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Abstract Hospital environmental conditions, human

occupancy, and the characteristics of the equipment

influence the survival of microbial communities and

raise a concern with regard to nosocomial infections.

The objective of the present work was to use the

monitoring of Pseudomonas aeruginosa, Klebsiella

spp. and non-tuberculous mycobacteria as a strategy to

improve knowledge on microbial colonization of non-

critical equipment and surfaces, in a tertiary hospital

from Central Portugal. A 3-month microbiological

survey was performed in a district teaching hospital. A

total of 173 samples were obtained from the wards

Hematology, Urology, Medicine, and Renal Trans-

plants, and 102 presumptive strains recovered. Per

sampling, Pseudomonas Isolation agar showed 42.8 to

73.3% of presumptive P. aeruginosa colonies and

MacConkey agar recovered mostly Staphylococcus.

Most of the colonies recovered in Middlebrook 7H10-

PANTA belonged to the genus Methylobacterium.

Taps and WC shower curtains carry high bacterial

species diversity. The Redundancy Analysis grouped

the samples in those mostly handled by patients, and

those mostly handled by healthcare staff or of mixed

use. This study shows that the preferential users of the

space and equipment seem to be important contributors

to themicrobial community. Themost recovered genus

was Methylobacterium, known as colonizer of the
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water distribution system therefore, it is possible that

the water points and biofilms in taps also contribute as

dispersion hotspots.

Keywords Hospital environment � Non-critical
equipment and surfaces � NT mycobacteria �
Pseudomonas � Klebsiella

Introduction

Hospital acquired infections (HAI) are an urgent and

current problem worldwide, with the rate of hospital

infections acting as an indicator for the quality of

health care service. The costs associated with health

care can bemeasured directly and indirectly. The latter

costs include infections acquired at a health care

facility that either prolong the patient stay, leading to a

readmission, or hamper treatment (Umscheid et al.

2011). Incorrect disinfection by patients, staff and/or

visitors, patient transfer between hospitals, poor dis-

infection of non-critical equipment and surfaces may

contribute to dissemination of bacteria in a hospital

(Tan et al. 2013; Leverstein-Van Hall et al. 2006).

The group of organisms ESKAPE (Enterococcus

faecium, Staphylococcus aureus, Klebsiella pneumo-

niae, Acinetobacter baumannii, Pseudomonas aerug-

inosa, and Enterobacter species) represent a

substantial percentage of nosocomial infections in

modern hospitals and constitute the majority of the

isolates whose resistance to antimicrobial agents

presents serious therapeutic dilemmas for healthcare

workers (Pendleton et al. 2013).

P. aeruginosa, is implicated in various cases of

HAI, with particular relevance in patients with cystic

fibrosis (Høiby 2011), occurring mostly in patients

from intensive care units (Falkinham et al. 2015). This

species was present in 18% of the samples recovered

from a hospital environment in Portugal (de Abreu

et al. 2014). Strains from the genus Klebsiella have

also been related to HAI mainly infecting immuno-

compromised patients (Struve and Krogfelt 2004).

They are commonly found as part of the gut micro-

biome of several animals, including humans, and can

be recovered from health care plastic surfaces and

fabrics including health care workers attire (Neely

2000; Wiener-Well et al. 2011).

In recent years, non-tuberculous mycobacteria

(NTM) have emerged as amajor cause of opportunistic

infections and, without evidence of person-to-person

transmission of NTM, it is proposed that humans are

infected from environmental sources (Fernandez-Ren-

don et al. 2012). Their importance has grown in recent

years with the recovery of numerous isolates from

aquatic environments, urban waste discharges, and

recreational pools/fountains as well as industrial and

health care waters (Falkinham et al. 2015). In conse-

quence, it is important to know the prevalence of NTM

in the hospital environment a study that, as far as

known, was never attempted in Portugal.

The dynamics of indoor environmental conditions,

building design, human occupancy, and operational

characteristics influence indoor environmental quality

and survival and progression of microbial communi-

ties (Bessonneau et al. 2013; Ramos et al. 2015) and,

therefore, the progression, survival, and transmission

of microbial pathogens (Richardson et al. 2014; Tang

2009).

Considering the published data on the species more

frequently involved in human infections (Pendleton

et al. 2013), and in order to contribute to the

information needed to make decision in epidemiology,

the objective of the present work was to use the

monitoring of P. aeruginosa, Klebsiella spp. and non-

tuberculous mycobacteria in a tertiary hospital from

Central Portugal as a strategy to improve knowledge

on microbial non-critical equipment and surfaces

colonization. The selection of the species to develop

the research was related to the existence, at the

hospital, of clinical cases involving these species.

Materials and methods

Sampling non-critical hospital objects and surfaces

The study was carried out in collaboration with a

hospital from Central Portugal. The monitoring of the

bacterial prevalence in the hospital environment was

followed during a 3 month period, from November

2012 to January 2013. During this period, a total of

173 samples were recovered from the four different

wards selected. The number of samples (59) per

sampling was very similar in the different wards and

covering the same type of non-critical equipment and

surfaces.

The evaluation was performed in the standard

chirurgical wards of Hematology, Urology, Renal
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Table 1 Equipment and

surfaces sampled, and

respective microbial load

(CFU/100 cm2) in the

hospital during the 3 month

period of the study

Wing Equipment Equipment ID Microbial load (CFU/100 cm2)

Hematology WC light switch 1 113

WC sink’s tap 2 [4000

WC sink’s drain 3 [4000

WC shower 4 [4000

WC curtain 5 \20

Bedside table 6 \20

Bed rail 7 \20

Bedside table support 8 \20

Crash cart 9 \20

Bench work table 10 \20

Tap 11 [4000

Used nursing tray 12 100

Clean nursing tray 13 \20

Light switch room 3 14 \20

Tap room 3 15 [4000

Shower room 3 16 [4000

Door handle 17 \20

Lattice entrance 18 \20

Lattice exit 19 \20

Altar 57 20

Entrance access keypad 20 \20

Urology WC sink’s tap 21 30

WC sink’s drain 22 240

WC shower 23 20

WC light switch 24 \20

Bed rail 25 \20

Bedside table 26 \20

Renal transplants Crash cart 27 \20

Used nursing tray 28 \20

Bench work table 29 \20

Tap 30 [4000

Clean tray 31 \20

Keyboard 32 \20

Clean clothes storage 33 \20

Bed rail 34 \20

Bedside table 35 \20

WC light switch 36 \20

WC sink’s tap 37 [4000

WC shower 38 [4000

WC curtain 39 \20

Curtain 40 \20

Infirmary access keypad 41 \20

Infirmary doorbell 42 \20
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Transplants and the medical ward of Medicine A (one

of the three medical wards of this hospital). The

majority of patients in the medical ward were elderly.

The wards were non-adjacent with dedicated medical

personnel in each one. In each one, an assortment of

non-critical equipment and surfaces was evaluated

(Table 1). Those included items mainly handled by

health care staff, mainly handled by patients or

handled by everyone. Samples were always taken

from equivalent non-critical equipment and surfaces

on all locations (different wards).

Samples were always collected at the end of the

morning and during lunch time, after the medical visits

and treatments. Swabs were used to sample an area of

10 9 10 cm of each surface. Taps were sampled by

removing the biofilm. The swabs were first humidified

in Peptone Water (Peptone 1%; Sodium chloride

0.5%) (PW) (Oxoid), then used to sample, and

transported in 2 ml of PW tubes and then processed

in the laboratory after 3 h shaking.

Determination of microbial load and bacterial

isolation

Each volume of transporting broth (PW), containing a

single swab, was vortexed for 1 min. Total microbial

load was evaluated by plating 0.1 ml of the swab

suspension in Reasoners 2 Agar (R2A), (Difco).

Colony forming units (CFU) were determined after

48 h growth, at 22 �C. Results presented are the

average counting per sample expressed in CFU/

100 cm2, all counts over 200 CFU/100 cm2 were

considered uncountable. All environmental samples

were analyzed for bacterial content by inoculating

0.1 ml of the swab suspension in: 1) Pseudomonas

Isolation Agar (Oxoid), 2) McConkey Agar (Difco),

and 3) Middlebrook 7H10 medium supplemented with

10% OADC (Oleic Albumin Dextrose Catalase

Growth Supplement) and 40 U/ml of polymyxin,

4 lg/ml of amphotericin B, 16 lg/ml of nalidixic acid,

4 lg/ml of trimethoprim, and 4 lg/ml of azlocillin

(PANTA) (Radomski et al. 2010). The microbial load

Table 1 continued Wing Equipment Equipment ID Microbial load (CFU/100 cm2)

Medicine A Crash cart 43 \20

Used nursing tray 44 \20

Tap 45 [4000

Bench work table 46 20

WC light switch 47 \20

WC sink’s tap 48 1900

WC shower 49 [4000

WC curtain 50 \20

Bed rail 51 \20

Bedside table 52 \20

Workroom door handle 53 67

Clean tray 54 \20

Bedside table support 55 \20

TV remote 56 \20

Bedside table lamp 58 \20

Artificial plant 59 \20

cFig. 1 Phylogenetic tree of 16S rRNA genes obtained from

hospital’s non-critical equipment and surfaces isolates.

Sequences were aligned using Mega 5 for construction of

phylogenetic dendrograms using the Neighbor-Joining algo-

rithm with the following parameters: Jukes–Cantor correction

model for nucleotides and 1000 bootstraps. Organisms used for

phylogenetic analyses include all PIA, and MacConkey isolates

as well as all NTM. Isolates nomenclature for strains recovered

from PIA and McConkey identifies the hospital (HUC), the

sampling (1/2/3), the number of the isolate and the media of

recovery (k/p). Isolates nomenclature for strains recovered from

Middlebrook 7H10-PANTA identifies the number of the isolate

(first number and letter) and the sampling (roman numerals I/II/

III)
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Citrobacter freundii ATCC 8090(T) 
 HUC2 23 p 
 HUC1 3a p 

 Raoultella planticola ATCC 33531T 
 HUC1 38 k 

Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884(T) 
 HUC1 28 k 

Pseudomonas aeruginosa JCM 5962(T) 
 HUC3 30 p 

 HUC2 38b p 
Pseudomonas hunanensis LV(T) 
Pseudomonas taiwanensis BCRC 17751(T) 
 HUC1 4k 
 HUC1 16a p 
 HUC1 16b p 
 HUC1 4a p 
 HUC1 4c p 
 HUC1 16c p 

 HUC3 3 p 
 HUC1 23 k 

Pseudomonas geniculata ATCC 19374(T) 
 HUC1 11b p 
 HUC3 11 p 
 HUC1 11 k 
 HUC1 40 k 

 HUC1 30b p 
 HUC3 4 p 

Stenotrophomonas maltophilia MTCC 434(T) 
 HUC1 23a k 
 HUC1 30a p 
 HUC1 30c p 
Pseudomonas beteli ATCC 19861(T) 

 HUC1 48 k 
Delftia tsuruhatensis T7(T) 

 HUC2 4 p 
 Candidatus Rhizobium massiliae 90A 

 HUC1 45b p 
Sphingobium yanoikuyae ATCC 51230(T) 

 HUC1 45c p 
 HUC1 45a p 
 HUC1 11a p 

 29AIII 
 35AIII 
 10AIII 

Mycobacterium gordonae ATCC 14470 
 22DIII 
Mycobacterium obuense 47001 

 24AIII 
Mycobacterium mucogenicum ATCC 49650 

 HUC2 6 k 
Staphylococcus aureus subsp. anaerobius ATCC 35844 

 HUC2 27 k 
Staphylococcus epidermidis ATCC 14990(T) 

 HUC3 11 k 
 HUC3 13b k 
 HUC3 13a k 
Staphylococcus warneri ATCC 27836(T) 

 HUC1 52 k 
Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305(T) 
Staphylococcus cohnii subsp. urealyticus ATCC 49330(T) 
Staphylococcus cohnii subsp. cohnii ATCC 29974(T) 

 HUC3 26a k 
 HUC1 55a k 

 HUC1 3c p 
 HUC3 17a k 
Staphylococcus hominis subsp. novobiosepticus GTC 1228(T) 

 HUC3 58a k 
 HUC3 53 k 
 HUC3 52b k 
 HUC3 26b k 
 HUC3 55 k 

 HUC2 49a p 
 HUC3 58b k 
 HUC3 38a k 
 HUC1 55b k 
 HUC1 16b k 
 HUC2 43 k 
 HUC2 55 k 
 HUC2 50 k 
Staphylococcus haemolyticus ATCC 29970(T) 
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Table 2 Bacterial species and distribution

Hematology Urology Renal transplants Medicine A Isolates

PIA 1 1 Citrobacter freundii

1 Pseudomona aeruginosa

1 2 Pseudomonas beteli

1 1 Pseudomonas geniculata

4 1 Pseudomonas hunanensis

1 Pseudomonas taiwanensis

1 Pseudoxanthomonas spadix

1 Rhizobium massiliae

1 3 Sphingobium yanoikuyae

1 Staphylococcus cohnii sub.esp cohnii

1 Staphylococcus haemolyticus

1 1 Stenotrophomonas maltophilia

McConkey 1 1 Delftia tsuruhatensis

Klebsiella pneumoniae subsp. rhinoscleromatis

1 Pseudomonas beteli

1 Pseudomonas geniculata

1 Pseudomonas hunanensis

1 Raoultella planticola

1 Staphylococcus aureus subsp. anaerobius

1 Staphylococcus cohnii sub.esp cohnii

1 Staphylococcus cohnii subsp. urealyticus

1 Staphylococcus epidermidis

1 1 6 Staphylococcus haemolyticus

1 1 4 Staphylococcus hominis sub esp. novobiosepticus

1 Staphylococcus saprophyticus subsps saprophyticus

2 Staphylococcus warneri

2 Stenotrophomonas maltophilia

PANTA 1 Corynebacterium amycolatum

1 Corynebacterium jeikeium

1 Corynebacterium imitans

1 1 Gordonia sputi

1 1 1 Methylobacterium sp.

1 Methylobacterium fujisawaense

1 Methylobacterium isbiliense

3 Methylobacterium phyllosphaerae

1 1 Methylobacterium populi

1 1 6 4 Methylobacterium radiotolerans

1 2 Mycobacterium gordonae

1 Mycobacterium mucogenicum

1 Mycobacterium obuense

3 1 1 1 Pseudomonas sp.

1 Pseudomonas rhodesiae

1 3 Sphingomonas sp.

1 Sphingomonas ginsenosidimutans

1 2 Sphingomonas paucimobilis

1 Sphingomonas melonis

1 Sphingomonas wittichii
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of the surfaces by cultivation on non-selective media

involved the use of serial dilution to obtain count-

able plates. Therefore, the detection and isolation of

microbial populations with low number of individuals

as the target microorganisms were conditioned to the

use of selective media.

Isolation of target bacterial taxa

The isolation of the target microorganisms was per-

formed in the low selectivity and differentiative media

mentioned above. Pseudomonas Isolation Agar (PIA) is

a selective medium, containing the antibiotic Irgasan,

for the isolation ofPseudomonas spp., differentiatingP.

aeruginosa, on the basis of fluorescent pigment forma-

tion. Samples were incubated for 24 h at 30 �C, and
evaluated after this period for total counts and for the

presence of colonies with fluorescence under UV light.

All colonies showing fluorescence and therefore con-

sidered presumptively P. aeruginosa, were isolated and

purified. From plates with fluorescent colonies, 47% of

non-fluorescent colonies were also isolated.

For the isolation of Enterobacteriacea, the bacterial

family that includes the Gram-negative and enteric

bacilli Klebsiella spp., the complex mediumMacCon-

key Agar without crystal violet was used. Samples

were incubated at 37 �C during 48 h. Colonies with

characteristics of Klebsiella, as described by the

manufacturer (Difco), were isolated and cultivated in

R2A medium up to purification. Since the isolation

medium allows the growth of organisms different from

Klebsiella, a first screen was performed by cultivating

in Kligler’s iron Agar (Schau 1986). Where consid-

ered for further evaluation organisms able to produce

acid during growth.

To recover presumptive NTM strains, all samples

were directly plated in Middlebrook 7H10-PANTA

Agar medium. Samples were incubated at 30 �C and

evaluated for the presence of colonies over time

(1–6 weeks). Colonies with different morphologies

were counted on each plate and purified on new

Middlebrook 7H10-PANTAplates at 30 �C. All isolates
were stored in glycerol-containing medium at -80 �C.

16S rRNA gene sequence identification

of the isolates

DNA from each isolate was obtained using the

protocol from Pitcher et al. (1989) or for NTM strains,

the protocol adapted from Nielsen and colleagues

(Nielsen et al. 1995) with initial incubation for 2 h in

GTE buffer (50 mM glucose, 25 mM Tris–HCl at pH

8.0, and 10 mM EDTA) containing lysozyme (20 mg/

ml), at 37 �C. Amplification of the nearly full-length

16S rRNA gene sequence was performed by PCR with

universal primers 27F and 1525R. (Rainey et al. 1996).

The 1500 bp PCR products were purified using the

EZNA Gel purification Kit (OMEGA-VWR) accord-

ing to the manufacturer’s instructions and send to

sequence at Macrogen (Neaderlands).

All sequences were compared with sequences avail-

able in the NCBI database using BLAST network

services (Altschul et al. 1997), aligned with the

CLUSTAL X program (Thompson et al. 1997), visually

examined, and relocated to allow maximal alignment.

The method of Jukes and Cantor (1990) was used to

calculate evolutionary distances. Phylogenetic dendro-

grams were than constructed by the neighbor-joining

method using theMEGA6 package (Tamura et al. 2007).

Statistical analysis

Redundancy analysis (RDA) was used to analyze the

relationships between the level of contamination of the

non-critical equipment and surfaces observed using

the different selective media, the type of non-critical

equipment and surfaces (response variables), and the

sampling location (explanatory variables) using the

software package CANOCO (version 4.5). The

covariance relation was determined based on the

percentage of each isolate against the total number of

isolates at the same sample. Environmental variables

(explanatory variables) were attributed to discriminate

samples according to their source ward, Renal Trans-

plants (T), Medicine (M), Hematology (H) and Urol-

ogy (U) and preferential user, patients (Patient),

medical staff (Infirmary), and common usage (Mixed).

Nucleotide sequence accession numbers

The 16S rRNA gene sequences of the isolates reported

in this study have been deposited in EMBL and

GenBank databases under the accession numbers from

GenBank KT168232 to KT168284 for the strains

recovered on PIA and MacConkey Agar and from

GenBank KT347459 to KT347502 and KT832812 to

KT832816 for the NTM and others strains recovered

on Middlebrook 7H10-PANTA.
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Results

Identification of the isolates

The 16S rRNA gene sequences of the type strains of

the closest relatives of all isolates obtained in this

study were used to construct the phylogenetic tree

where only representative strains (57) are included

(Fig. 1). The strains grouped in different phylogenetic

clusters each of them including a different type

species. The exception was the group formed by

Stenotrophomonas maltophilia, P. geniculata, and

Pseudomonas beteli that grouped together as expected

(Van den Mooter and Swings 1990; Anzai et al. 2000).

From all isolates, one strain, (HUC3 30p) grouped

with the type strain of the species P. aeruginosa. The

closest phylogenetic group included the type species

P. hunanensis and P. taiwanensis and 7 isolates that

were identified by the 16S rRNA gene sequencing as

belonging to one of the species.

A large cluster included Klebsiella pneumonia,

Raoultella planticola, and Citrobacter freundii sepa-

rated in subclusters according to the species. All

Staphylococcus were included in a large cluster

separated in subclusters according to the species.

Other distinct cluster included the NTM isolates

grouped with the type strain of the species Mycobac-

terium gordonae (10AIII, 29AIII, and 35AIII), My-

cobacterium obuence (22DIII), and Mycobacterium

mucogenicum (24AIII).

Abundance and diversity of hospital isolates

During the whole period of the experiment, the

number of isolates recovered was relatively constant,

with an average of 34 colony forming units (CFU) per

100 cm2, per sampling (Table 1). High CFU/100 cm2

counts were observed mainly in water delivery

hotspots as taps, showers, and drains. In total, the

number of isolates (including typical and atypical

colonies) was 23 in PIA, 30 in MacConkey and 49 in

Middlebrook 7H10-PANTA medium.

In PIA medium, per sampling, between 42.8 and

73.3% of the samples showed presumptive P. aerug-

inosa colonies. Most of the isolates identified belong

to the genus Pseudomonas (45.83%), represented by

the species P. hunanensis (5 isolates), P. beteli (3

isolates), P. geniculata (2 isolates), P. taiwanensis,

and P. aeruginosa (all with 1 isolate each), the last

recovered from a tap in the Renal Transplants ward.

The largest number of organisms was recovered in

Hematology ward and the lowest in Urology ward

(Table 2).

Species recovered in MacConkey agar belonged

mostly to the genus Staphylococcus (72.4%), espe-

cially in Medicine A ward. The remaining isolates

belonged to the classes beta-, and gammaproteobac-

teria, Table 2. A single strain of K. pneumoniae subsp.

rhinoscleromatis was isolated in MacConkey agar.

The majority of the isolates recovered from Mid-

dlebrook 7H10-PANTA plates were identified, after

16S rRNA sequencing, as belonging to class alphapro-

teobacteria as representatives of genera Methylobac-

terium (22 isolates) and Sphingomonas (10 isolates)

and to class gammaproteobacteria as Pseudomonas (7

isolates). Among the ten other isolates recovered in

this medium were strains identified as closely related

to M. gordonae M. obuense, and M. mucogenicum,

(Table 2). These NTM were isolated from all wards

sampled except from Medicine A.

Bacterial colonization of non-critical equipment

and surfaces is diverse and site/equipment specific

The distribution of bacteria was unequal throughout

the non-critical equipment and surfaces (Fig. 2).

Moreover, in all three sampling campaigns, there

were non-critical equipment and surfaces with high

numbers of microorganism and non-critical equipment

and surfaces with low numbers. A large number of

strains, thirteen and nineteen strains, were isolated

from taps and showers, respectively. The bacterial

community in taps, although diverse, was mainly

composed by phylogenetically related taxa Sphingo-

bium yanoikuyae (4 strains), P. geniculata (3 strains),

and P. beteli (2 strains). On the other hand, species

isolated from showers included Staphylococcus, Pseu-

domonas, and Raoultella species. The strain P.

aeruginosa was isolated from a tap in the Renal

Transplants ward. In the used nursing tray, sampled in

Renal Transplants ward, was isolated aK. pneumoniae

cFig. 2 Representation of the number of species per equipment.

All strains isolated and identified by 16S rRNA were evaluated

as to their presence in the different equipments. Equipments and

surfaces listed did not contemplate the number of samplings or

their source. Circumferences represent 1, 2, 3, and 4 represent

the number of isolates per species per type of equipment/sur-

faces sampled (smaller to larger circle)
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subsp. rhinoscleromatis. Atop the list of the most

widespread bacterial species were M. radiotolerans

recovered in 13 different samples, Pseudomonas sp.

from six different samples, and S. haemolyticus

recovered from five samples (Fig. 2). MacConkey

agar recovered a large number of isolates from the

genus Staphylococcus. Staphylococcus (12.2%) were

isolated from the area related to patient bedside area

(lamp, support table) and from a clean nursing tray, a

crash cart, and door handles. From the 47 non-critical

equipment and surfaces surveyed, only four had a

single microorganism species recovered.

Mycobacteria isolates were retrieved from the three

different hospital wards. M. gordonae were isolated

from the bench work table (staff area) at Hematology,

and from the bedside table and bench work table at

Renal Transplants. M. obuense and M. mucogenicum

isolates were both recovered in the Urology ward from

a sink’s drain and from a light switch, respectively.

Redundancy analysis of the bacterial diversity

and the NCE-S

A redundancy analysis (RDA) was carried to obtain a

graphic correlation of the contamination load of the non-

critical equipment and surfaces and bacterial diversity,

grouping non-critical equipment and surfaces according

to the handler. The cumulative percentage variance of

the species–environment relation was 90.6%. The RDA

grouped the samples in two major clusters: (1) in close

relation to patient that grouped in quadrants 1 and 4

except the bedside table support and bed remote; (2)

mostly handled by health care staff or NCE-S of mixed

use grouped together in the quadrants 2 and 3 (Fig. 3).

The contribution (at more than 5%) of the microorgan-

isms’ species to the segregation of the different clusters

could not be related with one specific species or genus

(Fig. 3b). The samples collected in the tap in the patients

room grouped independently in quadrant 1 (patient

related). The species that contributed most to this

clustering belong to the genus Pseudomonas including

the P. aeruginosa strain isolated in this study.

Discussion

The monitoring of environmental occurrences of P.

aeruginosa, Klebsiella spp., and NTM from a Por-

tuguese hospital is presented as a case study,

contributing with information to decision making

efforts in relation to possible HAI control. The

selection of the target species was related to the

existence, at that hospital, of clinical cases involving

these species. In this work, the monitoring of these

microorganisms on surfaces and non-critical material

revealed that these microbial species were not com-

mon on those environments. Nevertheless, many

equipments in the wards sampled had high microbial

numbers detected in non-selective conditions.

The microbial load of the non-critical equipment

and surfaces in the hospital sampled did not vary during

the survey. The selective medium PIA recovered

bacterial strains different from P. aeruginosa in more

than 50%of the samples, including otherPseudomonas

species as well as Proteobacteria and Firmicutes.

Moreover, the use of selective media allowed the

detection of populations with low number of individ-

uals, not visible when using non-selective media (due

to the use of serial dilutions) that can be important

populations related with HAI. This was the case of the

strains of the genus Staphylococcus, recovered in

MacConkey agar in high numbers in the Medicine A

ward, related with the patient area. The patient

population includes those with a wide variety of

medical conditions, including infectious conditions.

Two of the target organisms of this study were

isolated only once and both in the Renal Transplants

ward. P. aeruginosa is highly resistant to disinfectants,

able to form biofilms and may inhabit the water

cFig. 3 Redundancy analyses (RDA) based on the equipment

microbial load. The bacterial diversity present during the

sampling period. For calculating the distribution of samples,

only bacterial species contributing with, at least, 5% variance

were considered. Cumulative variance of species–environment

relation is explained for 90.6%. Centroids, gray squares, were

determined for samples according to their source, renal

transplants (T), hematology (H), urology (U), and medicine

wards (M), as well as their usage, mostly handled by patients

(Patient), mostly handled by medical personal (Infirmary) and

handled by all (Mixed). The two first principal components are

plotted with the proportion of variance explained by each axe.

The distribution of samples, equipment, and surfaces, (Fig. 3a)

is represented along with the centroids that define such samples.

Independently, are shown the bacterial species that contributed

with their distribution with, at least, 5% variance, to the

separation of aforementioned samples (Fig. 3b). (Asterisk)

marks the position of the vectors of the strains mentioned

(mostly Pseudomonas); (Hash) marks the position of the vectors

of strains mentioned (most Staphylococcus and

Corynebacterium)
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distribution system (Falkinham et al. 2015); therefore,

it was not surprising to isolate the strain in the tap

water biofilm. On the other hand, K. pneumoniae

subsp. rhinoscleromatis was isolated in a used nursing

tray relating its presence with the manipulation of the

non-critical equipment and surfaces.

Methylobacterium spp. was in this study the

bacterial genus able to colonize the largest diversity

of non-critical equipment and surfaces in the wards

sampled. This species, easily missed during microbi-

ological surveillances because of its slow growth, is

found in natural environments, but is also reported as

the cause of health care-associated infections in

individuals with reduced immunity (Lai et al. 2011).

In the present study, strains from this species were

isolated in dry and humid areas, clean and after use and

related with all the different type of users. This

persistence may be linked to its ability to form biofilms

and to develop tolerance to disinfecting agents, high

temperatures, and drying (Angenent et al. 2005) and

may be also related to its described persistence in tap

water (Kovaleva et al. 2014).

S. maltophilia was recovered several times in this

study from the biofilm in the taps showing that they can

subsist on the non-critical equipment and surfaces.

Species that are normal inhabitants of distribution

water systems are a challenge to remove since they

have wide metabolic versatility, resistance, and have

been shown to grow inside cells (Cateau et al. 2014). It

is also possible that surfaces are continuously inocu-

lated and organisms are spread in the environment by

touch.

NTM are widely dispersed in the environment, vary

greatly in their ability to cause disease, and are not

spread from person to person. In the present study, M.

gordonae was isolated from a work bench and also in a

bedside table. Although considered a rarely disease-

associated organism, this species was predominant in

patients from a hospital in Greece (Panagiotou et al.

2014). In the Urology ward of the present hospital,

diverseMycobacteriawere recovered. One of the strains

was M. mucogenicum which has been also previously

isolated in a study analysing samples from bottled

drinking water, and from ice (Covert et al. 1999). Here

we demonstrate that thesemicroorganisms can persist, at

least for some time, in the environment, on surfaces

touched by hospital staff, patients, and others. The

isolation of NTM from dry surfaces (light switch) can

open a newperspective since it was not described before.

In this hospital environment, complex contamina-

tion relationships occur, and some patterns seem to

emerge when data were treated by redundancy anal-

ysis. Based on microbial composition of the environ-

ment, it was possible to separate samples in close

relation with the patient area from the remaining

samples. The microbial community around the

patients did not seem to be related with the patient’s

disease, although patients from Urology infirmary

grouped slightly apart. Methylobacterium species

were shared by the different groups of non-critical

equipment and surfaces.

This study shows that the preferential users of the

non-critical equipment and surfaces seem to be

important contributors to the microbial community

of the space. The most recovered bacterial species

are colonizers of the water distribution system,

therefore it is possible that the water points and

biofilms in taps also contribute as dispersion

hotspots in this hospital.

Acknowledgements This work was financial supported by

Instituto Piaget, Portugal, under the project ‘‘Estudo da

prevalência e da variabilidade genética de estirpes de
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