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Detection by ELISA of IgM antibodies to Ross River
virus in serum from patients with suspected epidemic
polyarthritis*

R. A. OSENI,1 M. D. DONALDSON,2 D. A. DALGLISH,3 & J. G. AASKOV4

An ELISA methodfor the detection ofIgM antibody to Ross River virus in the serum
ofpatients with suspected epidemic polyarthritis has been developed. None of the reagents
is infectious or toxic and the use of purified virus minimizes the risk of non-specific
reactions to non-viral products. In a positive reaction the ELISA substrate changes colour
from yellow to purple, enabling serum antibody titres to be read by eye.

Epidemic polyarthritis, a disease caused by an
alphavirus (Ross River virus), is characterized by
joint pain, particularly in the knees and the small
joints of the hands and feet (1). Many patients also
develop a rash and/or fever. While the disease is self-
limiting, the symptoms are often severe enough to
prevent work and the performance of domestic tasks.

Ross River virus is endemic in Australia where
approximately 500 cases of epidemic polyarthritis are
diagnosed each year. In 1979 and 1980, major epi-
demics of Ross River virus infection were reported in
several countries in the Pacific region (2-4) while less
serious outbreaks in other countries may have
remained undiagnosed. There is now a need for
laboratories in the area extending from Australia to
Samoa to be able to diagnose epidemic polyarthritis
serologically.

Serodiagnosis of recent togavirus infection relies
on the detection of a fourfold or greater rise in anti-
viral antibody titre between two serum samples.
Often only one serum sample is collected, or paired
sera are collected too late to show a diagnostic rise in
titre. This has led to the use of assays for detecting
virus-specific IgM antibody which is detectable for a
relatively short interval after an infection (5-7).

This report describes an enzyme-linked immuno-
sorbent assay (ELISA) for the detection of IgM anti-
body to Ross River virus in serum from patients with
suspected epidemic polyarthritis. The test is simple to
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perform, employs non-infectious and non-toxic
reagents, and provides rapid, reliable results.

MATERIALS AND METHODS

Virus
At first, virus was produced by infecting pig kidney

(PS-EK) cells in a roller bottle with 6th mouse passage
virus (Ross River, T48; Sindbis, MRM 39; Getah,
N544) and harvesting the culture supernate when the
cytopathic effect was obvious (after 48-72 hours). It
has since been found that virus can be produced more
easily and with less expense by infecting Aedes albo-
pictus cells (C6-36) with 6th passage virus for 1 h at
32 °C, pouring off the non-absorbed virus, and re-
placing it with culture medium (RPMI 1640 buffered
to pH 7.2 with sodium bicarbonate, 14 mmol/l
HEPES and supplemented with 10%o fetal calf
serum). The culture supernate was harvested when
virus titres had peaked (after 24-28 h in the case of
Ross River virus).

After removal of cell debris by centrifugation of the
culture supernate at 10 000 g for 20 minutes, the virus
was pelleted at 10 000 g for 16 h at 4 'C. The virus
pellet was resuspended in 0.05 mol/l sodium borate
and 0.12 mol/l saline at pH 9.0, centrifuged at 1500 g
for 5 minutes to remove any large clumps, and layered
on a 5-50% weight/volume (w/v) potassium tar-
trate gradient. The gradient was then centrifuged at
105 000 g in a swing head rotor (DAMON/IEC NO
402)' for 2.5 h at 4 IC. The resulting band of pure
virus was recovered, pelleted at 160 000 g for 1.5 h,
resuspended in pH 9.0 borate-saline, and subjected to
ultraviolet inactivation (8). When this material was
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analysed by electrophoresis in polyacrylamide gel,
only three bands of protein were obtained (two
envelope and one nucleocapsid).

Enzyme-linked immunosorbent assay (ELISA)

The following procedure was employed, except
where indicated.
The virus, after dilution in pH 9.0 borate-saline,

was added (25 1l) to each of the 96 wells in a flexible
U-well ELISA plate (Dynatech Cat. No. 10-2401),b
and stored overnight at 4 'C. The virus was then
flicked into a sink and the plate flooded with phos-
phate-buffered saline (PBS), pH 7.4, containing 207o
w/v Tween 20. This fluid was immediately flicked
into a sink and the plate vigorously tapped on an
absorbent paper towel until no further moisture
appeared on the towel. This flooding-tapping
procedure is referred to as "washing". After virus
coating, the plates were washed three times before the
addition to each well of 25 iel of serum diluted in
PBS-Tween 20.
The plates containing serum were incubated at

room temperature (20-30 °C) for 30 minutes, washed
three times in PBS-Tween 20 and 25 yd of urease-
labelled anti-human IgM (anti-A-chain),C and diluted
1 in 100 in PBS-Tween 20 added to each well. After a
further incubation at room temperature for 30
minutes, the plates were washed three times in
PBS-Tween 20 and then three times with distilled
water. Urease substrate (25 01) was added to each well
and the ELISA plates incubated at 37 'C until the
positive control turned a bright blue or reached a pre-
determined titre while the negative control remained
yellow. This usually took 15-30 minutes. The
absorbance of substrate at the end of this interval was
read at a wavelength of 410 nm using a micro-ELISA
reader (Dynatech) b or scored by eye (yellow -; grey
+; blue+).

Pre-coated plates. The virus was flicked from the
ELISA plates, which had been coated with virus in the
usual manner, and the plates tapped to remove any
obvious fluid. The plates were then dried at room
temperature for 1-2 h, sealed with adhesive vinyl lids
(Linbro Cat. No. 76-402-05),d and stored on the
bench. When required, the adhesive cover was re-
moved and serum was added to the plates without any
further washing. A standard ELISA was then per-
formed.

Serology
Haemagglutination (HA) and haemagglutination-

inhibition (HI) assays were carried out by the tech-
b Dynatech Inc., Virginia, USA.
` Commonwealth Serum Laboratories, Melbourne, Australia.
d Flow Labs, Connecticut, USA.

niques of Clarke & Casals (9) but modified for use in
microtitration trays with 96 wells. IgM antibody to
Ross River virus (RRV) was measured using the ultra-
centrifugation-haemagglutination inhibition (UC-
HI) method of Field & Murphy (10). Using these
assays, three "standard" sera were identified:
(1) anti-RRV IgG -, anti-RRV IgM -; (2) anti-RRV
IgG+, anti-RRV IgM-; and (3) anti-RRV IgG+,
anti-RRV IgM + . The first of these three sera, when
diluted 1 in 5, contained no detectable neutralizing
antibody (12).
Rheumatoid factor was quantified by using a

commercial latex bead kit.

Coating and calibration ofplates.
Virus grown in C6-36 cells was diluted in

0.05 mol/l ammonium carbonate at pH 8.4, phos-
phate-buffered saline at pH 7.4, or 0.05 mol/l
borate and 0.12 mol/l saline at pH 9.0, and allowed
to coat the plates overnight at 4 'C. The standard
ELISA procedure was then performed and the titre of
the standard sera noted for each coating buffer.
Although all three coating buffers produced similar
results in block titrations with virus and antibody, the
plates coated with virus diluted in pH 9.0 borate-
saline produced sharper end-points. All subsequent
procedures used the plates coated with virus diluted in
this buffer.

RESULTS

Since the object of using the ELISA method is to
diagnose recent infections, an arbitrary decision was
made to align the sensitivity of this assay with the
standard UC-HI technique which detects IgM anti-
body in serum from patients with epidemic poly-
arthritis for approximately 20 weeks after the onset of
symptoms. This was done by adjusting the amount of
virus used to coat the ELISA plates. Fig. 1 shows the
results obtained using two sera which were chosen as
internal standards. The serum used to obtain the data
in Fig. IA contained IgM antibody against Ross River
virus as determined by the UC-HI technique, but the
serum used to obtain the data in Fig. lB did not
contain IgM antibody. Both sera had an HI titre of 1
in 40. There was some non-specific binding of the
IgM-positive serum to uncoated plates but this could
not be detected when the test was read by eye (Fig.
IC). There was no detectable binding of immuno-
globulin to the virus-coated plates when serum which
contained no detectable neutralizing antibody against
Ross River virus was tested. On the basis of these
results, subsequent ELISA assays employed plates
coated by the addition of 20 HA units of virus in 25 yl
borate-saline to each well of the plates.
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Fig. 1. Calibration of ELISA. Rows of wells on an ELISA plate were treated with borate-saline (@0, uncoated) or
Ross River virus (RRV) diluted in borate-saline (*200, A 20 or # 4 HA units per well). A standard ELISA assay was
then performed using sera diluted from 1 in 10 to 1 in 2560 or 1 in 5120. The results were read 30 minutes after the
addition of substrate to the plates. Absorbance values were obtained by subtracting the absorbance of substrate in
wells which contained virus but no serum from that in wells which contained virus and serum.

Fig. 2 shows the results obtained with 7 sera (and
two standards), selected to highlight some difficulties
that may be encountered with this assay. With serum

number 4, the end-point was difficult to read because
the 1-in-40 dilution was almost grey and the 1-in-80
dilution almost purple. Serum number 6 showed a

prozone effect with the 1-in-10 dilution appearing
negative (yellow), while the 1-in-20, 40, and 80
dilutions showed a ± reaction (grey). In some sera this
effect was more pronounced with, for example, a

1-in-10 dilution appearing negative (yellow) while the
1-in-40 to 1-in-160 dilutions were positive (purple).
Serum number 3 contained HI antibodies to Ross
River virus but, by the UC-HI technique, none of the
IgM class. This serum had a rheumatoid factor titre of
1 in 256. Only two (out of the approximately 1000 sera

tested) contained both IgM antibody to Ross River
virus and rheumatoid factor. In one of these patients,
rheumatoid factor could only be detected for several
weeks after the onset of symptoms although the virus-
specific IgM persisted for more than 3 months.
Use of standard sera, selected by employing the

UC-HI technique, resulted in a good correlation

being obtained between ELISA and the slower
UC-HI assay, particularly with ELISA IgM titres
above 1 in 40. In Fig. 3, only three (6.4%o) of the sera

positive by ELISA were negative by UC-HI. Data
shown are all for sera which contained no detectable
rheumatoid factor.

Specificity of ELISA. Two other alphaviruses,
Sindbis and Getah, have been isolated in Australia,
although Getah is not known to infect man. Serum
which contained IgM antibody to Ross River virus,
but no detectable neutralizing antibody against
Sindbis, failed to react with Sindbis-coated plates
(Table 1). There was some reaction on Getah-coated
plates. Sindbis virus could be shown to have become
bound to the plates, by performing an ELISA using
mouse antiserum to Sindbis virus and peroxidase-
labelled anti-mouse immunoglobulin.

Technical variations. Virus prepared in cells other
than the C6-36 line was found to produce results
similar to those obtained using the mosquito cell line.
ELISA plates, coated with PS-EK or C6-36-
produced virus, were calibrated using standard sera
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Fig. 2. Use of ELISA to determine the titre of anti-Ross
River virus antibodies of the IgM class (see description in
text). 0 = test serum; 0 = IgM- control; A = IgM+
control.
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Fig. 3. Correlation between ELISA and ultracentri-
fugation-haemagglutination inhibition (UC-HI) in the
detection of IgM antibody to Ross River virus in sera
from patients with suspected epidemic polyarthritis.

and then used to test a panel of 21 other sera (3 sera
contained no detectable neutralizing or HI antibody
to Ross River virus and 3 contained no IgM antibody
to Ross River virus detectable by the UC-HI

Table 1. Cross-reactivity of IgM antibody to Ross River
virus in an ELISA system using plates coated with Ross
River, Getah or Sindbis viruses

Reciprocal
Virus Reciprocal serum dilution
(coating the HA titre
ELISA plate) (virus/well) 5 10 20 40

Ross River 103 + + ±
102 + + - -

10 ± ± - -
1

Getah 103 + ±
102 ± - _ _

10 - - - -

1 - - _ _

Sindbis 1o03
102 _ _ _ _

10 - - - -

1- - - -

technique). When the titres of sera assayed on C6-36-
virus-coated plates were plotted against the titres of
the same sera assayed on PS-EK-virus-coated plates,
the slope of the resulting line was 0.94 (correlation
coefficient 0.96; line of best fit obtained by linear
regression analysis).
To enable assays for IgM antibody to Ross River

virus to be performed in places distant from the
central laboratories, ELISA plates pre-coated with
virus and air dried were evaluated. Plates stored for
up to a month at room temperature produced anti-
body titres identical to freshly prepared plates,
provided that standard sera were used in all assays to
determine when the enzyme reaction was complete.
IgM antibody titres obtained with pre-coated plates
stored for more than a month were often lower than
those obtained using freshly prepared plates.

DISCUSSION

Until 1979, epidemic polyarthritis appeared to be
confined to Australia and Papua New Guinea. Since
that year, there have been epidemics of Ross River
virus infection of varying magnitude in Fiji (2), the
Cook Islands (3), American Samoa (4), and New
Caledonia (Fauran, personal communication). There
is now a need throughout the Western Pacific for a
rapid, simple, inexpensive and reliable diagnostic test
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for recent Ross River virus infection in man. The
ELISA method described here satisfies these
criteria.
Once the plates have been coated with virus, an

assay takes approximately two hours to perform. If a
serum collection of 200 samples contained 100 IgM-
positive sera, the entire collection could be screened
and the positive samples titrated by one person in a
day. A previous report (12) described an indirect
immunofluorescence test for the detection of IgM
antibody to Ross River virus which also provided
rapid results. However, many laboratories in
Australia and the Pacific area are not equipped with
ultraviolet microscopes. Furthermore it is very time-
consuming to titrate antibody levels by immuno-
fluorescence and the end-points are often difficult to
determine.

All procedures in the ELISA assay are carried out
by hand, requiring nothing more complex than a wash
bottle and an incubator. Although this is not recom-
mended by the manufacturer, it has been found to be
possible to allow the final enzyme-substrate reaction
to occur at room temperature provided standard sera
of known titre are included in the test. This eliminates
the need for an incubator.
The colour change from a negative to a positive

reaction is yellow to purple and so can be easily read
by eye. If serum is titrated using doubling (twofold)
dilutions, there is usually only one dilution with a grey
colour intermediate between a yellow (negative) and a
purple (positive) reaction. Use of standard negative
and positive sera severely restricts day-to-day and
person-to-person variation.
None of the materials used in this test are toxic or

infectious, compared with the sucrose-acetone virus
preparations used for HI tests which may contain
residual infectious virus or the toxic o-tolidine hydro-
chloride substrate for peroxidase-labelled antibodies
used in many ELISA tests. Production of pure in-
activated Ross River virus is beyond the scope of
many laboratories but this material can be obtained
from a WHO Reference Centre and may soon be

available commercially.
The disadvantages of the assay are false positive

reactions in some sera containing rheumatoid factor
and rare (3 in 1100 sera tested) false negative reactions
due to a prozone phenomenon. The false negative
reactions were a problem only if sera were screened at
only one dilution. The prozone was obvious when the
sera were titrated. Both false negative reactions
occurred with convalescent sera that had been
repeatedly frozen and thawed. Since neither of these
sera showed a prozone when first tested, the problem
of false negative results in a screen test may not be a
serious one.
The symptoms of epidemic polyarthritis are such

that serum sent to a diagnostic laboratory would
routinely be tested for rheumatoid factor in addition
to arbovirus serology. Since less than 1 % of the
epidemic polyarthritis patients tested had both virus
specific IgM and rheumatoid factor, a serum sample
that contained both these antibodies is unlikely to
have come from an epidemic polyarthritis patient.
However this issue can be resolved by fractionating
the "problem" sera on a sucrose gradient in a class-
ical UC-HI test (10) if an ultracentrifuge is available,
or by absorbing out IgG and rheumatoid factor using
Staphylococcus aureus protein A and aggregated
IgG. Absorption of sera with S. aureus protein A
and/or insoluble IgG has been shown to eliminate
false positive reactions that are due to rheumatoid
factor, but this procedure can also reduce the titre of
virus-specific IgM (13) and produce data that are
difficult to interpret. Following the clinical course of
the disease may also be helpful since viral polyarthri-
tides are usually self-limiting whereas rheumatoid
arthritis is not.
Because of the above limitations, the ELISA

method for the detection of IgM antibody to Ross
River virus is not suitable as a reference test, but its
evaluation in several laboratories in Australia has
shown it to be a useful and rapid routine assay for the
diagnosis of clinical Ross River virus infection.
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RESUME

DEPISTAGE PAR LA METHODE ELISA DES ANTICORPS IGM CONTRE LE VIRUS ROSS RIVER
DANS LE SERUM DE PATIENTS CHEZ QUI L'ON SOUP,ONNE UNE POLYARTHRITE EPIDEMIQUE

Le virus Ross River est un alphavirus qui entraine une
maladie connue sous le nom de polyarthrite epidemique.
Jusqu'a une date recente, la maladie n'avait guere et
enregistree qu'en Australie et en Papouasie-Nouvelle-
Guinee. En 1979 et en 1980, des epidemies dues au virus
Ross River ont et identifiees dans plusieurs pays du Paci-
fique. II semblerait, au vu des enquetes serologiques, qu'il y
ait dans ces pays des dizaines de milliers de cas d'infection
clinique.

Les methodes traditionnelles de diagnostic d'une infec-
tion recente par un arbovirus exigent du serum preleve a la
phase aigue et lors de la convalescence; si l'on ne dispose que
d'un seul echantillon de serum, il faut pouvoir le soumettre a
ultracentrifugation pour en separer les fractions IgM et IgG.
Cette methodologie rend le diagnostic serologique long

et/ou couteux.
Le present rapport decrit une application de la methode

ELISA au diagnostic de l'infection par le virus Ross River;
l'anticorps antiviral de la classe IgM a e detecte par
l'examen des 96 godets des plaques de microtitrage dans les-
quels avait e deposee une couche de virus Ross River pur
inactive. La fixation de l'anticorps IgM au virus a e mise
en evidence en utilisant un immunserum IgM antihumain
marque a l'urease. Cette enzyme entraine un changement de
coloration, du jaune au pourpre, facile a lire a l'oeil nu.

Cette methode ELISA, par sa simplicite et du fait qu'elle
n'exige pas d'equipement complique, permet aux petits
laboratoires d'effectuer en grand nombre les diagnostics
serologiques rapides des infections recentes par le virus Ross
River.
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