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Objectives To determine whether samples of dried venous blood (DVB) were an acceptable alternative to serum for detecting
measles-specific IgG in a commercial enzyme immunoassay.
Methods Paired samples of serum and DVB were collected from 98 suspected cases of measles and 1153 schoolchildren in Victoria,
Australia. All samples were tested using the Dade Behring Enzygnost® Anti-Measles-Virus/IgG immunoassay. DVB samples were
eluted using either the sample buffer provided with the kit or 5% dry milk powder in phosphate-buffered saline–Tween 20.
Findings DVB samples eluted by sample buffer showed significantly better linear correlation to the serum samples than did DVB
samples eluted in 5% dry milk in phosphate-buffered saline–Tween 20. To improve the comparability of serum and DVB samples
an adjustment factor of 1.28 was applied to the optical density (OD) values of DVB. This adjustment also enabled quantification of
the titre of measles IgG in mIU/ml directly from the OD value using the alpha calculation as specified by the kit protocol. For DVB
samples stored for less than six months at 4 °C, the assay showed an overall sensitivity of 98.4% and a specificity of 97.2%
compared with the results of serum testing.
Conclusion These results illustrate the potential for DVB samples to be widely used with the Dade Behring enzyme immunoassay
system for determining the immunity of the individual and the population to the measles virus.

Keywords Measles/immunology/diagnosis; Blood specimen collection/methods; Immunoenzyme techniques; Immunoglobulin G;
Sensitivity and specificity; Seroepidemiologic studies (source: MeSH, NLM).
Mots clés Rougeole/immunologie/diagnostic; Prélèvement sang/méthodes; Méthode immunoenzymatique; Immunoglobuline G;
Sensibilité et spécificité (Epidémiologie); Etude séroépidémiologique (source: MeSH, INSERM).
Palabras clave Sarampión/inmunología/diagnóstico; Recolección de muestras de sangre/métodos; Técnicas para inmunoenzima;
Inmunoglobulina G; Sensibilidad y especificidad; Estudios seroepidemiológicos (fuente: DeCS, BIREME).
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Introduction
WHO has identified an ongoing need to develop sensitive and
specific tests for both diagnosis and seroepidemiological surveys
of measles using specimens other than serum (1). The use of
alternative specimen types such as dried blood would enable
the problems associated with transportation and storage to be
overcome. In addition, the adaptation of a commercial assay to
alternative samples would enable testing to be completed in any
adequately equipped laboratory.

Dried blood samples have previously been used for
detecting measles haemagglutination inhibition (HI) antibodies
(2–4). Other recent studies have described the use of dried

1 Scientist/PhD Scholar, Victorian Infectious Diseases Reference Laboratory (VIDRL)/WHO Western Pacific Measles Regional Reference Laboratory, 10 Wreckyn
Street, North Melbourne, 3051 Victoria, Australia; and Department of Public Health, School of Population Health, University of Melbourne, Australia. (email:
michaela.riddell@mh.org.au). Correspondence should be sent to this author at the former address.

2 Statistician, Department of Mathematics and Statistics, University of Melbourne, Melbourne Australia.
3 Senior Scientist, VIDRL/WHO Western Pacific Measles Regional Reference Laboratory, Victoria, Australia.
4 Head, Epidemiology Division, VIDRL/WHO Western Pacific Measles Regional Reference Laboratory, Victoria, Australia.
Ref. No. 02-0426

blood samples with enzyme immunoassay (EIA) methods in
the investigation of rash illnesses and assessment of children
following vaccination for measles, mumps, and rubella (MMR)
(5–7). However, these studies used “in-house” EIAs, restricting
the investigations to research and reference laboratories.

Helfand et al. used an indirect measles-specific IgG “in-
house” immunoassay to show excellent concordance between
serum and dried blood spot samples when testing for measles
IgM, but somewhat reduced concordance between the two
specimen types when testing for measles-specific IgG (7). To date,
only one group has reported a study showing good correlation
between dried filter-paper samples and serum using a commercial
enzyme immunoassay for detecting measles-specific IgG (8).
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The Victorian Infectious Diseases Reference Laboratory
(VIDRL), a WHO regional measles reference laboratory, currently
uses the Dade Behring Enzygnost® Anti-Measles-Virus
commercial EIA for investigating measles-specific antibodies.
We have previously reported the diagnosis of measles infection
using dried venous blood (DVB)  samples with the Dade Behring
anti-measles/IgM EIA (9) and now report the detection of
measles-specific IgG antibodies using the Dade Behring anti
measles/IgG EIA.

Materials and methods
Patients and samples
VIDRL provides laboratory support for the enhanced measles
surveillance programme in the state of Victoria, Australia (10).
As part of this programme, 98 paired samples of serum and
DVB (subsequently referred to as diagnostic samples) were
collected from 97 patients suspected of having measles during
April to October 2001. In addition, paired samples of serum
and DVB were collected from 1153 Victorian schoolchildren
during August to November 1999 to evaluate the 1998 national
measles “catch-up” immunization campaign in the state of
Victoria (subsequently referred to as seroprevalence samples)
(11). Written informed consent was obtained from all
participants (or legal guardian if the participant was less than 18
years of age) who provided samples.

The methods for collecting and preparing diagnostic
samples have been described elsewhere (9). In brief,
approximately 100 µl of whole blood was applied to each
of three 13 mm diameter circles on Schleicher & Schuell
#903 filter-paper at the time the blood sample was drawn
from the patient. The serum and DVB samples were
transported to VIDRL, where the DVB sample was dried
before storing at 4 °C in a sealed plastic bag until testing.
The whole blood was separated by centrifugation and the
serum tested for measles-specific IgG and IgM (Dade
Behring Enzygnost, Marburg, Germany).

The seroprevalence samples from the 1153 schoolchildren
were prepared in a similar manner, at the time the whole blood
was drawn. The DVB samples  were dried then stored at 4 °C
and the serum was tested for measles-specific IgG (Dade Behring
Enzygnost, Marburg, Germany). The diagnostic DVB samples
were tested within six months of collection, whereas the
seroprevalence DVB samples were stored for 15–23 months
before testing.

Control samples and validation
Spiked DVB samples for elution and assay optimization were
prepared as previously described (9). Ethylenediaminetetraacetic
acid-anticoagulated blood was collected from two healthy
volunteers with known negative and positive antibody reactivity
to measles. DVB samples were prepared and included on each
test plate as DVB sample measles IgG-negative and IgG-positive
controls. In addition, the kit positive control was tested on each
plate to facilitate correction of the optical density (OD) values
and to ensure that each plate met the kit batch validity
requirements as specified by the manufacturer.

Optimization of elution and EIA conditions
Different elution and testing dilutions were assessed, with the
assumption that a 6 mm disk of DVB on filter-paper was
equivalent to approximately 5 µl of serum (12). Sample buffer

(Dade Behring Enzygnost sample buffer supplied with the
kit) and dry milk powder (blotting grade, non-fat dry milk;
Biorad, Hercules, CA, USA) diluted to 1%, 2%, or 5% in
phosphate-buffered saline–Tween 20 (PBST) (0.5%) were
compared as elution buffers. Disks of filter-paper were cut
with a metal paper hole-punch and placed into wells on a
microtitre plate. After addition of the eluant the microtitre
plate was agitated for 30 minutes at room temperature to
ensure thorough soaking of the disks. The plate was covered
with tape, placed in a sealed moistened box, and incubated at
4 °C overnight. After overnight elution with either sample
buffer or dry milk in PBST (0.5%), the microtitre plate was
agitated at room temperature for a further 30 minutes before
centrifugation of the plate (15 minutes, 2200 g).

The diagnostic DVB samples (n = 98) were eluted
concurrently in both sample buffer and 5% dry milk in
PBST (0.5%). Seroprevalence DVB samples were eluted in
either sample buffer (n = 499) or 5% dry milk in PBST (0.5%)
(n = 654).

Serum samples were processed and validated with an
automated ELISA processor according to the manufacturer’s
instructions (for diagnostic samples, ETI-LAB, DiaSorin,
Saluggia, Italy; and for seroprevalence samples, ROSYS, Dade
Behring Diagnostics, Lane Cove, NSW, Australia). All equivocal
serum and DVB samples were retested and the repeat result was
recorded. DVB samples were manually tested independently of
the serum samples. OD values of the DVB samples were
compared with the corresponding serum OD values. Conditions
investigated for the adaptation of the assay to test DVB samples
included sample and conjugate incubation time (1 or 1.5 hours),
final sample dilution (1:100, 1:200, 1:220, 1:440, 1:880),
plate incubation (still or shaking), and wash conditions (3–6
washes with PBST (0.05%)). OD values were determined at
λ = 450 nm (λ = 620 nm reference wavelength, Labsystems
Multiskan Ascent plate reader).

Data analysis
To improve reproducibility, OD values for all samples of  serum
and DVB were corrected using the average OD of the kit positive
control and the batch-specific nominal value for each plate and
kit batch number as described by the manufacturer. Stata
statistical software (version 6.0, 1999; Stata Corporation, College
Station, TX, USA) was used for analysing these corrected data.

Initial analysis showed a systematic proportional difference
between DVB and serum OD (data not shown). To improve
quantitative agreement of the methods, the DVB OD was
multiplied by an adjustment factor derived such that the
correlation between the difference and mean of the OD pairs
would be zero. Bland–Altman regression analysis (difference on
mean) was performed with both adjusted and unadjusted DVB
OD values to assess the suitability of DVB to replace serum as
the sample type used in this commercial EIA (13).

Samples (serum or adjusted DVB) registering an OD �0.2
were considered to indicate protection against measles, whereas
samples that repeatedly tested OD �0.2 were considered to
indicate susceptibility to infection with measles virus.

Measles antibody titres were calculated using the alpha
method as specified by the manufacturer, and converted to
geometric mean titres (GMTs). Specimens for which the OD
values were <0.2 were arbitrarily assigned a titre of half the
detection limit of the assay (i.e. 75 mIU/ml) to provide an
unbiased calculation of GMTs (14).
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The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated by
comparing the DVB sample OD values to the serum OD values.
The cut-off and validity requirements for each plate were as
recommended in the kit protocol. In addition to a known positive
DVB sample the kit IgG positive control was used to calculate
coefficients of variation (% CV) to assess interassay variation.

Agreement of both categorical (susceptible to measles) and
quantitative (OD) results was assessed using kappa and R2

statistics. Exact 95% confidence intervals for categorical
agreement were calculated using the binomial distribution.

Results
Elution and EIA conditions
The sample buffer, which was provided with the kit, and the
5% dry milk in PBST (0.5%) were initially found to be
equally effective as eluants; however, each required different
test conditions for optimal use. Optimal elution occurred
when one 6 mm disk was incubated overnight at 4 °C with
250 µl of either sample buffer or 5% dry milk in PBST
(0.5%). This represented a 1:50 dilution of the DVB sample.

Optimal assay conditions were achieved after adding
50 µl of eluate (either sample buffer or 5% dry milk in PBST
(0.05%)) to 170 µl of sample buffer in each test and control
well. This equated to a final specimen dilution of 1:220.

The sample incubation time was 1 hour at 37 °C and 1.5
hours at 37 °C for DVB samples eluted in sample buffer and for

DVB samples eluted in 5% dry milk in PBST (0.5%),
respectively. Apart from the initial sample incubation differing
in both methods and the plate wash step comprising five instead
of four washes (Wellwash Ascent plate washer; Labsystems) in
PBST (0.05%), the assay was completed in accordance with the
manufacturer’s protocol, using reagents provided with the kit.
The % CV for the positive control and for the known positive
DVB samples were 14% and 18.9%, respectively, for DVB
samples eluted with sample buffer and 14.5% and 11.3%,
respectively, for DVB samples eluted with 5% dry milk in PBST
(0.5%), indicating acceptable interassay variability for both
elution and the testing methods.

Fig. 1 shows the linear relation and regression coefficients
between the corrected OD values of paired serum and the DVB
diagnostic samples. The correlation between the serum and DVB
sample OD values was significantly better for DVB samples
eluted in sample buffer than with 5% dry milk in PBST (0.5%)
(difference between slopes = 0.07 (95% confidence interval
(CI) 0.01 to 0.13, P = 0.02). The remaining results presented
here are restricted to DVB eluted in sample buffer because it
gives a better correlation than with the dry milk in PBST and
because this assay method using sample buffer from the kit is
much simpler.

Adjustment factor
The adjustment factor was generated from the square root of the
ratio of the regression coefficient of serum OD on DVB sample
OD and the regression coefficient of DVB sample OD on
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Table 2. Comparison of sensitivity, specificity, positive predictive value, negative predictive value, and kappa values relative to
serum samples for the seroprevalence of DVBa  samples eluted by sample buffer after 15–17 months storage at 4 °C before and
after adjustment

Assay parameter DVB sample OD without adjustment (n = 499)  DVB sample OD adjusted (×1.28) (n = 499)

% Sensitivity 90.7 (87.7–93.2)b 96.2 (94.1–97.7)
% Specificity 100 (86.3–100) 92 (73.9–99.0)
% Positive predictive value 100 (99.1–100) 99.6 (98.4–99.9)
% Negative predictive value 36.2 (24.9–48.7) 56.1 (39.8–71.5)
Kappa value 0.49; 91%c 0.68; 96%

a DVB = dried venous blood.
b Figures in parentheses are 95% confidence intervals.
c Figures in italics are % agreement

Table 1. Comparison of positive (OD �0.2)a and negative
(OD <0.2) assay results for diagnostic samples eluted in
sample buffer, after serum correction and DVBb sample OD
correction and adjustmentc

DVB sample No. serum samples Total

(×1.28) + −

+ 62 1d 63
− 1e 34 35

Total 63 35 98

Assay parameters

% Sensitivity 98.4 (91.4–99.9)f

% Specificity 97.1 (85.1–99.9)
% Positive predictive value 98.4 (91.5–99.9)%
Negative predictive value 97.1 (85.1–99.9)
Kappa value 0.96; 98%g

a OD = optical density.
b  DVB = dried venous blood.
c See text for explanation of correction and adjustment. Serum samples

and DVBS were generally tested within three days and six months of
collection, respectively, after storage at 4 °C. Sensitivities, specificities,
positive predictive values, and negative predictive values of the Dade
Behring Enzygnost® Anti-Measles-Virus/IgG immunoassay for DVB
samples relative to serum samples, and 95% exact binomial
confidence intervals, are shown.

d DVB sample OD = 0.28, paired serum OD for measles IgG = 0.16
(sample was positive for measles IgM and measles virus RNA by
polymerase chain reaction).

e DVB sample OD = 0.17 (equivocal), paired serum OD = 0.27.
f Figures in parentheses indicate 95% confidence intervals.
g Figure in italics indicates % agreement.

serum OD, with the regression lines constrained to pass through
the origin. Adjustment of the DVB sample OD using the
Bland–Altman method comparison analysis (13) resulted in
OD values that were not significantly different from the serum
OD values (data not shown). The adjustment factor of 1.28
was applied to all corrected DVB sample OD values.

Comparison of serum and DVB samples
Table 1 shows the assay parameters (sensitivities, specificities,
PPV, NPV) and level of agreement (kappa statistic) of the
diagnostic samples comparing adjusted DVB sample OD values
to serum OD values. Adjustment of the DVB sample OD values
for samples stored up to six months did not alter the sensitivity
or specificity relative to serum OD values (data not shown).

However, Table 2 shows that the sensitivity of the assay, for
samples stored at 4 °C for 15–17 months, was significantly
improved after adjusting the DVB sample OD (difference
between unadjusted and adjusted DVB sample OD assay
sensitivity 5.5% (95% CI, 2.4–8.6%; P = 0.007). These results
suggest that antibody reactivity may be degraded if samples are
stored for periods of longer than six months at 4 °C.

In the assessment of population immunity in Victorian
schoolchildren, adjusted OD values of DVB sample eluted by
sample buffer produced an estimate of population immunity
not significantly different to that obtained from the paired serum
samples (94.9% vs 91.8%, difference 3.1% (95% CI, 0–6.2%;
P = 0.05)) (11).

There was no significant difference of GMTs from serum
or adjusted DVB samples for primary- and secondary-school
children (Table 3).

Discussion
We have previously shown the feasibility of using DVB in a
commercial EIA for diagnosing measles (9). We now report the
adaptation of a commercial assay to use DVB samples for
detecting measles-specific IgG. We have derived an adjustment
factor and established that, after adjustment, OD values for the
DVB samples were not significantly different to the OD values
obtained from the paired serum sample. Furthermore, we have
shown that population estimates of measles immunity and
measles antibody GMTs derived from adjusted DVB samples
and from serum were not significantly different, indicating that
this method of sampling and testing could be successfully used
in large-scale population seroprevalence studies.

We found that DVB samples could be stored for up to
six months at 4 °C without apparent loss of detectable
antibody activity, but not for longer than 15–17 months.
This phenomenon has been observed in other studies (9, 15).

Several groups (5, 8) have shown a good correlation
between serum and dried peripheral blood samples in the
investigation of measles antibody activity. However, the
correlation between dried samples prepared from peripheral and
venous blood for the quantification of measles IgG antibody
activity remains uncertain.

The Bland–Altman analysis enabled us to quantify the
agreement between serum and DVB sample types and showed
that the latter samples could replace serum in this immunoassay.
Independent validation of the method and adjustment factor
reported here will be necessary before adopting this method for
routine surveillance of immunity to measles. Validation of the
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Table 3. Geometric mean titres (GMTs) of Victorian primary- and secondary-school students for paired seroprevalence serum and
DVBa samples eluted using sample bufferb

Sample type GMTs of measles-specific IgG

Primary-school studentsc  Secondary school studentsd

(n = 182) (n = 317)

% Serum ODe 1445 mIU/ml (1257–1662)f 1175 mIU/ml (1041–1326)
Unadjusted DVB sample OD 1056 mIU/ml (900–1239) 789 mIU/ml (684–911)
 Adjusted DVB sample OD 1633 mIU/ml (1394–1912) 1235 mIU/ml (1071–1424)
Ratio in GMTs
Serum, unadjusted DVB sample 1.4 (1.1–1.7); P = 0.004g 1.5 (1.2–1.8); P <0.001g

Serum, adjusted DVB sample 0.89 (0.72–1.09); P = 0.254g 0.95 (0.79–1.15); P = 0.300g

a DVB = dried venous blood.
b See Materials and methods for details of seroprevalence samples. GMT calculations from DVB sample OD values before and after adjustment (i.e.

DVB sample OD ×1.28) were compared with the GMTs calculated from the serum OD values. Serum samples were generally tested within three
days and DVB samples within 15–17 months of collection after storage at 4 °C.

c Aged 5–13 years.
d Aged 14–17 years.
e OD = optical density.
f Figures in parentheses are 95% confidence intervals.
g P-value for ratio.

specimen collection method, transport, and storage conditions
will also be necessary. Preliminary results from field-testing
suggest that storage of dried blood spots for more than one week
at high ambient temperature and humidity may increase
background reactivity of the assay.

Our current investigation, our previous work (9), and the
findings reported by Helfand et al. describing the detection of
rubella-specific antibodies with commercial assays (7) show the
suitability of dried blood samples to facilitate rapid “in country”
investigation of measles outbreaks by any laboratory capable of
performing an EIA.

Others have noted the advantages of dried filter-paper
samples over blood samples — for example, ease of collection,
transport, and storage (6–8, 15). This study shows the additional
advantage of testing dried blood samples using a commercial kit
without requiring further reagents or altered incubation times.
Serum and DVB samples could be tested in the same assay strip,
albeit with different sample preparation. Furthermore, the same
adjustment factor can be applied to the OD of all samples stored
up to 17 months and the cut-off and validation values defined
by the kit protocol are unchanged. Subject to satisfactory field

testing, any laboratory capable of performing an EIA can
therefore carry out measles surveillance or seroprevalence studies
using DVB samples.  O
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Objectif Déterminer si la méthode du confetti (prélèvement
de sang sur papier filtre, séché et conservé) peut remplacer le
prélèvement de sérum quand un test immuno-enzymatique du
commerce est uti l isé pour la recherche des IgG anti-
rougeoleuses spécifiques.
Méthodes Des prélèvements appariés de sérum et des
confettis ont été obtenus chez 98 cas présumés de rougeole
et 1153 écoliers de la ville de Victoria (Australie). Tous les
prélèvements ont été testés avec un produit du commerce,
le Dade Behring Enzygnost Anti-Measles-Virus/IgG. Les
prélèvements sur papier ont été élués, soit dans le tampon
pour échantillon fourni par le fabricant du test, soit dans un

mélange 5 % de lait en poudre – salin tamponné aux
phosphates – Tween 20.
Résultats Les prélèvements sur papier élués dans le tampon
pour échantillon ont montré une corrélation linéaire meilleure
avec les prélèvements de sérum que les prélèvements sur papier
élués dans le mélange 5 % lait en poudre – soluté salin tamponné
aux phosphates – Tween 20. Pour améliorer la comparabilité des
prélèvements de sérum et des prélèvements sur papier, un facteur
d’ajustement de 1,28 a été appliqué à la densité optique (DO)
obtenue avec les prélèvements sur papier. Cet ajustement a
permis de quantifier directement le titre en IgG anti-rougeoleuses
en mUI/ml à partir de la DO en calculant alpha selon la méthode

Résumé

Recherche qualitative et quantitative des IgG anti-rougeoleuses par la méthode du confetti au moyen
d’une méthode immuno-enzymatique du commerce
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