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Staph aureus and MRSA in the Neonates: background

• First S. aureus infections in infants reported in 1889 
• Kilham EB. Epidemic of pemphigus neonatorum. Am J OB Dis Women Childr, 1889

• S. aureus most common Healthcare-Assoc Infec (HAI) in U.S. NICUs 
• S. aureus infections up to 45/10,000 NICU patients 

• First adult cases of MRSA in 1960s; First neonatal cases in 1980s

• MRSA now ubiquitous pathogen 
• Community-Associated MRSA (CA-MRSA)- as high as 30–70% gen pop

• more virulent but less resistant to antibiotics than HA-MRSA 
• Healthcare-Associated MRSA (HA-MRSA)- rates in neonates 0.6% – 8.4% (reported) 

• MRSA carriage rates in HCW 2–3x higher than gen pop.



MRSA in the NICU: financial impact
• Although no diff b/t MRSA and MSSA in bacterial pathogenicity, once a 

neonate is infected with MRSA it can be associated with higher readmit 
rates and longer infection course than MSSA cases.

• MRSA colonized neonates had much longer lengths of hospital stay vs 
controls with excess cost of $6,901,180.

• MRSA infect assoc => +40-day LOS and +$164,301 cost/patient.



MRSA in the NICU: Incidence in neonates
• Neonates, esp Preterm/ELBW, vulnerable to MRSA colonization & infection 

• Neonates acquire MRSA in median= 9 days (1–91 days) after NICU admit

• 1 in 5 MRSA colonized neonates may develop infection

• Median onset time from MRSA colonization to infection = 4 to 9 days  

• Prematurity principal risk factor for MRSA colonization and infection 

• Up to 80% neonatal MRSA infections occurs in BWt <1500gm babies 

• Incidence of MRSA infections in neonates:
• BW ≤1,000g reported incidence 53.4 /10,000 infants
• BW 1,001–1,500g reported incidence 23.2 /10,000 infants
• BW 1,501–2,500g reported incidence 7.9 /10,000 infants
• BW > 2,500 g reported incidence 5.0 /10,000 infants  



MRSA in the NICU: Vertical/Horizontal Transmission

• Vertical transmission of MRSA from mothers to their infants 
• Vaginal colonization rate of MRSA in pregnant women est ~2.8%

• MRSA can spread via contact with HCW or hospital environment.

• Reported cases of transmission:
• MRSA+ chorioamnionitis assoc with case of neonatal MRSA sepsis. 
• Mom colonized +MRSA in nares transmitted MRSA to 3 of 4 quadruplets. 
• MRSA transmission via breast milk reported. 
• MRSA spread by fathers through direct contact with neonates
• Transmission from siblings and other contacts  
• Multiple gestation assoc w/ incr risk MRSA colonization in neonates.



MRSA in the NICU: colonization sites and risk factors
• Anterior nares predominant site of (initial) MRSA colonization. 

• Other sites: umbilicus, nasopharynx, axilla, groin, perineum and GI tract

• Additional factors assoc with healthcare-associated MRSA outbreaks:
• Hand Hygiene
• Prolonged hospitalization
• Long-term resp support
• IV catheters/CVC
• Abtx
• TPN
• Surgical procedures
• Overcrowding
• Understaffing  



MRSA in the NICU: Clinical manifestations
• Range of Infectious symptoms: Mild to severe 

• Mild focal (most common): e.g., skin and soft tissue infections, conjunctivitis.
• Severe:  Late onset sepsis (LOS), necrotizing pneumonia, meningitis, endocarditis, osteomyelitis, liver 

abscesses, toxic shock syndrome, and UTI
• Late-onset sepsis (LOS) - most common invasive MRSA infection
• Early-onset sepsis (EOS) – rare but reported in industrialized countries

• Mortality varies widely between institutions
• Range: 2.9% to 28%
• No difference between MRSA and MSSA in clinical presentation.  

• In ELBW infants, Gram-positive infections had higher risk of BPD and CP

• Severe NEC and ROP in ELBW infants with gram-positive infections nearly 3x higher 

• vancomycin-resistant S. aureus have been reported



MRSA in NICU: Prevention strategies
• Strict hand hygiene and screening patients for MRSA at admission are most effective strategies to reduce rates of 

MRSA transmission among hospitalized patients. 

• Each day exposed to colonized infants increases accquisition risk by 6%. 

• Decolonization may prevents MRSA spread by eliminating bacterial reservoir 

• 86% of NICUs (from 58 countries) adopted active surveillance cultures plus MRSA decolonization strategies with nasal 
mupirocin +/- antiseptic baths.

• 50% of MRSA+ neonates may be persistently colonized or recolonized and may still develop subsequent infection 
despite decolonization

• NICU in Japan reported eradications after hand hygiene and use of disposable rubber gloves and gowns for patient 
care as well as patient decolonization with intranasal application of mupirocin ointment, bathing in diluted povidone 
iodine solution, and intraoral application of methylrosaniline chloride

• NICU in New York adopted surveillance cultures of patients, staff, and environment, strict contact precautions, 
cohorting of patients and nurses, molecular typing of strains, and decolonization of patients with mupirocin and 
staff members with mupirocin and hexachlorophene showers.

• NICU in St. Louis reported successful containment of MRSA outbreak after active surveillance of patients and staff, 
improved hyge practices, contact isolation, cohorting, decolonization of affected patients with mupirocin ointment, 
and decolonization of affected staff with hexachlorophene showers as well as administration of rifampin, 
trimethoprim-sulfamethoxazole, and mupirocin. 



Hopkins protocol 



UC Irvine protocol

Criteria Bathing Frequency 

Gestational age at birth ≤24 weeks AND greater 
than 6 weeks of age 

Bathe, using CHG cloths (see below for bathing 
procedure) ONCE every 48 hours X 2 

Gestational age at birth ≥25-36 weeks AND ≥4 
weeks of age 

Bathe, using CHG cloths (see below for bathing 
procedure) ONCE every 48 hours X 2 

Gestational age at birth ≥36 weeks AND ≥ 3 days of 
age 

Bathe, using CHG cloths (see below for bathing 
procedure) ONCE every 48 hours X 2 

All gestational ages ≥ 2 months of age (all 
gestational ages) 

Bathe, using CHG cloths (see below for bathing 
procedure) ONCE DAILY, x 5 days 

The picture can't be displayed.



Chlorhexidine(CHG) vs Betadine in neonates  (UCLA) 



MRSA in NICU: Systemic treatment
• Per AAP Comm on ID recs: 

• Antibiotic recommendation for non life-threatening S. aureus infections in communities 
with high rates of MRSA colonization and infection include clindamycin or vancomycin

• Empiric antibiotic Rx for life-threatening infection due to S. aureus infection of unknown 
susceptibility include IV vancomycin plus nafcillin or oxacillin plus gentamicin 

• If the patient has recently received courses of vanco (i.e., risk of vanco-resistant MRSA), 
then linezolid could be substituted for vancomycin.

• Cochrane review (Shah et al)  of safety and efficacy of  anti-staphylococcal immunoglobulins 
for the prevention of S. aureus infections in very low birth weight (VLBW) neonates. 2,700 
neonates showed no significant difference in the prevention of S. aureus infections in VLBW 
infants after administration of anti-staphylococcal IVIG.



Decolonization protocol: Mupirocin
• Mupirocin effective at intranasal decolonization in the short term
• Pediatrics RCT from 2019 of 5 days of mupirocin q8hr (intranasal, perianal, 

periumbilical) showed high efficacy on day 8 after Rx: 94% vs 4.7% in controls.
• But at day 22: 45% were persistently decolonized (55% became recolonized).
• Popoola 2014 used intranasal mupirocin for 5 days twice daily (and CHG if 

eligible) and showed some limited success; 38% of babies with received 
decolonization became recolonized during their hospitalization and of these 16% 
developed an MRSA infection.

• MRSA resistant to mupirocin & antiseptics reported, so tx should be verified.
• potential adverse effects of antiseptic baths

• skin irritation and toxicity 

• a consensus for guidelines is lacking.



Decolonization protocol: Chlorhexidine (CHG)

• Studies of intranasal mupirocin +/- topical CHG show short term benefit of 
decolonization.  

• These have mostly studies intranasal mupirocin +/- topical CHG showed 
short term benefit with risk of recolonizing weeks after decolonizing.  

• Not FDA approved in <2month of age

• Risks: skin irritation/burns, systemic absorption and unknown long-term FX.

• https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3950943/

• https://pubmed.ncbi.nlm.nih.gov/30226122/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3950943/
https://pubmed.ncbi.nlm.nih.gov/30226122/


• ID and infection control experts from Chicago NICU’s created a set of standard guidelines
for effectiveness of various MRSA control methods.

• Recommendations included:
• improved hand hygiene practices
• cohorting and isolation of patient and staff
• neonatal surveillance cultures
• screening of healthcare workers during outbreaks
• decolonization practices
• environmental cultures
• molecular analysis of strains during outbreaks
• open-communication between NICUs
• collaboration with hospitals and public health institutions
• upholding regulations and standards for staffing and unit censuses

Susan J Gerber, et. al., Chicago DPH Neonatal MRSA Working Group. Mgmt MRSA Infect NICU: Consensus Statement, Infect Ctl and Hosp Epi 2006



September 2020

Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

• Provides new, evidence-based recommendations specific to prevention and control 
of S. aureus, including MRSA and MSSA, in NICU patients.

• Recommendations based on a systematic review of best available literature through 
August 2019. 

• A MRSA “outbreak” is defined as 2 or more infections with same antibiotic 
resistance pattern in the same NICU.

• Where evidence was insufficient to formulate evidence-based recommendations, 
interim guidance is available: SHEA neonatal intensive care unit (NICU) white paper series: 
Practical approaches to Staphylococcus aureus disease prevention (https://www.cambridge.org/core/journals/infection-control-and-hospital-

epidemiology/article/shea-neonatal-intensive-care-unit-nicu-white-paper-series-practical-approaches-to-staphylococcus-aureus-disease-prevention/B54E657100142EEE0FD4AEE4CC5D824E)

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/shea-neonatal-intensive-care-unit-nicu-white-paper-series-practical-approaches-to-staphylococcus-aureus-disease-prevention/B54E657100142EEE0FD4AEE4CC5D824E


September 2020

Recs Prevention And Control of Infections in NICU Patients: Staph aureus, 
Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: 
https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Routine Surveillance

• No specific standard protocol exists for frequency of S. aureus surveillance testing, 
specific population(s) to test, or duration of active surveillance.

• Consider routine active surveillance when results can inform infection prevention and/or 
decolonization.

• Units should use culture-based or PCR testing, with anterior nares preferred sample site 
or composite swab from multiple sites. 

• Units should institute contact precautions for infants with positive MRSA test results.

• Healthcare personnel should not routinely perform S. aureus testing of equipment and/or 
other environmental surfaces.

Question: Should healthcare personnel consider active surveillance cultures of hospitalized 
neonates for S. aureus and if so, what are the best strategies?

Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Contact Precautions

• Units should strongly consider continuing contact precautions for 
duration of hospitalization because of high rates of persistent and/or 
recurrent colonization. 

• Especially in high-risk groups likely to remain MRSA-colonized (e.g., 
infants on invasive (ETT) or noninvasive (CPAP/HFNC) ventilation, 
tracheostomy, or drain/ wound. 

• Units should perform serial surveillance testing to document continued 
clearance of MRSA colonization if contact precautions are removed.

Question: How long should units maintain contact precautions for MRSA-colonized 
neonates? What are reasonable criteria for discontinuation of contact precautions? 

Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


Decolonization

• Optimal decolonization regimen for infants has not been determined.
• Intranasal mupirocin bid for 5–7 days is an acceptable method for infants. 
• Units should not use systemic antimicrobials because not studied in this 

population and may lead to abtx resistance and adverse drug events. 
• Consider targeted decolonization to reduce risk of infection in colonized infants: 

• when an outbreak has been identified 
• when colonized patient may be at higher risk for infection (e.g, LBW, indwelling devices, or 

prior to high-risk surgeries). 

• No literature to definitively determine effectiveness of universal decolonization 
(Rx all infants regardless of S. aureus colonization status) to prevent S. aureus 
infections in NICUs 

Question: What are potential methods and indications for decolonizing NICU infants colonized with S. aureus?

Recs Prevention And Control of Infections in NICU Patients: Staph aureus, Sept 2020: https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/

https://www.cdc.gov/infectioncontrol/guidelines/NICU-saureus/


UCSF decolonization 
guidelines (page 1 of 1)



UCSF decolonization 
guidelines (page 2 of 2)



UCSF Parent CHG and 
nasal Povidine tip sheet 

(page 1 of 2)



UCSF Parent CHG and 
nasal Povidine tip sheet 

(page 2 of 2)



UCSF Chlorhexidine (CHG) 
showering guidelines 



*SHEA “MRSA” fact sheet
(Society for Healthcare Epidemiology)
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Thank you
Contact me with any questions or requests for resources. 

We are happy to share it all.

Tom.Shimotake@ucsf.edu
UCSF ICN: 415-353-1565

mailto:Tom.Shimotake@ucsf.edu
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