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Summary

The diagnostic sensitivity and specificity of enzyme-linked immunosor-
bent assays (ELISAs) for the detection of Trichinella antibodies in humans
and swine was assessed by a systematic, quantitative literature review.
The objective was to identify influential factors for specificity and sensi-
tivity covering a wide range of technical and study design characteristics.
Nine out of 12 publications selected for analysis reported more than one
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pair of sensitivity/specificity. We suggest an explorative-analytical ap-
proach that accounts for these “multiple-study type” publications. Two
mixed logistic regression models that included study specific explanatory
variables, an adjustment for the cut-off value (both fixed effects) and a
random effects term (publication) were established for analysis of speci-
ficity and sensitivity. The use of an elaborated test antigen was associated
with perfect (100%) specificity. In studies that used crude antigen prepara-
tions, a positive effect on specificity was associated with publication after
1991, application of the test for humans (versus swine), single-point (ver-
sus titration) assays and testing of healthy or non-target (versus other)
populations. A positive effect on sensitivity was associated with appli-
cation of the test for swine (versus humans), testing of other populations
than experimentally infected swine or advanced human cases, testing af-
ter 26 (versus less than 26) days post infection and medium (versus small,
n < 16) sample sizes. The impact of the sample size and the status of the
positive reference population is obscure and may be due to uncontrolled
confounding. The other effects are plausible and show that this form of
“exploratory meta-analysis” of diagnostic tests is of practical concern.

11.1 INTRODUCTION

The evidence for the accuracy of a diagnostic test is usually based on multi-
ple primary validation studies rather than on a single study. Multiple stud-
ies cover a wider range of marginal conditions such as reference populations,
study design and laboratory proficiency and, therefore, are thought of yield-
ing more reliable test performance parameters. The planned multi-centre val-
idation study and the systematic review of published studies are important
realizations of a multiple-study based test validation and differ in the extent
to which the involved primary studies can be controlled for marginal condi-
tions. Various methods are described for a quantitative summary of multi-
ple validation studies which is here referred to as meta-analysis of diagnostic
tests (MADT). These methods include the summary receiver operating char-
acteristic (sROC) analysis (Hurblut III, Littenberg, & Diagnostic Technology
Assessment Consortium, 1991; Moses, Shapiro, & Littenberg, 1993), weighted
mean values of sensitivity and specificity (Carlson, Skates, & Singer, 1994),
relative risk (Mantha et al., 1994), and standardized mean difference (Hassel-
blad & Hedges, 1995). Irwig et al. (1994) pointed out that a simple pooling
of sensitivity (Se) and specificity (Sp) estimates across primary studies is not
appropriate because this would underestimate the overall accuracy. The meth-
ods for MADT usually presuppose that each primary study contributes exactly
one pair of Se and Sp, that is, one data point in the ROC space. We refer this
to as single study type. The data points are further assumed to be indepen-
dent. In practice we are concerned with deviations from this ideal situation
since published evaluation studies often provide more than one estimate of Se
and Sp. We refer such studies to as multiple-study type and distinguish three
cases. Firstly, more than one test entity (i.e., different tests or technical mod-
ifications or application of one test to different host species) is described in



MATERIALS AND METHODS 167

a single publication (multiple-study type I). Secondly, a set of different cut-off
values is used for evaluation (multiple-study type II). Thirdly, multiple refer-
ence populations are used (multiple-study type III). We further distinguish be-
tween an enrollment of distinct (mutually exclusive and independent) refer-
ence populations (multiple-study type IIIa) and repeated measurements on the
same reference population (multiple-study type IIIb). Combinations of various
multiple-study types may occur. We do not consider the case of multiple ref-
erence methods and argue for the selection of the most reliable (in terms of
accuracy) method as gold standard instead. The scope of a MADT is usually
restricted to a single test entity but situations may occur in which a compar-
ison of the test performance between different test entities is relevant (Irwig,
Macaskill, Glasziou, & Fahey, 1995). In analogy with the general meta-analytic
terminology we shall refer the estimate of the diagnostic test performance to
as effect size.

In this chapter, we describe a meta-analytic approach for the validation
of diagnostic tests when the source data include multiple-study type publi-
cations. Our data derive from a systematic review of published studies on
the validation of ELISAs for the detection of Trichinella antibodies in humans
and swine. Trichinellosis is a zoonosis with severe medical implications if un-
treated. The ELISA is recommended for diagnosis of both human (Ljungstrom,
1983) and porcine infection (Gamble, 1997). Furthermore, ELISA testing may
become mandatory for certification of “Trichinella free” pig production with-
in the framework of an anticipated modified trichinellosis control scheme in
countries of the European Union (Borowka & Ring, 1997). The emphasis of our
application is to identify influential factors for the diagnostic accuracy cover-
ing a broad range of marginal conditions rather than validation of a single test
entity.

11.2 MATERIALS AND METHODS

11.2.1 Literature Retrieval

The databases Medline ™, VetCD ™, BeastCD ™, and CAB Helminthological
Abstracts™ were used as searching frame as described elsewhere (Greiner,
Böhning, & Dahms, 1997). The list of retrieved publications was cross-checked
and supplemented by experts (Dr. K. Nöckler and Dr. W. P. Voigt, Federal Insti-
tute for Health Protection of Consumers and Veterinary Medicine, Berlin, and
Dr. K. Wacker, Institute for Epidemiological Diagnosis, Federal Institute for
Virus Diseases of Animals, Wusterhausen). Included for analysis were studies
on trichinellosis antibody ELISAs in humans and farm pigs published from
1990 to 1995, where the number of true positive, false positive, false nega-
tive and true negative test results was either indicated or derivable from the
published data. Furthermore, inclusion required a minimum of 5 subjects for
each reference sample. Positive subpopulations were not considered if sam-
pled before day 10 post infection or, in the case of repeated measurements
(multiple-study type IIIb), earlier than 10 days after the preceding sampling
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date. Generally, language was not an exclusion criterion except Chinese with-
out translation. A list of publications excluded from this study can be obtained
from the first author.

11.2.2 Data Transcription

One data base was constructed that included all available estimates of speci-
ficity. We considered here (where applicable) different test entities (i.e., dis-
tinct technical procedures) described in one publication as well as different
applied cut-off values, different negative subpopulations tested and different
time points at which the negative subpopulation was sampled for one test
entity, respectively. Basic outcome variables were the number of true nega-
tive observations (TN) and the sample size of the respective negative reference
population (NNEG), respectively (we omit the index for the unit of observa-
tion). We considered the sensitivity associated with one unit of observation
as the weighted (using the sample size) average of all available sensitivity es-
timates with the respective test entity. In case of repeated measurements, we
selected the first sampling date following the 35th day after infection as base
for sensitivity estimation. A second data base was constructed analogously
and comprised all available estimates of sensitivity. Basic outcome variables
were the number of true positive observations (TP) and the sample size of the
respective positive reference population (NPOS). We considered the specificity
associated with one unit of observation as the weighted (using the sample size)
average of all available specificity estimates with the respective test entity.

A set of variables was recorded as covariate information for each study. The
publication YEAR (0 = 1990, 1991, 1 = 1992+) was recorded from the biblio-
graphic data. The variable SPECIES (0 = human, 1 = swine) denotes the species
tested. Variables describing technical aspects were AGPREP (coating antigen;
0 = crude preparation or extract of larval antigen, 1 = excretory/secretory (E/S)
antigen or purified preparations), CONJUG (specificity of the anti species-
enzyme conjugate; 0 = anti whole-Ig fraction, 1 = anti IgM, IgG, or IgE fraction),
TITER (dilution of serum samples; 0 = single-point determination, 1 = titra-
tion). The selection of a cut-off value in favor of specificity (e.g., the confidence
limit of the negative reference population) was coded with SPW (specificity
optimized; 0 = no, 1 = yes). Design characteristics were recorded by the vari-
ables STATN (status of the negative reference population; 0 = healthy controls,
samples from a non-target population or unrelated diseases, e.g., atopic condi-
tions, 1 = any other selection), STATP (status of the positive reference popula-
tion; 0 = experimental infection or extreme cases, 1 = any other selection), DPI
(days post infection at which the positive reference population was sampled;
0 = 10–25, 1 = 26+, 2 = no information), NNEG and NPOS (categorized sample
size for the positive and negative reference population, respectively; 0 = 5–
15, 1 = 16–50, 2 = 51+) and RESUBST (identity of the reference population for
cut-off selection and test validation; 0 = no, 1 = yes).
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11.2.3 Analysis of Influential Factors for Specificity and Sensitivity

The analysis of influential factors on specificity and sensitivity was addressed
by two mixed logistic-binomial regression models for distinguishable data that
take into account the correlation within-publications. The fixed effects term
includes the intercept (αF), the logit transformation of the associated “counter-
parameter” (xi) and the row-vector of explanatory factors (zi). The random
effects term consists of the random effects parameter (αR). The data were
matched on the publication. The models have the general form

logit(pi) = αF + αR + βxi + γTzi.

For analysis of specificity, pi denotes the simple proportion of TNi/NNEGi, Xi
denotes the logit transformation of the associated sensitivity (with 1/2 correc-
tion) and zi denotes a row-vector of explanatory factors. The variables YEAR,
SPECIES, CONJUG, TITER, SPW, STATN, NNEG and RESUBST were selected
as candidates for explanatory variables in the analysis of specificity. Multi-
level variables were used after dummy coding. The inclusion of the counter-
parameter takes care for the part of the variance that can be explained by the
applied cut-off value. α̂F, α̂R, β̂ and the vector γ̂T are empirical coefficients
and were found with standard algorithms (logistic-binomial model for distin-
guishable data with 6 support points; EGRET LBDD(6) module; Statistics and
Epidemiology Research Corporation (SERC), 1988). A stepwise backwards fit-
ting strategy was used whereby the variable with the highest p-value of the
likelihood ratio statistic (LRS = deviance without/with variable, referred to
the chi-square distribution with degrees of freedom, df = number of levels of
the variables minus 1) was excluded. This procedure was repeated until the
LRS was significant (p < .05) for all variables. The goodness-of-fit of the final
model was assessed by the LRS of the final model. The candidate variables
were also analyzed in univariate mixed logistic regression models. The anal-
ysis of sensitivity was accomplished in a complementary manner. Candidates
for explanatory variables were YEAR, SPECIES, AGPREP, CONJUG, TITER,
STATP, DPI, NPOS, and RESUBST.

11.2.4 Further Analyses

The effect sizes in terms of sensitivity and specificity of the trichinellosis ELI-
SAs were displayed in the ROC space to visualize the scatter of the estimates
(Figure 11.1). All possible combinations of a sensitivity and a specificity es-
timate were considered in case of multiple-type studies. A summary ROC
function was established as described by Moses et al. (1993). A chi-square
test on homogeneity (α = .05; df = number of estimates minus 1) of sensi-
tivity and specificity estimates was done using TP and TN as observed fre-
quencies and NPOS×Ŝep and NNEG×Ŝpp as expected frequencies, respec-
tively (Stata macro “chitest” by Nick Cox, personal communication, StataCorp,
1997). Here, Ŝep and Ŝpp denote the pooled sensitivity and specificity, respec-
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tively. Using a total of r estimates of sensitivity,
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Figure 11.1 Summary ROC plot of the diagnostic specificity (Sp) and sensitivity (Se)
of Trichinella antibody ELISAs (meta-analysis of 12 studies published between 1990
and 1995). The points represent the reported pairs (Ŝe, Ŝp) in case of a single-type
publication and all possible combinations of the two estimates reported for one test
entity in case of multiple-type publication (refer to the text for further explanation).
The summary ROC function is displayed as solid line.

11.3 RESULTS

11.3.1 Data Transcription

The data from twelve publications (7 on human and 5 on porcine trichinel-
losis) were included in this meta-analysis (Arriaga, Yepez–Mulia, Morilla, &
Ortega–Pierres, 1995; Bruschi, Tassi, & Pozio, 1990; Chan & Ko, 1990; Dzeben-
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ski, Bitkowska, & Plonka, 1994; Gamble, 1995; Lind et al., 1991; Mahannop,
Chaicumpa, Setasuban, Morakote, & Tapchaisri, 1992; Mahannop, Setasuban,
Morakote, Tapchaisri, & Chaicumpa, 1995; Morakote et al., 1991; Morakote,
Sukhavat, Siriprasert, Suphawitayanukul, & Thamasonthi, 1992; Nöckler, Voi-
gt, Protz, Miko, & Ziedler, 1995; Serrano, Perez, Reina, & Navarrete, 1992).
Three studies belonged to the single study type, nine studies belonged to one
of the multiple-study types (Table 11.1). The null hypothesis of homogeneity
of the specificity estimates could not be rejected (χ2 = 3.87; df = 33, p = 1.0).
The null hypothesis of homogeneity of the sensitivity estimates was rejected
(χ2 = 132.53; df = 55, p < .001). The distribution of study characteristics
(here referred to as covariate factors) is described elsewhere (Greiner et al.,
1997).

Table 11.1 Types of Evaluation Studies of Trichinella Antibody ELISAs Published
Between 1990 and 1995 and Number of Analytical Units They Contribute to the
Analysis of Specificity and Sensitivitya

PUBNRb Study Type m c n p t Specificity Sensitivity

1 I/IIIa 3 1 4 1 1 12 3
2 IIIa 1 1 2 1 1 2 1
3 IIIa 1 1 2 1 1 2 1
4 I/IIIb 3 1 1 1 7 3 21
5 I/IIIa/IIIb 2 1 2 1 2 4 4
6 single 1 1 1 1 1 1 1
7 I 3 1 1 1 1 3 3
8 IIIa 1 1 2 1 1 2 1
9 single 1 1 1 1 1 1 1

10 II/IIIb 1 2 1 1 5 2 10
11 IIIb 1 1 1 1 9 1 9
12 single 1 1 1 1 1 1 1

Total 34 56

Note. aA published primary study that reports only one estimate of sensitivity and
specificity is referred to as single study type. A publication for which one or more
of the values m, c, n, p and t is greater than 1 is referred to as a multiple study, where
m is the number of test entities (m > 1 for multiple-study type I), c is the number of
cut-off values (c > 1 for multiple-study type II), n and p is the number of negative
and positive reference populations considered, respectively (n + p > 2 for multiple-
study type IIIa), and t is the number of time points at which the positive reference
populations was evaluated (t > 1 for multiple-study type IIIb).
bPUBNR=publication number.
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11.3.2 Influential Factors for Sensitivity and Specificity

We found a wide range of estimates for specificity and particularly for sensitiv-
ity. The variability was not only due to different cut-off values as suggested by
the deviations of data points from the summary ROC function (Figure 11.1).
The interest was to identify the main reasons for this variability. An over-
whelming positive effect of AGPREP on specificity was observed (Table 11.2).
Therefore, sub-studies that used an elaborated antigen (AGPREP = 1) were
excluded from the analysis of further explanatory factors for specificity.

Table 11.2 Impact of the Type of Antigen Preparation (Crude and Elaborated) Used
in Trichinella Antibody ELISAs on the Test Specificity (Ŝp) Based on 12 Studies
Published Between 1990 and 1995

Crude (AGPREP = 0) Elaborated (AGPREP = 1)

Ŝp < 1 19 0
Ŝp = 1 8 7

Using a stepwise backward fitting procedure of a mixed logistic regression
model, we identified four variables as potential factors for specificity. Four
other candidate variables (CONJ, SPW, NNEG, RESUBST) were excluded due
to non-significant LRSs. The extension of the base model that included the
fixed effects intercept, the counter parameter, and the random effects term by
the four explanatory variables was significant (LRS (df = 4) = 31.4, p < .001).
According to the (Wald test significant) effects in the final model, the specificity
appeared to be better in studies published after 1991 (YEAR, p < .001), better
in humans than in swine (SPECIES, p = .010), better in single-point assays
than in titration assays (TITER, p < .001), and better in healthy, non-target or
unrelated reference controls than in any other control samples (STATN, p =
.001). The counter-parameter (logit Se) had a significant (p < .001) negative
effect (Table 11.3).

The inferences from univariate analyses were consistent for two (TITER,
STATN) variables. The effects of YEAR and SPECIES were not discovered
whereas NNEG = 1 and RESUBST were associated with a positive and nega-
tive univariate effect. For the analysis of potential factors for sensitivity, we se-
lected (stepwise backward fitting procedure) four variables as potential factors
for specificity. Five other candidates for sensitivity analysis (YEAR, ANTIG,
CONJ, TITER, RESUBST) were excluded due to non-significant LRSs. The ex-
tension of the base model by the four explanatory variables was significant
(LRS(df = 6) = 321.6, p < .001). According to the (Wald test significant)
effects in the final model, the sensitivity appeared to be better in swine than
in humans (SPECIES, p = .005), better in any other than extreme cases or ex-
perimental infections (STATP, p = .005), better when samples where taken 26
days or more after infection (DPI = 1, p < .001), and better in sub-studies that
used a sample size between 16 and 50 in than smaller sub-studies (NPOS = 1,
p = .006). The counter-parameter (logit Sp) had a significant (p < .001) neg-
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Table 11.3 Coefficients (and Wald Test p-values) From Univariate and Multivariate
Mixed Effects Logistic Regression Models for Analysis of Explanatory Variables for
the Diagnostic Specificity and Sensitivity of Trichinella Antibody ELISAs (Meta-
Analysis of 12 Studies Published Between 1990 and 1995)a

Variableb Specificity (Sp) Sensitivity (Se)

Univariate Multivariate Univariate Multivariate

YEAR 0.31 (.439) 1.17 (< .001) 0.08 (.610) n.i.
SPECIES 0.71 (.258) −1.67 (.010) 0.22 (.119) 4.25 (.005)
AGPREP n.i. n.i. 0.86 (.001) n.i.
CONJUG −17.40 (.999) n.i. −1.58 (.061) n.i.
TITER −1.08 (.018) −1.70 (< .001) 0.02 (.936) n.i.
SPW 0.21 (.637) n.i. n.a. n.a.
STATN −2.07 (.006) −2.43 (.001) n.a. n.a.
STATP n.a. n.a. −0.19 (.162) 4.25 (.005)
DPI n.a. n.a. 21.3 (.995) 20.38 (.995)

3.5 (<.001) 3.65 (< .001)
NPOS n.a. n.a. −0.15 (.620) 0.23 (.455)

0 (.994) 0.96 (.006)
RESUBST −0.56 (.046) n.i. 0.32 (.461) n.i.
X n.a. −0.57 (< .001) n.a. −0.27 (< .001)

Note. n.i. = variable not included; n.a. = variable not applicable.
aFinal multivariate models (Sp: n = 27; Se: n = 56) obtained by stepwise backwards
fitting starting. Base models included intercept term, counter parameter (logit(Ŝe) and
logit (Ŝp) for analysis of Sp and Se analysis, respectively), and a random effects (RE)
term. The coefficient for the RE term was 0.23 × 10−14, and 0.95 for the Sp and Se
model, respectively.
bYEAR, publication year (0 = 1990, 1991, 1 = 1992+); SPECIES (0 = human, 1 = swine);
AGPREP, coating antigen (0 = crude preparation or extract of larval antigen, 1 = ex-
cretory/secretory antigen or purified preparations); CONJUG, specificity of the anti
species-enzyme conjugate (0 = anti whole-Ig fraction, 1 = anti IgM, IgG, or IgE); TITER,
dilution of serum samples (0 = no titration, 1 = titration); SPW, specificity optimized
(0 = no, 1 = yes); STATN, status of the negative reference population (RP) (0 = healthy
controls, samples from a non-target population or unrelated diseases, 1 = any other se-
lection); STATP, status of the positive RP (0 = experimental infection or extreme cases,
1 = any other selection); DPI, days post infection (0 = 10–25, 1 = 26+, 2 = no infor-
mation); NNEG and NPOS, categorized sample size for the positive and negative RP,
respectively (0 = 5–15, 1 = 16–50, 2 = 51+); RESUBST, identity of the RP for cut-off
selection and validation (0 = no, 1 = yes); X = counter parameter. The base category
is 0 for all variables. For variables with more than two categories, the coefficients are
shown for categories in decreasing order.
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ative effect (Table 11.3). By univariate analysis we found a consistent effect
of DPI = 1 whereas discrepant results were obtained for SPECIES, STATP and
NPOS = 1 (no effects) and for AGPREP (positive effect).

11.4 DISCUSSION

11.4.1 Parameter Heterogeneity and the Impact of Influential Covariate
Factors

The objective of the study was to analyze influential factors for specificity and
sensitivity of trichinellosis antibody ELISAs based on a systematic review of
the literature. Our intention was not to estimate the “global diagnostic accu-
racy” of trichinellosis serology. Such an enterprise was strictly invalid due
to the inclusion of different test systems in our review. The wide range of
marginal conditions in the published studies a priori justified the assumption
of parameter heterogeneity (i.e., differences in the diagnostic accuracy between
studies). In fact, homogeneity could be rejected for sensitivity but not for speci-
ficity. However, since the power of homogeneity tests is generally limited, we
continued to investigate explanatory factors for sensitivity and specificity us-
ing two separate logistic regression models.

11.4.2 Problem of Multiple Sub-Studies per Publication

Typically, test validation studies are pre-stratified in their design. That means,
sample sizes and population characteristics are pre-determined and, conse-
quently, Se and Sp are stochastically independent random variables. A prob-
lem arises when multiple estimates of Se and/or Sp are reported in primary
studies, for example, when more than two reference samples (multiple-study
type IIIa) or repeated measurements (multiple-study type IIIb) are encoun-
tered. Obviously, the pooling of type III study data results in a loss of in-
formation that may be useful to study influential factors for test accuracy. On
the other hand, since meta-analysis generally deals with summary measures of
sensitivity and specificity, a complete analysis should involve all possible com-
binations of the reported Se and Sp estimates, which results in a data augmen-
tation. A preliminary analysis of this data set treated these combinations as if
they were independent (Greiner et al., 1997). This approach was associated,
however, with (i) a substantial violation of the independence assumption, (ii)
a severe bias towards significant effects (due to artificially increased sample
sizes) and (iii) the risk of bias (with unpredictable direction) due to inappro-
priate weights. More stringent inclusion criteria and complete avoidance of re-
peated measurements at the same population were a solution to the problem if
the overall goal was to estimate the summary effect size. The separate analysis
of specificity and sensitivity may provide a solution to the problem. We have
included the counter-parameter into the explanatory part of the models in or-
der to account for the inherent impact of the cut-off value. The lack of inde-
pendence within publications was considered when we chose a mixed effects



DISCUSSION 175

model with a random effects term and the publication as matching variable.
This approach allows an estimate of effect sizes in the presence of overdisper-
sion (as caused by correlation within publications).

11.4.3 Interpretation of the Multivariate Analyses

We started by postulating that certain covariate factors may be influential for
either sensitivity or specificity. Multivariate models that use summary mea-
sures (e.g., Moses et al., 1993; Hasselblad & Hedges, 1995) are not suitable
to discover such factors. Our analysis overcomes this problem but is limited
through the number of published, eligible studies. Petitti (1994, p. 126) argued
that a small number of studies should not preclude the application of regres-
sion methods, but the number of explanatory variables should be kept small.
Using stepwise backwards fitting, eight and nine variables could be investi-
gated simultaneously for analysis of specificity and sensitivity, respectively.
The final mixed effects logistic regression models included four explanatory
variables (in each case) besides the counter-parameter.

The test specificity was better in tests that used an elaborated antigen as
shown by cross-tabulation (Table 11.2). The results of the multivariate analysis
of specificity pertain to studies that used a crude or extract antigen prepara-
tion (AGPREP = 0). In these studies, the publication year was positively as-
sociated with an increase in specificity. Unobserved changes in technical or
other factors (as expressed by the surrogate variable YEAR) may have led to
a better specificity. Interestingly, a better specificity and worse sensitivity in
humans than in swine was found. This finding might reflect a different med-
ical decision making situation. Trichinellosis serology in medicine usually is
a confirmatory instrument (with emphasis on specificity) whereas screening
applications (with emphasis on sensitivity) are dominating in veterinary ap-
plications. This effect cannot be explained by the choice of the cut-off value
because the analysis was adjusted for the counter-parameter. The data also
suggest that titration methods do not improve the test properties. In fact, ac-
cording to our results, titration was associated with worse specificity. Single-
point ELISAs - preferred for practical and economic reasons - have been recom-
mended for veterinary seroepidemiologic applications (Wright, Nilsson, van
Rooij, Lelenta, & Jeggo, 1993). The selection of reference populations is a criti-
cal factor in the evaluation process as pointed out elsewhere (e.g., Knottnerus
& Leffers, 1992). It is also well recognized that likelihood ratios of diagnostic
tests (i.e., combined expressions of Se and Sp used to establish post-test prob-
abilities) are not invariant to changes in the source population (e.g., Miettinen
& Caro, 1994). Our results confirm that the specificity may be overestimated
when using healthy or non-target populations or patients with unrelated dis-
eases as negative reference population. Experimental infections (in swine)
and clinically advanced cases (in humans) were unexpectedly associated with
worse sensitivity than other selections of positive reference populations. The
opposite seems to be a common finding in laboratory sciences according to
Gerhardt and Keller (1986). The duration of infection prior to sampling is re-
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lated to the degree to which specific antibodies have been produced and, thus,
can be considered a true factor for sensitivity. The positive effect of medium
sample sizes on the sensitivity is obscure and may be due to uncontrolled con-
founding. Finally, the negative weights of the counter-parameters included
in the models underline the inherent effect of the cut-off value. We had ex-
pected that other variables such as the type of immunoglobulin detected with
the test would contribute to the explanation of the observed variability of sen-
sitivity and specificity as well. We cannot rule out any of those factors since
the number of studies included in our analysis was fairly small. Some of the
above mentioned effects were also detected by univariate analysis. However,
eight discrepant results show that the lack of adjustment for confounding and
interaction may lead to invalid inferences.

11.4.4 Limitations

Some potentially important design factors were not included in the analysis
because of their distribution. Blinding, for example, has been suggested as
a standard for validation studies (Mulrow, Linn, Gaul, & Pugh, 1989). The
knowledge of the true disease status might result in biased (too optimistic) ac-
curacy parameters (“test review bias”; Begg, 1987). Only one (human trichinel-
losis; PUBNR 1) of the reviewed studies indicated that samples were coded
prior to analysis. Furthermore, the diagnostic accuracy will be enhanced if test
results within an intermediate range (“grey zone”) were excluded from sen-
sitivity and specificity calculations. Two studies (one on human and one on
porcine trichinellosis; PUBNR 6, 9) used intermediate ranges.

11.5 CONCLUSION

The mixed logistic regression models described above have been found suit-
able to investigate influential factors for specificity and sensitivity of a diag-
nostic test based on a quantitative, systematic review of the literature. The
approach allows the inclusion of studies that contribute more than one pair of
parameters.
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