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Abstract

We investigated community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA)
skin infections among HIV-positive men who have sex with men. We performed a matched case-
control study of 35 case patients and 76 control subjects. CA-MRSA skin infections were
associated with high-risk sex and drug-using behaviors and with environmental exposures but not
with immune status.

Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) is an
emerging pathogen distinguished from health care—-associated MRSA (HA-MRSA) by
clinical, laboratory, and epidemiologic characteristics [1, 2]. Recently, in Los Angeles
County, outbreaks attributed to CA-MRSA have been reported among newborns, children,
football players, and jail inmates [3-5].

Approximately 30 cases of MRSA skin infection that occurred among HIV-positive men
who have sex with men (MSM) were reported to the Los Angeles County Department of
Health Services (LACDHS) by infectious disease physicians from an outpatient clinic (the
index clinic) during October—-November 2002. The hospital reference laboratory performed
PFGE on 10 isolates from the index clinic and found that 8 isolates matched and 1 isolate
differed by 1 band, indicating a predominant clonal MRSA strain [6]. In response to reports
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from the index clinic and other local clinics, we undertook an investigation of the clinical
features, risk factors, and laboratory characteristics of infection.

We defined a case as the onset of culture-positive MRSA skin infection (identified in the
outpatient setting or within 72 h after hospital admission) in an HIV-positive MSM who had
received care at any of 3 participating clinics in Los Angeles County during September
2002—May 2003. For each case, we selected up to 3 control subjects from clinic schedules
who were HIV-positive MSM without skin symptoms. Control subjects were matched to
case patients on the basis of having the same physician and clinic and having visited the
clinic during same week as the case patient’s first visit for skin infection. Recruitment was
restricted to HIV-infected patients because the participating clinics provided care primarily
to HIV-positive MSM, and recruiting adequate numbers of HIV-negative patients from these
clinics was therefore difficult.

A patient questionnaire was administered by telephone. For health care—associated risk
factors, we asked about exposures during the 12 months before the matched clinic visit. A
hospitalization exposure was defined as an overnight hospital stay for any reason other than
skin infection. Questions pertained to the previous 3 months for all other potential risk
factors and for items regarding demographics. “Close contact” was defined as household
contact or sexual contact, which was considered to be intimate skin-to-skin contact. We
reviewed medical charts for additional information by use of a standardized chart abstraction
form. We followed institutional policy for human subject protection.

Analysis of a variable number of control subjects matched to case patients and logistic
regression of multivariate models were performed with the SAS statistical software package,
version 8.2 (SAS Institute). Statistical significance was defined as < .05.

A case isolate representing the predominant PFGE pattern from the index clinic was sent to
the LACDHS Public Health Laboratory and the Centers for Disease Control and Prevention
(CDC) laboratory and was analyzed with PFGE, using Smal [7] for comparison with
collected outbreak CA-MRSA strains. The CDC laboratory used PCR primers described by
Okuma et al. [8] to determine the staphylococcal cassette chromosome methicillin resistance
complex (SCCmec) and in-house primers to test for genes for Panton-Valentine leukocidin
(PVL), toxic shock toxin, and staphylococcal enterotoxins A—E and H. The isolate was
evaluated for inducible clindamycin resistance by use of the standard disk induction (“D-
zone™) test on Mueller-Hinton agar [9, 10].

Of 67 case patients who were identified at participating clinics, 42 (63%) completed
telephone interviews. Of 110 control subjects selected, 77 (70%) completed telephone
interviews. We excluded patients who did not meet case and control definitions after an
interview and chart review, and 35 case patients and 76 control subjects were included in the
final analysis. Case patients and control subjects were similar demographically and by CD4
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cell counts and viral loads, except that case patients were significantly more likely than
control subjects to be white (table 1).

Skin lesions were most often diagnosed as abscesses and most often involved the legs,
buttocks, and arms (table 2). Among case patients with available data, 15 (52%) of 29 were
initially treated with antibiotics that were discordant with antibiogram findings. All case
isolates were resistant to the S-lactam antibiotics evaluated. Most isolates were resistant to
ciprofloxacin and erythromycin; 1 isolate was intermediately resistant to trimethoprim-
sulfamethoxazole. No isolates with resistance to vancomycin, rifampin, or gentamicin were
reported.

Case patients were more likely than control subjects to have had close contact with a person
who reported having a skin infection, and they were more likely to report routine public hot
tub or sauna use (table 3). Other public venues, such as fitness gyms, and activities, such as
massage or contact sports, were not significant exposures.

Hospitalization (for any reason other than skin infection) and ciprofloxacin use (prior to
infection, for case patients) were associated with MRSA skin infection. Other oral
antibiotics were not associated with skin infection, except that trimethoprim-
sulfamethoxazole for prophylaxis against opportunistic infection was negatively associated
(i.e., protective). Antiretroviral therapy and a history of boils were not associated with
infection.

Case patients were less likely than control subjects to report frequent use of disposable seat
covers on public toilets and were more likely to report frequent fingernail biting. Other
hygiene behaviors and skin trauma (e.g., insect bites, cuts, or abrasions) were not associated
with infection.

Case patients were significantly more likely than control subjects to use methamphetamine,
nitrates (“poppers”), and sildenafil. Ketamine, cocaine, or gamma hydroxy butyrate were not
associated with skin infection. No respondents reported heroin or phencyclidine use. Among
drug users, specific drug delivery methods or sharing of drug equipment was not associated
with infection.

Neither sexual contact nor the number of sex partners was associated with skin infection.
However, among sexually active respondents, case patients were more likely to have 2 or
more sex partners and to meet a sex partner in a sex club or bathhouse or via the Internet.
Consistent condom use was protective. History of a sexually transmitted infection other than
HIV infection was associated with skin infection, but no sexually transmitted infection was
specifically associated. Case patients were more likely than control subjects to have attended
a group-sex party.

We controlled for hospitalization, race/ethnicity (white race vs. other race/ethnicity), and
number of sex partners (categorized as 0, 1, or =2) in the multivariate analysis. Significant
exposures included public hot tub or sauna use; methamphetamine use; frequent fingernail
biting; professional, hands-on contact with customers at work; and having a sex partner with
a skin infection (table 4). Protective exposures included consistent condom use and use of
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trimethoprim-sulfamethoxazole for prophylaxis against opportunistic infection. We found
similar results after excluding patients with history of hospitalization during the previous 12
months.

The LACDHS Public Health Laboratory determined that an isolate from the index clinic
matched the PFGE pattern both of previously collected strains of CA-MRSA from outbreaks
in Los Angeles County [11] and of USA300, a CA-MRSA strain identified in several
outbreaks nationwide [12]. The CDC laboratory identified genes for PVL and SCCmec
complex, type 1Va. The isolate was clindamycin susceptible and erythromycin resistant and
did not exhibit inducible clindamycin resistance.

Discussion.

We found that CA-MRSA skin infections among HIV-positive MSM were associated with
high-risk sex and drug-using behaviors but not with immune status. Infections were
associated with a clonal CA-MRSA strain that matched PFGE patterns and molecular
characteristics (i.e., SCCmec 1Va and PVL) of outbreak strains within Los Angeles County
and elsewhere in the United States [8, 13-16].

Our findings indicate that CA-MRSA spreads by contact transmission—uvia direct skin-to-
skin transmission, such as sexual contact with someone with a skin infection—or by indirect
transmission, such as during hot tub or sauna use. Our results are consistent with the
findings of other investigations of S. aureus infection (e.g., outbreaks mediated by
equipment, clothing, or skin-to-skin contact among athletes [4, 17-20] or via communal
steam baths used by Alaska Natives [21, 22]). Some risk factors for CA-MRSA in our study,
such as white race, multiple sex partners, and sexually stimulating drugs (e.g.,
methamphetamines), have been associated with high-risk sex behaviors in other studies [23,
24]. Use of injection drugs might also facilitate the introduction of CA-MRSA from
colonized skin flora to traumatized skin and soft tissue [25-28].

Our findings are subject to several limitations. First, misclassification of case patients and
control subjects might have occurred if control subjects did not report minor skin infections
or if clinicians used different criteria for obtainment of wound specimens for culture.
Second, we cannot exclude the possibility of bias, because we were unable to match 3
control subjects for each case patient. However, the response rate was typical of outbreak
investigations, and case patients and control subjects were demographically similar. Third,
we did not have PFGE results for all case patients, so we cannot confirm that all cases were
caused by the same CA-MRSA strain. Nevertheless, the clinical, laboratory, and
epidemiologic findings are consistent with skin infections caused by a recognized CA-
MRSA strain, rather than a HA-MRSA strain. We found antibiotic sensitivity patterns
consistent with CA-MRSA. We controlled for hospitalization exposure in the case-control
study and found similar multivariate results after excluding patients with a history of
hospitalization. Furthermore, our experience with CA-MRSA in multiple Los Angeles
County populations [3-5] suggests a broader emergence of CA-MRSA in the community
rather than transmission by a point source, such as a hospital.
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A majority of patients were initially treated with antibiotics that were discordant with
antibiogram findings, indicating the need to increase awareness of CA-MRSA diagnosis and
treatment among physicians. Additional research is needed to determine whether empiric
treatment of skin and soft tissue infections should be modified among certain populations
[29].

Acknowledgments

For their contributions to the investigation, we thank the physicians and staff of Tower 1.D. Medical Associates,
AIDS Healthcare Foundation, Lambda Medical Group, and the Los Angeles County Department of Health Services
(LACDHS) HIV Epidemiology Unit, especially Jennifer Avila, Ekow Sey, Dr. Michele Benton, and Dr.
Vijayabhaskar Kandula. For assistance with data analysis, we thank Dr. Anindya De (Centers for Disease Control
and Prevention [CDC]). For critical review of the manuscript, we thank Dr. Julie Magri (CDC). For laboratory
analysis, we thank Lori Yasuda (LACDHS) and Dr. George Killgore (CDC).

References

1. Lowy FD. Staphylococcus aureus infections. N Engl J Med 1998; 339: 520-32. [PubMed: 9709046]

2. Brumfitt W, Hamilton-Miller J. Methicillin-resistant Staphylococcus aureus. N Engl J Med 1989;
320:1188-96. [PubMed: 2651925]

3. Outbreaks of community-associated methicillin-resistant Staphylococcus aureus skin infections—
Los Angeles County, California, 2002-2003. MMWR Morb Mortal Wkly Rep 2003; 52:88.

4. Methicillin-resistant Staphylococcus aureus infections among competitive sports participants—
Colorado, Indiana, Pennsylvania, and Los Angeles County, 2000-2003. MMWR Morb Mortal Wkly
Rep 2003; 52:793-5. [PubMed: 12931079]

5. Methicillin-resistant Staphylococcus aureus infections in correctional facilities—Georgia,
California, and Texas, 2001-2003. MMWR Morb Mortal Wkly Rep 2003; 52:992-6. [PubMed:
14561958]

6. Ruane P, Morgan M, Rapp J, et al. Outbreak of clonal MRSA infection in outpatient infectious
disease clinic in Los Angeles [abstract 911]. In: Program and abstracts of the 2nd IAS Conference
on Pathogenesis and Treatment (Paris, France). International AIDS Society, 2003 Available at:
http://www.iasociety.org/abstract/show.asp?abstract_id=10753 Accessed 18 October 2004.

7. Tenover FC, Arbeit RD, Goering RV, et al. Interpreting chromosomal DNA restriction patterns
produced by pulsed-field gel electrophoresis: criteria for bacterial strain typing. J Clin Microbiol
1995; 33:2233-9. [PubMed: 7494007]

8. Okuma K, Iwakawa K, Turnidge JD, et al. Dissemination of new methicillin-resistant
Staphylococcus aureus clones in the community. J Clin Microbiol 2002; 40:4289-94. [PubMed:
12409412]

9. Fiebelkorn KR, Crawford SA, McEImeel ML, Jorgensen JH. Practical disk diffusion method for
detection of inducible clindamycin resistance in Staphylococcus aureus and coagulase-negative
staphylococci. J Clin Microbiol 2003; 41:4740-4. [PubMed: 14532213]

10. Jorgensen JH, Crawford SA, McEImeel ML, Fiebelkorn KR. Detection of inducible clindamycin
resistance of staphylococci in conjunction with performance of automated broth susceptibility
testing. J Clin Microbiol 2004; 42:1800-2. [PubMed: 15071055]

11. Bancroft EA, Killgore G, Fosheim G, et al. Four outbreaks of community-associated methicillin-
resistant Staphylococcus aureus in Los Angeles County [abstract 264]. In: Program and abstracts
of the 41st Annual Meeting of IDSA (San Diego). Infectious Diseases Society of America, 2003
Available at: http://www.idsociety.org/Template.cfm?
SectionpMeetings_Archive&CONTENTID=6743&TEMPLATE=/ContentManagement/
ContentDisplay.cfm Accessed 18 October 2004.

12. McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister SK, Tenover FC. Pulsed-field
gel electrophoresis typing of oxacillin-resistant Staphylococcus aureus isolates from the United
States: establishing a national database. J Clin Microbiol 2003; 41:5113-20. [PubMed: 14605147]

Clin Infect Dis. Author manuscript; available in PMC 2019 October 09.


http://www.iasociety.org/abstract/show.asp?abstract_id=10753
http://www.idsociety.org/Template.cfm?SectionpMeetings_Archive&CONTENTID=6743&TEMPLATE=/ContentManagement/ContentDisplay.cfm
http://www.idsociety.org/Template.cfm?SectionpMeetings_Archive&CONTENTID=6743&TEMPLATE=/ContentManagement/ContentDisplay.cfm
http://www.idsociety.org/Template.cfm?SectionpMeetings_Archive&CONTENTID=6743&TEMPLATE=/ContentManagement/ContentDisplay.cfm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 6

Naimi TS, LeDell KH, Como-Sabetti K, et al. Comparison of community- and health care-
associated methicillin-resistant Staphylococcus aureus infection. JAMA 2003; 290:2976-84.
[PubMed: 14665659]

Baba T, Takeuchi F, Kuroda M, et al. Genome and virulence determinants of high virulence
community-acquired MRSA. Lancet 2002; 359:1819-27. [PubMed: 12044378]

Dufour P, Gillet Y, Bes M, et al. Community-acquired methicillin-resistant Staphylococcus aureus
infections in France: emergence of a single clone that produces Panton-Valentine leukocidin. Clin
Infect Dis 2002; 35:819-24. [PubMed: 12228818]

Eguia JM, Chambers HF. Community-acquired methicillin-resistant Staphylococcus aureus:
epidemiology and potential virulence factors. Curr Infect Dis Rep 2003; 5:459-66. [PubMed:
14642185]

Stacey AR, Endersby KE, Chan PC, Marples RR. An outbreak of methicillin resistant
Staphylococcus aureus infection in a rugby football team. Br J Sports Med 1998; 32:153-4.
[PubMed: 9631224]

Sosin DM, Gunn RA, Ford WL, Skaggs JW. An outbreak of furunculosis among high school
athletes. Am J Sports Med 1989; 17:828-32. [PubMed: 2624295]

Bartlett PC, Martin RJ, Cahill BR. Furunculosis in a high school football team. Am J Sports Med
1982; 10:371-4. [PubMed: 7180958]

Lindenmayer JM, Schoenfeld S, O’Grady R, Carney JK. Methicillin-resistant Staphylococcus
aureus in a high school wrestling team and the surrounding community. Arch Intern Med 1998;
158:895-9. [PubMed: 9570176]

Landen MG, McCumber BJ, Asam ED, Egeland GM. Outbreak of boils in an Alaskan village: a
case-control study. West J Med 2000; 172:235-9. [PubMed: 10778372]

Baggett HC, Hennessy TW, Rudolph K, et al. Community-onset methicillin-resistant
Staphylococcus aureus associated with antibiotic use and the cytotoxin Panton-Valentine
leukocidin during a furunculosis outbreak in rural Alaska. J Infect Dis 2004; 189:1565-73.
[PubMed: 15116291]

Outbreak of syphilis among men who have sex with men—Southern California, 2000. MMWR
Morb Mortal Wkly Rep 2001; 50:117-20. [PubMed: 11393490]

Urbina A, Jones K. Crystal methamphetamine, its analogues, and HIV infection: medical and
psychiatric aspects of a new epidemic. Clin Infect Dis 2004; 38:890—4. [PubMed: 14999636]

Community-acquired methicillin-resistant Staphylococcus aureus infections—Michigan. MMWR
Morb Mortal Wkly Rep 1981; 30:185-7. [PubMed: 6789075]

Saravolatz LD, Pohlod DJ, Arking LM. Community-acquired methicillin-resistant Staphylococcus
aureus infections: a new source for nosocomial outbreaks. Ann Intern Med 1982; 97:325-9.
[PubMed: 7114629]

Craven DE, Rixinger Al, Goularte TA, McCabe WR. Methicillin-resistant Staphylococcus aureus
bacteremia linked to intravenous drug abusers using a “shooting gallery.” Am J Med 1986;
80:770-6. [PubMed: 3635355]

Fleisch F, Zbinden R, Vanoli C, Ruef C. Epidemic spread of a single clone of methicillin-resistant
Staphylococcus aureus among injection drug users in Zurich, Switzerland. Clin Infect Dis 2001,
32:581-6. [PubMed: 11181121]

Eady EA, Cove JH. Staphylococcal resistance revisited: community-acquired methicillin resistant
Staphylococcus aureus—an emerging problem for the management of skin and soft tissue
infections. Curr Opin Infect Dis 2003; 16:103-24. [PubMed: 12734443]

Clin Infect Dis. Author manuscript; available in PMC 2019 October 09.



Page 7

Leeetal.

‘wesboud sourlsissy Bnia S|V 10 ‘preaipsin .emo_cm_\,_Q

'$103[gns 10309 pue sjuaired ased o sBuidnolB yorew Aqg paiiens ‘onsiels 19ZSUeH-[SIUBIN-UBIUO0D)

‘paredIpul aSIMIBLIO Ssajun ‘syusiied 4o (%) "ou ae eled “J1ON

09%"  (000°0S. 016Z>) §'¥6S  (000°2G9 01 GZ>) ¥ST8 (8Buey) cwiw/saidod uelpaw ‘peoj [eNIA

9gL’ (¥2vT 01 0) 5607 (veyT 01 0T>) 8EE (aBueJ) Jwys| (99 Uelpaw uNod |189 ¥AD
8LL (9°22) 65 (T°20) 12 198JU09 [enxas Jo AI0ISIH
vIL (z8e) 62 (oow) w1 pakojdwaun
162 (918) 2 (6'2v) ST gPuBnsurland
858’ (92212 (9'82) o1 30UBINSUI 3JeALId
8€T’ (8'ov) 1€ (982) 0T 80UBINSUI ON
Snjels adueinsu|
8y (€9) v (000 Byio
See (92 ¢ (00)o uelsy
2L (Tum et (98) ¢ »e|q d1uedsiH-UoN
vEY' (e08) €2 (622) 8 auedsiH
€10’ (Lvv) ve (9'89) v2 alIym d1uedsIH-UON
Aoruyia/eoey
6ET’ (¥9-22) ov (25-1¢) 8¢ (a6ueJ) seak uelpaw ‘aby
ed S109 ._mwmmu_ofwcoo mEMm_WM %mo DIRIBREEID

"UBL YIIM X3S 3ABY OUYM Uswl aA1lIsod-AH Buowre suonssjul ums snane
Sn22020/AydE]S URISISAI-UI|[121Y1aW paleIdosse-Alunwiwiod Jo Apnis [043U09-ased e ul S193lgns [041u09 pue sjuaijed ased Jo salsLisideseyd alydeibowaq

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2019 October 09.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Leeetal. Page 8

Table 2.

Clinical characteristics and hygiene behaviors of 35 case patients in a case-control study of community-
associated methicillin-resistant Staphylococcus aureus (MRSA) skin infections among HIV-positive men who
have sex with men.

Characteristic, by class Proportiona (%)

Clinical characteristic

Skin lesion diagnosisb’c
Abscess 16/29 (55.2)
Cellulitis 9/29 (31.0)
Furunculosis 8/29 (31.0)
Impetigo 3/29 (10.3)
Folliculitis 2/29 (6.9)
Carbuncle 1/29 (3.4)

Number of lesions at first visit to physicianb
1 23/34 (67.6)
2 or more 11/34 (32.3)

Diameter of largest skin lesion at first visitb
<lcm 4/24 (16.7)
>2cm 20/24 (83.3)

Body area(s) first affected by skin lesions®

Face 2/35 (5.7)
Neck 2/35 (5.7)
Back 4/35 (11.4)
Chest/abdomen 1/35 (2.9)
Armpit 1/35 (2.9)
Arm 4/35 (11.4)
Hand 2/35 (5.7)
Leg 9/35 (25.7)
Foot 1/35 (2.9)
Buttocks 9/35 (25.7)
Groin 2/35 (5.7)
Genitals 3/35 (8.6)
Soft-tissue edema present 15/24 (62.5)
Fever reported at first visit 2/33 (6.1)

Treatment given for MRSA skin lesions®

Oral antibiotics 28/35 (80.0)
Incision and drainage 16/35 (45.7)
Lesion drained by patient 2/35 (5.7)
Surgical debridement 4/35 (11.4)
Hospitalized for MRSA skin infection 7/35 (20.0)
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Characteristic, by class Proportion® (%)

Most common antibiotics used for initial outpatient treatment®

TMP-SMZ 9/31 (29.0)
Cephalexin 7/31 (22.6)
Clindamycin 3/31(9.6)
Intramuscular ceftriaxone 3/31(9.6)
Intravenous vancomycin as outpatient infusion 2/31 (6.0)

Antibiotic resistance of patient isolates

Ciprofloxacin 28/31 (90.3)
Levofloxacind 8/31 (25.8)
Erythromycin 26/31 (83.9)
Tetracycline 11/31 (35.5)
Clindamycin 1/31 (3.2)
TMP-SMZE 0/31 (0.0)
Hyagiene behavior
Body areas routinely shaved or clipped prior to skin infection
Genital region 10/35 (28.6)
Chest 6/35 (17.1)
Anal region 4/35 (11.4)
Armpit 4/35 (11.4)
Hygiene behaviors prior to skin infection
Shaved or clipped hair in skin area that later developed infection 7/35 (20.0)
Applied personal skin product in skin area that later
developed infectionf 8/35 (22.0)
Shared a personal skin product with another person 6/35 (17.1)
Received a cut or abrasion in the area that later developed skin infection 5/35 (14.3)
Received an insect bite in the area that later developed skin infection 1/35 (2.9)

NOTE. TMP-SMZ, trimethoprim-sulfamethoxazole.

aNo. of patients with characteristic / no. of patients with data available or no. of isolates with characteristic / no. of total isolates.
bAmong cases with data available; patients reported diameter to the near-est centimeter.

cMore than 1 response per respondent was possible for this question.

dTwenty—one isolates (68%) had intermediate resistance to levofloxacin.

eOne isolate had intermediate resistance to TMP-SMZ.

f . . i . .
Lotion, over-the-counter skin medication, or skin hygiene product.
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