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APPLICATION OF GALACTOMANNAN ANALYSIS AND PROTEIN
ELECTROPHORESIS IN THE DIAGNOSIS OF ASPERGILLOSIS IN
AVIAN SPECIES

Carolyn Cray, Ph.D., Toshiba Watson, M.S., Marilyn Rodriguez, B.S. M.T., and Kristopher L.
Arheart, Ed.D.

Abstract: Previous studies support the possible application of galactomannan, a major antigen of Aspergillus sp., to
aspergillosis diagnosis in avian and other animal species. An assay is commercially available for use with human serum
and bronchoalveolar lavage fluid samples. In the current study, galactomannan results from plasma samples were
compared between birds with histologically confirmed aspergillosis and those that were clinically normal presumptively
non-Aspergillus infected birds per submitting practitioners’ responses to a questionnaire. It was observed that infected
birds demonstrated a 2.6-fold increase in galactomannan over birds without evidence of aspergillosis. With the use of
a galactomannan index of 0.5 as a cutoff, the sensitivity and specificity of the test were found to be 67% and 73%,
respectively. In addition, plasma samples were analyzed for abnormalities in protein electrophoretic patterns. Infected
birds had a higher incidence of increased beta and/or gamma globulin concentrations. Test sensitivity and specificity
were 73% and 70%, respectively. If the 2 tests were used as a panel, then the sensitivity was 89% and specificity was
48%. These data indicate that both galactomannan and protein electrophoresis may be valuable tools in the diagnosis
of avian aspergillosis.

Key words: Aspergillosis, Aspergillus, enzyme-linked immunosorbent assay (ELISA), protein electrophoresis, gal-
actomannan, serodiagnostics.

INTRODUCTION value of antigen testing was also reported in a mod-
el of experimental infection in Pekin ducks.!* EPH
was reported to measure proteins associated with
acute inflammation and stimulation of humoral im-
munity in avian species.”®? Although not solely di-
agnostic of aspergillosis, the positive application of
abnormal EPH in confirmed cases in psittacine
birds was reported.'® The utility of EPH in the di-
agnosis of aspergillosis in penguins, a species re-
portedly with a high antibody reactivity, even in the
absence of disease, was also demonstrated.?’
Galactomannan is a polysaccharide soluble anti-
gen released from the cell wall during the logarith-
mic growth phase of Aspergillus hyphae and can
be found in the circulation.> A commercial en-
zyme-linked immunosorbent assay (ELISA) assay
to measure this Aspergillus antigen has been widely
applied in human medicine.?>?*? This assay has also

Aspergillosis remains difficult to diagnose in avi-
an species. Traditional techniques, including routine
hematologic and biochemical analysis, culture, and
radiography, have value but lack the ability to re-
liably provide a definitive diagnosis.!'®* Endoscopy
is a good antemortem tool but is not always prac-
tical in ill or debilitated patients. Practitioners are
thus often dependent on basic testing and clinical
signalment to form a diagnosis and initiate treat-
ment.

Serodiagnostic testing for aspergillosis was first
described in ducks and pigeons.®** In 1994, the first
application of an ELISA in the diagnosis of infec-
tion of caged birds and raptors was described.> Oth-
er studies documented a high incidence of antibod-
ies in captive and wild penguins.'"'>?” Antibody

testing in conjunction with the detection of circu-  peen used in studies of aspergillosis in dogs, cows,
lating Aspergillus antigen and changes in protein  apd horses, as well as with various laboratory ani-
electrophoresis (EPH) was also described.”* The  ma] models of infection.'*!014172023 A recent publi-
cation profiled its application to the diagnosis of
infection in falcons with a high specificity but low
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MATERIALS AND METHODS

Study samples

Lithium heparinized plasma samples were sub-
mitted to the University of Miami Avian and Wild-
life Laboratory from 2004 through 2007 for anal-
ysis by an Aspergillus serodiagnostic panel. All
samples were analyzed via electrophoretic tech-
niques within 24 hours of arrival at the laboratory.
Galactomannan analysis was conducted within 5
days. All samples were refrigerated at 4°C until an-
alyzed.

All samples came from captive birds. Submitting
practitioners were sent patient questionnaires to
collect information, such as whether there was clin-
ical confirmation of infection (by histology), clini-
cal signs, accessory diagnostic testing (i.e., radi-
ography, hematology, chemistry, culture), and if the
patient responded to treatment. Two groups were
defined for further statistical analysis: presumptive
nonaspergillosis (n = 72) and confirmed aspergil-
losis (histologic confirmation, n = 56). Birds were
categorized as presumptive nonaspergillosis birds
on the basis of the practitioner’s report, and other
routine blood work, and included those birds re-
ported to be clinically normal during the study pe-
riod. This group did not include birds with other
confirmed diseases (i.e., chlamydophilosis, etc.)
The histologic confirmed group included birds con-
firmed at necropsy (n = 53) and biopsy (n = 3).
The presumptive nonaspergillosis group was pri-
marily composed of psittacine species (n = 55) and
various birds from other orders (n = 17; Falconi-
formes, Anseriformes, and Galliformes). The psit-
tacine group included the following: African grey
parrot (n = 13), Amazon parrot (n = 9), caique (n
= 3), cockatiel (n = 1), cockatoo (n = 8), conure
(n = 4), eclectus parrot (n = 3), lovebird (n = 1),
macaw (n = 10), pionus (n = 1), Quaker parrot (n
= 1), and Senegal parrot (n = 1). The confirmed
group included penguins (n = 3), osprey (n = 1),
duck species (n = 5), peatowl (n = 1), nene goose
(n = 1), and various psittacine birds (n = 45). The
latter included the following: African grey parrots
(n = 10), Amazon parrot (n = 6), caique (n = 1),
Cape parrot (n = 1), cockatiel (n = 1), cockatoo (n
= 5), conure (n = 1), Eclectus parrots (n = 6),
Jardine’s parrot (n = 1), macaws (n = 10), Meyer’s
parrot (n = 1), parrotlet (n = 1), and a Quaker
parrot (n = 1). Exact age and sex information was
not obtained in many cases and did not form a base
for further analysis in this study.

Galactomannan assay

The Platelia ELISA kit (Bio-Rad, Hercules, Cal-
ifornia 94547, USA) was used for galactomannan

quantitation. The procedure was modified by using
60 ul of plasma instead of 300 ul of serum. These
changes were validated by an in-house study, which
included the comparison of paired serum and plas-
ma samples and spiking additional samples with
galactomannan to test the sample volume variables.
Other investigators also successfully altered the
pretreatment volume while maintaining the proper
sample to pretreatment solution ratio.?*?> The assay
results include optical density results of positive,
negative, and cutoff control samples provided in the
kit. Results of test samples are recorded as an index
relative to the reading of the cutoff control sample.
The index carries no unit designation. By the man-
ufacturer’s specifications, any sample with an index
greater than or equal to 0.5 was considered positive.

Plasma EPH

Plasma EPH was performed as previously de-
scribed.”®* The Paragon system and SPEP-II gels
(Beckman, Fullerton, California 92834, USA) were
used. Fraction quantitation was performed by using
a Beckman densitometer. Results were categorized
as normal or abnormal based on in-laboratory spe-
cies-specific reference intervals, many of which
were previously published.” The A:G ratio was cal-
culated following its traditional presentation: (pre-
albumin + albumin)/(alpha 1 + alpha 2 + beta +
gamma globulins).” Abnormal EPH was subcate-
gorized based on at least a 20% increase in absolute
concentration of beta globulins, gamma globulins,
beta and gamma globulins, or alpha globulin. For
example, the beta globulin fraction range in the Af-
rican grey parrot ranges from 3.5 to 6.1 g/L. An
abnormal beta globulin fraction was considered to
be anything greater than 7.32 g/L.. Results were ex-
amined as percent increases in each fraction in con-
trast to grams per liter values to account for the
differing normal reference intervals of all the spe-
cies as well as species composition of the 2 analysis
groups.

Statistical analysis

A t test for independent samples was used to de-
termine if the assay indices were significantly dif-
ferent between the clinical groups, and chi-square
tests were used to determine if the proportion of
abnormal findings were significantly different.
Standard formulas were used to calculate the sen-
sitivity, specificity, positive and negative predictive
values, and diagnostic accuracy of galactomannan
and EPH. All calculations were conducted by using
Statistical Analysis System software version 9.1
(SAS Institute, Inc., Cary, North Carolina 27513,
USA).
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Figure 1. Galactomannan reactivity on the Platelia as-

say is graphed as the percentage of cases in the presump-
tive nonaspergillosis and confirmed groups are shown by
the calculated index of reactivity. Significant differences
are shown with *.

RESULTS

Galactomannan analysis

The majority (73%) of nonaspergillosis birds
were negative (index < 0.5) by using the galacto-
mannan assay versus 33% of the confirmed group
(Fig. 1). Specifically, the average galactomannan
index of the nonaspergillosis group was 0.64 =
0.19 (mean =* standard error) and the confirmed
group averaged 1.68 = 0.23 (P = 0.001). Test sen-
sitivity was found to be 67%, and the specificity
was 73%. The diagnostic accuracy was 70% (Table
1). When the cutoff index was raised to 1.0, the test
sensitivity was found to be 39% and the specificity
was 83%. The diagnostic accuracy was 65%.

Plasma EPH

By using species-specific reference intervals,
30% of the EPH results were found to be abnormal
in the presumptive nonaspergillosis bird group (Fig.
2). This is in contrast to the confirmed group, which
was 72% abnormal (P < 0.001). Of the confirmed
group, 40% of cases demonstrated increases in beta
globulins, 9% of the cases demonstrated increases
in gamma globulins, 18% of cases had increases in
both beta and gamma globulins, and 5% of cases
had increases in alpha globulins. The test sensitivity
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Figure 2. The percentage of cases with normal EPH
versus those with greater than 20% increases in beta and/
or gamma globulins and alpha globulins are shown by
clinical group. Significant differences are shown with *.

was 73%, and specificity was 70%. The diagnostic
accuracy was 71% (Table 1).

Combined analysis

Galactomannan assay and plasma EPH results
were examined in combination. The combined test
sensitivity was 89% and specificity was 48%. The
diagnostic accuracy was 65% (Table 1).

DISCUSSION

The diagnosis of aspergillosis is problematic in
avian species and humans alike.'®**?* Acute and
chronic clinical manifestations, site of infection,
ongoing therapies, and immunity to fungal ele-
ments all complicate the diagnostic picture. In avi-
an medicine, routine hematology and clinical chem-
istry, radiography, culture, and biopsy are all tra-
ditional antemortem techniques but lack reliability
and specificity.’® EPH was reported to have some
value as an ancillary diagnostic test, although it too
lacks specificity.”#!182%30 Galactomannan testing has
been applied quite widely for the diagnosis of as-
pergillosis to human patients and to a lesser degree
in animal species.>*!10:141521-26 The present study ex-
amines galactomannan and plasma EPH results
from presumptive non-Aspergillus infected birds
and those with confirmed infection.

Table 1. Sensitivity and specificity calculations for galactomannan and protein electrophoresis.
% %o
Negative  Positive
%o Yo predictive predictive %o
Result Sensitivity Specificity  value value  Accuracy
Galactomannan index =0.5 67 73 76 63 70
Abnormal protein electrophoresis (increase in any globulin fraction) 73 70 76 66 71
Galactomannan—protein electrophoresis combination 89 48 86 54 65
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Galactomannan analysis

Galactomannan measurement has been applied to
the diagnosis of human fungal infection. Patients
undergoing chemotherapy, transplantation, or treat-
ment of autoimmune disorders, e.g., chronic pul-
monary disease, may have profound immune sup-
pression.? Opportunistic infection with Aspergillus
sp., among other infectious agents, results in high
mortality. By conducting a meta-analysis of 27
studies by using galactomannan testing, an overall
sensitivity of 71% and specificity of 89% in hu-
mans with hematologic malignancy was reported.?®
Accessory testing, including radiography, routine
blood tests, and cultures, aids in diagnosis of dis-
ease.

In veterinary medicine, galactomannan testing
has been examined in horses, cows, dogs, rabbits,
and other laboratory animals.'®'*!7 In contrast to its
implementation in human medicine, galactomannan
testing has been implemented in veterinary medi-
cine, usually in the absence of a high magnitude of
immune suppression as observed in patients with
hematologic malignancies. In horses, galactoman-
nan testing was found not to be a sensitive indicator
of guttural pouch aspergillosis, which is generally
considered to be a superficial infection.'* However,
in a single case of invasive aspergillosis, the gal-
actomannan test was positive.'* Both invasive and
nasal aspergillosis has been described in dogs. No
false-positive results were found, but the utility of
galactomannan appeared limited in confirmed cases
of nasal infection.'® Positive results were observed
in one case of systemic aspergillosis and a case of
bronchopneumonia.'® Jensen et al'’” reported that the
detection of galactomannan in cows was sensitive
in cases of systemic aspergillosis and that the mag-
nitude of the galactomannan value may be related
to the fungal burden. Galactomannan testing has
been successfully used in a wide number of labo-
ratory animal models of the human disease, includ-
ing those that used mice, guinea pigs, and rab-
bits.!+2023 Tn each model, infection was introduced
after a immune suppression regimen and was gen-
erally limited to the respiratory tract.

Aspergillosis is a common fungal infection in
birds and can affect the lower- and upper-respira-
tory tract. Infection can also become invasive and
is generally believed to be a result of environmental
contamination and stressors, perhaps leading to re-
duced immunity.'® Studies that used galactomannan
testing in avian species have been limited to just a
few reports.>?'>> Based on extensive data from clin-
ical examination, including endoscopy, 142 normal
and 50 infected falcons (some suspect, some con-

firmed by histology) were examined by using the
galactomannan assay, with a resultant 12% sensi-
tivity and 95% specificity.? This study was con-
ducted with a high cutoff value (2 times higher than
the manufacturer’s current recommendations). The
use of the assay on multiple avian species with sus-
pected aspergillosis was reported to have a speci-
ficity of 86% but a sensitivity of 30% also with the
higher cutoff value.?'> Notably, in the current clin-
ical case study (which is also dominated by psit-
tacine bird samples), an average of 2.6-fold in-
creased indices was found in the confirmed group
versus the presumptive nonaspergillosis group. By
using the percentage of positive cases, the con-
firmed group was also found to have a much higher
incidence of positive samples. Overall, in the cur-
rent study, the sensitivity was found to be 67%, and
the specificity was 73% when using the current
manufacturer’s recommended threshold. A diagnos-
tic accuracy of 70% was found. The notable dif-
ference in sensitivity compared with the previously
published avian studies is likely related to the use
of only cases confirmed by histology and the use
of the current manufacturer’s recommendation of a
0.5 index for a cutoff level versus the 1.0 index
used by others. To this point, when the current re-
sults were analyzed with the higher 1.0 cutoff in-
dex, the specificity increased to 83%, while the sen-
sitivity decreased to 39%.

It is important to note that most humans with
positive galactomannan results have a minimal im-
mune response to Aspergillus because of the nature
of their treatment regimen. That is, chemotherapy
to treat hematologic malignancy and immune sup-
pressive drug treatments after stem-cell transplan-
tation often limit immune responses to opportunis-
tic pathogens. However, in those human patients
with the anti-Aspergillus antibody, diagnostic sen-
sitivity of galactomannan analysis is reduced.'® This
is believed to be related to the antibody binding
galactomannan and clearing it from circulation so
that it is not present in the sample. In the current
study, some birds were found to have very high
levels of galactomannan (index > 3.0). Le Loc’h
hypothesized that once infection becomes more ad-
vanced and the immune system is rendered ineffec-
tual, the circulating antigen concentration can
greatly increase.?? It is known that Aspergillus tox-
ins, including gliotoxin, have very immunosuppres-
sive properties in humans and turkeys.!>?® In animal
models of aspergillosis, the addition of exogenous
mycotoxin was found to worsen the disease path-
ogenesis."” It is hypothesized that mycotoxins are
an important virulence factor of Aspergillus and
work to depress anti-Aspergillus immune respons-
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es. In the infection of avian species, this may trans-
late to weakened production of anti-Aspergillus an-
tibodies during chronic infection. To this point, this
study documents the absence or very low levels of
anti-Aspergillus antibody in birds with confirmed
aspergillosis (Cray, unpub. data).

Experimental rabbit and cow models of asper-
gillosis demonstrated that galactomannan concen-
trations were correlative to the fungal burden in the
tissues.'”?* In addition, the site of infection has been
proposed to potentially alter the amount of circu-
lating galactomannan in humans.'** This idea is
consistent with mostly negative galactomannan re-
sults in horses in which infection was limited to the
guttural pouch versus higher consistent levels in
cows with systemic aspergillosis.'*!” In human clin-
ical pathology, it is now recommended to perform
2 or 3 sequential tests to confirm negative results.?
This recommendation stems from differences
caused by circulating antibody and the site of in-
fection, which manifest in variable circulating gal-
actomannan concentration throughout the course of
infection.?

In the current study, it was observed that the
mean galactomannan index of the presumptive non-
aspergillosis group fell slightly above the recom-
mended cutoff of 0.5. This may indicate misclas-
sification by the submitting practitioner based on
clinical data collected during the study period.
However, patients were reported to be clinically
normal and had normal hematologic and biochem-
ical analyses. Samples from some of the birds did
have abnormal plasma EPH results, possibly indi-
cating underlying inflammation or infection; but
these were not consistently observed in samples
with higher galactomannan results. The manufac-
turer of the galactomannan assay reports no false
positives when using samples from patients with
viral infection, cancer, nonviral cirrhosis, and au-
toimmune disease (Bio-Rad galactomannan assay
technical insert). Similar studies have not yet been
fully conducted in avian species. In addition, these
positive results in presumptive nonaspergillosis
birds may reflect colonization but no overt disease,
exposure by food or environment, or the presence
of an unknown cross-reactive antigen; all of which
have also been hypothesized to be variables in hu-
man sample analysis.” These results may reflect the
need for different screening threshold concentra-
tions for different avian species.

Overall, the findings of the current study indicate
the potential for galactomannan testing in a diag-
nostic panel for aspergillosis. Moderate sensitivity
and specificity levels are reached by using the man-
ufacturer’s recommended 0.5 index cutoff level,

and specificity could be improved with the use of
a more restricted interpretation of positive results
greater than an index of 1.0. Because galactoman-
nan results in the histologic confirmed group av-
eraged an index of 1.68, this also supports the pre-
mise that higher galactomannan results are associ-
ated with infection. In contrast to humans under
treatment for a hematologic malignancy who have
little ability to mount an immune response, it
should be recognized that birds may not present
with the same lack of response. The presence of
concurrent anti-Aspergillus antibody titers in these
birds was not addressed in the current study; but,
in other studies, we observed that antibody titers
alone are not sensitive diagnostic tests for the di-
agnosis of aspergillosis (Cray, unpub. data). Cross-
reactive antigens and false positives from sample
contamination are a valid source of false positives
in other human testing and should be expected in
avian species.” Positive galactomannan results in
clinically normal birds should be followed by ad-
ditional testing, including possible recheck of gal-
actomannan results. Likewise, if a negative galac-
tomannan result is obtained from a suspect bird,
retesting should be considered if other routine test-
ing continues to support the possibility of infection.

Plasma EPH

EPH can detect underlying inflammatory or in-
fectious conditions in avian species.”®? However,
because inflammatory pathways are similar in dif-
ferent disease states, the test is rarely solely diag-
nostic of a particular disease. In the current study,
it is notable that the presumptive nonaspergillosis
group contained clinically normal patients with ab-
normal EPH. It was previously observed that ap-
proximately 30% of psittacine samples with normal
hematologic and chemistry results do exhibit ab-
normal EPH and hypothesize that EPH may offer
a different sensitivity to inflammation and infection
than traditional clinical pathology testing (Cray, un-
pub. data). In the current study, this may reflect a
misclassification by the submitting practitioner in-
dicative of possible aspergillosis or other underly-
ing disease or infection. However, as with the gal-
actomannan assay, a higher percentage of abnormal
EPH results was found in the confirmed group ver-
sus the presumptive nonaspergillosis group. This
was inclusive of changes in beta, gamma, and alpha
fractions. Only 23% of the presumptive nonasper-
gillosis group had beta and/or gamma globulin in-
creases versus 67% in the confirmed group. These
data are consistent with a small case study that in-
dicated the presence of beta globulin increases in 3
of 7 cases of aspergillosis in psittacine birds and a
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larger study in penguins.'®?” The 73% sensitivity of
electrophoresis was thus not surprising, but the
specificity was higher than expected. This is likely
because of the use of reportedly clinically normal
birds in the current study. Clearly, other infectious
and inflammatory processes present in birds will
also result in changes in the globulins; thus, these
changes are not solely diagnostic of aspergillosis.
As previously proposed, EPH can be used as an
accessory diagnostic and prognostic tool to com-
plement galactomannan testing as well as other
tools in clinical evaluation of birds with possible
aspergillosis.®*1829

Combined analysis

When results of the galactomannan test and plas-
ma EPH were examined in combination, the sen-
sitivity improved to 89%, although the specificity
decreased to 48%. These changes are reflected in a
decreased positive predictive value and increased
negative predictive value. Because the assays are 2
different tests, they have independent false-positive
rates that do not occur in the same study cases. The
combination of these 2 independent errors results
in a decrease in specificity rather than an enhance-
ment when used in combination. Alternatively, the
combination of the tests does serve to better cor-
rectly diagnose true negative cases.

CONCLUSIONS

Overall, this study demonstrates the utility of
both galactomannan analysis and plasma EPH in
the diagnosis of avian aspergillosis. Both tests af-
ford moderate levels of sensitivity and specificity,
and an increased sensitivity when used in combi-
nation. Routine hematologic and biochemical test-
ing, clinical examination, radiography, culture, and
endoscopy are still important tools for diagnosis of
disease. All test results should be considered in
conjunction with these latter traditional techniques.
Positive galactomannan results over an index of 1.0
can be viewed as more likely to be a true positive,
but, factors, such as site of infection, chronicity of
infection, and the presence of anti-Aspergillus an-
tibody may affect the amount of galactomannan in
circulation. In human pathology, these and other
factors are recognized and have resulted in a test
plan that often includes a minimum of 3 sequential
tests before a diagnosis is made. Because such a
level of testing is not always reasonable in many
avian patients, galactomannan results can instead
be viewed in conjunction with plasma EPH results
and the other traditional techniques.

The current study included birds with focal and
generalized infection, although all were chronic

cases. As the database of clinical presentation, spe-
cific infection sites, species, concurrent treatments,
presence of anti-Aspergillus antibody, and prognos-
tic use grows, the galactomannan and EPH tools
will need to be reassessed for further application to
the aspergillosis diagnostic dilemma.

Acknowledgment: The authors thank those prac-
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LITERATURE CITED

1. Ahmad, S., Z. U. Khan, and A. M. Theyyathel.
2007. Diagnostic value of DNA, (1-3)-beta-d-glucan, and
galactomannan detection in serum and bronchoalveolar la-
vage of mice experimentally infected with Aspergillus ter-
reus. Diagn. Microbiol. Infect. Dis. 59: 165-171.

2. Aquino, V. R., L. Z. Goldani, and A. C. Pasqualotto.
2007. Update on the contribution of galactomannan for
the diagnosis of invasive aspergillosis. Mycopathologia
163: 191-202.

3. Arca-Ruibal, B., U. Wernery, R. Zachariah, T. A.
Bailey, A. Di Somma, C. Silvanose, and P. McKinney.
2006. Assessment of a commercial sandwich ELISA in
the diagnosis of aspergillosis in falcons. Vet. Rec. 158:
442-444.

4. Arrese, J. E., P. Delvenne, J. Van Cutsem, C. Pierard-
Franchimont, and G. E. Pierard. 1994. Experimental as-
pergillosis in guinea pigs: influence of itraconazole on
fungaemia and invasive fungal growth. Mycoses 37: 117—
122.

5. Brown, P. A., and P. T. Redig. 1994. Aspergillus
ELISA: A tool for detection and management. Proc.
Annu. Conf. Assoc. Av. Vet. Pp. 295-297.

6. Buxton, I., and C. V. Sommer. 1980. Serodiagnosis
of Aspergillus fumigatus antibody in migratory ducks.
Avian Dis. 24: 446-454.

7. Cray, C., M. Rodriguez, and J. Zaias. 2007. Protein
electrophoresis of psittacine plasma. Vet. Clin. Pathol. 36:
64-72.

8. Cray, C., and L. M. Tatum. 1998. Applications of
protein electrophoresis in avian diagnostics. J. Av. Med.
Surg. 12: 4-10.

9. Cray, C., T. Watson, M. Rodriguez, and K. Arheart.
2006. Assessment of aspergillosis diagnostics. Proc.
Annu. Conf. Assoc. Av. Vet. Pp. 59-61.

10. Garcia, M. E., J. Caballero, M. Cruzado, M. An-
drino, J. Gonzalez-Cabo, and J. L. Blanco. 2001. The val-
ue of the determination of anti-Aspergillus I1gG in the se-
rodiagnosis of canine aspergillosis: Comparison with gal-
actomannan detection. J. Vet. Med. B. 48: 743-750.

11. German, A. C., G. S. Shankland, J. Edwards, and
E. J. Flach. 2002. Development of an indirect ELISA for
the detection of serum antibodies to Aspergillus fumigatus
in captive penguins. Vet. Rec. 150: 513-518.

12. Graczyk, T. K., and J. E Cockrem. 1995. Aspergil-
lus spp. seropositivity in New Zealand penguins. Myco-
pathologia 131: 179-184.

13. Graczyk, T. K., M. R. Cranfield, and P. N. Klein.



70 JOURNAL OF ZOO AND WILDLIFE MEDICINE

1998. Value of antigen and antibody detection, and blood
evaluation parameters in diagnosis of avian invasive as-
pergillosis. Mycopathologia 140: 121-127.

14. Guillot, J., J. Sarfati, M. de Barros, J. L. Cadore,
H. E. Jensen, and R. Chermette. 1999. Comparative study
of serological tests for the diagnosis of equine aspergil-
losis. Vet. Rec. 145: 348-349.

15. Herbrecht, R., V. Letscher-Bru, C. Oprea, B. Lio-
ure, J. Waller, E Campos, O. Villard, K. L. Liu, S. Nata-
rajan-Ame, P. Lutz, P. Dufour, J. P. Bergerat, and E. Can-
dolfi. 2002. Aspergillus galactomannan detection in the
diagnosis of invasive aspergillosis in cancer patients. J.
Clin. Oncol. 20: 1898-1906.

16. Ivey, E. S. 2000. Serologic and plasma protein
electrophoretic findings in 7 psittacine birds with asper-
gillosis. J. Av. Med. Surg. 14: 103—-106.

17. Jensen, H. E., D. Stynen, J. Sarfati, and J. P. Latge.
1993. Detection of galactomannan and the 18 kDa antigen
from Aspergillus fumigatus in serum and urine from cattle
with systemic aspergillosis. J. Vet. Med. B. 40: 397-408.

18. Jones, M. R., and S. E. Orosz. 2000. The diagnosis
of aspergillosis in birds. Sem. Av. Exot. Pet. Med. 9: 52—
58.

19. Kamei, K., and A. Watanabe. 2005. Aspergillus
mycotoxins and their effect on the host. Med. Mycol.
43(Suppl. 1): S95-99.

20. Kretschmar, M., D. Buchheidt, H. Hof, and T. Nich-
terlein. 2001. Galactomannan enzyme immunoassay for
monitoring systemic infection with Aspergillus fumigatus
in mice. Diagn. Microbiol. Infect. Dis. 41: 107-112.

21. Le Loc’h, G., P. Arne, C. Bourgerol, E. Risi, J.
Pericard, J. Quinton, S. Bretane, and J. Guillot. 2006. De-
tection of circulating serum galactomannan for the diag-
nosis of avian aspergillosis. Proc. 16th Annu. Cong. Intl.
Soc. Hum. Anim. Mycol. P-0020.

22. Le Loc’h, G., M. Deville, E. Risi, S. Bretagne, and
J. Guillot. 2005. Evaluation of the serological test platelia
Aspergillus for the diagnosis of aspergillosis. Proc. Eur.
Assoc. Av. Vet. Pp. 260-266.

23. Marr, K. A., S. A. Balajee, L. McLaughlin, M. Tab-
ouret, C. Bentsen, and T. J. Walsh. 2004. Detection of
galactomannan antigenemia by enzyme immunoassay for
the diagnosis of invasive aspergillosis: variables that af-
fect performance. J. Infect. Dis. 190: 641-649.

24. Martinez-Quesada, J., A. Nieto-Cadenazzi, and J.
M. Torres-Rodriguez. 1993. Humoral immunoresponse of
pigeons to Aspergillus fumigatus antigens. Mycopatholo-
gia 124: 131-137.

25. Mennink-Kersten, M. A., J. P. Donnelly, and P. E.
Verweij. 2004. Detection of circulating galactomannan for
the diagnosis and management of invasive aspergillosis.
Lancet Infect. Dis. 4: 349-357.

26. Pfeiffer, C. D., J. P. Fine, and N. Safdar. 2006. Di-
agnosis of invasive aspergillosis using a galactomannan
assay: A meta-analysis. Clin. Infect. Dis. 42: 1417-1427.

27. Reidardson, T. H., and J. E McBain. 1992. Diag-
nosis and treatment of aspergillosis in temperate penguins.
Erkrankungen Der Zootiere 34: 155-158.

28. Richard, J. L., W. M. Peden, and P. P. Williams.
1994. Gliotoxin inhibits transformation and its cytotoxic
to turkey peripheral blood lymphocytes. Mycopathologia
126: 109-114.

29. Werner, L. L., and D. R. Reavill. 1999. The diag-
nostic utility of serum protein electrophoresis. Vet. Clin.
North. Am. Exot. Anim. Pract. 2: 651-662.

30. Zielezienski-Roberts, K., and C. Cray. 1998. Up-
date on aspergillosis testing. Proc. Annu. Conf. Assoc. Av.
Vet. Pp. 95-97.

Received for publication 10 October 2007



