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Background: Methicillin-resistant Staphylococcus aureus 
(MRSA) has emerged as a challenging nosocomial pathogen 
in the last 50 years.
Objectives: To describe an investigation and containment of an 
MRSA outbreak in a neonatal intensive care unit (NICU).
Methods: Our NICU is a 25-bed level III unit. Almost 540 
neonates are admitted yearly. The index case was an 8 day old 
term baby. MRSA was isolated from his conjunctiva. Immediate 
infection control measures were instituted, including separation 
of MRSA+ carriers, strict isolation, separate nursing teams, 
and screening of all infants for MRSA. Healthcare workers and 
parents of positive cases were screened and re-educated in 
infection control measures. New admissions were accepted to 
a clean room and visiting was restricted. MRSA isolates were 
collected for molecular testing.
Results: MRSA was isolated from five infants by nasal and 
rectal swabs, including the index case. Screening of healthcare 
workers and families was negative. Two MRSA+ patients 
already known in the pediatric intensive care unit (PICU) 
located near the NICU were suspected of being the source. All 
NICU isolates were identical by pulsed-field gel electrophoresis 
but were different from the two PICU isolates. The NICU 
and one of the PICU isolates were defined as ST-5 strain by 
multilocus sequence typing. One PICU isolate was ST-627. All 
NICU isolates were Panton–Valentine leukocidin negative and 
SCCmec type IV. No further cases were detected, and no active 
infections occurred.
Conclusions: A strict infection control policy and active 
screening are essential in aborting outbreaks of MRSA in the 
NICU.
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ABSTRACT:

KEY WORDS:

M ethicillin-resistant Staphylococcus aureus (MRSA) has 
emerged as a challenging nosocomial pathogen in the last 

50 years, since its description in the early 1960s [1]. The first 
neonatal case was published almost 20 years later [2]. Since then, 
rates of nosocomial infections with this pathogen have risen 

[3-7]. In 2009, Lessa and colleagues [8] reported a 308% rise in 
MRSA infections among patients in the neonatal intensive care 
unit (NICU) during a 10 year period (1995–2004). The trans-
mission rate can be high, as was demonstrated by Song et al. 
[9], with almost 70% of patients acquiring MRSA in the NICU, 
and a continuous outbreak for 4 years despite infection control 
measures. The consequences of colonization with high rates 
of infection and influence on morbidity and mortality can be 
devastating for vulnerable preterm neonates [10]. The economic 
burden of MRSA infections is also high [11].

During a 1 month period in March 2012, our NICU expe-
rienced an outbreak of MRSA. In this article, we describe the 
infection control measures of successful early control and con-
tainment of the outbreak by collaboration between the NICU 
staff, the pediatric infectious diseases unit and the microbiol-
ogy laboratory, and through implementing aggressive infection 
control methods.

PATIENTS AND METHODS
Rambam Health Care Campus is a tertiary hospital in northern 
Israel. During the outbreak period, its level III NICU had 25 
beds and was fully occupied at that time. The unit was composed 
of three spaces. The main space had nine beds for critically ill 
neonates. Two rooms with eight beds each served intermedi-
ate care cases. Almost 540 neonates are admitted each year, 1% 
have birth weights less than 500 grams, and 24% weigh less than 
1500 grams. There are 45 referrals each year (mainly for major 
surgery or congenital heart anomalies). Nurse to patients ratio 
is 1:4 in the intensive care room and 1:5 in the intermediate 
care room. The index case was an 8 day old term baby. MRSA 
was isolated from his conjunctiva. There is now a new hospital 
building and the NICU is arranged differently.

Screening for MRSA is conducted for each admission from 
another hospital and at admission for patients whose mother 
had MRSA in the past.

DEFINITION OF AN EPIDEMIC

Between the years 2006 and 2011, MRSA was not isolated from 
any site in our NICU [Figure 1]. In 2011, there was a single 
case of MRSA isolated from sputum and later from the nares 
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and throat. This infant was immediately transferred to a general 
pediatric isolation room. No other cases were detected in the 
NICU for the following 14 months. The cases in the currently 
described outbreak occurred during one month. No cases were 
detected within extended periods before or after this period in 
a range of almost 3 years. Thus, it was defined as an outbreak 
despite the small number of cases.

INFECTION CONTROL STRATEGY

The infection control team began an immediate investigation 
and emergency policy, including identifying MRSA positive 
cases and strict isolation using separate rooms and contact 
precautions. Gloves and gowns were used only once for each 
patient and were disposed of after any contact with infants with 
MRSA. All MRSA-positive neonates were kept in isolation until 
discharge. A separate nursing team treated the MRSA-positive 
neonates, without entering other areas of the NICU where 
other patients were cared for. 

Three spaces were created:
1. MRSA-positive cases only 
2. Clean room only for patients who were admitted after the 

first case of MRSA was isolated
3. Intermediate place for children who were together with posi-

tive cases, until proven to be negative (3 samples) 

The special isolation room was in one of the intermediate 
rooms and there were no ventilated infants.

SCREENING POLICY

All patients in the NICU were screened for MRSA. Samples 
were collected using Amies swabs (Copan Italia, Brescia, Italy) 

from nares, axilla, groin, and anus for each case. Screening of 
the umbilical area was not attempted. Swabs were cultured 
on CHROMAGAR MRSA plates (Hy Laboratories, Rehovot, 
Israel). Suspected colonies were verified using Vitek 2 (bio-
Mérieux, Marcy l’Etoile, France). Screening was repeated three 
times weekly until one month after the last colonized infant was 
discharged. Patients who tested positive were moved to a special 
isolation space.

All healthcare workers and parents of the index case were 
screened by nasal swabs when the first case was detected. This 
was not repeated during the management of the outbreak.

Doctors were asked to treat infants with gowns and gloves. 
New urgently admitted newborns were placed in a separate 
space in the NICU. Unconfirmed cases that were in contact 
with the positive cases but were negative during the first screen-
ing round were placed in a separate room with contact precau-
tions but without dedicated nursing staff and were defined as 
free of MRSA after three consecutive screenings. Re-education 
of infection control measures and hand hygiene was reinforced 
on a daily basis by the infection control staff. A daily update was 
reported to all involved teams and families.

The NICU was intended to be closed for new admissions 
until all colonized infants were detected and isolated. However, 
due to limited capacity in other hospitals, new admissions con-
tinued throughout the whole period. Visiting was restricted to 
parents only.

MOLECULAR TYPING

Genetic relatedness was determined by pulsed-field gel elec-
trophoresis (PFGE) [12]. In addition, the corresponding mul-
tilocus sequence typing (MLST) clonal complex was assigned 
[13]. The Panton-Valentine leukocidin (pvl) gene was tested by 
polymerase chain reaction (PCR) [14], and SCCmec typing was 
assigned according to the mec and ccr complexes [15].

OUTBREAK SOURCE INVESTIGATION

A search for a common source for the infection was held. Two 
cases of MRSA were found in the adjacent pediatric intensive 
care unit (PICU). The first speculation was that MRSA was 
introduced by common healthcare workers (usually doctors 
who serve in both units) or by a common non-invasive respira-
tor and common equipment.

USE OF CHLORHEXIDINE AND MUPIROCIN

Chlorhexidine is not used for premature babies in our insti-
tution due to previous reports of toxicity. It was decided that 
bathing neonates with this agent was not justified. The use 
of mupirocin was attempted at first, but we found that this 
material obstructs the very small nostrils and the potential 
space is too small for any significant instillation of mupiro-
cin, so this procedure was abandoned quickly by the nursing 
staff.
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NICU due to the huge burden of these infections among highly 
susceptible patients. Song et al. [11] estimated an increased 
length of stay and extra charges of $164,301 per patient with 
infection compared to those without MRSA. Yet, there have 
been no specific guidelines for the prevention of this pathogen. 
In 2006, a research group from the Chicago, IL, USA area pub-
lished a consensus statement with specific recommendations [7]. 

We believe that the main issue in outbreak control of MRSA, 
especially in the NICU, is strict adherence to standard infection 
control guidelines, without any compromise (i.e., standard pre-
cautions on a daily basis and contact precautions when there are 
indications, as in the case of resistant bacteria). In the current 
report, our experience in containment of an MRSA outbreak 
is presented with some aspects that we think may be helpful in 
halting an outbreak. Early identification of an outbreak is not 
always easy and depends on the background epidemiology and 

RESULTS
After a long period with no MRSA cases in our NICU, the first 
case in the current outbreak was a preterm neonate who was 
born in our hospital after 33.6 weeks of pregnancy, 2 weeks 
after premature rupture of membranes with maternal fever. His 
postpartum screening was negative for bacteria and his general 
condition was good. On his eighth day of hospitalization, he 
developed purulent conjunctivitis. A culture from the conjunc-
tival discharge resulted in isolation of MRSA with a pattern of 
resistance typical for hospital-acquired MRSA (HA-MRSA). It 
was resistant to oxacillin, gentamicin, clindamycin, and erythro-
mycin and sensitive to vancomycin, linezolid, mupirocin, fusidic 
acid, rifampin, and trimethoprim/sulfamethoxazole. The patient 
received local antibiotic treatment for his conjunctivitis and was 
put in strict isolation. Screening for MRSA from other body sites 
was positive from the eye, nares, throat, and rectum and negative 
for axilla and groin [Table 1]. He was discharged 10 days later.

OTHER CASES OF MRSA

Nasal swabs from the parents of positive cases and all NICU 
staff were negative for MRSA. During a period of 1 month, 
six other cases were detected. All patients, except the index 
patient and another one (patient #5) with mild conjunctivitis, 
were asymptomatic [Table 1].

During the outbreak, 132 neonates were screened and 2010 
samples were processed in the 5 month follow-up period after 
the first case, until the NICU was declared MRSA free again.

MOLECULAR TYPING

PFGE demonstrated the same pattern for all NICU patients, 
although they were different from that of the PICU patients 
[Figure 2]. All NICU isolates and PICU patient #2 (a child with 
burns) were typed as ST-5, while PICU patient #1 was ST-627 
type. All isolates in the NICU cases were SCCmec type IV. All 
isolates were PVL negative. Another three children were found 
to have unrelated community-acquired MRSA (CA-MRSA) 
upon admission to the PICU during the screening period.

CONTAINMENT OF THE OUTBREAK

Strict infection control guidelines set for the containment of 
the MRSA outbreak were maintained for another month after 
discharge of all MRSA-positive cases. There was no reduction 
of cases admitted during the same period in the previous year 
(63 vs. 74). Since then, no MRSA cases have been detected.

DISCUSSION
More than 30 years have passed since the first report of MRSA 
in a NICU. The number of reports has risen through the years, 
including outbreaks of MRSA colonization and infections [3-8]. 
Great efforts are made to control the spread of MRSA in the 

Table 1. Positive patients (screening) in the NICU and PICU

Date (03/2012)OtherConjuctivaAxillaGroinRectumThroatNaresPatient No.

NICU Patient

4th++++1 (index)

6th++2
6th++++3
7th++++4
8th+++5
27th++6

PICU Patient
+++++1

Blood, 
sputum, 
burn

2

NICU = neonatal intensive care unit, PICU = pediatric intensive care unit

Figure 2. Pulsed field gel electrophoresis 
performed on seven hospital acquired-
methicillin-resistant Staphylococcus aureus 
isolates during the outbreak period

NICU = neonatal intensive care unit,  
PICU = pediatric intensive care unit
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visiting patients was restricted to parents only. Strict isolation is 
fundamental to the successful eradication, not only of MRSA, 
but also of other resistant bacteria. One of the main problems 
was recruiting sufficient nursing staff, as the NICU is main-
tained by a very limited number of nurses and the nurse/patient 
index is very low compared to other developed countries.

In their recommendations, Gerber and colleagues [7] 
suggested the option of using mupirocin for decolonization. 
The use of mupirocin is not universally helpful and is usually 
accompanied by other infection control measures [3,19-24]. In 
practice, the use of mupirocin was attempted in the first days 
but soon rejected due to technical problems reported by the 
nursing team. It was found to be too difficult to use for most 
premature babies who have small nares and are obligatory nasal 
breathers; some were already on non-invasive nasal ventilation.

Although the exact source of infection was not identified, 
molecular typing has demonstrated how complicated the epi-
demiological situation may be. The first impression was that the 
source was patients who were heavily colonized and situated in 
the PICU, very close to the NICU. Yet, PFGE analysis showed 
that the NICU isolates were identical, as would be expected 
in a common source outbreak situation, but were completely 
different from isolates identified in the PICU which were, in 
fact, different from each other as well.

PFGE is considered highly discriminatory for distinguishing 
strains of MRSA, but other more convenient technologies have 
been described, such as spa typing [19] and MLST technol-
ogy. All of the isolates in the NICU and one case belonging 
to a child with extensive burns treated in the PICU were ST5. 
Another isolate from the PICU was ST627. All these HA-MRSA 
strains were SCCmec type IV and PVL negative. These results 
also demonstrate the need for more than one test for confir-
mation of a common source outbreak and meticulous efforts 
to discriminate between similar isolates, especially during an 
investigation in an outbreak setting.

CONCLUSIONS

We report on the containment of an outbreak of MRSA in a 
tertiary NICU using known infection control measures, and 
with maximal adherence to those guidelines, stressing the need 
for communication, working in a multidisciplinary team, and 
using maximal efforts to diagnose and isolate each positive case, 
without using any decolonization. In summary, strict infection 
control policy and active screening are essential in aborting 
outbreaks of MRSA in the NICU.
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alertness of the infection control team. By the time the index 
case was identified, other cases had already been colonized. 
This situation reflects the subtle development of clinical cases 
when the first alert is given.

Teamwork and tight collaboration and communication 
between the infection control team, NICU staff, microbiology 
laboratory, and administration is crucial. In the case we present 
here, a dedicated taskforce was established, including members 
from the NICU, the pediatric infectious disease unit and infec-
tion control, the microbiology laboratory, and administration. 
Concerned families were transparently updated, and we shared 
the importance of frequent active screening for seemingly 
healthy newborns. Concerted activity by a dedicated team is 
important for control of such outbreaks. Online updates and 
regular daily communication between teams is also important, 
as suggested by Gerber and colleagues [7] in their consensus 
statement.

An optimal screening policy is not known. Using only nasal/
rectal cultures would have detected only 66% of our cases, and 
only 83% of cases would have been detected if we had checked 
the throat alone. By omitting the groin and axilla, one patient 
would have been missed in the current series. We did not 
attempt to sample the umbilical cord area as it was suspected 
to be heavily colonized by other bacteria. In a cross-sectional 
study by Matheson and co-authors [16], in a sample of 10,077 
cases, 66% were positive using nasal swab alone. Nasal and 
perineal sites found 82% in combination. In their recommenda-
tions, Gerber et al. [7] point out that nasal swabs are sufficient 
to detect MRSA as a colonizer in the NICU. We agree that fre-
quent screening of multiple sites for a long period of time may 
not be cost effective or beneficial. It is extremely important to 
achieve zero tolerance with MRSA colonization, especially in a 
department free of MRSA, if complete eradication is the goal. 
Thus, samples were taken frequently from multiple sites to reset 
a MRSA-free unit as soon as possible.

The cost effectiveness of a screening policy was addressed 
by Chhangani and colleagues [17], who found 4/2031 screened 
cases (0.2%) that were positive. Two of these would have been 
screened with no relation to the study, suggesting that it is not 
cost-effective. However, missing colonized infants may lead to 
unrecognized spread and, in time, uncontrolled outbreaks and 
active infection among vulnerable preterm infants. As Song et 
al. [11] demonstrated, this situation can lead to high costs and 
increased morbidity. Another study by Schultz and co-authors 
[18] compared 59 colonized neonates with 1701 non-colonized 
neonates [18]. There was no difference in the cost of each hospi-
talization day, but the colonized patients had longer hospitaliza-
tion periods and the total excess cost was $6,901,180.

Isolating patients in a separate space with dedicated nurses 24 
hours a day, and setting an intermediate-care room for neonates 
at risk of being in contact with positive cases was implemented 
immediately for the current outbreak. The number of people 



ORIGINAL ARTICLES

 495

20 2018

13. Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG. Multilocus sequence 
typing for characterization of methicillin-resistant and methicillin-susceptible 
clones of Staphylococcus aureus. J Clin Microbiol 2000; 38: 1008-15.

14. Diep BA, Gill SR, Chang RF, et al. Complete genome sequence of USA300, an 
epidemic clone of community-acquired methicillin-resistant Staphylococcus 
aureus. Lancet 2006; 367: 731-9.

15. Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel multiplex PCR 
assay for characterization and concomitant subtyping of staphylococcal cassette 
chromosome mec types I to V in methicillin-resistant Staphylococcus aureus.  
J Clin Microbiol 2005; 43: 5026-33.

16. Matheson A, Christie P, Stari T, et al. Nasal swab screening for methicillin-resistant 
Staphylococcus aureus–how well does it perform? A cross-sectional study. Infect 
Control Hosp Epidemiol 2012; 33: 803-8.

17. Chhangani P, Durazo R, Digangi L, et al. Cost-effectiveness of universal screening 
of healthy newborns for nasal methicillin-resistant Staphylococcus aureus 
colonization at birth. Infect Control Hosp Epidemiol 2011; 32: 301-2.

18. Schultz ED, Tanaka DT, Goldberg RN, Benjamin DK Jr, Smith PB. Effect of 
methicillin-resistant Staphylococcus aureus colonization in the neonatal intensive 
care unit on total hospital cost. Infect Control Hosp Epidemiol 2009; 30: 383-5.

19. Saiman L, Cronquist A, Wu F, et al. An outbreak of methicillin-resistant 
Staphylococcus aureus in a neonatal intensive care unit. Infect Control Hosp 
Epidemiol 2003; 24: 317-21.

20. Khoury J, Jones M, Grim A, Dunne WM Jr, Fraser V. Eradication of methicillin-
resistant Staphylococcus aureus from a neonatal intensive care unit by active 
surveillance and aggressive infection control measures. Infect Control Hosp 
Epidemiol 2005; 26: 616-21.

21. Shiojima T, Ohki Y, Nako Y, Morikawa A, Okubo T, Iyobe S. Immediate control of 
a methicillin-resistant Staphylococcus aureus outbreak in a neonatal intensive care 
unit. J Infect Chemother 2003; 9: 243-7.

22. Lepelletier D, Corvec S, Caillon J, Reynaud A, Rozé JC, Gras-Leguen C. Eradication 
of methicillin-resistant Staphylococcus aureus in a neonatal intensive care unit: 
which measures for which success? Am J Infect Control 2009; 37: 195-200.

23. Gregory ML, Eichenwald EC, Puopolo KM. Seven-year experience with a 
surveillance program to reduce methicillin-resistant Staphylococcus aureus 
colonization in a neonatal intensive care unit. Pediatrics 2009; 123: e790-6.

24. Sax H, Posfay-Barbe K, Harbarth S, et al. Control of a cluster of community-
associated, methicillin-resistant Staphylococcus aureus in neonatology. J Hosp 
Infect 2006; 63: 93-100.

References
1. Jevons MP, Coe AW, Parker MT. Methicillin resistance in staphylococci. Lancet 

1963; 1: 904-7.
2. Weeks JL, Garcia-Prats JA, Baker CJ. Methicillin-resistant Staphylococcus aureus 

osteomyelitis in a neonate. JAMA 1981; 245: 1662-4.
3. Nelson MU, Gallagher PG. Methicillin-resistant Staphylococcus aureus in the 

neonatal intensive care unit. Semin Perinatol 2012; 36: 424-30.
4. Haley RW, Cushion NB, Tenover FC, et al. Eradication of endemic methicillin-

resistant Staphylococcus aureus infections from a neonatal intensive care unit.  
J Infect Dis 1995; 171: 614-24.

5. Heinrich N, Mueller A, Bartmann P, Simon A, Bierbaum G, Engelhart S. Successful 
management of an MRSA outbreak in a neonatal intensive care unit. Eur J Clin 
Microbiol Infect Dis 2011; 30: 909-13.

6. Popoola VO, Budd A, Wittig SM, et al. Methicillin-resistant Staphylococcus 
aureus transmission and infections in a neonatal intensive care unit despite active 
surveillance cultures and decolonization challenges for infection prevention. Infect 
Control Hosp Epidemiol 2014; 35: 412-8.

7. Gerber SI, Jones RC, Scott MV, et al. Management of outbreaks of methicillin-
resistant Staphylococcus aureus infection in the neonatal intensive care unit: a 
consensus statement. Infect Control Hosp Epidemiol 2006; 27: 139-45.

8. Lessa FC, Edwards JR, Fridkin SK, Tenover FC, Horan TC, Gorwitz RJ. Trends 
in incidence of late-onset methicillin-resistant Staphylococcus aureus infection 
in neonatal intensive care units: data from the National Nosocomial Infections 
Surveillance System, 1995-2004. Pediatr Infect Dis J 2009; 28: 577-81.

9. Song X, Cheung S, Klontz K, Short B, Campos J, Singh N. A stepwise approach 
to control an outbreak and ongoing transmission of methicillin-resistant 
Staphylococcus aureus in a neonatal intensive care unit. Am J Infect Control 2010; 
38: 607-11.

10. Huang YC, Chou YH, Su LH, Lien RI, Lin TY. Methicillin-resistant Staphylococcus 
aureus colonization and its association with infection among infants hospitalized 
in neonatal intensive care units. Pediatrics 2006; 118: 469-74.

11. Song X, Perencevich E, Campos J, Short BL, Singh N. Clinical and economic 
impact of methicillin-resistant Staphylococcus aureus colonization or infection on 
neonates in intensive care units. Infect Control Hosp Epidemiol 2010; 31: 177-82.

12. Mulvey MR, Chui L, Ismail J, et al. Canadian Committee for the Standardization 
of Molecular Methods. Development of a Canadian standardized protocol for 
subtyping methicillin-resistant Staphylococcus aureus using pulsed-field gel 
electrophoresis. J Clin Microbiol 2001; 39: 3481-5.

Simonini and colleagues assessed the time in remission 
after discontinuing biologic therapy in patients with juvenile 
idiopathic arthritis (JIA). The authors enrolled 135 patients 
followed in three tertiary care centers. The primary outcome 
was to assess, once remission was achieved, the time in 
remission up to the first flare after discontinuing treatment. 
Mann–Whitney U test, Wilcoxon’s signed rank test for paired 
samples, chi‐square tests, and Fisher’s exact test were used to 
compare data. Pearson’s and Spearman’s correlation tests were 
used to determine correlation coefficients for different variables. 
To identify predictors of outcome, Cox regression model and 
Kaplan–Meier curves were constructed, each one at the mean of 
entered covariates. The majority of enrolled patients flared after 
stopping treatment with biologics (102 of 135, 75.6%) after 
a median follow-up time in remission off therapy of 6 months 
(range 3–109 months). A higher probability of maintaining 

remission after discontinuing treatment was present in 
systemic‐onset disease compared to the rest of the JIA patients 
(Mantel–Cox chi-square = 8.31, P < 0.004). In analysis limited 
to children with JIA with polyarticular and oligoarticular disease, 
patients who received biologics more than 2 years after 
achieving remission had a higher probability of maintaining 
such remission off therapy (mean ± SD 18.64 ± 3.3 months 
vs. 11.51 ± 2.7 months, P < 0.009, Mantel–Cox chi-square = 
9.06, P < 0.002). No other clinical variable was significantly 
associated with a long‐lasting remission. The authors concluded 
that children with oligoarticular and polyarticular JIA who stop 
treatment before 2 years from remission have a higher chance 
of relapsing after biologic withdraw.
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Flares after withdrawal of biologic therapies in juvenile idiopathic arthritis: clinical and 
laboratory correlates of remission duration
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