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Objectives: We aimed to fill the gaps of knowledge concerning incidence rates and temporal trend, clinical features
and risk factors for death for Morganella morganii bloodstream infections (BSIs) in south Sweden.

Methods: This was an observational, population-based study including all patients with at least one blood culture
positive for M. morganii between 2013 and 2023 in Skane, south Sweden.

Results: A total of 211 episodes of M. morganii BSI in 201 patients were registered during the study period.
A urinary tract-focused BSI was associated with a reduced risk of 90-day mortality (P = 0.0029), whereas a
primary BSI was associated with 90-day mortality (P = 0.0112). A multivariate analysis including age, gender,
Charlson comorbidity index (CCI), and immunosuppression revealed that higher CCI (odds ratio [OR] 1.25, 95%
confidence interval [CI] 1.07-1.47, P = 0.0059) and immunosuppression (OR 3.26, 95% CI 1.45-7.47, P = 0.0045)
was independently associated with all-cause mortality.

Conclusions: M. morganii BSI is a disease among the elderly that most often acquired in individuals with co-
morbidities that are in close contact with health care. A urinary tract focus was associated with reduced risk of
90-day mortality, and higher CCI and immunosuppression were associated with 90-day all-cause mortality in a

multivariate analysis.

Introduction

Bloodstream infections (BSIs) heavily burden health care and is a
major cause of mortality worldwide [1]. A recent study reported that
the overall incidence rate of BSIs in our setting was 307 per 100,000
person-years, with an average annual increase of 3% [2]. The increas-
ing use of antimicrobials worldwide is driving the selection of resistant
genes, and this is no exception for Morganella morganii, which can harbor
genes expressing AmpC beta-lactamase, and other extended spectrum f-
lactamases, which can confer resistance to several important antibiotics
used in health care [3,4].

M. morganii is an enteric facultatively anaerobic gram-negative rod,
first discovered by H. de R. Morgan in 1906 [5]. M. morganii is an oppor-
tunistic bacterium that can cause nosocomial, health care-associated,
and community-acquired infections [6]. The severity of infections with
M. morganii ranges from mild to life-threatening infections [6].

Previous population-based studies on incidence, clinical features,
and outcome of M. morganii BSI are few. The annual crude incidence rate
of M. morganii BSI has been estimated to 0.5 per 100,000 person-years in
Canada and the overall age- and sex-standardized incidence rate was re-
cently estimated to 0.92 per 100,000 person-years in Australia [7,8]. M.
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morganii has previously been referred to as an opportunistic bacterium,
primarily associated with health care-related and nosocomial infections
[7]. Health care facilities are high-risk environments for the spread of
multidrug-resistant bacteria, which is why it is important to monitor
the incidence of M. morganii BSI and the rate of resistance toward clin-
ically important antimicrobials used in health care. Furthermore, the
number of patients that are immunosuppressed due to medication have
increased in recent years, which could potentially increase the risk of
BSI in general [9]. To the best of our knowledge, few to no studies on
M. morganii BSI originate from northern Europe. We wanted to fill the
gaps of knowledge concerning the incidence rates and temporal trend,
clinical features, and risk factors for mortality for M. morganii BSIs in
this setting.

Methods
Setting and study type
This was an observational, population-based study including all pa-

tients with at least one blood culture positive for M. morganii between
2013 and 2023 in Skéne, south Sweden. Skane had a population of al-
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most 1.3 million people in 2013, which increased to 1.4 million inhabi-
tants in 2023. The inclusion criterion was growth of M. morganii in blood
cultures during the study period, and the exclusion criterion was inac-
cessibility to medical records and patients cultured postmortem. Data
(personal identification numbers) of patients with growth of M. morganii
in blood culture were retrieved from the department clinical microbiol-
ogy, Region Skane (LIMS-systems ww-lab, Autonik, Nykdping, Sweden).
This is the only clinical microbiology laboratory in Skane, serving pub-
lic hospitals, the single private hospital in the region, and outpatient
clinics. It is standard procedure to obtain four bottles from each patient
when acquiring blood cultures.

During the study period, matrix-assisted laser desorption/ionization—
time of flight mass spectrometry (Bruker Daltonics, using the Bruker
MBT Compass library) was used as the standard method for species de-
termination. For blood culture, the BacT/ALERT system (bioMérieux,
Inc., Marcy—l’ﬁtoile, France) was used in until December 2014, when
it was replaced by the BACTEC FX system (BectonDickinson, Franklin
Lakes, USA).

Review of medical records and definitions

Medical records of patients with blood cultures positive for M.
morganii were reviewed according to a predefined study protocol (de-
tailed in Table S1). Medical records were accessed through Melior (Me-
lior, Siemens Healthcare Service, Upplands Vasby, Sweden), the med-
ical record system used in Skane. The Charlson comorbidity index
(CCI) was used to assess patient comorbidities [10]. Immunosuppres-
sion was defined as a patient with previous organ transplantation, or
ongoing immunosuppressive medication, such as tumor necrosis factor-
ainhibitor or corticosteroid treatment exceeding 15 mg prednisolone per
day, or previous stem cell transplantation, or primary immune defect,
or ongoing cancer-treatment such as chemotherapy, dialysis or severe
chronic kidney disease, or ongoing treatment for autoimmune disease.
Community-acquired, nosocomial, and health care-associated infection
were defined according to a previously published definition [11]. Dis-
ease severity was assessed using National Early Warning Score (NEWS)
[12]. The Sepsis-3 criteria were used to define septic shock [13]. Polymi-
crobial blood culture was defined as the presence of any pathogen other
than M. morgani in at least one blood culture bottle. Primary BSI was
defined as no other apparent source of M. morganii found during the
chart review, which was done by a final year medical student. Only one
episode of M. morganii per hospitalization was included in the study.

Statistical methods

For the univariate analyses, the chi-square test was used for binary
parameters, Mann-Whitney U-test for non-parametric parameters, or t-
test for parametric parameters. For the multivariate analyses, we used
multiple logistic regression, expressed with odds ratios (ORs) and con-
fidence intervals (CIs). To reduce the risk of overfitting, the number of
variables included in the model was restricted to four due to the low
number of events. All analyses were made in GraphPad Prism 10.2.2
(GraphPad Software, Boston, USA). Joinpoint v. 5.2.0 (National Cancer
Institute, USA) was used to analyze incidence trends and reported with
annual percentage change (APC) with CI. A P <0.05 was considered sta-
tistically significant.

Ethics

This study was granted ethical approval from the Swedish Ethical
Review Authority (reference number 2023-00921-01). The need for in-
formed consent was waived by the ethical review authority due to the
retrospective study design.
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Table 1
Baseline characteristics of included patients.

Baseline n
Age, mean 76.2 (38-99)
Gender, male 145 (201)
Charlson comorbidity index, mean 6.2 (0-14)
Myocardial infarction 23 (11%)
Congestive heart failure 64 (32%)
Peptic ulcer disease 19 (9%)
Peripheral vascular disease 51 (25%)
Cerebrovascular incident 40 (20%)
Dementia 18 (9%)
Chronic obstructive pulmonary disease 15 (7%)
Connective tissue disease 6 (3%)
Hemiplegia 12 (6%)
Chronic kidney disease 27 (13%)
Leukemia 6 (3%)
Lymphoma 7 (3%)
AIDS 0 (0%)
Cancer

-solid tumor 21 (10%)

-metastasized 26 (13%)
Liver disease

-mild 8 (4%)

-moderate/severe 1 (0%)
Diabetes

-uncomplicated 23 (11%)

-end-organ damage 47 (23%)
Intravenous abuse

-previous 3 (%)

-current 0 (0%)

Table 1 showing the baseline data of the 201 patients included in the study.

Results
Baseline characteristics

During the study period, 202 patients experienced a total of 212
episodes of BSIs caused by M. morganii. One M. morganii BSI episode
was excluded due to the blood being sampled postmortem, resulting in a
total of 211 episodes in 201 patients. The median age of the included pa-
tients was 77 years (range 38-99), and 55 (27%) patients were women.
Most cases (34%, n = 72) were seen in individuals aged 71-80 years
(Figure S1). The median CCI score was 6 (range 0-14) and 51 patients
(25%) were considered immunosuppressed. In total, three patients (1%)
were previous drug users and none had ongoing intravenous drug abuse
(Table 1). Of the 211 episodes, 137 (65%) were health care-related ac-
quisitions of the infection, 46 (22%) were community-acquired, and 28
(13%) were nosocomial infections. During the study period, eight pa-
tients had two episodes and one patient had three episodes of M. mor-
ganii BSI.

M. morganii BSI incidence and trend

The mean sex- and age-standardized incidence rate during the study
period was 1.47 episodes per 100,000 person-years (Table S3). Between
2013 and 2016, there was a decrease in the incidence rate of M. morganii
BSI; however, the decrease was not statistically different from zero (APC
—22.25,95% CI —46.6 to 0.87, P = 0.064). From 2017 to 2023, there was
a statistically significant increase in episodes (APC 14.68, 95% CI 5.39
to 47.60, P = 0.014), reaching an incidence rate close to the baseline
incidence of 2013 (Figure 1).

Polymicrobial cultures and antimicrobial resistance rates

Of the 211 episodes, polymicrobial growth was seen in 85 (40%)
episodes. Two bacteria were found in 43 (51%) episodes, three bacteria
were seen in 24 (28%) episodes, and four bacteria were found in 15
(18%) episodes. Five and six bacteria were seen in two (2%) and one
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Figure 1. Incidence of M. morganii during the
study period

ASSR, age- and sex-standardized incidence
rate; 95% CI L, confidence interval low; 95%
CI H, confidence interval high.

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
=0—ASSR =@=95% CIL ==@=95% CIH Year

Table 2

Bloodstream infection foci and association with 90-day mortality.
Infection focus

n=211 90-day mortality n =39  Aliven=172  P-value

Urinary tract 105 (50%) 11 (11%) 94 (55%) 0.0029
Primary bloodstream infection 53 (25%) 16 (41%) 37 (22%) 0.0112
Skin 36 (17%) 8 (21%) 28 (16%) 0.5257
Intraabdominal 12 (6%) 3 (8%) 9 (5%) 0.5493
Pneumonia 4 (2%) 1 (3%) 3 (2%) 0.7346
Bone/joint 1 (0%) 0 1 (1%)
Endocarditis 0

Central nervous system infection 0

(1%) episode, respectively. Other than M. morganii, Escherichia coli was
the most common bacteria found in 28 (33%) of the polymicrobial blood
cultures, Enterococcus faecalis appeared in 20 (24%) of the cultures, and
Streptococcus anginosus appeared in eight (10%) of the polymicrobial
cultures. The polymicrobial cultures consisted of a total of 50 different
bacteria (Table S2).

The rates of resistance toward cefotaxim was 8%, and no
meropenem-, imipenem-, or piperacillin-tazobactam-resistant strains
were found (Table S4).

Intensive care and all-cause mortality

Patients were hospitalized for 206 (98%) of the 211 episodes, and
the median number of days admitted was eight (range 0-106). In 14
episodes (7%), patients were admitted to the intensive care unit, with a
median number of days of 3.5 (range 0-16). A total of 12 (6%) patients
developed septic shock. The 30-, 90-, 180-, and 365-day all-cause mor-
tality rates were 13% (n = 26), 19% (n = 39), 26% (n = 52), and 27%
(n = 55), respectively.

Bloodstream infection foci

The most common origin of the M. morganii BSIs was the urinary tract
(50%, n = 105). Less common infection foci were primary BSI (24%,
n = 50), skin-related infections (14%, n = 30), intra-abdominal source
of infection (5%, n = 11), pneumonia (2%, n = 4), and osteomyelitis (1%,
n = 1). A urinary tract-focused BSI was associated with reduced risk of
90-day mortality (P = 0.0029), whereas a primary BSI was associated
with 90-day mortality (P = 0.0112) (Table 2).

Risk factors for 90-day mortality

The unadjusted analyses found associations between immunosup-
pression (P = 0.0006) and higher CCI (P = 0.0003) with all-cause mor-
tality within 90 days after M. morganii BSI. Patients who died within
90 days had significantly higher NEWS2 score (P = 0.01), higher res-
piratory frequency (P = 0.02), lower temperature (P = 0.04), higher
Reaction Level Scale score (P = 0.03), and lower systolic blood pressure
(P = 0.0005) at admission than survivors. Plasma lactate was signifi-
cantly higher in the 90-days mortality group (P = 0.0005). Compared
with survivors, significantly fewer patients had urinary tract symptoms
(P = 0.0086) and simultaneous growth of M. morganii in urine culture
(P = 0.0092) in the 90-day mortality group.

There was no difference between the groups regarding polymicrobial
growth (Table 3).

Empirical treatment with cefotaxime was associated with a reduced
risk of 30- (P = 0.04) and 90-day mortality (P = 0.001) compared with
non-cefotaxime antimicrobial treatment. This association was also seen
for empirical treatment with cefotaxime, and empirical treatment mod-
ified to cefotaxime after M. morganii blood culture results were avail-
able for 30- (P = 0.03) and 90-day mortality (P = 0.0019). Treatment
with piperacillin/tazobactam or carbapenems was not associated with
increased risk of 30-day mortality (P = 0.11) but was associated with
increased risk of 90-day mortality (P = 0.0011).

A multivariate analysis including age, gender, CCI, and immuno-
suppression revealed that higher CCI (OR 1.25, 95% CI 1.07-1.47,
P = 0.0059) and immunosuppression (OR 3.26, 95% CI 1.45-7.47,
P =0.0045) were independently associated with all-cause mortality (Ta-
ble S5).
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Table 3
Univariate analysis of variables associated with 90-day mortality.

90-day mortality, n = 39 (%) Alive, n = 172 Total, n = 211 P-value
Gender, male 31 (79) 123 (72) 154 (73) 0.3355
Age, mean 77 76 0.5835
Charlson comorbidity index, mean 7.5 5.9 0.0003
Myocardial infarction 4 (10) 21 (12) 25 (12) 0.7333
Congestive heart failure 14 (36) 54 (31) 68 (32) 0.5870
Diabetes 13 (33) 62 (36) 75 (36) 0.7309
Dementia 3(8) 16 (9) 19 (9) 0.7437
Connective tissue disease 0 (0) 7 (4) 7 (3) 0.1987
Chronic obstructive pulmonary disease 1(3) 17 (10) 18 (9) 0.1375
Liver disease 3(8) 8(5) 11 (5) 0.4459
Chronic kidney disease 8(2) 19 (11) 27 (13) 0.1135
Peripheral vascular disease 12 (31) 43 (25) 55 (26) 0.4587
Cerebrovascular incident 8(2) 36 (21) 44 (21) 0.9404
Tumor 13 (33) 35 (20) 48 (23) 0.0842
Peptic ulcer disease 3(8) 17 (10) 20 (9) 0.6659
Leukemia 3(8) 5(3) 8(4) 0.1604
Lymphoma 2(5) 5(3) 7 (3) 0.4889
Hemiplegia 4 (10) 10 (6) 14 (7) 0.3193
Immunosuppression 19 (49) 37 (22) 56 (27) 0.0006
National early warning score 2, median 6 4 0.0113
Respiratory rate, median 22 20 0.0211
Temperature, mean 37.7 38.2 0.0415
Heart rate, mean 102.3 98.35 0.3197
Reaction level scale® = 32(82) 159 (93) 191 (91) 0.0318
Saturation, median 96 96 0.9389
Systolic blood pressure, mean 109.5 126.9 0.0005
Duration of symptoms, days median 1 1 0.3503
Abdominal pain 12 (31) 40 (23) 52 (25) 0.3354
Chills 11 (28) 66 (39) 77 (36) 0.2243
Urinary tract infection symptoms 4 (10) 53 (31) 57 (27) 0.0086
Plasma-C-reactive protein, median 110 121 0.5000
Plasma lactate, mean 4.1 2.7 0.0005
Plasma leucocytes, median 15.3 14.1 0.8417
Urine leucocytes present +(—) 38 49 (15) 52 (25) 0.4078
Urine leucocytes, mean 1.8 2.0 0.7812
Neutrophils, median 6.3 9.4 0.4788
Morganella morganii growth in urine 3(8) 47 (27) 50 (24) 0.0092
Days with antibiotics, mean 9.256 14.32 0.0002
BSI with polymicrobial growth 18 (46) 66 (39) 84 (40) 0.3701

Chi-square for binary parameters, Mann-Whitney U-test for non-parametric parameters, or t-test for parametric

parameters.

@ Reference: Starmark JE, Stalhammar D, Holmgren E. The Reaction Level Scale (RLS85). Manual and guide-

lines. Acta Neurochir (Wien). 1988;91(1-2):12-20.

Discussion

We aimed to comprehensively investigate the incidence rates and
temporal trend, clinical features, and outcome for M. morganii BSIs in
southern Sweden. We found that M. morganii BSI is an infection of the
elderly, with no cases seen in neonates, children, or young adults. We
also found that M. morganii BSI is most often acquired in individuals that
are in close contact with health care because only 22% of M. morganii BSI
were community-acquired. The temporal trend revealed an increasing
incidence during recent years, only to reach the baseline level of the
start of the study. The rate of polymicrobial growth was high, observed
in 40% of the episodes.

We found a mean sex- and age-standardized incidence rate of 1.47
episodes per 100,000 person-years during the study period, which is
comparable to the largest M. morganii BSI cohort to date from Queens-
land, Australia that found an annual incidence of 9.2 cases per million
population [7]. Our incidence is higher than what has been reported
from British Colombia, Canada that estimated M. morganii BSI to be 0.5
per 100,000 population [8]. Comparable to these studies, M. morganii
BSI primarily affects the elderly with multiple comorbidities, and the
incidence rate increased over time. Whether this is due to increased
sampling or a true increase is unknown because we have seen increased
sampling in our setting [2]. A true incidence increase could have nu-
merous causes, including nosocomial/health care-related spread and

the dissemination of virulent clones. Virulent and multidrug-resistant
lineages of M. morganii obtained from hospitalized patients have been
described, which could facilitate such spread [14].

Unlike many other severe infections, the incidence of M. morganii
BSI steadily increased during the COVID-19-pandemic. This could be
explained by the fact that most our episodes were health care-related
or nosocomial, which is in line with previous studies [14,15]. Previous
reports describe M. morganii primarily as an opportunistic bacterium.
However, only 25% of the patients in our study were immunocompro-
mised, highlighting that M. morganii can be an important pathogen caus-
ing BSIs also in individuals with intact immune system.

The most common focus of infection in our study was the urinary
tract (50%), which in line with a study from Taiwan that concluded
that the M. morganii BSI originated from the urinary tract in 41.3% of
the cases [16]. Interestingly, urinary origin only represented 13.7% in
the Australian study [7]. Instead, primary BSI and soft tissue infection
were the most common foci of infection, 45.8% and 18.5%, respectively.
In our study, primary BSI and soft tissue infection constituted 24% and
14%, respectively.

The 30-day mortality rate of 13% in our study was very low com-
pared with a Saudi Arabian study that found a 14-day mortality rate of
41% [17] and a study from Israel that reported an in-hospital mortal-
ity rate of 42% [18]. A possible explanation for the discordant results
could be higher rates of antimicrobial resistance found in their studies.
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Our 30-day mortality rate of 13% is also lower than the Australian study
that described a 21.2% 30-day mortality rate, with antimicrobial resis-
tance rates more comparable to ours. This could be due to differences
in health care systems and access to health car, and because patients
managed in private institutions were not included in the Australian
study.

Our analysis of risk factors for 90-day mortality revealed that higher
CCI; immunosuppression; higher NEWS, respiratory rate, Reaction Level
Scale score, temperature; higher plasma lactate; and lower blood pres-
sure were associated with 90-day mortality in the unadjusted model.
In addition, symptoms of urinary tract infection, M. morganii growth in
urine, and a urinary tract focus was associated with a reduced risk of
90-day mortality, and a primary BSI was associated with higher risk of
90-day mortality. This is in line with previous studies that found, among
other things, that a clinical syndrome other than urinary tract infection
was a significant risk factor for mortality [7,18]. Comparable to this
study, they found that more comorbidities with a higher CCI was asso-
ciated with mortality because our adjusted model revealed an associa-
tion between higher CCI and immunosuppression with 90-day all-cause
mortality. Unlike a previous study, age was not a risk factor for 90-day
all-cause mortality; however, this could be explained by the fact that we
chose to model age linearly [17].

The rates of resistance toward the clinically important antimi-
crobials cefotaxime, meropenem, and piperacillin/tazobactam were
very low in M. morganii isolates identified in this study. M. mor-
ganii possess inducible chromosomal AmpC p-lactamases, particularly,
hospital-acquired strains, and exposure to f-lactams, especially third-
generation cephalosporins, may lead to hyperproduction of these AmpC
p-lactamases, with the development of resistance during antibiotic treat-
ment [19]. We found no evidence of a clinically worse outcome in pa-
tients who received cefotaxime empirically or where treatment was al-
tered to cefotaxime once the blood culture result of M. morganii was
known. However, these results, as well as the association between em-
pirical treatment with piperacillin/tazobactam or carbapenems with a
higher 90-day mortality rate, could be explained by indication bias. For
instance, carbapenems is reserved for patients who present with de-
ranged vital signs, indicative of sepsis or septic shock. Few previous
studies have reported septic shock as outcome; however, but we found
a rate of septic shock (6%) that was very low compared with the 18.2%
reported from Israel [18]. We found no M. morganii BSIs in children or
neonates, which has previously been reported [20].

The strengths of our study include the population-based methodol-
ogy, and the 11-year study period. We included all M. morganii BSIs and
were able to access almost all medical records. The limitations of our
study are inherent in the retrospective study design, with risks of selec-
tion bias and bias due to missing data. We only selected a few variables
in the multivariate analyses that were regarded as clinically relevant.

Given that the proportion of elderly is expected to increase in the
coming years [21], the incidence of M. morganii BSI is expected to rise
and will likely continue to strain individuals and health care in the fu-
ture. We need to anticipate that virulent, antimicrobial-resistant strains
could constitute a challenge, particularly, for elderly individuals with
comorbidities.

Conclusion

M. morganii BSI is an infection of the elderly that is most often ac-
quired in individuals with comorbidities that are in close contact with
health care. A urinary tract focus was associated with a reduced risk
of 90-day mortality, and higher CCI and immunosuppression were as-
sociated with 90-day all-cause mortality in a multivariate analysis. In
our setting, the incidence has been increasing during recent years, and
health care providers need to be vigilant of M. morganii BSI given that
the proportion of individuals aged 60 years or older are expected to
double in the coming years.

LJID Regions 13 (2024) 100480
Declarations of competing interest

The authors have no competing interests to declare.

Funding

OL: funding of research from the governmental funding of research
within the clinical sciences (ALF). The funders had no role in the study
design, data collection and analysis, preparation of manuscript or deci-
sion to publish.

Author contributions

OL, OK, and TS conceived the study. Project administration was pro-
vided by OL and TS. Data curation, analysis, and visualization were per-
formed by OK and OL. The manuscript was initially drafted by OK and
OL and critically revised by TS. All authors approved the final version
of the manuscript.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ijregi.2024.100480.

References

[1

—

Costa SP, Carvalho CM. Burden of bacterial bloodstream infections and recent ad-
vances for diagnosis. Pathog Dis 2022;80 ftac027. doi:10.1093/femspd/ftac027.
Ljungquist O, Blomstergren A, Merkel A, Sunnerhagen T, Holm K, Torisson G. In-
cidence, aetiology and temporal trend of bloodstream infections in southern Swe-
den from 2006 to 2019: a population-based study. Euro Surveill 2023;28:2200519.
doi:10.2807/1560-7917.ES.2023.28.10.2200519.

Stock I, Wiedemann B. Identification and natural antibiotic susceptibil-

ity of Morganella morganii. Diagn Microbiol Infect Dis  1998;30:153-65.

doi:10.1016/50732-8893(97)00243-5.

Herrmann L, Kimmig A, Rodel J, Hagel S, Rose N, Pletz MW, et al. Early treatment

outcomes for bloodstream infections caused by potential AmpC beta-lactamase-

producing Enterobacterales with focus on piperacillin/tazobactam: a retrospective
cohort study. Antibiotics (Basel) 2021;10:665. doi:10.3390/antibiotics10060665.

Morgan RM, Report XCV. Upon the bacteriology of the summer diarrhoea of infants.

Br Med J 1906;1:908-12. doi:10.1136/bmj.1.2364.908.

[6] Liu H, Zhu J, Hu Q, Rao X. Morganella morganii, a non-negligent opportunistic

pathogen. Int J Infect Dis 2016;50:10-17. doi:10.1016/].ijid.2016.07.006.

Laupland KB, Paterson DL, Edwards F, Stewart AG, Harris PNA. Mor-

ganella morganii, an emerging cause of bloodstream infections. Microbiol Spectr

2022;10:e0056922. doi:10.1128/spectrum.00569-22.

Laupland KB, Pasquill K, Steele L, Parfitt EC. Population-based study of Morganella-

Proteus-Providencia group bloodstream infections. J Assoc Med Microbiol Infect dis

Can 2023;8:134-40. doi:10.3138/jammi-2022-0038.

Martinson ML, Lapham J. Prevalence of immunosuppression among US adults. JAMA

2024;331:880-2. doi:10.1001/jama.2023.28019.

[10] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis 1987;40:373-83. doi:10.1016,/0021-9681(87)90171-8.

[11] Friedman ND, et al. Health care-associated bloodstream infections in adults: a reason
to change the accepted definition of community-acquired infections. Ann Intern Med
2002;137:791-7. doi:10.7326,/0003-4819-137-10-200211190-00007.

[12] Royal College of Physicians National Early Warning Score (NEWS) Standardising the
assessment of acute-illness severity in the NHS. London: Royal College of Physicians;
2012.

[13] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The third international consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA 2016;315:801-10. doi:10.1001/jama.2016.0287.

[14] Silva LC, Sanches MS, Guidone GH, Montini VH, de Oliva BH, do Nascimento AB,
et al. Clonal relationship, virulence genes, and antimicrobial resistance of Mor-
ganella morganii isolated from community-acquired infections and hospitalized
patients: a neglected opportunistic pathogen. Int Microbiol 2024;27:411-22.
doi:10.1007/510123-023-00400-x.

[15] Zaric RZ, Jankovic S, Zaric M, Milosavljevic M, Stojadinovic M, Pejcic A. Antimicro-
bial treatment of Morganella morganii invasive infections: systematic review. Indian
J Med Microbiol 2021;39:404-12. doi:10.1016/j.ijmmb.2021.06.005.

[16] Lin TY, Chan MC, Yang YS, Lee Y, Yeh KM, Lin JC, et al. Clinical manifestations and
prognostic factors of Morganella morganii bacteremia. Eur J Clin Microbiol Infect Dis
2015;34:231-6. do0i:10.1007/510096-014-222.2-8.

[17] Alsaadi A, Alghamdi AA, Akkielah L, Alanazi M, Alghamdi S, Abanamy H,

et al. Epidemiology and clinical characteristics of Morganella morganii infec-

tions: a multicenter retrospective study. J Infect Public Health 2024;17:430-4.
doi:10.1016/j.jiph.2023.12.013.

[2

—

[3

—

[4

=

[5

[}

[7

—

[8

=

[9

—


https://doi.org/10.1016/j.ijregi.2024.100480
https://doi.org/10.1093/femspd/ftac027
https://doi.org/10.2807/1560-7917.ES.2023.28.10.2200519
https://doi.org/10.1016/s0732-8893(97)00243-5
https://doi.org/10.3390/antibiotics10060665
https://doi.org/10.1136/bmj.1.2364.908
https://doi.org/10.1016/j.ijid.2016.07.006
https://doi.org/10.1128/spectrum.00569-22
https://doi.org/10.3138/jammi-2022-0038
https://doi.org/10.1001/jama.2023.28019
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.7326/0003-4819-137-10-200211190-00007
http://refhub.elsevier.com/S2772-7076(24)00149-8/sbref0012
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1007/s10123-023-00400-x
https://doi.org/10.1016/j.ijmmb.2021.06.005
https://doi.org/10.1007/s10096-014-2222-8
https://doi.org/10.1016/j.jiph.2023.12.013

O. Karlbom, T. Sunnerhagen and O. Ljungquist IJID Regions 13 (2024) 100480

[18] Erlanger D, Assous MV, Wiener-Well Y, Yinnon AM, Ben-Chetrit E. Clinical mani- [20] Gameiro I, Botelho T, Martins Al, Henriques R, Lapa P. Morganella mor-
festations, risk factors and prognosis of patients with Morganella morganii sepsis. J ganii: a rare cause of early-onset neonatal Sepsis. Cureus 2023;15:e45600.
Microbiol Immunol Infect 2019;52:443-8. doi:10.1016/j.jmii.2017.08.010. doi:10.7759/cureus.45600.

[19] Choi SH, Lee JE, Park SJ, Choi SH, Lee SO, Jeong JY, et al. Emergence of antibi- [21] World Health Organization Ageing and health. Geneva: World Health Organization;
otic resistance during therapy for infections caused by Enterobacteriaceae producing 2021.

AmpC beta-lactamase: implications for antibiotic use. Antimicrob Agents Chemother
2008;52:995-1000. doi:10.1128/AAC.01083-07.


https://doi.org/10.1016/j.jmii.2017.08.010
https://doi.org/10.1128/AAC.01083-07
https://doi.org/10.7759/cureus.45600
http://refhub.elsevier.com/S2772-7076(24)00149-8/sbref0021

	Morganella morganii bloodstream infection affects the elderly in close contact with health care
	Introduction
	Methods
	Setting and study type
	Review of medical records and definitions
	Statistical methods
	Ethics

	Results
	Baseline characteristics
	M morganii BSI incidence and trend
	Polymicrobial cultures and antimicrobial resistance rates
	Intensive care and all-cause mortality
	Bloodstream infection foci
	Risk factors for 90-day mortality

	Discussion
	Conclusion
	Declarations of competing interest
	Funding
	Author contributions
	Supplementary materials
	References


