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The monoclonal antibodies and the sequence-based typing (SBT) 
are two methodologies widely used to characterise Legionella 
pneumophila strains serogroup 1 (sg1). In this study, we analysed 
the clinical strains received in two Portuguese laboratories since 
1987, including the strains isolated in Portugal during the four years 
of the surveillance scheme for Legionnaires’ disease implemented 
in 2004. In total, 63 clinical isolates of L. pneumophila sg1 were 
differentiated by SBT into 19 different sequence types. Ten of them 
were new in the SBT database of the European Working Group for 
Legionella Infections (EWGLI). As a result of the combination of 
the two methodologies, these strains were discriminated into 25 
different profiles. This study enabled, for the first time in Portugal, 
not only to characterise the L. pneumophila sg1 clinical isolates, 
but also to create a database of Portuguese profiles for use in 
epidemiological surveillance efforts.

Introduction
Legionella pneumophila is a Gram-negative facultative 

intracellular pathogen, which is responsible for Legionnaires’ 
Disease. This microorganism has increasingly been recognised as 
an important cause of pneumonia since its first description in 1977 
[1]. The characterisation of clinical isolates of L. pneumophila 
enables us to learn about its epidemiology in a certain geographic 
region, as well as to create a database of circulating profiles [2-7]. 

The combination of a genotypic method with monoclonal 
antibody (MAb) typing has been described as a useful approach 
for epidemiological typing of L. pneumophila isolates [7-10]. 
MAbs of the Dresden panel allow subdividing the serogroup 1 of 
L. pneumophila as having, or not having, the epitope recognised 
by the MAb 3/1. According to epidemiological studies, this epitope 
appears to be associated with virulence [11]. Sequence-based 
typing (SBT) is one of the genotypic methods that can be applied 
for this purpose. It was adopted as an international standard and 
is widely used by the members of the European Working Group 
for Legionella Infections (EWGLI), since it is a simple, rapid and 
discriminatory typing method. Furthermore, it also allows the 
exchange of data between laboratories [7,8].

In 1999, the Portuguese public health authorities implemented 
a surveillance scheme for Legionnaires’ Disease based on 
clinical reports. Later, in 2004, a surveillance scheme based on 

laboratory notifications was added. The Legionella laboratory in 
the microbiology department of the Faculty of Medical Sciences 
in Lisbon and the National Institute of Health Dr Ricardo Jorge 
(INSA) are the two laboratories involved in this surveillance scheme.

The aim of this study was to investigate the distribution of 
sequence types (ST) and monoclonal antibody subtypes among 
clinical isolates of L. pneumophila in Portugal.

Material and methods
As far as the present study is concerned, the SBT methodology, 

using seven genes (flaA, pilE, asd, mip, mompS, proA and neuA), 
was applied to 63 clinical isolates of L. pneumophila serogroup 1 
(sg1), and four from non-sg1 (one isolate was sg 10, another was 
sg 12 and the two remaining reacted with “Legionella pneumophila 
serogroups 2-14 Latex Test Reagent” (Oxoid), but the serogroup 
could not be determined using our MAbs protocol) (see Table). The 
L. pneumophila strains were typed with MAbs of the Dresden panel, 
by using an indirect immunofluorescence test [10,11].

We analysed the clinical strains received since 1987 by the 
laboratories of Santa Cruz Hospital and the Faculty of Medical 
Sciences, including the 19 strains isolated during the four years 
of the surveillance scheme for Legionnaires’ disease. In total, 67 
strains were sent for typing by 17 Portuguese hospitals. Thirty of 
them were isolated from patients with nosocomial infections and 20 
from patients with community-acquired infections; the remaining 
17 had an undetermined origin.

The genomic DNA used for the SBT method was extracted with 
the InstaGene Matrix kit (Bio-Rad), and the PCR amplification 
was performed by using puRe Taq Ready-to-Go beads (Amersham 
Biosciences). The primers and the PCR conditions were the same 
as those used by Gaia et al. and Ratzow et al. [7,8,12]. After 
purification with the Qiaquick PCR purification Kit (Qiagen), 
both strands of the amplicons were sequenced by StabVida on a 
3700 ABI DNA sequencer (Applied Biosystems) using the Big Dye 
terminator DNA sequencing kit. The nucleotide sequences obtained 
were compared to those in EWGLI-SBT database [13]. All putative 
new sequences were confirmed before being sent to the curators 
of the database.
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Results
In this study, all but three of the strains included were typable 

by SBT using the seven genes (see Table). The neuA primers failed 
to type these three strains, all of which were non-sg1 (one sg 10 
and the other two could not be identified with MAbs of Dresden 
panel),suggesting that neuA primers described by Ratzow et al. 
[12] are not always suitable for serogroups other than sg1. Other 
teams have also reported amplification problems with the neuA 
primers [14]. 

Applying SBT, the sample was discriminated into 7, 7, 11, 
8, 12, 7 and 7 types, based on the sequences of flaA, pilE, asd, 
mip, mompS, proA and neuA, respectively. As a consequence, 

the 67 isolates were divided into 23 STs in total. The distribution 
was as follows: the 63 L. pneumophila sg1 isolates were included 
into 19 ST, and the four L. pneumophila non-sg1 isolates into the 
remaining four ST.

Ten of the 19 STs from L. pneumophila sg1 and the four STs 
from L. pneumophila non-sg1 were different from the ones that 
already existed in the EWGLI-SBT database. In addition, six new 
allele numbers (22 and 29 for the mip gene, and 24, 20, 34 
and 23 for the pilE, asd, mompS and proA genes, respectively) 
were assigned by the curators after our data were submitted to the 
database. It is interesting to notice that five of these new allele 
numbers were detected only in L. pneumophila non-sg1 strains 

T a b l e

Twenty-three SBT profiles of 67 Portuguese L. pneumophila clinical isolates, 1987-2008

ST Allelic profilea  No. of strains
Dresden panel

Epidemiological relatedness
Serogroup MAb subgroup No. of 

strains

100b 3,8,1,10,14,12,2 32 1
Allentown/France 18

Related
Philadelphia 14

1 1,4,3,1,1,1,1 3 1
Philadelphia 2

Unrelated
Olda 1

23 2,3,9,10,2,1,6 3 1
Philadelphia 2

Unrelated
Knoxville 1

62 8,10,3,15,18,1,6 3 1
Allentown/France 2

Unrelated 
Philadelphia 1

103b 1,4,3,22b,1,1,1 3 1 Philadelphia 3 Unrelated

20 2,3,18,15,2,1,6 2 1 Knoxville 2 Unrelated

42 4,7,11,3,11,12,9 2 1
Knoxville 1

Unrelated
Benidorm 1

44 4,8,11,10,10,12,2 2 1
Allentown/France 1

Unrelated
Philadelphia 1

99b 4,8,11,5,29,12,10 2 1 Knoxville 2 Unrelated

101b 6,10,15,15,21,4,6 2 1
Philadelphia 1

Unrelated
Knoxville 1

16 2,10,18,10,2,1,9 1 1 Knoxville 1

22 2,3,6,10,2,1,6 1 1 Philadelphia 1

94 12,8,11,5,20,12,2 1 1 Knoxville 1

98b 8,10,3,10,2,5,6 1 1 Philadelphia 1

102b 8,19,5,15,18,5,10 1 1 Philadelphia 1

146 2,10,18,10,2,1,6 1 1 Philadelphia 1

172b 1,4,3,1,1,1,2 1 1 Philadelphia 1

173b 6,10,14,15,21,4,6 1 1 Knoxville 1

174b 4,8,11,5,10,12,15 1 1 Allentown/France 1

153b 2,10,3,28,9,14,3 1 12 ---

c,b 6,10,21,28,4,14,0 1 10 ---

c,b 2,24,20,29,34,23,0 1 d ---

c,b 3,24,1,29,34,23,0 1 d ---

SBT: sequence-based typing; ST: sequence type.
a Sequence of genes flaA, pilE, asd, mip, mompS, proA, neuA.
b New profiles and allele numbers are in bold. 
c Problems in amplifying the neuA gene.
d Strain reactive with “Legionella pneumophila serogroups 2-14 Latex Test Reagent” (Oxoid). Serogroup could not be determined using MAbs of Dresden 
panel.
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that were non-typable with MAbs from the Dresden panel (see 
Table). The ST100 (3,8,1,10,14,12,2) was the most frequent allele 
(32/67). This is a new profile and all of the ST100 strains had been 
isolated in patients of the same hospital over a period of several 
years. Twenty-four of the 32 strains with this profile came from 
nosocomial infections and the remaining eight from undetermined 
origin. These eight patients had subjacent diseases and needed 
hospital care frequently, suggesting that some or even all of these 
sporadic cases could be hospital-acquired, too. The STs 1, 20, 
23, 42, 44, 62, 99, 101 and 103 were found in more than one 
strain. The 22 strains belonging to these nine STs were unrelated 
according to their source origin. In this study, ST1 (1,4,3,1,1,1,1), 
the most frequent profile reported in the world, was found only in 
three isolates (see Table). 

The 19 strains sent by the surveillance scheme during the 
past four years, showed high profile diversity. Eleven distinct STs 
were obtained, five of them for the first time in Portugal. These 
strains were isolated in 11 different hospitals, five, four and two, 
respectively, from the north, the centre and the south of Portugal. 
The majority of the isolates came from community-acquired 
infections (12/19).

Using the Dresden panel of MAbs, the 63 L. pneumophila 
sg1 strains had previously been divided into five different 
subgroups (unpublished data). All strains but one possessed 
the virulence-associated epitope recognised by MAb 3/1 [11], 
and the Philadelphia subgroup was the most frequent with 28 
of the 63 strains (see Table). As a result of the combination of 
the two methodologies, MAbs and SBT, these strains were now 
differentiated into 26 different profiles. The results showed that 
the Philadelphia subgroup was the most heterogeneous as it was 
divided into 12 different STs. On the other hand, identical STs were 
found among strains reactive with different MAbs (see Table). These 
two facts support the idea that it is valuable to add genotyping 
methods to MAb typing when defining profiles within a phenotypic 
subgroup [7,9]. 

Discussion
As far as our experience is concerned, the SBT scheme is 

technically simple for a laboratory with basic molecular expertise 
and equipment, provided that there is access to a sequencing 
laboratory. Although this method proved to be a good genotypic 
method for epidemiological investigations, showing unambiguous 
results that are easy to interpret [4,6-8], one of the limitations of 
the epidemiological studies is the fact that most diagnoses are 
made by urinary antigen test, without strain isolation. The EWGLI 
2008 database showed that culture was the methodology used in 
only 62 of the 866 reported cases in the 35 countries participating 
in EWGLINET [15]. In Portugal, the data were similar: in the past 
four years, the strain was isolated for only 19 of 237 Legionella 
notifications (unpublished data). Thus, Legionella isolates are not 
available for the majority of cases and therefore the results of this 
study may not entirely reflect the distribution of the Legionella 
strains responsible for the disease in Portugal. However, our 
collection contains the majority of the clinical isolates collected 
in Portugal since 1987; so it is possible that this sampling is 
representative of the profiles circulating in Portugal. 

The significant profile diversity we observed is in accordance 
with reports from the other countries [4,14,16,17]. Due to the 
relatively low number of isolates in each ST, with the majority 

(13/23) of the STs being detected only once, it is not possible to 
establish a correlation between the ST and the infection origin.

To summarise, this study enabled us, for the first time in 
Portugal, to characterise the L. pneumophila clinical isolates with 
SBT methodology and MAbs, as well as to create a database of 
Portuguese L. pneumophila profiles for use in epidemiological 
surveillance efforts. It was also a contribution to the EWGLI-SBT 
database and to the knowledge of the European L. pneumophila 
diversity, owing to the high rate of new STs obtained.
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