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Objective: To examine whether bacteria are transferred between the hands of medical staff

and high-frequency contact surfaces within and between departments of a major metro-

politan hospital, and to further analyze the patterns of cross-transmission.

Methods: Microbiological samples were collected from the hands of 112 hospital employees

as well as from 120 high-frequency contact surfaces in four hospital departments. Samples

were collected on agar plates, analyzed for the presence of Staphylococcus aureus or

methicillin-resistant S. aureus (MRSA) by standard microbiology testing, and partially

genotyped using pulsed-field gel electrophoresis.

Results: Genetically identical MRSA was identified on the surface of an electrocardiography

device in themedical intensive care unit and on the same type of device in the neurosurgical

unit. Genetically similar S. aureus was identified on an infusion pump in the medical

intensive care unit and on the hands of several doctors in a different department who

regularly use that pump. Genetically identical S. aureus was also identified on bedside rail

restraint in the medical intensive care unit and on the hands of the nurse in the neuro-

surgical unit. Finally, genetically similar MRSA was identified both on the surface of an

electrocardiography device and on the suction apparatus in themedical intensive care unit.

Conclusion: Cross-contamination of S. aureus orMRSAonmedicalworkers'hands and contact

surfaces was demonstrated within and between departments of a large metropolitan hos-

pital. Improvements are needed in medical staff hygiene habits and in the cleaning of high-

frequency contact surfaces to help prevent and control nosocomial infections.

Copyright © 2015, Chinese Nursing Association. Production and hosting by Elsevier

(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Hospital-acquired infections are a serious global health issue

and pose risks to medical staff, patients, and the broader

community [1,2]. In fact, hospital-acquired infections are the

fourth most frequent cause of death in the United States

behind heart disease, cancer, and stroke [3]. In China, 25e33%

of patients admitted to the hospital acquire nosocomial in-

fections [4]. These infections place a substantial economic

burden in countries worldwide [5e8].

Contamination of medical workers' hands and contact sur-

faces in the hospital are key sources of hospital-acquired in-

fections [9e11]. Contact surfaces near patient areas have been

classified as low-,medium-, or high-frequency contact surfaces

[12]. High-frequency contact surfaces include nurses' work

computers, multi-parameter electrocardiography (ECG) moni-

tors, glucose meters, suction catheters, infusion pumps,

worktables, bedside rail restraints, and door handles. Few

studies have compared these different surfaces to determine

their respective contributions to hospital-acquired infections.

Given that high-frequency contact surfaces are more likely to

be contaminated, we focused on them in the present work.

Many pathogenic bacteria have been shown to live on these

surfaces, including coagulase-negative Staphylococcus, Entero-

coccus, Staphylococcus aureus, and methicillin-resistant S. aureus

(MRSA). As nosocomial infection caused by MRSA is very diffi-

cult to treat, MRSA has attracted much more public attention

than any other bacteria [13]. Much of the literature on hospital-

acquired nosocomial infections has focused on identifying

whichmicroorganisms and which surfaces are involved, while

few studies have examined how microorganisms travel from

one surface to another or between surfaces and medical

workers. Some studies have documented cross-contamination

of S. aureus, Enterococcus sp., and Acinetobacter sp. between

medical workers' hands and their mobile phones [14,15].
Table 1 e Numbers of hospital workers and high-frequency co
metropolitan hospital, by worker type and department.

Sample

Surgical intensive
unit

Hand

Doctor 13

Nurse 14

Others 3

Total 30

Contact surface

Worktable 3

Bedside rail restraint 7

Door handle 5

Work computer 4

Multi-parameter ECG monitor 7

Glucose meter 2

Joint of sputum suction tube and suction

apparatus

4

Infusion pump 4

Fixed-line telephone 0

Beeper 0

Total 36
To our knowledge, no studies directly examine bacterial

transmission between hospital contact surfaces and medical

staff. We therefore sought to examine how bacteria is trans-

mitted between the hands of medical personnel and high-

frequency contact surfaces in multiple departments of a

major metropolitan hospital in China.
2. Materials and methods

2.1. Ethical considerations

This study was approved by the Ethics Committee of Chi-

naeJapan Friendship Hospital prior to data collection.

Informed consent was obtained from all medical workers who

participated.

2.2. Subjects and locations of samplings

Microbiological sampling was performed in a 1500-bed ter-

tiary care hospital providing service to a large area in Beijing,

China on February 20e21, 2014. Samples were collected on

Replicate Organism Detection And Counting (RODAC) plates

(Becton, Dickinson and Company, Japan).

A total of 112 sampleswere collected frommedical workers

via cluster sampling, including 112 samples from the self-

reported dominant hand of 30 medical workers from the

medical intensive care unit, 30 from the surgical intensive

care unit, 22 from the urology department, and 30 from the

neurosurgical department (Table 1). Medical workers included

doctors, nurses, nursing assistants, and cleaners. Nursing

assistants and cleaners were classified as “other personnel.”

Workers were excluded if they had recently washed their

hands or if their hands showed obvious signs contamination

with patient body fluids such as blood.
ntact surfaces sampled for S. aureus and MRSA in a large

Department Total

care Medical intensive care
unit

Urology Neurosurgery

16 8 8 45

14 10 17 55

0 4 5 12

30 22 30 112

2 3 3 11

3 6 6 22

4 4 5 18

4 4 4 16

3 7 6 23

2 2 2 8

3 0 0 7

3 1 1 9

0 2 2 4

0 1 1 2

24 30 30 120
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Table 2 e Frequency of S. aureus detection on medical workers' hands and high-frequency contact surfaces in different
departments

Department No. of S. aureus strains No. of MRSA strains Separation rate of S. aureaus (%)

Medical
staff's hands

High-frequency
contact surfaces

Medical
staff's hands

High-frequency
contact surfaces

Medical
staff's hands

High-frequency
contact surfaces

Surgical intensive

care unit

2 1 0 0 6.7 2.8

Medical intensive

care unit

2 4 0 2 6.7 16.7

Urology unit 2 0 0 0 9.1 0

Neurosurgery unit 1 2 0 1 3.3 6.7

Total 7 7 0 3 6.3 5.8

Table 3 e Analysis of PFGE results.

Lane Sample description PFGE pattern

Department Source

1 SICU Doctor's hand A

2 SICU Doctor's hand B

3 MICU Doctor's hand C

4 MICU Doctor's hand D

5 UU Caregiver's hand E

6 UU Doctor's hand F

7 NU Nurse's hand G

8 SICU Suction catheter H

9 MICU Infusion pump B0
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In the same four departments, a stratified random sam-

pling method was carried out to take 120 high-frequency

contact surface samples (Table 1). Sampling locations were

stratified based on the department and on the type of high-

frequency contact surface (e.g. worktable or bedside rail re-

straints). Numbers were assigned to all high-frequency con-

tact surfaces, numberswerewritten on equally-sized pieces of

paper, mixed thoroughly, and placed into eight envelopes

corresponding to the eight surfaces. On the day of sampling,

someone not involved in the study drew 30 random numbers.

These high-frequency contact surfaces were sampled in all

four departments, yielding a total of 120 samples. Locations

were excluded if they had recently been cleaned. Excluded

objects were replaced with alternative objects.

2.3. Sampling method

Microbiological samples were collected on RODAC plates [7],

first described by Hall and Hartnett [16] in 1964, and allows for

rapid and easy sampling. The plate is gently pressed onto the

object being sampled, and the plate is then placed directly in

the incubator. Samples from hands were collected by pressing

fromthumbtopinky, and then theheart of palmonto theplate.

RODAC plates, which contained fluorogenic culture me-

dium (catalog no. desoxycholate, BD; lot 3211387) were

cultured at 35 �C for 48 h. Colony numbers were counted with

the naked eye. Bacterial strains were identified by analyzing

the samples on a BD Phoenix Automated Microbiology Sys-

tem, and using the chemical properties described by the

American Society for Microbiology's Manual of Clinical

Microbiology.

2.4. Partial genotyping of S. aureus and MRSA isolates

To determine whether strains of S. aureus and MRSA isolated

from hands and contact surfaces were the same or different,

we analyzed the bacterial strains using pulsed-field gel elec-

trophoresis, as previously described [17].
10 NU ECG monitor I

11 MICU Bedside rail restraint G

12* MICU* ECG monitor J

13* NU* ECG monitor J

14* MICU* Suction catheter J′

Note: *: MRSA detected; SICU: surgical intensive care unit; MICU:

medical intensive care unit; UU: urological unit; NU: neurosurgical

unit; PFGE: pulsed-field gel electrophoresis.
3. Results

3.1. Frequency of detection of S. aureus and MRSA

Among the 112 samples collected from medical workers'
hands, S. aureus was detected in seven workers (6.3%). The
frequency of detection was higher among workers in the

surgical and medical intensive care units than in the neuro-

surgery departments. None of the seven S. aureus-positive

samples were found to containMRSA. All sampling results are

summarized in Table 2.

We detected S. aureus on seven surfaces of the 120 high-

frequency contact surfaces sampled (Table 2). As observed in

samples from workers' hands, the frequency of detection on

surfaces was muchhigher in the medical intensive care units

than in the other departments. Of the seven S. aureus-positive

surfaces, three were found to be positive for MRSAdthe joint

of the sputum suction tube and suction apparatus and an ECG

monitor in the medical intensive care unit, and an ECG

monitor in the neurosurgery department.
3.2. Strain typing of S. aureus and MRSA isolates

The S. aureus and MRSA isolated from surfaces and hands

were analyzed by pulsed-field gel electrophoresis to deter-

mine whether they were the same strains (Fig. 1). MRSA from

the multi-parameter ECG monitor in the medical intensive

care unit and the MRSA from the ECG monitor in the neuro-

surgery department showed the same banding pattern, sug-

gesting that they are the same strain (pattern J in Table 3). S.

http://dx.doi.org/10.1016/j.ijnss.2015.11.001
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Fig. 1 e Pulsed-field gel electrophoresis analysis of S.

aureus and MRSA isolated from hospital workers' hands
and high-frequency contact surfaces.
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aureus from one nurse in the neurosurgery department and S.

aureus from a bedside rail restraint in the medical intensive

care unit also showed the same banding pattern (pattern G in

Table 3). Lastly, S. aureus from the hand of a doctor in the

surgical intensive care unit and S. aureus from an infusion

pump in the medical intensive care unit showed a similar

banding pattern (pattern B and B0 in Table 3). We were

informed of a doctor who regularly used the infusion pump.

The doctor disclosed to us that he may have touched the

infusion pump when while in the medical intensive care unit

for consultations, thereby adding to evidence of S. aureus

transfer between medical workers and contact surfaces and

between hospital departments. MRSA from amulti-parameter

electrocardiography device and MRSA from the joint of

sputum suction tube and suction apparatus in the medical

intensive care unit also showed similar banding patterns

(pattern J and J0 in Table 3). MRSA therefore appears to have

also transferred between different high-frequency contact

surfaces within the same department.
4. Discussion

Hospital-acquired infections can spread through a cross-

contamination chain linking infected patients, hospital

workers' hands, instruments, and contact surfaces [18].

Although numerous studies have sought to identify the mi-

croorganisms responsible for nosocomial infections, few

studies have systematically examined how the microorgan-

isms spread from infected patients to others in the hospital.

Recent advances in partial genotyping using pulsed-field gel

electrophoresis allow tracking the spread of bacteria

throughout the hospital [19,20]. Here we use this approach to

demonstrate the transmission of S. aureus and MRSA between

medical workers' hands and high-frequency contact surfaces

both within and between departments in a large metropolitan

hospital.

Our results are consistent with those of study at the Inns-

bruck Medical University Hospital in the Austria [14], where

the authors found cross-contamination between hands and

mobile phones of medical staff in the department of anaes-

thesia and critical care medicine. The study also reports

apparent cross-contamination between medical staff's hands
and other objects in the hospital, though the study focused on

transmission between mobile phones and hands. We extend

that work by focusing on hand-surface transmission.

Our sampling of hospital workers and surfaces was limited

to two days, meaning our results represent a snapshot of S.

aureus and MRSA distribution in the hospital. Future work

should do more extensive screening over an extended period

of time, which could provide a more detailed insight into how

infectious bacteria can spread within a hospital. Further work

should also examine a wider range of bacteria, as well as vi-

ruses. Here we chose to focus on S. aureus since it is one of the

most frequent causes of nosocomial infections. Other com-

mon bacterial infections warranting further investigations

include Escherichia coli, Pseudomonas aeruginosa, Klebsiella

pneumonia, Enterococcus faecium [21], and Acinetobacter bau-

mannii [22], as well as viruses reported to cause nosocomial

infections including human adenovirus (Had V) [23] and

hepatitis B and C viruses [24].
5. Conclusion

Our results confirm the ease with which pathogens such as

MRSA can travel within and between hospital departments,

and highlight the need for concerted efforts to prevent and

control nosocomial infections. Several measures have been

described in research studies [25], as well as in recommen-

dations from authority organizations such as the American

Healthcare Infection Control Practices Advisory Committee

[26]. Measures include disinfecting the surfaces of high-

frequency contact objects surrounding patients when they

are discharged or transferred to another department, period-

ically checking high-frequency contact surfaces in the inten-

sive care unit for the presence of S. aureus and MRSA,

improving hygiene awareness of medical staff and encour-

aging them towash their hands at the five optimal times of the

day [27], improving the cleaning level of high-frequency con-

tact surfaces, and isolating patients with S. aureus or MRSA

infections as quickly as possible. In addition, hospitals should

ensure the rational use of broad-spectrum antimicrobial

agents to reduce the risk of generating drug-resistant strains.
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