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Klebsiella pneumoniae is a pathogenic bacterium responsible for otorhinolaryngology-head and neck infections.
Hypervirulent K. pneumoniae (hvKp), an alarming subtype of K. pneumoniae, causes life-threatening hematoge-
nous infection. However, there are few reports on the character of hvKp strain in the field of
otorhinolaryngology-head and neck surgery. We report the case of a 60-year-old Japanese man with a peri-
tonsillar abscess caused by hvKp. K. pneumoniae isolated from pus was positive in a string test. Genetic analysis
revealed that the strain had K2, rmpA and aerobactin genes. There was no evidence of hematogenous infections
such as bacteremia and liver abscess, and there was improvement by surgical drainage and intravenous anti-
microbial treatment. To the best of our knowledge, this is the first reported case of peritonsillar abscess caused by
hvKp that did not have hematogenous infections. The string test is a simple and inexpensive method for screening
hvKp. This case highlights the need for strategies to inhibit the spread of these highly virulent strains by early

drainage and appropriate antimicrobial treatment.

Introduction

Peritonsillar abscess (PTA) is a common deep-neck infection. Despite
being rare, PTA is potentially life-threatening, so early diagnosis is
crucial. Appropriate antimicrobial treatment and surgery to remove the
abscess are essential. The most frequent pathogens identified from pus in
patients with PTA are Streptococcus viridans and anaerobes such as Pre-
votella and Fusobacterium spp [1]. The prevalence of Klebsiella pneumo-
niae has not been widely reported, but there are increasing reports
showing detection of K. pneumoniae in patients with abscesses in the
field of otorhinolaryngology-head and neck surgery [1].

K. pneumoniae is a Gram-negative, non-motile, encapsulated, anaer-
obic bacteria. Classical K. pneumoniae (cKp) is known to be an oppor-
tunistic pathogen capable of causing life-threatening infections
including pneumonia, urinary tract infection, abdominal cavity infec-
tion and intravascular device infection in immunocompromised patients
or those frequently exposed to healthcare facilities [2,3]. Hypervirulent
K. pneumoniae (hvKp) is a distinct and alarming subtype. Since its initial
documentation in the 1980s, it has been predominantly reported in East
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and South-East Asia [2,4]. The pathogen has since demonstrated a
remarkable ability to disseminate and establish itself globally.

We present a case of PTA caused by a hvKp strain. This is the first
known report of hvKp developing locoregional invasive infection in
otorhinolaryngology-head and neck surgery without any metastatic
infections.

Case presentation

A sixty-year-old Japanese man without notable medical history
presented with a sore throat for two days. He had marked swelling and
redness of the left peritonsillar tissue and trismus without enlarged or
tender cervical lymph nodes (Fig. la). Laryngoscopy also revealed
swelling of the left lateral wall of the mesopharynx, but there were no
findings in the hypopharynx or larynx (Fig. 1b).

Contrast-enhanced  computed tomography (CT) showed
1.0 x 2.5 x 2.5cm of left-side PTA (Fig. lc, 1d). We performed
transoral drainage of the abscess under local anesthesia. The patient was
then treated with intravenous ampicillin/sulbactam (9 g/day) for six
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Fig. 1. Clinical findings. Pharyngeal findings by fiberscope via the oral cavity
(a) and via the nasal cavity (b). The left tonsil and the lateral pharyngeal wall
were markedly swollen (arrowhead). Contrast-enhanced CT of pharynx and
neck. (c) axial view (d) coronal view. 1.0 x 2.5 x 2.5 cm PTA is indicated by
the arrow. E; epiglottis, T; left tonsil, TB; tongue base, U; uvula.

days and intravenous hydrocortisone (300 mg/day) for the first three
days. Blood examination showed an undiagnosed glucose intolerance
(HbAlc of 6.7 %).

A strain of K. pneumoniae was identified by using matrix assisted laser
desorption/ionization-time of flight mass spectrometry (MALDI-TOF/
MS) in a bacterial culture of pus from the PTA. The strain showed to be
hypermucoviscous by a string test (Fig. 2). Serotyping and identification
of virulence factors by polymerase chain reaction (PCR) identified K2,
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Fig. 2. String test. String test was positive. The string test in an isolated colony
of K. pneumoniae from the CSF on an agar plate, which showed hyper-
mucoviscosity with a >5-mm-long viscous filament.

IDCases 38 (2024) e02113

rmpA and aerobactin (Fig. 3). Primer sequences were based on previous
literature and displayed in Table 1 [5-8]. Drug susceptibility test (DST)
by broth microdilution method did not show any drug resistance
(Table 2). Multilocus sequence typing (MLST) was performed using
seven housekeeping genes (gapA, infB, mdh, pgi, phoE, rpoB, and tonB)
according to the method of previous reports [9]. The current strain was
identified as ST3690 by reference for an MLST database for
K. pneumoniae (https://pubmlst.org/mlst). Blood culture and liver ul-
trasonography demonstrated that he had neither bacteremia nor liver
abscess. A year after treatment, the patient had not had recurrence of the
PTA. The patient provided written informed consent for publication of
this case report and accompanying images.

Discussion

Detection of K. pneumoniae as a causative pathogen in infectious
diseases in otorhinolaryngology head and neck surgery is considered to
be relatively rare. The nasopharyngeal colonization rate has been re-
ported to be 15 % [2]. This case suggests that hvKp is a pathogen of
concern for PTA.

K. pneumoniae has been associated with aspiration pneumonia or
liver abscess in immunocompromised patients and in patients with
diabetes [10,11]. Elderly patients with PTA are also reported to be at
high risk of K. pneumoniae infection [1]. Unlike cKp, hvKp are capable of
causing life-threatening metastatic infections spreading via the blood-
stream including liver abscesses, meningitis, brain abscesses and
necrotizing fasciitis. Even in healthy individuals in the community, the
mortality rate is estimated to be 3-42% [11]. This new type of
K. pneumoniae was firstly reported in 1986 from Taiwan as a liver ab-
scess associated with metastatic septic endophthalmitis [11]. Recent
studies have shown the prevalence of hvKp amongst cases of
K. pneumoniae to be as high as 12-45 % mainly in East Asia [3].

In previous reports, there are three cases of infection caused by hvKp
in the field of otorhinolaryngology-head and neck surgery. The cases of
deep neck abscess and Lemierre’s syndrome were reported and all cases
were described to be positive for blood culture [12-14] (Table 3).
However, these cases presented no pharyngo-laryngeal findings and
were considered to be spread by hematogenous metastasis from the
infected site. Locoregional virulence of hvKp at the colonized site in the
field of otorhinolaryngology-head and neck surgery has not been pre-
viously reported. Our case showed locoregional abscess without evi-
dence of hematogenous infections including bacteremia and liver
abscess. The characteristics of the strain isolated in the present case may
be related to the course of infection.

HvKp is highly mucoviscous and is determined by string test, which

Ladder magA  rmpA  wacG aeobactin
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Fig. 3. Genetic analysis. k2 (serotype), rmpA and aerobactin gene (virulent
factor) were detected in PCR study of the extracted DNA.
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Table 1
Primer sequences.
Gene Primer name Primer sequence (5’ to 3') Reference
K1 K1 forward GTAGGTATTGCAAGCCATGC [5]
K1 reverse GCCCAGGTTAATGAATCCGT
K2 K2 forward CAACCATGGTGGTCGATTAG [6]
K2 reverse TGGTAGCCATATCCCTTTGG
magA magA forward GGTGCTCTTTACATCATTGC [6]
magA reverse GCAATGGCCATTTGCGTTAG
rmpA rmpA forward CATAAGAGTATTGGTTGACAG [6]
rmpA reverse CTTGCATGAGCCATCTTTCA
wcaG wcaG forward GGTTGGKTCAGCAATCGTA [7]
wecaG reverse ACTATTCCGCCAACTTTTGC
aerobactin aerobactin forward GCATAGGCGGATACGAACAT [8]
aerobactin reverse CACAGGGCAATTGCTTACCT
Primers for serotyping and detecting virulence factors were listed.
Table 2
Drug susceptibility test.
Drug Minimum inhibitory concentration (ug/  *Susceptibility
mL)
Meropenem <0.06 susceptible
Ceftriaxone <1 susceptible
Levofloxacin <0.12 susceptible
Ampicillin/Sulbactam 4 susceptible
Tazobactam/ <2 susceptible
Piperacillin
Cefepime <0.5 susceptible
Amikacin <4 susceptible

" Susceptibility for each drug was determined by Clinical Laboratory Stan-
dards Institute (CLSI).

evaluates the viscosity of K. pneumoniae. The hyper-mucoviscosity aids
in evading the host’s immune defenses and facilitating colonization. A
string test is a simple and inexpensive screening test for detecting hvKp.
However, some studies described that 17-23 % of putative cKp isolates
had a positive string test result [15]. It is important to recognize that
hyper-mucoviscosity alone does not necessarily lead to invasive disease
in immunocompetent individuals [15]. The identification of genetic
biomarker is required.

Serotyping and identification of virulence factors were performed
using the strains isolated in this study. K2, rmpA and Aerobactin were
identified as virulence factors. HvKp strain frequently carries genes
encoding for a highly efficient capsular polysaccharide (K antigen) that
provides resistance against phagocytosis. K1 and K2 strains have been
widely reported in cases of hvKp. K1 strains are reportedly more prone
to hematogenous infection than K2 strains [3,16]. Therefore, the
infection was thought to be limited in this case to PTA, a localized
infection, reflecting a characteristic of the K2 strain. The current strain,
ST3690, was detected in a patient with sepsis that developed from se-
vere pneumonia in a previous report [17]. Although ST3690 is less
prevalent to major sequence types such as ST23 and ST65 among hvKp
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strains, it is reported to be relatively prevalent in East Asia and be
associated with highly invasive infections [18].

In addition, hvKp possesses several iron acquisition systems and
factors contributing to the bacteria’s resistance to phagocytosis and
complement-mediated killing. Aerobactin has been reported as a factor
of iron acquisition system [19]. The gene rmpA is recognized as a player
in the enhancement of virulence by regulating the production of
capsular polysaccharide and it is also associated with the
hyper-mucoviscous phenotype, which is detectable by using string test
[3].

Aerobactin has high sensitivity in hyperviscous Klebsiella and rmpA
has high specificity in highly pathogenic Klebsiella [20]. These virulence
attributes underscore the formidable pathogenic potential of hvKp and
its ability to cause life-threatening invasive infections [2].

HvKp is usually intrinsically resistant to ampicillin, but it is sur-
prisingly sensitive to the most commonly used antimicrobials, generally
with favorable outcomes [2]. Antimicrobial susceptibility patterns of
hvKp have remained consistent since the first report. However, there has
been an alarming increase in the prevalence of antibiotic-resistant hvKp
strains in recent years [2]. Furthermore, virulent genes associated with
hvKp have also been identified in cKp, leading to outbreaks of hyper-
virulent strains. To address this new threat, urgent and comprehensive
strategies are needed to inhibit the spread of these resistant and highly
virulent strains.

In conclusion, we reported the first known case in which hvKp pos-
itive for K2, rmpA, and Aerobactin was detected in a patient with peri-
tonsillar abscess. We believe that the clinical course may be predicted by
searching for serotype and pathogen type if the pathogen is string test
positive.
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Table 3
Reported cases of hvKp infection in head and neck region.
Reference Country Age  Sex Findings in head Complications Blood Underlying Capsule Sequence Outcome
and neck culture disease (s) strain type
Lee SE. 2021 United 63 Female Lemierre’s Suppurative Positive Diabetes mellitus K2 65 Survived
[12] States syndrome lymphadenitis
McHardy JA. United 53 Male Deep neck abscess None Positive Diabetes mellitus K20 420 Survived
2021 [13] Kingdom Pulmonary
tuberculosis
Lan P. 2021 China 74 Male Deep neck abscess None Positive Diabetes mellitus K5 1049 Survived
[14] Liver cirrhosis
Present case Japan 60 Male Peritonsillar None Negative Diabetes mellitus K2 3690 Survived
abscess

Characteristics of reported four cases with hvKp infection in head and neck region including current case were listed.
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