
Preventive Veterinary Medicine 122 (2015) 363–370

Contents lists available at ScienceDirect

Preventive  Veterinary  Medicine

j o ur na l ho me  page: www.elsev ier .com/ locate /prevetmed

A  comparison  of  West  Nile  virus  surveillance  using  survival  analyses
of  dead  corvid  and  mosquito  pool  data  in  Ontario,  2002–2008

Andrea  L.  Thomas-Bachli a,∗,  David  L.  Pearl a,  Olaf  Berkea,  Elizabeth  Jane  Parmleyb,
Ian  K.  Barkerb

a Department of Population Medicine, University of Guelph, Guelph, Ontario N1G 2W1, Canada
b Department of Pathobiology, University of Guelph, Guelph, Ontario N1G 2W1, Canada

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 1 May  2015
Received in revised form
21 September 2015
Accepted 14 October 2015

Keywords:
West Nile virus
Vector-borne
Survival analysis
Corvids
Mosquitoes
Surveillance

a  b  s  t  r  a  c  t

The  aim  of this  study  was  to improve  understanding  of the  relative  performance  of  the  use  of  dead  wild
corvids  and mosquito  pools  infected  with  West  Nile  virus  (WNv)  in surveillance  for  WNv  activity  in the
environment.  To  this  end,  all records  on dead  corvid  submissions  and  mosquito  pools  tested  in  Public
Health  Units  (PHUs)  in  Ontario,  from  2002  to  2008,  were  explored.  Survival  analyses  were  employed
using  the  first-WNv-positive  cases  detected  each  year  for  each  PHU,  and  censored  observations  for  PHUs
which  did  not  detect  WNv  during  a  given  year  using  each  data  source  (504  observations).  Survival  anal-
yses  were  employed  to  compare  the number  of surveillance  weeks  before  WNv  was  detected  by  either
data  source,  and  the  influence  of temporal,  geographic  and  sociodemographic  factors  on  these  data.  The
outcome  measurement  for the final  accelerated  failure  time  (AFT)  model  with  log-logistic  distribution
was  a  time  ratio,  which  represents  the  ratio  of the  survival  time  of one  group  relative  to another.  Dead
corvid  surveillance  was faster  at detecting  WNv  than  testing  mosquito  pools  during  the  early  years  of
WNv  incursion  into  Ontario,  while  mosquito  testing  found  WNv  more  quickly  later  in the  study  period.
There  was  also  regional  variation  in  time-to-detection  of  WNv,  by modality,  as well  as  for  various  types of
urban/rural  settings.  In comparison  to mosquito  surveillance,  West  Nile  virus  was  detected  more  quickly
using dead  corvid  surveillance  in  sparsely  populated  regions.  These  areas  may  benefit  from  collection  of
dead corvids  to optimize  detection  and  direct  early  surveillance  efforts.  When  we  compared  the  time-to-
detection  of  WNv  using  dead  corvids  and  the  onset  of  human  cases  in PHUs,  we found  that  dead  corvid
surveillance  was  predictive  of  West  Nile  activity  in  health  units  that  reported  human  cases  during  the
first  3 years  of  the  incursion  into  Ontario.

©  2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

West Nile virus (WNv) is a mosquito-borne arbovirus in the Fla-
vivirus genus, which is maintained and amplified in a complex cycle
between birds and bird-feeding mosquitoes (Ciota and Kramer,
2013). Under favorable environmental conditions, particularly dur-
ing late summer and autumn in the northern hemisphere, the virus
sufficiently amplifies within the local bird and mosquito popula-
tions (Gray and Webb, 2014). Human infections are the result of
spill-over from this enzootic cycle. One study found evidence of a
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shift in the feeding-behaviour of carrier mosquitoes from birds to
humans late in the summer, when migratory birds are not read-
ily available for feeding (Kilpatrick et al., 2010). Most human WNv
infections are subclinical and go undetected. However, approxi-
mately 20% of infections result in febrile illness, while fewer than
1% of those infected may  develop severe neurological symptoms
that can be fatal (Petersen and Marfin 2002).

The first human cases of WNv  in North America were detected
in New York State in 1999 (Nash et al., 2001). Surveillance for
the disease began in Ontario in 2000, including enhanced pas-
sive surveillance of dead birds submitted by the public, with very
limited active surveillance of suspected vector mosquito species
through trapping and WNv-testing (Drebot et al., 2003). In 2001,
wild bird surveillance was restricted to the Corvidae (blue jays,
crows, magpies and ravens) due to their high susceptibility to WNv
and near 100% case fatality rate (Hochachka et al., 2004). More
widespread active surveillance using mosquito pools was intro-
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duced in 2002, and extended to the entire province in 2003. The
first WNv-positive mosquitoes and dead corvids were detected in
Ontario in 2001, and the first human case was reported in 2002
(Drebot et al., 2003). To conserve resources, individual public health
units (PHUs) discontinued dead corvid testing after 4–7 birds tested
positive for WNv  each year. Because the dead birds were only
tested by each PHU until the end of season or until a maximum
of approximately 4 positive tests (whichever occurred first), it is
not appropriate to use prevalence or incidence rate measures to
compare the dead corvid and mosquito surveillance programs. The
mosquito pool and dead corvid surveillance data collected during
the first eight years of the Ontario experience with WNv  have not
been compared for their relative time-to-detection and ability to
detect WNv  within PHU areas. By employing survival analyses to
explore the time-to-first positive test within a PHU, the dead bird
and mosquito pool data could be compared.

West Nile virus is now considered endemic throughout Ontario.
However, against the background of endemicity, local outbreaks
are likely to occur, depending on a complex interaction of environ-
mental conditions driving mosquito abundance, WNv  amplification
(Zheng et al., 2014), bird and mosquito distribution and mosquito
feeding behavior (Kilpatrick et al., 2006), as well as evolving viral
genetics and changing immunity amongst mosquito, avian and
human populations (Ciota and Kramer 2013).

Due to the complexities involved in WNv  distribution and
transmission, predicting areas of higher risk on a fine-scale has
remained an elusive goal (Zheng et al., 2014). Until predictive mod-
els improve, timely and accurate regional WNv  detection can be
used to inform local public health strategies, particularly public
awareness campaigns to promote personal protection, which cur-
rently is the first line of defense for reducing human risk (Gray
and Webb, 2014). Given limited resources for vector-borne disease
surveillance, it is important to evaluate surveillance program activ-
ities (dead bird and mosquito pool testing), in terms of their ability
to detect WNv, timeliness-to-detection, and potential biases.

This study investigated the time-to-detection of WNv  in Ontario
at the PHU level over the period 2002–2008. The 36 PHUs (http://
www.alphaweb.org/?page=PHU) are regions designated to plan
and provide public health services in the province of Ontario
(Ministry of Health and Longterm Care, Health Analytics Branch,
2012). Specific project objectives were (i) to compare mosquito
pool to dead corvid surveillance for their ability and timeliness of
WNv  detection within PHUs, and (ii) to examine the influence of
socio-demographic, temporal and geographic patterns on the speed
of WNv  detection using dead corvid and mosquito surveillance.

2. Materials and methods

2.1. Data sources

From 2001–2008, over each WNv  season (generally mid-May to
late October), dead birds found by the public were collected by each
local public health unit (PHU) with support from the Ontario Min-
istry of Health and Longterm Care (MOHLTC), and recorded and
sampled by the Ontario Region of the Canadian Wildlife Health
Cooperative (CWHC). Samples were subsequently tested for WNv
by real-time reverse transcriptase polymerase chain reaction (rRT-
PCR) at the National Microbiology Laboratory, Public Health Agency
of Canada in Winnipeg MB  (2001, 2002). From 2003–2008, test-
ing was  done by CWHC on oral swabs, using a wicking antigen
capture ELISA test (VecTest®). Samples producing an inconclusive
VecTest® result were re-tested using rRT-PCR, and VecTest® results
representing the first case of WNv  detected in a PHU were con-
firmed using rRT-PCR, by the Animal Health Laboratory, University
of Guelph (Lanciotti et al., 2000; Beroll et al., 2007).
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