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Abstract 
Background: Methicillin-resistant Staphylococcus aureus (MRSA) results in 
longer hospitalization, increased expenses, and poorer patient prognosis. The 
aim of this study is 1) to investigate the short-term outcome of MRSA out-
break and the prevention in our surgical ward, and 2) to evaluate the 
long-term outcome of a 7-year experience of infection control, and 3) to re-
port the effectiveness of intervention of quality improvement by industry 
problem-solving method for the eradication of a new occurrence of MRSA 
patients. Methods: Between April 2009 and October 2019, we retrospectively 
studied the improvement activity for infection control and preventative 
measures in our surgical ward. The daily alcohol use for hand hygiene was 
measured (ml/patient/day) and the monthly number of occurrences of new 
MRAS patients was investigated. We used the industry problem-solving me-
thod as the Kaizen of infection control for the eradication of a new Methicil-
lin-resistant Staphylococcus aureus occurrence in the surgical ward. Results: 
There was an inverse correlation between the increased amount of alcohol use 
for hand hygiene and the decreased number of new MRSA patients. In the 
long-term outcome, the amount of alcohol use has gradually decreased and 
the MRSA patients have been occasionally observed; these facts should dis-
play the difficulty to maintain a strict infection control. By the use of the 
problem-solving method, there continued for 7 months no new MRSA pa-
tients between June 2018 and December 2018. However, once the amount of 
alcohol use for hand hygiene decreased below 40 ml/patient/day, three new 
MRSA patients were detected. It displayed an inverse correlation between the 
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decreased amount of alcohol use for hand hygiene and the increased number 
of new MRSA patients. Conclusion: The daily monitoring and measuring of 
the amount of alcohol use for hand hygiene and to know the current number 
of new occurrence of MRSA patients will become a meaningful tool. By per-
forming the Kaizen with a problem-solving method, it will contribute to the 
multi-professional team to visualize the process of quality improvement for 
infection control. 
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1. Introduction 

Hand hygiene is widely recognized and promoted as a simple but effective prac-
tice to counter incidences of health care-acquired infections. However, world-
wide compliance is less than optimal [1] [2]. According to reports from the 
Center for Disease Control and Prevention, healthcare workers do not clean 
their hands as often as they should [3]. Poor hand hygiene compliance 
among healthcare workers contributes to the spread of devastating health 
care-associated infection, and consequently, prolonged patient’s hospital stays, 
disability, increased resistance to antibiotics, increased mortality and high health 
care costs [1]. 

Methicillin-resistant Staphylococcus aureus (MRSA) results in longer hospita-
lizations, increased expenses, and poorer patient prognosis. MRSA has been ra-
pidly increasing worldwide over the past several decades [4]. MRSA transmis-
sion is common in hospitals, where it is spread from patient to patient on health 
care worker’s hands by contaminated environments, or directly from patient to 
patient [5]. Additionally, hospitalized patients are vulnerable to MRSA infec-
tions because they often have indwelling devices, are immunosuppressed, or 
have had surgical procedures [5]. Treatment options are limited for patients with 
MRSA infections. 

Poor hand hygiene is the main source of MRSA transmission within a hospital 
[6]. However, after applying alcohol gel, 99% of the transient organisms, includ-
ing MRSA, are eradicated [7]. In an attempt to reduce the incidence of patients 
with MRSA, hand-hygiene awareness has become more prominent worldwide 
[8] [9]. Research has also identified numerous other potential sources of MRSA 
within hospitals and studies have proposed that healthcare workers may act as a 
source for MRSA transmission [10]. All persons entering a surgical ward may 
therefore act as an exogenous source of MRSA to susceptible patients, especially 
if hand-hygiene policies are not adhered to [11]. It is therefore imperative for all 
persons entering a surgical ward to apply alcohol gel as a means of reducing no-
socomial MRSA [11]. 

Our surgical ward has many high-risk patients with severe complications be-
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fore and after surgery, i.e., cardiovascular surgery using artificial valves and vas-
cular grafts, and also thoracic and digestive surgeries. In May 2011, we had 10 
MRSA patients in 49 beds and experienced an outbreak. We postponed all 
scheduled operations and separated the MRSA patients. The occurrence of the 
outbreak of MRSA has a big impact on society. By the use of strict infection 
standard preventative and contact preventive measures, it took 3 months to re-
duce the outbreak. We then continued the strict infection control measures for 
seven years. However, the novel experience of the outbreak was forgotten, and a 
thorough hand hygiene and manual compliance of infection control were lost. 
The new infection of MRSA has not been erased, thus we found it difficult to 
maintain a strict infection control with a sense of tension and it became a chal-
lenge. 

The aim of the present study is 1) to summarize the retrospective analysis re-
garding the short-term outcome of our past MRSA outbreak and the prevention, 
and 2) to evaluate the long-term outcome of seven years of infection control af-
ter the prevention of the outbreak, and 3) to report the outcome of the interven-
tion of the Kaizen approach with an industry problem solving method for eradi-
cation of a new occurrence of MRSA. When newly setting the goals of preven-
tion of a new occurrence of the positive detection of MRSA, we implemented an 
industry total quality management and problem-solving method for infection 
control. 

2. Methods 
2.1. Study Design 

A retrospective analysis was performed on our past experience of the MRSA 
outbreak and prevention in 2011. For 9 years between April 2009 and April 
2018, the long-term outcome of infection control was investigated. For 22 
months between January 2018 and October 2019, the industry problem solving 
approach was implemented for the extermination of a new Methicillin-resistant 
Staphylococcus aureus occurrence in the surgical ward. The outcome of the 
quality improvement was evaluated. This study was approved by the University 
of Miyazaki Hospital Clinical Research Ethics Board (No. 2017-166, C-0033) in 
March 2018. 

2.2. Situation of the Surgical Ward before the Outbreak  
(before May 2011) 

Our surgical ward has 49 patient beds where were used by the three surgical 
teams consisting of cardiovascular, thoracic, and digestive surgeries. Most all the 
hospitalized patients consisted of elderly patients with severe complications. 
Surgeons performed the major surgery on the average of 10 to 15 operations per 
week, the majority of which were classified as high risk with the systemic ad-
ministration including emergency surgery. Three surgical teams as the attending 
physicians managed the presurgical treatment of these patients, making the de-
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cision of surgical procedures, and the post-operative care. In principle, the doc-
tor in charge of the day of the week performs the sanitation disinfection in co-
operation with the nurse in charge of the ward, except for patients with severe 
infections that require special cleaning and the method of attachment. 

2.3. Background of the MRSA Outbreak in the Surgical Ward  
(in May 2011) 

In May 2011, four MRSA patients had been hospitalized in our surgical ward. In 
addition, the other four MRSA patients had been newly detected. As a result, we 
had eight MRSA patients in the same surgical ward, thus the so-called status of 
MRSA outbreak occurred. On May 30, 2011, the nosocomial center of infection 
control (CIC) started the intervention of infection control to our surgical ward. 
We had two other new MRSA patients. Finally, we faced the situation of a total 
of ten MRSA patients in the same ward (Table 1 and Table 2). 
 

Table 1. Background of the MRSA patients. 

Cases Surgical Teams 
New  

occurrence 

Similarity of 
drug  

susceptibility 

Same 
room at 
the same 

period 

Nursing 
necessity 

Age, 
gender 

Diagnosis 
Surgery and medical  

treatment 

1 Caridovasucular 
 

〇 A room + 64 M Angina, heart failure 
Coronary artery bypass (3 
vessels), ventricular drainage 

2 Caridovasucular 
  

A room + 79 F 
Acute asending  
aortic dissection 

Ascending aortic  
replacement with aortic 
valve replacement and  
tricuspid valve ring  
forming technique 

3 Caridovasucular 〇 
 

A room + 84 M 

Arteriosclerosis  
obliterans, 
graft-infection of rt. 
femoro-popliteal  
bypass 

Removal of infected graft, 
arterial angioplasty 

4 Caridovasucular 
 

〇 B room + 83 F 
Abdominal aortic aneu-
rysm 

Stent interpolation, rupture, 
replacement of graft,  
hemostatic surgery for  
the ruptured proximal  
anastomosis, 

5 Digestive 〇 〇 B room + 73 F Gall bladder cancer 
Percutaneous transhepatic 
bile duct drainage 

6 Digestive 〇 〇 B room + 86 M Gastric cancer 
Anastomsis of gastric and 
jejunum 

7 Digestive 〇 
 

− + 60 M Necrotic fasciitis 
Drainage of open wound, 
exploratory laparotomy, 
stoma construction 

8 Thoracic 〇 〇 − − 79 M Lung cancer Right lower lobectomy 

9 Thoracic 〇 
 

− − 66 M Lung cancer Right lower lobectomy 

10 Thoracic 
  

− − 65 M Lung cancer 
Right lower lobectomy,  
partial resection of S2 

https://doi.org/10.4236/ojsst.2020.101001


T. Ayabe et al. 
 

 
DOI: 10.4236/ojsst.2020.101001 5 Open Journal of Safety Science and Technology 
 

Table 2. Short-term outcome of the MRSA patients. 

Cases Complications Detected site of MRSA Clinical course of MRSA Outcomes 

1 

Postoperative infarction and cerebellum 
water head disese with mediastinal  
sinusitis, (filling of large pectoral  
muscle flap) 

Blood, cerebrospinal fluid, 
phlegm, clogged pus 

infection continued, settled recovery, transference 

2 
Acute renal failure with mediastinal 
sinusitis, (filling of abdominal straight 
muscle flap) 

Blood, pleural effusion, 
phlegm, open pus 

infection continued 
death from renal  
failure, discharged 

3 Infection of surgical wound site Open pus 
infection continued, healed, 
disappeared 

recovery, dischage 

4 Postoperative hemorrhage Blood, Open pus infection continued, settled transference 

5 (-) Open pus 
infection continued, healed, 
disappeared 

recovery, transference 

6 
Infection of central venous  
catheterization with fever 

Blood 
infection continued, healed, 
disappeared 

recovery, transference 

7 Infection of surgical wound site Open pus, phlegm infection continued, settled recovery, transference 

8 Postoperative pneumonia Phlegm 
infection continued, healed, 
disappeared 

recovery, discharge 

9 Postoperative acute empyema Open pus 
infection continued, healed, 
disappeared 

recovery, discharge 

10 Postoperative acute empyema Open pus 
infection continued, healed, 
disappeared 

recovery, discharge 

2.4. Responding to the Outbreak (in 2011) 
2.4.1. Intervention of Nosocomial Center for Infection Control (CIC) 
On May 30, a multi-professional conference was held with three surgical teams, 
ward doctor, nurse head, deputy nurse head, infection control doctor and nurse, 
and others. They agreed upon enforcing hand hygiene in the surgical ward, iso-
lation of MRSA-positive patients in private rooms, cohort survey, use of protec-
tive equipment such as gloves, and manual compliance. We thoroughly dis-
cussed the correspondence for MRSA-positive patients. On June 3, new two 
MRSA patients were confirmed after the intervention on May 30. We were of-
fered to consider stopping new surgery and new hospitalization for our surgical 
ward. At the same time, the MRSA outbreak status was reported to the director 
of the hospital. On June 6, the members of the nosocomial center for infection 
control (CIC) participated in a conference at our surgical department. Infection 
preventive measures and agreement on hospitalized patients in the surgical ward 
were provided. 

2.4.2. Action of Multi-Professional Staff in Surgical Ward 
On May 30, invasive open-heart surgery and the scheduled regular surgery were 
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decided to be stopped for the time being (except for emergency surgery). On 
June 3, all scheduled periodic surgery from June 6 had been suspended (except 
for urgently requested surgery) due to the additional occurrence of 2 new MRSA 
patients. On June 7, the measurement of the accurate actual use of hand sanitizer 
(alcohol consumption) for one patient per day was started. On June 8, we re-
viewed the infection standard preventive and contact preventive measures and 
formulated an agreement. On June 13, the cardiovascular surgical team was al-
lowed access to the surgical patients from the internal medicine ward and per-
form post-operative management in the intensive care unit (ICU), the ICU 
exit was allowed to exit to the pediatric ward and cardiovascular internal 
medicine ward with the policy that does not pass through the our hospital 
ward. The digestive and thoracic surgical teams continued operations for the 
next 2 weeks. The thoracic surgical team transferred the hospital-waiting pa-
tients to another facility, and we asked for surgery. On June 20, the cardiovascu-
lar and thoracic surgicalteams resumed operation. The digestive surgicalteam 
refused to resume surgery. We reviewed the infection standard preventive and 
determined preventive measures. On June 27, the digestive surgicalteam re-
sumed operation. 

2.5. Infection Prevention and Control for the Inpatients during  
the MRSA Outbreak 

The nosocomial center for infection control (CIC) classified inpatients as 4 
types, that is, severely ill MRSA patients, MRSA-detected patients, non-MRSA 
general patients, and new hospitalized patients. The CIC instructed us to take 
appropriate infection measures corresponding to each type and we performed 
the 4 types of infection measures according to the newly created handling stan-
dards. 

2.6. Manual about the Dressing-Exchange of Surgical Site during  
the Outbreak 

We created a new manual regarding the dressing-exchange at the surgical site 
during the outbreak, which included standard precautions and infection preven-
tion measures for the MRSA outbreak. All of the multi-professional staff carried 
the pocket manual describing these contents as a printed version. All the staff 
agreed 1) a priority on the dressing-exchange of the surgical site, 2) roles of clean 
and preparatory assistants, 3) standard precautions for wound dressing-exchange, 
and 4) procedure of dressing-exchange. 

2.6.1. The Priority for the Dressing-Exchange at a Surgical Site 
1) the patients without a bacterial infected wound and the patient without an 
open surgical site. Do not put the dressing-exchange cart in the patient’s room, 
2) the patients with an open surgical site and the patient who needs a wound 
washing, 3) patients with a bacterial infection, and 4) patients with a positive 
bacterial infection from an open surgical site. 
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2.6.2. Roles of Clean and Preparatory Assistants 
The role of the clean assistant: Do not remove a patient’s gauze dressing. Do not 
put on tape. Do not touch the patient. 

The role of the dressing-exchange assistant: Fix gauze. Attach and detach the 
patient’s clothes. Assist with the patient’s position during wound-washing. After 
dressing-exchange of the wound site is done, the assistant must move to the next 
patient’s bed and prepare it. Depending on the progress of the dressing-exchange 
round, separately moves the filth cart. 

2.6.3. Standard Precautions for Dressing-Exchange 
1) At the time of dressing-exchange of a patient with an open wound in the or-
der of “first, wear gloves”, “second, a mask” and “third, an apron”. 2) At the time 
of cleaning a patient with an open wound in the order of “first, wear gloves”, 
“second, a mask”, “third, a gown”, “fourth, a cap” and “fifth, goggles”. 3) At the 
time of dressing-exchange of a patient with a bacterial infection in the order of 
“first, wear gloves”, “second, a mask” and “third, an apron”. Caution: if inclose 
contact with a patient or patient who has a sore or cough, wear a gown. 4) At the 
time of usual dressing-exchange without an infected wound in the order of “first, 
wear gloves” and “second, a mask”. Caution: when removing drain tubes, wear 
an apron. 

2.6.4. Procedure of Dressing-Exchange 
At least 1 doctor and 2 nurses (clean assistant, person in charge of dress-
ing-exchange) are involved in the dressing-exchange process. On weekdays, one 
doctor is present to observe the entire dressing-exchange process. 

Preparation before the dressing-exchange: 1) Use a quick-drying hand sani-
tizer before entering the patient room. 2) The person in charge of the dress-
ing-exchange opens the patient’s clothes, then puts on a blanket. Caution: If you 
know to wear a gown or apron at the time of dressing-exchange, in advance, 
prepare a large plastic bag. 3) Use quick-drying hand sanitizer when leaving the 
patient room (in the case of a 4-patient room, hand disinfection should be tho-
rough for each patient). 

Start of dressing-exchange: 1) Use quick-drying hand sanitizer before entering 
patient room. 2) The clean assistant opens the curtain so that the dress-
ing-exchange cart can enter. Gloves are then worn. For the patients with a 
cleaning wound, wear protective gear at the entrance of the room. In the case of 
infected patients or patients who have been totally washed, if the required items 
are determined, prepare the goods in the tray. Do not put the dressing-exchange 
cart in the patient room. 3) Discard the removed gauze directly into a plastic 
bag. When using forceps and scissors, the pus tray is used. 4) At the end of the 
dressing-exchange, remove gloves and use a quick-drying hand sanitizer, then 
move on to the next patient. Dispose of protective equipment, such as gowns 
and aprons, in prepared trash cans or plastic bags. After the end of the dress-
ing-exchange, close and set the plastic bag and discard it. 5) Put the waste tray in 
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a plastic bag on the dirt cart and take it out for cleaning. 

2.7. Data Collection and MRSA Surveillance 

Retrospectively, clinical data were collected before and after the MRSA outbreak 
when the period was between April 2009 and October 2019. Before the outbreak, 
we did not measure the everyday amount of alcohol use in our surgical ward. 
From the occurrence of the outbreak, we reviewed the manual of infection con-
trol and we started the everyday measuring of the amount of alcohol use. After 
checking the daily decrease in the alcohol amount in the disinfection alcohol 
bottle set in front of each patient room and the medical staff’s own hand hygiene 
bottle, the total consumed amount of alcohol had been averaged (ml/patient/day), 
the value of which was displayed on the surgical ward calendar. Every morning, 
the medical staff will easily know the number of MRSA patients and the status of 
the prior day’s consumption amount of alcohol as a result of the monitoring. If 
the amount of alcohol use had decreased compared to that of the prior day, we 
called the medical staff to increase the level of the hand hygiene. We daily rec-
orded the amount of alcohol use and monitored the number of hospitalized pa-
tients and a new MRSA patient and the patient’s location in the surgical ward for 
more than 8 years. We have continued to record the everyday work after the 
outbreak. The system of the daily measured amount of alcohol use for hand 
hygiene and the hospitalized patient’s number play a function of everyday 
work and act as an everyday indicator of infection control. The monthly aver-
age amount of alcohol use was calculated. We have continued to monitor the 
trends in the occurrence number of new MRSA patients in the surgical ward 
and everyday average amount of the alcohol use. In the case of a lower level of 
alcohol use and newly increased occurrence of MRSA patients, we urged an 
alert of risk of occurrence of the outbreak to the medical staff in the surgical 
ward. 

2.8. Statistical Analysis 

A statistical technique was used that involved the seven techniques for qualita-
tive analysis, which are collectively called the seven tools for quality control (QC 
seven tools). To analyze the frequency of appearance of the incident levels of 
new MRSA patients is part of the quality. The data in this study were analyzed 
by the breakdown of the MRSA outbreak patients, transition of the number of 
MRSA patients and the monthly amount of alcohol use. Changes in the variables 
were analyzed by comparison of before and after the intervention for the MRSA 
outbreak and before and after the current intervention of the Kaizen approach 
along with the industry problem-solving method. 

2.9. Intervention of Quality Improvement Using Industry  
Problem-Solving Method 

I participated in the physician training program of ASUISHI (to lead the im-
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provement of the quality of tomorrow’s healthcare from January 2018 to June 
2018, which was operated by the department of quality and safety management 
in the University of Nagoya and Quality Management at the department of the 
Toyota Motor Corp.). The aim of this ASUISHI program was the training of a 
manager on patient safety, infection control, and quality management. By at-
tendance of 140 hours over 6 months of the ASUISHI program, I learned the 
method almost quality improvement by the industry total quality management 
[12] [13] [14] [15]. I tried to implement the quality improvement method for the 
infection control of our surgical ward. The methods of problem solving are per-
formed in the 8 steps of 1) theme selection, 2) current situation, 3) setting a goal, 
4) factor analysis, 5) measures planning, 6) measures execution, 7) effect con-
firmation, and 8) standardization and fixing of management. 

3. Results 
3.1. Retrospective Analysis of the Patients during the MRSA  

Outbreak 

At the MRSA outbreak, ten MRSA patients were present in the same surgical 
ward (49 beds), and accounted for 20.4% of the total number of hospitalized pa-
tients (10/49); these patients were in the cardiovascular (n = 4), digestive (n = 3) 
and thoracic surgery (n = 3) units. 

Table 1 and Table 2 show the breakdown of the 10 patients summarized by 
the similarity of drug susceptibility, same room during the same time period, 
nursing necessity, surgery and medical treatment, complications, detected site of 
MRSA, clinical course of MRSA, and outcomes. Regarding the same room dur-
ing the same time period, three cases (cases 1, 2 and 3) had a history of having 
entered the same hospital room A in the middle of April 2011, and another three 
cases (cases 4, 5 and 6) were found to have entered the same hospital room B in 
late May 2011. Five cases (cases 1, 4, 5, 6, and 8) showed similarities in drug sus-
ceptibility to MRSA, three of which (cases 4, 5 and 6) had been admitted to the 
same room B at the same time, and the other 2 (cases 1 and 8) showed no simi-
larity. Regarding the nursing necessity, seven cases (from case 1 to case 7) can-
not be free to move on their own from the bed and they needed assistance, and 
the other three cases (cases 8, 9, and 10) could freely move from the hospital 
room without a need of assistance. Based on this, based on the history of the 
same room at the same time period, due to the similarity of drug susceptibility, 
the nursing necessity for assistance, etc., the occurrence of the MRSA outbreak 
was caused by the transmission within the same ward through the medical staff 
(between the doctor’s groups and responsible nurses). 

Figure 1 shows the situation of the 2-year term from April 2009 to May 2011 
before the MRSA outbreak. The average amount of alcohol use for hand hygiene 
had showed the low level of 6 to 15 ml/patient/day, values of which were ex-
tremely low and meant 2 to 5 times of hand sanitization (as a 3 ml of alcohol 
amount is used for 1 time of hand hygiene by one push of the alcohol sanitizer  
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Figure 1. Averaged amount of alcohol use (ml/patient/day) and number of new MRSA 
patients before MRSA outbreak (April 2009 to May 2011). 
 
bottle). In those days, the number of occurrences of new MRSA patients before 
the MRSA outbreak was usually detected from 1 and 6 patients per one month. 
New MRSA patients had been frequently detected in very many numbers in al-
most every month. Lastly, the MRSA outbreak resulted in the occurrence in May 
2011. 

Table 2 shows the summary of the short-term outcomes in those days with 
the ten MRSA outbreak patients. Regarding complications, the detected site of 
the MRSA, the clinical course of MRSA, and the outcomes, in two cases, the 
MRSA-infected wounds were covered with muscle flap and the clinical symp-
toms subsided. Regarding the clinical course of the ten MRSA outbreak patients, 
the outcome of MRSA resulted in it finally disappearing (n = 6), settled (n = 3), 
and patient died due to acute exacerbation of renal failure (n = 1). 

3.2. Short-Term Outcome during the Period before and after the  
Outbreak 

Figure 1 shows the results of the 2-year period before the MRSA outbreak from 
April 2009 to May 2011, which displays the outcome of the very low level per-
formance of infection control, that is, the decreased amount of alcohol use for 
hand hygiene (ml/patient/day) and the high level of the occurrence of new 
MRSA patients. During this period, the amount of alcohol used per patient per 
day fluctuates in the range of 6 to 15 ml/patient/day for about 1 year before the 
MRSA outbreak. Retrospectively, the level in those days was extremely low. In 
April and May 2011, during the two months before the occurrence of the out-
break, the monthly average value was very low and calculated as 10 and 14 
ml/patient/day. Finally, the MRSA outbreak had occurred in our surgical ward 
in June 2011. In June 2011, the nosocomial center for infection control (CIC) 
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intervened with emergent infection control in our surgical ward. We followed 
the emergent infection prevention measures for our hospitalized patients and we 
implemented the agreed items regarding dressing-exchange of the surgical site. 

Figure 2 shows the dramatic change in the amount of alcohol use and the oc-
currence of new MRSA patients before and after the outbreak. After the alcohol 
hand disinfection was thoroughly implemented, the monthly average alcohol 
consumption per patient per day showed a dramatic increase. In June and July 
2011, these months had shown a dramatic increase in the monthly alcohol use to 
an average of 106, 71 ml/patient/day respectively, thus it had been maintained in 
the range of 42 to 76 ml/patient/day for one year. In June, July, and August 2011, 
in which we implemented a newly revised infection control method, no new 
MRSA patients had been observed for one month in June 2011. Although only 2 
and 1 patients were detected in July and August 2011 respectively, however, the 
incidence of new MRSA patients underwent a drastic decline. It took three 
months from the start of strict infection control to stop the MRSA outbreak. In-
tervention and guidance from the center for infection control (CIC) about the 
outbreak had been carried out in the surgical ward. After that, the number of 
newly MRSA-detected cases was 0 for the 5 month period from September 2011 
to January 2012.  

In Figure 2, the number of new MRSA patients and the monthly average al-
cohol consumption were compared in a time series. Prior to the outbreak, the 
alcohol consumption for hand hygiene was very low, in contrast, it was found 
that the number of new MRSA outbreaks was constantly occurring every month. 
It was found that after the outbreak, the nosocomial center for infection control 
(CIC) intervened in our surgical ward, our team approach for infection control  
 

 
Figure 2. Short-term outcome of changing the amount alcohol use for hand hygiene 
(ml/patient/day) and occurrence of new MRSA patients. 
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dramatically increased the alcohol use for hand hygiene and consequently re-
duced the number of new MRSA patients. Figure 2 shows that an inverse corre-
lation was suggested between the incidence of new MRSA patients and alcohol 
consumption. It has been empirically proved that a thorough manual alcohol 
disinfection is effective in preventing MRSA transmission. 

3.3. Long-Term Outcome after the Convergence of Outbreak 

Figure 3 shows the long-term transition, that is, 6 years of occurrences of new 
MRSA patients and the monthly average alcohol use (ml/patient/day) after the 
outbreak. However, the novel experience of the outbreak has been diluted, thus 
the thorough hand hygiene and the manual compliance of infection control have 
become disregarded. In July 2013, the monthly average alcohol use for hand hy-
giene had gradually decreased and the level did not exceed the level of 60 
ml/patient/day. 

In December 2014, 3 years after the outbreak, the monthly average alcohol use 
had decreased to a level of 40 ml/patient/day. New MRSA patients have occa-
sionally occurred and the risk of a recurrence of the outbreak had become high. 
As Figure 3 shows, although there had not been any new occurrences of a 
MRSA outbreak, however, the new MRSA patients have not been cured. We 
recognized that it was difficult to maintain a strict infection control with a sense 
of tension and it became a challenge. 

3.4. Results of the Intervention of Industry Problem-Solving  
Methods for the Eradication of New MRSA  
Patient Occurrences 

To eradicate any new occurrence of MRSA patients, we newly implemented an  
 

 
Figure 3. Long-term outcome of alcohol use for hand hygiene (ml/patient/day) and oc-
currence of new MRSA patients. 
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industry total quality management and problem-solving method for infection 
control. The methods of problem-solving were performed in 8 steps; step-1: 
theme selection, step-2: current situation, step-3: setting a goal, step-4: factor 
analysis, step-5: measures planning, step-6: execution measures, step-7: effect 
confirmation, and step-8: standardization and fixing of management. 

As step-1, “theme selection” was summarized that: 1) the MRSA outbreak oc-
curred 6 years ago (6 new patients, 10 patients/49 patient beds, 20.4%); 2) from 
the analysis of the detection status of MRSA (same room in the same period, 
similar drug susceptibility and nursing necessity), it should be possible to cause 
the propagation by the medical staff in the same ward (physician intergroup and 
nurse in charge); 3) planning of the infection prevention measures and review-
ing of hand hygiene method, and complying with the instructions of dressing 
exchange of surgical wounds; 4) the experience of MRSA outbreak has been for-
gotten for 6 years; 5) disregard of the manual compliance and the infection pre-
vention measures; 6) decreasing of the monthly averaged alcohol use amount 
(ml/patient/day) and occasional occurrence of new MRSA patients; 7) by surgic-
al ward reorganization from April 2018, the occurrence risk of new MRSA pa-
tients increased, thus the need of urgent measures for eradication of the MRSA 
occurrence. 

As for step-2, the “current situation and understanding” was summarized that 
loss of the MRSA outbreak experience; countermeasures and non-compliance of 
manuals; decreased number of hand hygiene treatments; no review of manual 
regarding infection control (the last version was February, 2012); delay of ear-
ly-detection of a MRSA patient; insufficient cases of contact infection prevention 
is random; shortage of private rooms for multiple infected MRSA patients; in-
appropriate uses of antibiotics over postoperative 48 hours; no education and no 
drill for newcomers and medical staff; no leader of infection control; decreases in 
behavior of infection prevention and crisis consciousness; and increasing the 
risk of infection by reorganization of surgical ward in April, 2018. 

Figure 4 shows the current situation and the trend in the amount alcohol use 
and number of new MRSA patients in the surgical ward (April 2012 to March 
2018). From April 2015, the amount of alcohol use showed a low level between 
25 and 45 ml/patient/day. Although there was no occurrence of a MRSA out-
break, however, new MRSA patients occasionally occurred. The indicator of the 
value “45 ml/patient/day” means about 15 hand hygiene times (1 time of hygiene 
is about equal to 3 ml of alcohol use). After the MRSA outbreak, the number of 
hand hygiene treatments gradually decreased. New MRSA patients then occa-
sionally occurred. We intended the goal to be zero occurrence of new MRSA pa-
tients from April 2018. 

As step-3, “setting a goal” was to stop any new occurrence of MRSA patients 
in the surgical ward, thus we set a goal. 1) from April 2018, we intended to in-
crease the averaged amount of alcohol use up to 40 ml/patient/day (the averaged 
hand hygiene times up to 14 times/patient/day). In June 2018, we increased the  
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Figure 4. Long-term transition of MRSA patient occurrence after intervention of infec-
tion control. Current situation. 
 
averaged amount of alcohol use to 50 ml (17 times/patient/day). 2) from April 
2018, we intended to maintain zero new occurrences of MRSA patients in the 
surgical ward. 

As step-4, a “factor analysis” was performed on the root cause of the occur-
rence of new MRSA patients. Figure 5 shows a cause and effect diagram with 
five branches that are the patient, medical staff, method (skills/tools), team/org- 
anization, and task/environment. We focused on the true factors; 1) number of 
everyday hand hygiene is few, and the amount of alcohol use is less, 2) there was 
no reviewing of procedures and check sheet; 3) delay in determining MRSA-de- 
tected patient, and 4) no leader of infection control, and no education and no 
training of new staff. 

As step-5, “measures planning, measures execution, and effective confirma-
tion” are summarized: 1) daily averaged amount of alcohol use, and monitoring 
of times of hand hygiene. From April 2018, the averaged amount of alcohol use 
for hand hygiene increased to more than 40 ml (ml/patient/day). The averaged 
times of hand hygiene increased to more than 14 (times/patient/day); 2) stan-
dard procedures of infection control, and reviewing of check sheet. From April 
2018, every morning, updating of check sheet regarding the patient’s wound sit-
uation (open, infection, toileting, and drain tube). Implementation of a new 
standard regarding the agreement on the procedure of wound dressing; 3) early 
detection of MRSA-patient and setting of special management of MRSA-infected 
patients. From April 2018, checking of MRSA-patient at admission. Early culture 
inspection for the suspected patient with MRSA infection. Understanding of 
the location of MRSA positively-detected patient; 4) nomination of leader for 
infection control, and education and training of new comers and medical staff. 
From April 2018, a leader for infection control educates and supervises the stan-
dard procedure and checklist to the medical staff. Holding of regulatory study  
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Figure 5. Factor analysis. 

 
meetings and confirmation of level of understanding. 

As step-6, “standardization, definition of management and comprehensive 
evaluation” are 1) sustaining of a new standardization for the manual of stan-
dard precaution and contact infection measures, and arrangements of wound 
dressing; 2) regarding a new standardization of infection control, we intend to 
have regular study workshops of teaching and training; 3) comprehensive evalu-
ation: from April, 2018, the risk of MRSA occurrence increased. Although one 
new MRSA patient was observed in May 2018, however, infection prevention 
measures have been continually performed. Figure 6 shows the A3 problem 
solving regarding the agglomeration of the Kaizen approach. 

3.5. Outcome of the Implementation of the Quality Improvement  
with Problem-Solving Method 

As step-7, Figure 7 displays the “effect confirmation”, which shows the effec-
tiveness of this industry problem-solving approach to infection control. As a 
lower limit of the hand hygiene, we set the goal of over the level of 40 
ml/patient/day (14 times of hand hygiene), the intervention was started in April 
2018, but a new MRSA patient was detected in May 2018. The time overlaps  
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Figure 6. A3 sheet. 

 

 
Figure 7. Outcomes of intervention of industry problem solving approach (between Jan-
uary, 2018 and October, 2019). 
 
when the surgical ward had been reorganized in April 2018. Once the amount of 
alcohol use for hand hygiene was reduced below the level of 30 ml/patient/day, 
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new MRSA patients occurred, however, the use of alcohol reached the level of 45 
ml/patient/day, the amount of usage in May 2019. In June 2018, we increased the 
lower limit of the amount of alcohol use to be over the level of 50 ml/patient/day 
(15 hand hygiene times). There has been no detection of new MRSA patients for 
7 months between June 2018 and December 2018. However, three new MRSA 
patient was detected in January 2019, when the amount of the alcohol use for 
hand hygiene had decreased to less than the level of 40 ml/patient/day. There 
displayed an inverse correlation between the increased number of new MRSA 
patients and the decreased amount of alcohol use for hand hygiene. 

As step-8, “standardization and fixing of management” are described as fol-
lows: 1) from April 2018, we intended to achieve no new occurrences of MRSA 
patients, and we continue to perform such a goal, 2) measurement of the com-
pliance rate of new standardized arrangements of wound dressing, removal of 
drain tube, and methods of wound treatment, 3) regarding the infection matters, 
we expanded the problem-solving approach to infection control in the surgical 
ward to other departments as planned (secretariat; Dr. Ayabe), and 4) we conti-
nually developed the industry problem-solving method of ASUISHI to improve 
the quality of healthcare at the university hospital. 

4. Discussion 

Health-care-associated infections represent a leading preventable adverse event 
in patients [16]. Methicillin-resistant Staphylococcus aureus is a major cause of 
hospital-acquired infections in many countries around the world [17] [18]. In 
the last decade, numerous reviews and consensus statements have endorsed pol-
icies to control the spread of nosocomial MRSA infections [19] [20] [21]. 

Hand hygiene is widely considered the key to prevent such infections and 
cross-transmission of multidrug-resistant organisms [1] [22]. WHO recommends a 
multimodal approach to hand hygiene promotion that includes provision of al-
cohol-based hand rub at the point of care, education of healthcare workers, audit 
and performance feedback of hand hygiene behavior, reminders in the 
workplace, and institutional safety culture. Existing evidence supports the effec-
tiveness of multimodal hand hygiene promotion [1] [16] [22]-[26]. However, 
sustaining success remains challenging. Regarding the patient’s hand washing, it 
is just as important as hospital workers’ hand hygiene. The increased hand hy-
giene compliance by patients can influence the infection rates in an adult cardi-
othoracic step-down unit [27]. The decreased infection rates and increased com-
pliance with hand hygiene among the patients may be attributed to the imple-
mentation of patient education and the increased accessibility and use of hand 
sanitizers [27]. 

Pittet et al. [8] reported that hand hygiene adherence was associated with 
lower MRSA colonization rates [8]. Bischoff et al. [28] also observed that im-
proved accessibility to alcohol-based hand sanitizers enhanced adherence to 
hand hygiene. In our surgical ward in those days (Figure 1), the daily averaged 
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amount of alcohol consumption per patient was calculated to be the low level of 
8 to 14 ml/patient/day. As one complete pushing volume from the alcohol hand 
sanitizer supply bottle can be measured by about 3 ml, this amount can be 
counted as 1 hand hygiene time. Retrospectively, we considered the status of 
hand hygiene before the MRSA outbreak in past days. If the hand disinfection is 
performed twice before and after wound treatment for one patient care, in the 
calculation, at least 6 ml of alcohol (two pushes of alcohol supply bottle) is used 
for one nursing care or doctor’s round for 1 patient. At that time, the levels of 8 
to 14 ml/patient/day, which means that only 2 or 3 hand disinfection times were 
performed for one patient care for a day, was a situation that meant incredibly 
very low levels of hand hygiene in those days. If 10 times the patient care and 
wound treatment per one patient for a day were performed, the amount of alco-
hol use would be estimated to be at least more than the level of 60 ml/patient/day. 
Based on the data obtained from the surgical ward during the MRSA outbreak 
(Figure 2), it was observed that if the used alcohol amount was not below the 
lowest level of 40 ml/patient/day, this level showed that there was decrease in 
new occurrences of MRSA patients. We have continued to monitor the daily al-
cohol consumption in the surgical ward in order not to decrease the level of 60 
ml/patient/day (Figure 2). This monitoring system serves as a convenient tool to 
visualize the hand hygiene status. For example, if the alcohol consumption de-
creased below the level of 40 ml/patient/day (equivalent to 6 to 7 hand hygiene-
times), we can alert to the multi-professional staff the decreased status of the 
disinfection level and we can call for more implementation of hand hygiene in 
order to increase to more than the level of 60 ml/patient/day (Figure 2). Since 
then, the raised awareness for infection control has been maintained in our sur-
gical ward. 

Figure 5 and Figure 6 show the A3 sheet summary by the problem-solving 
method, that is the Kaizen approach for the eradication of new MRSA occur-
rences in the surgical ward, which is what we complied for the process of indus-
try problem-solving with the team staff. In is important for the team members to 
understand and share the 8 steps of the problem-solving approach, that is to se-
lect the theme, to investigate current situation, to set a goal, to analyze factors, to 
measure planning, to measure execution, to confirm effects, and standardize and 
to fix the management. The A3 sheet (Figure 6) included these 8 steps and visu-
alized the total quality management in surgical ward, which displays the respon-
sible person in rule. 

The limitation of the present study is the outcome in the small surgical ward 
section in a single university hospital, which is based on the dynamic imple-
mentation of changing infection control activity by feedback of the daily moni-
toring of the level of hand hygiene, and which was retrospectively analyzed. The 
long-term maintaining of compliance of hand hygiene is actually very difficult. 
Although performing alcohol hand hygiene is understood to be very good evi-
dence for infection control, however, the implementation and the sustainable 
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practice are very difficult to perform. There are some gaps between the evidence 
and the practice in the workplace. 

As our future direction, we will expand the Kaizen approach across a section 
of our hospital. Although the quality improvement, such as industry prob-
lem-solving [12] [13] and the Lean Six sigma tool [15], is based on the Japanese 
Kaizen approach [14], these implementations and the continuity are very useful. 
Kaizen is a Japanese word that means “change for the better,” as popularized by 
Masaaki Imai [14]. In order to expand the efforts for infection prevention, not 
only an individual effort but also a multi-professional team effort are cross-org- 
anizationally expected to form a culture of infection control, that is, as an or-
ganization culture, both top-down instructions and a bottom-up approach are 
important to implement infection control measures. The organization culture is 
defined as the assumptions, values, and norms shared among colleagues. These 
beliefs are often taken for granted, but have the ability to influence an individu-
al’s thinking and behavior [29]. The organization culture can impact (positively 
or negatively) the organizational success and an organization’s ability to imple-
ment change. The organization culture has recently gained recognition in the 
health care setting and is an element to consider when implementing an infec-
tion control program and prevention initiatives [30] [31] [32] [33]. Findings 
from several research studies focusing on infection control have confirmed the 
association between a patient’s outcome and various organization culture fac-
tors, including leadership, teamwork, staff satisfaction, staff morale, and work-
load [1] [34]. More specifically, having weak/poor levels of these factors (i.e., 
poor organization culture) are considered risks for infection control problems 
and adverse patient outcomes [35] [36]. Additional research in the intensive care 
unit setting has shown that effective leadership and communication can lead to 
better team cohesiveness and overall performance [37] [38]. 

Lastly, by the retrospective analysis regarding the short-term outcome of in-
fection control during the MRSA outbreak and the convergence, the number of 
new MRSA patients was negatively related to the volume of everyday alcohol 
consumption. We succeeded in ending the MRSA outbreak by a team approach 
to controlling infection for 3 months. Hand hygiene with alcohol use should be 
effective in preventing MRSA transmission. The level of alcohol consumption 
for hand washing has been maintained at 40 to 80 ml/patient/day, and almost no 
MRSA patients had been observed for one year. By the evaluation regarding the 
long-term outcome of a 7 years’ infection control after convergence of the out-
break, the amount of alcohol use has gradually decreased and MRSA patients 
have been occasionally observed, thus these facts should display the difficulty in 
maintaining a strict infection control. Regarding compliance of hand hygiene 
and occurrence of MRSA patients, bridging the gap between ideal and reality 
and how to reconcile is difficult but very important. It is effective to start a Kai-
zen approach with an industry problem-solving method for the eradication of a 
new occurrence of MRSA patients, which efforts can be visualized by creating 
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the process in an A3 sheet (Figure 6). It is useful for a multidisciplinary ap-
proach to perform the improvement of the quality and the activity of infection 
control by teamwork. 

5. Conclusion 

Based on the more than 8-year long-term outcome of infection control by mea-
suring the daily amount of alcohol use for hand hygiene and the directly-connected 
prevention measures for new MRSA patients, these can reconcile the theory of 
infection control and the implementation of everyday practical hand hygiene. By 
creating and performing a Kaizen approach with the problem-solving method, 
which can realize 7 months of zero new occurrences of MRSA and will contri-
bute to the multi-professional team to visualize the process of quality improve-
ment for infection control. There was an inverse correlation between the de-
creased amount of alcohol use for hand hygiene and the increased number of 
new MRSA patients. 
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