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Abstract

Klebsiella pneumoniae is generally considered the most common pathogenic bacterium causing
community-acquired pneumonia. In recent years, cases of liver abscess caused by the bacterium
and its spread have been reported in Asia and other parts of the world. This clinical symptom of
liver abscess caused by hypervirulent K. pneumoniae and its migrating infection is also called
invasive K. pneumoniae liver abscess syndrome (IKPLAS). This study explored the clinical charac-
teristics, diagnosis, and treatment of an elderly patient with IKPLAS who experienced multi-organ
failure caused by the infection. The treatment of the patient was difficult, and despite our efforts,
the invasive infection led to eye enucleation. This paper is expected to improve our understand-
ing and awareness of this disease in the clinic.
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Introduction

Most cases of invasive syndrome associated
with Klebsiella pneumoniae are caused by its
highly virulent variant (HvKP). HvKP has
high invasiveness and virulence, and
patients infected with HvKP are more
likely to develop infection in multiple
organ systems. The distant transfer and
spread of HVKP are mainly related to its
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capsular polysaccharide, iron uptake pro-
tein, and important virulence genes, and
the pathogen endangers human life and
health globally. This paper summarizes the
clinical data of a patient with invasive syn-
drome caused by K. pneumoniae who was
recently admitted to the First Affiliated
Hospital of Gannan Medical University,
and the clinical characteristics and treat-
ment of this case were analyzed in combi-
nation with a literature review to improve
our understanding of invasive syndrome
caused by K. pneumonia. These findings
should help ensure the early and timely
treatment of patients with invasive syn-
drome, minimize the incidence of sequelae,
and provide a reference for clinical diagno-
sis and treatment.

Case presentation

A woman in her late 60s complained of
“recurrent fever for 5 days and blindness
in her left eye for 3 days”. This patient
developed fever without an obvious cause
on April 26, 2021 (peak temperature,
38.6°C) with chills, but there was no
cough, sputum, nausea, vomiting, diarrhea,
or other discomfort. On April 29, 2021, she
developed sudden blindness in her left eye,
lacrimation, and photophobia. She was
treated at a local municipal hospital.
Testing for COVID-19 was first completed
by nucleic acid detection. The possibility of
new coronary pneumonia was dismissed.
The patient was treated with levofloxacin
eye drops, prednisolone acetate ophthalmic
suspension, and other medicines. On May
1, 2021, she developed fever again (maxi-
mum body temperature, 39.8°C). The
patient’s left eye was red, swollen, and pain-
ful, and the clinical symptoms were more
obvious. Other symptoms included an obvi-
ous runny nose, dizziness, chills, and body
aches, but the patient had no sore throat,
cough, sputum, chest tightness, shortness of
breath, or other symptoms. Consequently,

she was referred to the outpatient clinic of
our hospital.

The outpatient examination revealed the
following findings in routine blood analysis:
white blood cell count (WBC), 7.4 x 10°/L,
hemoglobin, 122 g/L; platelet count (PLT),
26 x 10°/L; C-reactive protein (CRP),
303.47mg/L; and procalcitonin (PCT),
38 ng/mL. In addition, negativity for respi-
ratory pathogens was confirmed, and head
and lung computed tomography (Figure 1)
revealed that the density of the upper lobe
of the right lung was increased, with cavities
and fluid visible in the upper lobe, indicat-
ing abscess. Meanwhile, the assessment of
the liver revealed multiple low-density shad-
ows in the left liver, which may have been
indicative of liver abscess. The patient was
diagnosed with pulmonary infection and
admitted to the Emergency Department
of our hospital on May 2, 2020. The
Emergency Department performed cardiac
ultrasound, hepatobiliary and pancreatic
color Doppler ultrasound, and other exami-
nations in consideration of diagnoses of
pulmonary infection, liver abscess, and left
orbital cellulitis. The patient was provided
treatments such as imipenem/cilastatin
sodium and moxifloxacin to treat the infec-
tion, as well as fluid replacement and treat-
ments to protect liver function, and the
patient’s body temperature normalized. To
provide further diagnosis and treatment,
the patient was transferred to the
Department of Infectious Diseases in our
hospital with diagnoses of septicemia, lung
infection, liver abscess, and cellulitis of the
left eye. Since the onset of the patient’s
symptoms, her mental health, sleep habits,
and diet had been poor, although her urine
remained normal and her weight did not
change significantly. The patient denied
any history of heart disecase, diabetes, hep-
atitis, tuberculosis, typhoid fever, and bacil-
lary dysentery. She also had no history of
smoking, drinking, drug, or food allergies.
Her family’s economic conditions and
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Figure I. Head and lung computed tomography revealed that the density of the upper lobe of the right lung
was increased, with cavities and fluid visible in the upper lobe, indicating potential abscess, and assessment of
the left liver lobe revealed multiple low-density shadows, suggesting liver abscess.

living environment were acceptable. Her
remaining history, personal history and
family history, were unremarkable.

The patient’s physical examination
after admission revealed the following find-
ings: temperature, 36.5°C; pulse, 85 beats/
minute; respiratory rate, 20 breaths/minute;
and blood pressure, 120/75mmHg. The
patient was conscious with lacrimation
and swelling of the left eye, accompanied
by yellow purulent discharge, difficulty
opening the eye, and no movement of the
eye in any direction. Meanwhile, there were
no abnormalities of the right eye and eyelid
(Figure 2). Her breath sounds were rough,
and no dry and wet rales were heard in her
lungs. Her heartbeat was regular with no
cardiac murmurs.

The patient’s abdomen was flat, soft,
and symmetrical, and abdominal wall vari-
cosity, creeping waves, and other abnormal-
ities were not detected. There was no edema
in either lower extremity, and pathological
signs were not identified.

After admission, we recorded the follow-
ing data for the patient: WBC, 23.4 x 10°/L;
hemoglobin, 95 g/L; PLT, 36 x 10°/L; CRP,
309.88 mg/L; and PCT, >100ng/mL. The
results of blood biochemical analysis were
as follows: blood glucose, 7.32mmol/L;
alanine aminotransferase, 96 IU/L, aspar-
tate aminotransferase, 103 1U/L; alkaline
phosphatase, 228 IU/L; gamma-glutamyl

transferase, 2751U/L; potassium,
3.17mmol/L; calcium, 1.88 mmol/L; total
protein, 47.1g/L; and albumin, 23.4g/L.
Hemoculture and drug susceptibility testing
indicated the presence of K. pneumoniae.
Magnetic resonance imaging of the head
(Figure 3) revealed multiple small round
signals on both frontal/parietal lobes, indic-
ative of brain abscesses. Examination of the
urinary system and color Doppler ultra-
sound revealed multiple cysts in the
liver, chronic cholecystitis, and bilateral
abdominal cavities and pleural effusion.
Examinations of serial indices of female-
specific tumors; pathogenic antibodies
against infecting respiratory tract microbes;
routine screening for toxoplasmosis, rubel-
la, cytomegalovirus, and herpes simplex
virus; antineutrophil cytoplasmic antibod-
ies; and galactomannan revealed no
abnormalities.

Regarding the treatment plan, the
patient underwent close monitoring of
blood glucose, and based on the results of
blood etiology tests, the patient was treated
with a series of antibiotics as follows: imi-
penem and cilastatin sodium (1.0g, q8h,
ivgtt) + moxifloxacin (0.4 g, qd, ivgtt) from
May 2, 2020 to May 7, 2020; ceftriaxone
(2.0g, qd, ivgtt) from May 7, 2020 to May
14, 2020; azithromycin (0.5g, qd, ivgtt)
from May 7, 2020 to May 21, 2020; mero-
penem (0.5 g, g8h, ivgtt) from May 14, 2020
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Figure 3. Head magnetic resonance imaging revealed multiple small round signals in both frontal/parietal
lobes, indicative of brain abscess.

to May 16, 2020; and amikacin (0.6 g, qd,
ivgtt) and cefoperazone sodium/sulbactam
sodium (3.0g, g8h, ivgtt) from May 16,
2020 to May 21, 2020.

In addition, an ophthalmologist in our
hospital was contacted for consultation,
and the patient received treatment to
lower her intraocular pressure as well as
intraocular ceftazidime. Our hospital endo-
crinologists guided hypoglycemic treat-
ment. At the same time, we performed
lumbar puncture and conducted routine
cerebrospinal fluid and biochemical and
culture examinations. In addition, the

patient was administered human albumin
to correct hypoproteinemia, reduced gluta-
thione to protect the liver, mannitol to
reduce intracranial pressure, and other sup-
portive treatments to reduce intraocular
pressure, replace lost fluids, and correct
electrolyte disturbances. After the afore-
mentioned diagnostic and treatment
modalities, the patient’s inflammation indi-
ces decreased, and no Dbacteria were
detected on multiple blood cultures.
Repeated imaging revealed that the liver
abscess was reduced, and the patient was
discharged.
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The patient was immediately referred to
the Department of Ophthalmology in our
hospital to continue treatment after being
discharged from our department. The
Department of Ophthalmology admitted
the patient with a diagnosis of infective
endophthalmitis of the left eye. After
admission, physical examination revealed
that the patient had difficulty opening her
eyes, her eyes could not move autonomous-
ly in different directions, and she had no
light perception or visual function. An oph-
thalmologist in our hospital indicated that
the patient’s eyes were necrotic, and they
lacked physiological function. On June 8,
2020, the patient’s left eye was surgically
removed under local anesthesia. The sur-
gery was smooth, and cefoperazone
sodium/sulbactam sodium was given post-
operatively. For deep anti-infective treat-
ment, the patient was administered
levofloxacin eye drops and prednisolone
acetate ophthalmic suspension; however,
her left eyelid remained slightly swollen,
the conjunctiva was slightly inflamed, but
there was no leakage or purulent discharge
at the surgical suture. The patient was dis-
charged from the Department of
Ophthalmology on June 13, 2020, and she
has undergone continued follow-up to date.
The patient has undergone tests and other
laboratory tests twice, and no metastatic or
recurrent infections have been detected. In
addition, the psychiatric and mental health
assessment by the Department of
Psychology and the physical fitness assess-
ment by the Department of Rehabilitation
were also performed. The patient’s general
condition, quality of life, and ability to care
for herself were acceptable.

Discussion

K. pneumoniae, which is classified in
Enterobacteriaceae, is a gram-negative, fac-
ultative anaerobic bacillus with abundant
capsules, and it often colonizes the skin,

nasopharynx, and intestines in humans.'
K. pneumoniae is a common cause of
community-acquired infections and noso-
comial infections. Based on the presence
of capsular polysaccharides, K. pneumoniae
can be divided into 78 serotypes. K1 and
K2 are the most common serotypes, and
they display strong virulence and pathoge-
nicity.> K. pneumoniae often causes lung,
abdominal, and urinary tract infections. It
is the leading cause of bacterial liver
abscesses in Chinese people.’ In the clinical
diagnosis of K. pneumoniae liver abscess, in
addition to liver abscess lesions, some
patients may also have acute infections
such as lung infection, central nervous
system infection, intraocular infection, and
necrotizing fasciitis." This syndrome with
multi-site involvement is currently called
IKPLAS or invasive syndrome.

The past and personal history of the
patient in this case was not remarkable.
She arrived at the hospital with symptoms
of repeated fever and sudden blindness in
her left eye. Excluding non-specific fever
and blindness with eye swelling and puru-
lent discharge, there were no other symp-
toms of discomfort. The patient first
visited a local municipal hospital, and the
hospital immediately eliminated COVID-19
as a cause through nucleic acid testing. The
patient was treated with levofloxacin eye
drops, prednisolone acetate ophthalmic sus-
pension, and other medicines. However, the
patient’s symptoms were not improved, and
her left eye was red, swollen, and painful
with purulent discharge. There were obvi-
ous symptoms such as a runny nose, dizzi-
ness, chills, and body aches, revealing a
trend of rapid deterioration.

Later, this patient was referred to the
outpatient clinic of our hospital.
Emergency blood testing dismissed the pos-
sibility of hematological disease, but her
CRP and PCT levels were elevated, indicat-
ing inflammation. Imaging uncovered
inflammatory lesions in the lungs and
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abscesses in the liver, suggesting inflamma-
tion and infection. The Emergency
Department of our hospital provided the
patient with imipenem, cilastatin sodium,
and moxifloxacin as anti-infective thera-
pies, as well as fluid replacement and
other treatments. After the patient’s body
temperature returned to normal, she was
referred to our department. After laborato-
ry and imaging examinations, she was clear-
ly diagnosed with IKPLAS, brain abscess,
liver abscess, liver cyst, lung infection, and
infective endophthalmitis of the left eye.
After confirming the diagnosis, the woman
was treated with standardized antibiotics as
soon as possible. The control effect of the
infection was good, but her ocular symp-
toms worsened.

Although imaging of this elderly patient
revealed the presence of abscesses in the
brain and liver, the patient refused abscess
drainage, which is the primary and stan-
dard abscess treatment, during hospitaliza-
tion because of the potential traumatic risk
of puncture drainage. She was only willing
to accept drug-based conservative treat-
ment, and she provided written notification
of her refusal to undergo drainage. After a
series of anti-infective treatments, imaging
revealed that the abscess had shrunk, and
her inflammatory indices were significantly
lower, indicating that the treatment was
effective. During follow-up, we recom-
mended that the patient be transferred to
the Department of Ophthalmology of our
hospital for further specialized treatment.
The physical examination at the initial
admission revealed that the patient’s left
eye was inflamed and swollen accompanied
by yellow purulent discharge. In addition,
the patient struggled to open her left eye,
which could not move spontaneously in all
directions, and the eye lacked light percep-
tion and visual function. An ophthalmolo-
gist in our hospital concluded that the left
eye was necrotic without physiological

function, and the patient was treated for
left eye enucleation under local anesthesia.

In the 1980s, Taiwanese scholars were
the first to report a case of liver abscess
caused by K. pneumoniae.* Although such
cases are rare, nearly 70% of liver abscesses
in mainland China are caused by this bac-
terium.> In addition to causing liver
abscesses, K. pneumoniae causes metastatic
infections in other parts of the body
because of its further spread along the
bloodstream, potentially causing irrepara-
ble body damage. Previous studies from
various countries illustrated that K. pneu-
moniae strains isolated from patients with
IKPLAS in Asia and strains isolated from
patients in other regions are significantly
different in terms of genetics and pheno-
types, and serotypes K1 or K2 are the dom-
inant forms.> Thus, K. pneumoniae is more
virulent and aggressive in Asia, and Asian
populations are more likely to develop
IKPLAS. Chiu er al.® reported a clinical
case of K. pneumoniae invasive syndrome
caused by a non-healing wound after foot
trauma. The middle-aged male patient was
treated with antibiotics (piperacillin/tazo-
bactam 4.5 g q8h, vancomycin 1 g ql2h)
and emergency double-calf amputation to
control the infectious foci of necrotizing
fasciitis after admission. Unfortunately,
the patient developed endophthalmitis on
the third day after amputation. Chiu and
colleagues performed left eye vitrectomy
and provided intravitreal antibiotics
during the operation (ceftazidime 2 g), fol-
lowed by a 10-day course of intravenous
ceftazidime. The patient’s condition gradu-
ally improved, but only light perception was
restored in the left eye, with vision being
nearly completely lost.

The pathogenesis of IKPLAS is current-
ly unclear. The most important factor is
diabetes or impaired glucose tolerance.’
During hospitalization, our patient had
high fasting blood glucose levels, indicating
possible diabetes. Diabetes or impaired
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glucose tolerance has been identified as an
independent risk factor for K. pneumoniae
liver abscess. Patients with diabetes are 3.6-
to 11-fold more likely to develop liver
abscess associated with endophthalmitis
than people without diabetes, and the
former patients are extremely prone to irre-
versible vision loss.® In addition, impaired
glucose regulation can lead to decreased
phagocytosis of neutrophils and difficulty
in control inflammation. Patients present-
ing with IKPLAS with coincident meningi-
tis and endophthalmitis have the highest
disability and mortality rates.” During our
patient’s hospitalization, we formed an
intra-hospital multi-disciplinary team to
manage her treatment. Experts in our hos-
pital discussed that the possible pathogenic
mechanism of IKPLAS involves the
destruction of the host’s gastrointestinal
mucosal protective barrier, the spread of
normal colonizing bacteria throughout the
body, biliary dissemination, and blood-
stream transmission. However, in the
infected host (i.e., a patient with
IKPLAS), the risk factors include diabetes,
alcoholism, malignant tumors, chronic
obstructive pulmonary disorder, glucocorti-
coid therapy, and immunosuppression. In
addition, past histories of liver abscess,
liver cirrhosis, and urinary tract stones
may be potential risk factors for IKPLAS.

At the same time, some scholars identi-
fied six independent risk factors that can
predict severe complications of K. pneumo-
niae liver abscess: PLT <150 x 10°/L,
alkaline  phosphatase  >300U/L, air
cavity formation in the abscess, Acute
Physiology, Age and Chronic Health
Evaluation II (APACHE II) score >40,
absence of broad-spectrum cephalosporins
in the initial treatment, and absence of
timely drainage.'® Of course, some studies
have found that APACHE II scores >20,
acute respiratory failure, and shock are
the biggest positive predictors of metastatic
infection at any site. When the APACHE 11

score exceeds 16, metastatic infection, septic
shock, acute respiratory failure requiring
mechanical ventilation, and the formation
of air cavities on imaging are significant
predictors of death, and drainage of the
abscess cavity is a protective against death
in patients with IKPLAS."

Although K. pneumoniae is prone to drug
resistance and the prevalence of extended
spectrum beta-lactamase (ESBL)-producing
strains is increasing annually, ESBL-
positive K. pneumoniae is relatively rare in
patients with IKPLAS, and it is relatively
sensitive to antibacterial drugs.'”> Because
patients with IKPLAS have multi-organ
infections in addition to liver abscesses,
the condition is dangerous, and its progres-
sion is rapid. Concerning the choice of
antibiotics for treating IKPLAS, we recom-
mend a course of antibiotics with efficacy
against ESBL-positive bacteria for 4 to
6 weeks, and the treatment regimen should
not be altered prior to drug sensitivity test-
ing. Concerning treatment during hospital-
ization, timely abscess puncture and
drainage will help relieve the condition
and facilitate patient recovery.'?

In general, our patient did not pay atten-
tion to the first signs of her disease. When
the condition had progressed to the point of
irreversibility, she visited a hospital, but she
was treated with conventional treatments
that did not correct IKPLAS. The entire
treatment process of female patients is tor-
tuous, and efforts should be made to pre-
vent eye enucleation caused by invasive
infection. For this reason, when some
patients present with unexplained fever
and a series of unrelated symptoms, hemo-
culture and imaging should be performed as
soon as possible to confirm the diagnosis,
and IKPLAS should be excluded quickly.
When the diagnosis is confirmed, anti-
infective treatment should be selected
according to the results of drug sensitivity
testing, and abscess drainage should be per-
formed in a timely and effective manner to
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optimize the outcome of the prognosis of
the patient.

Conclusion

We have reported a rare case invasive syn-
drome caused by K. pneumoniae in an elder-
ly woman. This aggressive infectious disease
caused the patient to lose one eye and
severely impaired her quality of life and
social interactions. These findings highlight
the need for clinicians to be aware of
IKPLAS in daily clinical practice. It may
be essential for us to deepen the under-
standing of IKPLAS and provide effective
anti-infective treatment or perform stan-
dard surgery or drainage as soon as possi-
ble. In addition, we should pay more
attention to the patient’s own quality of
life and provide appropriate care to ensure
the improvement of the patient’s prognosis.
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