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Abstract

The objective of this study was preliminary evaluation of IgM cross-reaction in sera collected from
children hospitalized because of suspected legionellosis. Sera with positive IgM results to L. pneumoph-
ila sgsl-7, B. pertussis or with simultaneous detection of IgM antibodies to L. pneumophila sgsl-7
and B. pertussis, or IgM to L. pneumophila sgsl-7 and M. pneumoniae in routine tests, were selected.
In total, an adapted pre-absorption test was used for the serological confirmation of legionellosis in
the sera of 19 children suspected of legionellosis, and also in 3 adult persons with confirmed Legion-
naires’ disease. Sera were pre-absorbed with antigens of L. pneumophila sgl, B. pertussis or both,
and tested by ELISA tests. The reduction of IgM antibody level by pre-absorption with antigen/anti-
gens was determined. Reduction of anti-Lpsgsl-7 IgM by pre-absorption with L.pneumophila sgl an-
tigen ranged from 1.5 to 80, and reduction of anti-Bp IgM by pre-absorption with B. pertussis ranged
from 2.0 to 23.8. Reduction by both antigens varied depending on the age of the patients: among chil-
dren <4 yrs.old, the reduction of anti-B. pertussis IgM by both antigens was higher than for B. pertus-
sis antigen alone. Based on the high difference (> 2 times) between reduction by L.pneumophila sgl
and by B. pertussis antigen, legionellosis was confirmed in 8/19 children. The majority of them also
indicated IgM positive/borderline results for B. pertussis or M.pneumoniae in routine ELISA tests.
As a preliminary, we posed a hypothesis of a potential impact of an anti-pertussis vaccination on the

results obtained in anti-L. pneumophila ELISA IgM tests among young children.
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Introduction

The phenomenon of cross-reactions is observed in
serological tests. It refers particularly to tests in which
bacterial surface antigens are used [1-3]. This phenome-
non may influence the results of serological tests and their
interpretation, so it may have a very big impact on the di-
agnosis and treatment of infections [1-6]. Interpretation of
serological test results is one of the most difficult tasks
in the diagnosis of bacterial or viral infections, because
of the insufficient specificity and limitations of the tests.
A positive result of specific [gM determination is possible
only in a particular, often 3-5 weeks, period of infection.
The dynamics of the formation of specific antibodies and
their disappearance depends on the type of antibody, the
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individual properties of the host (age, immunocompetence
etc.), the interval between onset and sampling, and also the
type of antigen or technique used [1-3, 7].

Infection caused by bacteria Legionella spp. might be
manifested as an infection of the respiratory tract with-
out characteristic clinical symptoms or a flu-like fever
(eg. Pontiac fever), or as an atypical pneumonia (Legion-
naires’ disease, LD). Symptoms such as persistent and
heavy cough, fever, and fatigue might be observed as a re-
sult of infection due to Legionella spp., but also Borde-
tella pertussis, Mycoplasma pneumoniae, Chlamydophila
pneumoniae and respiratory viruses [4, 6, 8-10]. Bacte-
ria Legionella spp., M. pneumoniae and C. pneumoniae
need to grow inside eukaryotic cells, including human, for
their life-cycle. Intracellular growth of these bacteria and
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non-specific clinical symptoms are the main reason for
the delay in diagnosis and the use of a serological test. In
Poland, the majority of reported cases of L. pneumophila
infection were diagnosed based on serological diagnostics
tests. Serological tests are also widely used in diagnosis of
the infection caused by B. pertussis [11, 12].

In a previous study, a high prevalence of co-detection
of IgM for L. pneumophila sgl and B. pertussis, also L.
pneumophila sgl and M. pneumonia, was observed in
children, especially if older than 4 yrs. The possibility of
a cross-reaction in a serological test might be the cause
of false diagnosis. However, co-detection of IgM in tests
directed at different pathogens might be caused by co-in-
fection, or be a result of prior infection or even vaccina-
tion [4-6, 8, 13, 14]. All of these possibilities should be
considered.

The high proportion of serum samples with co-detec-
tion of IgM to selected bacteria indicated that additional
tests to confirm legionellosis should be carried out. For
this purpose, the adapted test of pre-absorption of serum
samples was used [15]. Sera collected from adult patients
with confirmed legionellosis (by seroconversion and PCR)
were also examined using this test.

The aim of this study was to evaluate the influence of
IgM cross-reaction in serological tests to L.pneumophila
sgl and B. pertussis on diagnostic procedures in children
suspected of legionellosis. Futhermore, the potential im-
pact of vacination against pertussis on IgM cross-reaction
was considered.

Material and methods
Material

Sera for the pre-absorption test were selected on the
basis of results of routine ELISA tests for L. pneumo-
phila sgs1-7, B. pertussis and M. pneumoniae. In total,
19 serum samples from children hospitalized in 2006-2007
were chosen. In 15 out of 19 sera positive IgM results for
at least two pathogens were previously determined by ELI-
SA tests. Moreover, serum samples collected from 3 adults
with confirmed Legionnaires’ disease hospitalized in 2007
were also used in this study.

Methods

Test of serum pre-absorption

A test of sera pre-absorption was done for the confir-
mation or exclusion of the infectious agent. A modified
method for pre-absorption was developed for confirma-
tion of legionnellosis in case when serum sample was only
available specimen [15]. For the purpose of determination
of possible cross-reactions among serogroups belonging to
species L. pneumophila, validation tests were done using
sera collected from 10 patients with confirmed legionellosis
by culture, serological tests or by urinary antigen L.pneu-
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mophila sgl assay. There were examined sera from patients
infected with bacteria belonging to 6 different subgroups
among serogroup 1 of L. pneumophila or cases due to
L. pneumophila sg3. The sera were kindly provaded by dr
Pernille Elverdal from Statens Serum Institut, Denmark. It
was found that the pre-absorption test might be useful tool
for differentiation of aetiological agent of infection, even
among species L. pneumophila (Fig. 1).

In this work, the reduction of cross-reaction and increase
in the specificity of reaction in pre-absorbed sera was de-
termined by using antigens of B. pertussis (strain 3628/97)
and L. pneumophila sgl (ATCC 33152). Briefly, each se-
rum sample was divided into 4 parts. To each part, the same
volume of one of the 4 prepared solutions was added:

e to the first part — antigen L. pneumophila sg1 (Lp sgl);

e to the second part — antigen B. pertussis (Bp);

e to the third part — mix of L. pneumophila sgl and

B. pertussis antigens (in equal volume);

o to the fourth part — PBS only.

All samples were incubated for 18 hours at 4°C. After
incubation, all samples were centrifuged and supernatants
tested by ELISA IgM tests for L. pneumophila sgs1-7 (Eu-
roimmun, Medizinische Labordiagnostika AG, Liibeck,
Germany), B. pertussis (used purified lysate antigens) and
M. pneumoniae (both Novatec, Immunodiagnostica Gmbh).

Index of IgM in sera

I_ pre-absorbed with &)
homogeneous antigen* among

L. pneumophila species

Index of IgM in sera

@ pre-absorbed with
heterogeneous antigen ** among
L. pneumophila species

0 10 20 30 40 50 60
Index of IgM

* Homogeneous antigen — sera from patients with confirmed by
culture infection due to L. pneumophila sg 1, and pre-absorbed
with antigen prepared from reference strain L. pneumophila sg 1
subgroup Philadelphia (ATCC 33152) or sera from patients with
confirmed

L. pneumophila sg 3 infections and pre-absorbed with

L. pneumophila sg 3 antigen (reference strain ATCC 33155)
**Heterogeneous antigen — sera from patients with legionnellosis
caused by L. pneumophila sg 1 and pre-absorbed with antigen Lp3
or sera of patients with infection due to L. pneumophila sg 3 pre-
absorbed with L. pneumophila sg1 antigen.

Fig. 1. Significant differences in reduction of IgM level by
pre-absorption (determined values of IgM Index) by used
heterogenous or homogeneous antigen of L. pneumophila
(P, =0,00437498 in Kolmogorov-Smirnov test)
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Results were calculated and interpreted according to
manufacturers’ instructions. However, for the comparative
analysis all the results of ELISA IgM tests were presented
in one way — as a ratio of the OD value of the sample to the
OD value of the calibrator. This result was called the ELI-
SA test value, VE. Interpretation of the results showed pos-
itive VE > 1.1, negative VE < 0.9; borderline > 0.9 — <1.1.

e The reduction of IgM concentration was presented as
an IgM Index , the ratio of the ELISA result in serum
non-absorbed (VENA, with PBS only) to the result in
serum pre-absorbed with one or two antigens (VENA/

VEAbs = Index).

Statistical analyses

Statistical analyses were done using Statgraphics for
Windows, Centurion, v.XV. StatPointTech.Inc.USA.
The multiple variables analysis method was used for
quantitative data. For data without a normal probability
distribution, the comparison of medians-Mann-Whitney
(Wilcoxon), W test and Kolmogorov-Smirnov tests were
used. The multiple variable comparison included ANOVA,
Multiple Range tests (based on 95% LSD), Kruskal-Wallis
test and Mood’s Median test. For qualitative/categorical
data cross-tabulation, tests of independence (y? or Fisher’s
exact tests), the degree of association between rows and
columns (contingency coeff., lambda test and Pearson’s
correlation), odds ratios and relative risk (if possible) were
performed. The significant relation was considered the re-
sult of P/ < 0.05. For the statistical analysis, all results
of ELISA IgM tests were presented in one way — as the
ratio of the OD value of the sample to the OD value of the
calibrator.

Results

Significant differences in the reduction of IgM level
by pre-absorption of sera with specific antigens, so-called

homogeneous antigens for ELISA test, in relation to the
pre-absorption with non-specific antigens, so-called het-
erogeneous, was found (Table 1). Overall, the highest
reduction and diversification of the results was obtained
when sera were pre-absorbed with the homogeneous
antigen of L. pneumophila sgl. The reduction in serum
pre-absorbed with L. pneumophila sgl antigen and tested
by the anti-L. pneumophila sgs1-7 ELISA IgM assay was
as high as 80 times. As a control of the specificity of the
pre-absorption test with antigen L. pneumophila, a test of
pre-absorption of selected sera with L. pneumophila sg 12
antigen was also done. The results of reduction (not pre-
sented) were always lower than the reduction by antigen
L. pneumophila sg1, but in same cases — similar. General-
ly, the lowest values and the differentiation were found in
a study of sera pre-absorbed with heterogeneous antigen
and these results were similar, regardless of the configu-
ration used.

The group of 22 patients from whom sera were pre-ab-
sorbed, was divided into 3 subgroups based on the pa-
tients’ age: < 4 yrs., 4-17 yrs. and adults (> 18 yrs.). It
is worthwhile to emphasize that statistically significant
differences in the values of the IgM index for each anti-
gen, depending on the age of the patients, were identified.
There were significant differences in the reduction of IgM
level in tests of sera pre-absorbed with homogeneous, or
both antigens, between the groups of patients (P, = 0.0018)
(Fig. 2). Index values for tests of sera pre-absorbed with
heterogeneous antigen were similar and the lowest in all
3 age groups.

Generally, the highest reduction of anti-B. pertussis
IgM as a result of pre-absorption with B. pertussis (homo-
geneous antigen) or both antigens was observed among
children, whereas a low level of the reduction was found
within the group of adults. Conversely, the highest reduc-
tion of anti-L. pneumophila sgs1-7 IgM in sera pre-ab-
sorbed with homogeneous or both antigens was observed

Table 1. Determined values of IgM Index (ratio of IgM in non-absorbed serum (NA) to IgM in pre-absorbed serum)

Absorbed with Test IgM ELISA/ Index of IgM tests (NA/pre-absorbed)
sera pre-absorbed with antigens Bp or In all 22 serum samples
Lp1 or both Min.-Max. Average Coeff. of variation
Homogenous BpM/abs.Bp 2.0-23.8 6.71 66.66%
antigen LpM/abs.Lpl 1.5-80.0 18.30 113.89%
Heterogeneous BpM/abs.Lpl 1.2-2.7 1.86 22.94%
antigen LpM/abs.Bp 13-3.0 1.96 20.57%
MpM/abs.Lpl 0.8-3.75 1.60 45.43%
Both antigens BpM/abs.Bp+Lpl 1.8-47.7 10.55 115.14%
LpM/abs.Bp+Lpl 1.4-62.5 15.47 118.74%

LpM/abs.Lpl — sera pre-absorbed with antigen L. pneumophila sgl tested by anti-L. pneumophila sgs1-7 ELISA IgM assay; BpM/abs.Bp — sera pre-absorbed
with antigen B. pertussis tested by anti-B. pertussis ELISA IgM assay; BpM/abs.Bp+Lp1— sera pre-absorbed with both antigens L. pneumophila sgl and
B. pertussis tested by B. pertussis ELISA IgM assay; LpM/abs.Lp1+Bp = sera pre-absorbed with both antigens L. pneumophila sg1 and B. pertussis tested by anti-

L. pneumophila sgs1-7 ELISA IgM assay

182

Central European Journal of Immunology 2015; 40(2)



Cross-reactions in IgM ELISA tests to Legionella pneumophila sgl and Bordetella pertussis among children suspected of

legionellosis; potential impact of vaccination against pertussis?

BpM/abs.Bp

BpM/abs.Bp + Lpl

Lp M/abs.Lpl

Lp M/abs.Lpl + Bp

BpM/abs.Bp

BpM/abs.Bp + Lpl

Children < 4 y.o.

Lp M/abs.Lpl

Lp M/abs.Lpl + Bp

BpM/abs.Bp

BpM/abs.Bp + Lpl

Lp M/abs.Lpl

Lp M/abs.Lpl + Bp

Children > 4 y.o.
O
(]
Adults
+
| +
0 10 20 30 40 50 60 70 80

Determined values of Index IgM
(ratio of IgM to IgM pre-absorbed with antigen/antigens)

LpM/abs.Lpl — sera pre-absorbed with antigen L. pneumophila sgl tested by anti-L. pneumophila sgs1-7 ELISA IgM assay;

BpM/abs.Bp — sera pre-absorbed with antigen B. pertussis tested by anti-B. pertussis ELISA IgM assay;

BpM/abs.Bp+Lp1 — sera pre-absorbed with both antigens L. pneumophila sg1 and B. pertussis tested by B. pertussis ELISA IgM assay;
LpM/abs.Lpl+Bp — sera pre-absorbed with both antigens L. pneumophila sgl and B. pertussis tested by anti-L.pneumophila sgs1-7 ELISA

1gM assay

Fig. 2. Reduction of IgM level by pre-absorption (determined values of IgM Index)

among adults with diagnosed Legionella pneumonia (80
and 61 times, respectively). However, among children
aged 4-17 yrs., the values of the IgM Index were also high,
especially in two patients (4.5 yrs. and 9.5 yrs.) with diag-
nosed Legionnaires’ disease (reduction of IgM: 61.0 and
31.5 times, respectively).

Further analysis indicated greater serological variation
among children, depending on the age. Among younger
children (< 4 yrs.), levels of reduction of anti-B. pertussis
IgM were found, in particular in tests of sera pre-absorbed
with two antigens together. These were significantly high-
er than in older children. Moreover, in this group we ab-
served the highest reduction of anti-B. pertussis IgM in
sera pre-absorbed with homogeneous antigen (Index BpM/
Bp =23.8). Conversely, levels of reduction of anti-L.pneu-
mophila sgs1-7 IgM after pre-absorption with homogenous
antigen were significantly increased in older children in
comparison with younger children.

Differences in IgM reduction by homogeneous antigens
in individual patients were also analyzed. For this purpose,
the ratio between two values of the determined index was

Central European Journal of Immunology 2015; 40(2)

evaluated (the ratio of index LpM/abs.Lp1 to index BpM/
abs.Bp). Among all children, this ratio ranged from 0.13
to 15.25. A value of 0.13 means that a reduction of anti-B.
pertussis IgM in serum pre-absorbed with B. pertussis was
7.7 times higher than the reduction of anti-L. pneumophila
sgs1-7 IgM in the same serum pre-absorbed with L. pneu-
mophila sgl. This was observed in a 13 year-old child with
the results of routine ELISA IgM tests: Bp (+); Lp sgl (+/-),
Mp (-). The value of 15.3 means that in another child, the
reduction of anti-B. pertussis IgM in serum pre-absorbed
with B. pertussis antigen was 15.3 times lower than the
reduction of anti-L. pneumophila sgs1-7 IgM in the same
serum but pre-absorbed with L. pneumophila sg1 antigen.
This was the 4.5 year-old child with routine ELISA IgM
results: Bp (+); Lp sgl (+), Mp (+). In adults, this reduc-
tion of anti-L. pneumophila sgs1-7 IgM after pre-absorption
with homogeneous antigen was at least 5-fold higher than
in tests for B. pertussis (Table 2).

A two-fold difference was determined as significant be-
tween values of IgM Lp1M/abs.Lpl index and IgM BpM/
abs.Bp index (P, = 0.0151). Based on this result, there was

183



Katarzyna Wanda Pancer

(paruasa.d jou vivp) z18s vjydownaud 7 uasiup yim so [8s vjydowmaud 7 uaSyuv yjm uoydiosqp-a.id £q W8] Jo uononpat Jo 1242] avjruis — @ (+)Z[dT LYW DS1UD T pup avayonaq8uo] 7 ‘SsuvpLol ] ‘nupuazoq
Qpoporut T SIEICITIITOI69L9SHET T 8 viydownaud T o sumis 2oua.42J2.4 uwio.Lf asnoy-ui paavda.id (£a1pandas) suadyup )z 01 $21poquup W[ puv D3] fo U0112212p L0f pasn 1821 UONPUINISSDOLONU — [VIN ‘66" [
— [S°0 oupnd 2yl fi — (; ;) pauruiiaiap jou ‘g 2 oup. 2y Ji — (dg) sisojjouoisa) (¢ s dg-squy jdg xapui o1 [d7squ/dT xapur Jo oy Ji — (dg) sissniiad :uaSyup snoauas3outoy yim sisar uond.iosqp-a.ad [o Synsa.a uo pasnq
uonvia.Ldiapul, vruowmaud moym 1o fur 19041 K10ipaidsas 21non — y vrowmaud — g aviownaud 01 VSITA WS Jo 1nsas — dpy ‘sissniiad g 01 VST WS Jo ynsas —dg {/-] $8s vjiydowmaud 7 o1 YSITA WS[ Jo ynsay —d

UOISIOAUOJ0IDS dg el 99 08 - - + d
*SIK
UOISIOAUOD0I3S QA CLCl 4 CLT - - + d 0S <
UOISI9AUOI0I3S R+VN~Un— Q‘.H ¢°¢ ¢ 19T - - + d Snpy
(=/+) 1dT “(+) nuvwiazoq 7 LVIN “(-)DST (V3T {(—+)40d d 7’8 Sy 8¢ - + + \4
(=/+) 1477 “(+) 12ppponu T LV “(-)OSI'(-)VEI {(—/+)d4Dd d S0'¢ T8 ST - + + v
(5)D3] ‘(-) V31 :(-)¥Dd dg €10 €1 L'l - + - d
(=) DS (-) VI :()IDd o 10°1 69 L - + - v 2..%
®H)TIdT LYIN ()3 (53] d 10T €8 L91 -+ + + d uIp[IYD
{()VSI “(5)D3T {(~+)dDd d €€'¢ (a4 vI + -+ + v
{(=)D3] pue (-)V31 VSITH (-)dDd o ¥9°0 '8 'S - + -+ d
@ (H)TIdT (H1dT LVIN “(-) VST (H)DST (+)dDd dt 9L (Y LTy - - + d
(V31 (+) 3y Areurn 1d d1 Sr'e Ly Tol + + + d 1k -1
(+) nupuazoq 7 LVIN “(-)VS1 (-)DS] :(-) 8y Areutm d 12 €50 (a4 (4 - -+ + v uaIpIyD
(+) 9dT LY “(-)DSI pue (-)v3[ VSI'TH o6 16°0 9t (44 + + + d
wu d 9C Ly el + + + v
‘(-)V81 pue (-)D3] :(-) 3y Areuun [d e €50 SL 4 - -+ + d
(H)T1d T (H)9dT (H)1dTLVIN (H)V3I ‘()O3 (/+H)¥Dd d1 sTst 14 19 + + + d 1k Gp
(=/+) nuvwizzoq 7 LVIN {(-)V3] “(-)D3] *(-) 3y Areuun [d b 750 8¥ 9 - + + d u2Ip[IYD
(=) LVIN :(5)D3[ pue () VS VSI'Td o 9L0 6L 9 + -+ + d
(4)VBI ‘(-)O8] {(-) 8y Areuun [3s vjydownaud '] dg 20 8'¢T 8¢ - + + v
®(H)TIdT LVIA (V3T (+)DB] wnias ut (-)40d b vS0 [£24 Sl + - + d sk p>
(HPAT 5 LVIN (H)VSI pue ()OS VSI'Td dg ST0 8¥ Tl - + - d uaIp[IY)
%5159} uondaosqe-aad dg-sqe/indg dg
sjuaned pajdafas Ay ur ) uo xapul 0) JdT'sqe ‘sqe/Indg 1d1sqe dn dg a1 LIV sjuaned

SISO[[QUOISI JO UOHBIYNUIPI J0J PISN S)SI) IAYJ0 JO S)MNSAY paseq uonejadidyuy /A d| xapur jJo oney Xapul J/INAT Xopul 03 VSI'TH JASI JO S)NSay /eruowndug — Jo agy

dnoi3 a3e Aq sjuoned 7z [1e ur
$159) 959} Uo paseq uonelaidiour pue AS] JO SIXIpuI JO onjel ‘suadnue snogojowoy Yim uondiosqe-a1d 193Je UOIONPAT JO [9A] ‘S1S1 VST TH NS JO SINSAY T dqeL

40(2)

Central European Journal of Immunology 2015

184



Cross-reactions in IgM ELISA tests to Legionella pneumophila sgl and Bordetella pertussis among children suspected of

a possibility of determining the presence of specific antibod-
ies to one pathogen, and the probable aetiological agent of
these acute respiratory tract infections. If the LpM/ absLp1
index was > 2times higher than the BpM /abs.Bp index,
then infection was probably caused by L. pneumophila sgl.
Such results were observed in 8 children (> 4 yrs.) and 3
adults. If the ratio of the Index LpM/ absLp1 to Index BpM
/ abs.Bp was < 0.5, then detected IgM antibodies indicated
specificity to B. pertussis antigen it was found in 2 younger
and 1 older child. However, there were 8 children with re-
sults between these limits, and thus a strong probability of
cross-reaction in the routine ELISA IgM tests was found.
These were mainly children younger than 7 years, with one
exception, an 11 year-old girl. Moreover, all children with
unclear results of pre-absorption were girls (P, = 0.0222),
although there was no correlation between gender and the
results of diagnostic IgM ELISA.

Moreover, significant differences in the ratio of Index-
es depending on age, and a significant correlation between
age of patients and interpretation of the pre-absorption test
(P,=0.0328) were found (Fig. 3). Specific antibodies to
L.pneumophila sgs1-7 were found in children older than
4yrs., mainly from 9yrs., and adults. However, unclear re-
sults were found only in children, mainly in children below
7 yrs. of age.

An analysis of the relation between the results of
pre-absorption tests and routine ELISA IgM tests was also
done (Table 2). The majority of children (3/4) with posi-
tive IgM results in 3 tests (B. pertussis, L. pneumophila
sgs1-7 and M. pneumoniae) were interpreted as having
Legionella infection — based on the results of pre-ab-
sorption tests. In 3/5 of children, with positive IgM re-
sults for L. pneumophila sgs1-7 and B. pertussis, bacteria
L. pneumophila sgl were also identified as a causative
agent. However, among 8 children with a very similar lev-
el of IgM reduction after pre-absorption by B. pertussis or
L. pneumophila sgl antigens, in 4 cases only one routine
ELISA IgM test was positive (2 for L. pneumophila sg 1
and 2 for B. pertussis). Moreover, in 2/3 sera with routine
postive IgM to L. pneumophila sgs1-7 and M. pneumoniae,
results were unclear in pre-absorption by L. pneumophila
sgl or B. pertussis antigen.

A relation between results based on the pre-absorption
test and pneumonia symptoms was not found (P > 0.05).
Among 12 children with pneumonia, in 4 cases - antibod-
ies to L. pneumophila sgs1-7 were found, in 2 — IgM to
B. pertussis and in 6 — inconclusive results were deter-
mined. However, in 50% of pneumonia cases we found
inconclusive results (Fig.4). We found a high predomi-
nance of inconclusive results among children under 6 yrs.
with atypical pneumonia (5 out of 7). In 3 of such patients
a positive result of IgM to M. pneumoniae was also found.

Generally, in routine examinations we were able to
find the positive correlation between the positive level of
IgM and PCR for L. pneumophila done in obtained serum
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Fig. 3. Interpretation of results of pre-absorption tests with
homogenous antigen — by the age of patients

samples. In this work, significant correlation between re-
sults based on the pre-absorption test and PCR in serum
samples was also found (P = 0.04). Also, the relation be-
tween high level of IgM reduction by pre-absorption with
antigen L. pneumophila sg12 (not presented) and positive
results by microagglutination test with antigen of Lp12
was shown (Table 2).

Discussion

Interpretation of the results obtained in serological tests
is one of the most difficult parts of laboratory diagnostics
for infectious diseases, but in practice the tests are wide-
ly used in identification of bacterial infections, especially
atypical pneumonia [1-5, 7-12, 16]. Despite the delay in
the diagnostic process, serological tests are the basis for

100 7
80

60

[%]

40 -

20 1

Non-pneumonia ARTI Pneumonia

Etiological agent of respiratoey infection

HE1Lpsgl Bp M non determined by pre-absorption test

Fig. 4. Determined results by pre-absorption test in 22 pa-
tients by main clinical recognition
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diagnosis of most cases of infection caused by L. pneu-
mophila, M. pneumoniae and B. pertussis bacteria in Po-
land [7, 11, 12].

One of the the most important problems seems to be
the interpretation of ELISA test results for detection of an-
ti-B. pertussis-specific antibodies, especially IlgM ELISA.
The problem of standardization of ELISA has been consid-
ered by the CDC and EU expert groups. According to the
EU Pertstrain group (the EU expert group for B. pertussis
infection), the EIA should use purified non-detoxified PT
(pertussis toxin) as an antigen for detection of IgG-anti-PT
antibodies [6]. The use of IgM or IgG ELISA tests based
on cellular antigen of B.pertussis for the diagnosis of infec-
tion in children might be the cause of false postive results
because of previous vaccination against pertussis.

The majority of children (> 90%) in Poland are vac-
cinated against pertussis according to Polish regulations.
Thus, the main purpose of carrying out this research work
was to find out if a similar problem of IgM cross-reactions
in laboratory routine serological diagnostics of legionel-
losis among children is also observed. The problem of
a high level of cross-reactivity observed in ELISA tests for
B. pertussis ELISA and other pathogens, as well as
L. pneumophila sgl, has been observed by different teams
[5], and also in our studies. We found that 43% of patients
with positive IgM levels for B. pertussis were also posi-
tive for IgM L. pneumophila sg1. However, this propor-
tion of IgM co-detection among children with a positive
IgM result to L. pneumophila sg1 was as low as only 25%
of patients. The phenomenon of co-detection of IgM to
L. pneumophila sg1 (the most often identified agent of le-
gionellosis in Europe), and to B. pertussis, and the problem
of which bacteria were an aetiological agent of infection
has been discussed with some paediatricians.

Three commercial ELISAs for IgM detection of an-
ti-bacterial cellular antigens were used: for L. pneumophila
sgl, B. pertussis and also for M. pneumoniae — a common-
ly — applied diagnostic test in atypical respiratory tract in-
fections in Polish children. In the presented study, young
patients were hospitalized because of acute respiratory
tract infections and legionellosis was suspected. Some of
the patients were previously examined for M. pneumoniae
(as the first diagnostic option), this being probably why
a low level of M. pneumoniae 1gM positive results was
observed in the study. For this reason, and also because of
a lack of sufficient quantities of the samples for more de-
tailed pre-absorption tests, the phenomenon of co-detection
of IgM anti-L. pneumophila and anti-M. pneumoniae was
only preliminarily examined.

A very interesting phenomenon was observed in the
youngest children. A strong reduction of the level of IgM
for B. pertussis after pre-absorption with two antigens was
found. This reduction was even higher than in the case of
reduction by homogeneous antigen. Conversely, the ratio
of reduction of IgM by pre-absorption with two antigens in
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tests for L. pneumophila sg1 was similar to or lower than
for homogenous antigen. Perhaps this phenomenon might
be connected to mandatory vaccination against pertussis.
Currently, up to 2 years of age, the child will be vaccinated
four times (2 — 4 — 6 — 18 months of age), and a booster
dose is given at 6 years [12]. For the first 4 vaccinations
the cellular antigens of B. pertussis are recommended,
and a non-cellular formulation used only for the booster
vaccine. In these studies, inconclusive results were ob-
tained mainly in children under the age of 7, which might
indicate a link between vaccination and the co-detection
of IgM or cross-reactions in the used tests. The problem
of interpretation of serological tests, and of IgG, because of
the presence of antibodies following vaccination was also
discussed by the EU Pertstrain group. They recommend-
ed that diagnostic IgG-anti-PT serology cannot be validly
interpreted for one year after vaccination with acellular
pertussis vaccines [6].

In contrast, there was no relation between the age
of patients and reduction of IgM antibodies for L. pneu-
mophila sgl. Results indicating actual L. pneumophila sg1
infection were observed in 8 children older than 4 yrs.,
and the reduction of IgM observed in these children was
similar to the level of reduction in 3 adults with diagnosed
Legionnaires’ disease. However, in 7 out of 8 of these chil-
dren a positive IgM level for another pathogen was found.
In adults, positive results observed in ELISA IgM were
only for L. pneumophila sgl. This indicated a difference
between children and adults, and might be a reason why
so few cases of legionellosis were diagnosed in European
countries; but in Poland the frequency was higher [7, 10,
13, 16]. Antibodies specific to L.pneumophila sgl were
found in 4 children hospitalized with pneumionia, and
4 with ARTI, but without pneumonia. It might be an actual
infection or an exacerbation of respiratory infection due to
another pathogen (bacterial or viral). Unfortunately, be-
cause of the dynamics of IgM production and delay in the
serological results, we are unable to determine if there was
consecutive or co-infection. However, in some bacterial
or viral infection, a temporary decrease of immunocompe-
tence and the opportunity for infection by other pathogens
was observed.

Several projects directed at the determination of legio-
nellosis among children in Poland were conducted [7, 11].
Unfortunately, it is rarely possible to analyze more than one
positive result of the [gM ELISA test for various pathogens
causing respiratory tract infections. Usually, a first IgM pos-
itive ELISA result, directed at a pathogen more common
than L. pneumophila, may end further diagnosis. Moreover,
macrolide antibiotics used in treatment of young patients
with L. pneumophila infections, are also generally effective
against M. pneumoniae and B. pertussis.

However, the appropriate diagnosis of acute atypical
respiratory infections is not only a clinical problem, but
also an epidemiological problem. Bacteria M. pneumoniae

Central European Journal of Immunology 2015; 40(2)



Cross-reactions in IgM ELISA tests to Legionella pneumophila sgl and Bordetella pertussis among children suspected of

are spread from human to human — in the majority of
cases, this occurs in the winter season. Infection due to
L. pneumophila or Legionella spp. is spread by contami-
nated aerosols, and mortality in LD depends on different
factors: the ratio of contamination of water, exposure time,
type of L. pneumophila strain and other host properties
(eg.immunodeficiency). In some special conditions, the
mortality was as high as 50-75% [10, 11]. A real, cor-
rect diagnosis of L. pneumophila infection will allow the
conducting of an epidemiological investigation, and will
enable identification of sources and ways in which the
contaminated aerosol is spread. In this way, the potential
risk to the health of many people might be recognized, and
reduced or eliminated.

Conclusions

1. The high prevalence of anti-L. pneumophila sgs 1-7 IgM
in children hospitalized because of ARTI but without
pneumonia, indicated the importance of this pathogen
as an etiological agent of disease with its middle course
in children.

2. The possibility of impact of an anti-pertussis vaccination
on the results obtained in anti-L. pneumophila ELISA
IgM tests among young children was preliminarily eval-
uated in this work. To avoid any cross-reactions with
anti-B. pertussis IgM, routine laboratory procedure/s
for the diagnosis of Legionella infection among young
children should be based on other than serological ex-
aminations (like PCR).

3.The problem of IgM cross-reactivity in the tests for
L. pneumophila sgs1-7 and M. pneumoniae is still not
recognized. This is why the diagnostic system of acute
atypical respiratory infections in children should defi-
nitely include other techniques (like: culture of bacteria,
PCR), and not only serological tests. If only serological
tests are available, paired sera should be tested and as-
says for different pathogens should be done simultane-
ously.

4.The obtained results suggest the need for further re-
search into the relation between vaccination and the
results of serological examinations of young children.

5.The pre-absorption test might be useful supplementary
tool for confirmation of legionellosis case, if only serum
samples is available.
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