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Abstract: Hypervirulent Klebsiella pneumoniae (HV-KP) is typically associated with community-acquired liver abscess and bacteremia with metastatic infection; however, primary
lung abscess (PLA) caused by HV-KP is rare, with only one such case report to date. A 69year-old man with a history of diabetes mellitus (DM) was admitted to hospital complaining
of slight bloody sputum. Chest imaging showed multiple consolidations with cavities in both
lung ﬁelds. A culture of bronchoalveolar lavage ﬂuid conﬁrmed the presence of
K. pneumoniae. Genetic analyses identiﬁed the isolate as serotype K2 and sequence type
375 (K2-ST375), and that it harbored the rmpA gene. The patient was an Asian middle-aged
male with DM, all of which are risk factors for HV-KP infection. Although complicating DM
and the presence of the rmpA gene are more likely to induce disseminated infection,
metastatic infections were not found in this patient. The clinical and microbiological
characteristics of our patient were different from those of a previous reported case, although
in both cases the patient was from Asia and had DM. Therefore, DM appears to be one of the
predisposing factors for HV-KP lung abscesses and physicians should pay attention to
emerging HV-KP lung abscess infection, particularly in Asian countries. Previous studies
have also revealed that K2-ST375 is one of the major clones causing HV-KP infection, and
that it is mainly isolated from patients with liver abscess. Interestingly, including the present
case, most of the infectious cases caused by K2-ST375 have been reported from Okinawa
Prefecture in Japan. Therefore, the trend of the K2-ST375 strain should be carefully
monitored, particularly in Okinawa, Japan. The serotype of HV-KP that causes PLA is still
unknown and further study is needed to elucidate the etiology of PLA due to HV-KP and the
relationship between the strain K2-ST375 and PLA.
Keywords: hypervirulent Klebsiella pneumoniae, primary lung abscess, serotype K2,
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Generally, hypervirulent Klebsiella pneumoniae (HV-KP) strains cause communityacquired liver abscess, and diabetes mellitus (DM) is a signiﬁcant risk factor for
acquiring HV-KP infection.1 HV-KP also tends to cause metastatic infections, with
the most common sites being the eyes and central nervous system, occurring in
approximately one-third of the patients.1 Lung abscesses have also been found to
occur as a result of metastatic or invasive infection from primary infectious sites.2,3
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However, primary lung abscess (PLA) due to this strain is
rare; there has been only one reported case of PLA thus
far, from Taiwan in 2015, caused by sequence type (ST)
23 clone capsule genotype K1 HV-KP.4
Here, we present a case of PLA caused by serotype K2
HV-KP. Although the patient had a risk factor of metastatic
infection and the isolated strain possessed the virulence gene
rmpA, which is associated with life-threatening infections
with diffuse organ system involvement, concomitant bacteremia or metastatic infections were not found. Written
informed consent was obtained from the patient, and the
patient also provided written informed consent with publishing the case details and all accompanying images. The ethics
committee approved the waiver in this case report, based on
the Japanese ethical guidelines for clinical research.

Case Report
In April 2018, a 69-year-old man with a history of DM and
chronic kidney disease and undergoing dialysis treatment
was admitted to Okinawa Miyako Hospital after complaints of slight bloody sputum for the past seven days
and weight loss of 5 kg in the past six months.
On admission, he was afebrile and did not present with
respiratory distress; vital signs were normal. Auscultation
revealed clear respiratory sounds, and other physical examinations also yielded unremarkable ﬁndings. However, blood
tests revealed elevated white blood cell count (12,700
cells/µL) and C-reactive protein levels (14.76 mg/dL).

A computed tomography (CT) scan of the chest showed multiple consolidations with cavities in both lung ﬁelds (Figure 1).
The patient had routine chest X-rays every three months, due
to ongoing dialysis treatment, to check his cardio-thoracic
ratio and the chest radiographs from one, four, and six months
ago also showed multiple interstitial inﬁltrations. The locations of these inﬁltrations were consistent with the lung
abscesses revealed by the CT on admission; these results
indicated that the abscesses had existed for at least six months
(Figure 1). He was hospitalized based on the diagnosis of
multiple lung abscesses. Additional examinations such as
urine culture, cardiac ultrasonography, and CT scans of the
abdomen and head were performed to determine whether this
patient had other primary source or metastatic infections.
Other sources of primary and metastatic infections, such as
infective endocarditis, liver abscess, brain abscess, or ocular
infection, were all absent.
To determine the causative pathogen, we performed
a bronchoscopy. Gram-stain of bronchoalveolar lavage
ﬂuid (BAL) showed only capsulated gram-negative rods
(Figure 2), and the microorganism was identiﬁed as
K. pneumoniae by conventional methods. The involvement
of other pathogens, such as anaerobes, was not evident from
the BAL cultures. Two sets of blood cultures were also
negative for other microorganisms. String test of the isolate
was positive (the string reached a length of 12 mm), which
is characteristic of the hypermucoviscous phenotype. The
isolate was susceptible to all routinely tested antibiotics

Figure 1 Chest radiography and computed tomography images. (A, B, and C) were obtained six, four, and one month(s) before admission, respectively (black arrow
indicates interstitial inﬁltration); (D1) multiple ground-glass opacities on admission; (D2–5) multiple nodular lesions with cavities on both lung ﬁelds on admission.
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Figure 2 Gram-stain of bronchoalveolar lavage. Black arrows indicate capsulated
Gram-negative large rod.

Figure 3 Multiplex PCR. The isolated strain possessed iutA, rmpA, entB, and mrkD.

except ampicillin. We initially treated the patient with ampicillin/sulbactam for three weeks. Next, he received oral
amoxicillin/clavulanic acid suppression therapy for four
weeks, after which he recovered without recurrence.
We performed multiplex PCR (Figure 3) and multilocus
sequence typing as described previously.5,6 We determined
the capsular serotype of the isolate to be K2 and ST 375:
K2-ST375; the isolate possessed rmpA (a positive regulator
of capsular polysaccharide production), iutA, entB, and
mrkD. The isolated strain produced a positive string test
and a positive PCR ampliﬁcation of the rmpA gene; therefore, we identiﬁed the isolated strain as hypervirulent.

Discussion
We have described a case of PLA due to K2-ST375 HVKP. Some of the risk factors for HV-KP infections are (1)
male sex, (2) age of 50–60 years old, (3) DM, and (4)
Asian origin.1,7-9 Our patient had all these risk factors.
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Liver abscesses are frequently caused by HV-KP in the
absence of hepatobiliary disease and are almost always
from monomicrobial infection.10 Similarly, our patient
had a lung abscess without underlying pulmonary disease,
and the only bacterium isolated was HV-KP. Lung
abscesses usually result from polymicrobial co-infections,
mainly caused by anaerobes. Further research is needed to
understand whether HV-KP-induced PLA is more likely to
have a monomicrobial cause, without the involvement of
anaerobes, in patients without underlying pulmonary
disease.
An interesting ﬁnding is that the patient (with DM)
remained clinically asymptomatic (more than six months)
without disseminated invasive infections, such as bacteremia and other organ abscesses, although the isolated
strain carried the rmpA gene. RmpA-positive strains are
highly likely to cause infections in other sites in patients
with liver abscess due to HV-KP.11 In addition, DM affects
host defense by inhibiting phagocytosis and bactericidal
activity, which contributes to the spread of infection.12
The consolidation of different case reports is essential
for elucidating the clinical characteristics of HV-KPinduced PLA. There is only one report from Taiwan on
PLA due to HV-KP; K1-ST23 was the causal strain.4 The
patient was an 80-year-old woman with DM, complaining
of fever, hemoptysis, and right chest wall pain for ﬁve
days.4 Although the clinical and microbiological characteristics, such as age, sex, clinical presentation, serotype,
and ST of our patient were different from the reported
case, the patient was also from Asia and had DM.
Therefore, DM appears to be a predisposing factor for HVKP lung abscess and clinical physicians should note that
HV-KP lung abscess is an emerging infection, particularly
in Asian countries. In addition, K1-ST23 has been recognized as the most prevalent HV-KP isolate from liver
abscess,4 and all reported cases of K2-ST375 infection
showed the presence of liver abscess.15–17 Therefore,
these two strains may be more likely to cause lung abscess
in addition to liver abscess and should receive attention as
causative pathogens of lung abscess, although current data
are limited.
One of the possible reasons why PLA caused by HV-KP
is rare is that K. pneumoniae, in general, is an uncommon
cause of lung abscess, which is caused most frequently by
anaerobes.18 Another possible reason is that the distribution
of capsular K serotypes among the lung abscess isolates has
not been determined adequately thus far. We think it is
important, therefore, to investigate which serotype of
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HV-KP causes PLA in order to clarify the etiology of PLA
caused by HV-KP. In addition, a study of the difference
between PLA due to classical KP and to HV-KP should be
a focus of future research.
In the present case, ST375 was isolated, which is one
of the major clones of the K2 serotype of HV-KP.13,14
Importantly, three of the ﬁve reported cases of
K. pneumoniae K2-ST375 infection (60%), including the
case described here, are from Okinawa Prefecture in
Japan.15–17 A nationwide molecular epidemiological
study that did not include Okinawa Prefecture also
reported that K2-ST375 was not isolated in the main
islands of Japan.13 Our patient was from Miyako Island,
Okinawa, located near Taiwan—380 km west of Taiwan
and situated on the same latitude—where HV-KP-induced
lung abscess was ﬁrst reported.4 It is therefore possible
that Okinawa has a unique molecular epidemiology of
K. pneumoniae infections, as was observed in Taiwan,
where HV-KP was ﬁrst reported in 1986.19
The present study has several strengths. First, we found
the causative pathogen using bronchoscopy. Sputum cultures are generally considered not to be useful for the
diagnosis of lung abscess because of unavoidable bacterial
contamination in the upper respiratory tract. On the other
hand, a previous study reported that BAL can provide
valuable information for detecting the causative pathogen
of lung abscess.18 Second, from radiological ﬁndings, we
conﬁrmed that the present case had a chronic course without disseminated infection over six months, although the
rmpA-positive strains were isolated. Our report has some
limitations. First, it is a single case report representing
minimal data. However, it is very important to report and
accumulate such cases. Second, we did not sequence the
isolated strain. However, we performed PCR analysis and
showed the presence of virulence genes such as rmpA.
Unfortunately, we could not conclusively determine the
relationship between the strain K2-ST375 and PLA
because reports of invasive infections by this strain are
scarce.
In conclusion, we describe an unusual case of PLA
caused by HV-KP serotype K2 in a patient with multiple
risk factors for HV-KP infection. This report indicates that
while PLA due to HV-KP has been rare to date, physicians
should investigate the involvement of HV-KP strains when
encountering PLA patients with complicating risk factors,
such as DM. Importantly, the trend of the K2-ST375
strain, particularly in Okinawa, Japan, needs to be carefully followed.
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Further research is required to elucidate the etiology,
epidemiology, risk factors, serotype, and ST of HV-KP
causing PLA.
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