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Wild birds of the orders Anseriformes and Charadriiformes are the natural reservoirs for avian influenza (AI)
viruses. Traditionally, Al virus surveillance in wild birds has relied on virus identification strategies, including
virus isolation and detection. To evaluate the accuracy of a commercial blocking enzyme-linked immunosor-
bent assay (bELISA) and the agar gel immunodiffusion (AGID) test for detection of antibodies in wild birds,
which is indicative of Al virus infection, we tested 281 serum samples from various wild avian species that were
experimentally infected with Al viruses. Included in these samples were 178 samples from birds with confirmed
Al virus infections (122 infected with low-pathogenic Al [LPAI] viruses and 56 infected with highly pathogenic
Al [HPAI] viruses) and 103 samples from birds that were uninfected, negative controls. The sensitivities of the
bELISA and the AGID test were 0.820 (95% confidence interval [95% CI], 0.756 to 0.874) and 0.674 (95% CI,
0.600 to 0.742), respectively. Both tests had an estimated specificity of 1.00 (95% CI, 0.965 to 1.00). The bELISA
was significantly more sensitive than the AGID test for both LPAI virus- and HPAI virus-infected birds. Both
assays, however, had a higher sensitivity for birds infected with HPAI virus than for birds infected with LPAI
virus. These results demonstrate the potential utility of the bELISA for detection of antibodies to both LPAI
and HPAI viruses in multiple avian species, representing five avian orders and 17 genera. Additional studies

are warranted to further evaluate the utility of the bELISA for use with naturally infected birds.

Avian influenza (AI) viruses have been reported from a wide
diversity of free-living birds representing over 100 species in 12
taxonomic orders (11). All of the known hemagglutinin (H1 to
H16) and neuraminidase (N1 to N9) subtypes of Al viruses
have been isolated from wild birds (8, 9, 11), and currently,
species in the orders Anseriformes (ducks, geese, and swans)
and Charadriiformes (gulls, terns, and shorebirds) are believed
to be the natural reservoirs. Surveillance for Al virus in wild-
bird populations is predominately dependent on diagnostic
assays that identify the virus, including reverse transcriptase
PCR and virus isolation. Virus isolation from oropharyngeal or
cloacal swabs of embryonating chicken eggs currently repre-
sents the preferred method of Al virus diagnosis and surveil-
lance in wild-bird populations. However, agent-specific identi-
fication assays, such as virus isolation and reverse transcriptase
PCR, are expensive, labor-intensive, and dependent on the
host actively excreting virus. Consequently, a limitation of the
agent identification-based approach to Al virus surveillance in
wild birds relates to the relatively short duration of viral shed-
ding and the high degree of spatial and temporal variations in
viral prevalence within different wild avian populations. These
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limitations and uncertainties often necessitate large sample
sizes to identify positives and repeat sampling at different times
and locations. Additionally, the variability creates difficulty
when interpreting negative test results, i.e., in determining
whether a negative result is indicative of inappropriate sam-
pling (wrong location or time) or a species that is resistant to
or rarely infected with Al virus.

Serologic assays are commonly utilized for surveillance and
diagnostics with domestic poultry to detect whether a popula-
tion of birds has previously been exposed to an Al virus. Se-
rologic tests utilized for Al virus antibody detection in domes-
tic poultry include the agar gel immunodiffusion (AGID) test,
the enzyme-linked immunosorbent assay (ELISA), the hemag-
glutination inhibition test, and the neuraminidase inhibition
test (17). The AGID test and the ELISA detect antibodies
against all type A influenza viruses and consequently are the
preferred assays for use as a screening tool. The hemaggluti-
nation inhibition and the neuraminidase inhibition tests are
hemagglutinin and neuraminidase specific, respectively, and
typically are performed to identify antibodies to specific sub-
types or to confirm AGID test- or ELISA-positive samples
when information on the subtype is available.

The AGID test is the most commonly utilized serologic
assay for Al virus surveillance in domestic poultry and detects
antibodies directed against the Al virus internal proteins nu-
cleoprotein (NP) and matrix 1 (M1) protein (20). While the
AGID test is inexpensive and simple to perform, the primary
disadvantage is that it is only moderately sensitive for gallina-
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ceous poultry (17). The sensitivities of the AGID test for non-
galliform birds vary between different species (17), but the test
reportedly lacks sensitivity for waterfowl (5, 21), even under
experimental conditions (15). Presumably, the low sensitivity
of the AGID test for waterfowl is due to a combination of
reduced antibody responsiveness and deficiencies in measur-
able antibody functions dependent on bi- or multivalency, such
as precipitation and hemagglutination (7).

The indirect ELISA (iELISA) provides several advantages
over the AGID test, including more-rapid and -objective test
results, as well as the ability to screen large numbers of samples
in a semiautomated manner. The iELISA is generally more
sensitive than the AGID test for chickens (16), but most com-
mercially available iELISAs were developed specifically for use
with poultry species. These assays utilize anti-chicken/turkey
immunoglobulin G secondary antibodies for type A influenza
virus antibody detection and are not designed to detect anti-
bodies in other avian hosts. Recently, however, several com-
mercially available blocking ELISAs (bELISAs) that utilize a
mouse monoclonal antibody to compete with the host antibod-
ies in the test serum for binding to the test plate antigen have
been developed. Consequently, these assays should perform
accurately with any avian species, but to date there are little
data on the accuracy of these tests with nongalliform birds.

Over the last 5 to 10 years, an enormous amount of research
has been dedicated to understanding Al virus transmission and
maintenance in wild-bird populations. A sensitive and specific
serologic assay to detect Al virus antibodies in wild birds would
complement existing agent identification wild-bird surveillance
strategies and potentially provide a cost-efficient, safe, and less
time-sensitive approach to aid in the identification of wild-bird
species that may be involved in the epidemiology of Al viruses.
Such an assay would enable Al virus surveillance programs to
refocus limited surveillance and research funds for virus de-
tection and isolation to avian species with evidence of Al virus
infection. The objective of this study was to evaluate the accu-
racy of a commercially available bELISA for detection of Al
virus antibodies in multiple avian species experimentally in-
fected with these viruses.

MATERIALS AND METHODS

Serum samples. Avian serum samples utilized in this study (Table 1) were
obtained from previous Al virus experimental-infection trials conducted at the
Southeast Poultry Research Laboratory, United States Department of Agricul-
ture (USDA), Agricultural Research Service (ARS), Athens, GA, or at the
University of Georgia, Athens, GA (1, 2, 3, 4, 12, 13, 14, 23; D. Swayne, unpub-
lished data; D. E. Stallknecht, unpublished data). A total of 281 serum samples
were included in this study: 178 samples from birds with a confirmed Al virus
infection, and 103 samples from uninfected, sham-inoculated birds that served as
negative controls. Birds inoculated with an Al virus were considered to have a
confirmed infection if AI virus was isolated from an oropharyngeal swab on or
after 2 days postinoculation (dpi) or if virus was isolated from a cloacal swab on
any day postinoculation. Birds excreting virus via the oropharynx on 1 dpi only
were not considered infected, as this result could be due to residual inoculum;
therefore, serum samples from such birds were not included in this analysis. Of
the 178 samples from birds with a confirmed infection, 122 serum samples were
from birds that were inoculated with a low-pathogenic AI (LPAI) virus, and 56
were from birds inoculated with a highly pathogenic AT (HPAI) virus. All of the
sham-inoculated birds had negative virus isolation results and negative pre- and
post-AGID test results. The experimental designs varied slightly between trials,
but all serum samples were collected at 10 to 21 days after intranasal inoculation
with either a sham inoculum or an Al virus. The majority of virus-exposed birds
in each species listed in Table 1 were inoculated with high viral concentrations
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(=10° median embryo infectious doses [EID5,]); however, some individuals were
infected with lower viral concentrations as part of dose-response trials, as fol-
lows: two house sparrows (Passer domesticus) were inoculated with 10%! EIDs, of
A/whooper swan/Mongolia/244/05 (H5N1), one Japanese quail (Coturnix japon-
ica) was inoculated with 10° EID5, of A/chicken/Alabama/75 (H4N8), one Pekin
duck (Anas platyrhynchos) was inoculated with 10° EIDs, of A/chicken/Ala-
bama/75 (H4NS8), and five Pekin ducks were inoculated with 10° EIDs, of
A/chicken/Alabama/75 (H4NS). After collection, all serum samples were stored
at —20°C until the AGID tests were performed. The samples were returned to
—20°C and thawed one additional time prior to testing with the bELISA.

Serologic assay. Serologic testing was performed on all samples via the AGID
test and a commercially available bELISA (FlockCheck AI MultiS-Screen anti-
body test kit; Idexx Laboratories, Westbrook, ME). The AGID test was per-
formed using published standard procedures (22) and reagents obtained from
the National Veterinary Service Laboratory, Ames, IA. The bELISA utilizes a
mouse-derived monoclonal antibody against the type A influenza virus NP and
was performed and interpreted following procedures described by the manufac-
turer. Briefly, serum samples were diluted 1:10 in a test sample diluent, and 100
wl of the diluted sample was dispensed into the antigen-coated test plate. After
the samples were allowed to incubate for 60 min at room temperature, each well
of the plate was washed five times with a test kit wash solution, and 100 pl of
anti-Al virus-horseradish peroxidase conjugate was added to each well. The
conjugate was allowed to incubate for 30 min at room temperature. Each well of
the plate was again washed five times, and 100 pl of 3,3’,5,5'-tetramethylbenzi-
dine substrate solution was dispensed into each well. After a 15-min incubation
at room temperature, the reaction was stopped by adding 100 .l of stop solution,
and absorbance values were measured and recorded at A4, with a Bio-Rad
Benchmark microplate reader (Hercules, CA). Positive- and negative-control
samples provided with the test kit were included on each plate. Serum samples
with a test sample result-to—negative-control (S/N) absorbance ratio greater than
or equal to 0.50 were considered negative for the presence of Al virus antibodies,
and samples with an S/N value less than 0.50 were considered positive.

Data analysis. Sensitivity and specificity were calculated for both the bELISA
and the AGID test, along with exact 95% confidence intervals (95% CI). Spec-
ificities for the bELISA and the AGID test were calculated based on postinocu-
lation test results for confirmed-uninfected, sham-inoculated birds. Percent
agreement and kappa statistics (k) with asymptotic 95% CI were used to estimate
the agreement between tests. Interpretation of the kappa value was based on the
Landis and Koch classification (10), where <0.2 indicates a slight agreement, 0.2
to 0.4 indicates a fair agreement, 0.4 to 0.6 indicates a moderate agreement, 0.6
to 0.8 indicates a substantial agreement, and >0.8 indicates an almost perfect
agreement.

McNemar’s x> test was used to determine whether there was a significant
difference between the sensitivities of the bELISA and the AGID test performed
on paired samples, and the Pearson x test was used to compare sensitivities for
birds infected with HPAI virus and birds infected with LPAI virus. One-way
analysis of variance was used to compare the S/N ratios for uninfected birds,
HPALI virus-infected birds, and LPAI virus-infected birds. Multiple comparisons
following a significant overall analysis of variance were performed using the
Bonferroni correction to limit the overall type I error rate to 5%. All tests were
performed assuming a two-sided alternative hypothesis, and P values of <0.05
were considered statistically significant.

The characteristics of the bELISA were further evaluated using a nonpara-
metric receiver operating characteristic (ROC) curve analysis, in which the
sensitivity was plotted against 1 minus the specificity over the entire range of
possible cutoff values. The diagnostic cutoff for the bELISA was evaluated in
relation to sensitivity, specificity, and cut point-specific likelihood ratio values.
All analyses were performed using commercially available statistical software
(Stata 10.1; StataCorp, College Station, TX).

RESULTS

The sensitivities, specificities, and 95% CI for the AGID test
and the bELISA are summarized in Table 2. The sensitivity of
the bELISA was higher than that of the AGID test regardless
of whether birds were infected with an HPAI (McNemar’s X%
P = 0.005) or an LPAI (P = 0.001) virus, although both tests
had a higher sensitivity with the HPAI virus-infected birds than
with the LPAI virus-infected birds (Pearson x* P = 0.001 and
P = 0.005 for the bELISA and the AGID test, respectively).
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TABLE 1. Characteristics of avian serum samples used in this evaluation, including species of origin, viral inoculation treatment group,

confirmed-infection status, and serologic assay results

No. (%) of No. (%) of AGID
Order and vernacular name. species Virus treatment Sample ELISA-positive Mean S/N ratio test-positive
» P (isolate[s])* size? samples®/total no. (range) samples/total
of samples no. of samples
Anseriformes
Mallard, Anas platyrhynchos HPAI (A, B, C) 7 5/7(71) 0.33 (0.13-0.67) 3/7 (43)
LPAI (L, M, N) 52 48/52 (92) 0.26 (0.08-0.81) 47/52 (90)
Sham 29 0/29 (0) 0.84 (0.58-1.10) 0/29 (0)
Pekin duck, Anas platyrhynchos HPAI (G, H) 11 11/11 (100) 0.19 (0.13-0.26) 11/11 (100)
LPAI (I, J) 22 16/22 (73) 0.41 (0.19-0.89) 0/22 (0)
Sham 8 0/8 (0) 0.91 (0.80-1.00) 0/8 (0)
Blue-winged teal, Anas discors HPAI (A) 2 2/2 (100) 0.24 (0.08-0.40) 1/2 (50)
Sham 1 0/1 (0) 0.61 0/1 (0)
Northern pintail, Anas acuta HPAI (A) 1 1/1 (100) 0.29 0/1 (0)
Sham 1 0/1 (0) 0.76 0/1 (0)
Chiloe wigeon, Anas sibilatrix Sham 1 0/1 (0) 0.58 0/1 (0)
Cinnamon teal, Anas cyanoptera HPAI (D) 3 3/3 (100) 0.24 (0.14-0.41) 2/3 (67)
LPAI (E) 3 3/3 (100) 0.31 (0.19-0.44) 3/3 (100)
Sham 2 0/2 (0) 0.92 (0.87-0.97) 0/2 (0)
Redhead, Aythya americana HPAI (A, B) 4 4/4 (100) 0.12 (0.06-0.20) 3/4 (75)
LPAI (L, M, N) 12 7/12 (58) 0.47 (0.17-1.05) 7/12 (58)
Sham 5 0/5 (0) 0.97 (0.82-1.24) 0/5 (0)
Wood duck, Aix sponsa HPAI (A) 5 5/5 (100) 0.12 (0.05-0.21) 5/5 (100)
LPAI (L, M, N) 9 7/9 (78) 0.40 (0.10-0.70) 7/9 (78)
Sham 13 0/13 (0) 1.05 (0.81-1.17) 0/13 (0)
Mandarin duck, Aix galericulata HPAI (C) 2 2/2 (100) 0.19 (0.11-0.27) 2/2 (100)
Sham 2 0/2 (0) 0.95 (0.95-0.96) 0/2 (0)
Ruddy shelduck, Tadorna ferruginea Sham 2 0/2 (0) 0.98 (0.93-1.03) 0/2 (0)
Cackling goose, Branta hutchinsii HPAI (A) 1 1/1 (100) 0.17 1/1 (100)
Sham 2 0/2 (0) 0.95 (0.94-0.97) 0/2 (0)
Bar-headed goose, Anser indicus HPAI (A) 3 3/3 (100) 0.20 (0.17-0.24) 3/3 (100)
Sham 2 0/2 (0) 1.41 (0.95-1.88) 0/2 (0)
Greylag goose, Anser anser HPAI (C) 3 3/3 (100) 0.15 (0.13-0.17) 3/3 (100)
Sham 1 0/1 (0) 0.92 0/1 (0)
Chinese goose, Anser cygnoides LPAI(L J, K) 10 3/10 (30) 0.62 (0.41-0.90) 0/10 (0)
Whooper swan, Cygnus cygnus Sham 1 0/1 (0) 1.14 0/1 (0)
Trumpeter swan, Cygnus buccinator Sham 1 0/1 (0) 1.18 0/1 (0)
Mute swan, Cygnus olor Sham 3 0/3 (0) 0.87 (0.86-0.88) 0/3 (0)
Black swan, Cygnus atratus Sham 1 0/1 (0) 1.10 0/1 (0)
Charadriiformes
Herring gull, Larus argentatus HPAI (A, B) 4 4/4 (100) 0.23 (0.20-0.30) 4/4 (100)
Sham 1 0/1 (0) 1.08 0/1 (0)
Laughing gull, Leucophaeus atricilla HPAI (A) 2 2/2 (100) 0.23 (0.19-0.27) 2/2 (100)
LPAI (L, M, N) 10 7/10 (70) 0.50 (0.25-1.17) 9/10 (90)
Sham 9 0/9 (0) 0.92 (0.80-1.17) 0/9 (0)
Galliformes
Northern bobwhite, Colinus virginianus Sham 2 0/2 (0) 1.00 (0.98-1.03) 0/2 (0)
Chukar partridge, Alectoris chukar HPAI (F) 1 1/1 (100) 0.13 1/1 (100)
Sham 1 0/1 (0) 0.90 0/1 (0)
Japanese quail, Coturnix japonica LPAI (I, K) 4 1/4 (25) 0.77 (0.48-0.95) 1/4 (25)
Passeriformes
Zebra finch, Taeniopygia guttata Sham 2 0/2 (0) 1.36 (0.95-1.77) 0/2 (0)
House finch, Carpodacus mexicanus Sham 1 0/1 (0) 1.60 0/1 (0)
House sparrow, Passer domesticus HPAI (A) 2 2/2 (100) 0.13 (0.11-0.15) 2/2 (100)
Sham 5 0/5 (0) 1.20 (0.86-1.73) 0/5 (0)
European starling, Sturnus vulgaris Sham 2 0/2 (0) 1.95 (1.70-2.21) 0/2 (0)
Columbiformes
Rock pigeon, Columba livia HPAI (A) 5 5/5 (100) 0.29 (0.20-0.44) 3/5 (60)
Sham 5 0/5 (0) 1.00 (0.86-1.09) 0/5 (0)

“ Virus isolates used were as follows: A, A/whooper swan/Mongolia/244/05 (H5N1); B, A/duck meat/Anyang/AVL-1/01 (H5N1); C, A/chicken/South Korea/IS/06
(H5N1); D, A/chicken/Chile/184240-1/02 (H7N3); E, A/chicken/Chile/176822/02 (H7N3); F, A/chicken/Hong Kong/220/1997 (H5N1); G, A/egret/Hong Kong/757.2/02
(H5N1); H, A/human/Prachinburi/6231/04 (H5N1); I, A/chicken/Alabama/75 (H4NS8); J, A/mallard/Ohio/338/86 (H4NS); K, A/mallard/Ohio/184/86 (H5N1); L,
A/mallard/Minnesota/199106/99 (H3N8); M, A/mallard/Minnesota/355779/00 (H5N2); and N, A/mallard/Minnesota/182761/98 (H7N3).

> Sample sizes for HPAI and LPALI virus treatment groups refer to the numbers of birds that met our criteria for confirmed-infected birds. Confirmed-infection status
was based on the detection of oropharyngeal viral shedding on or after 2 dpi or fecal shedding at any time. Sample sizes for the sham treatment groups refer to the
number of sham-inoculated birds for each species.

¢ bELISA positive based on the manufacturer’s diagnostic cutoff of an S/N value of <0.50.

Neither the bELISA nor the AGID test produced any false-
positive results with the 103 confirmed-uninfected birds, both
yielding identical specificity estimates of 1.00 (95% CI, 0.965
to 1.00).

The measures of agreement between the bELISA and the
AGID test are summarized in Table 3. Following the interpre-
tation of kappa proposed by Landis and Koch (10), there was
substantial agreement between the tests in the overall popula-
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TABLE 2. Sensitivities of the bELISA and the AGID test for
serum samples from birds that were inoculated with
LPAI and HPALI viruses®

Virus t Sample AGID test sensitivity bELISA sensitivity
1rus type size (95% CI) (95% CI)
HPAI 56 0.821 (0.696-0.911) 0.964 (0.877-0.996)
LPAI 122 0.607 (0.514-0.694) 0.754 (0.668-0.828)
Total 178 0.674 (0.600-0.742) 0.820 (0.756-0.874)

“ The specificity for serum samples from 103 sham-inoculated (negative-con-
trol) birds was 1.000 (95% CI, 0.965 to 1.000) for both tests.

tions of infected and uninfected birds, while agreement be-
tween the tests for the infected birds ranged from fair (for
HPAI virus) to moderate (for LPAI virus). Although the point
estimate for kappa for HPAI virus-infected birds was lower
than that for LPAI virus-infected birds, there was substantial
overlap between the 95% CI, suggesting that this difference
was not significant.

The mean (standard error) bELISA S/N absorbance ratio
for the uninfected birds was 0.98 (0.03), while that for the
LPALI virus-infected birds was 0.38 (0.02) and that for the
HPAI virus-infected birds was 0.21 (0.02). The mean S/N ratio
for the uninfected birds was significantly higher than that for
either the LPAI virus-infected birds or the HPAI virus-infected
birds (P < 0.001), and the mean for the LPAI virus-infected
birds was also significantly higher than that for the HPAI
virus-infected birds (P < 0.001). The distribution of S/N ab-
sorbance ratios from confirmed-infected and -uninfected birds
was bimodal, although some overlap between the ranges was
apparent (Fig. 1A). The S/N absorbance ratios for serum sam-
ples from HPAI virus- and LPAI virus-infected birds over-
lapped substantially (Fig. 1B).

An ROC curve for the bELISA in the populations of 178
infected and 103 uninfected birds is shown in Fig. 2. The area
under the ROC curve was 0.974 (95% CI, 0.949 to 0.990),
which can be interpreted as the probability that a randomly
selected infected bird would have a lower S/N ratio than a
randomly selected uninfected bird. While the optimal cutoff
point for a diagnostic test is somewhat subjective and depen-
dent on the intended use of the assay, the manufacturer’s
recommended cutoff (S/N absorbance ratio of 0.50) yielded a
specificity estimate of 1.00. Increasing the S/N ratio cutoff
above 0.50 increased the sensitivity of the assay but also re-
sulted in a reduction in specificity (Table 4).

TABLE 3. Measures of agreement between the AGID test and the
bELISA for the overall population of birds evaluated and for
different subpopulations of infected birds

Bird population I\}I)?r d(:f Agre?ment Kappa (95% CI)
Infected and uninfected 281 86.5 0.73 (0.62-0.85)
Infected (either pathotype) 178 78.7 0.45 (0.31-0.59)
HPALI virus infected only 56 85.7 0.29 (0.11-0.48)
LPAI virus infected only 122 75.4 0.45 (0.28-0.62)
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FIG. 1. (A) Distribution of S/N absorbance ratios from the bE-
LISA for serum samples from wild avian species inoculated with an Al
virus (n = 178) (black) or a sham inoculum (n = 103) (gray). (B) Dis-
tribution of S/N absorbance values from the bELISA for birds infected
with an LPAI virus (n = 122) (gray) or an HPAI virus (n = 56) (black).

DISCUSSION

As a result of the HSN1 HPAI virus epidemic in Eurasia and
Africa, there has been an unprecedented number of resources
allocated for Al virus surveillance in wild birds. While most of
these efforts have been directed at HSN1 HPAI viruses, there
also has been increased interest in improving our understand-

1.00 4

0.75

0.50

Sensitivity

0.25 A

0.00
0.00 0.25

0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.9737
FIG. 2. ROC curve for a bELISA evaluated with a population of
103 uninfected wild birds and 178 wild birds with confirmed Al virus
infection. Points on the curve correspond to different cutoff values
(S/N ratios) for the test.
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TABLE 4. Characteristics of a bELISA for the diagnosis of Al
virus over a range of cutoff values®

Cutoff? Sensitivity Specificity Correctly Likelihood
(S/N ratio) (%) (%) classified® (%) ratio?
1.0 98.9 31.1 74.0 14
0.9 98.3 59.2 84.0 2.4
0.8 94.9 86.4 91.8 7.0
0.7 93.3 92.2 92.9 12
0.6 87.6 98.1 91.5 45
0.5 82.0 100 88.6 NC*
0.4 70.2 100 81.1 NC
0.3 60.1 100 74.7 NC
0.2 343 100 58.4 NC
0.1 5.0 100 39.9 NC

“ The test population included 103 uninfected wild birds and 178 wild birds
with confirmed AI virus infection.

> Absorbance of the sample divided by the absorbance of the negative control.

¢ Percentage of birds in the test population with a correctly identified infection
status.

4 The likelihood ratio for a positive test was determined as follows: sensitivity/
(1 — specificity).

¢ NC, not calculated, because the estimated specificity at this cutoff was 100%.

/Manufacturer’s recommended cutoff.

ing of the ecology and natural history of Al viruses in wild
birds. To date, agent-based assays, such as PCR and virus
isolation, have been the primary diagnostic tools utilized for Al
virus surveillance in wild birds. This surveillance approach has
been used successfully to identify Al viruses from a wide di-
versity of free-living avian species (11, 18) and to better define
the epidemiology of Al virus in wild-bird reservoirs (19). There
are limitations to this approach, however, including cost, the
need for a large sample size, and temporal variations in viral
shedding that commonly occur in wild birds and result in a
limited window of opportunity for Al virus detection. The
potential for such seasonal and temporal variations in Al virus
infection is often unknown for a given species. Serologic testing
for antibodies to Al viruses has the potential to complement
existing tools employed for Al virus surveillance in wild birds,
particularly when sampling involves avian species, times, or
geographic locations for which information on Al virus is lack-
ing. Serologic tests for type A influenza virus antibody detec-
tion, however, have traditionally been overlooked as a diag-
nostic tool for Al virus surveillance in wild birds, likely due to
the reported poor sensitivity of the AGID test for waterfowl.
The results of this study indicate that the bELISA examined
in this study was a more sensitive serologic test than the AGID
test for detecting prior Al virus infection in wild birds. Both the
AGID test and the bELISA had excellent specificities, as no
false positives were detected among the 103 confirmed-unin-
fected, sham-inoculated birds that were included in this study.
The sensitivities of both assays were higher for HPAI virus-
infected birds than for LPAI virus-infected birds, which likely
reflects the increased replication of the former, resulting in
greater antigen exposure to immunocompetent cells and sub-
sequent humoral response. Although the kappa statistics sug-
gested only fair to moderate agreement between the tests for
infected birds, this is explained in part by the downward bias on
kappa in populations with a high proportion of positive test
results as well as by the difference in test sensitivities (6).
While the performances of the bELISA appeared to vary
between wild avian species (Table 1), the low sample size

CLIN. VACCINE IMMUNOL.

within each species and the differences in experimental design
between the studies preclude making precise statements about
the accuracy of the bELISA for specific wild avian species. The
bELISA, however, was more sensitive than the AGID test for
almost every avian species, and this was particularly true for
dabbling duck species of the genus Anas. Species in this genus
are known important reservoirs for Al virus and consistently
have the highest prevalence of Al virus infection among wild
avian species. There are limitations on what information the
bELISA provides, and positive results should not be overinter-
preted. Positive bELISA results provide no information re-
garding the viral subtype or pathotype or the time when the
viral exposure occurred. Based on the results of this study,
however, the bELISA does have valid applications for Al virus
surveillance in wild birds, both as a preliminary screening test
and as a complement to more traditional agent identification
methods. As a screening test, the bELISA can provide infor-
mation on prior exposure to Al virus in avian species that are
difficult to sample due to geographic location, habitat utiliza-
tion, or behavior. Such information could be used to determine
whether more costly and time-consuming sampling efforts are
warranted. As a complementary diagnostic tool, serologic data
provide insight into species that are exposed to Al virus and
additional information for interpreting Al virus infection in a
given species. While the bELISA did require a plate reader,
the test kits themselves were relatively inexpensive and are
conducive for high-throughput diagnostic screening, especially
if performed with an automated plate washer. Finally, sero-
logic testing provides a diagnostic tool and surveillance option
that does not require working with infectious virus. As such,
serology provides added benefits for lab safety and ease of
shipping diagnostic samples.

It is important to note that the current study was performed
with serum samples collected from birds experimentally inoc-
ulated 10 to 21 dpi and therefore is likely to yield higher
sensitivity estimates than would be encountered when the test
is applied to field samples. The immune responses vary be-
tween different species of birds (7), and for many avian taxa,
these responses are poorly understood. Consequently, addi-
tional studies are warranted to evaluate the sensitivity of the
bELISA with experimental studies of longer duration and/or
with field samples in order to further validate this serologic
assay.
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