNPV) DNA and recombinant pAcYMI-His-CCHFV NP fallowing the
procedures described by Kius et al. (11) with the modification of Matsoura et al.
(15). Recombinant baculovirus was isolated. The baculovirus, which expresses
a His-tagged recombinant NP of CCHFY (His-CCHFV rNP), was designated
Ac-His-CCHFY NP. A baculovirus (4c-AP) which lacks polyhedrin expression
was used as a control virus.

Expression of His-CCHFV NP, Ac-His-CCHFV NP-infected 'nS cells were
incubated at 26°C for 72 h. Then, the cells were washed twice with cold phaos-
phate-buftered saline (PBS) solution and lysed in cold PBS solution containing
1% Nonidet P-40 (NP-40). The cell [ysate was cemrifuged at 13,000 X g al 4°C
for H) min. The supernatant fraction was collected as a source of His-CCHEY
NP for purification. The His-CCHFY NP was purified using an Ni** resin
purification system (QIAGEN GmbH) aceording to the manufacturer's instruc-
tions. Expression of His-CCHFVY rNP was anaiyzed on sodium dodecey! sulfate-
polyacrylamide gel electrophoresis {SDS-PAGE) gels (12% pelyacrylamide)
staincd with Coomassie blue.

Expression of truncated NP's, In order w determine the antigenic regions
within the NP, we expressed overlapping fragments of NP (Fig. 13, The DNA
corresponding (o ¢ach of the truncated NP fragments was smplified with the
designed primer sets, The amplificd DNA was subeloned into the BawrHI1 and
EcoRI cloning sites of plasmid pGEX-2T (Amersham Pharmaciz Biotech. Little
Chalfont, Buckinghumshive. England). Each insert was sequenced and confirmed

to be in a covrect frame and identical to the original sequence. The GST-tagged
NP fragments were expressed in an Eschericiia coli {BL21) system.

Western blotting, His-CCHFV rNP and 1he recombinant NP fragments were
Lested for reactivity to the serum samples by Western blotting. £, cofi {BL21) cell
lings expressing each of the NP fragments were resuspended in an zppropriate
amwount of PBS solution and sonicated at full power for 1 min. The sonicated cell
suspensions and His-CCHFV tNP were then adjusted to 1% SDS sample bufler
(0.0625 M Tris [pH 6.8]. 2% $SDS, 10% glycerol, 3% B-mereaptocthanol, 0.0014
bromophenol biue) and boiled for 10 min. Equal quantities of samples were
loaded ontw an SDS-12% PAGL gel (4% stacking gel). The protein bands were
then electroblotied onte nitroceliulose membrane. The blots were incubated in
PBS comnining 0,036 Tween-20 (TPBS) and 55 skim milk (M-TPBS) at recom
temperature for 1 h to bleck nonspecific sites. The blots were incubated with
CCHF patients’ sera {1:1G0 ditution}, with the rabbit serum to His-CCHEFV NP
(1:500 ditution), ar with the monoclonal antibody 10 GST protein for 1 b at room
lemperature. After being washed in TPBS. the membranc was incubated with
secondary antibedies (horseradish peroxidase [HRPO]-conjugated goat anti-
human 1gG antibody, HRPO-conjugated goat anti-rabbit t2G, and HRPO-con-
jugated goet anti-mouse TgG |1:1.000 dilution]: ZYMELD Laborataries, San
Francisco. Calif.). Antigen levels were visualized by reaction with POD immu-
nostain set {Wako BioProducts, Ine.. Tokyo. Japan).

ELISA, ELISA was performed as previously described except for the antigen
preparation (12, 18). Briefly. ELISA plutes were coated with the predetermined
optimal quantity of purified His-CCHFY tNP {approximately 100 ngiwell) at 4°C
overnight. Then, each well of the plates was inoculated with 200 gl of M-TPBS
and incubated for 1 k for blocking. The plates were washed three times with
TPBS and then inoculated with the test samples (100 wliwell), which were diluted
fourfotd from 1:100 te 1:6,400 with M-TPBS. After a 1-h incubation periad, the
plates were washed three times with TPBS, and ther the plates were inoculated
with goat anti-human IgG antibody fabeled with HRPO (1:1,000 dilution:
ZYMED Laboratorics). After a 1-h incubation period, the plates were washed
and 100 pl of ABTS [2,2"-azinobis(3-¢thylbenzt hiazolinesulfonic acid)] selution
(Roche Diagnostics, Mannheim. Germany) was added to each well. The plates
were incubated for 3G min at 37°C. and the optical density (OD) was measured
at 405 nm with reference at 490 nm, The adjusted D was caleulated by sub-
tracting the O of the noncoated wells from that of the corresponding wells. The
mean and standard deviation (S} were calcuiated fram those of 96 control sera.
The cutoff value for the assay was defined as the mean phlus 3 SD.

Positive- and negative-control monkey sera were tested in cach ELISA for
verification.

1IF. The amtibody titer to CCHEV was determined by the 1TF method, using
CCHFV (strain 66019)-infected Vero E6 cells. Briefly, Vero Eé cells infected
with CCHEV were washed with PBS and air dried on 14-well HT-comed slide
glasses (AR Brown Co.. Lid., Tokyo, Japan). The cells were then fixed in coldd
atetong for 10 min and used as antigens. Serum samples were serally twofold
dituted with PBS fram 1:20 o 1:640. The diluted samples were put vn the
antigens and incubated for } b at 37°C under humidified conditions. The slides
were washed with PBS and inoculated with fluorescein isothionate-labeled goat
anti-human IgG antibedy (1:70 dilusion: ZYMED Laboratories). After the slides
were washed with PBS, fluorescein isethionate signal was observed vnder an
immunofluorescent microscope (Clvipus, Tokyo, Japan).

Positive- and negative-conirol monkey sera were also tested by the [1F method
in cach IIF test for verification.
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FIG. 2. SDS-PAGE (a) and Western blot (b) analyses of the ex-
pression of His-CCHFV NP in insect cells upon infection with Ac-His-
CCHFYV NP and purified His-CCHFV NP, (a) Crude material from
the supernatant fraction of 195 NP-40-PBS lysate (lane 1) and purified
His-CCHFV rNP (lane 2) are shown, M, molecular mass markers. (b)
His-CCHFV NP in 1% NP-40-PBS lysate was stained by Western
blotting with CCHFV antibody-positive human serum (lane 1). while
nothing in 156 NP-40-PBS lysate of Ac-AP-infected control insect cells
was stained with the same serunt (lane 2).

Statistical analysis, The antibody titers determined by the IIF test and the OD
vatues determined by 1gG ELISA with His-CCHFV NP were compared by
Spearman'’s correlation cocfficient by rank.

Nucleotide sequence accession number. The complete nucleotide sequence of
the Crimean-Congo hemorrhagic fever virus (8402 strain)} NP gene used in this
paper is registered in GenBank under accession no. AJ10649.

RESULTS

Expression and purification of His-CCHFV rNP. The ex-
pression of His-CCHFV NP in Ac-His-CCHFV NP-infected
insect cells was demonstrated by SDS-PAGE analysis. The
His-CCHFV NP was purified almost to homogeneity, as
shown in Fig. 2a. The His-CCHFV NP was specifically de-
tected by Western blotting with CCHF patient’s serum, indi-
cating that the protein band visualized in Fig. 2a (lanc 2) is the
expressed recombinant His-CCHEV NP with the antigenicity
of the NP of CCHFV (Fig. 2b).

Sensitivity and specificity of IgG ELISA with His-CCHFV
rNP. The positive-control monkey sera showed positive reac-
tions in an IIF test with a titer of 160, while the negative-
control monkey serum showed a negative reaction. The OD
value of the positive-control monkey serum by ELISA with
His-CCHFV rNP was 0.885 at 1:400 dilution. Using 123 sera,
this IgG ELISA with His-CCHFV NP was tested [or scnsitiv-
ity and specificity compared with those of an 1IF test with
authentic CCHFV antigen. These serum samples had been

IgG ELISA USING NUCLEOPROTEIN OF CCHFV 1589

TABLE 1. Relationship between results of 1gG ELISA with
His-CCHFV NP and the IIF method using
CCHFV-infeeted Vero E6 cells

No. of UF results that were:
ELISA result

Positive Negative
Positive 13 1#
Negative 2° 107

“ This serum samplé, which showed a negative reaction by the HF method but
a positive reaction by 12G ELISA, was collected from a subject in Xinjiang
Autonomous Region, People’s Republic of China.

# Antibady titers of these two sera to CCHFV were 40 and 8).

determined 10 be CCHFYV antibody positive or negative by IIF
testing with CCHFV-infected Vero E6 cells. Fifteen serum
samples consisting of 13 sera collected in the Xinjiang Auton-
omous Region and the 2 sera from CDC were determined to
be positive by IIF testing, and 108 serum samples were deter-
mined to be negative by IIF testing.

The mean and SD obtained using 96 Japanese sera at 1:400
dilution were 0.078 and (.045, respectively. Therefore. the cut-
off value of ODs at 1;400 dilution was determined to be 0.213.
Thirteen of the 15 IIF-positive sera and 1 of the 108 IIF-
negative scra were determined to be positive by IgG ELISA
(Table 1). The 1 serum sample which showed a negative reac-
tion by the IIF test but a positive rcaction by IgG ELISA was
among the 12 IIF-negative Chinese sera. All the Japanese
control sera were determined to be anlibody negative by this
criterion. The sensitivity and specificity were thus calculated to
be 87 and 99%, respectively.

Relationships between OD values determined by IgG ELISA
and CCHFV antibody titers determined by the IIF method.
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FIG. 3. Relationship between OD values at 1:400 by IgG ELISA
with His-CCHFV NP and antibody titers determined by the IF
method. Fifteen CCHFV antibody-positive sera and one positive-con-
trol monkey serum raised against His-CCHFV NP serum were plot-
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TABLE 2. Reactions of anti-CCHFV serum samples to full-length
NP of CCHFV (His-CCHFV yNP) and truncated NP fragments

Reuction of NP fragnient®

Antibody
N titer 1o ; GST-
Saniple Species COHEV His CCHEV NP*
by HF CCHEV S
’ NPy 2 3 4 s
MAD® to GST Mouse - + + + + +
Anti-His-CCHFY NP Rabbit =640 + - e+ = =
Serum | Human >640 + - - 4+ = -
Serum 2 Human 320 + - - 4+ = =
Serum 3 Human =640 + - - 4+ - -
Serum 4 Human >640 + - - + - -

4 MAb, monoclonal antibody.

® Negative (—) and positive (+) reactions of tested sera to full-length or
truncated NP fragments in Western blotting,

< The numbess 1 10 5 indicate the name of the truncated fragment (Fig. 1),

OD values determined by IgG ELISA were compared with
antibody titers determined by the I'F method, using the 15
ITF-positive human scra and 1 positive-control monkey serun
(Fig. 3). There was a significant positive correlation between
the ODs at 1:400 dilution and the CCHFV antibody titers (P <
0.01).

Antigenicities of truncated CCHFV NPs. We attempted to
localize the antigenic regions recognized by CCHFV antibod-
ies. We selected four human serum samples, which had high
antibody titers to CCHFV, and the rabbil polyclonal serum to
His-CCHFV rNP. The full-length CCHFV NP and the five
overlapping truncated NP fragments were examined for anti-
genicity using these serum samples in Western blotting (Fig. 1).
As shown in Table 2, all of the tested sera reacted only to
GST-CCHFYV NP3. No sera reacted to the other truncated NP
fragments. These results indicate that GST-CCHFV NP3, the
central region of CCHFV NP, has high antigenicity and sug-
gest that the epitopes recognized by CCHFV antibodies within
CCHFV NP are present only in this fragment.

DISCUSSION

Various methods, including ELISA, ITF testing, complement
fixation, and reversed passive hemagglutination and inhibition
methods, have been used for detecting CCHFV antibodies (1,
3. 5.9, 16. 22). Nevertheless, all these methods require at one
stage that live virus be manipulated, which necessitates the use
of biosafety level 4 containment. The CCHFV tNP from
CCHFV strain AP92 (GenBank accession no. U04958) ex-
pressed in the baculovirus system had been reported to be
useful for the detection of specific antibody to the CCHFV NP,
but the sensitivity and specificity of the IgG ELISA were not
evaluated (14). In the present study, we expressed CCHFV
rNP from CCHFEV Chinese strain 8402. The amino acid ho-
mologies in CCHFV NP and CCHFV NP3 from CCHFV
strain 8402 were 91.9 and 92.5%, respectively, with those [rom
CCHFV strain’ AP92, We confirmed that the CCHFV NP
from a Chinese strain was also useful as an ELISA antigen for
detecting specific antibodies in CCHF patients’ sera. Further-
more, the sensitivity and specificity of the IgG ELISA using
His-CCHFV NP were determined in comparison o IIF test-
ing with authentic viral antigen in the present study. Marriott
and colleagues revealed that the antibodies to Dugbe and
Hazara viruses, related nairoviruses, did not cross-react with
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CCHFYV 1NP in ELISA (14). Therefore. His-CCHFV NP is
considered not to be cross-reactive with the antibodies fo these
viruses in ELISA. The advantage of our 1gG ELISA system is
that the anligen can be prepared in a facility without a bio-
safety level 4 laboratory. Furthermore, as shown in Fig. 2,
His-CCHFV rNP was soluble in 1% NP-40-PBS solution, and
the His tag on the N terminus allowed purification of this
protein. Based on those characteristics, this ELISA is a very
attractive system compared to other methods commonly used
worldwide,

The main antigenic region of the NP was located on GST-
CCHFV NP3. the central fragment of the NP between amino
acids 201 and 306 (Table 2). The amino acid residues in this
region were compared among CCHFV isolates, which included
Chinese strains {GenBank accession no. AY029157, M86625,
AF354296, AF358784, AF362080, AJ010648, and AJ010649)
and non-Chinese sirains (GenBank accession no. U88410,
USB411, U8B412, USZ413, US8414, US8415, US3416, and
U04958). The homologies were between 92 and 100%. indi-
cating that this region is extremely highly conserved. The
CCHFV NP3 had 97 to 100% homwology to the other Chinese
strains and 92 to 96% homology to the non-Chinese strains
IbAr 10200, DAKS194, and UGANDA3010. Thus, it is likely
that our IgG ELISA prepared with the TNP of CCHFV Chi-
nese strains can detect antibodies not only to CCHFV Chinese
strains but also to the other stains circulating in the world,

We believe that [gG ELISA alone is not enough for the
accurate diagnosis of CCHF. Detection of IgM specific to
CCHFV and CCHFYV antigens is also important for early di-
agnosis of CCHF. Detection of IgM by the ITF method or by
IgM capture ELISA using CCHFV NP is in the process of
validation in our laboratories. Virus isolation, CCHFV antigen
detection ELISA, and reverse transcription-PCR are also use-
ful methods for the diagnosis of CCHF (4, 13, 17, 19).

In summary, we developed an IgG ELISA system using
CCHFYV rNP and demonstrated that it has high sensitivity and
specificity. Therefore, i is expected that this [gG ELISA will
be useful for diagnosis and for seroepidemiological studies of
CCHFYV infections.
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Histopathology of Natural Ebola Virus Subtype Reston
Infection in Cynomolgus Macaques during
the Philippine Outbreak in 1996
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Abstract: We investigated the livers, spleens, Kidneys and lungs collected from 24
cynomolgus macaques (Macaca fascicularis) naturafly infected with Ebola virus sublype
Reston (EBO-R} during the Philippine outbreak in 1996, in order to reveal the
histopathologic findings. These macaques showed necrotic hepatocytes with inclusions,
slight to massive fibrin deposition in splenic cords, depletion of lymphoid cells in the white
puip of the spleen, and fibrin thrombi in some organs. Immunohistochemical analysis using
anti-leukocyte antigen L1 antibody revealed an increase in blood-derived macrophages/
monocytes in the livers, kidneys and lungs of EBO-R infected macaques. EBQ-R NP
antigens were delected in the macrophages/monocytes, endothelial cells and fibroblasts in
the liver, spleen, kidney and lung., These results indicate that EBO-R infection is
characterized by systemic coagulopathy and an increase in biood-derived macrophages/
monocyles in accordance with the EBO-R propagation in macrophages/monocyles.

Key words: cynomoligus macaque, Ebola virus, Histopathology, sublype Reston

Introduction S}, Ivory Coast (EBO-IC), and Reston (EBO-R) [12).
EBO-R outbreaks have occurred in 1989 (Virginia,

Ebola virus belongs to the family Filoviridae andis ~ USA), 1990 (Texas, USA), 1992 (Siena, Italy), and 1996
divided into 4 subtypes: Zaire (EBO-Z), Sudan (EBO-  (Texas, USA) among macaques imported from the Phil-
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4438 T. IKEGAM]I, ET AL.

ippines [7-9, 16, 19, 20, 23, 26, 32]. A high mortality
rate among EBO-R-infected cynomolgus macagues was
documented in each epidemic; however, there was no,
illness or fatalities among the scrologically confirmed,
infected hurnans [8, 9, 23, 32]. Histopathological find-
ings of cynomolgus macaques naturaily infected with
EBO-R during the 1989 American cutbreak have been
reported [11, 15, 19]. EBO-R virions were demon-
strated in circulating macrophages/monocytes,
interstitial fibroblasts, interstitial macrophages, adipose
cells, vascular endothelial cells, hepatocytes and adre-
nak cortical cells, but rarely in the renal tubules and
type-II alveolar epithelial cells in the monkeys infected
in the 1989 outbreak [15]. Simian hemorrhagic fever
virus {(SHEV), belonging to the family Arteriviridae was
also isolated from some of the macaques during the
EBO-R outbreaks [11, 16, 19]). However, the involve-
ment of SHFV in the pathogenesis of EBO-R has not
yet been clarified.

Experimental infection of non-human primates [4, 5,
13, 14, 18, 21, 28] and guinea pigs {10, 29] with EBO-
Z demonstrated that EBO-Z propagates initially in
mononuclear phagocytic system (MPS) cells, such as
monocytes and macrophages, and subsequently in hepa-
tocytes, adrenal cortical cells, endothelial cells, and
fibroblasts in EBO-Z infected monkeys [28] and guinea
pigs [10].

The histopathological findings of EBO-R infected
cynomolgus macaques in the Philippine outbreaks have
not yet been reported. In this study, we investigated
the characteristic light microscopic findings of the liv-
ers, spleens, kidneys and lungs from 24 dead or
sacrificed cynomolgus macaques during the EBO-R
outbreak of 1996 in the Philippines, and demonstrated
an increase of blood-derived macrophages/monocytes
in EBO-R infected macaques.

Materials and Methods

Animals

The EBO-R epidemic occurred in a monkey breed-
ing and export facility in the Philippines from March to
September in 1996 [23, 26]. During the outbreak at
this facility, some monkeys died of Ebola virus infec-
tion, and some monkeys held in pens with
antigen-positive animals were sacrificed to control the
spread of the virus.

Tissues from 29 cynomolgus macagues (Macaca
fascicularis) were histopathologically examined.
Twenty-four of the 29 monkeys were infected with
EBO-R, while the remaining 5 were uninfected. The
EBO-R infection was previously confirmed by detec-
tion of the antigen in liver homogenates by
antigen-capture enzyme-linked immunosorbent assay
(ELISA) at the Research Institute for Tropical Medi-
cine, Philippines [23]). Of the 24 EBO-R-infected
macaques, 12 died of the virus infection, and 12 were
sacrificed to prevent the viral spread. The available

" clinical signs of these macaques are shown in Table 1.

Light Microscopy

Tissue samples from the livers, spleens, lungs, and
kidneys of the macaques were fixed in 10 % formalin.
The tissues were embedded in paraffin, cut into 3-pm
sections and stained with either hematoxylin and eosin
(HE) or phosphotungstic acid hematoxylin (PTAH).

Immunohistochemistry

The paraffin sections were examined by immunohis-
tochemistry using a commercial kit (VECTASTAIN
elite ABC kit: Vector Laboratories, Inc. Burlingame,
USA). They were pre-treated in 10 mM citrate buffer
at 95°C for 15 min in a microwave (H2500 Microwave
Processor, Energy Beam Sciences, Inc. Massachusetts,
USA) prior to immunostaining. We used a rabbit
polyclonal antibody to EBO-Z recombinant nucleopro-
tein (NP) [30] to detect EBO-R NP, since the rabbit
serum showed considerable cross-reactivity with the
EBO-R antigen in the indirect immunofluorescent as-
say, immunoglobulin G-ELISA and Western blotting
(data not shown). We also used a mouse moncclonal
antibody to 2 leukocyte antigen L1 protein (Novocastra
Lab, Inc, Newcastle, UK). Biotinylated horse antibody
to mouse IgG was used as secondary antibody for the
primary antibodies. Then, peroxidase-conjugated
streptavidin was reacted. Diaminobenzidine and hy-
drogen peroxide were used as a substrate for
visualization. We counted the number of L1 antigen-
positive cells in the liver, medulla of kidney, and lung
in 5 fields at 50X magnification, using computer soft-
ware (the public domain NIH Image program, National
Institutes of Health, Bethesda, USA). The number of
positive cells was compared with those of 5 non-in-
fected monkeys by Student’s t-test.
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Table 1. Case history, viral antigen localization, and light microscopic findings in EBO-R infected macaques

Inclusions  Fibrin

Lymphbid Hemoretage Hemorrhage

Recorded . .
macaque Viral antigen ' in deposition cell in renal in , .
No. m localization* bepaocyes inredpulp depletion.  mbles alveali o formatont
(livery  (spleen)*  (spleen)  (kidney) (lung)

1. Sacrificed 2671 H L), §(1). K(0). P(1} - + - - - L(1), S(1), K¢0), P(0)
macaques 2182 H.W L), S, K(©0), 1) - + - - - L(1), 8(1), K(0), P(O)
(EBO-R 2021 NR L(1), (1), K(0), P(N) + + - - ND L('l), S(, K, B(N)

infected) 2728 NR L(1), S¢1). K(1), B{1) + + - - - E(1), S(1), K(0), P(0)
2739 NR  L(D), $(1), K1), P(L) 2+ + - - - L(L), $(1), K (03, P(0)

2644 NR L(2), §(2), K(2), P(1) 2+ 2+ - + - L(1), §(1), K(©), F(0)

2612 H L2, 52),K2),PMN) 24 + - - ND L(1), $(1), K(1), P(N)

956 $ 1(2), 8(2), K(D), P(1) 2+ 2+ + + - L(1), S(D, K(1), B(1)

2400 NR L(2), 8(2), K(2), B(1) 2+ 2+ + - - L1, S, K@), P(1)

2939 D L(2), $(2) K(2), P(1) 2+ 2+ + + - L(1), 8¢i), K(1), B(1)

26569 H L(2), 8(2), K2, P(2) 24+ 2+ + - + LD, S(, K, P(1)

2615 M L(2), $(2), K(2), P(2) 2+ 2+ + - + L(1), S¢1), K(©0), P(0)

1L Died 2386 w L(2), 5(2), K@), P(2) 2+ 2+ + ND - L{D), S(1), KD, P(L)
macagues 2317 NR L2), $(2). K(2), P(2) 2+ 2+ + + - LD, S(1), KD, P(1)
(ERO-R 2384 NR L(2), 8(2), K@), P(2) 2+ 2+ + - - L), (1), K¢, P(1)
infected) 2938 S L(2), 8(2), K(2), P(2) 2+ 2+ + - + L(b), S(1), KD, P(L)
2338 NR L(2), 5(2), K(2), P(2) 2+ 2+ + + - L{1), S(1), K(), P(1)

2809 S L(2), 5(2), K(N), P(2) 2+ 2+ + - - LD, S(y, K(D, 1)

2622 NR L(2), 5(2), K(2), P(2) 2+ 2+ + - - L(0), S(), K(0), P(0)

2319 NR  L(2),5(2)K(2),PQ2) 2+ 24 + - - L(1), S(B), K¢(D), P(O)

2334 NR  L{2), S(2), K(2), P@V) 2+ 2+ + + ND LD, S(1), K(1), PN

2872 NR L(2), 8(2), K(2), F(2) 2+ 2+ + + - L(0), S(1), K(0), P{O)

2882 NR L), 8(2), K2, P(2) 2+ 2+ + + - L(1), S¢1), K(1), P(1)

2878 NR L(2), 8(2), K(2), P(2) 2+ 2+ + + - LeD), $(1), X(1), P{O)

I Negative 2759 H L(0), 8(0), K0}, P{O) - - - - L(0), 5(0), K(©), P(0)
macaques 2782 H L(0), S(0), K(0), P(0) - - - - - L{0), 5(0), K(0), P(0)
(Uninfected) 2784 H L0, S(0), K(0), P(0) - - - - - L{0), 8(0), K0}, P(0)
2757 H L(0), SO, KOy, P(O) - - - - - L{0), S5(0), K(0), P(0)

2758 H L.(0), S(0), K(0), P{O) ) - - - - - L0y, S¢0), K(0), P{0)

*, H: healthy, $: sick, M: moribund, D: diarthea, W: wounded, NR: not recorded. 1, L: liver, §: spleen, K: Kidney, P: lung (N: not done,
0: not detected, 1: MPS cells, 2: MPS cells and endothelial cells). , ~: not detected, +: positive in a few hepatocytes, 2+: positive in many
hepatocytes. ¥, —: not detected, +: minimal deposition, 2+:massive deposition. 1, L: liver, S: spleen, K: kidney, P: lung (N: not done, 0: not

detected, 1: thrombi were detected), ND: not done.

Results

Histopathologic findings in macaques that died of EBO-
R infection

All the macaques that had died of Ebola virus infec-
tion during the outbreak showed similar pathological
findings (Table 1). Moderate to severe infiltration of
mononuclear cells was present in the portal areas in the
livers. Hepatocytes contained irregular shaped intracy-
toplasmic acidophilic inclusion bodies, which were
widely scattered throughout the lobules (Fig. 1a). Ne-
crosis of hepatocytes was occasionally observed. A

prominently increased number of mononuclear cells and
fewer neutrophils were present in the hepatic sinuses
and veins. Some of the mononuclear cells were en-
larged and contained acidophilic inclusions in the
cytoplasm. PTAH staining demonstrated fibrin thrombi
in the sinuses.

In: the white pulp of the spleen, the number of lym-
phoid cells was severely decreased, and hemorrhage was
occasionally present in the follicle (Fig. 1b). The num-
ber of MPS cells in the red pulp cords was dramatically
decreased. The splenic cords were prominently engorged
with acidophilic materials (Fig. 1c}. The acidophilic
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Light microscopic lesions observed in macagues that died of EBO-R infection. (a) Liver, No. 2386
monkey. Some hepaocytes have irregular acidophilic inclusion hodies in the cytoplasm {arrow). HE.
Bar = 50 pm. (b} White pulp in spleen. No. 2386. The nuntber of lympheid cebs is prominently
reduced in the follicte and fremorrhage is also observed. HE. Bar =200 dm. <} Reud pulp in spleen,
No. 2386. The number of constituent cells of the red pulp cord is prominentiy decreased. The red
pulp card is engorged. and acidophilic material (fibrin) is deposited farrow head). Enkarged macroph-
ages ure seen in the splenic sinus (arrow). HE. Bar = 50 pum. (d) Red pulp in spleen. No. 2386. Fibrin
deposition is demonstrated in the red pulp cord. PTAH. Bar = 30 um. (¢) Liver. No, 2377, EBO-R
NP antigens ave detected in the eytoplasm of macrophages / monocytes (arrow) in the sinus and endol-
helial cells (arrow head), Immunehistochemistry, Mayer's hematoxylin counterstain. Bar= 50 pm.
{1 Red pulp in spleen. No. 2377, Macrophages (arrow) in the splenic sinus and endothelial cells
{arrow head) have EBO-R NP amigens. Imrnnohistochemistry, Mayer's hematoxylin counierstain,
Bar = 50 um.



