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Surveillance for Highly Pathogenic Avian
Influenza Virus in Wild Birds during
Outbreaks in Domestic Poultry, Minnesota,
2015
Technical Appendix
Methods
Fecal Sampling

There is a precedent established for avian influenza virus (AIV) surveillance in wild birds
by sampling waterfowl feces, with comparable AIV prevalence estimates for fecal and
oropharyngeal/cloacal swabbing (1–5). Given the rapid emergence of infected poultry facilities
in Minnesota during April 2015, we focused on collecting waterfowl feces for the following
reasons: 1) it afforded us the most control over sampling design elements and permitted
hypothesis-driven surveillance (6), 2) a large sample size could be collected relatively quickly,
and 3) the timing of the outbreak occurred when birds are not available for efficient live capture.
From March 9–March 12, 2015, we used polyester-tipped swabs to collect 148
representative waterfowl fecal samples, pooled in groups of up to 3, to determine whether 100
resident mallards (Anas platyrhynchos) and 21 trumpeter swans (Cygnus buccinator) were
actively shedding high pathogenicity AIV (HPAIV) in the surveillance zone (1,830 km2)
around the Pope County index poultry facility. All fecal samples were submitted to the USDA
National Wildlife Research Center (USDA-NWRC) in Fort Collins, Colorado, USA, for
diagnostic testing.
For our designed sampling approach in areas of Minnesota with and without HPAIVinfected poultry, the waterfowl production areas we chose as control sites consisted of 5 wildlife
management areas (WMA)/national wildlife refuges (NWR) without infected facilities (Carlos
Avery WMA, Minnesota Valley NWR, Swan Lake WMA, Thief Lake WMA, and Whitewater
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WMA). These areas are managed by state or federal agencies to sustain and enhance wildlife
habitat (especially wild waterfowl game birds) for wildlife conservation. We used polyestertipped swabs to collect fecal samples deposited in 1 of 17 location types (Technical Appendix
Table) during April 8–April 30, 2015. We sampled what we perceived to be fresh waterfowl
feces (<24 h) that were at least 2 m apart. We assumed that each feces pile represented a unique
individual bird and pooled up to 3 samples per vial, which was filled with brain-heart infusion
medium, and refrigerated. Samples were submitted to the USDA-NWRC in Fort Collins,
Colorado, for diagnostic testing.
Morbidity and Mortality Sampling

We made no fixed goals for this sample type because of the opportunistic nature of
discovery and reporting, and targeted birds that had been dead for <24 h. We used these data as
an auxiliary source of information in our surveillance efforts and obtained samples statewide.
Depending on the resources available for staff, we either collected whole carcasses (doublebagged and frozen) or used polyester-tipped swabs to separately obtain tracheal and cloacal
specimens from sampled birds. Both swab samples from a bird were pooled in blood-heart
infusion media and refrigerated. Whole carcasses were submitted to the USGS National Wildlife
Health Center (USGS-NWHC) or the Minnesota Veterinary Diagnostic Laboratory in St. Paul
MN, and swab samples were submitted to USDA-NWRC for diagnostic testing.
Sample Diagnostic Testing

At the USDA-NWRC, nucleic acid was extracted from 50 μL of pooled fecal swab
samples using the MagMax-96 AI/ND Viral RNA Isolation Kit (ThermoFisher Scientific,
Waltham, MA, USA). Five microliters of nucleic acid extracts were analyzed by real-time
reverse transcription PCR (rRT-PCR) with primers and probes specifically designed to detect the
influenza virus type A matrix gene (7) and the iTaq Universal Probes One-Step Kit (BioRad
Laboratories, Hercules, CA, USA). The rRT-PCR conditions were the following: 50°C for 10
min, 95°C for 30 s, and 40 cycles at 95°C for 15 s and 60°C for 30 s. Samples with Ct values ≤38
were forwarded to the USDA National Veterinary Services Laboratory (USDA-NVSL) in Ames,
Iowa, USA, for confirmation and further H5 and H7 testing and isolation.
Swabs from carcasses of diseased or dead birds were submitted to USGS-NWHC where
diagnostic necropsies were performed. Tracheal and cloacal swab specimens were collected from
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all carcasses and used to screen for HPAIV, when a necropsy was not performed. Tissue samples
for AIV testing were homogenized in viral transport media and centrifuged at 1,000 × g for 30
min at 4°C. RNA from 50 μL of the supernatant of the tissue homogenate or swab material were
recovered and tested for AIV by the current National Animal Health Laboratories Network
protocols (7,8). Aliquots of samples for subtypes H5 and H7 were sent to USDA-NVSL for
confirmation on the day of detection and were further characterized by additional tests, including
rRT-PCR for virulence, sequence analysis, and virus isolation.
Data Analysis

For estimating apparent prevalence of low pathogenicity AIV) in fecal specimens, we
used rRT-PCR matrix test results determined by the USDA-NVSL and applied a Bayesian
approach (9), accounting for variable-sized pooled samples and imperfect test sensitivity and
specificity. We used a binomial distribution to model the response variable (proportion of rRTPCR positive test results) and used an uninformative prior distribution for low pathogenicity AIV
prevalence. Because no published diagnostics are currently available for sensitivity and
specificity of rRT-PCR matrix results from waterfowl fecal samples when specifically testing for
the HPAIV(H5N2) Eurasian-American strain, we assumed unity (SE = Sp = 1). For calculating
the detection threshold for HPAIV shedding in fecal samples given zero positive tests, we
assumed independence among samples and used a Bayesian approach (10), again assuming an
uninformative prior distribution beta (α = β = 1) on HPAIV shedding prevalence.
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Technical Appendix Table. Description of 17 location types in Minnesota searched for waterfowl feces, April 2015
Location description
Foam baiting stations in ditches, ponds, and marshes
Mowed grass and gravel around ponds or along dikes
Top of gravel or grass dikes
Waste water ponds
Sand bars in lakes
Mud flats
Vegetation mats on water
Golf courses
Mowed ditches along roads
Gravel or grass shore along lakes
Upland hay meadows
Sandy beaches on lakes
Loafing rocks in open water and logs along lakes or pond
shoreline
Cleared areas along lakes or ponds
Softball fields
Residence yards near ponds or lakes
Park grounds
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