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Abstract

Aim: The goal of our study is to investigate the role
that public toilets in hospitals have in spreading and
transmitting significant carbapenem resistant Gram
negative microorganisms, and potentially compare
them to the isolates present in our intensive care units.
Materials and Methods: In our study, student groups
took samples from the toilets that were actively used,
mostly by patient companions, in our hospital. In
addition, social hand washing compliance and
reliability was observed from the specified toilets.
Results: In 85 samples taken from fourteen toilets,
Gram negative bacteria accounted for 26% of 115
bacterial growths. However, carbapenem-resistance,
which is thought to have epidemiological significance,
was not present in Gram negative isolates.

Conclusion: It was concluded that no major problem
was associated with the transmission of Carbapenem-
resistant Gram negative microorganisms from these
areas through the hands and peripheral surfaces of
patients and their companions.
Keywords: Carbapenem;
handwashing; Hospital toilets.

Resistance; Social

Oz

Amag: Caligmamizda bir¢ok insanin ortak kullanim
alan1 olan hastane genel tuvaletlerinin epidemiyolojik
acidan Onemli karbapenem direngli Gram negatif
mikroorganizmalarin bulasinda, yayilmasinda
rollerinin aragtirilmasi ve saptanmasi halinde yogun
bakimlarimizda etken olan izolatlar ile benzerliklerinin
incelenmesi amaglanmustir.

Gere¢ ve Yontem: Calismamizda, hastanemizde aktif
kullanimda olan ve daha ¢ok hasta yakimlarimin
kullandig1 tuvaletlerden el hijyeni 6grenci grubu ile
ornekler alindi. Ayrica belirlenen tuvaletlerden sosyal
el yitkama uyumu ve uygunlugu gozlemleri yapildi.
Bulgular: On dort tuvaletten alinan 85 6rnekte, 115
bakteri iiremesi gozlendi. izole edilen bakterilerden
%26’s1 gram negatifti. Ancak epidemiyolojik olarak
o6nemli oldugu diisiiniilen karbapenem direnci varligima
Gram negatif izolatlarda rastlanmadi.

Sonu¢: Hastalarin ve hasta yakinlarmin elleri ve
cevresel yiizeyler yoluyla bu alanlardan karbapenem
direngli Gram negatif mikroorganizma bulasinin
onemli bir sorun olmadigi kanaatine varildi.

Anahtar Kelimeler: Karbapenem; Direng; Sosyal El
Yikama; Hastane Tuvaletleri.
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Public toilets in hospitals, carbapenem resistant microorganisms transmission.

Introduction

Hospital environments are the leading
source of health care-associated infections. In
the development of these infections, there is
an interaction between the host, causative
microorganism and environmental factors.
Microorganisms within hospitals may reach
patients through various means (hand contact,
medical equipment, airway, etc).*

Isolates of  Klebsiella spp. and
Acinetobacter spp are a significant public
health concern both in our country and
worldwide. Due to the ability of these
microorganisms to survive on various hospital
surfaces, they may cause severe infections or
even outbreaks in high risk hospital settings
such as intensive care units (ICU).2 In this
study, we aimed to investigate the presence of
carbapenem  resistant  agents  carrying
epidemiological significance in hospital
toilets.

When evaluating hospital toilets in terms
of their microbial contents; in a study
conducted in our country, Cucen and
colleagues identified various potentially
pathogenic microorganisms, in addition to
normal skin flora, on the surfaces of faucet
handles and soap containers; these included
S.aureus, P.aeruginosa, Klebsiella spp, E.coli
and Candida spp.®

Social hand washing is a routine practice in
which dirty/soiled hands are cleaned with
soap and water throughout the day. Following
toilet use, the hands should be washed with
soap and water, rinsed thoroughly, and dried
with a paper towel. The companions of
patients, as well as hospital personnel, can
help in  preventing hospital-associated
infections by practicing proper hand hygiene
before and after contact with patients.* In a
study investigating the role of the hands in
transmitting Klebsiella spp., hand washing
was reported to evidently reduce the rates of
colonization and infected patients (p<0.001).°

Our study aimed to investigate the role of
the hospital public toilets (HPT), which is a
shared area, in spreading and transmitting
carbapenem resistant Gram negative bacteria
of  epidemiological  significance, and
potentially compare them to the isolates
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present in our intensive care units.
Furthermore, we also aimed to observe the
social hand washing compliance and
reliability in the HPT, which are used by
patients and their relatives, and when
necessary, by healthcare professionals.

Materials and Methods

In our study, we observed social hand
washing practices in the HPT that were
actively used, mostly by patient companions,
between March - May, 2019. Following toilet
use, hand washing compliance, use of soap
and duration of washing were evaluated.
Student groups then took hand hygiene
samples from the HPT. These swab samples
were collected from the door handles in the
toilets, tap heads in the sinks, flush handles
and both automatic & manual release buttons
of soap dispensers, and placed in a brain heart
infusion broth culture medium. These culture
samples were kept in a 37°C oven for 18-24
hours. They were subsequently plated on a
medium with eosin methylene blue and 5%
sheep blood agar. The isolated Gram negative
microorganisms were identified by laser
desorption / ionization time-of-flight mass
spectrometry supported with matrix. During
this process, a meropenem disc (Oxoid, USA)
was placed on the mediums. After 24 hours of
incubation at 37°C, the microorganisms
growing around the meropenem discs were
identified through conventional methods and
Maldi-tof MS (BioMériux, France). The
observations were recorded and saved on
SPSS 22 (IBM Statistics). The study was
approved by the .U of Ethics Committee
(protocol number:2018/16-4). Our study was
conducted in accordance with the principles
of the Declaration of Helsinki.

Results

After 121 observations regarding hand
washing compliance and reliability, it was
determined that 31% of individuals did not
wash their hands following toilet use, and
27% of individuals who washed them did so
improperly. Table 1 displays the problems
associated with improper hand washing. Of
the 85 samples taken from fourteen toilets,
115 different microorganisms were observed,;
Gram negative microorganisms accounted for
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26%. The distribution of these Gram negative
microorganisms was as follows: 11 Klebsiella
pneumoniae, 4 Klebsiella oxytoca, 7
Escherichia coli, 3 Acinetobacter baumannii,
2 Enterobacter cloacae, 1 Enterobacter
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the gram negative microorganisms according
to the surface from where the sample was
collected. Along with gram-negative growth,
there was growth of gram positive cocci,
bacilli, and yeast. However, the gram negative

aerogenes, 1 Citrobacter spp, and 1 Proteus microorganisms  did not  demonstrate
mirabilis. Table 2 shows the distribution of carbapenem resistance.
Table 1. Problems associated with improper hand washing.
Improper Hand Washing Problems
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Gender
Female 37 11 6 3 21 23 9 110
Male 1 2 0 2 0 6 0 11
Total 38 13 6 5 21 29 9 121

Table 2. Distribution of Gram negative microorganisms according to sample surface

Surface of sample collection
Door handles

Number (n)  Gr(-)growth (n)
39 13

Carbapenem resistance
not detected

Tap heads 15 6 not detected
Flush handles 15 6 not detected
Manual soap release button 7 3 not detected
Electric soap release button 9 2 not detected
Total 85 30 not detected
Discussion found on the superficial surface, 10-20% is

This study investigated if HPT contained
carbapenem resistant Gram negative isolates
that are significant in terms of health care-
associated infections. = Gram  negative
microorganisms develop carbapenem
resistance through chromosomal mutations
(porin loss, modification) and constitutive
overexpression of ESBL/AmpC—f laktamaz.
The spread and selection of carbapenem
resistant isolates poses a significant threat to
public health.® This situation makes treatment
more difficult and infections progress with a
high mortality rate, making it easily spread
through horizontal transfer in the hospital
environment.’

Hand flora consists of the transient and
resident flora. The amount of microorganisms
found in the hands of healthcare workers is
reported to be between 3.9 x 10* and 4.6 x
10%.8 While 80-90% of the resident flora is

found within the deep surface where it is
unaffected by physical cleaning of the skin
using soap-water. The resident flora consists
of gram-positive microorganisms such as
Propionibacterium spp., Micrococcus spp.
and  coagulase-negative  staphylococcus
(CNS), which are believed to have no link to
health care-associated infections. However,
microorganisms forming the transient flora
are significant in terms of these infections.® In
our study, we observed social hand washing
practices in the HPT, which were primarily
used by patients and their companions, and
when necessary, by health care workers. After
121 observations regarding social hand
washing compliance and reliability, we
determined that 31% of individuals did not
wash their hands, and 27% of individuals who
washed them did so improperly. Hand
washing is the most reliable way of
preventing the contact and fecal-oral
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transmission  of  potentially  pathogenic
microorganisms by the companions of
patients. The results of our social hand
washing compliance observations suggest that
it may have an effect on the spread of
carbapenem resistant Gram negative isolates,
which carry significance in health care-
associated infections. Therefore, we collected
microbial samples from certain contact
surfaces to determine the potential sources of
contamination. It is reported that inanimate
hospital environments such as taps and sinks
may play an important role especially in
epidemic health care-associated infections.®
In a study conducted in Madagascar,
Bonneault and colleagues investigated the
means of transmission of ESBL-producing
Enterobacteriaceae in neonatal intensive care
units, and reported that transmission rates
were >55% for family members and >75% for
health care workers. In the same study, K.
pneumoniae was reported to spread through
contact with contaminated health care
workers, while family members were not
identified as a source of transmission.!* The
primary mechanisms involved in the
development of carbapenem resistance are the
gained expression of carbapenemases such as
IMP, NDM and VIM-type enzymes, metallo-
3 lactamases such as KPC-type-B-lactamase,
and OXA type and broad-spectrum B-
lactamases. OXA-48-like carbapenemases are
among the most widespread mechanisms,
especially in Europe, the Middle East and
South America.*? In a study conducted in our
hospital, Duman and colleagues reported an
epidemic in ICU patients involving K.
pneumonia that expressed both NDM-1 and
OXA-48 carbapenemases.’® In the same
study, the only reported risk factor was rectal
colonization. Hand hygiene and avoiding
close contact have been emphasized in the
control of outbreaks. In our study, we
evaluated HPT as a potential source of
karbapenem resistant gram negative bacteria
by collecting 85 samples from the door
handles in the toilets, tap heads in the sinks,
flush handles and both automatic & manual
release buttons of soap dispensers, and found
no presence. This result suggests that the
companions of patients do not pose a
significant threat when transmitting microbes
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from these areas through their hands and
peripheral surfaces. In our previously
conducted study; we determined that K.
pneumonia  isolates found in  ICUs
demonstrated a 5% carbapenem resistance in
2013, increasing to 36% by 2017.%
Nonetheless, the rate of carbapenem
resistance increases despite all measures,
infections caused by carbapenem resistant
microorganisms carry severe mortality rates
of up to 44%.%°

Contact transmission is the  most
significant means of spreading in hospital
environments. Contact transmission is defined
as the spread of an agent from one patient or
health care worker to another through
physical contact. It may also occur indirectly
through mutual use of a contaminated tool.
Health care workers and patient companions
may spread the agent from its source through
contact.®

Conclusion

It is important to identify carbapenem
resistant ~ microorganisms  in  hospital
environments and take the necessary
precautions at the source. We did not identify
any carbapenem resistant Gram negative
microorganisms in our hospital public toilets,
and concluded that patients and their
companions do not pose an important threat
when transmitting microbes from these areas
through their hands and peripheral surfaces.
Nonetheless, it is evident that developing
proper hand washing practices are crucial in
reducing the future spread of these isolates in
hospitals and the community.

Ethics Committee Approval

The study was approved by the LU of
Ethics Committee (protocol number:2018/16-
4).

Informed Consent

Since this was a observational study no
informed consent was received.

Authorship Contributions

Observations and Lab Practices: SAT, YD,
YE, NP. Concept: SAT, YD, YE, NP. Design:
YE, SAT. Data Collection or Processing:
SAT, YD, YE, NP, Hand Hygiene Student

341



Altunisik Toplu S, Duman Y, Ersoy Y, Parmaksiz N.

Group. Analysis or Interpretation: SAT, YD,
YE. Literature Search: SAT, YD. Writing:
SAT, YD

Acknowledgements

We want to thank to Hand Hygiene
Student Group; Cihan Ekici, Berna Yasti,
Didem Karadag, Ebru Kiigiikkavruk, Haci
Mehmet Citil, Bengisu Baran, Osman Kaya,
Mizgin Gegit Yiksel, Sevval Giiler, Lilya
Fatma Kutluk, Merve Pektas, Miray Zorluer,
Nisa Kéroglu, Omer Faruk Koroglu.

Conflict of Interest

No conflict of interest was declared by the
authors.

Financial Disclosure

The authors declared that this study
received no financial support.

Peer-review
Externally peer-reviewed.

References

1. Duszynska W, Litwin A, Rojek S, Szczesny A, Ciasullo A,
Gozdzik W. Analysis of Acinetobacter baumannii hospital
infections in patients treated at the intensive care unit of the
University Hospital, Wroclaw, Poland: a 6-year, single-center,
retrospective study. Infect Drug Resist 2018; 11: 629-635.

2. Villar M, Cano ME, Gato E, Garnacho-Montero J, Miguel
Cisneros J, Ruiz de Alegria C, Fernandez-Cuenca F, Martinez-
Martinez L, Vila J, Pascual A, Tomas M, Bou G, Rodriguez-
Bano J; Geih/Gemara/Reipi-Ab20101 Group. Epidemiologic
and clinical impact of Acinetobacter baumannii colonization
and infection: a reappraisal. Medicine (Baltimore)
2014;93:202-210.

3. Ciicen Z, Erden Y, Gamberzade S, Acikgéz ZC. Hastane
Ortamindaki ~ Lavabo  Musluklarimin ~ ve  Sivi-sabun
rezervuarlarinin Mikrobiyal Kirliliklerinin Arastirilmasi. Tiirk
Hij Den Biyol Derg 2003; 60(1) : 23 — 26.

4. Boyce J.M, Pittet D. Guideline for Hand Hygiene in Health-
Care Settings. Centers for Disease Control and Prevention.
Guideline for Hand Hygiene in Health-Care Settings:
Recommendations of the Healthcare Infection Control Practices
Advisory Committee and the HICPAC/SHEA/APIC/IDSA
Hand Hygiene Task Force. MMWR 2002;51.

5. Casewell M, Phillips I. Hands as route of transmission for
Klebsiella species. British Medical Journal, 1977, 2, 1315-
1331.

6. Evans BA, Hamouda A, Amyes SG. The rise of carbapenem-
resistant Acinetobacter baumannii. Curr Pharm Des. 2013;
19(2):223-238.

7. Marsh JW, Mustapha MM, Griffith MP, Evans DR, Ezeonwuk
C, Pasculle AW, Shutt KA, Sundermann, Ayres AM, Shields
RK, Babiker A, Cooper VS, Tyne DV, Harrison LH. Evolution
of  Outbreak-Causing  Carbapenem-Resistant  Klebsiella
pneumoniae ST258 at a Tertiary Care Hospital over 8 Years.
mbio.asm.org. 2019;10(5), e01945-19.

8.  Larson EL, Norton Hughes CA, Pyrak JD, Sparks SM, Cagatay
EU, Bartkus JM. Changes in bacterial flora associated with skin
damage on hands of health care personnel. Am J Infect Control
1998;26:513-521.

9. Caylan R. El Hijyeni. Hastane Infeksiyonlar: Dergisi 2007; 11:
54-59.

10.

11.

12.

13.

14.

15.

16.

ADYU Saghk Bilimleri Derg. 2020;6(3):338-342.

Ayliffe GAJ, Babb JR, Taylor LJ. The hospital environment.
In: Hospital-acquired infection: principles and prevention.
Oxford: Butterworth-Heinemann 1999: 109-121.

Bonneault M, Andrianoelina  VH, Herindrainy P,
Rabenandrasana MAN, Garin B, Breurec S, Delarocque-
Astagneau E, Guillemot D, Zo Andrianirina Z, Collard JM,
Huynh BT, Opatowski L. Transmission Routes of Extended-
Spectrum Beta-Lactamase—Producing Enterobacteriaceae in a
Neonatology Ward in Madagascar. The Am J of Trop Medicine
and Hygiene, 2019;100:1355 -1362

Nordmann P, Poirel L. The difficult-to-control spread of
carbapenemase producers among Enterobacteriaceae
worldwide. Clinical Microbiology and Infection. 2014; 20(9):
821-30.) (Van Duin D, Doi Y. The global epidemiology of
carbapenemase-producing Enterobacteriaceae.  Virulence
2017;8: 460-469.

Duman Y, Ersoy Y, Giirsoy NC, Toplu SA, Otlu B. A silent
outbreak due to Klebsiella pneumoniae that co-produced NDM-
1 and OXA-48 carbapenemases, and infection control
measures. Iran J Basic Med Sci 2020 ; 23:46-50.

Duman Y, Kuzucu C, Tekerekoglu MS, Cakil B, Yakupogullari
Y, Kaysadu H. Changing trends of carbapenem resistance of
Escherichia coli and Klebsiella pneumoniae strains isolated
from intensive care units, inpatient services and outpatient’s
clinics: a five years retrospective analysis. Med Science
2018;7(3):536-539.

Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S, Schwartz D,
Leavitt A, Carmeli Y. Predictors of Carbapenem-Resistant
Klebsiella pneumoniae Acquisition among Hospitalized Adults
and Effect of Acquisition on Mortality. Antimicrobial Agents
and Chemotherapy. 2008;1028-1033.

Quinio P, Savry C, Deghelt A, Guilloux M, Catineau J, de
Tinteniac A.A multicenter survey of visiting policies in French
intensive care units. Intensive Care Med 2002;28:1389-1394.

342



