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ABSTRACT Coccidioidomycosis is a common cause of community-acquired pneumo-
nia in areas of the southwestern United States in which the disease is endemic. Clin-
ical presentations range from self-limited disease to severe disseminated disease.
Therefore, early and accurate diagnosis is essential to ensure appropriate treatment
and monitoring. Currently available diagnostic tests have variable accuracy, particu-
larly in certain patient populations, and new tests may offer improved accuracy for
the diagnosis of coccidioidomycosis. Serum samples from 103 cases of coccidioido-
mycosis and 373 controls were tested for IgG and IgM antibodies using the MVista
anti-Coccidioides antibody enzyme immunoassay. Serum specimens from 170 con-
trols from areas in which the disease is endemic and 44 cases were tested by immu-
nodiffusion at MiraVista Diagnostics. The sensitivity of the MVista antibody assay was
88.3%, and the specificity was 90%. The sensitivity was maintained in the presence
of immunocompromising conditions or immunosuppressive therapies. The sensitivity
of immunodiffusion was 60.2%, and the specificity was 98.8%. The sensitivity of
complement fixation (62 cases) was 66.1%, but the specificity could not be deter-
mined. The MVista anti-Coccidioides antibody enzyme immunoassay offers improved
sensitivity, compared with immunodiffusion and complement fixation, is not im-
paired in immunocompromised patients, and permits highly reproducible semiquan-
tification.
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Coccidioidomycosis is an endemic mycosis caused by the fungi Coccidioides immitis
and Coccidioides posadasii (1). The disease can range from a subclinical self-

resolving illness to a life-threatening pulmonary or disseminated disease requiring
intensive medical intervention. Some estimates indicate that coccidioidomycosis may
be responsible for 15 to 29% of cases of community-acquired pneumonia in areas in
which the disease is endemic (2, 3). The number of cases among residents of and
visitors to areas in which the disease is endemic has been increasing over the past
decade (4).

Diagnosis is challenging because of nonpathognomonic clinical findings (5). Culture
is the “gold standard,” but culture results are positive in only about one-half of cases
among immunocompromised patients and usually do not provide the initial basis for
diagnosis. Additionally, cytopathology or histopathology results are positive for only 20
to 30% of immunocompromised patients (6–9). Serological methods, including immu-
nodiffusion (ID), complement fixation (CF), and enzyme immunoassay (EIA), provide the
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laboratory basis for diagnosis in most cases (10) but often yield falsely negative results
for immunocompromised patients (8, 9, 11) and during the first few months following
acute infection (12, 13).

EIA often is used as an initial diagnostic test, followed by ID and/or CF tests if the
EIA results are positive. EIA also may be used as a screening test for subclinical or past
infection prior to the initiation of immunosuppression (5, 11). The primary objectives of
this study were to determine the sensitivity and specificity of the MVista anti-
Coccidioides antibody EIA and to compare the test with ID.

(Some of these data were presented in abstract form at IDWeek 2015, San Diego, CA,
7 to 11 October 2015 [14], and at IDWeek 2016, New Orleans, LA, 26 to 30 October 2016
[15].)

RESULTS
Overview of cases. Of the 103 patients with coccidioidomycosis, 72 (69.9%) had

pulmonary coccidioidomycosis and 31 (30.1%) had disseminated coccidioidomycosis.
Seventy-eight patients (75.7%) were receiving antifungal therapy, including fluconazole
for 68 patients, itraconazole for 5 patients, voriconazole for 3 patients, and combination
therapy for 2 patients. Thirty patients (29.1%) had underlying immunocompromising
conditions, including HIV infection for 5 patients, solid organ transplants for 4 patients,
autoimmune or inflammatory diseases requiring immunosuppressive agents for 19
patients, and chronic prednisone therapy for 2 patients.

Receiver operating characteristic curve analysis. The optimal cutoff value for
optical density at 450 nm with 620-nm correction (OD450/620) for IgG detection was
0.133, which was assigned a value of 10 EIA units (EU). The sensitivity was 87.4%, as
determined with 103 cases, and the specificity was 92.3%, as determined with 220
controls (170 from areas in which the disease is endemic and 50 from an area in which
is it not). The area under the curve (AUC) was 0.957 (95% confidence interval [CI], 0.928
to 0.977), and the standard error was 0.011 (P � 0.0001) (Fig. 1). The corresponding
Youden J index was 0.802. The optimal OD450/620 cutoff value for IgM detection was
0.137, which was assigned a value of 10 EU. The sensitivity was 61.2%, and the
specificity was 96.4%. The AUC was 0.887 (95% CI, 0.846 to 0.921), and the standard
error was 0.0227 (P � 0.0001) (Fig. 1). The corresponding Youden J index was 0.627. The
sensitivity and specificity were 88.3% and 91.8%, respectively, for detection of IgG
and/or IgM antibodies at �10 EU.

MVista antibody EIA results for cases and controls. IgG results were positive for
90 cases (87.4%), indeterminate for 10 (9.7%), and negative for 3 (2.8%) (Table 1). The

FIG 1 ROC curves for determination of anti-Coccidioides IgG and IgM antibody cutoff values. (A) The ROC
curve recommended an OD450/620 cutoff value of 0.133 for IgG detection. The sensitivity with this cutoff
value was 87.4% (n � 103) and the specificity was 92.3% (n � 220), with an AUC of 0.957 (95% CI, 0.928
to 0.977) and a standard error of 0.0109 (P � 0.0001). (B) The ROC curve recommended an OD450/620

cutoff value of 0.137 for IgM detection. The sensitivity with this cutoff value was 61.2% and the specificity
was 96.4%, with an AUC of 0.887 (95% CI, 0.846 to 0.921) and a standard error of 0.0227 (P � 0.0001).
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sensitivity and specificity (Table 1) and predictive values (Table 2) are reported. EIA IgG
and IgM antibody levels for cases and controls are shown in Fig. 2 and Fig. 3,
respectively. IgG results were negative for 100% of healthy blood donors from an
area in which the disease is not endemic; among control subjects from areas in
which the disease is endemic, results were positive for 17 (10%), indeterminate for
26 (15.3%), and negative for 127 (74.7%). Positive results for the control subjects
from areas in which the disease is endemic were between 10.0 and 20.0 EU for 16
(94.1%) and 26.7 EU for 1.

IgM results were positive for 63 cases (61.2%), indeterminate for 5 (4.9%), and
negative for 35 (34.0%). IgM results were negative for 100% of control subjects from an
area in which the disease is not endemic; among control subjects from areas in which
the disease is endemic, results were positive for 7 (4.1%), indeterminate for 21 (12.4%),
and negative for 142 (83.5%). Positive results for the control subjects from areas in
which the disease is endemic were between 10.0 and 20.0 EU for 7 of 8 subjects (87.5%)
and 20.3 EU for 1.

Serum samples from 8 (32%) of 25 patients with histoplasmosis were cross-reactive
for IgG antibody and those from 5 (20%) were cross-reactive for IgM antibody. Only 2
serum samples from patients with blastomycosis were cross-reactive for IgG antibody,
and no cross-reactivity was demonstrated for IgM antibody. The anti-Histoplasma IgG

TABLE 1 Comparison of antibody detection using different antibody assaysa

Test Sensitivity (%) using cases Specificity (%) using controlsb

MVista IgG 87.4 90.0
MVista IgM 61.2 95.3
MVista IgG or IgM 88.3 90.0
IDCF 53.4 98.8
IDTP 33.0 100
IDCF or IDTP 60.2c 98.8c

CF 64.5c NA
aThe numbers of cases and controls were as follows: MVista EIA, 103 and 170; ID, 103 and 164; CF, 62 and 0.
IDCF, immunodiffusion with the CF antigen; IDTP, immunodiffusion with the TP antigen; CF, complement
fixation; NA, not available.

bControls from areas in which the disease is endemic included controls from Bakersfield, California, and
Tucson, Arizona, and clinical controls from Tucson, Arizona.

cP � 0.001, in comparison with the MVista assay.

TABLE 2 Comparison of sensitivities, specificities, likelihood ratios, and predictive values
determined by ID and the MVista anti-Coccidioides antibody EIA at different cutoff values
and estimates of prevalence

Test and cutoff
value

Sensitivity
(%)

Specificity
(%) LR�a LR�

Prevalence
of 5%

Prevalence
of 10%

PPV NPV PPV NPV

EIA, IgG
10 EU 87.4 90.0 8.74 0.14 31.5 99.3 49.3 98.5
20 EU 60.2 99.4 100.3 0.40 84.1 97.9 91.8 95.7

EIA, IgM
10 EU 61.2 95.3 13.0 0.41 40.7 97.9 59.1 95.7
20 EU 30.1 99.4 50.2 0.70 72.5 96.4 84.8 92.8

EIA, IgG or IgM
10 EU 88.3 90.0 8.83 0.13 31.7 99.3 49.5 98.6
20 EU 60.2 99.4 100.3 0.40 84.1 97.9 91.8 95.7

IDCF 53.3 98.8 44.5 0.47 70.0 97.6 83.1 95.0
IDTP 33.0 100 ∞ 0.67 100 96.6 100 93.1
IDCF or IDTP 60.1 98.8 50.1 0.40 72.5 97.9 84.8 95.7
aLR�, positive likelihood ratio; LR�, negative likelihood ratio; PPV, positive predictive value; NPV, negative
predictive value; IDCF, immunodiffusion with the CF antigen; IDTP, immunodiffusion with the TP antigen;
∞, perfect specificity results with an infinite positive likelihood ratio.
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levels were more than 5 EU higher than the anti-Coccidioides level for 6 (75%) of the 8
patients, while the reverse was true for 1 patient and the results were not different for
another patient. The anti-Histoplasma IgM antibody level was more than 5 EU higher
than the anti-Coccidioides IgM antibody level for 3 patients, the reverse was true for 1
patient, and the results were not different for another patient.

Comparison of MVista EIA, ID, and CF results for coccidioidomycosis cases and
controls from areas in which the disease is endemic. The sensitivity for IgG or IgM
antibodies was 88.3%, compared to 60.2% for ID (P � 0.0001). Both ID and EIA results
were positive for 60 cases (58.3%), EIA results alone for 31 (30.0%), ID results alone for
2 (2.0%), and neither for 10 (9.8%). The 2 cases with positive results by ID but not by
EIA had indeterminate results by EIA (8.4 and 9.9 EU). The specificity was 98.8% for ID
and 90% for EIA (P � 0.0001).

FIG 2 IgG antibody levels determined with the MVista anti-Coccidioides antibody EIA. IgG antibody levels
were measured in samples from patients with coccidioidomycosis (Ci) (n � 103), individuals from
Bakersfield, California (Bks) (n � 88), or Tucson, Arizona (Tuc) (n � 60) (where the disease is endemic),
clinical controls from Tucson, Arizona (CC) (n � 22), controls from Miami, Florida (Mia) (n � 50), and
individuals with blastomycosis (Bd) (n � 25) or histoplasmosis (Hc) (n � 25). The cutoff value of 10 EU
is indicated by the dashed line. The numbers under the line represent the numbers of serum samples
with negative results.

FIG 3 IgM antibody levels determined with the MVista anti-Coccidioides antibody EIA. See the legend to
Fig. 2 for explanations.
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Assuming a prevalence of coccidioidomycosis of 5% and using a cutoff value of 10
EU, ID demonstrated a higher positive predictive value (PPV) than did EIA (72.5% versus
31.7%) but a lower negative predictive value (NPV) (97.9% versus 99.3%) (Table 2). With
a cutoff value of 20 EU, EIA exhibited a higher PPV (84.1%) and an equivalent NPV
(97.9%). If the prevalence was assumed to be 10%, then the PPVs were higher and the
NPVs were lower.

The sensitivity of the MVista EIA was 93.5%, compared to 64.5% for CF (P � 0.0001).
Both EIA and CF results were positive for 38 cases (61.3%), EIA results alone for 20
(32.2%), CF results alone for 2 (3.2%), and neither for 2 (3.2%). The case with a positive
result by CF but not by EIA had a CF titer of 1:2 and an indeterminate EIA result (9.9
units).

Assessment of some conditions affecting antibody responses. The sensitivity for
detection of IgG antibodies was 90.2% for patients with pulmonary disease and 80.6%
for those with disseminated disease (P � 0.308) (Table 3). The sensitivity for detection
of IgM antibodies was 66.7% for patients with pulmonary disease and 48.4% for those
with disseminated disease (P � 0.127).

The sensitivity for detection of IgG antibodies was 90.4% for immunocompetent
patients and 83.3% for immunocompromised patients (P � 0.493). The sensitivity for
detection of IgM antibodies was 63.0% for immunocompetent patients and 56.7% for
immunocompromised patients (P � 0.708). The sensitivity for detection of IgG or IgM
antibodies among immunocompromised patients was 83.3% for EIA, compared to
50.0% for ID (P � 0.012).

The sensitivity for detection of IgG antibodies was 87.2% for patients receiving
antifungal treatment and 88.0% for untreated patients (P � 0.760). The sensitivity for
detection of IgM antibodies was 60.3% for treated patients and 64.0% for untreated

TABLE 3 Analysis of parameters potentially affecting the sensitivity of anti-Coccidioides
antibody detection

Clinical factor and
immunoglobulin

Sensitivity (%)

PMVista EIA IDa

Pulmonary disease (n � 72)
IgG 90.2 45.8 �0.0001
IgM 66.7 34.7 �0.0001
IgG or IgM 90.2 54.2 �0.0001

Disseminated disease (n � 31)
IgG 80.6 71.0 0.289
IgM 48.4 25.8 0.016
IgG or IgM 83.9 71.0 0.180

Immunocompromised (n � 30)
IgG 83.3 40.0 0.002
IgM 56.7 30.0 0.022
IgG or IgM 83.3 50.0 0.012

Immunocompetent (n � 73)
IgG 90.4 58.9 �0.0001
IgM 63.0 32.9 �0.0001
IgG or IgM 90.4 63.0 �0.0001

Antifungal treated (n � 78)
IgG 87.2 57.7 �0.0001
IgM 60.3 29.5 �0.0001
IgG or IgM 88.5 62.3 �0.0001

Untreated (n � 25)
IgG 88.0 40.0 0.005
IgM 64.0 40.0 0.109
IgG or IgM 88.0 52.0 0.004

aIgG and IgM results refer to ID with the CF antigen and ID with the TP antigen, respectively.
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patients (P � 0.969). The sensitivity for detection of IgG or IgM antibodies in treated
patients was 88.5% by EIA and 62.3% by ID (P � 0.0001).

Reproducibility. Specimens from the cases and controls were tested on two
occasions. IgG results were reproducibly positive or negative for 372 (99.7%) of 373
subjects, and IgM antibodies were reproducible for 364 (97.6%) of 373 subjects (Fig. 4).
Antibody levels were determined on two occasions with specimens from 51 patients.
The coefficient of determination (R2) for IgG antibody levels was 0.984 (slope, 1.01 [95%
CI, 1.00 to 1.12]; residual standard deviation, 1.76). The R2 for IgM antibody levels was
0.993 (slope, 0.981 [95% CI, 0.957 to 1.00]; residual standard deviation, 1.58). Repeat-
ability, between-day precision, and within-laboratory precision were determined for the
high, moderate, low, and negative calibrators. As an example of within-laboratory
precision, the mean of 60 observations for the moderate IgG calibrator was 40.9 EU
(standard deviation, 2.01 EU [95% CI, 1.62 to 2.65 EU]; coefficient of variation [CV], 4.9%).
The mean for the moderate IgM calibrator was 30.0 EU (standard deviation, 0.84 EU
[95% CI, 0.66 to 1.17 EU]; CV, 2.8%). CVs were similar for the high and low calibrators.

DISCUSSION

The MVista anti-Coccidioides antibody EIA offered several advantages, compared to
ID. The primary advantage was improved sensitivity (88.3% for EIA and 60.2% for ID).
EIA results were positive for all except two patients with positive ID results, who had
indeterminate EIA results (8.4 EU and 9.9 EU). Conversely, ID results were negative for
34.1% of patients with positive EIA results. Furthermore, immunocompromising con-
ditions and antifungal treatment did not reduce the sensitivity of the EIA, which is
another important advantage.

Comparison of the sensitivity of EIA and CF was hampered by incomplete CF testing,
which was performed in 62 cases. However, EIA demonstrated superior sensitivity,
compared to CF. IgG antibodies were positive by EIA for all but two patients with
positive CF results, for whom the CF titers were marginally positive and the IgG level
was 9.9 EU, at the upper end of the cutoff range for indeterminate. CF results were
negative for 32.8% of patients with positive EIA results.

The MVista EIA is semiquantitative, made possible by incorporation of a 5-point
standard curve. The EIA demonstrates excellent interassay reproducibility, which is
important to allow comparisons of antibody levels in specimens obtained at different

FIG 4 Reproducibility determined by linear regression. Interassay agreement of IgG unit values obtained from repeat testing of
coccidioidomycosis patient samples (n � 51) demonstrated a strong correlation, with a R2 of 0.984 (slope 95% CI, 1.00 to 1.12 [P � 0.0001]).
Interassay agreement of IgM unit values obtained from repeat testing of coccidioidomycosis patient samples demonstrated a strong
correlation, with a R2 of 0.993 (slope 95% CI, 0.985 to 1.02 [P � 0.0001]).
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times and tested in different assays. Within-laboratory imprecision was less than 5%
with the MVista EIA; a 5-EU difference is statistically significant. CF, which is currently
recommended for quantification, requires testing of current and prior specimens in the
same assay to adjust for interassay imprecision (16) and demonstration of a �4-fold
(400%) difference in titers to adjust for intraassay imprecision (17).

EIA offers higher throughput and shorter turnaround times than ID and CF, is less
labor-intensive, and can be automated. Hundreds of specimens can be tested in the
same EIA, and results can be reported the same day. ID assays must be read for up to
3 days before a negative result is reported, and CF requires overnight incubation.
Furthermore, these tests may not be performed every day in some laboratories, further
increasing turnaround time.

The MVista EIA was less specific than ID, which is expected, given its greater
analytical sensitivity. However, the test allows for improved PPVs with increasing EU. In
areas in which the disease is endemic, where coccidioidomycosis is highly prevalent (15
to 29%) among patients with community-acquired pneumonia (2, 3), the PPV is further
increased.

Low positive (10.0 to 19.9 EU) and indeterminate (8.0 to 9.9 EU) results for
healthy controls from areas in which the disease is endemic may be caused by
asymptomatic or recently resolved coccidioidomycosis. IgG antibodies determined
by CF and IgM antibodies determined by ID with the tube precipitin (TP) antigen
may persist for years following the initial infection (16). Furthermore, reexposure is
common and could “boost” antibody production. Assessment of epidemiological
factors, clinical findings, and additional diagnostic tests may help differentiate
active from past infections in patients with EIA results between 8.0 and 20 EU.
Demonstration of increases in IgG or IgM levels or no change in IgG levels but
decreases in IgM levels may suggest acute coccidioidomycosis. This hypothesis
requires further investigation but was documented for histoplasmosis (18).

CF cross-reactivity is common among patients with histoplasmosis and blastomy-
cosis (16, 19). Cross-reactions occurred for 32% of patients with histoplasmosis and 8%
with blastomycosis. In the case of histoplasmosis, the cross-reactions were between 10
and 19.9 EU for IgG antibodies in 9 of 10 cases and for IgM antibodies in 4 of 5 cases.
Only IgG was cross-reactive with blastomycosis, and the EU values were below 20 in
both cases. Therefore, an EU result of �20 is more likely to be caused by coccidioid-
omycosis. Specific antibody testing for these endemic mycoses may aid in further
establishing a correct diagnosis.

This study has several limitations. First, only some patients enrolled in the study had
acute coccidioidomycosis; others had more remote disease. Specifically, a delay of more
than 1 month between diagnosis and enrollment occurred in 80% of cases. Second, testing
performed for diagnosis was not standardized, as 40% of patients were not tested by CF
and 50% were not tested by commercial EIA. However, diagnosis of coccidioidomycosis
commonly requires a multifaceted approach incorporating clinical, laboratory, and radio-
graphic data. Third, the number of controls was inadequate to establish a specificity value
with precision. Fourth, serial samples were not available, precluding assessment of the time
course for antibody production in acute infections and of antibody clearance with spon-
taneous recovery or treatment. Lastly, we do not provide comparisons with other com-
mercially available EIAs that are commonly used for the diagnosis of coccidioidomycosis.
Given the strong performance of this EIA relative to ID and CF and the ongoing complexity
of attempting to diagnose coccidioidomycosis with currently available assays, a future
comparison with such EIAs is warranted.

In conclusion, the MVista EIA demonstrated higher sensitivity than ID and CF and
was not affected by immune status or antifungal therapy. Higher EU results may better
differentiate among individuals with active versus prior disease or other endemic
mycoses. The EIA is reproducibly semiquantitative, permitting comparison of antibody
levels in specimens obtained at different times.
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MATERIALS AND METHODS
Serum samples. Serum samples from 103 patients with coccidioidomycosis who were evaluated at

the University of Arizona between 2007 and 2014 were obtained with the informed consent of the
patients and were stored frozen until the time of testing. Cases were classified as definite based on
detection of Coccidioides spp. by culture or spherule visualization by histopathology or cytology.
Individuals with positive results from any commercially available anti-Coccidioides antibody test were
classified as probable cases. CF results were regarded as positive at any titer, including neat specimens.
The results of antibody testing performed at the hospital laboratory or its national reference laboratory
were used to make the diagnosis. Cases were verified by chart reviews performed by J.M., T.Z., and C.S.

Control samples included serum specimens from 88 healthy donors at the Houchin Blood Bank
(Bakersfield, CA), 60 healthy donors from the University of Arizona (Tucson, AZ), and 22 clinical controls
with acute respiratory illnesses other than coccidioidomycosis who were evaluated at the University of
Arizona Medical Center (Tucson, AZ). Serum samples from 50 healthy individuals from an area in which
the disease is not endemic were purchased from a biorepository (SeraCare, Miami, FL). Additionally,
samples from 25 individuals with culture- and/or histopathology-proven blastomycosis and 25 individ-
uals with probable histoplasmosis were included.

Anti-Coccidioides antibody testing by immunodiffusion. ID testing was not performed at the
time of initial diagnosis for 44 cases and 214 controls. ID testing was performed at MiraVista
Diagnostics (Indianapolis, IN), a Clinical Laboratory Improvement Amendments (CLIA)- and College
of American Pathologists (CAP)-certified laboratory, using Meridian Biosciences reagents (Meridian
Biosciences, Cincinnati, OH), and results were validated using Clinical and Laboratory Standards
Institute (CLSI) protocols.

Anti-Coccidioides IgG and IgM antibody EIA. Nunc MaxiSorp 96-well plates (Thermo Fisher) were
coated with a proprietary MVista Coccidioides antigen, and the assay was performed as described
previously (18, 20). A 5-point standard curve created from serum pools from patients with coccidioido-
mycosis, spanning the linear range of the assay, was used for semiquantification. OD450/620 values
extrapolated from the standard curve were converted to EU values, ranging from 0 to 80 EU. The optimal
cutoff values for positive results were determined by receiver operating characteristic (ROC) curve
analysis. Results of at least 10 EU were considered positive, between 8.0 and 9.9 EU as indeterminate, and
below 8.0 EU as negative. For analysis of sensitivity and specificity, indeterminate results were analyzed
as negative. Reproducibility was determined by testing specimens on two separate days, and precision
was determined with the appropriate CLSI protocols.

Statistics. SigmaPlot statistical analysis software (Systat Software, San Jose, CA) was used for
transformation of OD450/620 values from individual serum samples into EU values, based on the standard
curve. Statistical analysis was performed using MedCalc for Windows version 12.3.0 (MedCalc Software,
Ostend, Belgium). Linear regression analysis according to the Passing-Bablok method was used to
analyze reproducibility and precision. The McNemar test was used to compare diagnostic assays utilizing
paired samples, and chi-square analysis was used to compare subgroups using MedCalc software. P
values of �0.05 were considered significant.
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