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Abstract
Antimicrobial therapies for Carbapenem-resistant Klebsiella pneumoniae (CR-KP) infections are limited. We
examine the presentation of and response to therapy in CR-KP osteomyelitis and soft tissue infections. Tigecycline
monotherapy cured mild infections; the addition of amikacin and colistimethate did not increase survival in dire
cases. The 45% mortality rate underscores the gravity of these infections.
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Abbreviations
CR-KP: Carbapenem-resistant Klebsiella pneumoniae; STIs: soft
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Short Communication
Carbapenem-resistant Klebsiella pneumoniae (CR-KP) are multidrug resistant organisms that cause infections associated with dire
morbidity and mortality. These microbes produce enzymes that
degrade carbapenems, a treatment of last resort for other infections.
CR-KP infections are commonly treated with tigecycline and
colistimethate, with an estimated 70% response rate [1,2]. Because
colistimethate and tigecycline have low bone distribution [2,3] and
only four CR-KP osteomyelitis cases have been reported [4-6], we
describe an additional four cases. Moreover, we report 14 CR-KP soft
tissue infections (STIs) and compare therapeutic responses to those
observed in animal studies [7]. Our experience may inform
therapeutic approaches and outcomes.
This IRB approved study was conducted at a 1400 bed academic
medical center and consisted of a retrospective review of all adult
patients with CR-KP positive clinical specimens of bone or soft tissue
from March 2006-January 2011. CR-KP positive was defined as K.
pneumoniae isolates with MIC ≥ 2 mcg/mL against ertapenem,
meropenem, or imipenem and a positive modified Hodge test (CLSI
2009).
Osteomyelitis was defined by CR-KP positive isolates from bone
biopsies. Samples to identify soft tissue infections were collected from
soft tissue wounds that had no X-ray and/or clinical evidence of
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osteomyelitis including no exposed bone or positive probe to bone
test. Soft tissue infections were defined as positive CR-KP isolates from
these samples coupled with positive clinical findings including edema,
erythema, and/or purulent drainage from the wound as well as fever
and/or leukocytosis. CR-KP colonization was defined as positive skin
and/or soft tissue isolates from dry wounds with no edema, erythema,
pain, leukocytosis or fever. Sepsis was defined by a clinical and/or
expiratory note describing sepsis in the patient. Other evidence of
sepsis included two or more positive blood cultures, fever of greater
than 100.4 F, and WBC >12,000 or <4,000. The primary outcome
examined was overall survival, and secondary outcomes included days
to mortality or treatment cessation, length of hospital stay (LOS)
related to CR-KP infection, and antibiotic regimens. The antibiotic
side effects examined were a positive C. difficile culture with diarrhea
and nephrotoxicity as noted by the initiation of dialysis therapy and/or
by a change in antibiotic regimen secondary to decreasing renal
function. Comorbidity scores were calculated using the Charlson
Comorbidity Index [8].
Between 2006 and 2011, four bone and fourteen soft tissue CR-KP
infections occurred at our hospital, and the all cause mortality was
50% and 43% respectively. Although the classical definition of
attributable mortality is less than 30 days post infection, several nonsurvivors, who exceeded this time period, are retained to illustrate
infection progression.
Patients with osteomyelitis had a median age of 69 (67–74) years,
spent a median of 24 (7–43) days in the hospital, and had a median of
41 (32–204) days until mortality or treatment cessation (Table 1).
Median peak WBC count and CRP were 12.88 (10.31–25.31) K/μL and
12.8 (2.7–19.6) mg/dL respectively. Three of the four osteomyelitis
patients had polymicrobial infections, and the two non-survivors were
treated with debridement and antibiotics while the two survivors were
treated with amputation and antibiotics. One patient had
nephrotoxicity and C. difficile infection secondary to antibiotic use.
Osteomyelitis patients had a median Charlson comorbidity score of 7
(4.75–7.75), and non-survivors had slightly more comorbidities. Both
of the patients that died had intermediate resistance to at least 1/3 of
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the antimicrobials used and developed sepsis secondary to underlying
decubitus ulcers.
Among patients with soft tissue infections (STIs), survivors and
non-survivors had similar ages, comorbidity scores, and rates of
immune suppression (Table 2). However, longer hospital stays, higher
peak WBC and CRP, and a higher incidence of polymicrobial
infections (83% vs. 63%) and sepsis (67% vs. 13%) suggest more severe
infections in non-survivors. Three of the sepsis cases (one survivor and
two non-survivors) were caused by CR-KP and two were caused by
unidentified organisms. Co-infecting organisms in the soft tissue
included P.aeruginosa (33% vs. 0%, non-survivors vs. survivors),

methicillin resistant S. aureus (17% vs. 0%), and vancomycin resistant
enterococci (17% vs. 13%). In both groups, the majority of patients
were treated with debridement and antibiotics, followed by treatment
with amputation and antibiotics, and treatment with antibiotics alone.
The three patients treated with amputation and antibiotics had stumps
infected with CR-KP. In all three cases, the stumps were revised
because of worsening necrosis of the incision wounds and concern for
osteomyelitis. However, these were considered soft tissue infections
because pre-surgical imaging did not suggest osteomyelitis in any of
the cases, and bone cultures, performed in only one case, were
negative.

Patient 1

Patient 2

Patient 3

Patient 4

No

No

Yes

Yes

Gender

M

M

F

M

Race

White

White

Black

White

Age, years

68

75

70

67

Location of Infection

Pressure ulcer

Pressure ulcer

Diabetic wound

Diabetic wound

Source of isolate

Sacral bone

Sacral tissue and MRI showed
Metatarsal bone
evidence of sacral OM

Bone from TMA site

Tigecycline

2S

4I

N/A

0.25 S

Amikacin

32 I

16 S

16 S

16 S

Colistimethate

N/A

N/A

N/A

8U

Polymicrobial infection

Yes

Yes

Yes

No

Co-infecting organisms

C. freundii, E. faecalis, E.
VRE
coli, P. vulgaris

C. koseri

None

Sepsis

Yes–organism not identified

Yescoagulase
staphylococcus

No

No

Hospital LOS, days

8

40

6

44

Days to mortality or treatment cessation

257

39

34

49

Peak WBC count (K/μL)

10.01

28.9

11.21

14.55

Peak CRP (mg/dL)

9.7

19.6

12.8

N/A

Comorbidities

Diabetes mellitus,
kidney
disease,
transplant

Charlson comorbidity score

7

8

4

7

Course of action

Debridement and antibiotics

Debridement and antibiotics

Amputation and antibiotics

Amputation and antibiotics

Antibiotic therapy

Imipenem, ciprofloxacin

Tigecycline,
amikacin

Tigecycline

Tigecycline
colistimethatea,b

Survivor
Demographics

MIC

negative

Infection characteristics

chronic
Diabetes mellitus, chronic kidney Diabetes
organ
disease, CHF
CHF

colistimethate,

mellitus,

CAD, Diabetes mellitus, chronic
kidney disease, CAD

and

Abbreviations: CAD, coronary artery disease; CHF: Congestive Heart Failure; I: Intermediate susceptibility; LOS, Length of Stay; MIC: Minimum Inhibitory
Concentration; N/A, not available; OM: osteomyelitis; S: Susceptible; TMA: Transmetatarsal Amputation; U: Unknown susceptibility
aPatient

had C. difficile infection
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bPatient

had acute, antibiotic induced nephrotoxicity

Table 1: Characterization of patients with osteomyelitis
Soft tissue non- Soft tissue survivors
survivors (n=6)
(n=8)

Amikacin

16 (12.5–28; 6 )

16 (13–64; 6)

Tigecycline

1 (17)a

4 (50)

Colistimethate

1 (17)

1 (13)

Gentamicin

0 (0)

2 (25)

Amikacin

1 (17)

0 (0)

Meropenem

0 (0)

1 (13)

Antibiotic therapy, n (%)
Demographics
Monotherapy
Gender, Female

4 (67)

4 (50)

Race, Caucasian

3 (60)

3 (38)

Age, years, median (IQR)

58 (47 - 74)

58 (48.5–66.5)
Dual therapy

Location of Infection, n (%)
Tigecycline and:
Post-operation wound

2 (33)

5 (63)

Pressure ulcer

2 (33)

2 (25)

Diabetic wound

0 (0)

1 (13)

Miscellaneous*

2 (33)

0 (0)

Polymicrobial, n (%)

5 (83)

5 (63)

Developed sepsis, n (%)

4 (67)

1 (13)

Triple therapy
colistimethate, 3 (50)b

0 (0)

Abbreviations: LOS: Length of Stay; CAD: Coronary Artery Disease; CHF:
Congestive Heart Failure;

Infection
characteristics,
median (IQR)
Hospital LOS, days

18 (11–59)

9.5 (4.5–22)

Days to final outcome

18 (12–130)

27 (12–78)

Peak WBC count (K/μL)

17.47

11.1 (7.91–16.49)

(12.88–32.01)
Peak CRP (mg/dL)

Tigecycline,
amikacin

24.8, n=1

3.1 (1.15–4.75), n = 4

Diabetes mellitus

4 (67)

6 (75)

Chronic kidney disease

3 (50)

6 (75)

CAD

4 (67)

4 (50)

CHF

1 (17)

4 (50)

Organ transplant

2 (33)

2 (25)

Other immune suppression

1 (17)

0 (0)

Comorbidities, n (%)

Charlson comorbidity score, 6.5 (2.75–7.5)
median (IQR)

5 (3.25–6)

Course of action, n (%)
Amputation+antibiotics

2 (33)

1 (13)

Debridement+antibiotics

3 (50)

6 (75)

Antibiotics alone

1 (17)

1 (13)

Tigecycline

1.5 (0.63–6.5; 4)

1 (0.5–1.5; 5)

Colistimethate

5 (2–8; 2)

5 (2 – 8.75; 4)

MIC, median (IQR; n)
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aC.

difficile infection in one patient of the cohort.

bAcute,

antibiotic induced nephrotoxicity in one patient of the cohort.

*Miscellaneous

location of infection: One patient had a superficial left shin
abrasion of unknown origin that developed CR-KP infection. The second patient
developed a sudden onset erythematous lesion in the left middle thigh and
perineum in the setting of neutropenia that became infected with CR-KP.

Table 2: Characterization of patients with soft tissue infections
Tigecycline mono or dual therapy was used in 100% of survivors
and 50% of non-survivors. Tigecycline, colistimethate, and amikacin
triple therapy was utilized in half of the non-survivors and none of the
survivors. The organisms affecting survivors and non-survivors did
not differ in their sensitivities to tigecycline, colistimethate, and
amikacin. Seven percent of STI patients experienced C. difficile
infection or nephrotoxicity secondary to antibiotic use.
The overall 45% mortality rate underscores the gravity of these
infections and is consistent with previous reports [9]. Although a
previous study reported 22% mortality in CR-KP patients with sepsis
[10], 100% of the osteomyelitis patients and 80% of the STI patients
with sepsis died. This high mortality may be due to the diminished
general health of our patients. Notably, both of the osteomyelitis and
33% of the STI non-survivors developed CR-KP secondary to pressure
ulcers, which are common in debilitated individuals. Further, the two
osteomyelitis non-survivors were treated with debridement and
antibiotics, while the two survivors were treated with amputation and
antibiotics. Although this is a small sample size, our findings support
aggressive treatment CR-KP osteomyelitis, and we recommend serious
consideration of surgical management (amputation) in these cases.
Among patients with soft tissue infections, non-survivors had
longer hospital stays, higher peak WBC and CRP counts, and
increased rates of polymicrobial infections and sepsis. These clinical
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findings may be more consistent with patient outcomes than
comorbidity scores. Further, non-survivors were more likely to have
co-infections with P.aeruginosa, MRSA, and/or VRE, suggesting that
co-infecting virulent and/or drug resistant organisms may exacerbate
disease. It should be noted that two patients had CR-KP positive
isolates from dry wounds with no other symptoms of infection. These
patients were not treated with antibiotics or any other therapy and
were not included in this analysis as they were considered cases of
colonization rather than infection. The possibility of CR-KP
colonization should be considered in dry, non-symptomatic wounds.

manuscript. All authors read and approved the final manuscript prior
to publication.

Two osteomyelitis and eleven STI patients were treated with
tigecycline mono or dual therapy, and there was 100% and 73%
survival among these patients respectively. This is consistent with an
animal study that found tigecycline was a highly effective
monotherapy against CR-KP [7] as well as case studies that have
reported the successful use of tigecycline in CR-KP osteomyelitis [5]
and STIs [11]. However, meta-analyses have reported increased
mortality in patients treated with tigecycline [12]. Our success with
tigecycline mono and dual therapy may be related to its effective anti –
CR-KP activity and milder infections among survivors.

1.

All of the patients treated with tigecycline, colistimethate, amikacin
triple therapy died (one osteomyelitis and three STI patients). This
high mortality may be associated with more severe disease in these
patients. However, tigecycline and colistimethate were somewhat
antagonistic in a murine thigh model of CR-KP [7], and amikacin may
be less active in bone because of the acidic environment of synovial
fluid [13]. Moreover, a case series of CR-KP prosthetic joint infections
reported the emergence of colistimethate and amikacin resistance on
therapy, suggesting that these may not be the best choice for severe
CR-KP infections [14].
Because there is no optimal treatment for CR-KP infections, a
number of therapeutic combinations are reported here. We found that
tigecycline monotherapy and dual therapy was associated with survival
in cases of mild to moderate infection, consistent with animal studies
and case reports. However, tigecycline, amikacin, and colistimethate
triple therapy was not efficacious in more severe CR-KP osteomyelitis
and STIs. Our observations are limited by the small number of
occurrences and the retrospective nature of the data, and the choice of
antibiotics tended to follow the severity of illness. However, the high
mortality highlights the need for novel antibiotics.
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