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Abstract : Evaluation on the diagnostic performances of urease test and polymerase chain reaction (PCR) for detection of
Helicobacter species infection in dogs has rarely been performed in research with site-specific situations, although assessing
diagnostic tests is an essential part prior to jts practical use in a varjety of clinical settings. The clinical value of a diagnostic
test may be misjudged and comparisons between different tests may yield misleading conclusions when high within-patient
correlations are preseni. We applied a conceptually simple statistical approach to estimate the sensitivity and specificity of
urease test and PCR for detection of Helicobacter species infection in dogs. This approach assumes that responses from three
different sampling sites within an animal are correlated where unit for statistical analysis is the site rather than the animal,
The sensitivity and specificity of urease test was 0.74 (95% confidence interval, 0.64-0.84) and 0.87 (95% Cl. 0.67-1.00),
respectively. For PCR, the sensitivity was 0.95 (95% CI, 0.89-1.00) and specificity 0.90 (95% CL 0.70-1.00). Two tests were
almost equally specific. Urease test, however, has a lower diagnostic accuracy and thus should only be used afler careful

validation in terms of sensitivity.
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Introduction

Most species of the genus Helicobacter are efficient colo-
nizers of mammalian stomachs within a restricted host
range’. In particular almost all adult dogs are infected with
Helicobacter species based on evaluation wither with the
urease test, gastric histology or direct staining of gastric
mucus™?, although several epidemiological characteristics
such as the route of infection and specific prevalence rate
related to age of the animal are not exactly known.

The accuracy of a diagnostic test for predicting the pres-
ence or absence of a disease is often evaluated by estimating
its sensitivity and specificity with respect to a gold standard
in making the diagnosis. Sensitivity is the probability that a
test will be positive when true diagnosis is positive, and
specificity is the probability that a test will be negative given
the true diagnosis is negative. Their complements, 1-sensi-
tivity and 1-specificity, are the false negative and false posi-
tive error rates associated with the test.

Typically, a widely recognized assumption for experiments
where patients are the experimental units of analysis is that
responses are independently distributed, and therefore the
theoretical sensitivity and specificity of a test are calculated
directly from the probability model based on the assumption
of independence of observations. Fleiss® discussed the prob-
lem of estimating sensitivity and specificity when the obser-
vations are independent.

However, for tests that measure similar biologic phenom-
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ena such as serum antibody responses to infectious agents,
it is logical to expect that test results will be dependent, con-
ditional on an animals true status. Vacek? and Gardner et al®
described statistical approaches to investigate dependence
among tests. Lachenbruch'® and Schulzer” described the
situation where a new test is given to each subject several
times.

In other situations for site-specific observations where the
experimental unit of analysis is the site the sensitivity and
specificity are the probability that a site within a patient with
the condition will be classified by the test as being with the
condition. In addition the results for sites from the same subject
can be highly correlated depending on the magnitude of the
cotrelation and the number of sites per patient sampled.
Ignoring the correlation between sites tends to yield signifi-
cant underestimation of the true variance of sensitivity and
specificity. Therefore, site-specific data should be analyzed
with a statistical methodology that accounts for the depen-
dence of within-patient observations.

Hujoel et al'* discussed the use of the correlated binary
models of Bahadur for obtaining standard errors of sensitivity
and specificity estimates when observations are correlated.
Kupper and Haseman'” proposed correlated binomial model
to assess the strength of possible correlation in the same litter
for certain toxicological experiments.

The increased use of diagnostic tests to determine a condition
in animal and hurnan medicine has raised concerns about the
diagnostic accuracy of the results of these procedures. The
purpose of this study was to estimate the diagnostic accuracy
of urease test and polymerase chain reaction (PCR) for site-
specific Helicobater species infection in dogs.
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Materials and Methods

Study animal

A total of 78 dogs were recruited for the study with owners
informed consent in three local hospitals, Colorado, USA.
About half of the subjects (52.9%) were from a random
sample of the outpatient and the others were selected from
the in-patient. They were all did not associated with gastric
illnesses. Nine dogs were excluded in the analysis because
of missing data or unreliable results of testing. The median
age of dogs was 2.3 years, ranging from 1.5 to 3.2 years,
The presence or absence of gastric Helicobacter spp. was
ascertained in dogs by evaluating gastric biopsies for urease
activity, histopathology, and PCR.

Gastric biopsy

Biopsies of the stomach were obtained from anesthetized
dogs with a pediatric endoscope. Endoscopic biopsies were
procured from the pyloric antrum (incisura to pyloric
sphincter), the body (greater curvature) and the cardia. Three
biopsies were taken from each site, two for urease testing
and light microscopy one for PCR.

Urease test

Urease activity was evaluated as previously described®.
The specimens were inserted into Christensens Urea 2%
agar for 24 h and observed for 24 h for a change in the color
of the indicator medium. A change from orange-red to bright
pink was considered a positive result.

PCR

Gastric biopsies collected endoscopically were frozen at -
80°C. PCR was performed using primers with Helicobacter
genus-specific primers directed against 16S rDNA. DNA
extraction and PCR procedures were followed by the
method performed by other researchers®’.

Histological examination

Samples stained with hematoxylin and eosin (HE) and
modified Steiners stain for histopathology were evaluated for
the number of organisms, degree of inflammation, and the
presence of lymphoid follicles. The criteria for histological
diagnoses of gastric biopsies were described in detail
elsewhere'. Only a pathologist evaluated all tissue sections.
For microscopy, the fragments were smeared onto a glass
slide, heat-fixed, stained with 40% carbolfuchsin for 5 min,
and examined under oil immersion on the basis of size and
spiral, rod-shaped morphology. In this study the results from
histopathologic findings were considered as a reference test.

Statistical analysis
In sitnation that site-specific responses within a patient are
correlated several methods are available. Among these

Table 1. Test results of urease activity and PCR

Test result

Test * Gold test Positive  Negative
Urease Pathology findings (+) 82 29
Pathology findings (-) 4 26
PCR Pathology findings (+) 105 6
Pathology findings (-) 3 27

*For urease test, 82 out of 111 sites are true positive results and 26
out of 30 are true negative results. For PCR, 105 out of 11] sites are
true positive results and 27 out of 30 are true negative results.

approachég W compared four estimation methods: binomial
estimator (BE)®, Htio estimator (RE), correlation estimator
(CE)*, and weighted estimator (WE)". A Fortran computer
program was used to estimate the sensitivity and specificity
for correlated responses.

Results

The test results between the two diagnostic tests and a his-
topathologic findings that ascertains true disease status were
summarized in Table 1, which is assumed responses on sites
within a patient were assumed to be independent observa-
tions. The sample-sizes in both groups are not coincide,
since in some patients all sites were not subjected to the both
test.

Table 2 shows a comparison of the estimates of sensitivity
and specificity, standard error and 95% confidence interval
(CI). There were no great differences in the estimates of sen-
sitivity and specificity among four methods. The standard
errors of the estimators are similar except that of the BE.
The BE showed narrower 95% CI than the other estimators
since it ignores the correlation between sites within a patient.

Discussion

Gastric Helicobacter infection among humans and domes-
tic animals is common, and the species have been reported
in dogs', cats™, mice'®, swine'', and cattle’. The infection
has been associated with chronic gastritis, peptic ulcers, and
cancers'® but no clear indication of clinical importance for
practitioners. In animal population there is no established
gold standard to diagnose Helicobacter-associated infection
in terms of perfect sensitivity and specificity; relatively spe-
cific test lacks sensitivity.

Estimation of sensitivity and specificity is a simple matter
when the true diagnostic status can be determined®. Unfortu-
nately, this is often impractical or impossible, and sensitiv-
ity and specificity are estimated by comparing a new test
with a reference test, which also has error rates associated
with it. If one disregards the error rates of the reference test
and calculates the error rates for the new test in the usual
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Table 2. Estimates of the sensitivity and specificity with standard error (SE) among four methods

Method* Sensitivity SE 95% CI# Specificity SE 95% CI#
Urease test
BE 0.74 0.042 0.66 0.82 0.87 0.062 0.75 0.99
RE 0.74 0.050 0.64 0.84 0.87 0.102 0.67 1.00
CE 0.74 0.050 0.64 0.84 0.87 0.098 0.68 1.00
WI 0.74 0.050 0.64 0.84 0.87 0.102 0.67 1.00
BE 0.95 0.021 0.90 0.99 0.90 0.055 0.79 1.00
RE 0.95 0.030 0.89 1.00 0.90 0.100 0.70 1.00
CE 0.95 0.030 0.89 1.00 0.90 0.095 0.71 1.00
WE 0.95 0.030 0.89 1.00 0.90 0.100 0.70 1.00

*BE, binomial estimator; RE, ratio estimator; CE, within-patient correlation estimator; WE, weighted estimator.

# confidence interval.

manner, the estimates will be biased. When the error rates of
the reference test arc known, however, appropriate esti-
mates for the error rates of the new test can be obtained as
described by Gart and Buck®. Hui and Walter"” have shown
that if two diagnostic tests with unknown error rates are
simultaneously applied to individuals from two populations
with differing disease prevalences, the maximum likelihood
estimates for the error rate of both tests, as well as the prev-
alence rates for the two populations, can be obtained.

The primary reason using a correlated model is that the
variances of estimates can differ considerably. In this study
the estimates of two diagnostic tests showed almost the same
among the four methods applied. The standard error of the
sensitivity and specificity assuming responses on sites within
a patient were to be independent observations would be 0.042
or J(074x026)/111and 0.062 or (0.867x0.133)/30,
respectively. The confidence interval of BE, however, was
narrower than those of the other 3 methods. This indicates
that BE can considerably reduce the variance of the esti-
mates when the within-patient correlation exists, resulting in
inflation of type I error rate. The specificity of urease test for
BE was 0.062 whereas 0.102 for RE. Thus 95% confidence
interval using BE would yield an interval with only 80%
actual coverage (z-score=1.960.062/0.102 = 1.19) not
95%.

In this study, several statistical methods have been evalu-
ated for the estimation of the sensitivity and specificity of
the site-specific diagnostic test results are derived from mul-
tiple sites within individual animals, The statistical methods
used in this paper are described in detail elsewhere'. Briefly,
when the observations are independent, the appropriate
model is the binomial model:

P(X=x) = nCx p*¢™

Where nCx represnts the number of possible combina-
tions of n animals taken x at a time, x denotes the number of
animals with true positive or lrue negative test results, n is

the number of diseased or non-diseased amimals, p is the
sensitivity or specificity parameter, and q=1-p. An estimate
of p can be obtained by dividing the true number of true
positive or true pegative test results x by the number of dis-
eased or non-diseased sites n. The variance of the estimated
sensitivity or specificity is pg/n. The BE ignores the correla-
tion between sites within each animal. Rao and Scott™ pro-
posed a simple way of estimating the variance of correlated
binary data. The overall proportion in RE is equal to BE, but
RE uses a concept of design effect and sample size in esti-
mation due to clustering. The RE method assigns a patient
with k sites the same weight as k patients with 1 site each
although the correlation of sites within patients implies that
a patient with k sites contributes less information.

The CE method incorporates the correlation of the res-
ponses within each animal. The within-patient correlation
cocfficient can be obtained in analysis of variance table by
treating the outcome of each animal, coded as 0 or 1, as a
continuous variable. Lee and Dubin'? proposed the weighted
estimator to overcome the drawbacks of RE method, which
assign equal weight regardless the number of sites. Ahn' rec-
ommended the choice of estimators depending on the val-
ues of the number of patients, sensitivity and specificity
estimate, and the estimate of the within-patient correlation.

We can expand the concept of conditional dependence
between tests into two-tests with two populations. For exam-
ple, if both tests are based on a particular antibody reaction,
something when inhibits the reaction or causes a false reac-
tion for one of the tests may have a similar effect on the
other. It is important to get accurate estimates of sensitivity
and specificity of a diagnostic test to avoid misinterpreta-
tion of test results.

Conclusion

Because diagnostic tests are not fully accurate, often site-
specific correlation exists within an animal diagnostic accu-
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racy estimates should be used with caution because of
underestimation of variance estimates. This paper showed
several statistical methods, which allow the calculation of
sensitivity and specificity for site-specificity observations when
reference test results are available on an entire study sam-
ples. We illustrated that the assumption of test independence
in site-specific situation will result in an underestimation of
the error rates of the new test if it is positively correlated
with the reference test.
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