
Morbidity and Mortality Weekly Report 

220 MMWR / March 8, 2019 / Vol. 68 / No. 9 US Department of Health and Human Services/Centers for Disease Control and Prevention

Vital Signs: Trends in Staphylococcus aureus Infections in Veterans Affairs 
Medical Centers — United States, 2005–2017

Makoto Jones, MD1,2; John A. Jernigan, MD3; Martin E. Evans, MD4; Gary A. Roselle, MD5; Kelly M. Hatfield, MSPH3; Matthew H. Samore, MD1,2

On March 5, 2019, this report was posted as an MMWR Early Release on the MMWR website (https://www.cdc.gov/mmwr).

Abstract 

Introduction: By 2007, all Department of Veterans Affairs medical centers (VAMCs) had initiated a multifaceted 
methicillin-resistant Staphylococcus aureus (MRSA) prevention program. MRSA and methicillin-susceptible S. aureus 
(MSSA) infection rates among VAMC inpatients from 2005 to 2017 were assessed.

Methods: Clinical microbiology data from any patient admitted to an acute-care VAMC in the United States from 2005 
through 2017 and trends in hospital-acquired MRSA colonization were examined.

Results: S. aureus infections decreased by 43% overall during the study period (p<0.001), driven primarily by decreases 
in MRSA, which decreased by 55% (p<0.001), whereas MSSA decreased by 12% (p = 0.003). Hospital-onset MRSA 
and MSSA infections decreased by 66% (p<0.001) and 19% (p = 0.02), respectively. Community-onset MRSA infec-
tions decreased by 41% (p<0.001), whereas MSSA infections showed no significant decline. Acquisition of MRSA 
colonization decreased 78% during 2008–2017 (17% annually, p<0.001). MRSA infection rates declined more sharply 
among patients who had negative admission surveillance MRSA screening tests (annual 9.7% decline) compared with 
those among patients with positive admission MRSA screening tests (4.2%) (p<0.05).

Conclusions and Implications for Public Health Practice: Significant reductions in S. aureus infection following the 
VAMC intervention were led primarily by decreases in MRSA. Moreover, MRSA infection declines were much larger 
among patients not carrying MRSA at the time of admission than among those who were. Taken together, these results 
suggest that decreased MRSA transmission played a substantial role in reducing overall S. aureus infections at VAMCs. 
Recent calls to withdraw infection control interventions designed to prevent MRSA transmission might be premature 
and inadvisable, at least until more is known about effective control of bacterial pathogen transmission in health care 
settings. Effective S. aureus prevention strategies require a multifaceted approach that includes adherence to current 
CDC recommendations for preventing not only device- and procedure-associated infections, but also transmission of 
health care–prevalent strains.

Introduction 
Staphylococcus aureus is among the most common causes of 

health care–associated infections and accounts for significant 
morbidity and mortality. Beginning in 2005, in response to 
high rates of methicillin-resistant S. aureus (MRSA) infections, 
the U.S. Department of Veterans Affairs (VA) piloted an MRSA 
prevention program in 18 VA medical centers (VAMCs). By 
October 2007, all 153 VAMCs had implemented the MRSA 
prevention program, which included, among other compo-
nents, admission screening for nasal MRSA carriage and using 
contact precautions (i.e., wearing a gown and gloves for all 
interactions involving contact with the patient or the patient’s 
environment) for patients found to be carriers (1). To assess the 
impact of the intervention, the investigators tracked the inci-
dence of MRSA and methicillin-susceptible S. aureus (MSSA) 

infections at 130 VAMCs from 2005 to 2017 and examined 
hospital-acquired MRSA colonization based on results of MRSA 
surveillance tests collected during the same period.

Methods
Clinical data from any patient admitted to VAMCs in the 

United States from January 1, 2005 through December 31, 
2017 were analyzed. Facilities were excluded from the study if 
they did not provide acute care or if they did not report data to 
VA’s periodic complexity assessment (e.g., the level and type of 
care provided) (2) in all eligible years during the study period. 
Clinical diagnostic culture and MRSA surveillance test results 
were extracted from electronic health records as described 
elsewhere (3). Bloodstream infections were defined as isolation 
of S. aureus from blood samples. Nonblood infections were 
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Summary

What is already known about this topic?

Staphylococcus aureus is an important cause of health care–associated 
infections and accounts for significant morbidity and mortality.

What is added by this report?

During 2005–2017, U.S. Department of Veterans Affairs medical 
centers across the United States experienced a sharp decline in 
S. aureus infections following introduction of a multifaceted 
infection control intervention. Most reductions were explained 
by decreases in methicillin-resistant S. aureus (MRSA). Decreased 
MRSA transmission likely played a substantial role.

What are the implications for public health practice?

These findings offer important insights informing S. aureus 
prevention strategy. Effective prevention strategies require a 
multifaceted approach, including efforts to prevent transmission 
of MRSA as well as efforts directed at infection prevention.

defined as isolation of S. aureus from any other sample type, 
excluding those obtained for surveillance purposes and those 
obtained within 14 days of a positive blood culture. MRSA 
isolates from samples collected from the same patient within 
365 days were considered duplicates and excluded; MSSA 
duplicates were defined in the same manner. Infections were 
classified as hospital-onset when the specimen was obtained 
>3 days after admission, and as community-onset when the 
specimen was obtained ≤3 days after admission. Community-
onset infection rates and total (combined community-onset 
and hospital-onset) infection rates were calculated per admis-
sion. Hospital-onset infection rates were expressed per 1,000 
patient-days-at-risk, excluding days after the patient had met 
one of the infection definitions. MRSA colonization status 
at admission was considered positive if the last test within 
24 hours after admission was positive. Patients were considered 
to have acquired MRSA if they had at least one MRSA-positive 
test (clinical or surveillance) after a negative admission surveil-
lance test. Fluoroquinolone use was measured and defined 
according to National Healthcare Safety Network methods to 
assess for potential changes in antimicrobial pressure exerted 
on S. aureus (4).

To model rates, trend analyses were performed with gener-
alized estimating equation models clustering by VAMC and 
using a negative binomial distribution, patient days at risk as 
the exposure, an autoregressive correlation structure, and robust 
error estimation. Models were adjusted for major hospital 
characteristics, including Medicare Relative Risk score, patient 
volume, resident slots, intensive care unit level, and number 
of advanced specialty clinical programs (2). Proportions were 
modeled similarly but with a binomial distribution. All per-
centage changes are based on modeled rates. Statistical analyses 
were performed using Stata statistical software (release 15; 

StataCorp, LLC). This study was performed with approval 
from the University of Utah Institutional Review Board and 
the VA Salt Lake City Health Care System Research and 
Development Office.

Results
The analysis included 130 VA hospitals. The overall rate 

of S. aureus infections decreased by 43% during 2005–
2017 (4.7% annually, p<0.001) (Table). The reductions 
were driven primarily by decreases in MRSA infections, 
which declined by 55% (7.3% annual rate of decrease, 
p<0.001); MSSA infection rates decreased much more slowly, 
by 12% (1.2% annually, p = 0.003) (Figure 1). Hospital-
onset MRSA infections decreased by 66% (p<0.001), and 
hospital-onset MSSA infections decreased 19% (p = 0.02); 
similar reductions were observed in both bloodstream and 
nonbloodstream infections (Figure 2).

Among community-onset infections, overall MRSA infection 
rates decreased by 41% (p<0.001), and community-onset MSSA 
infection rates declined by 0.4% (p = 0.93) (Table) (Figure 3). 
The decreases in community-onset MRSA bloodstream and 
nonbloodstream infections were greatest among infections 
occurring within 30 days of hospital discharge (Table). Decreases 
in community-onset infections played a substantial role in overall 
S. aureus trends: reduction in community-onset MRSA infec-
tions accounted for 48% of the overall MRSA rate decreases, 
and 40% of decreases in overall S. aureus infection rates.

The rate of hospital-acquired MRSA colonization decreased 
78% during the study period 6.8 per 1,000 patient-days at risk 
(2008) to 1.5 per 1,000 patient-days at risk (2017) (16.7% 
annually, p<0.001). When hospital-onset MRSA infection 
rates were stratified according to results of admission nasal 
surveillance tests, MRSA infection rates among patients whose 
admission screening tests were negative declined by 58% (9.7% 
annually, p<0.001). In contrast, the reduction among patients 
with positive admission screening tests was significantly less; 
MRSA infections decreased 31% (4.2% annually, p<0.001) 
(p<0.05 compared with patients with a negative admission 
test). Fluoroquinolone use did not change significantly between 
2005 and 2008, but between 2009 and 2017, fluoroquinolone 
use rates decreased by 44% (annual decrease = 4.8% p<0.001).

Conclusions and Comment
During 2005–2017, following introduction of a system-

wide, multifaceted infection control intervention that included 
admission screening for nasal MRSA carriage and use of contact 
precautions for MRSA-colonized patients, VAMCs across the 
United States experienced a sharp decline in S. aureus infec-
tions among hospitalized patients. Most of the reductions were 
explained by decreases in MRSA; reductions in MSSA rates 
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TABLE. Changes in incidence of Staphylococcus aureus infections 
among hospitalized patients — 130 Veterans Affairs medical centers, 
United States, 2005–2017*

Infection characteristic
Overall  

change (%)

Average 
annual 

change (%)
p-value  

for trend

All S. aureus infections
Total (MRSA and MSSA) -42.5 -4.7 <0.001
Total MRSA -54.6 -7.3 <0.001
Total MSSA -12.2 -1.2 0.003

Hospital-onset S. aureus infections
All hospital-onset -70.2 -10.1 <0.001

MRSA -65.7 -8.9 <0.001
MSSA -18.7 -1.7 0.017

Bloodstream
MRSA -75.7 -11.8 <0.001
MSSA -23.4 -2.2 0.357

Nonbloodstream
MRSA -64.1 -8.5 <0.001
MSSA -18.8 -1.7 0.012

Community-onset S. aureus infections
All community-onset -27.5 -2.7 <0.001

MRSA -40.6 -4.8 <0.001
MSSA -0.4 -0.04 0.930

Bloodstream
MRSA

≤30 days postdischarge -33.8 -3.8 0.022
31–365 days postdischarge -15.2 -1.5 0.344
No discharge in last year -11.1 -1.1 0.518

MSSA
≤30 days postdischarge -28.9 -3.1 0.139
31–365 days postdischarge 6.5 0.6 0.800
No discharge in last year 19.7 1.6 0.420

Nonbloodstream
MRSA

≤30 days postdischarge -54.9 -7.2 <0.001
31–365 days postdischarge -38.0 -4.4 <0.001
No discharge in last year -36.5 -4.1 <0.001

MSSA
≤30 days postdischarge -0.1 -0.01 0.983
31–365 days postdischarge 10.5 0.9 0.159
No discharge in last year 0.6 0.06 0.916

Abbreviations: MRSA = methicillin-resistant Staphylococcus aureus; 
MSSA = methicillin-susceptible Staphylococcus aureus.
* Based on multivariate analysis. 

were more modest. Although the precise relationship between 
the observed trends and infection control interventions are 
difficult to demonstrate and likely complex, a careful examina-
tion of the potential mechanisms that could explain discordant 
MRSA and MSSA trends provides important insights for 
S. aureus prevention strategies.

One potential explanation for the discordant MSSA and 
MRSA trends is that the observed trends represent an artifact 
of differential detection bias, by which MRSA-infected patients 
would be progressively less likely than would MSSA-infected 
patients to have cultures obtained over the course of the study 
period. There is no obvious reason that likelihood of obtaining 
a diagnostic culture in patients with suspected infection would 
differ according to a provider’s clinical suspicion of MSSA 

FIGURE 1. Rate* of Staphylococcus aureus infections among 
hospitalized patients, by methicillin resistance status — 130 
Veterans Affairs medical centers, United States, 2005–2017
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Abbreviations: MRSA = methicillin-resistant Staphylococcus aureus; MSSA = 
methicillin-susceptible Staphylococcus aureus.
* Unadjusted. 

versus MRSA, and there was no change in rate of diagnostic 
cultures obtained over the study period, nor was there any dif-
ference in diagnostic culture rate based on admission MRSA 
carriage status.

A second potential explanation is that shifts in S. aureus 
epidemiology might have influenced the observed trends. It has 
been suggested that downward temporal trends in community-
associated infections caused by community-associated MRSA 
strains (e.g., USA300) might explain decreases in health care–
associated MRSA (5). Although strain data were not available 
for this analysis, data describing the national MRSA experience 
do not support this hypothesis. Population-based surveillance 
data from CDC’s Emerging Infections Program show that 
although rates of health care–associated MRSA infection rates 
have been declining, community-associated MRSA rates have 
remained unchanged since 2005 (6). In addition, almost all 
MRSA reductions resulted from decreases in USA100, a strain 
associated with health care system transmission (7). Conversely, 
only modest reductions were observed in USA300, a strain 
associated with community transmission. In the absence of 
replacement by other strains, this suggests that successful 
interruption of MRSA transmission in health care settings is 
an important contributor to national trends.

Infection control interventions might produce differen-
tial trends in MRSA and MSSA infection rates. Two broad 
approaches to preventing health care–associated infection 
include reducing the likelihood of invasive disease given 
colonization or exposure and decreasing transmission of 
pathogens (preventing infection by avoiding colonization or 
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FIGURE 2. Hospital-onset Staphylococcus aureus bloodstream and nonbloodstream infection rates,* by methicillin resistance status — 130 
Veterans Affairs medical centers, United States, 2005–2017 
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Abbreviations: MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-susceptible Staphylococcus aureus.
* Unadjusted. 

FIGURE 3. Community-onset Staphylococcus aureus infection rates,* 
by methicillin resistance status — 130 Veterans Affairs medical 
centers, United States, 2005–2017
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Abbreviations: MRSA = methicillin-resistant Staphylococcus aureus; MSSA = 
methicillin-susceptible Staphylococcus aureus.
* Unadjusted. 

exposure in the first place). The VA system adopted both of 
these strategies. Similar to programs elsewhere, the VA sys-
tem implemented bundled interventions designed to prevent 
device- and procedure-related infections (e.g., central line–asso-
ciated bloodstream and surgical site infections). However, if 
such interventions were primarily responsible for the observed 
S. aureus trends, MSSA and MRSA rates would have been 
expected to have been affected approximately equally.

Other evidence also suggests decreased MRSA transmis-
sion as the primary mechanism for S. aureus reductions in VA 

hospitals. First, the discordance between MRSA and MSSA 
trends is consistent with mathematical modeling studies of 
health care transmission. Models predict that a decrease in 
overall transmission of bacterial pathogens in health care settings 
will result in disproportionately greater impact on strains hav-
ing characteristics that provide a selective advantage for health 
care transmission, such as resistance to multiple antibiotics, 
including MRSA (8,9). Thus, the VA trends are consistent with 
decreased S. aureus transmission as the causative mechanism, 
regardless of whether improvements in infection control prac-
tices specifically targeted MRSA. Second, the rate of MRSA 
acquisition, a direct measure of MRSA transmission, decreased 
markedly during the course of the study. Third, reductions 
in hospital-onset MRSA infection were significantly greater 
among patients who were not carrying MRSA at the time of 
admission, suggesting that practices preventing acquisition of 
MRSA colonization had a greater impact than practices prevent-
ing progressing to infection among colonized patients. These 
findings are not consistent with the hypothesis that device- and 
procedure-associated prevention bundles, which are designed 
to prevent progression from colonization to infection, were 
primary drivers of S. aureus reduction in VA hospitals. Finally, 
the striking reductions in MRSA infection rates in the early 
postdischarge period are consistent with decreased acquisition 
during inpatient stays.

The mechanisms by which transmission was prevented are 
difficult to determine with precision, in part because mul-
tiple interventions were occurring simultaneously. It is highly 
plausible that the aggressive and targeted approach to prevent-
ing MRSA transmission (i.e., screening for MRSA carriage 
and implementation of contact precautions for all carriers) 
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contributed to the pronounced decrease in MRSA infections. 
However, the discordant MRSA/MSSA trends might also be 
explained by infection control practices that prevent transmis-
sion of all bacterial pathogens, but do not specifically target 
MRSA, such as hand hygiene. A sustained decline in gram-
negative rod bloodstream infections in the VA system after 
implementation of the MRSA prevention program was also 
observed (10). However, it is likely that contact precautions for 
MRSA-colonized patients contributed to this trend: another VA 
study showed that 31% of patients with multidrug-resistant 
gram-negative bacteria would have been under contact pre-
cautions because of a positive MRSA screen (11). Changes in 
antibiotic use could have contributed as well. There is evidence 
that fluoroquinolone use is associated with increased MRSA 
colonization (12), and the reduction in fluoroquinolone use 
could contribute to selective reduction in MRSA because it is 
more commonly fluoroquinolone-resistant than is MSSA. The 
VA did observe a substantial reduction in fluoroquinolone use, 
but the fluoroquinolone reductions did not begin until 2009, 
after substantial MRSA reductions had already occurred.

The findings in this report are subject to at least five limita-
tions. First, the patient population in VAMCs is predominately 
male, although it is not clear that this characteristic would 
affect these findings. Second, the models used in this analysis 
did not include data regarding adherence to infection control 
practices; including such data might have provided additional 
insight into which components of the intervention might 
have had the most impact. Third, information about MSSA 
colonization was lacking, making it difficult to characterize 
MSSA transmission dynamics. Fourth, no information on 
MRSA or MSSA strain characteristics was available. Finally, 
simple exponential trends improve interpretability but might 
not always closely reflect trends in complex systems.

The significant reduction in S. aureus infection observed across 
VAMCs, driven primarily by a decrease in MRSA infection rates, 
offers important insights that can inform national S. aureus 
prevention strategy. Although the causal relationship between 
specific components of the VA-wide infection control interven-
tion and the reduction in infection rates is difficult to determine 
with precision, it seems likely that decreased MRSA transmission 
played a substantial role. These data suggest that recent calls to 
withdraw infection control interventions (5) designed to prevent 
MRSA transmission, such as use of contact precautions, might 
be premature and inadvisable, at least until more is known about 
effective control of bacterial pathogen transmission in health care 
settings. Adherence to CDC recommendations (13) for antimi-
crobial stewardship, preventing device- and procedure-associated 
infections and interrupting transmission of health care–prevalent 
strains (e.g., use of contact precautions for MRSA) continue to 
be a mainstay of S. aureus prevention.

Acknowledgments

Tina Willson, McKenna Nevers.
Corresponding author: John A. Jernigan, jqj9@cdc.gov, 404-639-4245.

 1Veterans Affairs Salt Lake City Healthcare System, Salt Lake City, Utah; 
2Division of Epidemiology, University of Utah, Salt Lake City, Utah; 3Division 
of Healthcare Quality Promotion, National Center for Emerging and Zoonotic 
Infectious Diseases, CDC; 4MRSA/MDRO Prevention Office, National 
Infectious Diseases Service, Patient Care Services, Veterans Health 
Administration, Washington, D.C., 5National Infectious Diseases Service, 
Patient Care Services, Veterans Health Administration, Washington, D.C.

References

 1. Jain R, Kralovic SM, Evans ME, et al. Veterans Affairs initiative to 
prevent methicillin-resistant Staphylococcus aureus infections. N Engl J 
Med 2011;364:1419–30. https://doi.org/10.1056/NEJMoa1007474

 2. Szabo C. 2005 facility complexity model. Washington, DC: Veterans 
Healthcare Administration National Leadership Board Human Resources 
Committee; 2005.

 3. Jones M, DuVall SL, Spuhl J, Samore MH, Nielson C, Rubin M. 
Identification of methicillin-resistant Staphylococcus aureus within the 
nation’s Veterans Affairs medical centers using natural language 
processing. BMC Med Inform Decis Mak 2012;12:34. https://doi.
org/10.1186/1472-6947-12-34

 4. CDC. National Healthcare Safety Network. Antimicrobial Use and 
Resistance (AUR) module. Atlanta, GA: US Department of Health and 
Human Services, CDC; 2019. https://www.cdc.gov/nhsn/pdfs/
pscmanual/11pscaurcurrent.pdf

 5. Morgan DJ, Wenzel RP, Bearman G. Contact precautions for endemic 
MRSA and VRE: time to retire legal mandates. JAMA 2017;318:329–30. 
https://doi.org/10.1001/jama.2017.7419

 6. Kourtis A, Hatfield K, Baggs J, et al. Vital signs: epidemiology and recent 
trends in methicillin resistant and methicillin-susceptible Staphylococcus 
aureus bloodstream infections—United States, 2002–2017. MMWR 
Morb Mortal Wkly Rep 2019;68(9).

 7. See I, Mu Y, Albrecht V, et al. Trends in incidence of methicillin-resistant 
Staphylococcus aureus bloodstream infections differ by strain type and 
healthcare exposure, United States, 2005–2013. Clin Infect Dis 2019. 
Epub February 25, 2019. https://doi.org/10.1093/cid/ciz158

 8. Lipsitch M, Bergstrom CT, Levin BR. The epidemiology of antibiotic 
resistance in hospitals: paradoxes and prescriptions. Proc Natl Acad Sci 
U S A 2000;97:1938–43. https://doi.org/10.1073/pnas.97.4.1938

 9. van Kleef E, Luangasanatip N, Bonten MJ, Cooper BS. Why sensitive 
bacteria are resistant to hospital infection control. Wellcome Open Res 
2017;2:16. https://doi.org/10.12688/wellcomeopenres.11033.1

 10. Goto M, O’Shea AMJ, Livorsi DJ, et al. The effect of a nationwide 
infection control program expansion on hospital-onset gram-negative 
rod bacteremia in 130 Veterans Health Administration medical centers: 
an interrupted time-series analysis. Clin Infect Dis 2016;63:642–50. 
https://doi.org/10.1093/cid/ciw423

 11. Jones M, Nielson C, Gupta K, Khader K, Evans M. Collateral benefit 
of screening patients for methicillin-resistant Staphylococcus aureus at 
hospital admission: isolation of patients with multidrug-resistant gram-
negative bacteria. Am J Infect Control 2015;43:31–4. https://doi.
org/10.1016/j.ajic.2014.09.016

 12. Kanwar A, Cadnum JL, Jencson AL, Donskey CJ. Impact of antibiotic 
treatment on the burden of nasal Staphylococcus aureus among 
hospitalized patients. Antimicrob Agents Chemother 2018;62:e00609-18. 
https://doi.org/10.1128/AAC.00609-18

 13. CDC. Healthcare Infection Control Practices Advisory Committee 
(HICPAC). Guidance documents. Atlanta, GA: US Department of 
Health and Human Services, CDC; 2018. https://www.cdc.gov/hicpac/
recommendations/index.html 

mailto:jqj9@cdc.gov
https://doi.org/10.1056/NEJMoa1007474
https://doi.org/10.1186/1472-6947-12-34
https://doi.org/10.1186/1472-6947-12-34
https://www.cdc.gov/nhsn/pdfs/pscmanual/11pscaurcurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/11pscaurcurrent.pdf
https://doi.org/10.1001/jama.2017.7419
https://doi.org/10.1093/cid/ciz158
https://doi.org/10.1073/pnas.97.4.1938
https://doi.org/10.12688/wellcomeopenres.11033.1
https://doi.org/10.1093/cid/ciw423
https://doi.org/10.1016/j.ajic.2014.09.016
https://doi.org/10.1016/j.ajic.2014.09.016
https://doi.org/10.1128/AAC.00609-18
https://www.cdc.gov/hicpac/recommendations/index.html
https://www.cdc.gov/hicpac/recommendations/index.html



