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Interpreting paired serology for
Ross River virus and Barmah
Forest virus diseases

Jillann F Farmer, Andreas Suhrbier
Background
Ross River virus (RRV) and Barmah
Forest virus (BFV) cause approximately
4000 and 1000 cases, respectively, of
rheumatic disease in Australia every
year. Confirmation of a diagnosis
usually involves testing for virus-specific
immunoglobulin (Ig) M and IgG by
a National Association of Testing
Authorities–accredited pathology facility.
Objective
The aim of the article is to provide a
logical framework by which clinicians
can interpret paired RRV and BFV
serology results in environments in
which numerical antibody titres are no
longer routinely provided. The traditional
recommendation to look for an increase
in titres is now largely obsolete.
Discussion
Paired serology is clinical best practice
but needs to be appropriately interpreted
given the false positive and negative
rates, the large number of asymptomatic
infections and the long-term persistence
of IgM in some individuals. An
inappropriate interpretation risks
a misdiagnosis.
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ROSS RIVER VIRUS (RRV) and Barmah
Forest virus (BFV) are two mosquitotransmitted arthritogenic alphaviruses
that cause approximately 4000 and 1000
cases, respectively, of rheumatic disease
in Australia annually.1 Most cases occur
in northern Australia during the wet
season (usually December to February)
when mosquito numbers are high.2 The
acute clinical symptoms of RRV disease
are summarised in Table 1;1,3 arthropathy
for RRV can be protracted, but generally
lasts no longer than 3–6 months.1,4,5
Overall, BFV disease differs slightly,
with patients tending to show less joint
swelling, with the rash more common
and more florid, and chronic disease
substantially less prominent.6 As a result of
overlapping symptoms, mosquito vectors
and geographical locations,7,8 patients
presenting with the aforementioned
symptoms are usually tested for both
viruses. Testing is done by enzyme-linked
immunosorbent assay (ELISA)-based
immunoglobulin (Ig) M and IgG serology,
undertaken by a pathology laboratory
using commercially available test kits.
In addition to symptomatic
cases, 55–75% of RRV infections
are asymptomatic. The number of
asymptomatic BFV infections has not
been formally evaluated, but is likely
to be similar or higher than for RRV.9

Antibodies raised during an acute
infection (irrespective of symptoms) are
believed to confer protective immunity,1,10
which is most likely lifelong, given the
absence in the literature of confirmed RRV
re-infection cases. A correct interpretation
of serology requires the clinician to
distinguish between past and current
infections. A past infection (perhaps
decades earlier) does not explain a current
acute illness. Incorrect interpretation
of serology can lead to inappropriate
attribution of an RRV/BFV diagnosis.
Such a diagnostic error could delay
correct identification of a more serious,
but treatable, condition. Differential
diagnosis includes other alphaviral
arthritides (eg Sindbis, chikungunya),1
other viral arthritides (eg influenza,
rubella, dengue),11 bacterial arthritides,12
autoimmune arthritides (eg rheumatoid
arthritis, psoriatic arthritis), depression2,4
and medication reactions. Although
traditionally a four-fold rise in paired
serology titres was used as a diagnostic
criterion (and remains part of many
current guidelines),13 such data are now
no longer routinely provided. We have
provided a logical framework by which
clinicians can interpret paired RRV and
BFV serology results in environments in
which numerical antibody titre values are
no longer routinely provided.
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The principle of paired serology
After an infectious mosquito bite, there is
usually an incubation period of 7–9 days
before disease develops in symptomatic
cases,1 and in these cases the peak of
alphaviral viraemia appears to coincide
with disease onset.14 Alphaviral-specific
IgM responses usually develop after
day four post-onset of symptoms.15
Alphavirus-specific IgM usually lasts from
1–3 months, with levels generally falling
after this time.1 Within two weeks of an
elevated virus-specific IgM response, a
virus-specific IgG level usually becomes
detectable, with IgG levels persisting for
a long period, probably for life.16 Changes
in IgM and IgG levels over time (Figure 1A,
blue arrows numbered 1–6) provide
evidence that the disease in question is
RRV/BFV (Table 2, scenarios 1–6). Taken
together with appropriate accompanying
clinical symptoms, such serology supports
a diagnosis of RRV/BFV disease. RRV and
BFV are notifiable diseases in Australia,
with cases generally confirmed by
serology.

False positives and false negatives
Pathology facilities in Australia are
accredited and inspected by the National
Association of Testing Authorities
(NATA), which require that facilities
comply with a quality assurance program
run by the Royal College of Pathologists
of Australia. Sensitivity (true positive rate)

and specificity (true negative rate) values
for Panbio RRV IgG ELISA provided by
the company are both 100%. For the RRV
kits, the sensitivity and specificity values
for IgM are 96% and 99%, respectively.17
For the BFV kits, the sensitivity and
specificity values for IgG are 100% and
93%, and values for IgM are 97% and
94%,18 respectively. Individual pathology
facilities often adopt and validate their
own protocols and use their own reference
reagents, which may improve these
values; however, 100% reliability for
IgM testing is currently not achievable.
The aforementioned percentages would,
for instance, predict that 3% of BFV
IgM results are false positives and 6%
are false negatives. An increase in false
positive BFV IgM results also appears to
have occurred in the Northern Territory
in 2012–2013, likely due to faulty
ELISA kits.19
A serosurvey of sera from ostensibly
healthy blood donors by the Australian
Red Cross Blood Service (using the
Panbio kits) provided a positive rate of
approximately 1.2% for BFV IgM and
approximately 1.7% for IgG.9 For RRV
these figures were 0.9% positive for IgM
and approximately 8.4% positive for
IgG.9 The IgG percentages are consistent
with other studies.9 For the population
of Queensland (4.6 million), a 0.9% IgM
rate would imply 41,400 recent RRV
infections. With a 25% symptomatic
rate, this implies approximately 10,000

blood donors who 1) were ostensibly
healthy at the time of blood donation and
2) subsequently developed RRV disease
that they did not report.9,20 As this is clearly
improbable, the high percentage of IgM+
results likely includes false positives (refer
to the section about persistent IgM later in
this article).
Laboratories occasionally report
an equivocal +/– result. These should
also be interpreted using the described
appropriate changes in paired serology
(Figure 1; Table 2). For instance,
sequential identical equivocal results are
inconsistent with a diagnosis of acute
RRV/BFV. Whether patients infected
with serologically related arthritogenic
alphaviruses (eg chikungunya virus,
Mayaro virus, o’nyong nyong)1 would
return a positive result in the RRV/BFV
ELISA tests has not been definitively
studied. A travel history would guide the
clinician to the appropriate investigations.
RRV and BFV serology is therefore
not 100% reliable and needs to be
interpreted with caution. The statement
‘suggests recent infection’, provided with
an IgM+ pathology test result, should
similarly be treated with caution. Paired
serology will improve the chances of a
correct serodiagnosis (Table 2). Although
viral nucleic acid detection assays are
available,21 they need to be applied during
the 5–7-day viraemic period (Figure 1)
and are thus usually unhelpful in resolving
ambiguous serology.

Table 1. Acute Ross River virus disease symptoms*
Symptom

Period

Percentage of patients

Notes

Fever

Approximately 1 week

20–60

Can be rapid onset

Polyarthralgia/polyarthritis

Up to 3–6 months

80–100

Onset usually contemporaneous with
fever; mainly peripheral joints and usually
symmetrical distribution

Rash

Approximately 5–10 days

40–60

Commonly maculopapular (1–5 mm in
diameter), may be vesicular or purpuric;
usually starts a few days post-onset of
symptoms

Myalgia

Approximately 1 week

40–80

Non-specific

*A diagram describing the joints affected by Ross River virus arthropathy is available from Prow et al (supplementary information).3 Fatigue (>50%) is often also
noted as a symptom and can be protracted, but has limited diagnostic value. Other symptoms can include headache, photophobia, lymphadenopathy, sore throat
and, rarely, encephalitis. 2,29
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Persistent IgM
Although IgM levels usually drop below
detection after 1–3 months, in some
patients an IgM+/IgG+ alphaviral
serology result can persist for an extended
period.22,23 In one study of paired serology,
19 of 116 (16.3%) patients with RRV
showed a persistent IgM response lasting
between 7 months and 8 years (with
patients not followed-up to check if their
IgM levels dropped).24 The extended
persistence of IgM+ results is not
restricted to alphavirus serodiagnoses,
but has also been reported for commercial
dengue virus serology assays.25 Thus,
paired serology tests, with both results
returning an IgM+/IgG+ result (Table 2,
scenario 8), do not provide strong
evidence for a recent RRV/BFV infection.

Despite incidental findings,23 there is no
compelling evidence that 1) persistent IgM
has clinical relevance,22 2) re-exposure
can significantly increase IgM levels or
3) reinfection or reactivation occurs, given
the likely lifelong immunity.

Common pitfalls
A number of common errors can result in
a misdiagnosis or an inability to make a
serologically confirmed diagnosis.
1. Relying on a single test risks
inappropriate diagnosis.26 Even an
IgM+/IgG– result would benefit from
a second test >2 weeks later to confirm
the diagnosis. Clinically appropriate
symptomatic treatment (usually
non-steroidal anti-inflammatory

medications and/or paracetamol)
should nevertheless be provided
without waiting for confirmation.
2. Testing too soon, before IgM has
reached detectable levels, may generate
an IgM–/IgG– result. If not followed
up with a second test >2 weeks later
(Table 2, scenarios 1–3), the clinician
may fail to diagnose RRV/BFV disease.
3. A test result of IgM+/IgG+, or paired
serology tests with both results returning
IgM+/IgG+, does not provide strong
evidence of a recent infection (Table 2,
scenario 8). IgM levels usually drop after
1–3 months, but an IgM+ serology result
can occur for an extended period after
infection. This phenomenon likely also
arises after asymptomatic infections.9
A third test after this period giving an

3
5

2

A

Recent
infection

Disease
onset

Incubation
period 7–9 days

IgM−/IgG−

>4 days

Viraemia
5–7 days

6

4

1

IgM+/IgG−

IgM+/IgG+

IgM−/IgG+

IgM+ usually lasts ≈ 1–3 months

<2 weeks

IgG+ likely lasts for life
9

B

(IgM-/IgG+)

Past infection

IgM−/IgG+

IgM−/IgG+

Disease onset
Years

<1 month

IgG+ likely lasts for life

Figure 1. RRV/BFV infection and RRV/BFV serology results. Blue arrows with numbers correspond with Table 1 paired serology results.
a. Serology consistent with a recent infection. The blue arrows numbered 1–6 indicate changes in IgM/IgG results over time that are consistent
with a recent infection; b. Serology consistent with a past infection. After an RRV/BFV infection the patient becomes IgM–/IgG+, although this
test may not have been undertaken (prior to disease onset) because the infection was asymptomatic or any disease associated with the past
infection went undiagnosed. If serology is taken within a month of disease onset, paired IgM–/IgG+ results are not consistent with a recent
RRV/BFV infection.
BFV, Barmah Forest virus; Ig, immunoglobulin; RRV, Ross River virus
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IgM–/IgG+ result provides evidence
for RRV disease; however, at this stage
disease may have largely resolved and
serology can only provide confirmation
of a prior clinical diagnosis.
4. A late test (1–3 months post-onset of
disease) giving an IgM–/IgG+ result
provides no evidence for a recent
RRV infection, only evidence of a
past infection (Figure 1B; Table 2,
scenario 9). Subsequent paired serology
can only rule out an (uncommon)
false positive IgG+ result. Serology is
therefore of limited value if initiated
after the IgM levels have already
dropped. Identification of a previous
IgG– result on the patient’s medical
record may provide diagnostic
assistance.
5. More than one month will likely have
passed by the time two serology results
>2 weeks apart have been obtained;
after this time, follow-up serology
for other diseases would be difficult
for reasons outlined in the previous
paragraph. Therefore, the BFV and
RRV tests should be ordered together.
A patient who has recently returned
from certain overseas destinations
might initially be tested for other
alphaviruses such as chikungunya
virus.1 Dengue virus infections can
also lead to arthropathy11 and might be
considered at the onset of symptoms
if the patient had recently travelled to
a dengue area or had travelled to, or
resided in, northern Queensland, where
outbreaks often occur during summer.

Persistent rheumatic disease
RRV disease usually lasts no more than
3–6 months;4,5 the period of BFV disease
is usually considerably shorter.6 A
post-infective fatigue syndrome has also
been reported in a minority of patients
with RRV disease.27 There is no evidence
that alphaviral arthritides predispose to
autoimmune disease; however, symptoms,
inflammatory mechanisms,28 and
demographics often overlap.4,6 An RRV/BFV
diagnosis is therefore generally unlikely to
explain rheumatic disease that has lasted
for >3–6 months. Such a mistaken diagnosis
risks failure to identify a potentially more

648

|

AJGP VOL. 48, NO. 9, SEPTEMBER 2019

INTERPRETING PAIRED SEROLOGY FOR ROSS RIVER VIRUS AND BARMAH FOREST VIRUS DISEASES

Table 2. All possible combinations of results for paired serology
Scenario

First

Second

IgM/IgG

IgM/IgG

Interpretation

Paired serology consistent with recent infection

1

–/–

+/–

The first serum collected early in infection
before IgM levels have reached detectable
levels; the second sample taken before IgG
levels have reached detectable levels

2

–/–

+/+

The second sample taken taken after both IgM
and IgG levels have reached detectable levels

3

–/–

–/+

Elevated IgM usually lasts approximately
1–3 months and may have risen and fallen in
the period between the two tests; if the period
is <4–6 weeks, retesting is recommended

4

+/–

+/+

The first serum collected after IgM levels have
reached detectable levels; the second sample
taken before IgM levels have fallen and after
IgG levels have reached detectable levels

5

+/–

–/+

The second sample taken after IgM levels
have fallen and after IgG levels have reached
detectable levels

6

+/+

–/+

The first serum collected after IgM and IgG
levels have reached detectable levels

Paired serology not consistent with recent infection

7

–/–

–/–

Reliable negative result if taken >2 weeks apart

8

+/+

+/+

Could retest if interval <3 months; IgM–/IgG+
would be consistent with recent infection (refer
to scenario 6), IgM+/IgG+ would be consistent
with past infection with persistent IgM

9

–/+

–/+

Evidence of past infection

Paired serology suggesting false positives or false negatives (consider retesting)

10

+/–

+/–

If taken ≥2 weeks apart suggests IgM false
positive (or IgG false negative), consider retest

11

+/+

–/–

12

+/+

+/–

IgG usually lasts for life so IgG is unlikely to
become negative

13

–/+

+/–

14

–/+

–/–

15

–/+

+/+

Reinfection or reactivation not recognised
phenomena

16

+/–

–/–

IgM positive is usually followed by IgG positive

Ig, immunoglobulin

serious and treatable condition such as an
autoimmune disease or depression.4
In a patient with a chronic rheumatic
disease that has lasted for >3–6 months,
an RRV/BFV test is unlikely to be helpful.
First, as discussed above, this is too late

for serology to provide useful diagnostic
insights (Table 2, scenario 9). Second, and
perhaps more importantly, an IgG+ result
may inappropriately reinforce for the
patient the common misconception that
RRV/BFV disease lasts for a very long time
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and cannot be effectively treated, thereby
ameliorating their desire to seek a correct
diagnosis and appropriate treatment.

Key points

•

•

•

Many guidelines advise that a positive
RRV/BFV serodiagnosis can be made
based on a >4-fold increase in titres
in paired serology. Such titres are no
longer routinely provided by pathology
companies.
A positive RRV/BFV diagnosis requires
a change in paired serology results
consistent with transient (1–3 months)
IgM followed by long-term IgG
(eg IgM–/IgG– to IgM+/IgG– or
IgM+/IgG– to IgM+/IgG+).
Past and asymptomatic infections must
be distinguished from recent infections
in light of false positive and false negative
serology results and the presence of
persistent IgM in some individuals.
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