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An 82-year-old Filipino male presented to a tertiary care hos-
pital in Canada with a 2-week history of abdominal pain, fever, 
and chills. Review of systems was otherwise negative. His 
medical history was significant for atrial fibrillation, a prior 
cerebrovascular accident, hypertension, dyslipidemia, and re-
mote peptic ulcer disease. The patient was a permanent resi-
dent of Canada and had last traveled to the Philippines over a 
year before. At the time of presentation, he had an oral tem-
perature of 38.8°C and a heart rate of 138 beats per minute. 
Abdominal tenderness was appreciated with palpation of the 
epigastrium. On laboratory investigations, the patient had a 
peripheral white blood cell count of 15.7 ×109/L, an alanine 
aminotransferase of 93 U/L, an aspartate aminotransferase 
of 135 U/L, and an alkaline phosphatase of 184 U/L. A com-
puted tomography scan of the abdomen demonstrated mul-
tiple multiloculated cystic hepatic lesions concerning for liver 
abscesses (Figure 1, arrow). The patient was admitted to the 
hospital and empirically started on piperacillin-tazobactam. 
Blood cultures were collected from 2 sites before the initiation 
of antimicrobial therapy, and an aspirate of the liver lesions 
was obtained under ultrasound guidance. Gram-negative ba-
cilli were recovered from both blood culture sites, as well as 
from culture of the aspirate. The isolate grew well on standard 
bacteriological culture media and had a very mucoid colony 
morphology (Figure 2, growth on a MacConkey agar plate). 
When a colony was touched with a bacteriologic loop and 
pulled up, an elongated mucoviscous string >5 mm in length 
was observed (positive string test, Figure  3). What is your 
diagnosis?

ANSWER: LIVER ABSCESS CAUSED BY 
HYPERVIRULENT KLEBSIELLA PNEUMONIAE

Pyogenic liver abscesses may be either polymicrobial or 
monomicrobial [1, 2]. The bacterial pathogens most com-
monly recovered from patients with a pyogenic liver abscess 
include Escherichia coli, Klebsiella spp., streptococci (including 
members of the S. anginosus group), and anaerobes [1]. In the 
case described here, the pathogen was identified as Klebsiella 
pneumoniae by matrix-assisted laser desorption ionization 
(MALDI)–time of flight mass spectrometry (Bruker MALDI 
Biotyper System using Compass 4.1.70 software and the MBT 
7854 MSP library [last updated April 2018], Bruker Daltonics 
Ltd, East Milton, ON, Canada). Given the mucoid colony ap-
pearance and the patient’s ethnicity, the isolate was forwarded 
on to a reference laboratory for further evaluation by whole-
genome sequencing. DNA libraries were prepared with the 
Nextera XT protocol and sequenced on the MiSeq platform 
(Illumina, San Diego, CA, USA). Sequencing data are available 
as part of NCBI BioProject PRJNA511988. Contigs were gener-
ated using the Assembly and Annotation pipeline of the Rapid 
Infectious Disease Analysis platform (IRIDA, version 19.09.02), 
which combines Shovill-based de novo assembly with Prokka-
based annotation and QUAST assembly assessment. The isolate 
was found to contain the rmpA, iuc, and iro genes, confirming 
that it was a hypervirulent strain.

K.  pneumoniae is a gram-negative bacillus that belongs to 
the order Enterobacterales and the family Enterobacteriaceae 
[3]. This pathogen is commonly implicated as a cause of noso-
comial infections [3, 4]. Hypervirulent K. pneumoniae isolates 
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Figure 1. A computed tomography scan of the abdomen demonstrating 
multiloculated liver abscesses (arrow).
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are associated with a syndrome of bacteremia accompanied by 
pyogenic liver abscess, often with metastatic complications in-
cluding endophthalmitis and meningitis [4–6]. The liver abscess 
is typically monomicrobial and occurs in the absence of bil-
iary tract infection [4, 7]. On computed tomographic imaging 
studies, liver abscesses caused by K.  pneumoniae often have 
the following characteristics: single abscess, unilobar involve-
ment, multilocular appearance, solid appearance, association 
with thrombophlebitis, and absence of underlying biliary tract 
disease [8, 9]. Hypervirulent isolates have also been reported 
to cause a variety of other unusual primary infections such as 
necrotizing fasciitis, psoas abscess, and deep neck infections, as 
well as pneumonia [4, 5].

In contrast to classical strains, infections with hypervirulent 
K.  pneumoniae isolates tend to be community-acquired [4]. 
This pathotype represents a common cause of liver abscess in 

countries found in the Asian Pacific Rim [2, 4]. Infections due 
to hypervirulent K. pneumoniae have been also been reported 
among patients in Europe and North America [4, 10–12]. 
Pyogenic liver abscess due to hypervirulent K.  pneumoniae 
remains infrequent in Canada [13]. In a population-based 
study of patients with community-acquired bacteremia due to 
K. pneumoniae in the city of Calgary (AB, Canada), only 4 cases 
of liver abscess caused by a hypervirulent strain were identi-
fied between 2001 and 2007 [13]. Infections with hypervirulent 
K. pneumoniae isolates most frequently occur among patients 
with an Asian, Pacific Islander, or Hispanic ethnic background, 
even in the absence of travel to high-prevalence areas (eg, Asian 
Pacific Rim) [4]. Diabetes mellitus is also reported to be a risk 
factor [4].

The hypervirulent pathotype may be defined by the pres-
ence of particular virulence-associated genes, including rmpA, 
iucA, and iroB, using molecular diagnostic techniques [4, 14]. 
The rmpA gene is involved in enhancing capsular polysac-
charide synthesis, while the iucA and iroB genes encode the 
siderophores aerobactin and salmochelin, respectively [4]. 
Hypervirulent isolates typically produce mucoid colonies on 
solid agar media. They are usually positive for the string test, 
performed as described in the case presented here [4, 14]. The 
string test is reported to have a sensitivity and specificity of 89% 
and 91%, respectively [14].

Treatment of liver abscesses requires a prolonged course 
(ie, at least 4–6 weeks) of antimicrobial therapy and drainage 
when feasible, particularly for abscesses >5  cm in diameter 
[1, 2]. The choice of antimicrobial is based on the suscepti-
bility profile of the pathogen. In a recent open-label random-
ized clinical trial, oral antimicrobial therapy was found to be 
noninferior to intravenous therapy in the treatment of liver 
abscesses caused by K.  pneumoniae [15]. Recurrent infection 
(relapse or reinfection) has been reported following treatment 
of K. pneumoniae liver abscess in a minority of cases, and clin-
icians should be aware of this possibility [4, 10, 16]. The patient 
in this report did not have any clinical evidence of metastatic 
infection. He was initially treated with piperacillin-tazobactam, 
and then ertapenem. He improved clinically over the course 
after several weeks and was subsequently stepped down to oral 
trimethoprim-sulfamethoxazole. The liver abscesses completely 
resolved on follow-up imaging performed after ~12 weeks of 
treatment.

In summary, hypervirulent K.  pneumoniae isolates are an 
important cause of pyogenic liver abscess. Infection with this 
pathotype should be suspected based on a combination of epi-
demiologic, clinical, and laboratory features. Important clues 
include community acquisition of infection, ethnic back-
ground, absence of biliary disease, monomicrobial infection, 
and metastatic infection at distant sites. A positive string test 
provides supportive evidence that an isolate is a hypervirulent 
strain, but this result should be interpreted in the context of the Figure 3. Positive string test.

Figure 2. Hypervirulent Klebsiella pneumoniae isolate growing on a MacConkey 
agar plate.
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patient, as the sensitivity and specificity are suboptimal. For pa-
tients suspected of having a liver abscess due to hypervirulent 
K.  pneumoniae, clinicians should have a low threshold for 
performing additional diagnostic studies (eg, imaging, ocular 
exam) to fully define the extent of infection given the propen-
sity for metastatic spread.
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