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VP6, VP7, VP9, VP10, VP11, and VP12 of Colorado tick fever virus (CTF virus), a virus member of the genus
Coltivirus, family Reoviridae, were expressed in bacteria with the pGEX-4T-2 vector. A partial sequence of VP7
(designated pVP7) was chosen to elaborate an enzyme-linked immunosorbent assay (ELISA) for detecting
anti-CTF virus immunoglobulin G (IgG) antibodies in humans. This was based on two observations: (i) among
all expressed proteins, pVP7 showed the highest immunoreactivity to an anti-CTF virus hyperimmune ascitic
fluid; (ii) to provide the highest selectivity of antibody detection, the expressed sequence was chosen within a
region which is highly divergent (49% amino acid identity) from the homologous sequence of another coltivirus,
the Eyach virus. The pVP7 ELISA was evaluated with 368 serum samples from French blood donors and found
to provide 98.1% specificity. Assays with the Calisher set of human serum samples, positive for anti-CTF virus
antibodies (C. H. Calisher, J. D. Poland, S. B. Calisher, and L. A Warmoth, J. Clin. Microbiol. 22:84-88, 1985),
showed that the pVP7 ELISA provided 100% sensitivity for the tested population. After elaboration of
recombinant-protein-based ELISAs for diagnosis of infections with members of the viral genera Orbivirus,
Orthoreovirus, and Rotavirus, it was shown that a recombinant protein could be used to detect antibodies to the

human pathogen Colorado tick fever virus.

Colorado tick fever (CTF) is a tick-borne viral disease which
is usually self-limiting (18). It affects 11 western states in the
United States (it was first described in the Rocky Mountain
region) and was also reported in Canada (11, 18). Two to three
hundred cases are reported annually in the United States. The
onset of the disease is abrupt, with flu-like manifestations. The
clinical triad (saddleback fever, myalgia, and headache) ap-
pears following the bite of an infected adult Dermacentor
andersoni tick. Severe complications have been reported, par-
ticularly in children, such as encephalitis, meningitis, hepatitis,
intravascular coagulopathy, and orchitis (6, 10, 12, 18).

Besides CTF virus, the genus Coltivirus encompasses the
European Eyach virus reported earlier in Germany and France
(9, 23). This virus is related to CTF virus but shows significant
genome divergence, especially in segments 6, 7, and 12 (4). It
cannot be propagated in cell culture, and little is known about
its epidemiological distribution. However, the Eyach virus has
been suspected to be a possible human pathogen because spe-
cific antibodies have been detected in serum samples from
patients suffering from polyradiculoneuritis (20).

The possible propagation of CTF virus in the usual cell lines
has made the elaboration of diagnostic procedures easier. In
particular, virus isolation and serological diagnosis with lysates

* Corresponding author. Mailing address: Unité des Virus Emer-
gents, Faculté de Médecine, 27 Boulevard Jean Moulin, 13005 Mar-
seille cedex 5, France. Phone: (33) 4 91 32 45 531. Fax: (33) 4 91 32 44
95. E-mail: h-attoui-ets-ap@gulliver.fr.

2102

of infected cells (including enzyme-linked immunosorbent as-
say [ELISA] and immunocapture and Western blot assays)
have been applied successfully (2, 7). More recently, PCR
detection procedures for the CTF virus genome have been
developed (2, 17), taking advantage of the complete charac-
terization of the virus genome (1).

In this study, we designed the first serological assay based on
a recombinant CTF virus protein. The recombinant CTF virus
VP7 protein was selected for its high immunoreactivity and
used for diagnosis in an immunoglobulin G (IgG) ELISA for-
mat. This ELISA was evaluated with serum samples from vol-
unteer blood donors and CTF virus-infected humans. This test
could be used whenever cell culture facilities for virus propa-
gation are not available or safety restrictions should be con-
sidered. It should therefore be helpful for future epidemiolog-
ical and/or diagnostic studies of CTF virus infection.

MATERIALS AND METHODS

Virus propagation and cloning. The Florio strain of CTF virus (1943, human
isolate) (13, 14) was propagated in BHK-21 cells as described previously (3). The
virus genome was cloned and sequenced in a previous study (3).

Production of recombinant proteins: assay of immunoreactivity. We expressed
the VP6, VP7, VP9, VP10, VP11, and VP12 proteins of CTF virus. The immu-
noreactivity of these proteins was assayed with an anti-CTF virus mouse hyper-
immune ascitic fluid sample and a positive convalescent-phase human serum
sample by slot blot methodology. All except VP10 were immunoreactive, with
VP7 showing the highest reactivity. A partial sequence of VP7 between amino
acids 144 and 540 (397 amino acids, designated pVP7) was chosen as the sub-
strate for expression and antibody detection. In this region, VP7 of CTF virus
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and VP6 of Eyach virus (4) are homologous but show considerable divergence
(>50%).

Production of CTF virus recombinant pVP7: construction of vector expressing
pVP7. Segment 7 was amplified under standard conditions with specific primers
(underlined) tailed with a restriction enzyme site (bold): VP7expS, GGATCCC
CAGGAATTCCCTGTCAAGCTGTTGGTTTGAATC, containing a cleavage
site for EcoRI, and VP7expR, GAGCTCGTGAGCGGCCGCTCACTAATGGT
GATGGTGATGATGCTCATACATCACCTTCGCTCTG, containing a cleav-
age site for Notl. The reverse primer also contains a six-His 6xHis tag sequence
(shown in italics) followed by two successive stop codons.

The pGEX-4T-2 vector and PCR products were double-digested separately
with EcoRI and NotI enzymes (Invitrogen), gel purified, and ligated overnight at
16°C with T4 DNA ligase (Roche).

The recombinant vector was transfected into Escherichia coli BL-21 bacteria.
Clones were recovered and grown in Trypticase-soy-casein (TSC) medium con-
taining 100 pg of ampicillin per ml.

Expression and purification of GST-pVP7-6xHis. Bacteria were grown in
TSC-ampicillin to an optical density at 600 nm of 0.5, and then 0.5 mM isopro-
pylthiogalactopyranoside (IPTG) was added for induction during 4 h at 37°C.

Bacteria were pelleted and processed with Bugbuster protein purification
(Novagen). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) showed that the fusion protein was found in the inclusion bodies. It was
solubilized in 50 mM CAPS (3-[cyclohexylamino]-1-propane-sulfonic acid), 1
mM dithiothreitol, and 0.3% Sarkosyl and dialyzed overnight against 20 mM
Tris-HCI (pH 8.5). The fusion protein was cut with thrombin at 16°C overnight
[6.5 NIH units of thrombin (Diagnostica Stago) per ml of protein (at 2,000
pg/ml)] to cleave the glutathione S-transferase (GST) moiety. The cut protein
was subjected to SDS-PAGE and electroblotted on a nitrocellulose membrane
for testing reactivity with a 1:1,000 dilution of anti-CTF virus mouse hyperim-
mune ascitic fluid.

Preparation of ELISA plates. (i) Coating with anti-His-tag antibody. Biotin-
ylated anti-penta-His antibodies (Qiagen) were diluted in phosphate-buffered
saline (PBS) to 1 pg/ml. Wells of streptavidin-coated strips (Roche) were incu-
bated with 100 pl of biotinylated anti-penta-His antibodies (1 h at 37°C) and
washed with PBS buffer (0.05% Tween 20). A mixture of biotin and bovine serum
albumin (0.05% and 50 mg/ml in PBS, respectively) was used in a subsequent
blocking step (37°C for 2 h).

(ii) Coating with pVP7-6xHis and storage. The cut protein was diluted four-
fold in 20 mM Tris-HCI (pH 8.5); 100 wl was added to the wells and incubated
for 1 h at room temperature, followed by washing. Microplates were dried and
stored in vacuum bags at 4°C. The reactivity to a standard human serum positive
for anti-CTF virus antibodies was tested over 2 months.

ELISA. (i) Protocol. Wells were rehydrated with 20 mM Tris-HCI (pH 8.5)
containing 0.05% Tween 20, and 100 pl of serum samples diluted hundredfold in
5% skim milk in PBS was added at room temperature. Plates were incubated
with 100 wl of a 1:3,000 dilution in milk of anti-human Fab-peroxidase (Jackson
Immunoresearch). Detection was revealed with the one-component TMB (tet-
ramethylbenzidine) substrate chromogen (Kirkegaard & Perry), as directed by
the manufacturer.

(ii) Populations tested with pVP7-6xHis ELISA. A serum positive for CTF
virus antibodies [serum 10c, obtained from the Calisher set (7)] was used as an
internal standard to allow interseries comparison. The intensity of the colori-
metric reaction was expressed as a normalized optical density (NOD), where
NOD = [(the optical density of the sample) — (the optical density of the blank
reaction)]/[(the optical density of the internal standard) — (the optical density of
the blank reaction)]. Frequency distribution of NOD was analyzed with the
Systat 5.03 program (Systat Inc., Evanston, Ill.).

French blood donors. A total of 368 randomized serum samples from blood
donors living in the south of France were tested. These donors had never been
to the Americas, and hence the probability of contact with CTF virus was very low.

Calisher set of serum samples. Eighteen serum samples collected 16 years ago
from individuals for whom a diagnosed CTF virus infection was reported (7)
were tested. All except serum 42a were convalescent-phase serum samples. The
presence of antibody to CTF virus and the titer of neutralizing antibody were
determined by Calisher and colleagues (7). Serum 42a was collected 17 days after
disease onset and could therefore be considered an intermediate-phase serum.

Western blot analysis. The presence of anti-CTF virus antibody was confirmed
or ruled out with the previously described Western blot test (2). Criteria for a
positive Western blot were reactivities to at least three viral proteins, including
reactivities to the 38-kDa and 95-kDa antigens.
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FIG. 1. Electrophoretic separation by SDS-PAGE of GST-pVP7-
6xHis. Lane M shows molecular mass standards labeled (in kilodal-
tons); lane 1 shows the thrombin-cut protein (digestion realized at
16°C); lane 2 shows the GST-pVP7-6xHis fusion protein.

RESULTS

Preparation of recombinant protein. The theoretical molec-
ular mass of the protein was calculated to be 71.5 kDa, while
the apparent mass revealed by electrophoresis was 75 * 1 kDa.
This difference could be due to the lowering of mobility by the
presence of 19% basic residues and 10% proline residues,
known to decrease mobility in SDS-PAGE (15). The uncut
fusion protein and the thrombin-cleaved proteins are shown in
Fig. 1. The yield of the solubilized fusion protein was measured
to be approximately 5,000 pg/ml. The protein was efficiently
recognized by human and mouse antibodies to CTF virus. The
Western blot reactivity of the cut protein to anti-CTF virus
mouse ascites fluid is shown in Fig. 2.

Despite variation in the cleavage conditions (temperature of
incubation and thrombin concentration), some degradation
was observed upon treatment with thrombin (Fig. 2).

ELISA. (i) Determination of a cutoff value for ELISA. The
population of 368 French blood donors was supposedly nega-
tive for anti-CTF virus antibodies. This was tested with the
elaborated pVP7 ELISA. NODs followed a nearly normal dis-
tribution (Fig. 3), and the mean of all NOD values was 0.091,
with a standard deviation of 0.082. According to the formula
mean of all negative values + 2 standard deviations used for
the calculation of the cutoff value (22), a normalized cutoff
value of 0.255 was calculated. Among the tested population,
seven serum samples (1.9%) had NOD values higher than the
cutoff. These serum samples were tested by Western blotting
against CTF virus proteins and found to be negative. Immu-
noblot results against the recombinant VP6 of Eyach virus
were also negative. Consequently, all serum samples from the
collection were considered true-negative for the presence of
specific antibody to CTF virus. Based on these results, the
specificity of the assay for the selected population was 98.1%.

ELISA results are subsequently expressed as a ratio (R,
where R = NOD/cutoff).
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FIG. 2. Western blot analysis of cut pVP7-6xHis. The protein was
digested with thrombin at 30°C. Partial degradation products also
reacted with anti-CTF virus mouse hyperimmune ascitic fluid. Sizes of
molecular mass standards are shown (in kilodaltons).

(ii) Testing of Calisher set of serum samples. According to
the results of the Western blot analysis, all serum samples in
the Calisher set had specific antibody to CTF virus. Serum 50c
could not be tested by Western blotting due to insufficient
volume. However, it had a low but significant titer of neutral-
izing antibody according to Calisher and colleagues (7). All

RATIO (R)
2 3 4
100 i | L L
7y
%
F
R
E
Q
U
E
N
C
Y
—
0.0 0.2 0.4 0.6 0.8 1.0

NORMALIZED OPTICAL DENSITY (NOD)

FIG. 3. Frequency distribution histogram of NOD values obtained
with serum samples from French blood donors. The cutoff value (ratio
or NOD) is indicated by a dotted vertical arrow.
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TABLE 1. Results of serological assays performed on CTF virus
antibody-positive sera: comparison of previously reported IgG
and neutralizing antibody titers to Western blot analysis
and ratios obtained with pVP7 ELISA®

Serum no. IgG titer® NA titer” WB result Ratio Status
10c¢ <100 1,280 + 4.0 +
21c 400 128 + 1.5 +
22¢ 400 128 + 4.8 +
23¢ 800 320 + 2.9 +
25¢ 1,600 128 + 5.4 +
31c 800 160 + 6.0 +
32c 3,200 128 + 35 +
33c 400 320 + 2.1 +
34c 400 160 + 3.6 +
37c 800 160 + 22 +
38¢c 3,200 160 + 53 +
40c 200 10 + 2.8 +
42a 200 80 + 1.2 +
42¢ 400 320 + 22 +
43c <100 320 + 34 +
44c <100 320 + 33 +
48¢ 12,800 1,280 + 6.0 +
50c <100 20 NT 1.2 +

“ Letters following serum sample numbers indicate acute (a) and convalescent
(c) phase. +, positive; —, negative; NT, not tested (not enough volume); NA,
neutralizing antibody; WB, Western blot.

® Data from Calisher et al. (7).

¢ Serum used for interseries normalization.

other samples had either an IgG titer of >100 (with infected
cell lysate as the antigen) or a neutralizing antibody titer of
>10. Consequently, all serum samples from the collection were
considered true-positive for the presence of specific antibody
to CTF virus.

With the recombinant pVP7 ELISA, all serum samples had
ratios ranging between 1.2 and 6.0 (Table 1). Based on these
findings, the pVP7 ELISA provided 100% sensitivity for the
population tested.

DISCUSSION

Recombinant proteins have been used to design ELISAs for
detecting antibodies to several viruses in the family Reoviridae.
A recombinant VP6 rotavirus group C protein-based ELISA
has been developed and used in diagnostic assays (8, 25).
Among the orthoreoviruses, recombinant 6B and 6C proteins
have been used in the diagnosis of avian reoviruses (19, 24).
Serological tests based on recombinant VP7 and NS3 have also
been developed for viruses of the genus Orbivirus (African
horse sickness virus, epizootic hemorrhagic disease virus, and
Palyam virus) (16, 21, 27).

We completely or partially expressed the VP6, VP7, VP9,
VP10, VP11, and VP12 proteins of CTF virus in bacteria. The
immunoreactivity of these recombinant proteins against a hy-
perimmune mouse ascitic fluid and a positive human serum
showed that the pVP7 and pVP6 proteins were the most im-
munoreactive, with pVP7 showing the strongest reactivity. Be-
cause our purpose was to design a test highly specific for CTF
virus, a fragment of VP7 (pVP7) that had only 49% amino acid
identity with the corresponding sequence of the Eyach virus
was chosen. The yield of the fusion protein GST-pVP7 (5,000
pg/ml) makes it a conveniently available antigen. Despite the
expression of a truncated protein, the immunoreactivity proved
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to be excellent and permitted the specific detection of anti-
CTF virus IgG antibodies in an ELISA format.

We analyzed a population of true-negative samples from
French blood donors who never visited the Americas and a
population of true-positive samples (with a positive Western
blot and/or a significant titer of neutralizing antibody) with this
test. A standard definition of the cutoff value resulted in a 1.9%
false-positive rate for the blood donor population (confirmed
by a negative Western blot) and 100% sensitivity for the pop-
ulation of CTF virus-infected patients. In the latter series of
samples, which represent the only published reference set of
human serum samples with a diagnosed CTF virus infection,
three samples that had previously been declared negative for
IgG but contained neutralizing antibodies (7) were found to be
positive with the pVP7 ELISA (with ratios of >3). Two sam-
ples with a low titer of neutralizing antibodies were also found
to be positive.

Altogether, these results suggest that this ELISA could be a
useful tool for the epidemiological survey of CTF. The require-
ment of a Western blot confirmatory test for less than 2% of
the serum samples tested is acceptable for this purpose. This
test permits determination of the serological status of a pop-
ulation without special safety precautions and without any
need to propagate the CTF virus. Besides the high yield of
protein production, our method does not require extensive
refolding of the protein. The immobilization of the protein
through the 6xHis tag to the solid phase of the wells offers good
accessibility for anti-VP7 antibodies to their target. There is no
need to run a control GST ELISA (5, 26) to avoid the false-
positive results caused by the presence of anti-GST antibodies,
since the GST moiety is cleaved prior to coating. The dried
protein plates kept under vacuum are stable over time (at least
2 months; data not shown), allowing large batches of micro-
plates to be prepared. The use of the test for the detection of
seroconversion and its adjustment to the detection of IgM
antibody will require further evaluation with serum samples
collected during the acute period of CTF. However, it is clear
that reverse transcription-PCR detection of the CTF virus is
the method of choice for diagnosis of acute CTF.

The generation of recombinant proteins for serological tests
represents an interesting alternative to the conventional and
hazardous method of using lysates of infected cells as the
antigen. This study shows that a specific recombinant protein
of the human pathogen CTF virus can be used as an antigen for
detecting specific antibodies.
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