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Residential Proximity to Large Numbers
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Associated with Increased Risk of
Methicillin-Resistant Staphylococcus
aureus Colonization at Time of Hospital
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Among 1,036 patients, residential proximity within 1 mile of large
swine facilities was associated with nearly double the risk of meth-
icillin-resistant Staphylococcus aureus (MRSA) colonization at ad-
mission (relative risk, 1.8786 [95% confidence interval, 1.0928—
3.2289]; P = .0239) and, after controlling for multiple admissions
and age, was associated with nearly triple the odds of MRSA col-
onization {(odds ratio, 2.76 [95% confidence interval, 1.2728-
5.9875]; P = .0101).
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Methicillin-resistant Staphylococcus aureus (MRSA) has been
found to colonize both livestock and livestock workers and
to transiently colonize visitors to livestock facilities.'* MRSA-
colonized livestock can act as reservoirs for the bacterium
and transmit MRSA to humans.* Thus, there exists potential
for the introduction of MRSA into hospitals from livestock
via individuals who have close proximity to colonized ani-
mals. Livestock density in Dutch administrative areas was a
risk factor for livestock-associated MRSA colonization in in-

TABLE 1.

dividuals not engaged in livestock production.’ Furthermore,
residential proximity to farms that used swine manure was
found to be associated with MRSA infection in Pennsylvania.®

Colonization with MRSA at time of hospital admission is
known to increase the risk of MRSA infection and is asso-
ciated with the introduction of MRSA into healthcare set-
tings.” In 2006, the Veterans Administration (VA) imple-
mented a set of procedures, including mandatory admission
nares screening, designed to halt the transfer of MRSA into
and within hospitals.?

There are typically 19 million pigs being raised in Iowa,
housed primarily in 7,000 concentrated animal feeding op-
erations (CAFQOs). Given these conditions, we examined
whether residential proximity to swine CAFOs was associated
with increased risk of MRSA-positive nares screening results
at the time of admission to the Iowa City Veterans Affairs
Health Care System (IC-VAHCS) in rural veterans.

METHODS

Between December 1, 2009, and December 31, 2011, 2,996
patients with an Iowa home address were admitted to the IC-
VAHCS. For each patient, the nasal MRSA status at admis-
sion, age, and sex were recorded. VA methodology for nares
screening and assessment of MRSA colonization status have
been described elsewhere.®

Patient addresses were geocoded, and then household lo-
cations were categorized on the basis of the urban designa-
tions of the census. Any veterans whose address could not
be geocoded or who lived in urban areas were excluded from
further analysis. Data on swine CAFO populations within
Iowa were obtained from the Iowa Department of Natural
Resources.

Frequency Table and Relative Risk (RR) Estimates for Methicillin-Resistant Staphy-

lococcus aureus (MRSA) Colonization Status by Household Proximity to Swine

No. (%) of patients,
by MRSA nares screen result

Unadjusted
Swine AU within 1 mile Positive Negative Total RR (95% CI) p?
Any vs none 1.4627 (0.909-2.238)  .1239
Any 21 (9.21) 207 (90.79) 228
None 98 (6.46) 1,420 (93.54) 1,518
High vs low 1.8786 (1.093-3.229) .0239
High (>1,000) 13 (12.15) 94 (87.85) 107
Low (<1,000) 106 (6.47) 1,533 (93.53) 1,639

NOTE.

Animal units (AUs) are a measure developed by the lowa Department of Natural Resources

to make comparisons between concentrated animal feeding operations raising different species.
One fully grown cow equals 1 AU, a mature swine (>55 pounds) equals 0.4 AU, and immature

swine are smaller fractions of an AU.
* By x* test.
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TABLE 2. Generalized Estimating Equation Regression Estimates for the Effect of Residential
Proximity to Swine Concentrated Animal Feeding Operations and Age on Methicillin-Resistant
Staphylococcus aureus (MRSA)—Positive Nares Screens

OR (95% CI) of

Parameter MRSA-positive nares screen P

Any swine AU within 1 mile (vs none) 1.6784 (0.8737-3.2240) .1200
Age, years
>75 1.8158 (0.9388-3.5122) 0763
65-75 0.7939 (0.3444-1.8300) .5880
60~64 0.8693 (0.4086—1.8496) 7162
<60
More than 1,000 swine AU within 1 mile (vs <1,000) 2.7606 (1.2728-5.9875) .0101
Age, years
>75 1.8206 (0.9453-3.5064) .0732
65-75 0.7994 (0.6443-1.8560) 6024
6064 0.8724 (0.4137-1.8399) 7200
<60 .
NOTE. Animal units (AUs) are a measure developed by the Iowa Department of Natural

Resources to make comparisons between concentrated animal feeding operations raising dif-
ferent species. One fully grown cow equals 1 AU, a mature swine (>55 pounds) equals 0.4
AU, and immature swine are smaller fractions of an AU. CI, confidence interval; OR, odds

ratio.

Measures of exposure to swine CAFQs were generated for
each geocoded patient household. A distance buffer at 1 mile
was generated around each patient household in ArcGIS, and
the number of swine animal units within this buffer was
summed. Two dichotomous variables were generated: no
swine within 1 mile of veteran household versus any swine
animal units within 1 mile, and low exposure (less than 1,000
swine animal units within 1 mile) versus high exposure
(greater than 1,000 swine animal units within 1 mile). The
threshold of 1,000 swine animal units was chosen on the basis
of Environmental Protection Agency regulations that define
a large CAFO as one with 2,500 or greater swine weighing
more than 55 pounds (ie, 1,000 swine animal units).

Unadjusted relative risks for MRSA status at time of ad-
mission by none or any swine exposure and MRSA status by
high or low swine exposure within 1 mile of household were
calculated. Because some patients were admitted and screened
multiple times, logistic generalized estimating equations
(GEEs) with robust standard errors were used to accom-
modate the dependence between multiple observations per
patient.” Models also controlled for age and evaluated alter-
native specifications of age (continuous, polynomial, and cat-
egorical). Final results of the GEE models are presented on
the basis of categorical age distinctions because of a nonlinear
relationship between age and MRSA and the ease of inter-
pretation compared with other specifications. Statistical anal-
yses were completed in SAS, version 9.2 (SAS), and maps
were generated using ArcGIS 10.

RESULTS

Of the 1,198 rural veteran patients admitted during the study
period, 162 had addresses that could not be geocoded. MRSA
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colonization positivity among these patients was 6.6% (18 of
271 patients had positive results). The final analytic data set
consisted of 1,746 admission nares screening samples ob-
tained from 1,036 unique rural veteran patients. A total of
119 (6.8%) had results positive for MRSA at hospital ad-
mission. The median patient age was 65 years (range, 22-98
years). MRSA colonization status at time of admission ex-
hibited a bimodal distribution of risk, with increased colo-
nization in the oldest (older than 75 years) and the youngest
(younger than 60 years) frequency quartiles.

There was no significant difference in the MRSA status at
time of admission when veterans were stratified by any ex-
posure versus no exposure to swine animal units within 1
mile of their household (relative risk [RR], 1.4267 [95% con-
fidence interval (CI), 0.909-2.238]; P = .1239; Table 1).
However, there was a statistically significant difference in
MRSA status by high versus low swine exposure, with the
RR of presenting with MRSA-positive screening samples
nearly doubling for veterans who had greater than 1,000 swine
animal units within 1 mile of their residence (RR, 1.879 [95%
CI, 1.093-3.229]; P = .0239).

Age was associated with MRSA colonization, with the high-
est relative odds of MRSA colonization occurring in patients
76 years of age and older (Table 2). After statistically con-
trolling for multiple admissions and age in the GEE model,
high swine exposure was associated with nearly triple the odds
of MRSA colonization (odds ratio, 2.761 [95% CI, 1.273~
5.988]; P = .0101).

DISCUSSION

Overall MRSA carriage among veterans admitted to the IC-
VAHCS was 6.8% among rural patients. The risk of MRSA
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colonization at admission nearly tripled, however, for rural
veterans whose residence was within 1 mile of large swine
CAFOs with more than 2,500 mature swine or greater num-
bers of immature swine.

Although the exact mechanism by which residential proximity
to large swine CAFOs increased risk of MRSA is unknown, it
appears that there is potential for drug-resistant strains of S.
aureus in animals to transmit to people living at close distances.
For example, a 55-pound or greater hog can produce upward
of 10 gallons of manure a day. Typically, in Iowa, manure is
spread on surrounding fields, and MRSA can be aerosolized from
this manure to human food or water sources.®

We were unable to control for livestock contact on the part
of veterans or people living in their households. It is possible
that direct contact between veterans or their family members
and swine is responsible for this relationship. In Germany,
MRSA colonization was observed in individuals living in close
proximity to pig and poultry farms who did not have direct
occupational contact with animals, although their risk for
MRSA colonization increased with farm visits or family con-
tact with animals.’ Data on veterans presenting with a meth-
icillin-susceptible S. aureus strain or a strain with a different
drug resistance (eg, tetracycline-resistant S. aureus) were un-
available. Also unavailable were data on other factors known
to be associated with MRSA carriage, such as socioeconomic
status, comorbidities, and other healthcare-related exposures,
that could suggest either hospital- or community-acquired
MRSA. It is also possible that individuals were colonized with
MRSA in sites other than the nose.

Genotypes for colonizing S. aureus isolates were unavail-
able, so we could not assess the presence of known livestock-
associated types, such as ST398. However, residential prox-
imity to CAFOs could be risky in ways other than simply
direct exposure to preexisting livestock-associated S. aureus
strains, including via exposure to antibiotic residues via air
or water, application of manure containing residues near their
homes, or other mechanisms. Furthermore, in North Amer-
ica, strains other than ST398 have been found on swine farms
and in live pigs, which suggests that the molecular epide-
miology of livestock-associated S. aureus may be more com-
plex than that observed in European studies.”'’

The increasing populations of swine raised in densely pop-
ulated CAFOs and exposed to antibiotics presents opportu-
nities for drug-resistant pathogens to be transmitted among
human populations. Our study indicates that residential prox-
imity to large numbers of swine in CAFOs in Iowa is asso-
ciated with increased risk of MRSA colonization.

ACKNOWLEDGMENTS

Data retrieval was conducted by Carrie Franciscus.
Financial support. This work was supported by Veterans Administration
Health Services Research and Development (HSR&D; grant IIR 09-099 to

https://doi.org/10.1086/674860 Published online by Cambridge University Press

FEBRUARY 2014, VOL. 35, NO. 2

E.N.P.) and the Center for Comprehensive Access and Delivery Research and
Evaluation, Iowa City VA Health Care System (to M.C., M.L.S,, and EN.P.).
Additional funding was provided by a VA HSR&D career development award
(to M.L.S.).

Potential conflicts of interest. All authors report no conflicts of interest
relevant to this article. All authors submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest, and the conflicts that the editors consider
relevant to this article are disclosed here.

Affiliations: 1. Department of Geographical and Sustainability Sciences,
University of Iowa, Iowa City, Iowa; 2. Center for Comprehensive Access
and Delivery Research and Evaluation, lowa City VA Health Care System,
Iowa City, Iowa; 3. Department of Internal Medicine, University of Carver
College of Medicine, Iowa City, Iowa; 4. Department of Biostatistics, En-
vironmental Health Sciences and Epidemiology, Kent State University, Kent,
Ohio.

Address correspondence to Margaret Carrel, PhD, Department of Geo-
graphical and Sustainability Sciences, University of lowa, 316 Jessup Hall,
Towa City, IA 52242 (margaret-carrel@uiowa.edu).

Received August 26, 2013; accepted October 28, 2013; electronically pub-
lished January 8, 2014.
© 2014 by The Society for Healthcare Epidemiology of America. All rights
reserved. 0899-823X/2014/3502-0014$15.00. DOI: 10.1086/674860

REFERENCES

1. Frana TS, Beahm AR, Hanson BM, et al. Isolation and char-
acterization of methicillin-resistant Staphylococcus aureus from
pork farms and visiting veterinary students. PLoS ONE 2013;
8(1):e53738.

2. Smith TC, Male MJ, Harper AL, et al. Methicillin-resistant Staph-
ylococcus aureus (MRSA) strain ST398 is present in midwestern US
swine and swine workers. PLoS ONE 2009;4(1):e4258.

3. Biddorff B, Scholhdlter J, Claussen K, Pulz M, Nowak D, Radon
K. MRSA-ST398 in livestock farmers and neighbouring residents
in a rural area in Germany. Epidemiol Infect 2012;140(10):1800~
1808.

4. Kock R, Becker K, Cookson B, et al. Methicillin-resistant Staph-
ylococcus aureus (MRSA): burden of disease and control chal-
lenges in Europe. Euro Surveill 2010;15(41):19688.

5. Feingold BJ, Silbergeld EK, Curriero FC, van Cleef BA, Heck
ME, Kluytmans JA. Livestock density as risk factor for livestock-
associated methicillin-resistant Staphylococcus aureus, the Neth-
erlands. Emerg Infect Dis 2012;18(11):1841-1849.

6. Casey JA, Curriero FC, Cosgrove SE, Nachman KE, Schwartz
BS. High-density livestock operations, crop field application of
manure, and risk of community-associated methicillin-resistant
Staphylococcus aureus infection in Pennsylvania. JAMA Intern
Med 2013:1980-1990.

7. Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR.
Methicillin-resistant Staphylococcus aureus (MRSA) nares colo-
nization at hospital admission and its effect on subsequent
MRSA infection. Clin Infect Dis 2004;39(6):776-782.

8. Jain R, Kralovic SM, Evans ME, et al. Veterans Affairs initiative
to prevent methicillin-resistant Staphylococcus aureus infections.
N Engl ] Med 2011;364(15):1419-1430.

9. Liang K, Zeger SL. Longitudinal data analysis using generalized
linear models. Biometrika 1986;73(1):13-22.

10. Molla B, Byrne M, Abley M, et al. Epidemiology and genotypic
characteristics of methicillin-resistant Staphylococcus aureus strains
of porcine origin. J Clin Microbiol 2012;50(11):3687-3693.


mailto:margaret-carrel@uiowa.edu
https://doi.org/10.1086/674860



