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ABSTRACT

Background: Pyogenic liver abscess (PLA) is a rare but potentially life-threatening disease, and estimates suggest a
gradual increase in the incidence during the last decades. The primary aim of this study was to report the incidence,
trend and aetiology of PLA during a decade in Southern Sweden.

Methods: This was a population-based observational cohort study between 2011 and 2020 in Skane, Southern Sweden.
Data were retrieved from the Swedish National Board of Health and Welfare for all individuals diagnosed with liver
abscess (K750) according to ICD-10 (International Statistical Classification of Diseases, 10th revision).

Results: A total of 456 episodes of PLA occurred in 364 patients during the study period. The median age of the first
PLA episode was 71years (range 3-97) and 57% (n=206) were men. The mean incidence of all patients was
3.4/100,000 person-years (range 1.8-5.2). The incidence increased almost three times, from 1.8/100,000 person-years in
2011 to 5.2/100,000 person-years in 2020. Streptococcus species, Escherichia coli and Klebsiella species accounted for the
vast majority of both mono- and polymicrobial findings in both blood and local abscess cultures. 16s rDNA added infor-
mation about aetiology in 37% of episodes.

Conclusion: The incidence of PLA increased during the study period, and Streptococcus spp., Klebsiella spp. and E. coli
dominated both blood and local cultures. Despite antimicrobial therapy, pathogens could be found in local abscess cul-
tures several weeks into treatment. Increased use of 16s rDNA in the management of PLA could be beneficial.
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Introduction

Pyogenic liver abscess (PLA) is a rare but potentially life-
threatening disease, and there have previously only
been a few population-based studies on the incidence
and aetiology of liver abscesses. Estimates suggest a
gradual increase in the incidence during the last deca-
des, which could possibly be due to improvements in
diagnosis as well as an ageing population [1-4].

Although studies presenting population-based inci-
dences of PLA are lacking from parts of the world, the
incidence seems to differ geographically. In Denmark,
Canada and the United States, reported incidences are
1.0, 2.3 and 4.1 per 100,000 person-years, respectively
[1,3,5]. Higher estimates have been reported from
Asia, with incidences of 14.4 and 17.6 per 100,000 per-
son-years in South Korea and Taiwan, respect-
ively [2,6].

The aetiology of PLA varies by geography. In North
America, Escherichia coli is the most frequently found
organism, whereas in addition to E. coli, Staphylococcus
species and Streptococcus species are the dominating
pathogens in Europe [7,8]. In contrast, multiple studies
from Asia report that Klebsiella spp. are the dominating
pathogens [9-12]. Fusobacteria and Bacteroides are
anaerobic bacteria associated with PLA, although anaer-
obic aetiology is rare and mainly associated with oppor-
tunistic infections [13]. However, this could be explained
by difficulties in culturing anaerobes, which could lead
to underreporting [14,15]. Anaerobic bacteria can be
detected by analysis of the gene coding for 16S riboso-
mal DNA (16S rDNA) using polymerase chain reaction
(PCR). Also, 16S rDNA can be used after antimicrobial
treatment has been initiated, since DNA from dead bac-
teria is detected. Previously, PCR has primarily been
used to determine virulence factors of Klebsiella spp. in
PLA, and detailed accounts of detecting causative bac-
teria using 16S rDNA are scarce [16].

This study is adding to the few, population-based
studies on incidence and aetiology of PLA and pro-
vides an updated perspective. In addition, detailed
reports of PLA, taking into account both blood and
local abscess cultures in relation to the timing of initi-
ated antimicrobial treatment, have not previously been
published.

The primary aim of this study was to investigate the
incidence, trend and aetiology of PLA during a decade
in Southern Sweden. A secondary aim was to investigate
if 16S rDNA combined with standard cultures, could give
additional information on the aetiology of PLA.

Methods
Study design and setting

This population-based observational cohort study
included all individuals in Skane, a region in Southern
Sweden with a population of 1.4 million, diagnosed
with liver abscess, between January 1, 2011 and
December 31, 2020. Medical records of included individ-
uals were audited according to a predefined study
protocol, including age, sex, symptoms, immunosuppres-
sion, vital signs, comorbidities, smoking habits,
laboratory test results, radiological imaging and micro-
biological analysis.

Data sources

Data (personal identification numbers) were retrieved
from the Swedish National Board of Health and Welfare
for all individuals diagnosed with liver abscess (K750)
according to ICD-10  (International Statistical
Classification of Diseases, 10th revision) between 2011
and 2020. The medical records of all patients were
reviewed using the software system Melior (Melior,
Siemens Healthcare Service, Upplands Vasby, Sweden).
The database at the Department of Clinical Microbiology
in Lund is responsible for all microbiological diagnostics
in the region covering both public and private clinics,
including hospitals, outpatient clinics and primary care.
Laboratory Registers accessed through the
Laboratory Information Management System ww-lab
(Autonik, Nykoping, Sweden).

were

Participants

Patients of all ages were included, and both in-hospital
and outpatient care were included. The diagnosis K750
could be either main or secondary diagnosis. Patients
misdiagnosed with PLA (i.e. the abscess was located out-
side the liver parenchyma), with liver metastases instead
of PLA, with no documented abscess, with abscess
caused by cestodes or amoebas were excluded. If med-
ical records were lacking, or if patients resident outside
Skdne were admitted in Skdne but directly transferred to
a hospital outside Skane, patients were excluded. A PLA
episode was defined as a patient diagnosed with and
treated for a PLA, not including relapses or recurrences
within 365days. Thus, only one incident PLA case per
patient per year was included, and incidence and corre-
sponding microbiological aetiology for this case were
presented.



Data variables

All medical records were reviewed according to a prede-
fined study protocol, including age, sex, main symptom
and duration of symptoms, from where the patient was
admitted, immunosuppression and vital signs. Vital signs
were used to calculate National Early Warning Score
(NEWS2, http://lof.se/filer/NEWS2-broschyr.pdf) and quick
Septic related Organ Failure Assessment (qSOFA) [17].
Comorbidities were assessed using Charlson’s comorbid-
ity index [18]. Current smoking was registered, as were
C-reactive protein (CRP), lactate, white blood cell (WBC)
count, procalcitonin, erythrocyte sedimentation rate
(ESR), bilirubin, alanine aminotransferase (ALT), alkaline
phosphatase (ALP), aloumin and prothrombin time/inter-
national normalised ratio (PT/INR). Laboratory tests were
collected within 24h of the radiological discovery of
PLA. The radiological entity, magnetic resonance imag-
ing (MRI), computed tomography (CT) or ultrasound
used to diagnose PLA was reported and refers to the
entity used when PLA was first suspected. Data on base-
line characteristics were assembled from the patients’
first admission due to PLA.

Microbiological analyses

For blood cultures, the BacT/ALERT® (bioMérieux, Inc.,
Marcy-I'Etoile, France) blood culture system was used
until December 2014, when it was replaced by the
BACTEC™ FX (Becton Dickinson, Franklin Lakes, NJ,
USA), both using a 5-day incubation standard and both
aerobic and anaerobic bottles.

For biopsies and aspirated material, the standard cul-
ture method during the study period consisted of inocu-
lation of part of the sample into tryptic soy broth
incubated in CO,-enriched atmosphere, as well as direct
plating of the sample on blood agar incubated in CO,-
enriched atmosphere and fastidious anaerobe agar incu-
bated under anaerobic conditions. Additional agar plates
and broths were added in selected cases depending on
the diagnostic questions asked and at the discretion of
the clinical microbiologists responsible for the analysis.
The main method for bacterial and fungal species identi-
fication during the study period was matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS, Bruker Daltonics), supplemented by 16s
and ITS sequencing using Sanger methodology as the
main second line method when species identification
using MALDI-TOF MS was unsuccessful.
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Susceptibility testing was performed according to
EUCAST methodology [19], mainly by disc diffusion
though supplemented by gradient tests.

Monomicrobial findings were one species of microbes
obtained in cultures, whereas in polymicrobial findings
two or more species were found. Blood and local
abscess cultures represent the first culture obtained for
each episode; additional cultures were not included in
the study. A positive culture refers to a pathogen found,
a negative culture thus denotes that no pathogen was
identified.

Local abscess cultures were primarily obtained by
aspiration or drainage of abscess, but for relapses
acquired from an existing catheter.

On request, 16S rDNA and ITS PCR were done directly
on the aspirated sample. Lysozyme, lysostaphin and
proteinase K were used for DNA extraction. After
amplification, Sanger sequencing was used for species
identification.

Statistical analysis

Numerical data were presented with medians, means
and range and qualitative data as proportions (%).
Crude incidences of PLA in Skdne were calculated by
dividing the number of annual episodes by the number
of inhabitants in Skane for each year, obtained from the
open database of Statistics Sweden [20]. The population
at the end of June each year was used as the popula-
tion for that particular year. Annual incidence rates were
age- and sex-standardized to the population of south
Sweden in 2020 (the most recent population in south
Sweden) to adjust for changes in population demo-
graphics over time, including 95% confidence intervals.
All statistical analyses were performed using Prism ver-
sion 7 (GraphPad).

Ethics

This study was granted ethical approval from the Ethical
Review Board (DNR-2020-06526). Informed consent was
waived due to the observational and retrospective study
design.

Results
Characteristics of included patients

In total, 364 patients were included in the study (Figure
1). The median age of included patients was 71years
(range 3-97) and 57% (n=206) were men. The median
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Figure 1. Flowchart of steps of inclusion. °ICD diagnosis K750. PPatients were diagnosed with K750, but no record of abscess could be
found. “Non-Skane residents, transferred to hospitals outside of Skéne. 9The diagnosis K750 was not present in the medical record. PLA:

pyogenic liver abscess.

Table 1. Baseline characteristics and information gathered from
the first admission.

Baseline characteristic n=364
Male, sex, n (%) 206 (57)
Age, median years (range) 71 (3-97)
Smoking, n (%) 76 (21)
Charlson comorbidity index, median score (range) 5 (0-15)
Myocardial infarction, n (%) 59 (16)
Congestive heart failure, n (%) 59 (16)
Peripheral vascular disease, n (%) 19 (5)
Cerebrovascular accident or transient ischaemic attack, n (%) 54 (15)
Dementia, n (%) 11 (3)
Chronic obstructive pulmonary disease, n (%) 39 (11)
Connective tissue disease, n (%) 19 (5)
Peptic ulcer disease, n (%) 50 (14)
Liver disease, n (%) 19 (5)
Diabetes mellitus, n (%) 103 (28)
Hemiplegia, n (%) 1(0)
Moderate to severe chronic kidney disease, n (%) 21 (6)
Solid tumour, n (%) 110 (30)
Leukaemia, n (%) 4 (1)
Lymphoma, n (%) 4(1)
AIDS, n (%) 1(0)
Immunosuppressed, n (%) 84 (23)
BMI, median score (range) 25.3 (15.7-51.9)

AIDS: acquired immunodeficiency syndrome; BMI: body mass index.

Charlson comorbidity score was 5 (range 0-15) and 23%
(n=84) of patients were immunosuppressed. A detailed
list of baseline characteristics is found in Table 1.

Incidence of PLA during the study period

There were 375 incident cases of PLA in 364 patients
during the study period. The mean age- and sex-stand-
ardized PLA incidence was 2.9/100,000 person-years
(95% Cl 2.0-3.8) between 2011 and 2020. The incidence
more than doubled over the study period, from
1.7/100,000 person-years (95% Cl 1.0-2.5) in 2011 to
4.1/100,000 person-years (95% Cl 3.0-5.2) in 2020
(Figure 2 and Supplementary Table A1). The age groups
61-70 and 71-80years accounted for the majority of
incident episodes (n =209, 56%; Figure 3).

Symptoms and diagnostic method

The main symptoms were fever (n=166, 44%), abdom-
inal pain (n=115, 31%) and fatigue (n=25, 7%). Out of
all patients, 58% (n=217) reported abdominal pain at
admission (Table 2). The majority (83%, n=311) were
diagnosed by CT, followed by ultrasound (15%, n=56)
and MRI (2%, n=8).

Based on imaging, 61% (n=230) presented with a
solitary abscess, 38% (n=144) with multiple abscesses,
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Figure 2. The annual incidence of pyogenic liver abscess in Skéne
2011-2020. Incidence rates were age- and sex-standardized to the
population of south Sweden in 2020. The shaded area represents
the 95% confidence interval.
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Figure 3. Pyogenic liver abscess in Skane divided into age groups.

and for one episode this information was unavailable.
The median abscess diameter was 6cm (range 0.8-25)
and in 68% (n=254) of episodes, the liver abscess was
located in the right lobe and in 18% (n=69) in the left
lobe. Both lobes were involved in 11% (n=42) of epi-
sodes and in 3% (n=10) localisation was not docu-
mented. A portal thrombosis was concurrently found in
11% (n=42) of PLA episodes (Table 3).

Microbiology - blood cultures

Blood cultures were obtained in 93% (n=350) of all epi-
sodes of PLA and 54% (n=188) were positive
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(Supplementary Table A2). Monomicrobial results were
found in 73% (n=138) of blood cultures, and the most
common pathogens were Streptococcus spp. 29%,
n=40), E. coli (19%, n=26) and Klebsiella spp. (17%,
n=24). The most common Streptococcus species
belonged to the Streptococcus anginosus complex
(n=37, 93%). Klebsiella species found were Klebsiella
pneumoniae (15%, n=21), Klebsiella oxytoca group (1%,
n=2) and Klebsiella aerogenes (1%, n=1; Supplementary
Table A3).

Polymicrobial findings accounted for 26% (n=49) of
positive blood cultures. In most cases, both Gram-nega-
tive and -positive bacteria were isolated (71%, n=35). In
20% (n=10) only Gram-negative bacteria were found
and in 8% (n=4) only Gram-positive. Candida spp. were
found in 4% (n=2) of all episodes. The most frequent
pathogens in polymicrobial infections were E. coli (53%,
n=26), Klebsiella spp. (47%, n=23), Streptococcus
spp. (35%, n=17), Enterococcus spp. (29%, n=14),
Clostridium spp. (22%, n=11) and Bacteroides spp. (12%,
n=6; Supplementary Table A4).

Of isolated E. coli and Klebsiella species in blood cul-
tures, 6% (n=3) and 4% (n=2) were ESBL-producing,
respectively.

Microbiology — abscess cultures

Abscess cultures were obtained from 61% (n=228) of
episodes, and in 75% (n=172), at least one pathogen
was isolated. The most frequent monomicrobial findings
were Streptococcus spp. (32%, n=32), E. coli (21%,
n=21) and Klebsiella spp. (13%, n=13; Supplementary
Table A3). The most common Streptococcus species was
the S. anginosus complex (n =30, 94%). Klebsiella species
were K. pneumoniae (n=12, 12%) and K. oxytoca group
(n=1, 1%).

Abscess cultures yielded 41% (n=71) polymicrobial
results. In 63% (n=45) both Gram-negative and Gram-
positive bacteria were isolated. Only Gram-positive bac-
teria were found in 1% (n=1), only Gram-negative in
17% (n=12) and Candida spp. in 17% (=12
Supplementary Table A4). In abscess cultures, the most
common microbes were Enterococcus spp. (42%, n=30),
E. coli (45%, n=32), Klebsiella spp. (34%, n=24),
Streptococcus spp. (27%, n=22) and mixed anaerobic
flora (21%, n=15; Supplementary Table A4). In abscess
cultures, ESBL production was detected in two E. coli
strains (4%) and one K. pneumoniae (3%; Supplementary
Table A3).
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Table 2. Clinical findings of all included PLA episodes (n = 375).
Variable n (%)

Main symptoms
Fever, n (%) 166
Abdominal pain, n (%) 115
Fatigue, n (%) 25
Dyspnoea, n (%) 10
No symptom, n (%) 7
Abnormal lab results, n (%) 7
Dizziness, n (%) 4
Chills, n (%) 3
Vomiting, n (%) 3

Chest pain, n (%) 3

3
2
2
2
1
2

Back pain, n (%)
Jaundice, n (%)
Flank pain, n (%)
Thorax pain, n (%)
Bloated abdomen, n (%)
Other, n (%)

Clinical findings
History of abdominal pain, n (%)
Duration of symptoms prior admission, median (range)
Respiratory rate, median (range)
Oxygen saturations, median (range)
Temperature, median (range)
Systolic blood pressure, median (range)
Heart rate, median (range)
RLS, median (range)
NEWS, median (range)
gSOFA, median (range)

N

217( 8)
4 (1-90)
0 (10-50)
7 (80-100)
381 (34.4-41.9)
130 (70-217)
5 (47-210)
1(1-3)
3 (0-16)
0 (0-3)

RLS: reaction level scale; NEWS: National Early Warning Score; qSOFA: Quick
sequential organ failure assessment; PLA: pyogenic liver abscess. All calculations
based on available data.

Table 3. Laboratory characteristics and diagnostic modalities of all
PLA admissions.
Variable n (%)

Laboratory findings
CRP, mg/L median (range)

184 (5.7-577)

WBC count x 10°/L median (range) 13.8 (1.1-62)

Lactate, mmol/L median (range) 1.9 (0.6-13.6)

PT/INR, median (range) 1.2 (0.9->8.0)

ALT, pkat/L median (range) 0.81 (0.1-35)

ALP, pkat/L median (range) 2.7 (0.34-29)

Bilirubin, pmol/L median (range) 14 (3-536)

Albumin, g/L median (range) 23 (10-44)
Diagnostic method

CT, n (%) 311 (83)

Ultrasound, n (%) 56 (15)

MRI, n (%) 8 (2
Characteristics of abscess

Solitary abscess, n (%) 230 (61)

Multiple abscess, n (%) 144 (38)

Unknown 1 (0)

Size of abscess, cm median (range) 6.0 (0.8-25.0)
Right lobe, n (%) 254 (68)

Left lobe, n (%) 69 (18)

Both lobes, n (%) 42 (11)
Unknown 10 (3)

Portal thrombosis, n (%) 42 (11)

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; WBC: white blood
cells; PT/INR: prothrombin time/international normalised ratio; ALT: alanine ami-
notransferase; ALP: alkaline phosphatase; CT: computed tomography; MRI: mag-
netic resonance imaging; PLA: pyogenic liver abscess. All calculations based on
available data.

Microbiology - 16S rDNA

Of all 375 PLA episodes, 16S rDNA was analysed in 26%
(n=198) of abscess samples. Compared with abscess cul-
tures, 16S rDNA gave additional information in 37%

(n=236) of episodes. In 50% (n=49), 16S rDNA results
were identical to those of abscess culture and in 13%
(n=13) 16S rDNA was negative.

Antimicrobial therapy

The median time from admission to administration of
empiric antibiotics was 0days (range 0-17, n=372). In
three episodes, antimicrobials were never initiated. After
antimicrobial therapy was initiated, the number of posi-
tive abscess cultures decreased over time but cultures
could still be positive weeks into antimicrobial treatment
(Figure 4).

Discussion

In this population-based observational study, we aimed
to report the incidence, trend and aetiology of PLA dur-
ing a decade in Skane, Southern Sweden. Also, we
wanted to investigate if 165 rDNA, combined with
standard cultures, could give additional information on
the aetiology of PLA.

Increasing incidence

We found that, although a rare infection, the age- and
sex-standardized incidence of PLA increased during the
study period. The mean incidence in our study
(2.9/100,000 person-years) is in accordance with other
population-based studies from North America, and
slightly higher than in a study from Denmark [1, 3, 5]. In
Asia, crude incidence rates of PLA are much higher,
attributable to endemic strains of Klebsiella [9-11]. The
PLA incidence more than doubled during the decade
studied, and since the incidence was age and sex-stand-
ardized, this increase cannot be explained by an ageing
population. We believe that the incidence-increase may
be explained, at least in part, by increased diagnostic
testing or access to radiology-guided aspiration. Also, as
ascertainment of cases was based on diagnostic coding,
improved coding during the study period could also
affect the incidence.

The increased PLA incidence is not likely explained by
an unhealthier population, as the median Charlson
comorbidity index of patients for each year remained
stable during the study period (Supplementary Table
A5). Instead, the number of patients with a Charlson
comorbidity index of zero increased during the study.
This may suggest that the increased incidence is due to
other factors, such as more virulent bacteria causing PLA
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Figure 4. Results of abscess cultures in relation to duration of antibiotics during the first 4 weeks.

in otherwise healthy patients, or that risk factors not
included in the Charlson comorbidity index (such as sur-
gery) could explain this development.

Aetiology of PLA

Our study shows that the aetiology of PLA is heterogen-
ous, with a diversity of isolated anaerobic, aerobic,
Gram-positive and Gram-negative and mono- and poly-
microbial pathogens. However, Streptococcus spp. (domi-
nated by the S. anginosus complex), E. coli and Klebsiella
spp. (dominated by K. pneumoniae) accounted for the
vast majority of both mono- and polymicrobial findings
in both blood and abscess cultures. This is in line with
previous reports [3, 21]. Enterococcus species and anaer-
obic bacteria, such as Bacteroides- and Clostridium spe-
cies, also prevalent in both mono- and
polymicrobial blood cultures. Consequently, it is import-
ant to cover these pathogens in empirical treatment.
Thus, piperacillin/tazobactam or a third-generation ceph-
alosporin, such as cefotaxime, combined with metro-
nidazole are reasonable alternatives for empirical
treatment of PLA. Enterococci and Candida species were
more common in abscess cultures than in blood cul-

were

tures, which could be explained by lengthy treatment
with broad-spectrum antimicrobials which could select
for these pathogens in local cultures. The prevalence of
ESBL-producing Enterobacterales (EPE) was very low, in
accordance with the low-endemic situation in Sweden
regarding multidrug-resistant bacteria compared to
other regions of the world [22]. However, even in high-

endemic settings, the prevalence of antibiotic resistance
in Klebsiella spp. is low [23].

Candida species were rarely isolated in our study,
and, in our opinion, empirical coverage of EPE and
Candida spp. is not needed.

The utility of 16S rDNA in aspirated abscess material
has been previously demonstrated, especially in settings
with a high prevalence of liver abscesses caused by
Entamoeba histolytica [24]. We believe that analysis of
the 16S rDNA-gene from abscesses could be beneficial,
as PCR added information in 37% of episodes in our
study compared to standard culturing methods. PLAs
are frequently caused by anaerobic bacteria, which are
often difficult to culture [15]. However, 16S rDNA does
not allow susceptibility testing which is a disadvantage.

Aspiration and drainage of pus from PLA can be
therapeutic, as primary source control [25]. Our study
clearly shows the utility of culture and 16S rDNA per-
formed on abscess contents; although antimicrobials in
many episodes had been administered; clinically relevant
pathogens were found in abscess cultures several weeks
into treatment (Figure 4). This highlights the need for
early abscess drainage, for therapeutic and diagnostic
reasons and may justify the long antimicrobial treatment
associated with this condition.

Strengths and limitations

To the best of our knowledge, this study includes one
of the biggest cohorts of patients with PLAs, including
detailed data on aetiology from both blood and abscess
cultures. Other strengths of this study include the
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population-based study design. However, there are
some potential weaknesses. First, the retrospective study
design, with the risk of selection bias. Second, relying
exclusively on ICD codes could underestimate the true
incidence of PLA, as patients might be misdiagnosed.
Third, some abscess cultures were obtained after initi-
ation of antimicrobials and from catheters having been
present >24h, which could influence the microbio-
logical results. Furthermore, the ascertainment of cases
was based only on diagnostic coding. To validate that
the incidence of PLA is indeed increasing, a second
measure to screen for cases, such as cultures sent to the
Department of Clinical Microbiology in Lund, could have
been used. Unfortunately, we were unable to search the
microbiological database for liver abscess samples only,
as there is no specific code for liver abscess samples.
Therefore, we could not investigate if a positive liver
abscess culture was found with or without an associated
diagnostic code of PLA (K750).

Although still rare, PLA is an emerging infection, and
the incidence can be expected to increase further in the
future with an ageing population. The results of this
study may assist clinicians to diagnose and treat PLA
and form a basis for empirical antimicrobial treatment of
PLA in our region. More studies are needed to investi-
gate why the PLA incidence is increasing and to evalu-
ate optimal treatment.

Conclusion

The incidence of PLA increased during the study period,
and Streptococcus spp., Klebsiella spp. and E. coli domi-
nated both blood and local cultures. Despite antimicro-
bial therapy, pathogens could be found in local abscess
cultures several weeks into treatment. Increased use of

16s rDNA in the management of PLA could be
beneficial.
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