
ments (14 ), it is possible that apparent increases in PTH
are attributable to fragment detection, i.e., fragments
unique to the degradation process in EDTA plasma; no
such increase is observed in serum samples. Reassuringly,
the increase is modest and of questionable clinical conse-
quence.

The ideal specimen type remains unclear, but stan-
dardization of preanalytical handling is critical in clinical
and research settings. If analysis occurs within 3 h, SST
serum affords the most consistent results, regardless of
acquisition and storage temperature. However, if a spec-
imen remains at room temperature for several days before
analysis, then EDTA-plasma results are less discrepant
from their baseline. DPC does not make any recommen-
dation to immediately cool SST specimens (15 ). Our data
support this recommendation and further suggest that a
3-h delay at room temperature will not affect results.
When analysis must be delayed beyond 3 h, it is reassur-
ing that even after 24 h, the mean decrease in SSRRT

results was only 7.3% (95% confidence interval, 3.2–
11.2%), a change that failed to reach significance. DPC
recommends that EDTA specimens be collected and
maintained at 2–8 °C (13 ). Our data suggest that this
practice will prevent a paradoxical increase in PTH re-
sults, although we cannot comment on the necessity to
precool EDTA tubes. In all cases, refrigeration minimizes
effects of storage. We use room temperature SST serum
for in-house tests and have verified and adopted the
manufacturer’s reference interval of 1.3–6.8 pmol/L. Re-
ferred-in samples are cooled or frozen as appropriate.

In summary, we examined samples from 31 hemodial-
ysis patients, using two different matrices while varying
acquisition temperature, storage temperature, and time to
analysis. In the dialysis-dependent CKD population,
EDTA-plasma specimens gave higher mean PTH results
than SST serum. Mean PTH values from EDTA-plasma
specimens collected and stored at room temperature
increased modestly over time for the first 48 h. However,
larger absolute percentage changes from baseline were
seen in SST specimens similarly handled. Different refer-
ence intervals are needed for EDTA plasma and SST
serum. The reference interval for room temperature
plasma specimens should not be assumed to be identical
to that for refrigerated plasma. If analyzed within 3 h of
collection, SST specimens do not require cooling. As each
PTH method is affected differently by preanalytical fac-
tors, conclusions should not be drawn about other PTH
assays based on these results. Peripheral laboratories and
clinicians conducting trials should be informed of the
need to collect and store specimens according to protocols
established at their laboratory lest results be affected and
patient care be compromised.

We thank Amy Wong for assistance in the analysis of
blood samples and organization of PTH data; we also

thank the nurses in the hemodialysis units who facilitated
the blood drawing.
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The presence in the sera of celiac disease (CD) patients of
anti-actin autoantibodies (AAAs) has been suggested as a
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marker of severe intestinal villus atrophy (1 ). AAAs have
been detected with an immunofluorescence (IF) technique
and seem to contribute to villus cytoskeleton damage and
to the pathogenesis of intestinal damage in CD (2 ).

The aims of the present study were to evaluate the
relationship between the presence of serum IgA AAAs
and severity of intestinal mucosa damage in CD patients
and to compare the IF assay with a new ELISA for IgA
AAA determination.

We enrolled 150 individuals in the study. IgA AAAs
were assayed in 58 consecutive CD patients diagnosed
between January and December 2003: 30 adults (10 male;
median age, 32 years; range, 18–56 years) and 28 children
(14 male; median age, 18 months; range, 1–12 years). The
sera were collected at CD diagnosis, after overnight
fasting, and were frozen at �80 °C for a mean of 9 months
before AAA determination. In 20 patients, AAAs were
reassayed after 6–12 months of gluten-free diet. CD
diagnosis was based on the revised criteria of the Euro-
pean Society of Pediatric Gastroenterology and Nutrition
(3 ). We enrolled 64 patients as “healthy” controls [34
adults evaluated for suspected hypercholesterolemia (15
male; median age, 35 years; range, 18–56) and 30 children
with recurrent pharyngotonsilitis (14 male; median age, 3
years; range, 1–12 years)]. None of these controls had
symptoms or laboratory signs suggesting CD, and all
were negative for anti-endomysium (EmA) and anti-
transglutaminase (anti-tTG). We enrolled an additional 28
adults with autoimmune or gastrointestinal diseases other
than CD as “disease” controls: type 1 autoimmune hepa-
titis (AH; 6 cases), type 2 AH (4 cases), systemic lupus
erythematosus (4 cases), Sjögren disease (3), primary
biliary cirrhosis (2), Crohn disease (4), multiple food
intolerance (3), autoimmune enteropathy (1), and refrac-
tory sprue (1).

Finally, to test whether the anti-actin ELISA used was
specific for F-actin, we assayed for IgG anti-F-actin in 18
sera from patients with type 1 AH, positive by IF for IgG
anti-F-actin on HEP-2 cells (titer range, 1:160–1:1280), and
30 negative sera from healthy controls.

EmAs were assayed on human umbilical cord by IF (4 ).
The anti-tTG ELISA was performed with commercial
reagents with recombinant human tTG as the antigen (5 ).

Modified Hep-2 cells (HEP II actin; INOVA; ref. 508090)
were incubated at room temperature for 30 min with
serum serially diluted (1:10 to 1:1280) with phosphate-
buffered saline (pH 7.2) in a covered moist chamber,
washed twice in phosphate-buffered saline for 5 min,
incubated at room temperature for 30 min, with fluores-
cein isothiocyanate-conjugated goat anti-human serum
[anti-IgA; F(ab�)2 Anti-Human IgA; ref. 30240; Bio-Rad],
washed twice as before, and read with a fluorescence
microscope. The affinity-isolated rabbit AAAs were used
as positive controls in all experiments (Sigma Chemical);
rabbit monoclonal AAAs were used at a 1:50 dilution
during the first incubation followed by a second incuba-
tion with the 1:100-diluted fluorescein isothiocyanate-
conjugated anti-rabbit immunoglobulins (Sigma).

The IgA AAA enzyme immunoassay (ELISA) was

performed with a commercially available method for
anti-actin IgG determination (F-Actin Smooth Muscle;
INOVA; ref. 708785) and an anti-serum anti-human IgA
conjugate (INOVA; ref. 508549). We added 100 �L of
diluted serum (1:101) to the wells and incubated for 30
min at room temperature. After the wells were washed
three times with buffer, 100 �L of the IgA conjugate was
added to each well, and the plates were incubated for 30
min and washed again. We added 100 �L of 3,3�,5,5�-
tetramethylbenzidine (TMB) chromogen to each well and
incubated the wells in the dark for 30 min at room
temperature. Stopped reactions were read at 450 and 620
nm. The typical threshold value for AAA absorbance was
arbitrarily fixed as equal to the mean value 
 2 SD
displayed by control sera (0.270). The control wells (no
serum) introduced in each plate had an absorbance of
�0.025. Intra- and interassay CV were calculated on 20
samples.

Three biopsy specimens of the second part of the
duodenum were obtained (5, 6); slides were stained with
hematoxylin and eosin and graded by conventional his-
tology according to Oberhuber et al. (7 ).

Serum IgA AAAs evaluated by IF were positive in 54 of
the 58 (93%; 95% confidence interval, 88–98%) untreated
CD patients; samples from 3 CD children and 1 adult
were negative. The titer of IgA AAA-positive samples
ranged between 1:20 and 1:640 (median, 1:80). Serum IgA
AAAs evaluated by ELISA were positive in samples from
51 of the 58 CD patients (86%; 79–93%); the samples from
the same 4 patients negative by IF were also negative by
ELISA, and samples from 3 additional CD children were
negative. The correlation between AAA results by IF and
ELISA was high: r � 0.819 (Spearman correlation coeffi-
cient; see Fig. 1 in the Data Supplement that accompanies
the online version of this Technical Brief at http://
www.clinchem.org/content/vol51/issue5/). The within-
assay imprecision (CV) of the ELISA method for IgA
AAAs was 4.3%, and the between-assay CV was 9.2%.

None of the healthy controls had AAA values, as
assayed by ELISA, higher than the cutoff, and values were
significantly higher in CD patients [mean (SD),
0.974 (0.924)] than in controls [0.157 (0.057); Mann–Whit-
ney test, z � 6.4; P �0.0001]. Among the patients with
autoimmune diseases or with various intestinal diseases,
10 had values above the cutoff: 6 patients with type 1 AH
[all positive for anti-smooth muscle antibodies (ASMAs)];
2 patients with primary biliary cirrhosis (both positive for
anti-mitochondrial antibodies and 1 positive for ASMAs),
and 2 patients with multiple food intolerance. The AAA
values of CD patients were significantly higher than those
of the disease controls (Mann–Whitney test, P �0.001).
Regarding the IF AAA assay results for the 2 control
groups, there were 8 positives in the healthy controls (all
with a titer of 1:20) and 9 positives in the disease controls
(titers, 1:40–1:160), 7 of whom also were positive by
ELISA.

Intestinal histology of the CD patients revealed that 8
had mild villus atrophy, 23 had marked villus atrophy,
and 27 had total villus atrophy. All patients with marked
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or total villus atrophy were positive for AAAs in the
ELISA, whereas all 7 patients negative for AAA had mild
villus atrophy. There was a significant inverse correlation
between AAA values by ELISA and IF and the villus-
height/crypt-depth ratio (r � �0.447 by ELISA, r �
�0.404 by IF; P �0.0001; Fig. 1). Furthermore, the CD
patients negative for AAAs by ELISA had significantly
higher villus/crypt ratios than the patients positive for
AAAs [mean (SD), 1.41 (0.32) vs 0.52 (0.15); P �0.01].

Anti-tTG values and EmA titer showed a significant,
but lower, inverse correlation with severity of intestinal
mucosa damage [Spearman correlation, r � �0.324 for
anti-tTGs, r � 0.315 for EmAs). We found no correlation
between anti-tTG and AAA values.

In 19 of the 20 CD patients, AAA assay results were
negative, by both ELISA and IF, after 6–12 months on
gluten-free diet.

IgG AAA results were positive by ELISA (absorbance
range, 0.300–0.935) in 17 of the 18 patients with type 1 AH
showing anti-F-actin antibodies with IF, whereas none of
samples from healthy controls gave positive results.

Gluten ingestion in CD is associated with alterations of
the intestinal mucosa and interactions between gliadin
and several extracellular matrix components, leading to
the formation of neo-epitopes, which act as autoantigens
(8, 9). AAAs, described in CD very recently (1 ), are
among the autoantibodies consequent to the formation of
these autoantigens in CD patients.

Our results show that AAAs correlate with severity of
intestinal villus damage in CD patients: The AAA ELISA
was positive in 51 of the 58 CD patients studied, and all
patients with severe intestinal mucosa damage were pos-
itive for AAAs. The 7 patients negative for AAAs had
mild villus atrophy. Furthermore, there was a highly
significant inverse correlation between AAA values (as-
sayed both by ELISA and IF) and the villus/crypt ratios in
CD patients. A similar correlation coefficient (0.56) be-
tween AAA titers and severity of intestinal mucosa le-
sions has been reported in a multicenter study on the
usefulness of AAA assays in CD (10 ).

Both AAA assays (IF and ELISA) were also positive in
several disease controls, mainly in patients with type 1
AH and primary biliary cirrhosis. In general, the ELISA
for IgA AAAs that we used in the present study showed
good reproducibility and a higher sensitivity than the
previously described ELISAs (1, 11, 12), and its use can be
recommended. This probably depends on the use of
F-actin and not G-actin as antigen in the ELISA: In vitro
incubation of intestinal epithelial cells with gliadin caused
intracellular actin polymerization with an increase in
F-actin (2 ), which is the real neo-epitope recognized by
AAAs. The major problem in using an F-actin ELISA is
the difficulty of getting, in vitro, 100% of actin in its
polymerized form (F-actin) and avoiding the unpolymer-
ized form (G-actin), which could interfere with the quality
of the test. However, the materials we used seemed to be
specific for F-actin antibodies as 17 of the 18 patients with
type 1 AH and none of the controls were IgG AAA-
positive with the ELISA. Additional studies involving a

greater number of anti-F-actin-positive patients are
needed to confirm this result.

In conclusion, AAAs are a reliable marker of severe
intestinal mucosa damage in CD patients, and a simple
ELISA technique offers an accurate method for their
determination. We propose that, after exclusion of coex-
istent CD and type 1 AH, intestinal biopsy is not neces-
sary for villus/crypt evaluation in EmA/AAA-positive
patients.
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Handling of and Direct Sampling from Primary Bar-
code-Labeled Pediatric Tubes on Vitros Clinical Chem-
istry Analyzers Integrated into an enGen Work Cell,
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Handling and directly sampling from primary barcode-
labeled pediatric tubes is a challenge for laboratories
receiving substantial numbers of samples from pediatric
patients (1 ). To prevent iatrogenic anemia from frequent
blood draws, preanalytical as well as analytical systems
should be capable of handling small sample volumes
collected in pediatric tubes (2 ). However, most analyzers
and robotic systems have been developed for standard 5-
to 7-mL test tubes and cannot handle small pediatric
tubes. This incompatibility leads to manual processing of
pediatric samples and transfer of samples to micro cups
even in large automated laboratories. Manual handling of
specimens and transfer of samples are laborious and may
lead to errors in both the preanalytical and analytical
phases.

In most hospitals, blood of pediatric patients is col-
lected in small pediatric tubes by heel puncture, in con-
trast to adult patients from whom blood is collected by
venipuncture in 5- to 7-mL evacuated tubes. Although
most instruments require that the barcode label be ap-
plied vertically for reading, regular barcode labels do not
conveniently fit on small pediatric tubes (2 ). Because of
the reduced size of the tubes, separate buckets are needed

for centrifugation, and often the barcode labels, which are
too large for the small tubes, interfere with proper fitting
in the buckets; they can also get damaged and no longer
be readable (1 ). Furthermore, standard analyzer sample
racks and trays do not support the dimensions of pediat-
ric tubes. The same holds for tube carriers used by various
work cells and track systems.

In our clinical chemistry department, we receive �2500
test tubes daily from various departments of the Univer-
sity Medical Center in Utrecht, The Netherlands. Among
these tubes, �500 pediatric tubes are derived from the
pediatric hospital that is part of our organization. Until
recently, these tubes were analyzed in a separate satellite
laboratory in the pediatric hospital. For efficiency reasons,
chemistry tests previously performed in the pediatric
hospital, �250 tubes per day, were moved to our central
laboratory, in which two Vitros 950 and one Vitros 250
dry chemistry analyzers (Ortho Clinical Diagnostics) are
integrated into an enGenTM work cell (Thermo Electron
Corporation). This work cell includes an entry/exit mod-
ule where samples can be loaded and unloaded. A robotic
arm picks up the tubes from sample blocks placed in 1 of
the 3 entry drawers and puts each tube in an individual
carrier. The barcode is read, and the information is written
to a chip in the base of the carrier. The computer uses the
requested tests and the status of the different analyzers to
calculate an optimal route for each tube through the work
cell to the analyzers. Tubes with a cap are first routed to
the decapper. After completion of all requested tests, the
tubes are sent to the entry/exit module again, where the
tubes are placed in barcode-labeled storage racks. These
storage racks can be placed directly in the refrigerator. If
a tube is needed, for example for additional tests, the data
manager will identify at which position in which block
the tube is located.

To be able to handle pediatric tubes through the whole
preanalytical and analytical phase in a way similar to that
for the standard 5- to 7-mL tubes, our laboratory has
made the following adjustments. Before blood drawing at
the pediatric hospital, 500-�L Capiject lithium-heparin
pediatric gel tubes (Terumo Capiject System; Omnilabo)
are prefixed in Microtainer tube extenders (Becton Dick-
inson; Fig. 1A), which make handling of the tubes during
blood drawing easier. More importantly, the tube extend-
ers make possible uniformity in size of both pediatric and
adult specimens. As a result, the regular barcode labels
can be placed in the usual vertical position on the primary
pediatric tubes and be transported in standard racks (Fig.
1B). The pediatric tubes are centrifuged together with the
standard tubes in the same buckets and centrifuge. Be-
cause the sample probe senses the liquid height and starts
sampling just below the surface, the Vitros analyzers can
deal with variable liquid heights in different sample
tubes. However, to enable pipetting directly from these
primary barcode-labeled pediatric tubes, the speed at
which the sample probe is lowered had to be increased
because the fluid height drops more rapidly in these tubes
during aspiration as a result of the smaller inner diameter.
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