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The genetic diversity of 89 clinical Legionella isolates,
collected between 1987 and 2012, in 22 hospitals from
the five regions of Portugal, was analysed in this study
using monoclonal antibodies (MAbs) of the Dresden
panel and the sequence-based typing (SBT) protocol.
The eBURST algorithm was used to infer levels of relat-
edness between isolates. All isolates collected were
Legionella pneumophila, which were further charac-
terised into four subgroups by MAbs, and 30 sequence
types (STs) by SBT. Twelve of the STs were unique to
Portugal; one of them (ST100) was represented by 32
epidemiologically related isolates. The ST44 was the
profile with the highest number of epidemiologically
unrelated isolates. The eBURST analyses indicate
that, within the group formed by the 30 STs identified
in this study, 17 STs were genetically close to at least
another ST in the group. The comparison between the
eBURST diagrams obtained with the STs from this
study and the entire SBT database of the European
Working Group for Legionella, showed that 24 (seven
of them unique to Portugal) of our 30 STs were related
with STs identified in others countries. These results
suggest that the population of L. pneumophila clinical
strains in Portugal includes both worldwide and local
strains.

Introduction

Legionellaceae are ubiquitous in the environment,
being particularly prevalent in man-made habitats,
such as cooling towers and domestic hot and cold
water distribution systems. This family consists of a
single genus, Legionella, but contains 56 species/sub-
species belonging to over 70 serogroups [1]. Legionella
are the causative agents of Legionnaires’ disease (LD),
a severe pneumonia that is transmitted through inhala-
tion of contaminated aerosols. The most common spe-
cies to cause disease is L. pneumophila, which has 16
serogroups, but the majority of human disease (84%
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worldwide, 95% in Europe) is caused by L. pneumoph-
ila serogroup (sg) 1 [2,3].

When a case of LD occurs, it is essential that public
health authorities are able to detect the source of infec-
tion promptly by comparing clinical and environmental
isolates, so that decontamination measures can pre-
vent further cases. For this comparison, the sequence-
based typing (SBT) scheme and monoclonal antibodies
(MAbs) of the Dresden panel are the typing methods
widely used by the members of the European Working
Group for Legionella Infections (EWGLI), renamed to
European Study Group for Legionella Infections (ESGLI-
ESCMID), since September 2012.

In 1999, LD was included in the Portuguese system
of mandatory notifications of infectious diseases. In
2004, an integrated programme of epidemiological sur-
veillance was implemented in order to improve report-
ing, diagnosis and investigation of cases, through the
inclusion of obligatory laboratory notification and com-
munication of guidelines to the professionals involved.

In Portugal the number of reported cases per year
between 2004 and 2012 ranged from 61 to 140. The
peak in the number of cases is usually between August
and November and most of the notifications come from
the North region. From 2004 to 2012, a total of 868
cases were notified (crude annual reporting rate of
0.91/100,000 inhabitants) with 5o fatalities (case fatal-
ity ratio of 6%). The majority of cases (672/868, 77%)
were male and the most affected age groups were the
50 to 59 (217 cases, 25%) and 40 to 49 year-olds (196
cases, 23%) [4].

As partner of this surveillance scheme, the Legionella
Laboratory of the Microbiology Department of the
Faculdade de Ciéncias Médicas (Lisbon) is responsible
for the characterisation of the clinical strains isolated



in Portugal. In a previous study, the L. pneumophila
clinical strains isolated in Portugal were characterised
by MAbs and SBT methodologies, which allowed the
construction of a database for use in epidemiological
surveillance efforts [5].

The aim of the current study was to assess the genetic
diversity and evolutionary relationships among L.
pneumophila clinical isolates collected in Portugal dur-
ing the period from 1987 to 2012, and to compare these
results with the available data submitted to EWGLI-SBT
database until 10 April 2013.

Methods

Origin and epidemiological characteristics of
isolates

In total, 89 clinical Legionella isolates were analysed.
Forty-one clinical isolates were obtained from the 868
cases reported to the integrated programme of epide-
miological surveillance and 48 clinical isolates came
from the collection of the Microbiology Laboratory of
Hospital Egas Moniz-CHLO (1987 to 2003). These 89
clinical isolates, all from patients requiring hospitali-
sation, were sent by 22 hospitals from five regions of
Portugal: 60 from Lisbon, 25 from the North, two from
the Centre, one from Alentejo and one from Algarve.
Thirty-six of the 60 strains from Lisbon were isolated at
the same hospital (hospital A) between 1987 and 2007.

Among the 89 total isolates, 36 of the isolates were
collected from patients with nosocomial infections and
39 from community-acquired infections. The remaining
14 isolates had an unknown origin. All but one of the
nosocomial isolates came from hospital A; the other
strain was isolated during a small outbreak in hospi-
tal B in the North region. Only five of the isolates from
community-acquired infections were related cases and
came from two outbreaks, one in 2009 and the other in
2012, in two cities of the North region of Portugal.

The median ages of patients (63 males and 16 females;
10 unknown) were 55 and 58 years-old for males and
females, respectively (range: 13-80 years; 16 patients
with unknown age).

Phenotype, genotype and diversity of
isolates

The L. pneumophila strains were phenotyped at the
Microbiology Laboratory of Hospital Egas Moniz-
CHLO with MAbs of the Dresden panel [6]. Genotyping
was performed at the Legionella Laboratory of the
Microbiology Department of the Faculdade de Ciéncias
Médicas using a seven-allele standard SBT scheme
[7-9]. Briefly, the Dresden panel identifies 15 of the 16
L. pneumophila sgs using sg-specific MAbs. In addition,
for the sg1 of L. pneumophila, the Dresden panel uses
five MAbs plus the Mab 3 of the International Panel
obtained from the American Type Culture Collection [10].
With this scheme of six MAbs, it is possible to differen-
tiate the sg1 strains into nine subgroups (Philadelphia,

Allentown/France, Knoxville, Olda, Benidorm, Oxford,
Bellingham, Heysham and Camperdown) [6]. Both pan-
els were performed by direct immunofluorescence and
are based on the reactivity of the surface lipopolysac-
charide epitopes.

Within the SBT scheme, part of the genes flaA, pilE,
asd, mip, mompS, proA, and neuA, were sequenced.
For each gene sequence a distinct allele number is
assigned through the EWGLI-SBT database for L. pneu-
mophila (available at: http://www.hpa-bioinformatics.
org.uk/legionella/legionella_sbt/php/sbt_homepage.
php). The combination of seven allele numbers defines
an allelic profile to which a sequence type (ST) is attrib-
uted. In order to assign a ST, when the standard neuA
primers failed to amplify, we used the novel primer set,
specifically designed for the neuA homolog (neuAh)
[11]. This neuAh is present in some non-sg1 strains and
is functionally equivalent to the neuA gene of the strain
Philadelphia-1 [12].

Clinical isolates diversity was assessed by calculating
Hunter and Gaston’s modification of Simpson’s index
of diversity (I0D) [13], using the V-Dice application
(available at: http://www.hpa-bioinformatics.org.uk/
cgi-bin/DICI/DICI.pl).

Assessing relationships between isolates

For establishing the possible evolutionary relation-
ships between isolates, we applied the eBURST algo-
rithm v3 (available at: http://eburst.mlst.net). The
eBURST group was obtained with a less stringent defi-
nition, in which STs are included within the same group
only if they share identical alleles at five or six of the
seven SBT loci with at least one other ST. STs that can-
not be assigned to any group are called singletons. The
statistical confidences for the primary founders were
assessed using 1,000 bootstrap re-samplings [14].

Results

Characteristics and diversity of isolates

All the 89 clinical isolates were L. pneumophila and
84 belonged to sg1, the other five were serotyped as
sg8, 10, 12 and 14. Of the 84 sg1 isolates, 83 had the
virulence-associated epitope recognised by MAb3/1;
33 belonged to the Philadelphia subgroup, 30 to the
Allentown/France, 17 to the Knoxville and three to the
Benidorm. The only isolate MAb3/1 negative was char-
acterised as OLDA. The Knoxville was the most wide-
spread subgroup in our country, being present in four
of five regions investigated (North, Centre, Lisbon and
Algarve).

With regard to the category of the infection, the strains
from community-acquired cases showed greater diver-
sity (four subgroups: Philadelphia, Allentown/France,
Knoxville and Benidorm) than the nosocomial cases
(two subgroups: Philadelphia and Allentown/France).
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FIGURE 1

Sequence-based typing of clinical Legionella pneumophila isolates, all MAb3/1 positive, from 22 hospitals located in five

regions® of Portugal, 1987-2012 (n=83)
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2 The five regions were: Lisbon, the North, the Centre, Alentejo and Algarve.

All the strains from the sg1 and one from sgi2 were
genotyped by standard SBT. Figure 1 shows the repar-
tition per ST of the 83 isolates positive for MAb3/1, as
well as the sg1 subgroups within each ST. The neuA
primers failed to amplify four isolates, all of them non-
sg1 (sg8, 10, 14). As described in the methods sec-
tion, in these cases we used the neuAh primers, which
improved the quality of the sequences and allowed us
to assign a ST to these isolates.

Of the 89 L. pneumophila clinical isolates available for
SBT analysis, 52 were from single clinical cases (unre-
lated strains, comprising the 14 of unknown origin),
the remaining isolates were associated to outbreaks
(related strains: five strains were recovered from the
two community outbreaks in 2009 and 2012, and 32
were isolated in hospital A from nosocomial infections).
After inclusion of one isolate for each group of epide-
miologically related strains, 55 isolates (these three
isolates plus the 52 unrelated strains) were included
in our SBT analysis. These 55 isolates were found to
include 30 STs (I0D=0.972; 95% confidence interval
(CI): 0.960-0.985), with the mompS gene being the
most discriminative (I0D=0.893) and the gene proA
the less discriminative (I0D=0.748).

Fourteen STs consisted of groups containing between
two and five unrelated isolates and the remaining STs
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accounted for only one single isolate each. Twelve of
the 30 STs were unique to Portugal, according to data
submitted to the EWGLI-SBT database at the time of
writing: nine STs from L. pneumophila sg1(ST98, ST100,
ST1i01, ST102, ST173, STi74, ST785, ST1009, ST1010)
and three STs from L. pneumophila non-sg1 (ST1343,
ST1383 and ST1384). Altogether, these new STs com-
prised 16 of the 55 isolates included in this study. In
addition, eight new allele numbers were assigned by
the EWGLI-SBT database curators after our data were
submitted to the database (22 and 29 for the mip gene,
24 and 37 for the pilE gene and 20, 34, 23 and 219 for
the asd, mompS, proA and neuAh genes, respectively).
It is interesting to note that six of these new allele
numbers were detected only in L. pneumophila non-sg1
strains.

The ST100, one of the profiles exclusively found in our
country, was restricted to hospital A, with 32 isolates.
Another ST specific to our country was the ST785; this
profile, which was represented by three isolates in our
study, was only found in the 2009 community outbreak
involving eight cases in the North region.

The ST44, found in five strains, was the profile with
the highest number of clinical unrelated isolates. All of
them were recovered from community-acquired infec-
tions. This ST was also associated with the community



FIGURE 2

eBURST analysis of Legionella pneumophila sequence types obtained from clinical isolates, Portugal, 1987-2012

A. Relationships between the 30 L. pneumophila sequence types observed in Portugal during the study
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CC: clonal complex; EWGLI-SBT: European Working Group for Legionella Infections-sequence-based typing.

In red were the STs unique to Portugal and in blue the STs from Portugal, which can also be found in other countries. Full lines link single-
locus variants and broken lines link double-locus variants. Blue spots represent founders and yellow spots represent sub-founders.

outbreak in 2012, in the North region, from which two
isolates were analysed here.

The ST62 and STgg were found in four clinical isolates
each. Two of the ST62 strains were associated with
nosocomial infections, one recovered from a single
case in hospital A, in 1990; and the other was associ-
ated with a small outbreak, involving three cases, in
hospital B, in 2011. Two other STs, ST172 and ST1384,
were also detected in single isolates from hospital A.
The STg9g was retrieved, between 2000 and 2009, from
community-acquired infections in the North region,
Centre and Algarve.

The ST1 was found only twice among our strains, and
both isolates were obtained from sporadic cases in
1995, in the Lisbon region.

The combination of the two methodologies, MAbs and
SBT, showed that the Philadelphia subgroup was the
most heterogeneous as it was divided into 14 different
STs (Figure 1).

Evolutionary relationships among isolates

The 30 STs generated in this study were subdivided by
eBURST into six groups (Gp) and 13 singletons using
the less stringent definition (Figure 2A). The six groups
include 17 STs and 38 of the 55 unrelated clinical iso-
lates studied. The Gp146 was the most representative
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group, containing five STs (ST16, ST20, ST22, ST23
and ST146) and 11 isolates, all of them recovered from
sporadic cases of community-acquired infections. The
ST146 was the hypothetic founder of the group, from
which derived one single-locus variant (SLV) and three
double-locus variants (DLVs). The ST146 comprised
only two strains, isolated in 2007 and 2008, in the
North region. The Gp1 is composed by STi, the pre-
dicted founder of the group, from which derived two
SLVs, ST103 and ST172. All of the six strains included in
this group were isolated in the Lisbon region between

1991 and 1999.

All but two of the 13 singletons STs were represented
by a single strain each; the ST42 and ST98 were associ-
ated with three strains each.

According to the results of our eBURST analysis, six
of the twelve STs unique to Portugal were singletons
(ST98, ST100, ST102, ST785, ST1009 and ST1343). Of
the remaining STs found exclusively in our country, the
STi01 and ST173 were related, diverging only in neuA.
The ST1383 and ST1384 were slightly more distant from
each other, being DLV. The STi74 was a DLV with ST44
and ST99, which were the STs with highest number of
clinical unrelated isolates in this study.

Using the eBURST algorithm on the entire EWGLI-SBT
database, 24 clonal complexes (CC) were generated.
These CCs were obtained with the most stringent defi-
nition, i.e. all the STs are SLVs. With this method, 24
of the STs from our country were assigned into eight
of these CC. The other six STs cannot be linked with
any other ST of the database, being singletons (ST100,
ST436, ST785, ST1343, ST1383 and ST1384).

The CCs9 (ST59 was the predicted founder with boot-
strap support of 100%), included three STs identified
in Portugal (ST101, ST173 and ST728). Five STs that
circulated in our country (ST1, ST37, ST103, ST172 and
ST1009) were associated to CC1. Two of these STs (ST37
and ST1009) were singletons in the first eBURST analy-
sis. The CC23 included our ST62, ST1010, Gp146 (that
enclosed ST16, ST20, ST22, ST23 and ST146), and two
other STs (ST75 and STg8), that in the previous eBURST
diagram were singletons (Figure 2A and Figure 2B). In
this CC the ST62, ST146, and ST20, emerged as sub-
founders (bootstrap subgroup value of 100%, 98%
and 79%, respectively). These STs diversified from the
founder and generated their own SLVs (i.e. had at least
two links to other STs previously unassigned, and the
link to the progenitor). Two of the most represented
STs in our collection (ST44 and STg99) were grouped in
CC618 (Figure 20).

An overview of the eBURST diagram using the entire
EWGLI-SBT database showed that nine of 13 ST that
were singletons in the first eBURST analysis were now
associated with a CC; among these, it should be high-
lighted that the ST42 and ST94 were predicted found-
ers of two CCs. Five of the 12 STs specific to Portugal
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were assigned as singletons in this analysis (ST1i00,
ST785, ST1343, ST1383 and ST1384).

Discussion

In Portugal, like other countries, most of the diagno-
ses of LD are currently made by antigen detection in
urine, due to the simplicity, rapidity and specificity
of this test for L. pneumophila sgi. Culture is not a
methodology widely used and, therefore, Legionella
clinical isolates are not available for the majority of
LD cases, which limits epidemiological studies [15,16].
Actually, this was observed in the current study, since
only 41 clinical isolates were obtained from 868 cases
reported to the integrated programme of epidemiologi-
cal surveillance.

Another limitation of the present study is that our pop-
ulation of isolates represents the more severe cases
of disease, as all isolates were from patients requiring
hospitalisation. Therefore, the present report may not
entirely reflect the distribution of the Legionella strains
responsible for LD in Portugal, because cases with
less severe disease are probably underrepresented in
this collection. However, this study probably provides
a good representation of the circulating STs in the
country.

During the 25-year study period, we gathered 89 clini-
cal isolates, 55 of them from unrelated cases. The
majority of the clinical isolates (n=63) were obtained
from men, which is in accordance with the literature

[17-19].

As expected, the majority (n=84) of the clinical iso-
lates were L. pneumophila sgi. Using the MAbs of
Dresden panel all but one of the strains possessed
virulence-associated epitope recognised by MAb3/1;
this is in line with previous reports suggesting that
these strains are more likely to cause disease than
the others not exhibiting this phenotype [6,17]. In our
study, the two major subgroups were Philadelphia and
Allentown/France. These two MAb patterns only dif-
fer in the MAb8/4 reactivity and we had verified that,
using indirect immunofluorescence in some strains,
the MAb8/4 staining was heterogenic, with only 1 to
2% of the bacteria showing a strong positive signal; in
these cases, we classified them as Allentown/France.

The SBT results showed significant genetic diversity,
which is in accordance with reports from other coun-
tries. The diversity of clinical isolates in our study
(0.972) was similar to that respectively described
previously in Japan (0.979) [17], Canada (0.964) [20],
England and Wales (0.901) [21], and slightly greater
than in Belgium (0.879) [18]. As in other studies,
mompS proved to be the most discriminating locus
[22].

In this study, 12 of the 30 STs detected were new to the
EWGLI-SBT database. These results suggest that the
population of L. pneumophila clinical strains circulating



in Portugal, during the last 25 years, was a combina-
tion of worldwide and local strains.

The STs of the 89 isolates analysed were uploaded to
the EWGLI-SBT database, which allows comparison
between countries. Over the study period, the ST44
was linked with the highest number of Portuguese
clinical unrelated isolates. According to the EWGLI-SBT
database, the ST44 has repeatedly been associated
with clinical isolates from France, Germany, Italy, and
United Kingdom, with the first one recovered in 1994.
The other major STs were ST62 and STg9g, both with
four clinical isolates. The EWGLI-SBT data show that
ST62 is found ubiquitously across Europe but STg9 was
isolated only once in the Brussels region, in 2008.

The ST1 appears in the EWGLI-SBT database as the pro-
file most frequently reported around the world, with
1,132 of the 8,300 strains reported. Interestingly, one
of the strains associated with this profile was isolated
in 1947, in Washington, from a patient with pneumo-
nia during an outbreak of unknown aetiology. The rea-
nalysis of this unclassified agent in 1979, by McDade,
showed that it was the same species as the LD bacte-
rium [23].

This report provides the evolutionary relationships
among the L. pneumophila clinical isolates collected
in Portugal during the period from 1987 to 2012 by
using the eBURST algorithm. This algorithm uses STs
to divide bacterial populations into groups of closely
related strains based on the theory that a genotype
within a population starts diversifying, by mutation or
recombination, to produce variants that differ in only
one or two of the seven loci.

In the eBURST analysis of STs detected in this study,
the less stringent definition for groups was chosen due
to the small number of isolates tested (n=89). The data
generated indicate that 13 STs do not relate with any
other ST, and for the remaining, nine were SLVs and 11
were DLVs. Thus, the STs involved in these links are
considered to have diverged very recently.

In the diagram drawn with the 1,451 STs reported to
the EWGLI-SBT database, eBURST identified four of the
STs detected in Portugal (ST1, ST23, ST42 and STg94) as
founder genotypes of CCs. Another six STs (ST20, ST22,
ST37, ST62, ST146 and ST172) were also predicted as
subgroup founders. This means that from these STs
many other genotypes have diversified.

In conclusion, we applied SBT and the eBURST algo-
rithm to examine the genetic diversity and evolutionary
relationships among the L. pneumophila clinical iso-
lates collected in Portugal during the period from 1987
to 2012. This study provides information about the
strains circulating in Portugal and their relationship
with strains from other countries. However, additional
research is required in order to improve the knowledge
of the geographic distribution of virulent clones.
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