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ABSTRACT The object of this study was to determine the diagnostic performance
of four commercially available IgM tests in the diagnosis of measles virus (MeV) pri-
mary infection and cases with a serological profile indicating reinfection. Sera from
187 patients with MeV primary infection, 30 patients with suspected reinfection (af-
ter vaccine failure), and 153 patients with rash-like symptoms after exclusion of MeV
infection were retested with four IgM tests. MeV infection was verified by reverse
transcriptase PCR (RT-PCR), and primary and suspected reinfections were differenti-
ated by IgG avidity and neutralization assays. All IgM assays displayed significant
agreement (Cohen’s κ, $0.604; all P, 0.001) and a higher diagnostic accuracy in pri-
mary infection than in suspected reinfection (indicated by high IgG avidity and sig-
nificantly higher anti-MeV-IgG and neutralizing titers). In the overall cohort, the areas
under the curve (AUC) were comparable among all tests, ranging from 0.875 to
0.931, with ranges increasing to 0.911 to 0.930 in the primary infection and decreas-
ing to 0.765 to 0.940 in the setting of high anti-MeV-IgG avidity, and all tests dis-
played high specificity (81.1 to 92.2%). Of note, IgM tests with the highest diagnostic
accuracy had discriminatory abilities not significantly different than PCR from serum.
Although reinfections pose a challenge for IgM testing, IgM assays remain a corner-
stone in the diagnosis of MeV infections. Especially in samples with a serological pro-
file indicating reinfections, IgM tests displayed an equal or even superior diagnostic
ability compared to PCR from serum.
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According to the European Centre of Disease Prevention and Control (ECDC),
13,460 cases of measles virus (MeV) infections occurred in European countries

between 1st December 2018 and 30 November 2019, most of them in France,
Romania, Italy, Poland, and Bulgaria, resulting in a total of 10 deaths (1). In view of
these recent outbreaks causing high morbidity and even mortality, the maintenance of
sufficiently high vaccination coverage and precise MeV surveillance remains the cor-
nerstone for MeV elimination (2). Currently, this is of special importance since vaccine
coverage rates have continuously not been sufficient to eliminate the virus, and sus-
pension of measles vaccination campaigns due to the ongoing severe acute respiratory
syndrome coronavirus 2 pandemic with the potential of declining MeV vaccination
coverages has been reported for more than 20 countries (3–5).

High-quality laboratory testing is crucial for a rapid and concise diagnosis and con-
tainment of MeV infections, especially in countries approaching MeV elimination (6).
The sequential production of virus-specific IgM and IgG antibodies (as a correlate of
the host’s humoral immune response against the virus) can be used for the laboratory
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confirmation of MeV infections, supplemented by direct molecular assays assessing vi-
ral RNA (7, 8).

Thus, serological testing is being most widely used since it is a fast, inexpensive,
and reliable method, which can be performed in a high-throughput manner (9). With
regard to test performance, previous studies comparing IgM tests—with reverse tran-
scriptase PCR (RT-PCR)-based assays as a reference—reported sensitivities of 89.9 to
98.8% and a specificity of 92.5 to 97.9% (10–12).

However, patient cohorts have been comparatively small, and to the best of our
knowledge, no study of IgM tests has specifically investigated the difficulties in cases
with a serological profile indicating MeV reinfection (breakthrough infection) after vac-
cine failure. Such reinfections may occur when baseline levels of protecting antibodies
are low (after an incomplete vaccination series or an inefficient vaccination response),
triggering a booster reaction of memory B- and T-cells, previously primed during pri-
mary infection with the vaccine-derived virus (13, 14).

Correspondingly, in the context of diagnostics, a fast and strong increase of virus-
specific IgG and neutralization titers may indicate reinfection (15). However, since
smaller amounts of naive B-cells producing IgM are activated in the course of a booster
response, the question arises of how the diagnostic accuracy of IgM assays may be
affected (16–19). Thus, we comprehensively analyzed the performance of four com-
mercially available MeV IgM tests in the diagnosis of MeV primary infection and sus-
pected reinfection.

MATERIALS ANDMETHODS
Samples, patients, and group definitions. The study included serum samples acquired from 370

patients and sent to the Center for Virology of the Medical University of Vienna between 1 January 2015
and 1 July 2019 for comprehensive MeV testing. Samples were obtained and sent by primary practi-
tioners, pediatricians, or hospitals either when MeV infection was clinically suspected (presentation of
typical symptoms, e.g., maculopapular rash in a patient) or after a prior MeV-specific IgM positive test
result requiring verification.

As shown in Fig. 1, the following samples were included in this study: (i) samples from patients with
confirmed MeV infection, defined by positive MeV-specific RT-PCR (genotyped as wild-type MeV) from
any material (serum, oral fluid, throat swab, or urine; n= 217; one sample per patient), and (ii) samples
from patients which were tested for measles-like symptoms or after a prior positive MeV-specific IgM
test result, but MeV infection was finally excluded (n= 153; one sample per patient). Exclusion of MeV
infection was defined by negative MeV-specific RT-PCR results from all submitted clinical materials plus
complete absence of IgG antibodies or presence of IgG antibodies with high avidity.

Samples with confirmed MeV infection could be further subdivided into patients with primary MeV
infection (group 1, defined by positive MeV RNA of wild-type virus together with undetectable IgG anti-
bodies or IgG antibodies with low avidity; n= 187) and suspected reinfection (group 2, defined by posi-
tive MeV RNA of wild-type virus in the presence of IgG antibodies with high-avidity; n= 30). Thus, sam-
ples from these two groups comprised laboratory-confirmed cases by the WHO criteria (laboratory

FIG 1 Patient flowchart and explanation of settings being analyzed.
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confirmation by IgM detection and/or a positive RT-PCR result for virus-specific RNA) (7). The 153
patients without MeV infection served as controls and were termed group 3. Importantly, the following
patients were excluded from the study to avoid misclassification: (i) patients receiving postexposure vac-
cination or postexposure prophylaxis, (i) patients with recent vaccine-type MeV infection (as identified
by genotyping), (iii) patients with borderline avidity indices, and (iv) patients from whom insufficient se-
rum material was available to perform all four anti-MeV-IgM immunoassays. When consecutive samples
were available from the same patient, only the earliest serum sample was included this study.

Anti MeV-IgM immunoassays. Four commercially available MeV ELISAs were used to comparatively
assess anti-MeV IgM antibodies, test A (anti-measles virus IgM ELISA [Euroimmun, Lübeck, Germany]),
test B (Platelia measles IgM ELISA [Bio-Rad, Hercules, CA, USA]), test C (Serion ELISA classic measles virus
IgM [Virion/Serion, Würzburg, Germany]), and test D (Liaison measles IgM chemiluminescent immunoas-
say [CLIA; DiaSorin, Saluggia, Italy]). All tests were performed according to the manufacturer’s instruc-
tions and interpreted with the following cutoffs provided by the manufacturers: test A ratio:,0.80 nega-
tive, 0.80 to 1.10 borderline, and .1.10 positive; test B ratio: ,0.80 negative, 0.80 to 1.20 borderline, and
.1.20 positive; test C ratio: ,10.0 negative, 10.0 to 15.0 borderline, and .15.0 positive; test D ratio:
,0.90 negative, 0.90 to 1.10 borderline, and .1.10 positive.

Further information on laboratory methods (including the neutralization assay, RT-PCR, and geno-
typing) and the ethical statement are presented in the supplemental material.

Data analysis and statistical methods. In a first step, the diagnostic accuracy of each evaluated
anti-MeV-IgM test was evaluated in the overall cohort by comparing patients with primary MeV infection
(group 1) and suspected reinfection (group 2) with the control group, who did not display any evidence
for MeV infection (group 3). Then, the diagnostic accuracy of IgM assays was assessed in two real-life sce-
narios, as shown in Fig. 1. In a “primary infection setting,” all patients from group 1 were compared to
corresponding anti-MeV-IgG negative samples from the RT-PCR negative-control group 3 (n= 49 out of
153). In a “high anti-MeV-IgG avidity setting,” all patients from group 2 with suspected reinfection (MeV
RNA positive in the presence of anti-MeV-IgG antibodies with high avidity) were compared to corre-
sponding anti-MeV-IgG positive samples with high avidity from the RT-PCR negative-control group 3
(n= 104 out of 153).

To assess the diagnostic accuracies, receiver operating characteristic (ROC) analyses calculating the
area under the curve (AUC) were performed, and 95% confidence intervals (95% CI) were included to
quantify uncertainty. In addition, the DeLong test was used to compare the diagnostic performance
(AUC) among the four anti-MeV-IgM tests A to D. To assess the agreement of the anti-MeV-IgM tests,
Cohen’s kappa coefficient was used. Comparisons of IgM titers were performed using the Mann-Whitney
U test.

Statistical analyses were performed using IBM Statistics 25 (SPSS, Inc., USA) and Prism 8.3.1
(GraphPad Software, Inc., La Jolla, CA, USA). Continuous variables were reported as median and inter-
quartile range (IQR), and categorical variables were reported as numbers (n) and proportions (%) of
patients. A P value of,0.05 was considered statistically significant.

RESULTS
Patient characterization. Out of 217 patients with RT-PCR-confirmed wild-type

MeV infection, 187 patients (82.4%) displayed serological evidence for primary infec-
tion (group 1), and 30 patients displayed evidence for suspected reinfection (17.6%,
group 2). A total of 153 patients with clinical suspicion of MeV infection or a prior posi-
tive screening IgM result in an external laboratory, in which MeV RT-PCR finally tested
negative in serum (and all additionally submitted materials), served as controls (group
3; Fig. 1).

Importantly, patients from group 2 (suspected reinfection) displayed significantly
higher levels of total anti-MeV-IgG antibodies (2,881 [IQR, 1,359 to 4,920] versus 121
[64 to 249] IU/liter; P, 0.001), higher avidity indices (80.5% [70.3 to 90.0%] versus
15.9% [12.8 to 20.7%]; P, 0.001) and higher neutralizing antibody titers (480 [150 to
1,280] versus 35 [20 to 60]; P, 0.001) than samples from group 1 (primary infection;
see Table S1 in the supplemental material). Detailed results from RT-PCR analyses are
presented in Table S2. Of note, all patients from group 1 and 2 had positive RT-PCR
(wild-type MeV) from at least one material type, while all patients from group 3 dis-
played negative RT-PCR results from all materials submitted. Of 16 patients with nega-
tive RT-PCR from serum, 2 were RT-PCR positive in urine, 6 in oral fluid/throat swap,
and 8 in both materials. Although serological results clearly indicated primary infection,
12 patients of group 1 (6.4%) reported a previous vaccination, indicating the possibility
of primary vaccine failure. In group 2, positive anamnesis of previous vaccinations was
available for 20 patients (66.6%), while no vaccination data were available for the other
10 patients. Previous vaccinations were confirmed through health records.
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Detection rates of IgM tests. The highest rates of positive test results for MeV pri-
mary infection (group 1) and suspected reinfection (group 2) were found with IgM test
B (164 patients of group 1, 87.7%; 24 patients of group 2, 80.0%), with the highest neg-
ative rate in controls (139 patients of group 3, 90.8%; Table 1). However, 16 acutely
infected patients of group 1 and 3 patients of group 2 displayed negative results in all
4 IgM tests. Additionally, 12 controls of group 3 tested positive in at least 3 of 4 per-
formed IgM assays despite negative RT-PCR from serum.

Agreement among the tests. Overall, there was substantial agreement among all
4 IgM tests performed (all P, 0.001), being statistically strongest in the overall cohort
among tests B and C (Cohen’s κ, 0.834; P, 0.001) and weakest among Test A and D
(Cohen’s κ = 0.604, P, 0.001; Table S3). Importantly, agreement was higher in the pri-
mary infection setting and was reduced among all combinations in the high anti-MeV-
IgG avidity setting.

Diagnostic performance. To assess the diagnostic accuracy, we performed ROC
analyses for each test to diagnose acute MeV infections using positivity in RT-PCR from
any material as reference (see Materials and Methods). Importantly, all tests were
highly accurate in diagnosing MeV infection, with an AUC of 0.893 (95% CI, 0.860 to
0.926) for test A, 0.931 (95% CI, 0.902 to 0.959) for test B, 0.924 (95% CI, 0.896 to 0.953)
for test C, and 0.875 (95% CI, 0.837 to 0.913) for test D in the overall cohort, being sig-
nificantly different between test B versus D (P=0.021) and C versus D (P=0.042).

Correspondingly, the AUC was comparable among all four tests in the primary infec-
tion setting (test A, 0.911 [95% CI, 0.867 to 0.954]; test B, 0.930 [95% CI, 0.885 to 0.974];
test C, 0.923 [95% CI, 0.879 to 0.966]; test D, 0.922 [95% CI, 0.872 to 0.972]). In the high
anti-MeV-IgG avidity setting, the AUC was 0.845 (95% CI, 0.774 to 0.915) for test A, 0.940
(95% CI, 0.901 to 0.980) for test B, 0.919 (95% CI, 0.871 to 0.967) for test C, and 0.765
(95% CI, 0.680 to 0.851) for test D, being significantly different between A versus B
(P=0.020), B versus D (P, 0.001), and C versus D (P=0.002) (Fig. 2, Fig. S1 to S3).

Furthermore, we evaluated the diagnostic indices (sensitivity and specificity) of each
test in each setting and found a high specificity for all tests in the overall cohort (81.1 to
92.2%, Table 2). Notably, sensitivity (72.3 to 87.2%) and specificity (89.6 to 93.8%) were
higher in the primary infection setting and slightly lower in the setting of high anti-MeV-
IgG avidity (sensitivity, 48.3 to 82.8%; specificity, 76.2 to 91.4%). In general, tests B and C
displayed the highest sensitivity and specificity in the overall cohort and the high anti-
MeV-IgG avidity setting, while all tests were similar in the primary infection setting.
Finally, sensitivity did not significantly differ between RT-PCR from serum and tests B
and C in any setting. Importantly, diagnostic performance of the assay results did not sig-
nificantly change when borderline results were excluded from analyses (Table S4).

Test performance in relation to onset of symptoms and serological infection
stages. Next, we investigated the positive detection rates (sensitivity) of the four IgM
immunoassays during the course of infection. Interestingly, sensitivity was ,30% in all

TABLE 1 Test results of four commercially available Anti-MeV-IgM immunoassays

Group Measurement

No. (%) for:

Test A Test B Test C Test D
Primary infection,
group 1 (n= 187)

Negative 43 (23.0) 18 (9.6) 22 (14.4) 27 (14.4)
Borderline 8 (4.3) 5 (2.7) 3 (1.6) 5 (2.7)
Positive 136 (72.7) 164 (87.7) 162 (86.6) 155 (82.9)

Suspected reinfection,
group 2 (n= 30)

Negative 14 (46.7) 3 (10.0) 7 (23.3) 14 (46.7)
Borderline 1 (3.3) 3 (10.0) 1 (3.3) 2 (6.7)
Positive 15 (50.0) 24 (80.0) 22 (73.3) 14 (46.7)

Control, group 3
(n= 153)

Negative 124 (81.0) 139 (90.8) 132 (86.3) 124 (81.0)
Borderline 13 (8.5) 2 (1.3) 7 (4.6)
Positive 16 (10.4) 12 (7.8) 14 (9.2) 29 (19.0)
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FIG 2 (A to C) Receiver operator characteristic (ROC) analysis of IgM tests to diagnose acute MeV
infections (A) in the overall cohort, (B) in the primary infection setting, and (C) in the suspected
reinfection (high anti-MeV-IgG avidity) setting. Differences among the area under the curve using the
DeLong test were as follows: overall cohort (A): test A versus test B, P= 0.093; test A versus test C,
P= 0.164; test A versus test D, P= 0.4733; test B versus test C, P= 0.756; test B versus test D, P= 0.021;
test C versus test D, P= 0.042. Primary infection setting (B): test A versus test B, P= 0.550; test A
versus test C, P= 0.699; test A versus test D, P= 0.743; test B versus test C, P= 0.831; test B versus test
D, 0.P= 817; test C versus test D, P= 0.974. Reinfection setting (C): test A versus test B, P= 0.020; test
A versus test C, P= 0.067; test A versus test D, P= 0.162; test B versus test C, P= 0.508; test B versus
test D, P, 0.001; test C versus test D, P= 0.002.
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tests before onset of rash, increasing to 43.6 to 71.8% at day 0 or 1 postonset and
being comparable to serum RT-PCR at day 6 or 7 (91.4 to 100% versus 95.3%; Fig. 3A).
Of note, sensitivity was higher than serum PCR from day 7 postonset of rash (88.0 to
100% versus 73.1%). In an analysis comparing sensitivities among serological stages,
positive detection rates peaked in all tests (90.9 to 100%) when MeV IgG became ini-
tially detectable and tested borderline (Fig. 3B). The sensitivity subsequently declined
after Ig class switching when IgG assays provided positive results, irrespective of con-
current RT-PCR results from serum (IgG positive and PCR positive, 78.3 to 92.8%; IgG
positive and RT-PCR negative, 50.0 to 83.3%).

Finally, we aimed to analyze the longitudinal increase of anti-MeV-IgM antibodies
measured by each test. Since the semiquantitative anti-MeV-IgM tests use different
cutoffs, a ratio was computed for such a comparison. The ratio was calculated for each
test by dividing the measured anti-IgM antibody values by the respective cutoff of the
test. This analysis showed that values detected by tests B and C increased earlier (me-
dian ratio, 3.61 to 4.59 on day 0/1; increasing to 8.54 to 13.63 after day 7; Fig. S4). In
contrast, values of tests A and D remained lower, reaching a median ratio of 2.67 for
test A and 3.36 for test D after day 7.

Combination of tests.We then analyzed whether a combination of two IgM assays
increased the diagnostic accuracy compared to using one test alone (Table S5).
Increased equalized diagnostic indices were particularly observed for the combinations
of test A or D with test B or C. However, no combinations achieved a significantly
improved diagnostic ability compared to the ability of test B or C alone, despite a com-
bination of these two yielding the highest diagnostic values.

Importantly, double-positive test results in any two tests achieved a high specificity
(overall cohort, 92.8 to 95.4%; primary infection setting, 93.8%; high anti-MeV-IgG avid-

TABLE 2 Sensitivity and specificitya of IgM tests to diagnose acute MeV infections in the overall cohort, in the primary infection setting, and in
the high Anti-MeV-IgG avidity setting

Group Measurement

Result (range) for (%):

Test A Test B Test C Test D PCR (serum)b

Overall cohort (n=370) Sensitivity 69.6 (63.2–75.3) 86.6 (81.5–90.5) 84.8 (79.4–89.0) 78.3 (72.4–83.3) 93.1 (88.9–95.8)
Specificity 89.5 (83.7–93.5) 92.2 (86.8–95.5) 90.9 (85.2–94.5) 81.1 (74.1–86.5)

Primary infection setting
(n= 236)

Sensitivity 72.3 (65.6–78.2) 87.2 (81.7–91.3) 86.2 (80.5–90.4) 83.0 (77.0–87.7) 94.7 (90.4–97.1)
Specificity 89.6 (77.8–95.5) 93.8 (83.2–97.9) 91.7 (80.5–96.7) 91.7 (80.5–96.7)

High anti-MeV-IgG avidity
setting (n= 134)

Sensitivity 51.7 (34.4–68.6) 82.8 (65.5–92.4) 75.9 (57.9–87.8) 48.3 (31.4–65.6) 82.8 (65.5–92.4)
Specificity 89.5 (82.2–94.1) 91.4 (84.5–95.4) 90.5 (83.4–94.7) 76.2 (67.2–83.3)

aDiagnostic indices were calculated grading “borderline” results as “negative” using the cutoffs according to the manufacturer.
bDiagnostic indices were calculated using PCR from any material as positive reference.

FIG 3 Sensitivity of IgM tests (A) at different days post onset of rash and (B) at different serological stages.
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ity setting, 92.4 to 96.2%) among all combinations, while one positive test result
among two combined tests generally increased sensitivity.

Performance in serum samples with negative PCR. Finally, we specifically ana-
lyzed 16 patients (7.4%) with a negative RT-PCR result from serum despite a positive
RT-PCR result from any other material (verifying the infection). IgM tests were positive
in up to 75.0% of patients with confirmed MeV infection, being highest for tests B and
C in the primary infection (70.0%) as well as in the reinfection setting (83.5%; Table S6).

DISCUSSION

IgM testing remains a cornerstone of MeV diagnostic in clinical virology. In our com-
prehensive, comparative study, we demonstrate the excellent clinical applicability of
four commercially available IgM tests to diagnose MeV infections in a real-life cohort of
symptomatic patients with suspected MeV infection. Importantly, we demonstrate
data from one of the largest cohorts of MeV infections not only being comprehensively
analyzed, but also in relation to RT-PCR as the reference method (not only from serum,
but also from oral fluid, throat swab, or urine). Furthermore, we here provide additional
data to address the problem of serological diagnosis in samples with a serological pro-
file indicating possible reinfection (after vaccination breakthrough).

False-positive test results using IgM and IgG ELISAs or CLIAs have been reported
due to binding of nonspecific IgM antibodies caused by other viral infections, such as
human parvovirus B19 (B19V), rubella, or human herpesvirus, or interference by rheu-
matoid factor (20). In general, our study demonstrates comparable false-positive rates
in all evaluated assays (most frequently in test D, followed by tests A, C, and B).
Notably, out of the 153 controls without MeV infection, only 6 (3.9%) displayed IgM
antibodies against Epstein-Barr virus (EBV) and only 5 (3.3%) against B19V, indicating
that cross-reactivity due to EBV and B19V infections was relatively uncommon in our
control group (data not shown). Such a low EBV and B19V prevalence in controls could
contribute to the high specificity we observed for the evaluated IgM tests. It should
thus be considered that the specificity data we provide refer to our selected control
group (individuals with measles-like symptoms or with a previous IgM-positive screen-
ing test). In other cohorts, e.g., including more individuals with confirmed EBV infec-
tions, specificity may differ.

To assess the assays’ diagnostic performance, we used a primary infection setting
(comparing confirmed primary infections to those individuals from the control group
who did not display any detectable MeV-specific IgG antibodies) and a high anti-MeV-
IgG avidity setting (comparing a serological profile indicating possible reinfection with
those patients from the control group with anti-MeV-IgG antibodies of high avidity). Of
note, sensitivity was higher in the primary infection setting, confirming that high IgM
antibody levels reflect the initial contact of naive B-cells with a pathogen (16–19). IgM
positivity in suspected reinfection cases, however, also yielded high diagnostic signifi-
cance. The lower sensitivity we observed for all four evaluated assays in the setting
when anti-MeV-IgG antibodies with high avidity were present may be caused by a
lower number of activated naive B-cells due to the booster response of memory cells,
limiting viral replication earlier than in primary infection and thereby causing a delayed
stimulation of naive cells (6, 21, 22). However, tests B and C were equally able to iden-
tify suspected MeV reinfection as RT-PCR from serum, probably due to lower levels of
MeV RNA in blood from reinfected patients.

This observation suggests a promising role of IgM testing not only in primary MeV
infection but also in cases with suspected reinfection. However, our data indicate that
the detection rates of MeV-specific IgM antibodies depend not only on the applied im-
munoassay but also on the interval postinfection (or since the symptom onset). The
sensitivity of RT-PCR also depends on the time point postinfection but strongly on the
sample material (23). Notably, a previous study with serologically confirmed MeV cases
demonstrated that in 65% of the patients, the diagnosis was confirmed by at least one
RT-PCR positive sample, with higher detection rates in throat swabs than in serum
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samples (8). Notably, RT-PCR from serum less frequently yielded positive test results as
the infection progressed (and IgG antibody responses developed) (8). Similarly, in our
study, 12 patients with negative RT-PCR from serum (group 3) unanimously tested pos-
itive in $3 IgM tests, proposing the possibility of false-negative results from serum RT-
PCR (due to low viral RNAemia or preanalytic limitations) and correct identification as
MeV cases by IgM serology only, which would have resulted in even higher specificities
(6). Throat swab, oral fluid, or urine samples, which would have been required for ulti-
mate verification, were unfortunately not available for these patients.

Similar to these patients and in accordance with the previous study, we identified
the considerable number of 16 samples with negative RT-PCR from serum despite posi-
tive RT-PCR from any other material, being 10/187 patients (5.3%) in primary infections
and 6/30 (20.0%) in suspected reinfection cases (8). Our data thus indicate a certain
weakness of RT-PCR diagnosis when it is only performed in serum samples, especially
in patients with possible reinfection. However, all four IgM ELISAs correctly identified
between 50 and 83.5% of these cases as MeV infections, highlighting the additional
benefit of serological IgM testing in MeV diagnosis. Finally, our data provide evidence
that only the combination of specific immunoassays might increase the overall sensi-
tivity, while combining multiple IgM tests might result in an increase of specificity.

While the sensitivity of IgM testing clearly differs between primary infection and
reinfection, time post-onset of symptoms poses an additional factor affecting the accu-
racy of IgM test results (24, 25). Usually, sensitivities of IgM tests have been reported to
be lower in samples collected within 3 days of rash onset and highest between 6 and
14 days after symptom onset, reaching sensitivities of 94 to 100% until day 30 (10,
26–28). Specifically, 16 patients of group 1 and 3 patients of group 2 tested negative in
all IgM tests, probably due to a very early sampling post-onset of symptoms. Our data
of four different assays confirm that the sensitivity of IgM testing gradually increases
over time, being comparable to RT-PCR from day 4/5-post onset of symptoms.

The results of this study are certainly limited by the fact that RT-PCR from serum
was performed in every patient and control individual, but additional sample materials
were not available in every patient. This might impose a certain degree of false-nega-
tive samples in the control group (group 3), as noted above, and limit the specificity of
IgM tests in our cohort.

Nevertheless, we provide comprehensive and comparative data indicating that IgM
testing provides excellent accuracy for diagnosis of MeV cases, not only for primary
infection, but also in samples with a serological profile indicating the possibility of rein-
fection after vaccination breakthrough. When interpreted properly and combined with
RT-PCR-based assays, the evaluated commercial assays provided a highly accurate
stratification of suspected MeV cases and even showed a diagnostic performance com-
parable to RT-PCR from serum in cases with high anti-MeV-IgG avidity.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.8 MB.
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