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Abstract: Hypervirulent Klebsiella pneumoniae (HV-KP) typically causes pyogenic liver

abscess and bacteremia with metastatic infections. Community-acquired pneumonia (CAP)

due to HV-KP is uncommon and details of its clinical and microbiological features are

limited. We report the first case of CAP due to capsular genotype K2-ST86 HV-KP in

Okinawa, Japan and review infections caused by the K2-ST86 strain. A 79-year-old woman

presenting with fever and productive cough persisting for the past three days was admitted to

hospital. Her vital signs indicated septic shock. Lung examination by auscultation revealed

holo-crackle and lobar pneumonia in chest radiography, and Streptococcus pneumoniae was

suspected. However, sputum and blood cultures revealed Gram-negative coccus identified as

K. pneumoniae. Genetic analysis identified the isolated strain as the K2 serotype harboring

rmpA, iutA, entB, and mrkD. Therefore, we identified the isolated strain as hypervirulent. The

isolate belonged to ST86 as determined by multilocus sequence typing. The case was not

complicated by predisposing factors such as diabetes mellitus and malignancy related to HV-

KP infection; thus, this CAP-causing HV-KP strain may differ from the typical HV-KP strain

that induces liver abscess. A literature review identified only nine cases with CAP due to

HV-KP. In all cases, the disease mainly occurred in older males with diabetes mellitus, which

makes the present case unusual, and had high rates of septic shock and death. No case,

including ours, was complicated by metastatic infection, suggesting that CAP due to HV-KP

poses little distant metastasis risk, even in patients with bloodstream infection. In our review,

consistent with our case, K2-ST86 was the most common strain of HV-KP in patients with

CAP. Therefore, studies are needed to elucidate the clinical and microbiological features of

HV-KP CAP, with a focus on the K2-ST86 strain. Physicians should always consider

K. pneumoniae in cases of sepsis CAP with lobar pneumonia.

Keywords: hypervirulent Klebsiella pneumoniae, community-acquired pneumonia, serotype

K2, sequence type 86, lobar pneumonia, Streptococcus pneumoniae

Introduction
Similar to pneumococcus, Klebsiella pneumoniae classically produces lobar pneu-

monia, particularly in alcoholics, and is known to cause hospital-acquired and

ventilator-associated pneumonia, urinary tract infections, and bacteremia in immu-

nocompromised or frequently healthcare-exposed patients.1,2 The frequency of

K. pneumoniae as a cause of community-acquired pneumonia (CAP) in adults
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varies with location, with higher frequencies in Taiwan

and China (the isolation rate is 5–14% and 5–10.3%,

respectively, in each country).3 It is an infrequent cause

of CAP in the United States, Europe, and Japan (0%,

0.3–5.0%, 0–1%, respectively).3–6

Recently, hypervirulent K. pneumoniae (HV-KP),

which was first reported in 1986 in Taiwan, has received

increased attention as a cause of severe infections.2,7 This

strain typically causes community-acquired pyogenic liver

abscess, bacteremia, and meningitis in healthy individuals

and also tends to cause metastatic infections, with the most

common sites being the eyes and central nervous system.2

The definition of HV-KP is controversial; however, several

recent studies have reported that possessing iutA (aerobac-

tin receptor-encoding gene) in addition to rmpA (for reg-

ulation of mucoid phenotype A via increased capsule

production) is a defining HV-KP trait.8–10 Although

increasing rates of HVKP infection have been reported

all over the world,11 CAP due to HV-KP is uncommon.2

In addition, although studies have investigated the clin-

ical and microbiological features and risk factors for HV-

KP infections, none focused on HV-KP CAP.2,11

Therefore, details, including the capsular genotype of the

HV-KP strain that causes CAP, are limited.

Herein, we present an unusual case of CAP due to the

capsular genotype K2-ST86 HV-KP strain in a patient who

did not have complicating risk factors for HV-KP infection.

We also briefly reviewed previous case reports, combined

with our case, to elucidate the clinical manifestations and

microbiological characteristics, including serotype and

sequence type (ST) of the HV-KP strain associated with

CAP. In addition, we reviewed the types of infections

caused by the K2-ST86 strain.

Case Report
A 79-year-old Japanese non-drinker woman with a history

of dementia and primary aldosteronism was admitted to

our hospital presenting with fever and a productive cough

persisting for the past three days and respiratory distress.

Despite the advanced age, the score of performance status

was 2 (ambulatory and capable of all self-care but unable

to carry out any work activities; up and about more than

50% of waking hours). She had never been a resident in

a nursing home or an extended-care ward. She also did not

receive antimicrobial agents and was not hospitalized in

the preceding 90 days, and had no history of overseas

travel. All these factors were indicative of her infection

being community acquired.

Upon admission (day 1), her general condition was

severe, and vital signs indicated sepsis; blood pressure was

89/60 mmHg; heart rate, 130 beats/min; body temperature,

38.5 °C; respiratory rate, 25 breaths/min; and oxygen satura-

tion, 92% in room air. A physical examination revealed

crackles on both lateral lung fields upon auscultation.

Blood tests showed elevated white blood cell count

(16,400 cells/μL; neutrophil 88%) and C-reactive protein

(42.81 mg/dL). A chest X-ray revealed lobar pneumonia

on both lung fields, and computed tomography (CT)

revealed multiple consolidations with air-bronchogram,

nodules, and ground-glass opacities, particularly in both

lower lobes (Figure 1). Although, radiological findings indi-

cated pneumonia due to S. pneumoniae, Gram staining of

Figure 1 Radiological findings of the present case. Chest X-ray revealing lobar pneumonia on bilateral lung fields (A). Computed tomography showing multiple consolidation

with air-bronchogram, nodules, and ground-glass attenuation on bilateral lung fields (B1–4).
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sputum samples revealed no predominant microorganism.

A commercially available urine antigen test for detecting

S. pneumoniae and Legionella pneumophila and the rapid

influenza virus test were also negative. The case was diag-

nosed as severe CAP with septic shock, and fluid resuscita-

tion for septic shock and administration of meropenem

(MEPM) were started immediately. The following day,

both sputum and two sets of blood cultures confirmed only

Gram-negative coccus. Matrix-assisted laser desorption/

ionization time-of-flight mass spectrometry revealed the iso-

late as K. pneumoniae. Colonies on sheep blood agar

demonstrated hypermucoviscosity, and the string test—a

semiquantitative phenotypic estimation that determines

hypermucoviscosity by stretching a bacterial colony on an

agar plate using an inoculation needle—was positive (the

string reached over 5 mm in length, which is consistent with

the characteristics of HV-KP). A biochemical test confirmed

that the isolated organism was K. pneumoniae. Multiplex

PCR (magA, iutA, allS, kfu, rmpA, entB, mrkD, and ybtS)

and multilocus sequence typing (MLST) were performed

according to previously described methods.12,13 Genetic

analysis identified this strain as the K2 serotype harboring

rmpA, iutA, entB, and mrkD (Figure 2). Therefore, we iden-

tified the isolated strain as hypervirulent. The isolate

belonged to ST 86 (ST86) as determined by MLST.

Additionally, urinalysis, urine culture, lumbar puncture,

ultrasonography, and CT of the abdomen and head were

performed to determine if the patient had complicating

disseminated HV-KP infection, because treatment duration

depends on the site and extent of infection. Metastatic

infections, such as liver abscess, meningitis, brain abscess,

or ocular infection, were all absent. The isolate was suscep-

tible to all routinely tested antibiotics except ampicillin.

MEPM was stopped and the patient was placed on ceftriax-

one (CTRX) as a definitive therapy, because the usual dose

of CTRX is given once a day, which could avoid intravas-

cular over volume in the elderly. The patient received 2

weeks of intravenous antibiotics, recovered gradually, with-

out recurrence, and was discharged on day 20.

Discussion
We describe here a case of CAP due to HV-KP strain K2-

ST86. Although CAP was complicated with bacteremic

septic shock, the patient recovered without other meta-

static infections. To the best of our knowledge, this is the

first report describing CAP due to K2-ST86 strain in

Okinawa, Japan. Although K. pneumoniae causes lobar

pneumonia and septic shock, which is generally caused

by gram-negative bacteria, we did not initially consider its

involvement in this case because K. pneumoniae is not

a common cause of CAP in Japan (0–1%).3

Diabetes mellitus is considered as a significant risk factor

for acquiring an HV-KP infection,2 and this bacterial infec-

tion affects predominantly 55–60 year old males.11 A recent

study that assessed CAP due to K. pneumoniae (isolated HV-

KP accounted for 54 of 68 patients; 79.4%) also reported

chronic kidney disease (66.2%) and malignancy (38.2%) as

being common co-morbidities.14 However, the present case

was not complicated by other conditions, and the patient was

an elderly woman, suggesting that the HV-KP strain causing

CAP might have different clinical characteristics from those

of the typical HV-KP strain that causes liver abscess, menin-

gitis, and endophthalmitis.2

In this case, the patient had bacteremia in addition to

septic shock and respiratory failure in the initial presenta-

tion. Importantly, when compared with S. pneumoniae,

which is the leading cause of CAP globally, bacteremic

CAP due to HV-KP has statistically higher mortality

(55.1% vs 27.3%, p = 0.007) and respiratory failure

(61.2% vs 31.8%, p = 0.005), and a greater likelihood of

initial presentation with septic shock (51% vs 31.8%, p =

0.061) than bacteremic CAP due to S. pneumoniae.15

Therefore, prompt diagnosis and appropriate treatment

are vital for this lethal infection. One of the important

distinguishing factor between bacteremic CAP due to HV-

KP versus bacteremic CAP due to S. pneumonia is that the
Figure 2 Multiplex PCR. The present strain harbored iutA, rmpA, entB, and mrkD
genes.
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former has a higher prevalence of bilateral involvement on

chest radiography than that of the latter (65.3% vs 22.7%,

p < 0.001),15 which was consistent with our case.

Therefore, we should seriously consider K. pneumoniae

as a potentially causative pathogen of sepsis CAP when

a lobar pneumonia patient has septic shock, and sputum

Table 1 The Characteristics of Nine Adult Cases with Community-Acquired Pneumonia Due to Hypervirulent Klebsiella pneumoniae
Including the Present Case [14–16]

Present Case Review + Present Case (N = 10) %

Clinical characteristics Clinical characteristics

Age (years) 79 Average age (range) (years) 66.3 (39–90)

Sex Female Sex (Male) 7 70

Underlying disease Underlying disease

Diabetes mellitus No Diabetes mellitus 4 40

Malignancy No Malignancy 1 10

Immunosuppression use No Immunosuppression use 1 10

Complication Complication

Bacteremia Yes Bacteremia 5 50

Septic shock Yes Septic shock 7 70

Metastatic infection Metastatic infection 0 0

Treatment Treatment

Third-generation cephalosporins Yes Third-generation cephalosporins 7 70

Other – Other 2 20

Unknown – Unknown 1 10

Outcome Outcome

Mortality Survived Mortality 5 50

Microbiological characteristics Microbiological characteristics

String test String test

Positive Positive 10 100

Serotype Serotype

K2 K1 1 10

K2 8 80

K-nontypable 1 10

MLST MLST

ST86 K-nontypable-ST11 1 10

K1-ST23 1 10

K2-ST65 2 20

K2-ST86 6 60

Virulence gene profiles Virulence gene profiles (N = 9)

iutA magA 1 11.1

rmpA iutA (N = 8) 8 100

entB allS (N = 7) 0 0

mrkD kfu 0 0

rmpA 8 88.8

entB 7 77.7

mrkD 9 100

ybtS 8 88.8
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Gram-stain and urine antigen test for S. pneumoniae are

negative, as was the case with our patient.

Generally, HV-KP tends to cause metastatic infection.2

However, Yi-Tsung reported that none of the 49 cases of

bacteremic CAP due to HV-KP had concurrent liver

abscess or other metastatic infection.15 This finding sug-

gests that CAP due to HV-KP carries little risk for distant

metastasis, even in patients with bloodstream infection.

The patient in our case was treated for 14 days, mainly

with CTRX because third-generation cephalosporins are

recommended as empiric antibiotic treatment options for

HV-KP pneumonia2 and management of HV-KP infections

requires usual treatment durations ranging from two to six

weeks depending on the site and extent of infection.11,16

However, there have been no trials estimating which anti-

microbial agents are best suited for treating HV-KP

infections.2 Further investigations are needed to elucidate

the appropriate treatment course for HV-KP pneumonia.

Although data are limited, we found other HV-KP CAP

cases in past reports.17–20 Including our case, we analyzed

ten adult patients with CAP due to HV-KP (Table 1). In

our review, the average age was 66.3 (range, 39–90) and

the prevalence of CAP due to HV-KP was slightly higher

in males (70%). Four out of ten patients (40%) were

complicated with diabetes mellitus as an underlying dis-

ease, which was lower than the rate in non-CAP HV-KP

infections such as liver abscess and meningitis (61 of 80;

76.3%).8 Bacteremia and septic shock occurred in 5 (50%)

and 7 patients (70%), respectively; however, no patient

had an occurrence of metastatic infection. The most-

prescribed antimicrobial agent for treatment was third-

generation cephalosporins (70%). Two of five patients

with bacteremia died, and five of seven patients with septic

shock died (71.4%). The overall mortality rate was 50%,

which was higher than patients with HV-KP invasive dis-

eases such as liver abscess (a mortality rate ranging from 3

to 31%).2 The most striking detection in this review was

that K2-ST86 K. pneumoniae was the most common strain

(60%), which was consistent with our case.

We also researched the type of infections caused by the

K2-ST86 strain. Although detailed clinical information was

not included in all studies (n = 33), we found that this strain

was mainly associated with pneumonia (especially CAP) and

other infections are described as follows; CAP (n = 9), hos-

pital-acquired pneumonia (n = 4), bacteremic pneumonia (n

= 3, the types of pneumonia are unknown), bacteremia (n = 3,

infectious origin is unknown), liver abscess (n = 3), menin-

gitis (n = 2), urinary tract infection (n = 2), wound (n = 2),

ventilator-associated pneumonia (n = 1), aspiration pneumo-

niae (n = 1), abscess (n = 1, origin is unknown), endocarditis

(n = 1), and biliary tract infection (n = 1).17–30

Our study has certain limitations. Firstly, this is

a single-case report presenting minimal data. However,

no other studies have precisely described an infectious

case due to K2-ST86 HV-KP. Second, we did not perform

whole-genome sequencing to characterize the genome of

the isolated strain. However, we performed PCR and

MLST analysis, and revealed the presence of virulence

genes, such as rmpA, iutA, entB, and mrkD, in addition

to ST. Third, although the size of the cohort (n = 10)

precludes any definitive conclusion, our literature review

indicated that the K2-ST86 HV-KP strain was highly

likely to cause CAP. More research is needed to reveal

the relationship between the K2-ST86 strain and CAP

because reports of invasive infections caused by the K2-

ST86 strain are scarce.

In summary, we have reported a case of CAP due to K2-

ST86 HV-KP in a patient without risk factors for HV-KP

infection. The take-home messages are (1) physicians should

suspect involvement ofK. pneumoniae in cases of sepsis CAP

with lobar pneumonia, althoughK. pneumoniae is an uncom-

mon cause of CAP in some Asian countries, and (2) patients

with CAP due to HV-KP should be treated promptly and

appropriately owing to the high mortality rate of this infec-

tion. Our findings suggest that ST86 HV-KP should be inves-

tigated more deeply to elucidate the etiology, epidemiology,

risk factors, serotype, and ST of CAP due to HV-KP.

Abbreviations
CAP, community-acquired pneumonia; CT, computed

tomography; CTRX, ceftriaxone; HV-KP, hypervirulent

Klebsiella pneumoniae; MEPM, meropenem; MLST, mul-

tilocus sequence typing; ST, sequence type.
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