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Staphylococcus aureus strain sequence type (ST) 398 has
emerged during the last decade, largely among persons
who have contact with swine or other livestock. Although
colonization with ST398 is common in livestock workers, infections are not frequently documented. We report recurrent
ST398-IIa infection in an Iowa farmer in contact with swine
and cattle.

L

ivestock, especially swine, are a reservoir for Staphylococcus aureus sequence type 398 (ST398) (1).
Carriage of this strain is primarily reported in persons
with occupational exposure to livestock; however, less is
known about the frequency and severity of ST398 infections, particularly in the United States, where surveillance
for this organism is limited (2). We report colonization
and recurrent infection with methicillin-sensitive S. aureus (MSSA), belonging to livestock clade ST398, in a
farmer in Iowa, USA.
A participant in a longitudinal study of rural Iowans
(2) provided swab samples of his current skin infection.
Swabs were cultured, and S. aureus isolates were subjected
to molecular analyses as previously described (3,4). Institutional review board approval was obtained from the University of Iowa.
The 61-year-old man enrolling in the Iowa study
in July 2011 reported a skin infection on his foot. He
had visited a doctor the previous day and received ciprofloxacin, and noted his infection was chronic. He also
reported a history of heart disease and diabetes. The participant was a farmer who raised swine (900 head × 40
years) and cattle (500 head × 10 years), and owned a
dog. He reported working directly with swine and cattle
≈2 hours per day and noted that he did not use personal
protective equipment such as gloves or masks. His nose
and throat were colonized with MSSA ST398 that was

mecA-negative, periventricular leukomalacia–negative,
and staphylococcal protein A type t571. The isolate was
resistant to tetracycline, trimethoprim/sulfamethoxazole, and levofloxacin. The participant’s wife was also
colonized at enrollment with MSSA in her throat, showing the same molecular characteristics and susceptibility patterns as her spouse. She reported no exposure
to livestock.
The isolate obtained from the participant’s first culture
showed the same molecular characteristics as isolates from
his nasal and throat swabs and the isolate from his second
infection culture received in November 2011 (Table). He
described this second infection as cellulitis: he reported
draining pus, a general ill feeling, and headaches. The infection was treated empirically with ciprofloxacin, neosporin,
warm compresses, and incision and drainage. Isolates from
his third incident infection culture in August 2012 showed
the same molecular characteristics as previous samples, but
2 different susceptibility patterns: 1 isolate was the same
as previous, while another showed additional phenotypic
resistance to oxacillin (MIC  4 µg/mL by broth dilution),
making this a borderline-resistant S. aureus infection. Genome sequence analyses showed that this strain had not
acquired a mec gene and likely had become resistant from
a mutation in a penicillin-binding protein. This infection
was treated with mupirocin, trimethoprim/sulfamethoxazole, ciprofloxacin, warm compresses, and drainage. All of
the farmer’s isolates had the t571 spa type, which is common among livestock-independent (i.e., human-associated)
ST398 lineages (4). S. aureus t571 strains have been isolated from an Iowa childcare worker (5), inmates from a
Texas jail (6), and in community members in New York
and New Jersey (7); t571 strains have been rarely isolated from Iowa livestock (8). However, whole-genome sequence analyses with 89 previously published clonal complex 398 genome data confirmed that the isolates from this
case were from the livestock-associated ST398 lineage
(CC398-IIa) (4).
Longitudinal follow-up complemented with wholegenome sequence analyses showed that the participant
repeatedly experienced infections by the same strain over
the course of 13 months. The isolates from this patient and
his wife formed a distinct clade within the ST398 global
phylogeny (online Technical Appendix Figure 1, https://
wwwnc.cdc.gov/EID/article/24/1/16-1184-Techapp1.pdf).
In-depth genomic analyses revealed a novel ≈265,000 bp
recombinant region originating from clonal complex 9, and
unique to this lineage.
It is unclear whether the farmer’s recurrences arose
from treatment failure, repeated acquisitions from exposure to livestock, or the result of long-term colonization
and evolution. In contrast, the farmer’s wife, who was
colonized by the same strain, reported no direct contact
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Table. Details of recurrent Staphylococcus aureus t571/ST398 infection in farmer, Iowa, USA*
Date
Antimicrobial drug resistance profile
Description of infection
July 2011
TET, SXT, LVX
Cellulitis
November 2011
TET, SXT, LVX
Cellulitis, draining pus,
headache, ill feeling
August 2012†
TET, SXT, LEVO (isolate 1); OXA, TET,
None provided
SXT, LVX (isolate 2)

Treatment
Ciprofloxacin
Ciprofloxacin, Neosporin, warm
compress, incision, drainage
Mupirocin, SXT, ciprofloxacin,
warm compress, drainage

*All isolates were t571/ST398 and were PVL negative. Neosporin is manufactured by Johnson & Johnson (New Brunswick, NJ, USA). LEVO, levofloxacin;
LVX, levofloxacin resistance to isolate 2; OXA, oxacillin; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline.
†Two isolates from this infection were tested and had different antimicrobial drug resistance profiles as noted.

with livestock and may have become colonized by human-to-human transmission from her husband. Comparison with other strains collected as part of this (2) and
other studies (9) identified closely related isolates from 3
other participants and 1 pig (online Technical Appendix
Figure 1) distributed throughout the state of Iowa and into
western Illinois (online Technical Appendix Figure 2).
This dataset does not specify whether the evolution
of the borderline-resistant S. aureus phenotype took place
in the patient or the livestock reservoir. The farmer was
prescribed ciprofloxacin multiple times; this could have
contributed to emergence of borderline oxacillin resistance (10). The farmer’s first phenotypically methicillinresistant strain was not detected until >1 year after enrollment into this study. This case demonstrates the ability
of livestock-associated S. aureus ST398 to cause repeated
skin and soft tissue infections in a manner similar to community-associated strains, and the necessity to screen for
MSSA and methicillin-resistant Staphylococcus aureus
when studying the spread of these organisms.
This work was supported in part by the intramural research
program of the National Institutes of Health (R01AI101371,
LBP), National Cancer Institute (Z01-CP010119), and by
the Agency for Healthcare Research and Quality
(R18 HS019966, TCS).
About the Author
Ms. Wardyn is a project manager in the Clinical Research
Division at the Fred Hutchinson Cancer Research Center
in Seattle, WA. Her main research interests include
molecular epidemiology, disease surveillance, and patientreported outcomes.
References
1.

154

Smith TC, Pearson N. The emergence of Staphylococcus
aureus ST398. Vector Borne Zoonotic Dis. 2011;327–39
http://dx.doi.org/10.1089/vbz.2010.0072

2.

3.

4.

5.
6.

7.

8.

9.

10.

Wardyn SE, Forshey BM, Farina SA, Kates AE, Nair R, Quick
MK, et al. Swine farming is a risk factor for infection with and
high prevalence of carriage of multidrug-resistant Staphylococcus
aureus. Clin Infect Dis. 2015;61:59–66. http://dx.doi.org/10.1093/
cid/civ234
O’Brien AM, Hanson BM, Farina SA, Wu JY, Simmering JE,
Wardyn SE, et al. MRSA in conventional and alternative retail
pork products. PLoS One. 2012;7:e30092. http://dx.doi.org/
10.1371/journal.pone.0030092
Price LB, Stegger M, Hasman H, Aziz M, Larsen J, Andersen PS,
et al. Staphylococcus aureus CC398: host adaptation and
emergence of methicillin resistance in livestock. MBio.
2012;3:e00305-11. http://dx.doi.org/10.1128/mBio.00305-11
Moritz ED, Smith TC. Livestock-associated Staphylococcus
aureus in childcare worker. Emerg Infect Dis. 2011;17:742–4.
http://dx.doi.org/10.3201/eid1704101852
David MZ, Siegel J, Lowy FD, Zychowski D, Taylor A,
Lee CJ, et al. Asymptomatic carriage of sequence type 398,
spa type t571 methicillin-susceptible Staphylococcus aureus in
an urban jail: a newly emerging, transmissible pathogenic strain.
J Clin Microbiol. 2013;51:2443–7. http://dx.doi.org/10.1128/
JCM.01057-13
Mediavilla JR, Chen L, Uhlemann AC, Hanson BM,
Rosenthal M, Stanak K, et al. Methicillin-susceptible
Staphylococcus aureus ST398, New York and New Jersey, USA.
Emerg Infect Dis. 2012;18:700–2. http://dx.doi.org/10.3201/
eid1804.111419
Smith TC, Gebreyes WA, Abley MJ, Harper AL, Forshey BM,
Male MJ, et al. Methicillin-resistant Staphylococcus aureus in pigs
and farm workers on conventional and antibiotic-free swine farms
in the USA. PLoS One. 2013;8:e63704. http://dx.doi.org/10.1371/
journal.pone.0063704
Smith TC, Male MJ, Harper AL, Kroeger JS, Tinkler GP,
Moritz ED, et al. Methicillin-resistant Staphylococcus aureus
(MRSA) strain ST398 is present in midwestern U.S. swine and
swine workers. PLoS One. 2009;4:e4258. http://dx.doi.org/
10.1371/journal.pone.0004258
Weber SG, Gold HS, Hooper DC, Karchmer AW, Carmeli Y.
Fluoroquinolones and the risk for methicillin-resistant
Staphylococcus aureus in hospitalized patients. Emerg Infect Dis.
2003;9:1415–22. http://dx.doi.org/10.3201/eid0911.030284

Address for correspondence: Tara C. Smith, Kent State University
Epidemiology, 750 Hilltop Dr, Lowry Hall, Kent, OH 44242, USA;
email: tsmit176@kent.edu

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 1, January 2018

