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Abstract: (1) Background: Cryptogenic Klebsiella pneumoniae liver abscesses are an invasive infection
with or without extra hepatic involvement in the absence of hepatobiliary disease or abdominal
malignancy. Most of the evidence has emanated from reports from Asia, and previous studies in
the Americas have limited clinical characterization. (2) Methods: To understand this syndrome’s
characteristics on our continent, we conducted a scoping review to identify adult cases of idiopathic,
community-acquired monomicrobial K. pneumoniae liver abscess in the Americas. (3) Results: We
identified 144 cases spanning 1978-2022. Most cases were reported in males that had traveled
or migrated from Southeast or East Asia with diabetes mellitus. Extrahepatic involvement and
bacteremia were common, including seeding to the lungs, ocular structures, and central nervous
system. Although limited by sample size, the most commonly reported genes were magA or rmpA.
Concomitant percutaneous drainage and third generation cephalosporins (alone or in combination
with other antibiotics) were frequently used, yet pooled fatality occurred in 9% of the reported cases.
(4) Conclusions: The features of cryptogenic K. pneumoniae liver abscess in the Americas mirror those
described in Asia, confirming its global dissemination. This condition is increasingly being reported
in our continent and carries significant clinical impact due to its systemic invasiveness.

Keywords: liver abscess; America; Klebsiella pneumoniae; cryptogenic

1. Introduction

Klebsiella pneumoniae is a Gram-negative pathogen with two distinctive strains (tra-
ditional and hypervirulent), both capable of causing a myriad of infectious syndromes,
including liver abscess. [1,2]. Hypervirulent K. pneumoniae strains are evolving virulent
pathogens with unique features, including the propensity to cause community-acquired
abscesses inside and outside of the liver in relatively healthy individuals of any age group.
Unlike the traditional K. pneumoniae strain, hypervirulent K. pneumoniae tends to dissem-
inate to other organs such as the eye, the central nervous system, or the lungs, and is
associated with increased mortality and poor clinical outcomes [3-6]. This infection, now
referred to as cryptogenic K. pneumoniae liver abscess (cKLA), has been predominantly
linked to the hypervirulent form. It was initially described in Taiwan in 1986 [7], but
increasing evidence has demonstrated its global spread [4]. The terms cryptogenic, primary,
or idiopathic have been used to describe these liver abscesses when they occur in the
absence of previous abdominal surgery or concomitant intra-abdominal pathology (i.e.,
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colorectal malignancy or previous hepatobiliary disease). Historically, these pyogenic liver
abscesses have been reported as polymicrobial, with E. coli causing most cases. However, in
the last three decades, the frequency of cKLA has increased around the globe, particularly
in Asia, where it is now the most common etiology [6]. Additionally, they are encountered
more commonly in diabetic—yet otherwise immunocompetent—males originally from the
Asian Pacific Rim [8-11].

Although strong emphasis is made on liver abscess, hypervirulent K. pneumoniae may
cause a variety of entities with and without multiple sites of infection outside of the liver,
as described in a case of renal abscess with metastasis to the lungs, eye, and brain reported
in Dallas, USA [12].

The genomic analysis of the most common strains is associated with various genes,
including the mucoviscosity-associated gene A (magA, now called wzyg,k1), the regulator
of mucoid phenotype A gene (rmpA/A2), the salmochelin siderophore biosynthesis gene
(iroB), aerobactin siderophore biosynthesis gene (iucA), and others [12-15]. These mediate
the virulence and mucoid phenotype seen in the K serotypes (mainly K1, K2, but also K5,
K20, K30, K25, K27, K32, K57, etc.) or others by the production of a hypercapsule, a variety
of extracellular saccharides (including colonic acid), and excessive siderophores [13,16-20].

Although in the past decades, cKLA has risen as a unique infection worldwide, compre-
hensive clinical and epidemiological information in the Americas is limited. Unfortunately,
the available literature consists of case reports and case series, and it neglects cases outside
of the United States of America (USA). The two largest reports of cases of K. pneumoniae liver
abscess in the USA were conducted by Siu et al. [21] and Fazili et al. [22]. They described 38
and 93 cases, respectively. However, they included individuals with hepatobiliary disease,
which may inherently predispose individuals to a pyogenic liver abscess; neither included
countries other than the USA.

In this study, we aim to describe a scoping review of cases reported in the Ameri-
can continent by delineating the clinical and epidemiological features of this syndrome,
and we aim to further characterize the clinical outcomes to increase awareness and
guide management.

2. Materials and Methods

This scoping review was conducted following the Joanna Briggs Institute Methodology
for Scoping Reviews and was reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses Extension for Scoping Reviews (PRISMA-ScR) [23,24].

2.1. Study Eligibility and Search Strategy

The literature search strategy involved searching the articles in databases that included
PubMed/Medline, Embase, Scopus, Web of Science, LILACS, and CINAHL. The cross-
searching was conducted based on three categories: (1) Liver; (2) Klebsiella pneumoniae
related terms; (3) Abscess. The detailed search strategy, according to each database, is
presented in the Appendix A. Two investigators independently conducted the literature
search (AT, JC). We searched the databases from their inception to July 2022, and only
publications written in English, Spanish, or Portuguese were included. We used text words
and medical subject heading (MeSH) terms using the Boolean search strategy. Our literature
search was supplemented by snowball search in databases such as Google Scholar, Latin
American and Caribbean Health Sciences Literature (LILACS), and Open Grey.

Only case reports, case series, abstracts, and letters to the editor were included in our
search, as no higher-level evidence studies were found for this specific research question.
To be eligible, the studies should have described cases of monomicrobial liver abscess
due to K. pneumoniae confirmed by blood or surgical specimen, reported in the American
continent (North, Central, or South America), in adults (>16 years old). We excluded stud-
ies that evaluated patients with active hepatobiliary disease, concurrent intra-abdominal
malignancy, or abdominopelvic surgery in the past 3 months before presentation, and
cases that failed to meet the inclusion criteria. In vitro studies, studies on experimental
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animal models, and case series unable to individualize data and only presented as ranges
or averages were excluded. The following results were imported to the desktop version of
Covidence systematic review software to merge duplications and prepare for the screening.
In addition, the gray literature was reviewed to ensure no information was left out.

2.2. Study Selection and Data Extraction

Two authors (AT, JC) screened results by titles and abstracts identified with the search
strategy presented. After the screening, the full-text preselected articles were examined
by two authors (AT, JC) to determine if they met the inclusion and exclusion criteria. Any
discrepancy among the authors was settled through discussion until a consensus was
reached. The list of articles included in our study is presented in Appendix B.

A data abstraction form was developed, and all included studies were abstracted
by two reviewers (RD, JC) working independently. Discrepancies were resolved through
discussion. Data items included study characteristics (author’s name, year, and country of
publication), patient characteristics (age, gender, country of origin, clinical presentation,
history of travel, comorbidities, phenotypic and genotypic profile of isolates, treatment,
and duration of antibiotics), and outcomes (presence of extrahepatic disease, cure rates,
relapse, and mortality).

2.3. Data Synthesis and Statistical Analysis

Continuous variables were summarized with the sample median and range. Categori-
cal variables were summarized with the number and percentage of patients and compared
using Chi-square tests or Fisher’s exact test. The p values < 0.05 were considered statistically
significant. All statistical tests were 2-sided. Statistical analyses were performed using SAS
9.2 (SAS Institute, Cary, NC, USA).

2.4. Study Definitions

Country of diagnosis was defined as the country of origin of the first author. Region
of origin was defined as the geographic region where the patient was originally from, and
it should have been explicitly mentioned in the text. Vision complaints were defined as
any of the following: eye discomfort, eye redness, change in visual acuity, or eye discharge.
Any change in the baseline from visual acuity after infection (including enucleation) was
defined as sequelae. Sepsis was defined according to the syndrome of inflammatory
systemic response criteria with confirmed infection [25]. A string test was considered
positive when K. pneumoniae colonies were stretched in culture media using an inoculation
loop, and the resulting viscous string was >5 mm in length [26].

3. Results

A total of 6262 citations resulted from our search strategy. After removing duplicates,
2806 abstracts and titles were screened. Sixteen additional studies were found through other
sources. The full-text review was conducted on 167 articles, of which 43 were excluded
(reasons for exclusion are displayed in Figure 1). A total of 124 studies were included in
the analysis.

3.1. Study Characteristics

Included studies were published between 1978 and July 2022. The number of cases
per decade occurred as follows: 1978-1979 (n = 1), 1980-1989 (n = 1), 1990-1999 (n = 8),
2000-2009 (n = 27), 2010-2019 (n = 81), 20202022 (n = 26), showing a definitive trend up
by decade. The distribution of cases reported per country is summarized in Figure 2. All
studies were anecdotal case reports or case series, with some presented in the form of a
meeting abstract.
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Records identified through
database searching
(n=6262)

Additional records identified
through other sources (n=16)

|

Results imported for
screening (n=6278)

Duplicate removed (n=3470)

|

Records screened (n=2808)

— | Records excluded (n=2641)

Full-text articles assessed
for eligibility (n=167)

Full-text articles excluded with
the following reasons (n=43):

|

Wrong patient population (n=27)
Individual data not available (n=8)

Studies included in the
analysis (n=124)

Wrong study design (n=3)

Figure 1. Flowchart of the search, screening, and selection of the evidence.

Country of diagnosis

@ 1-5 cases reported
6-10 cases reported
@ > 10 cases reported

Number of cases reported per country:

Figure 2. Number of cases reported in the Americas (per country) and their reported origin.

. Colombia (n=9) {SoutheastAsia (n=1)

Region of origin

Southeast Asia (n=4)

East Asia (n=2)

South America/Other (n=2)
Not reported (n=2)

Canada (n=10)

Southeast Asia (n=30)

East Asia (n=17)

Central America/Caribbean (n=9)
North America (n=7)

South America/Other (n=5)

Not reported (n=38)

US.A. (n=106)

Mexico (n:_ij) » Not reported (n=3)

Jamaica (n=5) ----»- Not reported (n=5)

South America/Other (n=2)

Not reported (n=6)

Southeast Asia (n=35)

East Asia (n=19)

South America/Other (n=12)
Central America/Caribbean (n=9)
North America (n=7)

Brazil (n=2) » Not reported (n=2)

Peru (n=1) » Not reported (n=1)

Paraguay (n=2)----» South America/Other (n=2)

South America/Other (n=1)

Argentina (n=2) { Not reported (n=1)

*Not reported (n=4)
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3.2. Population Characteristics

A total of 144 cases of cKLA were identified in our cohort. A pooled analysis showed
a median age of 52 (range: 18-86) years old, predominantly male, and who originally
were from countries located in Southeast and East Asia. The most commonly reported
symptoms were fever (84%), abdominal pain (54%), and constitutional symptoms (49%).
A summary of the population characteristics, ethnicity, and genotypic and phenotypic
profiles is displayed in Table 1.

Table 1. Population characteristics.

Total [n (%)]

Age median (range) 52 (18-86) years
Gender (n = 144)

Male, n (%) 112 (77.78%)
Comorbidities (n = 144)

Diabetes mellitus, n (%) 58 (40.28%)
Hypertension, n (%) 20 (13.89%)
Hyperlipidemia/Coronary artery disease, n (%) 10 (6.94%)
Alcohol use, n (%) 4 (2.77%)
Concomitant malignancy, n (%) 3 (2.08%)
Reported Symptoms (n = 144)

Fever, n (%) 121 (84.03%)
Abdominal pain, n (%) 78 (54.17%)
Constitutional symptoms, n (%) 71 (49.31%)
Nausea/vomiting, n (%) 48 (33.33%)
Vision complaints, n (%) 28 (19.44%)
Diarrhea, n (%) 19 (13.19%)
Headache, n (%) 17 (11.81%)
Dyspnea, n (%) 14 (9.72%)
Cough, n (%) 11 (7.64%)
Urinary symptoms, n (%) 11 (7.64%)
Jaundice, n (%) 10 (6.25%)
Chest pain, n (%) 4 (2.77%)
Ethnicities (n = 144)

Asian, n (%) 56 (38.89%)
Hispanic/Latino, n (%) 16 (11.11%)
White/Caucasian, n (%) 8 (5.56%)
African American, n (%) 6 (4.17%)
Afro-Caribbean, n (%) 4 (2.78%)
Pacific Islanders, n (%) 3 (2.08%)
Asian American, n (%) 2 (1.39%)
Not reported, n (%) 49 (34.03%)
Bacteremia (n = 144) 86 (59.72%)
Extrahepatic disease (1 = 144)

Lungs or pleura, n (%) 42 (29.17%)
Ocular structures, n (%) * 33 (22.92%)
Other intra-abdominal abscesses, n (%) # 16 (11.11%)
Brain and meninges, n (%) ¥ 15 (10.42%)
Genotypic profile (n = 19)

magA/wzygpk: gene, n (%) 11 (57.89%)
rmpA gene, n (%) 13 (69.42%)

iro, iuc, ybtA, clbA, and / or peg-344 genes, n (%) 4 (21.05%)




Pathogens 2023, 12, 661

6 of 15

Table 1. Cont.

Total [n (%)]

Phenotypic profile (n = 32)

Hypermucoviscosity, n (%) 28 (87.50%)
K1 serotype, n (%) 9 (28.13%)
K2 serotype, n (%) 4 (12.50%)
Non K1/K2 serotype, n (%) 2 (6.25%)
Siderophores, n (%) 0 (0.00%)

* Including pneumonia, bronchopneumonia, lung abscess, pleural effusion, or empyema + including endoph-
thalmitis, chorioretinitis, panophthalmitis, uveitis, or subretinal abscess # including adrenal, renal, prostatic, or
psoas muscle yincluding meningitis or brain abscess.

History of travel within three months of diagnosis was described in nine patients
(seven were diagnosed in the USA and two in Canada), and the countries of travel were
the Philippines (1 = 4), Mexico (n = 2), Algeria (n = 2), and Vietnam (n = 1).

Antibiotics were reported as part of the therapy in 104 cases (72.22%). It is unclear if
the rest did not receive antimicrobials or if the article failed to mention it. The duration of
therapy was only reported in 61 (42.36%) cases. The median duration of therapy was six
(range: 2-6) weeks. The antibiotic regimen was highly heterogeneous, yet the most frequent
agent used, either alone or in combination, was ceftriaxone in 47 cases (32.64%). One
hundred and sixteen cases (80.56%) underwent percutaneous drainage, thirteen (9.03%)
underwent surgical drainage, and sixteen (11.11%) had no drainage at all.

3.3. Outcomes

Bacteremia was reported in 59.72% of the cases. Extrahepatic disease was reported
in 82 individuals (56.94%) and was described as follows: brain or meningeal involvement
(10.42%), eye (22.92%) (most frequently endophthalmitis in 86.36% of the cases, followed
by chorioretinitis, panophthalmitis, uveitis, or subretinal abscess), lung or pleura (29.17%)
(includes pneumonia, bronchopneumonia, lung abscess, pleural effusion, or empyema),
other abdominal/pelvic organs (11.11%) (including adrenal, renal, prostatic, or psoas
muscle), skin and soft tissue (4.17%) (including necrotizing fasciitis), and osteoarticular
(including septic arthritis, and osteomyelitis) (2.08%). At the time of diagnosis, three or
more organs and systems were simultaneously involved in 23 individuals (15.97%). Of
note, all patients with eye disease had eye sequelae described, and 18/33 were reported to
have sepsis in the case description.

Total or partial resolution of the abscess were recorded in 87/97 patients (89.69%).
Relapsed liver abscess after treatment was recorded in 1/12 studies (8.33%). Both cure rates
and relapse were not mentioned in 47 and 132 studies, respectively. The mortality in our
study was 9.03%. Among the thirteen reported deaths, all patients but one had some form
of extrahepatic disease, eight had diabetes mellitus (61.54%), eight had bacteremia (61.54%),
and two had ocular disease (15.38%).

4. Discussion

This study describes the clinical, epidemiological, and microbiological features of
cKLA in the American continent. Most patients reported were middle-aged males, pre-
dominantly from Southeast and East Asia, with diabetes as the most common comorbidity
(40.28%). These findings closely mirror the epidemiology previously described in Asia,
where the disease is now considered endemic [27-29]. Both magA and rmpA genes and
K1 serotypes played a crucial role in the pathogenesis of our population, which coincides
with the findings described by Fung et al. [30]. All these clinical and genetic similarities
reinforce that cKLA is actively spreading to other regions of the world.

The spread occurs most likely through the fecal-oral route, since Klebsiella spp. capsu-
lar antigens are known to facilitate intestinal colonization, and the clonal dissemination
of K1 serotypes has already been described in Korea [31,32]. Nonetheless, the definitive
route of entry is still not well described. It remains uncertain if the pathogen disseminates
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through the systemic circulation and seeds in the liver, or if, conversely, the liver is the
primary source of infection (due to translocation from the gastrointestinal tract) from where
it disseminates to the blood and other organs, or if it is a combination of both. Regardless,
no evidence of gastrointestinal, respiratory or urinary colonization of Klebsiella spp. were
reported in our cohort.

Extrahepatic disease was common in our study (56.94%), which has significant im-
plications for the management and monitoring of seeding. Searching for occult abscesses
should be considered, as it may impact antimicrobial choice and duration and source
control strategies.

One of the most alarming findings of this study is how abysmal the prognosis can
be after eye involvement (including endophthalmitis, chorioretinitis, uveitis, or subretinal
abscess). Virtually all individuals had documented eye sequelae in our cohort—this has
been similarly reported by other studies [33,34]. These findings suggest that prompt
consultation with an ophthalmologist should be considered in this population.

It is remarkable how Asians are disproportionately affected by hypervirulent K. pneu-
moniae strains, even outside endemic areas. Although we do not know the exact travel
conditions in our cohort, over half of the patients had either traveled recently or were
originally from the Asian Pacific Rim. While it is difficult to draw definitive conclusions
because of the nature of this study, the small sample size, and the data quality, this pattern
suggests a higher risk among the Asian population in the Americas. A mixture of environ-
mental and host-related factors, including increased intestinal carriage of hypervirulent K.
pneumoniae strains and inherent genetic predisposition, are believed to place this particular
group at higher risk for cKLA [28,35-39]. Despite this predisposition, our study shows that
non-Asian individuals (Hispanic/Latino, African American, White/Caucasians, Pacific
Islanders, etc.) are susceptible even without a history of travel to endemic areas.

Diabetes and hypertension were the most frequent comorbidities in our study (40.28%
and 13.89%, respectively). Mukherjee et al. found similar frequencies of diabetes (60% vs.
56.3%) and hypertension (46.7 vs. 50.7%) in patients with metastatic and non-metastatic
cKLA in a study in Singapore between 2013 and 2017. Although diabetes has been asso-
ciated with metastatic complications in other studies, it was not found to be a risk factor
for metastatic infection in that cohort [40]. Other reports have described Southeast/East
Asian origin, male gender, symptomatic disease (dyspnea or sepsis), and abscess size as
predictors for metastatic complications [30,40-42].

The genotypic profile in our study re-demonstrates the characteristics described in
other populations [43]. Understanding these features is crucial, as their application in clini-
cal practice and epidemiology is currently evolving. Genotypic biomarkers (e.g., itoB, iucA,
rmpA, and rmpA2) have been described by Russo et al. to predict the presence of hyperviru-
lent strains accurately. Yet, its use has yet to be universally validated [44]. Routine use of the
string test in the microbiology laboratory should be cautiously interpreted, as it has variable
sensitivity and poor positive predictive value for hypervirulent K. pneumoniae [45,46].

Antibiotic therapy is widely variable in cKLA because there is no standard of care. In
our cohort, the most common antibiotics used as monotherapy included third-generation
cephalosporins (16.67%), piperacillin-tazobactam (9.72%), and fluoroquinolones (7.63%).
Based on retrospective analyses, some authors suggest either using a third- or first-generation
cephalosporins +/— aminoglycosides (the latter for the first two weeks of therapy), al-
though antimicrobial susceptibility of hypervirulent K. pneumoniae tends to be favorable,
and other regimens are considered to be equally acceptable [24,47-49]. Recently, the emer-
gence of Carbapenem-resistant hypervirulent strains of ST11 lineage have been a public
health concern [18]. No cases of carbapenem-resistant strains were recorded in our study.
This study’s mean duration of antibiotic therapy was six weeks, but this is solely based on
case reports/series.

Percutaneous drainage (aspiration or pigtail) should be performed, if possible. In
our study cohort, mortality in the percutaneous group was 4.5% vs. 30% in the non-
percutaneous drainage group, although the difference was not statistically significant
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(p 0.3796). Previous research has favored a percutaneous approach [48], which sometimes
might be limited due to the viscosity of the abscess, the location, or the collection’s charac-
teristics; thus, a surgical approach might be needed [50].

This study has several limitations, including the quality of the evidence and the small
sample size. Most cases were reported in North America, which may represent publication
practices in this region in comparison to other locations of this continent. When describing
symptoms, fever was the most common symptom, which tends to be more frequently
reported than others and may underestimate the prevalence of other symptoms. There is
still insufficient evidence to elucidate the pathogenesis of cKLA. Additional studies are
necessary to generate and test hypotheses within this topic. Lastly, no laboratory data were
collected, which leaves a gap in knowledge regarding this variable.

5. Conclusions

In conclusion, the clinical, epidemiological, and microbiological features of cKLA
closely mirror those described in Asia, confirming this pathogen’s global dissemination.
Rapid identification of this condition is crucial, as the consequences can be severe, including
increased mortality and blindness. We used the data in our study to frame a proposed diag-
nostic and therapeutic approach to cKLA, displayed in Figure 3. These results should raise
awareness of cKLA in the Americas; further studies are necessary to elucidate unanswered
questions regarding the dynamics of this syndrome in our continent, the standard of care in
antibiotic management, and the appropriate approach to those with extrahepatic disease.

History and Physical suggestive of Liver Abscess
AND
Microbiological confirmation of Klebsiella
pneumoniae*
Yes

Obtain abdominal imaging (CT abdomen with IV contrast, MRl abdomen with and
without IV contrast or abdominal ultrasound)

i\— Confirmed liver abscess

Evaluate for ckKLA

!

' . |

Epidemiology and comorbidities Evaluate for extrahepatic disease Microbiology testing Treatment
Obtain full-travel history, Collect blood cultures’, prompt Perform string test, obtain Initiate appropriate antibiotic
country of origin or previous consultation with genomic analysis (“'3.",\ - roB, therapy (e.g., ceftriaxone),
Pk

residency, evaluate for pres
of underlying diabetes

ence ophthalmology , obtain chest incA, rmpA/42), and detection prioritize percutaneous
imaging (chest X-ray or chest CT of capsular antigens (if drainage over surgical drainage
with IV contrast), obtain further available) (if possible)
testing based on symptoms
(lumbar puncture, MRI of soft
tissues/bone, etc.)

“if not taken already

*sources include liver or tissue aspirate and blood cultures

Figure 3. Approach to individuals with confirmed and/or suspected cKLA.
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Appendix A. Detailed Search Strategy
Search date: 8 July 2022

PubMed

((Klebsiella OR KPC OR “Klebsiella pneumoniae”[Mesh] OR “Klebsiella Infections”[Mesh]
OR hypermucoviscous OR “invasive syndrome” OR “k. pneumoniae” OR “k.pneumoniae”
OR monomicrobial OR hypervirulent OR hvkp) AND (Abscess* OR “Abscess”[Mesh:NoExp]
OR “Liver Abscess”[Mesh:NoExp] OR “Liver Abscess, Pyogenic”[Mesh])) AND (Liver OR
Hepat* OR “Liver”[Mesh]).

Scopus

((Klebsiella OR KPC OR hypermucoviscous OR “invasive syndrome” OR “k. pneumo-
niae” OR “k.pneumoniae” OR monomicrobial OR hypervirulent OR hvkp) AND (Abscess*
OR KPLA OR KLA OR PLA)) AND (Liver OR Hepat*).

CINAH

(Klebsiella OR KPC OR hypermucoviscous OR “invasive syndrome” OR “k. pneumo-
niae” OR k.pneumoniae OR monomicrobial OR hypervirulent OR hvkp) AND (Abscess*
OR KPLA OR KLA OR PLA) AND (Liver OR Hepat*).

Embase

((Klebsiella OR KPC OR “Klebsiella pneumoniae’/exp OR ‘Klebsiella Infections’/exp
OR hypermucoviscous OR ‘invasive syndrome’ OR ‘k. pneumoniae” OR k.pneumoniae
OR monomicrobial OR hypervirulent OR hvkp) AND (Abscess* OR Abscess/de OR ‘Liver
Abscess’/de OR ‘Liver Abscess, Pyogenic’/exp OR KPLA OR KLA OR PLA)) AND (Liver
OR Hepat* OR Liver/exp).

Web of Science

((Klebsiella OR KPC OR “Klebsiella pneumoniae” OR “Klebsiella Infections” OR
hypermucoviscous OR “invasive syndrome” OR “k. pneumoniae” OR k.pneumoniae
OR monomicrobial OR hypervirulent OR hvkp) AND (Abscess* OR Abscess OR “Liver
Abscess” OR “Liver Abscess, Pyogenic” OR KPLA OR KLA OR PLA)) AND (Liver OR
Hepat* OR Liver).

Appendix B. Articles Included in the Analysis

Goldman 1978  Hepatic abscess and osteomyelitis from Klebsiella pneumoniae

Talcott 1984 A Vietnamese woman with chills and fever

Ridker 1990 False positive mononucleosis screening test results associated with Klebsiella hepatic abscess

Barton 1991  Diabetes mellitus and Klebsiella pneumoniae liver abscess in adults

Martinez 1991  Septic endophthalmitis associated with bacteremia and liver abscess caused by Klebsiella pneumoniae

Saccente 1999 Klebsiell'a pneu@oniae Liver. Abscess, Endophthalmitis, and Meningitis in a Man with Newly
Recognized Diabetes Mellitus

Dharmarajan 2000 Pyogenic Liver Abscess: A Geriatric Problem

Harris 2000  Bacterial subretinal abscess: A case report and review of the literature

Roeder 2001  29-Year-Old Man with Fever, Malaise, and Abdominal Pain

Solarte 2001  Endoftalmitis y septicemia por Klebsiella pneumoniae

Kim 2003 Klebsiella liver abscess
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Lewis 2004  Klebsiella pneumoniae primary liver abscess in a newly diagnosed diabetic
Fang 2005 Liver abscess caused by magA+ Klebsiella pneumoniae in North America
Harris 2005  Two cases of Klebsiella pneumoniae primary liver abscess; an emerging clinical entity among diabetics
Lederman 2005 Pyogefuc llYer absce.ss w1t.h a foc.us. on Klebsiella preumoniae as a primary pathogen: An
emerging disease with unique clinical characteristics
Pearl 2005 Hepatic abscesses
Golia 2006  Pyogenic liver abscess: Klebsiella as an emerging pathogen
Braiteh 2007  Cryptogenic invasive Klebsiella pneumoniae liver abscess syndrome
Connell 2007  Klebsiella pneumoniae endophthalmitis with associated hepatic abscess
Keynan 2007  Pyogenic liver abscess caused by hypermucoviscous Klebsiella pneumoniae
Nadasy 2007 Invasive Klebsiella pneumoniae syndrome in North America
Victor 2007 Endophthalmltls c'om.phcatmg Klebsiella pneumoniae liver abscess: An infrequently
recognized complication
Dodson 2009  Kiebsiella pneumoniae Endophthalmitis Secondary to Liver Abscess Presenting as Acute Iridocyclitis
Doud 2009 A k(2)A-positive Klebsiella pneumoniae causes liver and brain abscess in a Saint Kitt’s man
Invasive Infection with Hypermucoviscous Klebsiella pneumoniae: Multiple Cases Presenting to
Frazee 2009 . . .
a Single Emergency Department in the United States
Segretin 2009  Comunicacion Breve Endoftalmitis enddgena por Klebsiella pneumoniae
Sharma 2009  Endogenous Klebsiella endophthalmitis in a Vietnamese immigrant
Rivero 2010 K2 Serotype Klebsiella pneumoniae causing a Liver Abscess Associated with Infective Endocarditis
Nazir 2010 Pyogenic liver abscess
Pepin 2010  Klebsiella pneumoniae bacteraemia in a region of Canada
. Recurring Klebsiella pneumoniae Pyogenic Liver Abscess in a Resident of San Diego, California,
Fierer 2011 . . . .
Due to a K1 Strain Carrying the Virulence Plasmid
Pope 2011  Klebsiella pneumoniae liver abscess: An emerging problem in North America
. Bilateral Klebsiella pneumoniae (K1 serotype) endogenous endophthalmitis as the presenting sign
Kashani 2011 . . . .
of disseminated infection
Pomakova 2012 Chmca}l and phenotypic dlffgrences betweep clas§1c and hypervirulent Klebsiella pneumoniae: An
emerging and under-recognized pathogenic variant
Vila 2011 Appearance of Klebsiella pneumoniae liver abscess syndrome in Argentina: Case report and

review of molecular mechanisms of pathogenesis

Vu-Holbrook

2012

Overcoming the Rigors of Klebsiella pneumoniae

Clinical and bacteriological characteristics of Klebsiella pneumoniae causing liver abscess with

Abate 2012 less frequently observed multi-locus sequences type, ST163, from Singapore and Missouri, US
Lai 2012 Multifocal Pneumonia Caused by Klebsiella pneumoniae Liver Abscess Syndrome
Persichino 2012 Klebsiella pneumoniae necrotizing fasciitis in a Latin American male

Carrillo-Esper

2013

Sindrome de absceso hepatico secundario a Klebsiella pneumoniae hipermucoviscosa. Una
entidad emergente

Carrillo-Esper

2013

Sindrome de absceso hepatico secundario a Klebsiella pneumoniae hipermucoviscosa con
involucro pulmonar

Cordero-Chen

2013

Absceso hepatico asociado a absceso pulmonar y endoftalmitis

Kashani

2013

The emergence of Klebsiella pneumoniae endogenous endophthalmitis in the USA: basic and
clinical advances

Lodhi

2013

Pyogenic liver abscesses: Manifestations and management of an evolving pathogen




Pathogens 2023, 12, 661

11 of 15

Pyogenic Liver Abscess, Bacteremia, and Meningitis with Hypermucoviscous Klebsiella

Patel 2013 pneumoniae: An Unusual Case Report in a Human T-Cell Lymphotropic Virus Positive Patient
of Caribbean origin in the United States
. Genotyping Klebsiella pneumoniae isolated from hepatic abscesses in three patients from
Rios 2013 .
Bogota, Colombia
Sachdev 2013  Klebsiella pneumoniae K1 Liver Abscess and Septic Endophthalmitis in a U.S. Resident
Buppajarntham 2014 Tumor-like pyogenic liver abscess caused by Klebsiella pneumoniae in diabetes
. Community-acquired invasive liver abscess syndrome caused by a K1 serotype Klebsiella
Coutinho 2014 o . . .
pneumoniae isolate in Brazil: A case report of hypervirulent ST23
Kwon 2014 A Case of Klebsiella Liver Abscesses
Patel 2014  Hypervirulent Klebsiella pneumoniae
Saha 2014 Cryptogenic liver abscess in a diabetic patient
Abscesso hepatico por Klebsiella pneumoniae e suas complicagoes sistémicas / Liver abscess by
Neto 2014 ) . . . L
Klebsiella pneumoniae and its systemic complication
Sridhar 2014  Endophthalmitis caused by Klebsiella species
Williams 2014  Occult pyogenic liver abscess in an adolescent with type 2 diabetes
ID Challenges in the ICU: Klebsiella liver abscess syndrome in the abscess of native
Perez 2015 . .
hepatobiliary disease
Persichino 2015 Eight cases of invasive Klebsiella pneumoniae infection from a public teaching medical institution

in the USA

Sierra Saldivar

2015

Absceso hepético a Klebsiella pneumoniae/ KLEBSIELLA PNEUMONIAE hepatic abscess

Concurrent Endophthalmitis and Orbital Cellulitis from Metastatic Klebsiella pneumoniae

Davies 2016 Liver Abscess

Bhattacharya 2016  Klebsiella pneumoniae Hepatic Abscess in a Woman from China
Dsouza 2016  Abscess, abscess everywhere! A case of metastatic klebsiella infection
Fazili 2016  Klebsiella pneumoniae Liver Abscess an Emerging Disease

Jaramillo-Aristizabal

2016

Endoftalmitis endogena asociada a absceso hepatico por Klebsiella pneumoniae. Descripcion de
tres casos y revision de la literatura

A Case of the Unseen: Klebsiella pneumoniae Pyogenic Liver Abscess with Pneumonia and Septic

Gao 2016 Endophthalmitis in A Non-Asian Us Resident

Gupta 2016  “Air-raising”: An air-fluid level in the right subphrenic region

Woll 2016  Klebsiella pneumoniae liver abscess syndrome: Case presentation to a college student health clinic
Kazanji 2016 A case of hypermucoviscous Klebsiella pneumoniae liver abscess syndrome in an Iraqi male
Villegas 2016  Caso de absceso hepatico bacteriano drenado a pleura y cavidad abdominal

Wells 2016  Klebsiella pneumoniae Liver Abscess and Metastatic Endophthalmitis

Williams 2016  Klebsiella Liver Abscess

Yucuma-Gutierrez

2016

Absceso hepatico por Klebsiella pneumoniae asociado con bacteriemia y meningitis. Reporte de
un caso

Al-Khazraji 2016 Invasive liver abscess syndrome in North America

Kamal 2017  Klebsiella pneumoniae Liver Abscess: A Case Report and Review of Literature

Sink 2017  Disparate Domains: Cryptogenic Invasive Klebsiella pneumoniae Liver Abscess Syndrome

Lo 2017 A sticky situation: Hypermucoviscous Klebsiella pneumoniae causing alternative pyogenic abscess
Oikonomou 2017  Klebsiella Pneumoniae Liver Abscess: A Case Series of Six Asian Patients

Ramos-Rossy

2017

An unexpected cause of sepsis: Always keep searching
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Schifeling 2017 A new super-villain strikes under the cover of DKA
Iradukunda 2018 Unexpected source of fever: Liver abscess on point-of-care ultrasound
Maheswaranathan 2018 Identification and Management of the Hypervirulent Invasive Klebsiella pneumoniae Syndrome:

A Unique and Distinct Clinical Entity

Sindrome de invasién por Klebsiella multisensible. Reporte de un caso y revision de la

Alvarez Escalante 2018 literatura/Invasion syndrome by multi-drug resistant Klebsiella. Case report and literature review

Peermohamed 2018 Hypervirulent (hypermucoviscous) Klebsiella pneumoniae causing pyogenic liver abscess

Chan 2018 Hypermucoviscous Klebsiella pneumoniae liver abscess requiring liver resection

Gupta 2018 Novel complication of an emerging disease:: Invasive Klebsiella pneumoniae liver abscess
syndrome as a cause of acute respiratory distress syndrome

Schmiedecke 2018  First Report of Cryptogenic Klebsiella pneumoniae Liver Abscess in Pregnancy

Bradley 2019  Metastatic Klebsiella pneumoniae Invasive Liver Abscess Syndrome in Denver, Colorado

Likhtshteyn 2019  Sneaky abscess-ion: A pyogenic liver abscess masquerading as the flu

McCarty 2019 A Rare Case of Klebsiella pneumoniae Liver Abscess with Subsequent Invasive Disease: 2377

Merza 2019  Pleural Effusion Caused by Klebsiella Pyogenic Liver Abscess

Naseer 2019  Liver Abscess Complicated by Invasive Klebsiella Syndrome Resulting in Endophthalmitis

Nnaoma 2019  Pyogenic liver abscess in b-thalassemia: A case report

Criales Doria 2019 Iéiavr?; (ﬁ:jclfas; eMnf’c;lfsa’ZtcnSaﬁ;:lsr:g; gCiiused by Hypermucoviscous Klebsiella pneumoniae in a

Pillsbury 2019  Sticky Business: A syndrome of mucoid bacterial spread

Schmiedecke 2019  Perinatal Pyogenic Liver Abscess: A Rare Entity and First Reported Case of Klebsiella pneumoniae

Ue 2019 A 53-Year-Old Haitian Male Presenting with a Liver Abscess

Young 2019 Invasi.ve Liver Absc§ss Syndrom(? asa Consef;[uence of Klebsiella Pneumoniae Urinary Tract
Infection in A Nondiabetic American Caucasian Male: A Case Report

Echeverria 2020 ig;f;\gﬁve Management of Klebsiella pneumoniae Liver Abscesses Mimicking Malignancy in

Menjivar 2020  Klebsiella pneumoniae Liver Abscess: KLA, It's Never Okay

Fan 2020 Concomitant Pyogenic Liver and Intraocular Abscesses in Klebsiella Endogenous
Endophthalmitis: Case Report and Review of Literature

Raudales 2020  Klebsiella pneumoniae Primary Invasive Liver Abscess

Ahmad 2020  Think Outside the Box: Not All Vomiting Is Gastroenteritis

Torres 2020  Attack of the Klebsiella: A Case of Invasive Liver Abscess Syndrome with Multi-Organ Dissemination

Van 2020 A Case of Hypermucoviscous Klebsiella pneumoniae Pyogenic Liver Abscess

Walkty 2020  An 82-Year-Old Male with a Liver Abscess

Xie 2020  Klebsiella pneumoniae liver abscess associated with chronic ketamine abuse

Abdelrahman 2021  Encysted empyema: An uncommon complication of pyogenic liver abscess

Amoateng 2021 A Rare Case of Recurrent Klebsiella pneumoniae Liver Abscess

Arn 2021 Complicated Course (?f a Priméry Klebsiella pneumoniae Liver Abscess Requiring Exploratory
Laparotomy and Partial Hepatic Lobectomy

Brown 2021 Pyogenic Liver Abscess Presenting as Obstructive Jaundice from Klebsiella pneumoniae in Texas

Chaudhry 2021  Negative pressure pulmonary oedema due to rigors and chills associated with liver abscess

Eisenmenger 2021  ‘String Test’ for Hypermucoviscous Klebsiella pneumoniae

Ejikeme 2021 Hepatosplenic Abscess from Klebsiella pneumoniae in Poorly Controlled Diabetic
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Ghobrial 2021  The great mimicker: An unusual presentation of Klebsiella pneumoniae in a middle-aged man
Limpattanachart 2021 Invasive Klebsiella pneumoniae Liver Abscess Syndrome Presenting as Right Calf Skin Abscess
Mohanty 2021 A Sticky Case of A Pyogenic Liver Abscess—Klebsiella pneumoniae

Morales-Morales 2021 Invasive liver abscess syndrome with septic pulmonary embolisms

Ochi 2021 Hypervirulent klebsiella pneumonia causing disseminated infection in immunocompetent host
Pentecost 2021 Pyogenic liver abscess and endogenous endophthalmitis secondary to Klebsiella pneumoniae
Sulaiman 2021 A rare case of klebsiella liver abscess

Vongsavath 2021  Klebsiella pneumonia Liver Abscess in a Previously Healthy Thai Male

Zegarra Piérola 2021

Absceso hepatico, bacteriemia y meningoencefalitis por Klebsiella pneumoniae hipervirulenta en
el curso de infeccién por SARS-CoV2. Reporte de caso

Fernandez-Vega Gonzalez 2022  Klebsiella pneumoniae endogenous endophthalmitis secondary to liver abscess syndrome

Disseminated hypervirulent Klebsiella pneumoniae causing endophthalmitis, and lung and

Doshi 2022 .
liver abscesses
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