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Background: We analyzed time series data to investigate factors that contributed to the gradual
decrease and eventual eradication of Methicillin Resistant Staphylococcus aureus (MRSA) from
our Neonatal Intensive Care Unit (NICU).
Methods: A multivariate adjusted auto-regressive integrated moving average (ARIMA) model was
used for time series analyses of monthly MRSA incidence density rates and their predictors in the
NICU from July 2003 to July 2009.
Results: Based on our ARIMA (0,1,1) model, the monthly pooled mean of the amount of
alcohol-based hand sanitizer used for one patient per day (lag time 0 month, p=0.011）was the
only factor significantly associated with the MRSA incidence density rates. MRSA colonization
pressure, patient-to-nurse ratios and bed occupancy rates were not associated with MRSA
acquisition in the NICU. Active surveillance, which had been practiced since the late 1980s, alone
was not sufficient to control the spread of MRSA until it was accompanied by enhanced hand
hygiene.
Conclusion: Increasing the use of alcohol-based hand sanitizers by improving accessibility and
providing periodic hand-hygiene training sessions to health-care workers is strongly
recommended for decreasing the risk of MRSA acquisition among neonates in NICU settings.

Since first noted in a Neonatal Intensive Care Unit (NICU) in 19811), Methicillin Resistant
Staphylococcus aureus (MRSA) has become one of the most common causes of
healthcare-associated infections in neonates2)-5). In order to prevent and control the spread of the
organism in NICUs, different measures such as active surveillance cultures, strict contact
precautions and topical decolonization therapy have been tried and achieved various degrees of
success6)-10).
Many studies published to date have compared MRSA colonization or infection rates before and
after the implementation of preventive strategies to evaluate their effectiveness11)-19). However, a
statistically significant reduction in MRSA rates does not necessarily indicate a continuous
downward trend. In fact, the observed change in the post-intervention phase may only be
transient. We, therefore, analyzed time series data to investigate factors that contributed to the
gradual decrease and eventual eradication of MRSA from our NICU. Specifically, we evaluated
the relationship between MRSA colonization or infection incidence density rates and MRSA
prevalence rates (colonization pressure), amount of alcohol-based hand sanitizers used for
patients, patient-to-nurse ratios, and bed occupancy rates.

Methods
＜Study Population＞
This prospective study was conducted from July 2003 to July 2009, in the 33-bed NICU at St.

Luke’s International Hospital, an acute care hospital providing primary to tertiary care to a
population of about 400,000 in Tokyo, Japan.
During the study period, there were a total of 1,229 admissions to the NICU. The median
number of annual admissions to the NICU was 195.5 (range 168-256). The average length of stay
was 24.2 days (range 12.0-40.4 days).

＜MRSA Surveillance and Prevention Strategies＞
Active surveillance for MRSA in the NICU began in the late 1980s and was conducted
throughout the study period. All neonates were screened on admission and weekly thereafter for
MRSA colonization using conventional plate culture methods. Culture samples were taken with a
single swab from the nares, umbilicus, ear and throat.
Signs were posted on cots or incubators of culture positive neonates for identification, and
gloves and gowns were required for health care workers caring for these neonates. Cohorting of
MRSA positive neonates was not implemented due to shortage in nursing staff. NICU staff and
visitors were asked to perform hand hygiene upon entry into the NICU and before and after
touching the neonates. During the first three years of the study period, NICU staff had mainly
used five hand washing sinks and several alcohol-based hand sanitizer dispensers, placed in each
corner of the NICU, for hand hygiene. In July 2006, to facilitate the use of alcohol-based hand
sanitizers, infection prevention liaison nurses in the NICU placed one dispenser beside each
cot/incubator. They also started to offer short training sessions on the importance and methods of

hand hygiene to NICU staff twice a year.

＜Data Collection＞
The number of infants with at least one MRSA positive sample was recorded in the hospital’s
microbiology database. Only the first positive culture results were counted. MRSA detected more
than 48 hours after admission were considered nosocomial and counted as incident cases. MRSA
detected within 48 hours of admission were considered imported but counted as prevalent cases.
The incidence of MRSA colonization or infection per 1,000 patient days was calculated each
month during the study period.
Monthly MRSA prevalence rates, which indicate colonization pressure, were calculated by
dividing the patient-days of MRSA-positive neonates during a month by the total patient-days of
the same month.
The monthly pooled mean of the amount of alcohol-based hand sanitizers used for one patient
per day was calculated by dividing the total amount of alcohol-based hand sanitizers in milliliters
delivered to the NICU from the pharmacy each month by the patient-days of the same month.
The monthly pooled mean of patient-to-nurse ratios was calculated by dividing the total
number of patients in the NICU at midnight during a month by the total number of nurses
working at midnight during the same month.
Monthly bed occupancy rates were calculated by dividing the total number of patients in the
NICU at midnight during a month by the number of NICU beds multiplied by the number of days

in the same month.

＜Statistical Analyses＞
We conducted a time series analysis to identify significant predictors of MRSA incidence density
rates in the NICU using a multivariate adjusted auto-regressive integrated moving average
(ARIMA) model. The three main parameters selected when fitting the ARIMA model were the
order of auto-regression (p), the order of integration (d), and the order of moving-average (q).
The best-fit model for our time series data with the generalized least squares regression was
ARIMA(0,1,1), which is a non-seasonal and non-stationary moving average model. In our model,
we included four independent variables as potential predictors: Monthly MRSA prevalence rates
(colonization pressure), monthly pooled mean of the amount of alcohol-based hand sanitizers used
for one patient per day, monthly pooled mean of patient-to-nurse ratios, and monthly bed
occupancy rates.
Lag time in the ARIMA model indicated the time interval (months) between the occurrence of a
significant independent variable and the dependent variable. A beta coefficient is the slope of the
regression surface constructed using the fitted model where a positive beta coefficient indicates a
positive correlation and a negative beta coefficient indicates a negative correlation. All p values
are two-sided, and p<.05 is considered statistically significant. We used SPSS 15.0J (Tokyo,
Japan) for all statistical analyses.

Results
During the 73-month study period, 223 (18.1%) of the 1,229 neonates admitted to the NICU
were MRSA positive. Two of the 233 MRSA-positive neonates had been transferred from other
hospitals and were positive on the day of admission. The MRSA incidence, therefore, was 221, and
the overall MRSA incidence density rate was 7.5 per 1,000 patient days. The average time from
admission to the acquisition of MRSA was 11.3 days (range 3-162 days) for the incident cases.
Figure 1 shows the monthly number of MRSA positive neonates as well as MRSA incidence
density rates during the study period. For the first three and a half years, the rates fluctuated
around 15 per 1,000 patient days. After rising to 20.0 per 1,000 patient days in August 2006,
MRSA incidence density rates started to decline gradually, which then reached zero in October
2008. No MRSA positive neonate has been detected in our NICU thereafter until the end of the
study period (July 2009).
The overall MRSA prevalence rate, or colonization pressure (CP), was 34.8% (range 0.0-72.6％).
During the first three years of the study period, CP often exceeded 60%. After reaching its second
highest peak of 71.3% in August 2006, CP started to fall. However, the average CP during the
next 12 months continued to remain as high as 40.7%. When the incidence reached zero in
October 2008, CP was still vacillating around 10% until it finally became zero six months later.
The pooled mean of alcohol-based hand sanitizers used (ml) for one patient per day during the
study period was 11.6 ml/patient/day. The monthly amount stayed below 10 ml/patient/day until
it rose sharply to 22.0 ml/patient/day in April 2005, one month after the MRSA incidence had

reached its highest level of 25.9 per 1,000 patient days. The amount then rose and fell in
accordance with MRSA incidence density rates until July 2006 when one dispenser was placed
beside each cot/incubator in the NICU. Thereafter, the monthly amount constantly stayed around
15.0 ml/patient/day even after the MRSA incidence had reached zero (Figure 2).
All nurses working in the NICU are registered nurses. The number of full-time equivalent
(FTE) nurses increased from 15 in 2003 to 22 in 2009. The number of part-time nurses employed
each year ranged from 1 to 4. The ratio of FTE nurses to part-time nurses was constant
throughout the study period. The monthly pooled mean of patient-to-nurse ratios was highest in
2004 when it reached 5.0, then slowly fell. It remained below 3.0 in the final year of the study
period.
The average bed occupancy rate was 85.8% for the entire study period. Monthly bed occupancy
rates had often exceeded 100% in the NICU and newborn nursery until October 2007 when the
hospital started to limit admissions to the Labor and Delivery Unit to alleviate overcrowding.
Based on our ARIMA (0,1,1) model, the amount of alcohol-based hand sanitizer used for one
patient per day (lag time 0 month, p=0.011）was the only factor significantly associated with the
MRSA incidence density rates. MRSA colonization pressure, patient-to-nurse ratios and bed
occupancy rates were not associated with MRSA acquisition in the NICU (Table 1).

Discussion
Unlike previous studies that compared pre- and post-intervention MRSA rates, time series

analyses enable identification of factors that influence the long term trend of MRSA transmission
after adjusting auto-correlation and cross correlation of time-series data. To our knowledge, this is
the first study that used time series data to identify significant factors associated with MRSA
acquisition in a NICU.
The incidence of MRSA in a NICU may be influenced by the prevalence of the organism in the
entire hospital or the population the hospital serves. Unfortunately, there is currently no national
or local benchmark data on the incidence density rates of MRSA colonization and infection in
Japan. In our hospital, the NICU is the only unit that conducts active surveillance, so the true
MRSA incidence for the entire hospital is unknown. For this reason, it is difficult to ascertain how
the hospital-wide and local prevalence of MRSA has influenced the incidence in our NICU.
Nevertheless, the fact that all MRSA cases, except for the two transferred cases, were detected
more than 78 hours after admission suggests that the widespread MRSA transmission occurred
almost exclusively within the NICU and not from cases imported from other facilities or from the
community. Thus, it is also likely that factors associated with the elimination of MRSA existed
within rather than outside the NICU.
Our study shows that monthly pooled mean of the amount of alcohol-based hand sanitizer used
for each patient per day is significantly associated with a decrease in MRSA incidence density
rates. From the beginning of the study period until mid-2006, NICU staff had used five
hand-washing sinks and several alcohol hand sanitizer dispensers, placed in each corner of the
NICU, for hand hygiene. During the same period, the monthly amount of alcohol-based hand

sanitizer used rose and fell almost simultaneously with MRSA incidence rates, indicating that
adherence to hand hygiene improved temporarily when staff were alerted to the rise in MRSA
incidence. After the placement of one alcohol-based hand sanitizer dispenser per cot/incubator in
July 2006, we began to observe a steady decline in MRSA incidence density rates as well as an
increase in the amount of alcohol-based hand sanitizers used, which remained at a high level even
after elimination of MRSA from the NICU in October 2008.
Pittet et al. reported that hand hygiene adherence was associated with lower MRSA
colonization rates19). Bischoff et al. also observed that improved accessibility to alcohol based
hand sanitizers enhanced adherence to hand hygiene20). Our study not only confirms these results
but also demonstrates the long-term preventive effect of improved accessibility to alcohol-based
hand sanitizers on MRSA incidence. Our time series analyses show a negative correlation
between MRSA incidence and the amount of hand sanitizers used; in other words, using more
hand sanitizers resulted in fewer MRSA cases in the long run.
Previous studies have shown a statistically significant association between the incidence of
multidrug-resistant organisms and their colonization pressure (CP) 21)-23). For example, Merrer et
al. found weekly MRSA CP above 30% increased the risk of MRSA acquisition approximately
fivefold21). Similarly, Williams et al. reported the relative risk of MRSA acquisition to be 7.64
when the CP was above 6.7%22). We, however, did not observe such an association. In fact, in
September 2006, the month after CP hit its second highest peak of 71.3%, the incidence began to
decrease rather than increase. During the next 12 months, incidence rates continued to fall

despite a CP average of above 40%. As our data show, maintaining a high level of alcohol hand
sanitizer use by improving access and periodically holding training sessions on hand hygiene may
have reduced the risk of MRSA transmission even during periods of high CP.
Even though the patient-to-nurse ratios and bed occupancy rates decreased steadily toward the
end of the study period, they were not statistically significant predictors of MRSA acquisition in
the NICU. Previous studies have found that understaffing and overcrowding hindered hand
hygiene adherence24-27) and resulted in outbreaks of MRSA and other organisms in NICUs28-30).
Our results may suggest that, in NICUs with bed occupancy rates and nurse-to-patient ratios
similar to ours, facilitating the use of alcohol-based hand sanitizers may help counteract the
unfavorable effects of nursing shortage and overcrowding.
Our study is subject to at least four limitations. First, we used pharmacy records to estimate
the monthly pooled mean of the amount of alcohol-based hand sanitizers used for each patient per
day, but the data may not reflect the actual amount used in the NICU. Second, since there were
only two MRSA-positive cases transferred from other facilities to our NICU, our results may not
be generalized to NICUs with higher proportion of MRSA-positive neonates admitted from other
facilities or community. Third, there may be factors associated with MRSA transmission in the
NICU other than colonization pressure, nurse-to-patient-ratios and bed occupancy rates
evaluated in this study. Lastly, preventive measures that had already been in place before the
start of the study may have influenced MRSA incidence density rates, but we were not able to
identify their individual effects. It should be noted that, even though active surveillance had been

practiced since the late 1980s, MRSA incidence density rates had constantly been high at around
15.0 per 1000 patient days until it started to decline in the fall of 2006. In our NICU, active
surveillance was not sufficient to control the spread of MRSA until it was accompanied by
enhanced and sustained performance of hand hygiene.

Conclusion
Our time series analyses showed that increasing the amount of alcohol-based hand sanitizer
usage by improving accessibility and providing periodic hand-hygiene training sessions to
health-care workers was associated with a statistically significant and sustained downward trend
in MRSA incidence density rates in our NICU. Increasing the use of alcohol-based hand sanitizers
is strongly recommended for decreasing the risk of MRSA acquisition among neonates in NICU
settings.
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Figure 1
Monthly MRSA incidence and incidence density rates in the NICU, July 2003-July
2009
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Figure 2
Monthly MRSA incidence density rates (black line) and corresponding pooled mean
amount of alcohol-based hand sanitizers used for one patient per day in the NICU,
July 2003-July 2009
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Table 1
Multivariate ARIMA (0,1,1) model for MRSA incidence density rates in the NICU, July
2003-July 2009
Independent Variables

Lag

Beta coefficient

SE

t statistic

p value

0

-0.052

0.020

-2.616

0.011

0

0.006

0.011

0.570

0.571

Bed occupancy rates

0

0.033

0.025

1.296

0.199

Patient-to-nurse ratio

0

-0.769

0.728

-1.057

0.295

time
Alcohol-based hand sanitizer
used(ml) for one patient per day
MRSA prevalence rates
(colonization pressure; %)

ARIMA= auto-regressive integrated moving average
MRSA= Methicillin-Resistant Staphylococcus aureus
NICU= Neonatal Intensive Care Unit
SE= standard error

