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A Spontaneous Joint Infection with Corynebacterium striatum
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Corynebacterium striatum is a ubiquitous saprophyte with the potential to cause bacteremia in immunocom-
promised patients. Until now, spontaneous infection of a natural joint has not been reported. When pheno-
typing failed, gene sequencing was used to identify the species. The isolate demonstrated high-level resistance

to most antibiotics.

CASE REPORT

An 87-year-old man with a history of osteoarthritis and ad-
vanced heart failure presented with complaints of aching lower
extremities and pain in the left knee with weight bearing. Four
days earlier, he had fallen while transferring from chair to bed.
On inspection, he appeared chronically ill. The lower extrem-
ities were swollen and erythematous below the knees. Shallow
venostasis ulcers over the shins showed no signs of localized
infection. A moderate-size, cool effusion could be felt around
the left knee, and tenderness was present along the medial
joint line. The skin around the knee was intact, without breaks.
Crepitus was present with flexion, and pain developed beyond
90°. Ligaments were stable, and a radiograph showed no
fracture. A sample of clear synovial fluid was found to have
a high concentration of inflammatory cells without crystals.
Gram staining and culture after 5 days on standard media
were negative, as were blood cultures after 5 days. The
patient had been admitted, and treatment begun with 1 g of
cefazolin administered intravenously every 6 h along with
intravenous furosemide. Over 4 days, his edema and ery-
thema diminished; however, he could not bear weight on the
left knee. He was discharged with a presumed traumatic
effusion to a skilled nursing facility for rehabilitation, where
he completed 6 more days of 500 mg of cefazolin adminis-
tered orally four times a day.

Twenty days later, he returned with fever, dyspnea at rest,
and pulmonary infiltrates. A culture of respiratory secretions
grew Streptococcus pneumoniae. Blood cultures drawn after the
administration of levofloxacin were negative after 5 days. It was
noted that he had never regained the ability to bear weight on
his left knee. Magnetic resonance imaging revealed a persis-
tent effusion and a faint line of increased signal at the apex of
the posterior medial meniscus, suggesting an incomplete me-
niscal tear. A sample of cloudy synovial fluid contained high
concentrations of neutrophils without crystals. Twenty-four
hours later, “diphtheroids” were recovered in pure culture.
This result was thought to indicate skin contamination. After 3
days of treatment with 500 mg of levofloxacin given orally with
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intravenous furosemide, the fever and dyspnea had resolved
but the knee remained swollen and painful. Another sample of
cloudy synovial fluid drawn 9 days later contained high con-
centrations of segmented neutrophils and grew Corynebacte-
rium sp. in a pure culture within 24 h.

Infusion of 1 g of vancomycin every 24 h was initiated (full
dose based on renal function), and the patient underwent
laparoscopic exploration and drainage the same day. A large
volume of purulent fluid was evacuated, and the joint space
was flushed with 6 liters of bacitracin. A small tear of the
posterior pole of the medial meniscus was repaired. Synovial
fluid sampled at the time of surgery contained “gram-positive
bacilli in palisades.” Corynebacterium sp. was identified in pure
culture within 24 h. After 2 weeks of treatment, he resumed
walking short distances and the effusion decreased.

Identification. The isolate was cultivated on 5% sheep blood
tryptic soy agar plates incubated at 35°C in 5% CO,. Within
24 h, 2-mm cream-colored nonhemolytic colonies were seen.
Samples incubated at 35°C for 4 weeks on brucella agar forti-
fied with 5% sheep blood, hemin, and vitamin K under anaer-
obic conditions grew no other organisms. An attempt at iden-
tification with API Coryne (bioMérieux, Lyon, France)
returned 76% similarity to Corynebacterium macginleyi and
19% similarity to C. striatum-C. amycolatum (ATCC 6940 type
strain). The API Coryne profile number was 0100105, indicat-
ing catalase activity and fermentation of both glucose and
sucrose. The strain did not demonstrate oxidase or pyrazin-
amidase activity or reduction of nitrate. The match with API
Coryne was deemed poor and likely to require additional re-
agents not available at our microbiology laboratory. A separate
attempt at identification by fatty acid methyl ester analysis
(Sherlock MIDI, Newark, DE) returned similarities of 58% to
C. minutissimum, 55% to C. glucuronolyticum, and 44% to C.
striatum. A repeat analysis returned 62% similarity to C. afer-
mentans, 54% similarity to C. minutissimum, and 50% similar-
ity to C. striatum. Ultimately, the strain was evaluated by a
sequence analysis of the first 500 bp of the 16S rRNA gene
(Microbial ID, Newark, DE). The strain exhibited 100% ho-
mology to C. striatum type strain ATCC 6940. The next closest
matches were C. minutissimum and C. macginleyi, both with
95.4% genetic homology.

Susceptibility testing. Susceptibilities were measured by
both disk diffusion and the E test (AB Biodisk, Piscataway,
NJ). All samples were cultured on Mueller-Hinton agar sup-
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TABLE 1. Resistance profile of organism isolated

Agent(s) tested MICyy" (pg/dl) Ring diam (mm)

Vancomycin 25
Linezolid 32
Erythromycin 11
Clindamycin

Levofloxacin

Tetracycline
Trimethoprim-sulfamethoxazole

Penicillin 4
Cefotaxime 24

“ MIC for 90% or isolated tested based on Clinical and Laboratory Standards
Institute breakpoints for alpha-hemolytic Streptococcus (3).

plemented with sheep blood and incubated at 35°C in ambient
atmosphere for 24 h. Our methods were in accord with recently
published standards (3). Disk diffusion plates demonstrated the
strain’s resistance to tetracycline, levofloxacin, trimethoprim-sul-
famethoxazole, clindamycin, and erythromycin (Table 1). E-test
strips indicated the strain’s resistance to penicillin and ceftazidime
(Table 1). Breakpoints have not been established for Corynebac-
terium; therefore, we used the breakpoints for Streptococcus (3).

Discussion. C. striatum survives as a saprophyte upon the
skin and mucus membranes of asymptomatic individuals (6).
Proven infections have been found most commonly in the
setting of immunocompromised patients with respiratory in-
fections, recurrent or continuous instrumentation, chronic ul-
cers, or surgery (6, 9, 11, 12, 14). Nosocomial person-to-person
spread has been documented twice (1, 10). Septic arthritis has
been reported in the setting of joint replacement surgery and
an accidental scalpel laceration (4, 15). In the case reported
here, several factors promoted the patient’s risk of infection
with C. striatum, including an immune system compromised by
age and failing health, prolonged institutionalization, the pres-
ence of chronic ulcers, the occurrence of pneumonia, a re-
ported blunt trauma to the knee when he fell, and osteoarthri-
tis in the involved knee (5, 6, 12, 14). In this case, the infecting
organism is most likely to have gained access to the patient’s
circulation either through the respiratory tract, perhaps during
his pneumonia, or through his persistent and open venostasis
ulcers.

Gram-stained Corynebacterium species may be observed by
light microscopy to be arranged in palisades. C. striatum is
usually visually indistinguishable from other species, although
some strains have demonstrated striations crossing the cyto-
plasm. Metabolic profiling is the most common method used to
distinguish Corynebacterium species; however, phenotypic
overlap among congeners limits its discriminative power, par-
ticularly with C. striatum. In most cases, API Coryne requires
additional reagents to reliably differentiate C. striatum from C.
amycolatum. These tests include lipophilia, phenyl acetate as-
similation, and N-acetylglucosamine assimilation, most of
which are not readily available except at research laboratories.
Distinction may sometimes be made by measuring tyrosinase
and cyclic AMP activity. If either is positive, the strain is likely
to be C striatum, as C. amycolatum lacks these enzymes. When
conventional methods are used, C. striatum has been shown to
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reduce nitrate in 100% of the cases tested (7, 13), but on API
Coryne test strips the C. striatum-C. amycolatum pair reduces
nitrate at a rate of only 57% (API Coryne package insert;
bioMérieux, Lyon, France, 2003), perhaps indicating a lower
sensitivity for this reaction. It is notable that the API test strip
used on this strain was read as negative for pyrazinamidase
activity, which is uncommon for C. striatum (API Coryne pack-
age insert). As with metabolic profiling, phenotypic overlap
limits the power of compositional analysis of fatty acids to
discriminate C. striatum from similar congeners (6). In fact, it
is likely that phenotypic methods on the whole have inaccu-
rately identified many Corynebacterium isolates.

Among clinical isolates of Corynebacterium identified with
both best phenotypic methods and complete 16S rRNA gene
sequencing, there was agreement for just 25% to 60% of the
isolates (15, 18). For isolates where phenotypic and genetic
identifications differ, close genetic homology between the test
strain and its top match favors the genetic information, as does
a wide discrimination between the best and second-best
matches. In the case reported here, a perfect genetic match by
partial 16S rRNA gene sequence analysis and a wide discrim-
ination between the top two matches verify that C. striatum was
the bacterium responsible for this patient’s septic arthritis.

Among strains of C. striatum, multidrug resistance may be
spreading. A decade ago, isolates showed sensitivity to beta-
lactams (particularly penicillin G), fluoroquinolones, carbap-
enems, linezolid, and vancomycin (4, 6). In the last 5 years,
pathogenic isolates exhibiting resistance to levofloxacin, spar-
floxacin, penicillin, cephalosporins, clindamycin, erythromycin,
minocycline, imipenem, and linezolid have been reported (8,
14, 16, 17, 19). Thus far, in vitro resistance to vancomycin has
not been reported for this or any other Corynebacterium spe-
cies. Most initial therapies for suspected infection with Coryne-
bacterium should include vancomycin.

This case highlights both the growing importance of C. stri-
atum as a nosocomial pathogen and the difficulty microbiology
laboratories may encounter when trying to identify this species.
It is likely that the number and range of clinically important
infections with this organism have been underestimated. The
first recognized spontaneous infection of a natural joint with C.
striatum is reported here.

I am grateful to Martha Swanstrom and Becky Smith for assistance
in the microbiology laboratory. I am deeply indebted to Mark Crislip
for assistance on the case and to Stephen Jones for valuable comments
on the manuscript.

REFERENCES

1. Brandenburg, A. H., A. van Belkum, C. van Pelt, H. A. Bruining, J. W.
Mouton, and H. A. Verbrugh. 1996. Patient-to-patient spread of a single
strain of Corynebacterium striatum causing infections in a surgical intensive
care unit. J. Clin. Microbiol. 34:2089-2094.

. Reference deleted.

. Clinical and Laboratory Standards Institute. 2006. Methods for antimicro-
bial dilution and disk susceptibility testing of infrequently isolated or
fastidious bacteria. M-45A. Clinical and Laboratory Standards Institute,
Wayne, PA.

4. Cone, L. A., N. Curry, M. A. Wuestoff, S. J. O’Connell, and J. F. Feller. 1998.
Septic synovitis and arthritis due to Corynebacterium striatum following an
accidental scalpel injury. Clin. Infect. Dis. 27:1532-1533.

5. Esterhai, J. R., and L. Gelb. 1991. Adult septic arthritis. Orthop. Clin. N. Am.
22:503-514.

6. Funke, G., A. VonGravenitz, J. Clarridge, and K. Bernard. 1997. Clinical
microbiology of coryneform bacteria. Clin. Microbiol. Rev. 10:125-159.

7. Hollis, D., and R. Weaver. 1981. Gram-positive organisms: a guide to iden-
tification. Centers for Disease Control, Atlanta, GA.

w N



658

10.

CASE REPORTS

. Kocazeybek, B., A. Ozder, S. Kucukoglu, E. Kuckates, H. Yuksel, and R.

Olga. 2002. Report of a case with polymicrobial endocarditis related to
multiresistant strains. Chemotherapy 48:316-319.

. Lee, P. P., D. A. Ferguson, Jr., and F. A. Sarubbi. 2005. Corynebacterium

striatum: an underappreciated community and nosocomial pathogen. J. In-
fect. 50:338-343.

Leonard, R. B., D. J. Nowowiejski, J. J. Warren, D. J. Finn, and M. B. Coyle.
1994. Molecular evidence of person-to-person transmission of a pigmented
strain of Corynebacterium striatum in intensive care units. J. Clin. Microbiol.
32:164-169.

. Markowitz, S. M., and P.E. Coudron. 1990. Native valve endocarditis caused

by an organism resembling Corynebacterium striatum. Clin. Microbiol.
28:8-10.

. Martin, M. C., O. Melon, M. M. Celada, J. Alvarez, F. J. Mendez, and F.

Vazquez. 2003. Septicaemia due to Corynebacterium striatum: molecular con-
firmation of entry via the skin. J. Med. Microbiol. 52:599-602.

. Martinez-Martinez, L., A. I. Suarez, J. Winstanley, M. C. Oretega, and K.

Bernard. 1995. Phenotypic characteristics of 31 strains of Corynebacterium
striatum isolated from clinical samples. J. Clin. Microbiol. 33:2458-2461.

. Otsuka, Y., K. Ohkusu, Y. Kawamura, B. Shigeyoshi, T. Ezaki, and S.

15.

16.

17.

19.

J. CLIN. MICROBIOL.

Kimura. 2006. Emergence of multidrug-resistant Corynebacterium striatum
as a nosocomial pathogen in long-term hospitalized patients with underlying
diseases. Diagn. Microbiol. Infect. Dis. 54:109-114.

Roux, V., M. Drancourt, A. Stein, P. Riegel, D. Raoult, and B. La Scola. 2004.
Corynebacterium species isolated from bone and joint infections identified by
16S rRNA gene sequence analysis. J. Clin. Microbiol. 42:2231-2233.

Shah, M., and J. Murillo. 2005. Successful treatment of Corynebacterium
striatum endocarditis with daptomycin plus rifampin. Ann. Pharmacother.
39:1741-1743.

Sierra, J. M., L. Martinez-Martinez, F. Vazquez, E. Gialt, and J. Vila. 2005.
Relationship between mutations in the gyr4 gene and quinolone resistance in
clinical isolates of Corynebacterium striatum and Corynebacterium amycola-
tum. Antimicrob. Agents Chemother. 49:1714-1719.

. Tang, Y. W., A. Von Graevenitz, M. G. Waddington, M. K. Hopkins, D. H.

Smith, H. Li, C. P. Kolbert, S. O. Montgomery, and D. H. Persing. 2000.
Identification of coryneform bacterial isolates by ribosomal DNA sequence
analysis. J. Clin. Microbiol. 38:1676-1678.

Tarr, P. E., F. Stock, R. H. Cooke, D. P. Fedorko, and D. R. Lucey. 2003.
Multidrug-resistant Corynebacterium striatum pneumonia in a heart trans-
plant recipient. Transplant Infect. Dis. 5:53-58.



