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Abstract. During the monitoring of arbovirus seroprevalence in wild birds collected in California, we inadvertently
made two isolates of western equine encephalomyelitis virus (WEEV) from California quail sera being tested by plaque
reduction neutralization assay for antibodies against St Louis encephalitis (SLEV) and West Nile (WNV) viruses despite
heating the sera at 56°C for 30 minutes. These data prompted us to examine the thermostability of these viruses during
heat treatment. The flaviviruses, SLEV and WNV, at titers up to 106 plaque-forming units (PFU), were readily inactivated
by the standard protocol of heating at 56°C for 30 minutes. In contrast, solutions containing 105 and 106 PFU of WEEV
required 2 hours for complete inactivation. Occasional presence of live virus within sera could lead to false negatives using
standard plaque reduction neutralization test protocols.

and values > 40 Ct for the WNV and SLEV probes, indicating that these quail had antibodies against WNV or SLEV but
were acutely infected with WEEV when initially sampled and
that these samples were not adequately heat inactivated by
our standard protocol. Viremia titers after initial heat inactivation were estimated to be 103.5 and 102.3 plaque forming units
(PFU)/0.1 mL, respectively, by Vero cell plaque assay. These
results led us to evaluate the efficacy of the standard heat inactivation protocol for WEEV, SLEV, and WNV.
Stocks of WEEV (BFS1703 strain), SLEV (Kern217), and
WNV (NY99) were diluted to ∼106 PFU/0.1 mL, after which
six 10-fold dilutions were prepared in diluent (phosphate
buffered saline [PBS], 15% fetal bovine serum, antibiotics) and placed in duplicate in a water bath set at 56°C and
in a control bath set at 4°C. These are the standard temperatures used for our heat inactivation protocol and for
holding blood samples during viremia assays, respectively.
Samples were removed at 30, 45, 60, 90, and 120 minutes,
frozen at −80°C, and tested for infectious virus titer on Vero
cell cultures.
All three viruses were stable at 4°C, showing minimal change
in titer. In general, the flaviviruses SLEV and WNV were rapidly inactivated by the standard protocol of 56°C for 30 minutes (Figures 1A and 1B). A single plaque was detected in the
WNV 106 PFU/0.1 mL group at 30 minutes, but none were
detected at 45 minutes. In a similar preliminary study, 79 PFUs
were detected for the SLEV 106 PFU/0.1 mL group at 30 minutes, but none were detected at 45 minutes (data not shown).
In contrast, WEEV was remarkably stable at 56°C for 30 minutes (Figure 1C). Mean titers decreased ∼102 PFU/0.1 mL during the first 30 minutes, resulting in failure to detect virus in
the 101–103 PFU/0.1 mL groups. For the 106 group, 104 PFUs
were detected after 30 minutes at 56°C, decreasing to 2,800
PFU after 45 minutes, 1,000 PFU after 60 minutes, 56 PFU
after 90 minutes, and 1 PFU/0.1 mL after 120 minutes when
the experiment was terminated. Similar slow inactivation was
seen for the 105 and 104 groups (Figure 1C). Therefore, it was
possible that the viremia titers of the quail at capture were
105.5 and 104.3 PFU/0.1 mL, respectively; within the range of
peak viremia titers seen on Day 2 postinfection after experimental infection of adult California quail using the Kern5547
strain of WEEV.3 In addition, after further heat inactivation for

The plaque reduction neutralization test (PRNT) is the
“gold standard” for serologic diagnostics and relies on antibodies within serum samples to specifically neutralize target
viruses. However, complement and adventitious viruses within
sera can confound PRNTs and lead to false negatives. For this
reason, protocols recommend that sera be heated to 56°C for
30 minutes to inactivate complement and remove confounding viruses,1 especially when more than one virus may be circulating within the target population.
We have been monitoring the prevalence of antibodies against
western equine encephalomyelitis virus (WEEV; Togaviridae,
Alphavirus), St. Louis encephalitis virus (SLEV; Flaviviridae, Flavivirus), and West Nile virus (WNV; Flaviviridae,
Flavivirus) in California birds for the past 10 years. In our
standard protocol, sera initially are screened against WEEV
or flavivirus antigen using an enzyme immunoassay (EIA).2 If
positive by EIA, confirmation is attempted and, in the case of
the flavivirus positives, the virus is identified as either SLEV
or WNV using an endpoint PRNT90. Before serologic testing, sera are inactivated by heating in a water bath at 56°C
for 30 minutes per standard procedures.1 During August 2006,
sera from two California quail (Callipepla californica) that
had high EIA positive/negative (P/N) well ratios of 5.0 and
8.1 against SLEV antigen could not be confirmed as either
WNV or SLEV by PRNT; P/N ratios against WEEV antigen
were < 2.0. Cell monolayers of wells for the WNV and SLEV
PRNT 6-well plates, regardless of dilution, were obscured by
large plaques after 3 days at 37°C by a rapidly growing virus.
This was especially evident for the SLEV PRNT given the
relatively slow plaque formation by SLEV compared with
WNV. At retest, 100 μL was cultured separately in Vero cells
on 6-well plates and harvested, and an aliquot was tested by
multiplex reverse transcriptase-polymerase chain reaction
(RT-PCR) for WNV, SLEV, and WEEV RNA. RT-PCR from
these extractions resulted in TaqMan Ct scores of 15.7 and
16.6, correlating with the WEEV-specific probe, respectively,
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1 hour, both sera presumptively positive for antibodies against
SLEV by EIA were confirmed by PRNT to be caused by previous WNV infection, with endpoint titers of > 1:80 against
WNV and < 1:20 against SLEV. In agreement, we recently
reported that the presence of antibody caused by prior WNV
infection does not alter the viremia response of birds after
WEEV infection.4
Results of our experiment indicated that standard World
Health Organization protocols were suitable for inactivating flaviviruses, but the current temperature experiment and
the isolation of WEEV during PRNT assays performed with
field-collected avian sera indicated that these inactivation
parameters were not suitable for WEEV and perhaps other
alphaviruses. For complete inactivation, samples possibly containing WEEV or other alphaviruses should be heated for
> 90 minutes for safety and to preclude false-negative PRNT
results. These unexpected WEEV isolations also emphasized
the importance of running serum-only controls when doing
PRNTs on field-collected sera.
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Figure 1. Mean virus concentration in PFUs of virus per 0.1 mL
for 10-fold dilution series of (A) SLEV, (B) WNV, and (C) WEEV
viruses plotted as a function of time immersed in a water bath maintained at 56°C.
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