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Introduction

Soft tissue infections are common in patients with end-
stage renal failure, particularly those with concomitant
diabetes and peripheral vascular disease. They usually
affect the lower extremities and their microbiology is do-
minated by gram-positive organisms. Empirical antibiotic
treatment is usually straightforward, and success or failure is
heavily influenced by the degree of underlying vascular
disease. We present an unusual case of treatment-resistant
and eventually fatal soft tissue infection of the shoulder in a
maintenance haemodialysis patient with known chronic
lymphocytic leukaemia (CLL). We discuss the case with
emphasis on the differential diagnosis of unusual soft tissue
infections in a dialysis patient. We review possible causes
of treatment failure, unusual organisms and implications
for treatment.

Case

A 59-year-old male patient on haemodialysis presented
feeling unwell and with fever of 2 days duration.

The patient had a complex previous medical history and
had been chronically ill for quite some time. He had com-
plications of diabetes in the form of peripheral neuropathy
and diabetic retinopathy. Furthermore, he had been diag-
nosed with CLL in July 2003, for which he had initially
received chemotherapy with fludarabine and cyclophospha-
mide. As of now, he was deemed stable in this regard and
had not received any chemotherapy whatsoever for several
years. However, on the background of diabetic nephropathy,
he had started haemodialysis in 2006. Four weeks prior to
the current admission, he had been hospitalized with urinary
tract infection and prostatic abscess. Cultures had been neg-
ative. He had received a prolonged course of ciprofloxacin
and had made an uneventful recovery.

On presentation to our unit, he was febrile and appeared
acutely unwell, although he was still haemodynamically
stable. Clinical examination showed extensive soft tissue
swelling with erythema on his left shoulder and a 4-mm

central necrotic lesion (Figure 1) as well as enlarged cer-
vical lymph nodes bilaterally. On closer questioning, the
patient recalled some minor trauma to the shoulder a few
days previously. This minor trauma involved grazing his
left shoulder along the door edge. The injury was so trivial
that he had not taken any notice of it. The remainder of the
clinical examination was unremarkable and no other focus
of infection was apparent. Specifically, the chest was clear
and the abdomen entirely soft. There was no evidence of
diabetic foot infection. There was no suggestion of pro-
static infection on clinical examination. His native forearm
fistula looked unremarkable as well. C-reactive protein was
271 mg/L and plasma lactate was 4.6 mmol/L/(normal,
0.5–2.2 mmol/L). Blood cultures were obtained and intra-
venous co-amoxiclav was begun. However, the next day
the patient was unchanged clinically and remained pyrexial
while the soft tissue swelling had increased in size and also
became very tender. The clinical impression was now clearly
that of spreading cellulitis. Serum immunoglobulin levels came
back as normal. Unusual organisms were considered as well as
necrotizing fasciitis and a retained foreign body. Blood cultures
were now reported as growing a gram-negative organism. Co-
amoxiclav was replaced with Meropenem. Another detailed
history was obtained; the patient lived in a rural location in

Fig. 1. The patient’s left shoulder on Day 3.
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North Lancashire. He had not travelled abroad and denied any
recent contact with animals. A plain X-ray of the shoulder
showed no evidence of a foreign body. Soft tissue ultrasound
showed no collection. Magnetic resonance imaging (MRI) of
the shoulder showed soft tissue swelling without evidence of
joint involvement and no necrotizing fasciitis (Figure 2). The
organism grown from peripheral blood was subsequently iden-
tified as Serratia marcescens, sensitive to Meropenem, but
resistant to co-amoxiclav. A diagnosis of cellulitis and sepsis
due to S. marcescens was made. We decided against trying to
isolate the organism from a swab from the central necrotic
lesion or from a punch biopsy, as we did not think this would
be successful after several days of antibiotic treatment. How-
ever, the patient deteriorated further clinically. A decision was
made against transfer to an intensive care unit, in line with the
patient’s previous wishes and substantial co-morbidity. He
passed away on Day 11 of his hospital stay. An autopsy was
not performed.

Discussion

Soft tissue infections are common in patients with end-
stage renal failure. In a large study from the USA covering
424 700 days of dialysis experience, soft tissue infections
(excluding post-operative cases) accounted for as many as
28.3% of all infectious episodes [1]. The majority of those
(19.3% of all infections) occurred below the knee [1]. The
microbiology of those infections is not well characterized
and large studies are lacking. A small Turkish study in
diabetic patients on dialysis suggested that the majority
(59%) of soft tissue infections of the foot are caused by
gram-positive organisms with Staphylococcus aureus in
the lead [2]. In comparison, soft tissue infections that do
not affect the lower extremities and are not connected to
vascular access are less common and also less well charac-

terized. In the large American study cited above [1], such
infections accounted for only 9% of all episodes (again
excluding post-operative infections); the majority were
community acquired [1].

Empirical therapy for moderate to severe cellulitis must
include an agent that covers Streptococcus pyogenes and
S. aureus, which are culprits in the majority of cases. Factors,
such as immunosuppression, previous methicillin-resistant
Staphylococcus aureus (MRSA) infection, previous antibi-
otic therapy and duration need to be considered as well.
Failure to respond to standard treatment within 24 h or rap-
idly progressing area of cellulitis should prompt a thorough
re-evaluation. The differential diagnosis of soft tissue infec-
tions not responding to standard treatment is extensive. Un-
usual pathogens (Table 1) or resistance patterns need to
be considered as well as underlying structural causes and
disorders that may mimic soft tissue infection (Table 2). In
this case, calciphylaxis seemed unlikely as calcium, phos-
phate and parathyroid hormone were well controlled. The
rapid onset of symptoms and quick deterioration argued
against neutrophilic dermatosis, cutaneous metastasis and
diabetic muscle infarction. We felt that clostridial infection
was also very unlikely, as there was no evidence of gas
clinically or on imaging. Infection due to Pasteurella sp.
and Capnocytophaga sp. were also quickly excluded from
our differential diagnosis, as the patient denied any contact
with pets whatsoever. Vibrio and Aeromonas are rare but
feared causes of severe soft tissue infection, which are usu-
ally acquired from contaminated brackish water or shellfish.
Such exposure was also denied by the patient. Cutaneous
anthrax was also briefly considered, not least due to the
central necrotic lesion seen in this case. The disease is caused
when spores of Bacillus anthracis are introduced subcutane-
ously, usually after contact with animals or their products,
such as hides. Occasional cases have been seen in the USA in
mail handlers during the 2001 bioterrorism attacks. Exten-
sive oedema out of proportion to the size of the lesion and
lymphadenopathy are also typical of cutaneous anthrax. Fe-
ver and malaise are also seen. However, there was no history
of contact with animals or their products or mail effectively
excluding this possibility. A retained foreign body was ex-
cluded with plain X-ray, although this, too, seemed unlikely
based on the history. In summary, we felt necrotizing fascii-
tis or cellulitis due to an unusual organism were the most
likely diagnoses.

Necrotizing fasciitis is a rare but feared subtype of severe
soft tissue infection. One clinical hallmark of the disorder is
an acutely unwell patient with pain that is out of proportion
to the local findings on examination. The disease is char-
acterized by the presence of liquefied, necrotic tissue and
inflammation resulting from bacterial exotoxins released in
the fascial layers. Early definitive imaging is crucial as
surgical debridement of necrotic tissue is the mainstay of
treatment of necrotizing fasciitis. A typical finding on
imaging is thickening and enhancement of one or both of
the superficial and deep fascial layers. Magnetic resonance
imaging is often regarded as the investigation of choice in
diagnosing necrotizing fasciitis. Perifascial fluid is detected
with MRI as abnormally increased signal intensity on
T2-weighted images along thickened deep fascial planes.
Gas bubbles, if present, appear as focal signal voids on both

Fig. 2. MRI of the patient’s shoulder. Note extensive soft tissue swelling.
There is no evidence of necrotizing fasciitis or abscess.
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T1- and T2-weighted images. In our case, these findings
were all absent. This gave us confidence to exclude necrot-
izing fasciitis in our patient.

Eventually, in our patient, blood cultures grew Serratia
and the diagnosis became clear. Serratia marcescens is fac-
ultative anaerobic, gram-negative bacillus, belonging to the
family Enterobacteriaceae (Figure 3). Due to its ubiquitous
presence in the environment and its preference for damp
conditions, S. marcescens is also commonly found growing
on bathroom tiles where it manifests as a pink discoloura-
tion and slimy film feeding off phosphorus-containing
materials such as soap and shampoo residue. Serratia mar-
cescens was discovered in 1819 by Venetian pharmacist
Bartolomeo Bizio, as the cause of blood-red discolouration
of Polenta [3]. Bizio named the organism 4 years later in
honour of physicist Serafino Serrati; the epithet marcescens
(Latin for ‘decaying’) was chosen as Bizio believed that the
organism decayed into a mucilage-like substance upon
reaching maturity. Serratia marcescens has been evoked
as a naturalistic explanation of medieval accounts of the
miraculous appearance of blood on the Eucharist. One ex-
ample, the miracle of the mass at Bolsena in 1263, is com-
memorated in Raphael’s famous fresco in the Vatican’s
Apostolic Palace [4].

An increased prevalence of infections caused by Serratia
species in intensive care units has been reported. Infections
include bacterial meningitis, hospital-acquired bacterial
pneumonia and ventilator-associated bacterial pneumonia.
Soft tissue infection due to Serratia is uncommon [5, 6]. It
has also been reported as a sequel to Iguana bites [7] and we
excluded this cause of the infection in our patient. More
recently, Serratia infections due to contaminated Propofol
ampoules have been described [8]. Other nosocomial out-
breaks have been reported as well. It has been found that
Serratia is resistant to chlorhexidine [9], which is a com-
monly used disinfectant in hospitals. We were unable to
ascertain the source of infection in our patient but we spec-
ulate he may have acquired it in the shower following his
minor trauma to the shoulder. Similar cases of severe and
even fatal Serratia soft tissue infection in dialysis patients
have been described previously [10]. Pascual et al. [11]
reported a fatal case of Serratia tissue and muscle infection
in a renal transplant recipient [11]. Fatal cases of Serratia
infection have also been described previously in leukaemia
[12]. We also considered acquired immunoglobulin deficiency
due to CLL in our differential diagnosis. Up to a quarter of

Table 1. Soft tissue infections that do not respond to standard therapy

Organism Comment

Capnocytophaga
infection

Usually acquired through dog bite, systemic infection more common in asplenia

Clostridial infection Contamination by Clostridia spores (spectrum of wound contamination, anaerobic cellulitis and gas gangrene)
Cutaneous anthrax Contact with animal hide, wool or hair (sheep, goat, cattle) or contaminated heroin in intravenous drug abuse
Eikenella corrodens Human bites. Organism is usually resistant to macrolide antibiotics.
Necrotizing fasciitis Pain out of proportion of clinical findings. Group A Streptococci leading cause in absence of co-morbidity. Other microbes

including Staphylococci, Escherichia coli and other aerobes and anaerobes more common if underlying disease present; MRI
diagnostic.

Pasteurella infection Acquired from cat or dog bites
Pseudomonas spp. Typically causes ecthyma gangrenosum, often in patients with underlying neutropenia
Pyomyositis Often Staphylococcus aureus
Vibrio/Aeromonas Contact with brackish salt water or shellfish

Table 2. Disorders that can mimic soft tissue infectionsa

Calciphylaxis Vascular calcification and skin necrosis in
end-stage renal failure; deep biopsy required

Cutaneous metastases Biopsy is crucial to diagnosis
Diabetic muscle

infarction
Sterile cultures unless superimposed infection

in poorly controlled diabetes
Pyoderma

gangrenosum
Underlying IBD or malignancy, often

refractory to treatment
Foreign body History and imaging (plain X-ray) will often

yield the correct diagnosis, surgical
exploration required.

aIBD, inflammatory bowel disease.

Fig. 3. Panel (A) Peripheral blood with gram-negative rods. Panel (B)
Serratia marcescens (pink) on Muller-Hinton agar.
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patients with CLL may have hypogammaglobulinaemia. How-
ever, this was not the case in our patient. Interestingly, Serratia
can rarely cause necrotizing fasciitis as well [13], although this
diagnosis was excluded by imaging as detailed above.

Generally, the organism is usually also susceptible to
third generation cephalosporins, although these may be
unreliable due to induced AmpC enzyme with resistance
emerging [14]. The organism in our case was sensitive to
Meropenem and treated accordingly. However, in hind-
sight, one wonders whether another antimicrobial agent,
such as ciprofloxacin or gentamicin, could have been added
to the regime. Quinolone resistance has been reported due
to outer membrane protein alterations that result in dimin-
ished antibiotic permeability and mutations in the genes
controlling DNA supercoiling although the isolate in this
case was sensitive to the drug. All S. marcescens produce
aminoglycoside-destroying enzymes that may affect the ac-
tivity of tobramycin and amikacin but not gentamicin 16.
Unfortunately, aminoglycosides could not be administered
in our case due to a previous history of severe ototoxicity,
with persistent hearing impairment, as a sequel to Genta-
micin treatment. It is worthwhile to note that strains of
Meropenem-resistant Serratia sp. carry an inducible AmpC
beta-lactamase which can be selected out by exposure to
some beta-lactam antibiotics. Initial isolates can appear
sensitive but resistance can emerge on treatment with ceph-
alosporins as well as outbreaks due to multiresistant strains
[15]. Despite the unfortunate outcome, the case provided an
opportunity to reiterate the differential diagnosis and man-
agement of soft tissue infection, including unusual causes
and organisms.

Conclusions

Our patient presented with progressive Serratia cellulitis that
did not respond to initial antibiotic treatment with intravenous
co-amoxiclav. A broad variety of uncommon organisms were
considered as well as disorders that mimic soft tissue infec-
tions. Once S. marcescens was isolated from the bloodstream
and sensitivities became available, the treatment was
switched to Meropenem, which also penetrates extremely
well into soft tissues. We therefore feel that the failure of
treatment was due to the concomitant disease and immuno-
suppression in the context of chronic lymphatic leukaemia,
rather than the choice of the antibiotic regime.

Teaching points

(1) While the differential diagnosis of soft tissue infection
not responding to standard treatment is extensive, it is
important to bear in mind that the area of cellulitis can
extend over the first 48 h of treatment even when a
fully sensitive typical organism is the cause. Providing
the patient is systemically improved, this should not be
regarded as evidence of treatment failure

(2) Causes of genuine failure of the antibiotic treatment in-
clude MRSA infection necrotizing fasciitis, clostridial in-
fection, retained foreign body and unusual bacteria
associated with contact to animals or contaminated water.

(3) Serratia marcescens is a gram-negative rod that often
colonises chronic cutaneous ulcers or wounds and may
be implicated in hospital-acquired soft tissue infections.
It is an infrequent cause of cellulitis acquired in the
community but severe and fatal infections can occur
in the immunocompromised host.

(4) Infections due to gram-negative bacilli, such as
S. marcescens, should be considered as a cause of
cellulitis in immunocompromised patients.

Conflict of interest statement. None declared.

References

1. Berman SJ, Johnson EW, Nakatsu C et al. Burden of infection in
patients with end-stage renal disease requiring long-term dialysis. Clin
Infect Dis 2004; 39: 1747–1753

2. Cetin M, Ocak S, Kuvandik G et al. Comparison of bacterial isolates
cultured from hemodialysis patients and other patients with diabetic
foot and their antimicrobial resistance. Ren Fail 2007; 29: 973–978

3. Reid RD. Studies on Bacterial Pigmentation: I. Historical Consider-
ations. J Bacteriol 1936; 31: 205–210

4. Gaughran ER. From superstition to science: the history of a bacterium.
Trans N Y Acad Sci 1969; 31: 3–24

5. Langrock ML, Linde HJ, Landthaler M et al. Leg ulcers and abscesses
caused by Serratia marcescens. Eur J Dermatol 2008; 18: 705–707

6. Rallis E, Karanikola E, Papadakis P. Severe facial infection caused by
Serratia marcescens in an immunocompetent soldier. J Am Acad
Dermatol 2008; 58: S109–S110

7. Grim KD, Doherty C, Rosen T. Serratia marcescens bullous cellulitis
after iguana bites. J Am Acad Dermatol 2010; 62: 1075–1076

8. Muller AE, Huisman I, Roos PJ et al. Outbreak of severe sepsis due to
contaminated propofol: lessons to learn. J Hosp Infect 2010; 76:
225–230

9. Bosi C, Davin-Regli A, Charrel R et al. Serratia marcescens nosoco-
mial outbreak due to contamination of hexetidine solution. J Hosp
Infect 1996; 33: 217–224

10. Bornstein PF, Ditto AM, Noskin GA. Serratia marcescens cellulitis in
a patient on hemodialysis. Am J Nephrol 1992; 12: 374–376

11. Pascual J, Liano F, Rivera M et al. Necrotizing myositis secondary to
Serratia marcescens in a renal allograft recipient. Nephron 1990; 55:
329–331

12. Parment PA, Hagberg L. Fatal Serratia marcescens epiglottitis in a
patient with leukaemia. J Infect 1987; 14: 280

13. Curtis CE, Chock S, Henderson T et al. A fatal case of necrotizing
fasciitis caused by Serratia marcescens. Am Surg 2005; 71:
228–230

14. Bagattini M, Crispino M, Gentile F et al. A nosocomial outbreak of
Serratia marcescens producing inducible Amp C-type beta-lactamase
enzyme and carrying antimicrobial resistance genes within a class 1
integron. J Hosp Infect 2004; 56: 29–36

15. Knowles S, Herra C, Devitt E et al. An outbreak of multiply resistant
Serratia marcescens: the importance of persistent carriage. Bone Mar-
row Transplant 2000; 25: 873–877

Received for publication: 18.6.11; Accepted in revised form: 20.6.11

442 R. Rathore et al.


