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Background and Purpose: To clarify the clinical characteristics and risk factors for mortality of patients with
Morganella morganii bacteremia.

Methods: Retrospective analyses were undertaken of patients with M. morganii bacteremia treated at Chang
Gung Memorial Hospital-Kaohsiung, between 2002 and 2003.

Results: Seventy three patients (39 male, 34 female; mean age, 64.43 + 16.58 years) were included for analyses.
At least 1 underlying disease was found in 91.7% of patients. Solid tumors (34.2%) was most frequently encountered.
The leading portals of entry of M. morganii bacteremia were the urinary tract (37 %) and hepatobiliary tract (22%).
Of all included cases, 69.9% were community-acquired and 45.2% were of polymicrobial bacteremia. Urinary
tract (47.5%) and hepatobiliary tract (30.3%) were the major portals of entry among patients with monomicrobial
and polymicrobial M. morganii bacteremia, respectively. The overall mortality rate was 38.3%. Susceptibility testing
of M. morganii isolates showed universal resistance to cephalothin, and high resistance rates to cefuroxime
(90.5%) and amoxicillin-clavulanate (95.9%). In contrast to 95.8% of the M. morganii isolates being ceftazidime-
susceptible, 19.4% were imipenem-resistant. Univariate analyses showed that fatal cases had significantly higher
rates of diabetes mellitus (50% vs 20%, p=0.010), polymicrobial bacteremia (64.2% vs 33.3%, p=0.015) and
inappropriate antibiotic treatment (67.8% vs 26.6%, p=0.001). Multivariate analysis indicated that inappropriate
antibiotic treatment (odds ratio, 4.8, p=0.002) was the only independent risk factor for mortality.

Conclusions: M. morganii bacteremia frequently occurred secondary to urinary tract or hepatobiliary tract infection,
and was associated with a high mortality rate, especially for those not receiving appropriate antibiotic therapy.
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I ntroduction

Morganella morganii is the only species in the genus
Morganella which belongs to the tribe Proteeae of
the Enterobacteriaceae family; the other 2 generain
the tribe Proteeae are Proteus and Providencia [1].
Organisms in the tribe Proteeae are normally found in
soil, water and sewage, and also are part of the normal
fecal florain humans. Among these microorganisms,
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Proteus species are the most common human pathogens
and cause avariety of community- and hospital-acquired
infectious diseases, including urinary tract infection,
septicemia and wound infection [2-4]. In contrast,
bacteremia due to M. morganii remains relatively
uncommon. M. morganii bacteremia has been reported
to occur sporadically either as isolated cases or in
series as hospital outbreaks [5-15]. The incidence of
M. morganii bacteremia, and the clinical features,
primary infection sites, underlying diseases and
risk factors for mortality of patients with M. morganii
bacteremia have not been extensively studied. We
performed a retrospective study of patients with
M. morganii bacteremiatreated at our hospital.
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M ethods

Patients with M. morganii bacteremia treated at Chang
Gung Memorial Hospital, Kaohsiung, a 2500-bed
tertiary referral medical center in southern Taiwan,
between January 1, 2002 and December 31, 2003 were
identified by searching the blood culture log book
of the Clinical Microbiology Laboratory. The medical
charts of these patients were reviewed to collect
information regarding demographic characteristics,
underlying diseases, primary infection foci of M.
morganii bacteremia, other concurrent isolated micro-
organisms, antibiograms, antibiotic therapy, treatment
ward and unit, and clinical outcomes.

M. morganii isolates were identified based on the
following findings: microscopic recognition of Gram-
negative bacilli that fermented mannose but not lactose,
maltose and inositol; the presence of indole, tryptophan
deaminase, urease, and ornithine decarboxylase; aswell
as the production of hydrogen sulfide [1,16]. In vitro
antimicrobial susceptibility testing was performed on
aroutine clinical service basis using the Kirby-Bauer
disk-diffusion method. The procedures and breakpoint
diameters for interpretation were in accordance with
National Committee for Clinical Laboratory Standards
(NCCLYS) [17]. Tested antibiotics included amoxicillin-
clavulanate (30 pg per disk), piperacillin (100), cephal o-
thin (30), cefuroxime (30), ceftazidime (30), imipenem
(10), amikacin (30), gentamicin (10), ciprofloxacin (5)
and trimethoprim-sulfamethoxazole (1.25/23.75). Both
intermediate and resistance in susceptibility testing
were grouped as resistance. The minimal inhibitory
concentrations (MI1Cs) were measured by the Vitek
System (BioMérieux Vitek, Hazelwood, MO, USA).

Steroid use was classified based on a documented
history of using steroids or if a history of using herbal
drugs of unknown ingredients was noted with clinical
evidence of Cushingoid habitus (e.g., moon face,
buffalo hump, central obesity and paper-thin skin).
Polymicrobial bacteremia was defined as isolation of
one or more additional microorganisms other than
M. morganii from blood culture. Bacteremia was
considered hospital-acquired if blood culture performed
>72 h after admission was positive for M. morganii in a
patient who was asymptomatic for bacteremia at
admission, or if the M. morganii bacteremia had been
acquired during stay at another hospital or long-term
care facility before admission. Portal of entry of
M. morganii was identified based on presentations
clinically suggestive of the specific inflammatory site.
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Inappropriate antibiotic therapy was defined as the use
of antibiotics within 3 days of the onset of bacteremia
to which all of the isolated microorganisms from blood
were non-susceptible in vitro. A recurrent episode
of M. morganii bacteremia was defined as a repeated
growth from blood culture in the same patient during
the same hospital stay. In cases of recurrent M. morganii
bacteremia, only the first episode of bacteremia was
included in the analyses. Mortality was defined as death
within 14 days after the onset of M. morganii bacteremia.

Analysis of differences between fatal and non-fatal
groups and between monomicrobial and polymicrobial
M. morganii bacteremic groups was performed using
Student’st test or Mann-Whitney U test for continuous
variables, and chi-squared or Fisher’s exact test for
dichromatic variables. To determine the independent risk
factors for mortality, variables which were significant
in the univariate analyses of the fatal and non-fatal
M. morganii bacteremic groups were entered into a
multivariate logistic regression model. A 2-tailed p value
<0.05 was considered statistically significant.

Results

During the 2-year study period, 10,639 blood cultures
positive for bacterial and fungal growth were recorded,
of which 74 (0.69%) were positive for M. morganii,
163 (1.53%) positive for Proteus spp. and 12 (0.11%)
positive for Providencia spp. Except for 1 patient
who devel oped perihepatic abscess after choledocho-
cystectomy and had recurrent secondary M. morganii
bacteremia (only the first episode was counted), all of
the patients had a single episode of M. morganii
bacteremia. Of the 73 M. morganii bacteremic patients,
68.4% stayed in a general ward (medical ward, 49.3%;
surgical ward, 19.1%), 13.8% in an intensive care unit
and 17.8% in emergency services. The demographic and
clinical data of the patients are summarized in Table 1.
There were 39 males and 34 females. The mean age
was 64.43 £ 16.58 years (median, 67 years; range,
1-90 years), and 30 (41.0%) patients were older than
70 years. Of the 73 patients, 67 (91.7%) had more than
1 underlying disease. The 5 leading underlying diseases
were solid tumors (34.2%), diabetes mellitus (31.5%),
chronic renal failure (31.5%), hypertension (24.6%), and
non-neoplastic hepatobiliary disease (20.5%) [including
11 cases of choledocholithiasis, 3 liver cirrhosis, and
1 clonorchiasis]. Renal and/or bladder cancer was the
most common solid tumor, accounting for 12.3% of
all cases.
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Table 1. Demographic and clinical characteristics of 73 patients with Morganella morganii bacteremia

Total cases (n = 73)

Fatal group (n = 28)

Non-fatal group (n =45)

Characteristic No. (%) No. (%) No. (%) P
Age (years) 0.231
Mean (+ standard deviation) 64.43 + 16.58 67.46 + 16.11 62.55 + 16.78
Median (range) 67.0 (1-90) 70.5 (28-90) 66.0 (1-88)
>70 years 30 (41.0) 14 (50) 16 (35.5) 0.235
Gender 1.0
Male 39 (53.4) 15 (53.6) 24 (53.3
Female 34 (46.6) 13 (46.4 21 (46.7
Underlying disease?
DM 23 (31.5) 14 (50) 9 (20.0) 0.010
HTN 18 (24.6) 7 (25) 11 (24.4) 1.0
Non-neoplastic hepatobiliary disease 15 (20.5) 4 (14.2) 11 (24.4) 0.379
Urolithiasis 5 (6.8) 1(3.5) 4 (8.88) 0.643
Chronic renal failure 23 (31.5) 12 (42.8) 11 (24.4) 0.124
Solid tumors 25 (34.2) 13 (46.4) 12 (26.6) 0.127
Renal and/or bladder cancer 9 (12.3) 4 (14.2) 5(11.1) 0.725
Hepatobiliary and/or Gl tract cancer 7 (9.5 4 (14.2) 3 (6.6) 0.417
Cervical cancer 4 (5.4) 1 (3.5) 3 (6.6) 1.0
Others® 5 (6.8) 4 (14.2) 1(2.2) -
Steroid use 11 (15.0) 5(17.8) 6 (13.3) 0.739
Source of bacteremia
Urinary tract 27 (37) 7 (25.0) 20 (44.4) 0.135
Hepatobiliary tract 16 (22) 5(17.8) 11 (24.4) 0.573
Soft tissue 11 (15.0) 5(17.8) 6 (13.3) 0.739
Pleuropulmonary system 3 4.1) 3(10.7) 0 (0) 1.0
Others 3 (4.1) 19 (3.5) 2¢ (4.4) -
Unknown source 13 (17.8) 7 (25) 6 (13.3) 0.225
Community acquisition 51 (69.9) 17 (60.7) 34 (75.5) 0.200
Polymicrobial bacteremia 33 (45.2) 18 (64.2) 15 (33.3) 0.015
Inappropriate antibiotic therapy 31 (42.4) 19 (67.8) 12 (26.6) 0.001

Abbreviations: DM = diabetes mellitus; HTN = hypertension; Gl = gastrointestinal

aFor univariate analyses of the fatal and non-fatal groups.
bOne patient might have more than 1 underlying disease.

Including lung cancer (3 cases), nasopharyngeal carcinoma (1 case) and endometrium cancer (1 case).

dIntravenous catheter exit infection.

¢Including fallopian tube abscess and subdural empyema, each 1 case.

M. morganii bacteremia was community-acquired
in 51 cases (69.9%) and hospital-acquired in 22 cases
(30.1%). In patients with nosocomial M. morganii
bacteremia, the median duration of hospital stay before
the development of bacteremia was 10 days (range,
6-90 days). The portals of entry of M. morganii
bacteremiaincluded urinary tract (37%), hepatobiliary
tract (22%), soft tissue (15%) and pleuropulmonary
system (4.1%). Remarkably, abscess in the central
nervous system and the fallopian tube caused by
M. morganii were each found in 1 patient without any
underlying disease.

Among the 27 patientswith M. morganii bacteremia
secondary to urinary tract infection, 7 (25.9%) had
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renal and/or bladder cancer, 4 (14.8%) urolithiasis, 10
(37.0%) had an indwelling Foley catheter and 3 (11.1%)
had percutaneous nephrostomy catheter placement before
the development of bacteremia. Among the 16 patients
with M. morganii bacteremia secondary to hepatobiliary
tract infection, 11 (68.7%) had choledocholithiasis, 3
(18.7%) gastrointestinal and/or hepatobiliary tract
cancer, and 2 (12.5%) had an indwelling biliary draining
tube before the onset of bacteremia.

Among the 73 patients, 40 (54.8%) had mono-
microbial and 33 (45.2%) polymicrobial bacteremia.
Twelve had at least 3 microorganisms isolated from
blood. The concomitantly isolated bacteria, in order of
decreasing frequency, were Enterococcus spp. (n=7),
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Proteus spp. (n = 7), Pseudomonas aeruginosa (n = 6),
Klebsiella pneumoniae (n = 6), Escherichia coli
(n=5), Klebsiella oxytoca (n = 3), Bacteroides fragilis
(n=3), Aeromonas spp. (n = 3), viridans streptococci
(n = 2), Serratia marcescens (n = 2), group B
Streptococcus (n = 2), Enterobacter cloacae (n = 2),
Citrobacter freundii (n = 1), Clostridium perfringens
(n = 1), Saphylococcus aureus (n = 1), Pseudomonas
putida (n = 1) and Eikenella corrodens (n = 1).

The results of antimicrobial susceptibility testing
are shown in Table 2. The analysis revealed universal
resistance to cephalothin, high rates of resistance to
cefuroxime (90.5%) and amoxicillin-clavulanate
(95.9%), and high rates of susceptibility to ceftazidime
(95.8%). Notably, of the 72 M. morganii isolates tested
against imipenem, 6 had an (MIC) >16 pg/mL and the
other 8 had an MIC of 8 pg/mL, resulting in a 19.4%
imipenem resistance rate. None of the patients from
whom imipenem-resistant M. morganii strains were
isolated had previously received treatment with a
carbapenem. Of the 73 patients, 31 (42.4%) received
inappropriate antibiotic therapy, and 28 (38.3%) died
of M. morganii bacteremia.

Univariate analysis revealed that diabetes mellitus
(50% vs 20%, p=0.010), polymicrobial bacteremia
(64.2% vs 33.3%, p=0.015) and inappropriate antibiotic
treatment (67.8% vs 26.6%, p=0.001) were significantly
associated with mortdity (Table 1). Multivariate analysis,
however, showed that inappropriate antibiotic treatment
(oddsratio, 4.8, with 95% confidenceinterva 1.75-13.27,
p=0.002) wasthe only significant independent risk factor
for mortality.

The clinical characteristics of the patients with M.
morganii bacteremia in the monomicrobial and

Table 2. Susceptibilities of 73 Morganella morganii isolates
determined by disk diffusion method

No. of susceptible Susceptible

Antibiotic isolates/no. of rate? (%)
tested isolates

Amoxicillin-clavulanate 3/73 41
Piperacillin 59/71 83.0
Cephalothin 0/73 0
Cefuroxime 7/73 9.5
Ceftazidime 69/72 95.8
Imipenem 58/72 80.5
Amikacin 71/72 98.6
Gentamicin 41/72 56.9
Ciprofloxacin 60/71 84.5
Trimethoprim-sulfamethoxazole  34/73 46.5

atxclusive of intermediate and resistant isolates.
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polymicrobial groups are compared in Table 3. In the
monomicrobia group, chronic renal failure and solid
tumors (each 35%) were the 2 leading underlying
diseases, and urinary tract infection (47.5%) and primary
bacteremia (20%) were the 2 major infectious diseases.
Inthe polymicrobial group, non-neoplastic hepatobiliary
tract disease (36.4%) was the leading comorbidity,
and hepatobiliary tract infection (30.3%) and urinary
tract infection (24.2%) were the 2 most commonly
encountered infectious diseases. Patients in the
polymicrobia group were significantly more likely to
have non-neoplastic hepatobiliary disease (36.4% vs
7.5%, p=0.003), gastrointestinal and/or hepatobiliary
tract cancer (21.2% vs 0%, p=0.003), inappropriate
antibiotic treatment (57.6% vs 30%, p=0.031) and fatal
outcome (57.6% vs 22.5%, p=0.003) [Table 3].

Discussion

The high rate of community acquisition of M. morganii
bacteremiain the present serieswas unexpected because
previously published case reports and small series
suggested that most M. morganii bacteremia was
nosocomially acquired [2,5-9,14,15]. Patients with
M. morganii bacteremia in this study, regardless
whether it was community- or hospital-acquired, or
monomicrobial or polymicrobial infection, tended to be
elderly and to have certain comorbidity. The finding that
urinary tract (37%) and hepatobiliary tract (22%) were
the2 mgjor portasof entry impliesthe need for empirical
antibiotic coverage of M. morganii in severely-ill septic
patients with characteristic infectious symptoms until
cultures subsequently indicate otherwise. This may be
especially important in elderly or immunocompromised
patients as well as those with an underlying urinary or
hepatobiliary disorder. Physicians should be aware
that inappropriate antibiotic therapy is an independent
risk factor for fatality in patients with M. morganii
bacteremia, and that M. morganii isolates are always
resistant to amoxicillin-clavulanate and first- or second-
generation cephalosporins, which are frequently
prescribed for urinary tract or hepatobiliary tract
infection.

M. morganii has been reported as a causative agent
in pneumonia, empyema, pyomyositis, endophthal mitis,
surgical wound infection, neonatal sepsis, and
spontaneous bacterial peritonitis[1,2,5-15]. Two unusual
infections, namely subdural empyemaand fallopian tube
abscess, resulting in M. morganii bacteremiawere found
in this series. To our knowledge, subdural empyema
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Table 3. Comparison of demographic and clinical characteristics between the monomicrobial and polymicrobial groups of

patients with Morganella morganii bacteremia

Characteristic

Polymicrobial group (n = 33)

Monomicrobial group (n = 40)

No. (%) No. (%)

Age (years) 0.782
Mean (+ standard deviation) 64.24 £ 16.12 64.67 £ 17.24
Median (range) 66.0 (28-90) 67.0 (1-90)

Gender 1.0
Male/female 18 (54.5)/15 (45.5) 21 (53)/19 (47)

Underlying disease?
DM 10 (30.3) 13 (32.5) 1.0
HTN 8 (24.2) 10 (25) 1.0
Non-neoplastic hepatobiliary disease 12 (36.4) 3 (7.5) 0.003
Urolithiasis 2 (6) 3 (7.5) 1.0
Chronic renal failure 9 (27. 14 (35) 0.614
Solid tumors 11 (33. 14 (35) 0.807
Renal and/or bladder cancer 39 6 (15) 0.499
Hepatobiliary and/or Gl tract cancer 7 (21. 0 0.003
Others? 1 (3.0 8 (20) -

Source of bacteremia
Urinary tract 8 (24.2) 19 (47.5) 0.053
Hepatobiliary tract 10 (30.3) 6 (15) 0.157
Soft tissue 6 (18.2) 5(12.5) 0.530
Pleuropulmonary system 2 (6) 1(2.5) 0.586
Others 2¢ () 19 (2.5) -
Unknown source 5 (15. 8 (20) 0.761
Community acquisition 24 (72. 27 (67.5) 0.798
Inappropriate antibiotic therapy 19 (57. 12 (30) 0.031

Mortality 19 (57. 9 (22.5) 0.003

Abbreviations: DM = diabetes mellitus; HTN = hypertension; Gl = gastrointestinal

20ne patient might have more than 1 underlying disease.

bIncluding cervical cancer (4 cases), lung cancer (3 cases), endometrium cancer (1 case) and nasopharyngeal carcinoma (1 case).
Including intravenous catheter exit infection and fallopian tube abscess, each 1 case.

dSubdural empyema.

caused by M. morganii has not been previously reported,
while fallopian tube abscess due to M. morganii has been
previously reported only once [13]. Neither of these
patients had underlying diseases which would predispose
them to the development of to M. morganii infection.

Virtually all M. morganii isolates are capable of
producing a variety of inducible chromosomally-
encoded AmpC beta (B)-lactamases that are able to
hydrolyze penicillins and cephal osporins, and these
AmpC enzymes arerefractory toinhibition by clavulanic
acid [18-23]. As aresult, M. morganii is resistant to
amoxicillin-clavulanate, and first- as well as second-
generation cephal osporins [18-23]. Either a third- or
fourth-generation cephal osporin, with or without an
aminoglycoside (a high amikacin susceptible rate of
98.6% was found in this series), has been recommended
for infections caused by AmpC [3-lactamase-contai ning
M. morganii [24,25].
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In practice, carbapenems are often used for the
treatment of patients with sepsis due to Enterobacter
spp., S. marcescens, C. freundii, Providencia spp. and
M. morganii because of concern that (3-lactams, even
in combination with other antimicrobials, may lead
to aclinical failure because of inducible resistance
[24,25]. Inducible 3-lactamases and loss of an outer
membrane protein have been associated with car-
bapenem resistance, at least in K. pneumoniae [26].
The unexpectedly high imipenem resistance rate of
19.5% among M. morganii isolates in this series
suggests that the development of resistance among M.
morganii isolates or other species of Enterobacteriaceae
might have been under-recognized. Modakkas and
Sanyal reported an extensive antibiotic-use-associated
10-fold increase in imipenem resistance among Gram-
negative rods inclusive of M. morganii within 1 year at
a hospital in Kuwait [27]. The relatively high rate of
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resistance of M. morganii to imipenem in this
series suggests the need for extreme care in the
monitoring of patients condition due to possible need
for timely antibiotic adjustment when a broad-spectrum
carbapenem is used in critically ill patients before
M. morganii as a culprit pathogen is excluded. This
may be especially important when patients have a
secondary infection involving an underlying urinary
or hepatobiliary abnormality. The differences in the
resistance to imipenem and third-generation cephal o-
sporins of M. morganii isolates in this study implies
the presence of outer membrane protein mutations for
imipenem but not hyperproduction of AmpC enzyme,
conferring a unique resistance phenotype [25-29].
Ongoing studies of the patterns and mechanisms of
antibiotic resistance in M. morganii are warranted to
determine which adjustments to antibiotic use strategies
are most needed.

This retrospective investigation was limited by the
non-availability of some important information (i.e.,
clinical severity grading). This may have led to biasin
the analysis of risk factors associated with mortality in
M. morganii bacteremia.

In summary, this study revealed that M. morganii
bacteremia frequently occurred secondary to urinary
tract or hepatobiliary tract infection. The majority of
M. morganii bacteremic patients were elderly, had 1 or
more comorbid diseases, and community-acquired
infection. Polymicrobial infections occurred in a
substantial number of M. morganii bacteremic patients.
M. morganii bacteremia was associated with a high
mortality rate, especially for those not receiving
appropriate antibiotic therapy.
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