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High Prevalence of Panton-Valentine Leukocidin Among
Methicillin-Sensitive Staphylococcus aureus Colonization
Isolates in Rural lowa

Shylo E. Wardyn/*? Brett M. Forshey,® and Tara C. Smith"?

Recent studies have shown that livestock can carry Staphylococcus aureus and transmit it to human caretakers. We
conducted a pilot study to determine the prevalence and molecular epidemiology of S. aureus among rural
Iowans, including individuals with livestock contact. Nasal and throat swabs were collected and plated onto
selective media to isolate methicillin-susceptible and methicillin-resistant S. aureus (MRSA), followed by anti-
biotic resistance testing and molecular analysis of the isolates. While no MRSA was detected, overall, 23.7% (31/
131) of participants were found to harbor S. aureus in their nose, throat, or both. Fifteen isolates displayed
resistance to one or more tested antibiotics, and the Panton-Valentine leukocidin (PVL) genes were present at a
high level (29% [9/31] of S. aureus-positive participants). Younger age and tobacco use were associated with
increased risk of S. aureus carriage. Our results suggest that carriage of PVL-positive S. aureus is common among
rural Jowans, even in the absence of detectable MRSA colonization.

Introduction

S TAPHYLOCOCCUS AUREUS is a common bacterium that can
cause a wide range of infections, ranging from superfi-
cial skin infections to severe, and potentially fatal, invasive
disease. The emergence of antibiotic resistance has made
S. aureus infections increasingly difficult to treat, particularly
when they are resistant to beta-lactam antibiotics (a class that
includes methicillin, leading these strains to be referred to as
methicillin-resistant S. aureus [MRSA]). Approximately 20%-
30% of the population is asymptomatically colonized with
methicillin-susceptible S. aureus (MSSA).'*'® The most
common site of colonization is the anterior nares (nostrils),*!
though the throat, skin, gastrointestinal, and genital tracts
can also harbor this organism. While colonization itself does
not harm the host, it is a risk factor for developing subse-
quent symptomatic infections.”® Both asymptomatic carri-
ers and infected individuals may transmit the bacterium to
susceptible persons.*! S. aureus may also be acquired via
contact with animal carriers*** or contaminated fomites.'”

Numerous studies of S. aureus colonization and infection
in the healthcare setting have been conducted.”**** A
smaller number of studies have assessed the ecology and
transmission of S. aureus in the community,22 and most of
these were conducted in metropolitan areas.®'*'® Even fewer

studies have examined S. aureus carriage and infection in
rural areas.® This type of analysis is critical given the fact
that many rural Americans have exposures, such as livestock
contact, that are qualitatively different from those people
living in urban areas. In an effort to gain a more complete
understanding of the epidemiology of S. aureus, we con-
ducted a pilot study examining the prevalence and molecular
characteristics of S. aureus carriage among a primarily rural
sample of Iowa residents.

Materials and Methods
Study population

A cross-sectional prevalence study was conducted through
a convenience sample of Iowa residents, primarily from small
towns and rural areas of the state. Community organizations,
including church groups and various clubs, across Iowa were
contacted by mail to ask whether they would be willing to
participate. Appointments for sample collection were sched-
uled with interested parties. Approval from the University of
Iowa Institutional Review Board was given prior to sampling,
and informed consent was obtained from all participants. Five
community organizations participated between July 2009 and
April 2010 with a total enrollment of 120 adults (18 years of
age or older) and 11 minors (<18 years).
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Sample collection and culture

Sterile swabs were used to collect nasal and pharyngeal
samples from healthy volunteers. Culturing of samples from
both the nares and pharynx has been shown to increase the
sensitivity of detection>® 2”3+ however, to minimize discom-
fort, minors were only asked to provide a nasal swab. All
samples were maintained in liquid Stuart’s medium at 4°C
following collection and processed within 24 hours of collection.

Swabs were inoculated into 5mL enrichment broth, as
previously described.”” Cultures were incubated for 24 hours
at 35°C and subsequently inoculated onto Mannitol salt agar
plates and selective MRSA agar plates (BBL CHROMagar
MRSA; Becton, Dickinson and Company). The selective
MRSA plates were incubated for 24-48 hours at 35°C and
examined for colonies morphologically consistent with
S. aureus. Potential S. aureus isolates were subcultured onto
Columbia colistin-nalidixic agar (CNA) plates (Columbia
CNA; Remel). Isolates were confirmed as S. aureus by Gram
stain, catalase test, coagulase test, and S. aureus latex ag-
glutination assay (Pastorex Staph-plus; Bio-Rad). Methicillin
resistance was assessed in part by testing for the presence of
penicillin binding protein PBP2 with the MRSA latex ag-
glutination test (Oxoid Ltd.). Isolates were stored at —80°C
in a glycerol broth solution.

Molecular and susceptibility testing

Genomic DNA was extracted from each isolate using the
Wizard Genomic DNA preparation kit as described for
Gram-positive bacteria (Promega). The presence of the mecA
and Panton-Valentine leukocidin (PVL) genes was deter-
mined by polymerase chain reaction (PCR) as previously
described.*' For PVL, the primer pair luk-PV1 and luk-PV2
was utilized.

Amplification of the spa repeat region was performed using
primers spa 1113f and spa 1514r, as previously described.*®
PCR products were purified using the Qiagen PCR Purifica-
tion Kit (Qiagen) and sequenced with the same primers used
for amplification. Sequences were analyzed using the Ridom
StaphType software package (Ridom GmbH) to obtain spa
types, which were grouped into spa cluster complexes (spa-
CCs) using the Based Upon Repeat Pattern (BURP) clustering
algorithm.”** Pairwise cost distances less than or equal to six
were utilized to define spa-CCs. spa types containing five or
fewer repeat regions were excluded.

Using the broth dilution method described by the Clinical
and Laboratory Standards Institute,” isolates were tested for
susceptibility to a panel of antibiotics, including penicillin,
oxacillin, tetracycline, erythromycin, clindamycin, trimetho-
prim-sulfamethoxazole (TMP-SMX), gentamicin, levofloxacin,
moxifloxacin, linezolid, daptomycin, vancomycin, quinupris-
tin/dalfopristin, rifampin, inducible clindamycin, and high-
level mupirocin. A change in the susceptibility testing panel
was implemented at the University of Iowa hospital lab dur-
ing the course of the study. Penicillin resistance testing was
discontinued after the first 15 samples, and testing for in-
ducible clindamycin resistance was initiated at that time.

Questionnaire data

Each adult participant and parents of participating minors
were asked to fill out a questionnaire. Data obtained from the
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questionnaire included demographic information, data that
could indicate presence of risk factors (e.g., recent hospitali-
zation, ownership of pets, and participation in contact
sports), and history of S. aureus infections. Questionnaire
data were used to evaluate risk factors for S. aureus carriage.

Statistical analysis

Questionnaire and laboratory results were merged using
SAS 9.2 software (SAS Institute, Inc.). Fisher’s exact test and
exact logistic regression were used to assess potential risk
factors for S. aureus carriage in univariate analysis. Because
of limitations of sample size, some exposures were analyzed
separately as well as grouped together in broader categories.
For example, all exposures to a hospital setting (either di-
rectly as a patient, through hospital visits, or through a
family member) were analyzed both individually and as a
grouped variable. Variables with p-values <0.15 during
univariate analyses were entered into a full multivariate lo-
gistic regression model, with the exception of variables with
12 or fewer respondents per category. A final model, which
included participant age and tobacco usage, was defined
through manual backward selection and likelihood ratio
tests at a significance level of 0.05. Risk factors among adults
were evaluated separately from minors because of differ-
ences in S. aureus sampling procedures and questionnaires
used for the two groups.

Results

One hundred and twenty adults and 11 minors were en-
rolled from five enrollment sites. Approximately 50% of
participants were men (60/118 [50.8%] of responding adults
and 6/11 [54.5%] of minors). The average age of the adults
was 54.9 years (range 21-93), and the average age of the
minors was 7.7 years (range 6 months-15 years). One person
(0.8%) classified themselves as American Indian/Alaskan
Native; the rest of the participants classified themselves
as White. Among adults, 41.7% of participants classified
their current residence as “rural,” 35.7% as “small town,”
13.0% as “suburban,” and 9.6% as “urban,” while 27.3% of
children’s residences were classified as “rural” and 72.7% as
“small town.”

Twenty-nine {24.2% [95% confidence interval (CI), 17.4%—
32.6%]} adults and two (18.2% [95% CI, 2.3%-51.8%]) minors
were found to be colonized with S. aureus. All S. aureus
isolates were negative for mecA by PCR, and were therefore
classified as MSSA. Out of the 29 colonized adults, 16 (55.2%)
had nasal carriage only, 8 (27.6%) had throat carriage only,
and 5 (17.2%) were colonized in both their nose and throat,
yielding 34 total isolates (Table 1). No statistically significant
difference for the proportion of S. aureus carriage was ob-
served across the five community groups (Fisher’s exact test,
p=0.055). In univariate analysis of risk factors for the adults,
no association was observed between livestock exposure and
S. aureus carriage. Additionally, no statistically significant
association was observed between S. aureus carriage and
gender, family income, education level, or children attending
daycare (Table 2 and data not shown). In contrast, age was
significantly associated with S. aureus carriage. In the final
multivariate model, participant age and current or past us-
age of tobacco products were retained as significant risk
factors for S. aureus colonization, with lower risk of S. aureus
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TABLE 1. MOLECULAR TYPING AND ANTIBIOTIC
SUSCEPTIBILITY PROFILES OF STAPHYLOCOCCUS
AUREUS ISOLATES

Participant Colonization site  AB resistance ~ PVL spa type

1 Throat P - t008

2 Nose P - t078

3 Throat None - 1216

4 Nose P, E, TMP-SMX - 11892

5 Nose None - t012

5 Throat None - 14032

6 Nose P + t2104

7 Throat P + 12104

8 Throat P + t4106

9 Throat P + 1021
10 Nose P + t015
11 Nose P - 1021
12 Nose P + 1021
12 Throat None + 1021
132 Nose P - 216
14 Nose None - 1233
15 Throat None + t3274
16 Nose None + t008
17 Nose TMP-SMX - t037
17 Throat None - t037
18 Nose None - 1021
19 Nose None - t037
20 Nose None + 1279
20 Throat None + 1279
21 Nose None - t359
22 Throat None - 2612
23 Nose None - 209
23 Throat None - 209
24 Throat TMP-SMX - 1024
25 Nose None - t084
26 Nose E,C L - t002
27 Nose None - t548
28 Nose None - t4158
29 Nose None - t162
30 Nose E, IC - t002
31 Nose None - 1021

“Penicillin resistance testing was discontinued after this isolate.

PVL, Panton-Valentine leukocidin; P, penicillin resistance; E,
erythromycin resistance; TMP-SMX, trimethoprim-sulfamethoxazole
resistance; C, clindamycin resistance; L, levofloxacin resistance; IC,
inducible clindamycin resistance.

carriage for older age (adjusted odds ratio [OR], 0.96; 95% ClI,
0.93-0.99) and increased risk for tobacco use (adjusted OR,
3.03; 95% CI, 1.10-8.44). No increased risk for S. aureus car-
riage was observed for current tobacco users when com-
pared with past tobacco users (data not shown).
Twenty-three spa types were identified among the 36 adult
and minor isolates (Table 1). Six isolates (16.7%) were t021,
three isolates (8.3%) were t037, and two isolates each were
002, t008, t209, t216, t279, and t2104. Based upon the BURP
clustering algorithm, the majority of isolates (28/36; 77.8%)
were clustered into six spa-CCs (Fig. 1). Seven isolates
(19.4%) from five spa types (t015, t078, t209, t216, and t4106)
were too genetically distant to be placed into a spa-CC,
whereas one isolate (2.8%) was excluded from the analysis
due to a small number of tandem repeats. Eleven (32.4%) of
the 34 adult isolates (or, 9/29 [31%] of S. aureus-carrying
adult participants) were PVL positive, while both isolates
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from minors were PVL negative (Table 1). No association
was observed between PVL positivity and spa-CC (Fisher’s
exact test, p=0.30). In univariate analyses, only participant
age (OR, 0.95; 95% CI, 0.90-0.99) was found to be signifi-
cantly associated with PVL-positive S. aureus carriage.

Of the 15 isolates tested for penicillin susceptibility, 4 were
found to be sensitive (26.7%), 10 (66.7%) were resistant to
penicillin alone, and 1 (6.7%) was resistant to penicillin,
erythromycin, and TMP-SMX. Six of the isolates resistant to
penicillin were also PVL positive (6/11; 54.5%). Of all 34
isolates tested, 2 were resistant to TMP-SMX only. One iso-
late was resistant to clindamycin, erythromycin, and levo-
floxacin (Table 1). One isolate from a minor (spa type t021)
was susceptible to all antibiotics tested, while the other
isolate (spa type t002) was resistant to erythromycin and
displayed inducible clindamycin resistance (Table 1). No
oxacillin resistance was detected for any of the isolates.

Discussion

In our study, approximately one-quarter of rural Iowans
tested were positive for S. aureus carriage in the nose and/or
throat, a prevalence that is lower than the reported national
average.'>'¥'82! Population-based data from the National
Health and Nutrition Examination Survey (NHANES), a
study by the Centers for Disease Control and Prevention
designed to assess various health indicators in a nationally
representative sample of the U.S. population, indicated that
S. aureus nasal colonization prevalence among healthy,
noninstitutionalized Americans was ~30% between 2001
and 2004. In contrast, we found 17.6% (95% CI, 11.5%-25.2%)
positivity overall for nasal carriage in our study population
(i.e., excluding exclusive throat carriers), including 17.5%
positivity among adults and 18.2% positivity among minors.
It is not clear whether this discrepancy was due to environ-
mental heterogeneity, differences in the demographic com-
position of the study populations, or part of a larger trend in
decreasing prevalence of S. aureus colonization, as the
prevalence of MSSA colonization was shown to decline from
32.4% to 28.6% between 2001-2002 and 2003-2004."* In our
study, 6.7% of participants were exclusive throat carriers.
Throat carriage was not evaluated in the NHANES, so the
overall prevalence of S. aureus carriage in the general pop-
ulation may have been underestimated. Similar to what we
observed, others have reported that inclusion of throat
sampling with nasal sampling increases the sensitivity of
detection by 25% or greater.'**

We found that among adults, risk factors for S. aureus
carriage included young age and current or past tobacco use.
Consistent with these results, data from NHANES indicate
that youth and young adults are at higher risk of carrying
S. aureus, perhaps as a result of an increased number of social
contacts.®’ Contrary to other studies,*>!>*! we did not ob-
serve a significantly higher prevalence of carriage among
men. Our data indicate that tobacco use, when controlling for
age, is associated with increased risk for S. aureus carriage.
Similarly, passive smoking was correlated with higher car-
riage prevalence in a cohort of children in The Netherlands.?
We were unable to address the effects of race, country of
origin, education level, or income level, all of which have
been previously associated with differences in S. aureus car-
riage, because of the high homogeneity of our study
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TABLE 2. StaPHYLOCOCCUS AUREUS CARRIAGE AMONG ADULTS (N=120), BY DEMOGRAPHIC
AND EPIDEMIOLOGIC CHARACTERISTICS

Risk factor % (Positive/total)* OR 95% CI p-Value
Age (years)

20-40 50.0 (12/24) Ref. — —

41-60 13.5 (7/52) 0.16 0.05-0.47 0.001

>60 19.0 (8/42) 0.24 0.07-0.70 0.011
Gender

Male 26.7 (16/60) Ref.

Female 19.0 (11/58) 0.64 0.26-1.53 0.321
Residence

Urban 18.2 (2/11) Ref. — —

Suburban 46.7 (7/15) 3.94 0.70-31.9 0.144

Small town 19.5 (8/41) 1.03 0.21-7.60 0.974

Rural 22.9 (11/48) 1.34 0.29-9.63 0.733
Family income

<$40,000 35.0 (7/20) Ref. — —

$40,000-$59,999 19.2 (5/26) 0.44 0.12-1.69 0.684

$60,000-%$79,999 17.4 (4/23) 0.39 0.10-1.61 0.529

$80,000-$99,999 33.3 (5/15) 0.93 0.23-3.82 0.254

>$100,000 12.5 (3/24) 0.27 0.06-1.21 0.194
Child in daycare

No 20.6 (22/107) Ref. — —

Yes 50.0 (4/8) 3.86 0.85-17.6 0.07
Tobacco use

None 19.8 (18/91) Ref. — —

Current or past 35.7 (10/28) 2.25 0.87-5.68 0.087
Diabetes

No 26.9 (29/108) Ref. — —

Yes 0.0 (0/12) 0.13 (0-0.87) 0.016
Gym visit within prior month

No 27.4 (20/73) Ref. — —

Yes 19.5 (8/41) 0.64 0.24-1.58 0.35
Recent influenza-like illness

No 27.5 (25/91) Ref. — —

Yes 11.5 (3/26) 0.34 0.08-1.10 0.105
Recent antibiotic use

No 26.6 (25/94) Ref.

Yes 13.0 (3/23) 0.41 0.09-1.34 0.183
Hospital exposure

No 27.1 (19/70) Ref. — —

Yes 19.1 (9/47) 0.64 0.25-1.53 0.322
Long-term care facility exposure

No 25.5 (16/102) Ref. — —

Yes 13.3 (2/15) 0.45 0.07-1.77 0.313
Eczema

No 22.0 (24/109) Ref. — —

Yes 50.0 (4/8) 3.54 0.76-16.0 0.089
Occupational exposure to animals

No 24.4 (20/82) Ref. — —

Yes 21.6 (8/37) 0.86 0.32-2.11 0.742
Antibiotic soap in the home

No 30.8 (8/26) Ref.

Yes 22.0 (20/91) 0.64 0.22-1.95 0.435
Alcohol-based sanitizers in the home

No 30.4 (17/56) Ref.

Yes 18.0 (11/61) 0.51 0.19-1.30 0.134

*Full demographic data were not available for all participants.
OR, odds ratio; CI, confidence interval.
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FIG. 1. Based Upon Repeat Pattern clustering of Staphylo-
coccus aureus isolates. Designated group founders of spa-CCs
with more than three members are indicated in gray, while
other group members are indicated in black. Dot sizes are
proportional to the number of strains belonging to the cor-
responding spa type. spa types that were excluded from the
analysis (t233) or not grouped into a spa-CC (t015, t078, t209,
t216, and t4106) are not shown.

population with regard to these variables. Previous work
from our group has demonstrated an elevated prevalence of
MRSA carriage among swine workers in Iowa.”” In the
current study, we did not observe a similar elevated carriage
of MSSA among participants with occupational exposure to
livestock (swine, cattle, or chickens), and no MRSA was de-
tected. Owing to limitations of sample size, we cannot de-
termine whether the prevalence of MRSA carriage in rural
Iowans is different from the national population, as national
surveys suggest that ~1% of the population is positive for
MRSA carriage; a similar prevalence in our population
would have resulted in only one or two MRSA-positive
participants.

While overall prevalence of S. aureus carriage in our study
population was lower than the national average, we did
observe a disproportionately high percentage of positivity
for the gene encoding the putative virulence factor PVL.
While its role in S. aureus pathogenesis is still a matter of
debate, PVL is a cytotoxin most commonly associated with
community-associated-MRSA and has been epidemiologi-
cally linked to severe skin and soft-tissue infections and
necrotizing pneumonia.l'g'n"m We found that 11/36 (30.6%)
S. aureus isolates were positive for PVL. In comparison, <1%
of the MSSA samples (and ~15% of asymptomatic MRSA
carriers) from the 2001-2004 NHANES were shown to carry
PVL.* As MSSA cases are less frequently studied in a sys-
tematic manner, it is not known how widespread PVL-
positive MSSA strains are in the nonhospitalized population,
and most available data on PVL prevalence come from
samples collected from individuals symptomatically infected
with MRSA. In a study examining MSSA from abscesses of
patients at Children’s Hospital in Missouri, Orscheln et al.
found that 14% of the MSSA isolates tested were PVL posi-
tive, and most of these were classified as multilocus sequence
type 8 and were shown to be closely related to USA300.%° In
that study, much greater diversity was seen among PVL-
negative MSSA. In contrast, PVL positivity among MSSA
isolates colonizing the nares of healthy children in the same
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community was reported to be much lower, at 2%.'%*° In our
study, PVL positivity did not appear to be associated with a
particular genetic lineage, as presence of the PVL gene was
observed among diverse spa-CCs, including spa-CC008 (often
associated with ST8/USA300) and spa-CC021 (often associ-
ated with ST30/USA1100). Other studies have indicated that
PVL-positive MSSA strains are more genetically diverse than
PVL-positive MRSA strains,* suggesting that PVL-positive
MRSA strains may arise when mec elements are acquired by
pre-existing PVL-positive MSSA strains.>*%*>

The majority of the samples tested were resistant to pen-
icillin, consistent with high rates of resistance reported for
the United States from NHANES.* We also found that >8%
of isolates were resistant to TMP-SMX, a higher level
than has typically been reported. One recent multicenter
study reported a resistance rate of 1.6% to this antibiotic,*®
and <1% of MSSA samples from the NHANES were TMP-
SMX resistant.™>* We did observe a lower prevalence of
TMP-SMX resistance among participants reporting recent
antibiotic usage (13.0% vs. 26.6%), although this difference
was not statistically significant.

In conclusion, we found that while the prevalence of
S. aureus carriage is relatively low in rural Iowa, the isolates
identified are characterized by a high prevalence of PVL
positivity and high genetic heterogeneity. Twenty-three dis-
tinct spa types were identified, some of which belong to se-
quence types often associated with community-associated
MRSA. Typically, S. aureus surveys are conducted in a clin-
ical setting and thus present a biased view of the genetic
diversity in circulation, limiting our understanding of the
mechanisms governing emergence and maintenance of both
MSSA and MRSA. Larger population-based studies of non-
hospitalized rural populations with diverse occupational and
environmental exposures are necessary to identify risk fac-
tors for colonization and infection and to identify transmis-
sion pathways of pathogenic strains.
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