
tive, cutoff �150 �g/L) and cocaine metabolite (qualita-
tive, �150 �g/L). The patient was confronted with the
results and continued to deny abuse. She did, however,
submit three subsequent urines that were negative for
cocaine metabolite: on November 28, 2001; December 12,
2001; and January 8, 2002 (qualitative, �300 �g/L). She
reported that her urine tested negative because she
had stopped using the tea. She was referred to addiction
medicine for treatment.

With the increased prevalence of alternative medicine
in America, clinicians are faced with the difficulty of
determining whether a particular herbal product could be
responsible for test positivity or whether the patient is
truly positive. Although complete interference profiles
have not been adequately defined for most immunoas-
says, the widespread use of herbals would argue against
significant cross-reactivity in routinely used immuno-
assays. This case also emphasizes the need for GC/MS
confirmation in some clinical situations where abuse is
suspected. Only through GC/MS analysis were we able to
definitively establish that the patient’s mugwort con-
tained actual cocaine. Although there was no definitive
proof that the patient actually contaminated the mugwort
with cocaine, the sample she produced and claimed to be
the source of her urine positivity was shown to contain
both cocaine and cocaine metabolite. Tea brewed from
mugwort obtained from an herbalist did not test positive.
This case was clearly not an herbal cross-reactivity be-
cause the presence of drug was confirmed by GC/MS.
Someone added the drug to the patient’s mugwort;
whether it was a friend, family member, or the patient
herself has not been established, but it is unlikely that she
purchased this product from a legal distributor with
cocaine on it. Clinicians thus should not underestimate
the lengths that patients will take to evade detection.
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Anti-endomysium antibody (EmA) testing is used in the
diagnosis of celiac disease (CD). The identification (1 ) of
tissue transglutaminase (tTG) as the main antigen of EmA
led to the development of commercial ELISAs for serum
anti-tTG detection. At first, a guinea pig antigen (2–7)
yielded both sensitivity and specificity lower than those of
EmA; therefore, human recombinant tTG (8–11) was

introduced to improve diagnostic accuracy and to over-
come problems such as species specificity and cross-
reactivity to contaminant proteins. However, the stan-
dardization of assays (12 ), the choice of cutoff value, the
clinical relevance of these autoantibodies (13, 14), and the
diagnostic accuracy of different commercial tests remain
unresolved (15–18). This study aimed to assess the diag-
nostic accuracy of five commercially available IgA anti-
tTG ELISA reagent sets (four using a human recombinant
and one a guinea-pig tTG antigen) for pathologically
confirmed CD and to evaluate the changes in anti-tTG
autoantibody concentrations during treatment of CD with
a gluten-free diet (GFD).

This prospective study included 101 consecutive un-
treated adults (79 women and 22 men; median age, 37
years; range, 21–72 years) referred to University gastro-
enterologic outpatient clinic between January 2000 and
May 2001 in whom CD was subsequently diagnosed by
means of the typical appearance of small intestinal mu-
cosa (19 ) (Marsh grade III in 95 patients and grade II in 6
patients) and by a positive clinical response to a GFD. We
reported on 34 of these patients (all EmA-positive) previ-
ously (17 ). A duodenal biopsy was performed in all
patients on the basis of clinical history and serologic
assessment, including EmA testing and nutritional in-
dexes. In all patients, a follow-up biopsy and serologic
monitoring were repeated at 1 year � 1 month after
gluten withdrawal. For a control group, we studied 190
individuals (119 women and 71 men; median age, 38
years; range, 20–77 years). These included 89 healthy
controls and 101 disease controls (56 with inflammatory
bowel disease and 45 patients with other diseases: 12 with
malignancies, 10 with autoimmune diseases, 9 with
chronic liver disease, and 14 with heart failure). CD was
excluded in all on the basis of clinical history, IgA-EmA
negativity, or duodenal biopsy, the last having been
performed on patients undergoing routine upper diag-
nostic endoscopy. The study was performed according to
the principles of the Helsinki Declaration, and oral in-
formed consent was obtained from each participant.

Serum EmAs were detected by immunofluorescence,
using commercial slides of monkey esophagus (The Bind-
ing Site Ltd., distributed by Alfa Biotech) (20 ). Sera were
tested, as indicated by the manufacturer, at a 1:10 initial
dilution, with the inclusion of positive and negative
controls in every batch of tests. CD EmA-negative sera
were further tested at a 1:5 dilution, and no false-negative
results were obtained.

Both qualitative and quantitative IgA anti-tTG antibody
assessments were performed, as described previously
(17 ), without the knowledge of the patients’ clinical
diagnoses. We used four commercially available sand-
wich ELISAs that use human recombinant antigen
(h-tTG): h-tTG 1 (DRG Diagnostics, distributed by Pantec
S.r.l.; intra- and interassay CVs �10% and �15%, respec-
tively); h-tTG 2 (EU-tTG® IgA; Eurospital S.p.A.; within-
and between-assay CVs, 5.5% and 8.6%, respectively);
h-tTG 3 (Immunodiagnostik, distributed by Li StarFISH
s.a.s.; intra- and interassay CVs �11% and �15%, respec-
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tively); and h-tTG 4 (CELIKEYTM; Pharmacia & Upjohn,
which uses human recombinant antigen extracted from
eukaryotic cells (within- and between-run CVs, 4.5% and
8.7%, respectively). The same evaluation was also carried
out with a sandwich ELISA that uses guinea pig tTG
antigen (gp-tTG; GENESIS Diagnostics, distributed by
Pantec S.r.l.; within- and between-assay CVs �12%).

All measurements were done in the same laboratory
room and by a single operator with the inclusion in every
batch of tests of the same positive and negative control
sera provided by the Binding Site Ltd. for EmA appraisal.
Nine different batches with two reagent lots were used for
each tested assay over a 2-month period. Titers were
expressed as arbitrary units, calculated according to cali-
bration curves provided by the manufacturers of the
h-tTG 1, h-tTG 4, and gp-tTG assays, and as a percentage
of one reference calibrator for the h-tTG 2 and h-tTG 3
assays.

The mean (SE) and the 95% confidence interval (CI)
of the mean were adopted for descriptive statistics.

The Wilcoxon–Mann–Whitney U-test and the Wilcoxon
signed-rank analysis were applied for comparisons be-
tween groups and for comparing results before and after
GFD. ROC analysis was performed both to estimate the
performance of each assay and to select the cutoffs that
provide the best combination of sensitivity and specific-
ity. For all statistical analyses, a two-tailed P �0.05 was
considered significant.

The distributions of antibody concentrations in CD
patients and controls for each transglutaminase assay are
summarized in Fig. 1. The mean concentrations in healthy
controls were different from those in diseased controls for
h-tTG 1, h-tTG 3, and gp-tTG, but not for h-tTG 2 and
h-tTG 4.

For diagnosis of CD, areas under the ROC curves (95%
CIs) were 0.97 (0.95–0.99) for h-tTG 1, 0.97 (0.95–0.99) for
h-tTG 2, 0.78 (0.71–0.85) for h-tTG 3, 0.96 (0.93–0.99) for
h-tTG 4, and 0.91 (0.90–0.92) for gp-tTG assay.

The sensitivities and specificities of the assays are
reported in Table 1. For comparison, the anti-EmA that

Fig. 1. Individual IgA anti-tTG concentrations detected with different ELISAs in both untreated and treated CD patients and controls.
The dashed lines represent limits suggested by the manufacturers, whereas the solid lines show the threshold values providing the best combination of sensitivity and
specificity according to ROC curve analysis. For clarity reasons, values on the y axis were cut at 1000 and 100 arbitrary units (AU)/mL for the h-tTG 1 and gp-tTG assay,
respectively.
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had contributed to the selection of patients had a sensi-
tivity of 94% (95% CI, 91–97%). Its specificity was not
determined because a negative result was a selection
criterion for the control group.

After a 1-year GFD, anti-tTG concentrations decreased
(Fig. 1) in 96% of patients with h-tTG 1, 89% with h-tTG 2,
83% with h-tTG 3, 90% with h-tTG 4, and 96% with
gp-tTG. Mean percentage changes in anti-tTG values were
81% (range, 75–86%) for h-tTG 1, 51% (range, 43–60%) for
h-tTG 2, 51% (range, 42–61%) for h-tTG 3, 77% (range,
69–85%) for h-tTG 4, and 75% (range, 67–82%) for gp-
tTG.

Duodenal biopsy showed mucosal recovery in 12 pa-
tients, a consistent improvement (Marsh grade I) in an-
other 51, and nearly no change (Marsh grade II or III) in
the remaining 38 patients. The concordances of the differ-
ent assays in both positive (persistent histologic impair-
ment and positive serologic markers) and negative (recon-
stituted mucosa and negative serologic markers)
individuals vs histologic score were 29% for h-tTG 1, 65%
for h-tTG 2, 14% for h-tTG 3, 16% for h-tTG 4, and 19% for
gp-tTG, compared with 48% for EmA testing.

From our results, the assay based on guinea pig antigen
cannot be recommended because of a large number of
false negatives, which confirms previous reports
(2–4, 21, 22). On the other hand, ELISAs using human
recombinant antigen provided more encouraging results,
notwithstanding great variability among the different
assays, likely attributable to a different approach in anti-
gen isolation, e.g., the use of eukaryotic (Baculovirus) vs
prokaryotic organisms. Furthermore, the four ELISAs
differed in technical details: the short incubation time and
the limited number of washes render some tests (h-tTG 2
and h-tTG 4) faster and easier to carry out than others,
although methodologic differences can be overcome by
automation. These and probably other unknown determi-
nants may be responsible for the differences in sensitivity
and specificity we found at the usual cutoffs: none of the
tests achieved 100% specificity, but some achieved a
sensitivity comparable to that of the EmA test. The
problem of negative serology in untreated CD patients is
becoming increasingly recognized (23–25): EmA-negative
CD is probably underestimated. Duodenal biopsy should

always be considered if the clinical picture is suggestive.
The h-tTG 2 test, which in spite of its unsuitable specificity
identified five of six EmA-negative CD patients, deserves
attention. The finding of sera positive for EmA but
negative for tTG antibody and vice versa is intriguing and
might cause questions about the pathogenetic role of tTG
antibody in CD, thus supporting the hypothesis suggest-
ing the presence of autoantibodies directed against anti-
gens other than tTG (26, 27).

EmA seroconversion, which is still used in clinical
practice and is still believed to suggest reliably adherence
to the diet and indirectly to predict resolution of mucosal
histologic abnormalities, does not indicate complete vil-
lous recovery and cannot substitute for follow-up biopsy,
whereas the persistence of serum EmA is a reliable
indicator of both poor diet compliance and mucosal
impairment (28–32). Until now, few studies have consid-
ered the effect of dietary gluten exclusion on tTG
(15, 16, 32), but all used a guinea pig antigen and most
included children, whose sensitivities for serologic testing
for CD are different from adults (33 ). None of the above
studies compared results on the same series of patients,
and outcomes were related to clinical improvement and
self-reported dietary compliance. To our knowledge, this
is the first prospective study to evaluate objectively, by
means of intestinal biopsy in a large group of newly
diagnosed adult patients, the effect of a 1-year gluten
withdrawal on tTG outcome. Dietary treatment led to a
significant decrease in anti-tTG concentrations in the
majority of patients. Compared with EmA, the ELISA test
using guinea pig tTG did not provide better results; on the
contrary, at least one of the reagent sets that use human
recombinant antigen seemed to better reflect the mucosal
pattern, in agreement with previous reports (15, 16, 31).

In conclusion, in accordance with previous reports
showing the superiority of the EmA test because of its
better interlaboratory reproducibility (12 ) and suggesting
that �60% of tTG-positive results would be false positives
in a population with a medium risk of CD (14 ), our data
indicate that, at present, ELISAs using human recombi-
nant antigen cannot replace EmA evaluation, but could be
used as a first-level investigation for noninvasive testing
in the diagnostic panel for CD. To avoid unnecessary

Table 1. Sensitivity and specificity (95% CIs) of the assays, according both to the cutoffs suggested by manufacturers
(considering borderline values either as positive or as negative) and to the threshold value providing the best combination

of sensitivity and specificity on the basis of ROC curve analysis.
Assay

h-tTG 1 h-tTG 2 h-tTG 3 h-tTG 4 gp-tTG

Sensitivity, % (n � 101)
Borderline values as positive 83 (79–88) 96 (94–98) 66 (61–72) 80 (76–85) 79 (74–84)
Borderline values as negative 83 (79–88) 91 (88–94) 62 (57–68) 72 (67–77) 79 (74–84)
Calculated cutoff (ROC curves) 92 (89–95) 91 (88–94) 65 (59–70) 91 (88–94) 76 (71–81)

Specificity, % (n � 190)
Borderline values as positive 92 (89–95) 82 (78–86) 91 (88–94) 99 (99–100) 96 (94–98)
Borderline values as negative 94 (91–97) 93 (90–96) 94 (91–97) 99 (99–100) 96 (94–98)
Calculated cutoff (ROC curves) 91 (88–94) 94 (91–97) 93 (90–96) 94 (91–97) 93 (90–96)
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biopsies, positive results, in the absence of suggestive
clinical evidence, should be further confirmed by the
well-consolidated EmA test, which provides 100% speci-
ficity. For follow-up, reliable serologic markers that pre-
dict mucosal outcome are not yet available, thus support-
ing the opinion, at least for the moment, that “It’s not time
to put the biopsy forceps away” (34 ).
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