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I Abstract
Objective. The study aimed to evidence previous cases of legionellosis or proven or suspected pneumonia in seven hospital
facilities for the mentally disabled in Northern Italy, where no clinical surveillance had been previously carried out. An
additional aim was to highlight the occurrence of strains of Legionella pneumophila of clinical and environmental origin by
Sequence-Based Typing (SBT), comparing them to world surveillance.
Materials and method. A clinical survey was perfomed from 2003-2012, analyzing 615 medical records for hospital- and
community-acquired pneumonia, with particular attention to legionellosis. Clinical (n=4) and environmental (h=25) isolates
of Legionella pneumophila, isolated in the same period (2003-2012), were characterized by SBT and the Sequence Types
(STs) compared with the European Working Group for Legionella Infections (EWGLI) database.
Results. Surveillance revealed that there were seven detected cases of legionellosis; most pneumonia cases could not be
confirmed by diagnostic tests because of the disabilities of the patients and their lack of cooperation. The same ST was
found in two of the clinical strains and also in a corresponding environment, i.e. ST685 and ST16, and two clinical strains
belonging to the same ST (ST1). The other environmental strains were isolated in department with confirmed/suspected
clinical cases. Five other STs found in this study were new to the database: ST685 was isolated both from a patient and from
water; ST694, ST1181, ST1370 and ST1371 have not been described previously.
Conclusions. The study confirmed that the routine collection and analysis of environmental strains may be an important

strategy for preventing sporadic and epidemic cases of legionellosis, in association with clinical surveillance.
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INTRODUCTION

Legionnaires’ disease is a type of pneumonia caused by
Legionella spp., which are environmental Gram-negative
bacteria. Pontiac fever is a febrile, non-pneumonic, short-
incubation period, non-fatal disease associated with exposure
to water-borne aerosols containing Legionella spp. bacteria.
The great majority of cases of Legionnaires’ disease (LD)
are caused by Legionella pneumophila, in particular L.
pneumophila serogroup 1. L. pneumophila was recognized
about 36 years ago [1,2]. Clinical signs are not specific, which
makes prompt and accurate laboratory diagnosis crucial [3].

In recent years, numerous phenotypic and genotypic
typing methodologies have been developed and applied to
the epidemiological typing of L. pneumophila [4]. These
include monoclonal antibody (MAb) subgrouping as a
rapid screening method, and various genotyping methods,
such as restriction fragment length polymorphism (RFLP)
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analysis, amplified fragment length polymorphism (AFLP),
and pulsed-field gel electrophoresis (PFGE). In contrast to
band-based typing methods that are difficult to standardize,
the sequence-based typing (SBT) system has the potential to
achieve excellent typeability, interlaboratory reproducibility
and epidemiologic concordance [3, 5, 6, 7].

Several studies have attempted to discriminate between
more pathogenic and less pathogenic strains by demonstrating
the presence of genes associated with virulence genes. More
than 70 serogroups of Legionellaand 16 of L. pneumophila and
also many sequence types (about 1,300 of L. pneumophila) are
known, but little is known about differences in virulence or
the ability of strains to invade the host cell [8, 9]. Other studies
have assessed the possible threshold levels of environmental
contamination, considering the risk of infection of different
types of patients, but these require further investigation.

In Italy, a guideline was issued in 2000 by the Ministry of
Health [10], only recently revised in a new document with
an indication of the thresholds for intervention in hospitals
and nursing homes [11]. There are also local documents
for prevention and control in hospitals with severely
immunocompromised patients, with the integration of the
mentally ill as a category of patients at risk [12, 13].
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For these reasons, the presented study investigated
environmental exposure to L. pneumophila in individuals
with permanent neurologic and mental disabilities of varying
degrees:

« residents who were completely non-self-sufficient, those
with serious physical disability and mental retardation
which implied a requirement for nursing care for their
primary needs;

« residents who were partially self-sufficient, those able to
carry out activities outside their ward, but presenting a
degree of mental impairment which resulted in difficulties
with taking care of themselves.

OBJECTIVE

The aim of the study was to use a new approach that takes into
account the needs of patients who are particularly at risk of
contracting this disease, those with the greatest difficulties in
submitting to routine diagnosis and maintaining the delicate
psychological balance necessary to avoid compromising
or causing a general deterioration in their condition. For
this reason, a pilot study of clinical surveillance (with
retrospective analysis of medical records and raise awareness
in physicians on these issues) was prepared, supported by
environmental monitoring, in addition to routine water
sampling in the structures. The scope was to evaluate
evidence for previous cases of legionellosis or with proven or
suspected pneumonia, and to study the occurrence of strains
of Legionella pneumophila of clinical and environmental
origin by Sequence-Based Typing (SBT), comparing them
to world surveillance.

MATERIALS AND METHOD

Clinical and environmental surveillance. Six nursing homes
for psychiatric patients (one with about 1,000 beds and the
other five branches having approximately 100 beds each)
and a hospital that accommodates patients requiring specific
long-term interventions or care in specialized departments
(medicine, surgery, cardiology, pulmonology, nephrology)
were considered in this study.

The patients assisted in these facilities suffer from mental
retardation of varying degrees (mild to very serious), and may
be affected by rare diseases such as West, Lennox, X-Fragile,
Cri-Du-Chat, MICRO, Down, Williams, Graham-Little,
Wolf-Hirshhorn, and Charge syndrome.

The considered population suffers from neurologic or
psychiatric disorders, such as motor disabilities (primarily
cerebral palsy), aberrant behaviour, epilepsy, and mood
and impulse control disorders often associated with general
medical problems.

In these structures a pilot study was developed that
involved a system of clinical surveillance and environmental
monitoring. Briefly, a clinical retrospective survey was
undertaken (2003-10), which aimed to analyze hospital and
community acquired pneumonia, according to the CDC
definition [14], with particular attention to LD. Altogether,
615 medical records of institutionalized patients in health
facilities were examined to identify cases of legionellosis,
detected or suspected.

The clinical data of the patients was collected, etiological
diagnosis and details of the diagnostic course (radiological,
serological and cultural examinations).

The seven selected health facilities were subjected to
routine investigation of control of legionellosis since 2002
in hot and cold water, which was sampled according to Italian
guidelines [10]. Isolation of Legionella spp. was performed by
the cultural method according to the ISO11731-2 standard
technique, as previously described [ISO, 15]. In this way, 98
environmental isolates of L. pneumophila were isolated and
stored in a strains collection, 25 of them selected for the SBT.

Environmental strains originating from wards with a higher
number of nosocomial pneumonia with an unidentified
etiology, and from wards with patients with serious risk factors
that increase the probability of LD or pneumonia (i.e. patients
with serious mental retardation, immunocompromised,
dysphagia, enticed or with severe postural problems), were
chosen, for a total of 25 strains in 12 wards of the nursing
home and in 3 other wards (controls) (Tab. 1).

All four clinical strains coming from cases of confirmed
or suspected legionellosis were included; clinical isolates
were obtained from the strain collection of the hospital (H).
Therefore, a total of 29 strains were genotyped by SBT.

The selected strains were examined by SBT (EWGLI
protocol Version 4.1) [5, 17]. Briefly, the protocol consisted
of: revitalization of the strains by passage on the culture
media, microbiological and serological tests, extraction of
DNA, primary PCR reaction, DNA sequencing and sequence
analysis.

Genomic DNA is extracted then amplified using primers
targeting seven specific gene loci (i.e. flaA, pilE, asd, mip,
mompS, proA, neuA). Following purification, amplicons are
sequenced directly with forward and reverse primers, and
the resulting consensus sequences trimmed and compared
to previously assigned allele numbers using the online
database. Using a pre-determined order flaA, pilE, asd, mip,
mompS, proA, neuA, the combination of alleles is defined as
a 7-digit allelic profile (e.g. 1,4,3,1,1,1,1) and a sequence type
represented by a number (e.g. ST1).

Particularly, the results were analyzed by in-house software
(Finch TV; USA Geospiza-PerkinElmer) and through the
Sequence Quality Tool (SQT) available on the website (http://
www.hpa-bioinformatics.org.uk/legionella/legionella_sbt/
php/sbt_homepage.php), which allows users to directly
upload standard format sequence files and analyze them,
generating a quality report and automatically allelic profile
and ST.

The results were compared with those in the EWGLI
database [25] which collates details of L. pneumophila
strains, serogroups, monoclonal antibody subgroups and
SBT profiles from all over the world [8, 18, 19, 20, 21], and
with the authors‘previous data [22, 23, 24].

RESULTS

From 2003-2012, a pilot study was performed that consisted
in both clinical retrospective surveillance and environmental
monitoring in six nursing homes accommodating psychiatric
patients, and in one hospital, all in North Italy.

The retrospective survey aimed to analyze hospital and
community pneumonia, with particular attention to LD.
Environmental monitoring was carried out from two to three
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times a year according Italian guidelines (detailed data are

not reported in this study [15]).

Of the 615 medical records of long-term/institutionalized
patients analyzed during the retrospective surveillance
(2003-10), the following were identified:

o 7 detected cases of LD (with such inclusion criteria as
radiography, urinary antigen positive and bacterial
isolation);

o 2suspected LD (high antibody);

o 40 cases of detected pneumonia (with such inclusion
criteria as radiography or bacterial isolation);

o 15 atypical pneumonia cases not detected by diagnostic
tests;

o 205 suspected bronchopneumonia (not confirmed by
diagnostic tests).

In many cases, it was not possible to make radiographs
because of the difficulty to take satisfactory images of these
patients and their lack of cooperation. This may have limited
the diagnosis of several cases of pneumonia, therefore the
majority of these cases remain unfortunately as suspected.

The strains were characterised by Sequence-Based
Typing (SBT) and compared with the Sequence Types
(STs) of all four clinical strains available and originating
from cases of confirmed or suspected legionellosis. Also,
25 environmental strains were genotyped, selected from
wards with a higher number of nosocomial pneumonia with
an unidentified etiology, and from wards with patients with
serious risk factors that increased the probability of LD or
pneumonia (i.e. patients with serious mental retardation,
immunocompromised, dysphagia, enticed or with severe
postural problems) (Tab. 1).

PCR products of the expected sizes were yielded and
nucleotide sequences from all seven genes fragments
investigated, and obtained an allelic profile of the seven
genes (flaA, pilE, asd, mip, mompS, proA, neuA) for each
isolate, comparing them to the EWGLI international database
[25, 26] (Tab. 1).

Two clinical strains were correlated with the corresponding
environment, i.e. Sequence Type (ST) 685 and 16, and two
clinical strains in the same structure (ST1). The other
environmental strains were isolated in the department with
confirmed/suspected clinical cases of pneumonia or LD. The
results were compared with the EWGLI database: the ST 1,
16, 34, 61,71, 188 and 579 were already known among clinical
and nosocomial cases in the literature.

Five STs were new to the database: ST685 was isolated both
from a patient and from the water; ST694, ST1181, ST 1370
and 1371 were unknown in the international database, and
isolated from environmental samples. Comparing the Italian
situation in the same period, ST 188 and ST 1362 were both
new and came from water. Table 2 also shows the countries
with isolated strains [25] having the same allelic profiles as
those in the presented study in the same period.

DISCUSSION AND CONCLUSIONS

Water systems have been identified as a source of Legionella
pneumonia [27]. The water plants of hospitals and health
care facilities are often involved in the transmission of
Legionella spp. and subsequent pneumonia in their patients
characterized by compromised health conditions.

According the last report, in 2013 in Italy, there were 62
cases of nosocomial legionellosis, 4.6% of the total notified,
but it is assumed that data have been greatly underestimated.
Also reported were 21 cases associated with a stay in a
residential facility for the elderly. [28]

The problem of under-reporting of cases was also evident
in the current study that first analyzed 615 medical records
of six nursing homes for the mentally disabled, and second,
genotyped clinical and environmental strains by SBT and
isolated in the same structures.

In the retrospective clinical surveillance performed from
2003 - 2012, it was clear that there was a great underestimation
of the number of cases. In most cases of pneumonia, no
radiographs were made because it was difficult to take
satisfactory images of these patients due to their lack of
cooperation. This problem might have limited the correct
diagnosis of pneumonia. Also, there were considerable
difficulties in obtaining clinical strains (patients are subjected
only to urinary antigen) and in etiological diagnosis (letting
patients with mental retardation to undergo routine testing
is often more difficult).

From a preliminary analysis of clinical surveillance data,
there are more frequent cases of pneumonia in the wards
with patients suffering from severe and profound mental
retardation and dysphagia (cases of aspiration are frequent),
compared to departments with older patients who have
COPD, and children with mental retardation of varying
degrees. These patients may be at risk for LD.

The utility of environmental monitoring for Legionella
species remains controversial [27]. According to one strategy,
routine environmental culturing of hospital water, even in
the absence of known cases, is a proactive approach for the
prevention of hospital-acquired Legionnaires’ disease [29,
30, 31]. According to an alternative strategy proposed by the
United States Centers for Disease Control and Prevention,
intensive clinical surveillance without routine environmental
monitoring is to be preferred [32].

Great help can also be provided from the intersection of
clinical and environmental data, as in the presented study,
from the genotyping of isolated strains and comparing
them with international data to determine the frequency
and virulence of known clones.

In particular, on patients such as those considered in this
study, it would be desirable to propose - in collaboration
with physicians - the application of molecular biology
methods directly on respiratory samples (often carried
out to help patient with symptoms, but rarely analyzed for
clinical isolation, because of poor growth or selection of
microorganisms) [3].

There is thus the need for further studies, also the use of
other methods such as SBT, with respect to the increased
occurrence in hospitals of certain strains with specific
profiles, compared with others that occur in the environment,
but not as frequently in clinical isolates. It is reasonable to
assume that some clones are more virulent than the others,
and that a select group of STs have an enhanced ability to
cause legionellosis in humans [4].

The presented study correlates two clinical strains with the
corresponding environmental strain (Sample Nos. 1 and 2,
Nos. 5 and 6) and two clinical strains (Nos. 3 and 4).

It was also possible to observe that some ST (1, 16, 34, 188,
328,421,579 and 807) were found in clinical and nosocomial
compartments, with a fair distribution in different countries;
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Table 1. Results for the 29 samples analyzed with Sequence Based Typing from 7 hospital facilities of Northern Italy after linical and environmental

surveillance (2003-12)

No. Allelic profile Ser Source Year Clinical aspectsand Wards Environmental aspects (CFU/L)
(Sequence Type)

1 1,431,111 1 C 2003 Hospital-H (Medicine) ;onﬁrmeq eny|ronmenta| contamination
(1) in water circuit
1431111 Confirmed environmental contamination

2 (1')' e 1 C 2004 Hospital-H (Cardiology) in water circuit, then bacteria contained

through use of chlorine dioxide.

3 210,18,101,1,9 1 C 2004 Hospital-H (Neurology) “idem”
(685)

4 2,10,18,10,1,1,9 1 E 2004 HospltaI—H (Ward with clinical case: water from the shower of the patient videm”
(685) in Neurology)

5 (2{16()),1 810219 1 C 2004 Hospital-H (Cardiology) “idem”

6 (2116())1 810219 1 E 2004 Hospital-H (Ward with clinical case: water from Cardiology) “idem”

7 2,6,17,6,13,3,11 1 £ 2005 Nursing 'homg ?:waterfrom Medicine . 170
(188) (Ward with clinical case confirmed but not isolated).
2,6,17,6,13,3,11 Nursing home 1: water from Surgery

8 (188) ! E 2005 (Ward with clinical case confirmed but not isolated). 360
2,6,17,6,13,3,11 N. home 1: water from Rehabilitation

° (188) 1 E 2004 (Ward with clinical case confirmed but not isolated). 5600
2,6,17,6,13,3,11 Nursing home 1: water from RFD 1

10 (188) ! B 2008 (a, presence of pneumonia, 4 atypical in'08) 40
2,6,17,6,13,3,11 Nursing home 1: water from RFD 2
" (188) ! E 2008 (a, presence of pneumonia, 3 atypical in 06-08) 440
12 2,6,17,6,13,3,11 1 E 2010 Nursing home 1: water from RFD 2 10
(188) (@)
2,6,17,6,13,3,11 Nursing home 1: water from RFD 3
13 (188) ! B 2008 (a, presence of pneumonia, 1 atypical in '08) 20
14 2,6,17,6,13,3,11 1 E 2008 Nursing home 1: water from RFD 4 500
(188) (control)
2,6,17,6,13,3,11 Nursing home 1: water from RFD 5
15 (188) ! E 2009 (a, presence of pneumonia, 1 atypical in'09) 320
4,8,11,3,8,12,11 Nursing home 1: water from RFD 6
16 (1377) ! E 2012 (Ward with suspected clinical case) 6
2,10,3,28,9,4,207 Nursing home 1: water from RFD 6
v (1362) 214 E 2012 (Ward with suspected clinical case) 6
3,13,1,25,14,9,6 Nursing home 2: water from RFD 1
18 (34) ! E 2008 (Ward with suspected clinical case) 4000
3,13,1,25,14,9,6 Nursing home 2: water from RFD 2
19 (34) ! E 2008 (Ward with suspected clinical case) 600
6,10,19,28,19,4,9 Nursing home 2: water from RFD 3
20 (328) 214 E 2010 (a, presence of pneumonia, 3 atypical in'09) 800
21 6,1,22,30,6,10,11 1 £ 2009 Nursing home 3: water from RFE 1,800
(694) (control)
2 6,1,22,30,6,10,203 5-14 E 2012 Nursing home 3: water from RFE 10
(694) (control)
23 6,10,17,28,19,4,11 1 E 2010 Nursing home 4: water from RFD1 200
(807) (@)
24 6,10,17,28,19,4,11 1 £ 2012 Nursing home 4: water from RFD1 500
(807) (a)
3,13,1,3,14,9,11 Nursing home 5: water from RFD1
% (579) 214 E 2009 (a, presence of pneumonia, 1 atypical in '09) 50
Nursing home 5:
26 3,13,1,314,9,11 2-14 E 2010 water from RFD1 1,600
(579) . o
(a, presence of pneumonia, 1 atypical in '10)
Nursing home 6:
27 21033943 2-14 E 2010 water from RFD1 300
(421)
(control)
6,10,17,20,4,14,207 Nursing home 6:
8 (1370) X4 B 2010 ter from RFD2 (a) 10,000
3,13,1,3,14,3,6 Hospital-H
29 (1181) 2-14 E 2010 (control) 50

Ser - serogroup; C - clinical isolate; E - environmental isolate; RFD - Residential facility for the disabled; RFE - Residential facility for the elderly;

(a) — Wards with patients with serious mental retardation, immunocompromised, dysphagia, enticed or with severe postural problems and recurrent bronchopneumonia.



252

Annals of Agricultural and Environmental Medicine 2016, Vol 23, No 2

Annalisa Bianchi, Fabrizio Ernesto Pregliasco, Michela Consonni, Marina Tesauro. Genotypic diversity of Legionella pneumophila in environmental and clinical strains...

Table 2. Results for the 29 samples analyzed with Sequence Based Typing and Sequence Types comparison with other regions of the world in the
same period of the study

No Allelic profile International comparison Italian comparison
T(ST) (with 6756 entries and 1361 STs in the database) (with 185 entries and 80 STs)
Profile very common in the clinical (392) and environmental (509), 914 strains isolated in
iffe ies: , P I, , United Ki , Netherlands, Switzerland, ) ) .
1431111 di erentFountrles Germany, Portugal, Japan Unlte?d |ngdom et e?r ands, Switzer anq 26 strains (12 nosocomial): 16 clinical
1-2 ) Italy, Spain, France, Canada, Denmark, Greece, Russian Federation, United States of America, and 10 environmental
Mexico, Norway, Sweden, Australia, Malta, Singapore, China, Austria, Belgium, Poland, :
Slovenia, South Africa, Lesotho, Czech Repubilic, Israel. 130 nosocomial
3-4 (26;5(;)1 810119 Never isolated in other countries There are no other isolated ST 685.
2,10,18,10,2,1,9 . - . - .
5-6 16) 19 clinical strains in France (13), Portugal (1), Italy (2), Belgium (1) and Netherlands (1). 2 clinical strain
715 2,6,17,6,13,3,11 13 strains (6 clinical and 7 environmental) isolated in United Kingdom (7), Netherlands (3), There are no other isolated ST 188

(188) Gemany (3): 6 nosocomial.

16 48,11,3,8,12,11 (1371) Never isolated in other countries

There are no other isolated ST 1371

17 2,10,3,28,9,4,207 (1362) 1 environmental strain in Germany

There are no other isolated ST 1362

3,13,1,25,14,9,6

6 strains (6 environmental and 2 clinical) isolated in United Kingdom (4), Gemany (1) and

18-1 Th her isolated ST 34
8-19 34) Sweden (1), ere are no other isolated ST 3
20 6,10,19,28,19,4,9 4 environmental strains isolated in Gemany (2), Czech Republic (1) and Netherlands (1). 1 There are no other isolated ST 328
(328) nosocomial
21-22 (66'19'5)2'30'6'10'203 Never isolated in other countries There are no other isolated ST 694
23-24 (Gé:)(;’; 7281941 1 clinical strain in United States of America There are no other isolated ST 807
3,13,1,3,14,9,11 . . . . . . .
25-26 (579) 3 strains (2 clinical and 1 environmental) isolated in Norway (1), France (1) and Belgium (1). There are no other isolated ST 579
27 2,10,3,3,94,3 12 strains (4 clinical and 8 enwronme‘ntal) isolated in Gemany (3), Austria (1), Denmark (4), There are no other isolated ST 421
(421) France (2) and Poland (2). 4 nosocomial
28 (61';(;';)7'20'4'14'207 Never isolated in other countries There are no other isolated ST 1370
29 313131436 Never isolated in other countries There are no other isolated ST 1181

(1181)

in particular, ST1 is the most commonly isolated in Europe
[4]. ST 685 was not found in the EWGLI database, but its
pathogenicity has been demonstrated by the concomitant
isolation from a symptomatic patient and water.

In contrast, ST 694, ST 1370, ST 1371 and ST1181 were not
included in the database or other source of published data
in the same period of the study.

As cases of legionellosis had never been detected or
suspected in the structures, it can be assumed that the profiles
in question are rarer or less virulent than the other genotypes.
However, given the small number of isolates studied, this
hypothesis must be verified.

From comparison with time series analysis of the
environmental results [22, 24], structure 1 was always
characterized by ST 188, from which a reduction of diversity
in the strains isolated from the water can be assumed. The
remediation implemented since 2004 could have favoured the
selection of a strain more resistant to treatment than others
of the same serogroup. Despite analyzing a limited number
of samples, there seems to be homogeneous colonization in
each of the facilities studied, ST 579 was evidenced in nursing
home No. 5 both in 2009 and 2010, or ST 694 in nursing home
No.3 in 2009 and 2012, even though the presence of other
Legionella (species, serogroup or ST) in low concentrations
cannot be excluded. This situation differs from the hospital,
where there were a greater number of strains with different
allelic profiles, ST1, ST685, ST16 and ST 1181.

In agreement with European data [25], a significant portion
(20/24) of bacterial isolates belonging to clones was already
known in the nosocomial department and responsible for
clinical cases.

As other studies have shown [20, 21, 29, 30, 31], the
presented confirms that the routine analysis of environmental
strains may be an important strategy for preventing outbreaks
of legionellosis, in association with clinical surveillance data.

There is consensus that the issue of Legionella spp. in
water is impossible to resolve; rather, we must aim to study
the virulence of circulating clones and the susceptibility of
patients, in addition to the containment of the bacteria and
number of contaminated sites.

Containment of environmental bacteria and an advanced
study on the virulence of clinical and environmental clones
can be justified in the long-term, considering the serious
legal implications and the image which the health facilities
may have to contend with, and the known underestimation
of legionellosis cases.
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