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Abstract: Hypervirulent Klebsiella pneumoniae (hvKP), an emerging pathotype derived from K. pneumoniae, frequently causes invasive 
infections of multiple organs and is associated with both high disability and fatality rates. In this study, a case of meningitis in a young infant 
caused by hvKP is presented. Cytological and biochemical examinations of the cerebrospinal fluid (CSF) revealed purulent meningitis, 
a diagnosis that was confirmed by a positive CSF culture result. The pathogen was identified as hvKP through analysis of positive virulence- 
associated genes. Meanwhile, hvKP was also isolated from stool samples of both the infant and her father. Antimicrobial susceptibility, capsular 
typing, and multilocus sequence typing (MLST) of three isolates from the infant’s CSF and stool and her father’s stool samples were analyzed. 
The three K. pneumoniae isolates were susceptible to all antibiotics except ampicillin and were identified as capsular serotype K2 and sequence 
type 86. These genetic relatedness analyses indicated that the strain isolated from the infant’s CSF might have originated from her father’s stool 
via familial transmission. This case is the first report of meningitis in an infant due to hvKP transmitted within a family. 
Keywords: hvKP, purulent meningitis, infant, familial transmission

Introduction
Klebsiella pneumoniae is an opportunistic pathogen that causes a wide range of infections (including pneumonia) in addition 
to bloodstream and urinary tract infections. Hypervirulent K. pneumoniae is an invasive variant that differs from the classical 
K. pneumoniae (cKP) due to its hypermucoviscosity and hypervirulence.1 Over the past three decades, hvKP has emerged as 
a clinically important pathogen that can cause highly invasive infections, such as pyogenic liver abscess, endophthalmitis, 
meningitis, and necrotizing fasciitis, in healthy and immunocompromised individuals.2 Bacterial meningitis is a major cause 
of morbidity and mortality in young children.3 In Chinese infants less than three months of age, the main pathogens that cause 
meningitis are Escherichia coli, Enterococcus faecium, and Staphylococcus epidermidis.4 Documentation of KP meningitis in 
children is sparse with only a few case reports concerning children under the age of 1 year.5–7 A report of meningitis caused by 
hvKP in infants has not been reported yet. Recently, a young infant with meningitis seemingly caused by hvKP via familial 
transmission presented to our hospital. Familial spread was speculated after analyzing the genetic relatedness of the isolates 
from the patient’s and her family members’ specimens. To the best of our knowledge, this report describes the first case of 
meningitis in an infant due to hvKP spread within a family. By reporting such a rare case, we aim to attract the attention of 
professionals in hospitals and other health-care establishments in addition to social communities to the potential transmission 
mechanism of hvKP and take the necessary prevention and control steps to prevent further spread of hvKP strains.

Case Presentation
On February 16, 2022, a one-month-old Chinese infant girl was admitted to our hospital with a 16.5 h history of fever and 
cough. On admission, the patient had a fever of 38.1 °C without chills and a tic, accompanied by poor mental response and 
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irritability. Her anterior fontanelle was bulging resulting from an increase in pressure in the brain cavity, and a cranial slit 
separation could be felt. The breath sounds from both lungs were thick, and sounds associated with phlegm could be heard. 
Bilateral Babinsiki signs were positive, and Brudzinski signs were negative. Laboratory testing revealed elevated levels of 
C-reactive protein (18.23 mg/L; reference:< 6 mg/L), procalcitonin (0.12 ng/mL; reference:< 0.05 ng/mL) and interleukin-6 
(153.90 pg/mL; reference: < 7 pg/mL). Her white blood cell count ([WBC] 10.90 x 109/L) was within the reference range, 
but the ratio of neutrophils to white blood cells (63.4%) showed a slight elevation. Result from brain computed tomography 
(CT) was unremarkable, while a lung CT scan revealed inflammation. On the evening of admission, she underwent a lumbar 
puncture, and CSF was obtained for cytological and biochemical examinations and microbial cultures. Blood, urine, and 
sputum cultures were also obtained at the same time. The WBC count of the CSF showed a remarkable increase (8800 
x 106/L; segmented neutrophils, 90%), accompanied by elevated CSF protein level (> 3.00 g/L; reference: 0.2–0.45 g/L) 
and decreased CSF glucose level (< 1.11 mmol/L; reference: 1.9–4.7 mmol/L). Analysis of the CSF confirmed the diagnosis 
of purulent meningitis after which empirical antibiotic therapy with intravenous meropenem and vancomycin was initiated. 
On the third day of admission, the CSF culture result was found to be positive, and the pathogen was preliminarily 
identified as hypermucoviscous K. pneumoniae based on a positive string test (Figure 1). Antimicrobial susceptibility 
testing suggested that the isolate was susceptible to all antibiotics with the exception of natural resistance to ampicillin 
(Table 1). Blood, urine, and sputum cultures exhibited negative results after five days of culture. After 20 days of anti- 
infection treatment with meropenem, the next two consecutive CSF cultures were negative, the patient’s condition 
improved, and she was discharged from the hospital on March 9.

To trace the origin of the central nervous system infection in the infant, her clinician was questioned, and stool 
samples from the infant and her parents were cultured. K. pneumoniae was isolated from the stool samples of both the 
infant and her father, and the string test of these two isolates were both positive. The antimicrobial susceptibility of three 
isolates from the infant’s CSF and stool samples and her father’s stool were characterized using the VITEK-2 system. 
Polymerase chain reaction (PCR) was used to detect five virulence-associated genes, including rmpA, iroB, peg-344, 
iucA, and rmpA2, from the three isolates. Genetic relatedness was analyzed using capsular typing by PCR and multilocus 
sequence typing. Antimicrobial susceptibility testing suggested that the three isolates were susceptible to all antibiotics 
except ampicillin (Table 1). Virulence gene results show that the isolates from the CSF and stool samples from the infant 
were positive for peg-344, iroB, and rmpA and negative for rmpA2 and iucA, whereas the isolate from the father’s stool 
was positive for all the five virulence genes (Figure 2). The three K. pneumoniae isolates were all identified as capsular 
serotype K2 (Figure 3) and ST86.

Figure 1 The string test in an isolated colony of Klebsiella pneumoniae from the CSF on an agar plate, which showed hypermucoviscosity with a > 5-mm-long viscous 
filament.
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Materials and Methods
Bacterial Isolates and Identification
The CSF sample was centrifuged at 3000 rpm for 10 min, the supernatant was discarded, the precipitates were 
inoculated on Blood Agar (BIO-KONT, Wenzhou, China), China Blue Lactose Agar (BIO-KONT, Wenzhou, China) 
and Chocolate Agar (BIO-KONT, Wenzhou, China), and incubated at 37 °C for 24 h. The stool samples were 
directly inoculated on Blood Agar, China Blue Lactose Agar, and Salmonella Shigella agar (BIO-KONT, Wenzhou, 
China) at 37 °C for 24 h. Species identification was confirmed by matrix-assisted laser desorption-ionization time-of 
-flight mass spectrometry (MALDI-TOF-MS, BioMérieux, France), and the identification of each strain was repeated 
in triplicate.

Antibiotic Susceptibility Testing
The antibiotic susceptibility of K. pneumoniae isolates were determined using the Vitek 2 Compact system (BioMérieux, 
France) according to Clinical Laboratory Standards Institute guidelines.8 Details of the antibiotics used for this test are 
listed in Table 1.

Table 1 Susceptibility Profiles of Klebsiella Pneumoniae Isolated from the Infant’s CSF, Stool Samples, 
and the Father’s Stool Sample

Antibiotic Isolate From the 
Infant’s CSF

Isolate From the 
Infant’s Stool

Isolate From the 
Father’s Stool

MIC 
(Interpretation)

MIC 
(Interpretation)

MIC 
(Interpretation)

Ampicillin ≥32(R) ≥32(R) ≥32(R)

Ampicillin/Sulbactam ≤4(S) ≤4(S) ≤4(S)
Ceftazidime ≤1(S) ≤1(S) ≤1(S)

Ceftriaxone ≤1(S) ≤1(S) ≤1(S)

Cefepime ≤1(S) ≤1(S) ≤1(S)
Imipenem ≤1(S) ≤1(S) ≤1(S)

Meropenem ≤0.25(S) ≤0.25(S) ≤0.25(S)

Amikacin ≤2(S) ≤2(S) ≤2(S)
Gentamycin ≤1(S) ≤1(S) ≤1(S)

Ciprofloxacin ≤ 0.25(S) ≤0.25(S) ≤0.25(S)

Levofloxacin ≤0.25(S) ≤0.25(S) ≤0.25(S)
Trimethoprim/Sulfametoxazole ≤20(S) ≤20(S) ≤ 20(S)

Abbreviations: MIC, minimum inhibitory concentration; S, susceptible; R, resistant.

Figure 2 The virulence genes of three isolates. 1–5 represent rmpA2, iucA, peg-344, iroB, and rmpA, respectively, from the father’s stool sample, and 6–10 represent rmpA2, 
iucA, peg-344, iroB, and rmpA, respectively, from the infant’s stool isolate. 11–15 represent rmpA2, iucA, peg-344, iroB, and rmpA, respectively, from the infant’s CSF isolate. 
M represents the marker.
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String Test
Single colonies cultured on blood agar plates were obtained and tested for their capabilities to form viscous strings. 
Colonies were touched with a loop, and the loop was then lifted vertically from the surface of the agar plate.9 A positive 
result was defined by the formation of viscous strings > 5 mm in length.

DNA Extraction
DNA extraction was performed using the boiling method. Some colonies from the surface of blood agar were suspended 
in 200 µL of sterile water, prepared for 0.5 McFarland bacterial suspension, and boiled for 10 min at 100 °C. The 
bacterial suspension after boiling was centrifuged at 13,000 rpm for 5 min, total DNA was extracted from the super-
natant, and then stored at −20 °C for amplification.

Capsular Typing and Virulence-Associated Genes
PCR (DNA Engine Peltier Thermal Cycle Meter, MJ Research, United States) was used to detect capsular types and 
virulence-associated genes, including rmpA, iroB, peg-344, iucA, and rmpA2. Primer sequences and reaction conditions 
were referenced from relevant literature.10,11 The total PCR reaction system was 50 uL, including 2 uL upstream and 
downstream primers, 2 uL DNA template, 19 µL sterile ddH2O, 25 µL 2×Mix. The amplification products were 
separated on a 2% agarose gel (Bioweste Regular Agarose G-10, Spain), and a single band indicated the corresponding 
gene is positive.

Multilocus Sequence Typing
MLST was carried out for three K. pneumoniae isolates. Amplification of the seven housekeeping genes, rpoB, gapA, 
mdh, pgi, PhoE, infB, and tonB was done using the primer pairs as described earlier.12 The total PCR reaction system was 
performed as described above. Amplification was performed using DNA Engine Peltier Thermal Cycle Meter (MJ 
Research, United States) applying a specific program: (1) DNA pre-degeneration at 94 °C, 5 min; (2) DNA denaturation 
at 94 °C, 1 min; (3) DNA renaturation at 60 °C, 1 min; (4) extension at 72 °C, 1 min; (5) 30 cycles at 94 °C, 1 min; 60 ° 
C, 1 min; 72 °C, 1 min; (6) final extension at 72 °C, 10 min; and (7) reaction termination at 4 °C. The amplicons were 
separated in 1.5% agarose gel (Bioweste Regular Agarose G-10, Spain) and sequenced by Sanger sequencing (ABI 

Figure 3 The capsular types of three isolates were K2. (A and B) represent the isolate from the father’s stool. (C and D) represent the isolate from the infant’s stool. 
(E and F) represent the isolate from the infant’s CSF. M represents the marker.
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3730XL DNA Analyzer, United States). The resulting sequences were submitted to the K. pneumoniae MLST database 
(https://pubmlst.org/bigsdb?db=pubmlst_mlst_seqdef) and obtained the STs of each isolate.

Discussion
Hypervirulent K. pneumoniae is an emerging and evolving pathotype. In recent years, an increasing trend in severe 
infections caused by hvKP has appeared. The environment possibly acts as a reservoir for human infection by 
K. pneumoniae, either through colonization or infection.13 Among body parts, gastrointestinal colonization is likely 
a common and crucial reservoir in terms of risk of transmission and infection.14 In general, as with opportunistic 
K. pneumoniae, hvKP infections can also be caused by endogenous colonizing strains.13 Several potential sources of 
transmission of K. pneumoniae have been identified. Person-to-person contact is one of the most common modes of 
transmission,15 and contaminated surfaces and apparatus have been identified as other routes of dissemination.16 The 
possibility of fecal–oral transmission has also been proposed on the basis of molecular typing of isolates from family 
members and the environment as described in a study from Taiwan.17 In our case, isolates from the infant’s CSF and 
stool samples and her father’s stool sample were all identified as hvKP, and the antibiotic susceptibility, capsular types, 
and multilocus sequence typing exhibited the same characteristics. It seems that the K. pneumoniae isolate that had 
colonized in the father’s gut was transmitted to the infant by means of household contact after which they colonized in 
the infant’s gut. The strain entered the bloodstream and crossed the blood–brain barrier while the infant was in a state of 
compromised immunity after which it infected the central nervous system. The familial spread of hvKP isolates causing 
liver abscesses was first reported in Japan in 2011,18 and osteomyelitis caused by hvKP spread within a family has also 
been previously reported.19 Our report is the first case of purulent meningitis due to hvKP dissemination within the same 
household.

At present, no international consensus for the identification of hvKP exists. The hypervirulence of hvKp strains is 
mediated by genes on a large virulence plasmid20 or within chromosomal islands.21 Detection of virulence-related genes 
by PCR is the most commonly used method to identify hvKP. The five virulence genes detected in our study were found 
in a pLVPK virulence plasmid, which harbors a series of virulence-associated genes, including the capsular polysacchar-
ide synthesis regulator rmpA, its homolog rmpA2, and multiple iron acquisition systems, including iucABCDiutA and 
iroBCDN siderophore gene clusters,22 and peg-344, a putative metabolite transporter.23 Russo et al10 used epidemiolo-
gical and experimental lines of evidence to identify several laboratory markers for identifying hvKp strains and found 
that peg-344, iroB, iucA, rmpA, and rmpA2 all identified an isolate as a member of the hvKp strain cohort with an 
accuracy of >0.95. Virulence plasmids undergo constant genetic changes during the transmission process to adapt to 
different host environments.24 Some plasmids have been found to contain gene deletions during the process of 
transmission, presumably due to evolution of the strain during culture in the laboratory25 or some form of selective 
pressure, such as antibiotic-related or environmental.26 It is possible that some genes that do not play a role in virulence 
expression and plasmid propagation may have been lost during transmission.27 The role of the virulence plasmid is 
strain-dependent and associated with the context of K. pneumoniae isolates and the plasmid determinants of hyperviru-
lence retain the potential for microevolution.26 In our report, the strain isolated from the infant’s specimens were positive 
for three of the five genes in a plasmid, while the strain isolated from her father’s sample was positive for all five 
virulence genes. The reason for this phenomenon is likely due to loss of the region that carried the other two genes during 
transmission of the plasmid due to some form of selective pressure, such as an antibiotic-related or environmental.

HvKP is mainly prevalent among Asians, especially the Chinese. In a study concerning K. pneumoniae colonization 
of the intestinal tract of healthy Chinese adults, the rate of K. pneumoniae isolation from stool specimens was up to 
62.1% and of serotype K1/K2, which are thought to be the major virulence determinants, comprising 9.8% of all the 
K. pneumoniae strains.28 Chinese ethnicity itself might be a major element predisposing an individual to intestinal 
colonization by hvKP strains.28 The vast majority of K1 isolates belong to the sequence type 23 (ST23), a finding that 
highly correlates with a suppurative liver abscess.29 K2 is more widespread than K1 for causing community-acquired 
extrahepatic abscess.30 Lin et al reported that ST65 and ST86 are the most common types in K2 isolates and these two 
major MLST groups were also the most prevalent STs of K2 in stool carriage isolates from carriers without a history of 
KP liver abscess.31 The hvKP isolates from CSF and stools in our report were identified as K2-ST86, which may partly 
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further confirm the perspective that K2 is more inclined to cause extrahepatic infection and capable of colonizing in the 
gut under normal conditions.

Conclusion
To the best of our knowledge, this case is the first report of familial spread of K. pneumoniae K2-ST86 isolate causing 
purulent meningitis. Based on the high prevalence rate of hvKP in the Chinese population and the potential spreading 
mechanisms via close contact and fecal–oral transmission, attention to this issue should be raised among public health- 
care professionals and social communities. In addition, necessary measures should be taken to prevent the hvKP strains 
from further disseminating through the community and hospital settings.
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This report has been approved by the Affiliated Hospital of Chengde Medical University’s ethics committee to publish 
the case details. Written informed consent to have the case details published has been provided by the patient’s mother.
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