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A Step Forward in Hypervirulent
Klebsiella pneumoniae Diagnostics

Thomas A. Russo, Francois Lebreton, Patrick T. McGann

Hypervirulent Klebsiella pneumoniae (hvKp) can cause
life-threatening infections in healthy community mem-
bers. HvKp infections often involve multiple sites, some
of which are unusual for classical K. pneumoniae (cKp)
infections, such as the central nervous system, eyes,
and fascia. The acquisition of antimicrobial resistance by
hvKp has resulted in concerns of an emerging superbug.
This concern is magnified by increasing geographic dis-
semination and healthcare associated infections. Cur-
rently, diagnostic testing to differentiate hvKp from cKp
is lacking, causing challenges for clinical care, surveil-
lance, and research. Although imperfect, the detection
of all 5 of the biomarkers iucA, iroB, peg-344, rmpA, and
rmpA2 is the most accurate and pragmatic means to
identify hvKp. We propose a working definition for hvKp
that will enhance accuracy for diagnosis and surveil-
lance, which will aid in preventing the spread of hvKp.

he increased acquisition of antimicrobial resis-

tance and widening geographic dissemination of
hypervirulent Klebsiella pneumoniae (hvKp) has mag-
nified concerns (1,2). HvKp is more virulent than
classical K. pneumoniae (cKp), which primarily causes
healthcare-associated infections (3). In contrast, hvKp
can also cause organ damage and life-threatening in-
fections in healthy persons and has been found in in-
fection sites that are unusual for classical K. pneumoni-
ae (cKp), such as the central nervous system (CNS),
eyes, and fascia (3,4). Recognition of hvKp infection
is needed for optimal management. HvKp may in-
fect multiple sites, which may be unrecognized and
require source control (5,6). An awareness of this
possibility and liberal imaging is necessary. Further,
if unknown sites include the prostate or CNS, the
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antimicrobial regimen may require adjustment to
ensure adequate delivery to those sites (7,8). Endo-
phthalmitis is a potentially devasting complication
of hvKp infection and requires immediate recogni-
tion and management with the assistance of an oph-
thalmologist for both diagnosis and treatment with
intravitreal antimicrobial drugs (8-10). Percutaneous
drainage of an abscess is often the preferred method
for source control. However, because of the hypermu-
coviscous nature of hvKp in contrast with cKp, cath-
eter drainage is more challenging because of catheter
clogging (11). Only using the largest bore catheter
possible for drainage will minimize the possibility of
failure and the subsequent need for surgical interven-
tion. At present, clinical microbiology laboratories are
unable to differentiate between cKp and hvKp. The
ability to differentiate between those pathotypes is
needed for clinical care, surveillance, and research.

Selected clinical syndromes are highly sugges-
tive of hvKp infection and include community-ac-
quired hepatic abscess, multiple sites of infection,
or unusual sites of infection for cKp, such as endo-
phthalmitis, CNS infection, or necrotizing fasciitis
in a healthy person. However, infections shared
with cKp (e.g., pneumonia, urinary tract infection),
healthcare-associated infections, and surveillance
studies lacking clinical data demonstrate the need
for an accurate test to identify hvKp. The standard
is murine infection models; the median lethal dose
(LD,,) of hvKp is 10'-10° CFU after challenge, where-
as the LD,, of cKp is usually >10” CFU (12). How-
ever, this assessment is reserved for research stud-
ies. The commonly used Galleria mellonella infection
model is unable to differentiate hvKp from cKp (13).
Although the string test has been used, it lacks opti-
mal sensitivity or specificity (14-16).

To develop an accurate and pragmatic test, we as-
sembled a hvKp-rich strain cohort by using clinical
criteria and a cKp-rich strain cohort by using blood
isolates from cKp-rich regions. We established a diag-
nostic accuracy of >0.95 for the genotypic biomarkers
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iucA, iroB, peg-344, rmpA, and rmpA2, differentiating
those strain cohorts through phenotypic and geno-
typic evaluations. We experimentally validated this
finding in a mouse systemic infection model where
80/85 (94%) of hvKp strains (defined by an LD, <107
CFU) possessed all 5 of the biomarkers. In contrast,
only 1/82 (1.2%) strains with none of the biomarkers
had an LD, <10” CFU (15).

We identified the strains assessed in this initial
study by clinical syndrome, regardless of antimicro-
bial susceptibility, so the effect of antimicrobial re-
sistance on virulence was unresolved. Therefore, we
assembled a cohort of K. pneumoniae strains that pos-
sessed some combination of iucA, iroB, peg-344, rmpA,
and rmpA2 and had acquired resistance, and we
categorized them as hvKp or cKp by using a mouse
systemic infection model (17). The presence of all 5
biomarkers was once again the most accurate (94%)
predictor of hvKp, whereas the presence of >4 of bio-
markers was most sensitive (100%) (17).

Of note, iucA, iroB, peg-344, rmpA, and rmpA2 are
linked on canonical hvKp virulence plasmids (18),
which are shown to be the primary genetic determi-
nant that transforms the baseline virulence potential
of cKp strains to the virulence potential observed for
hvKp strains (19,20). A partial set of virulence bio-
markers may reflect the presence of an incomplete
virulence plasmid, which could affect the hyperviru-
lent phenotype (20). In support of this concept, Jacca-
rd and Mash distances in comparison with the canon-
ical pLVPK were the second-most accurate factors for
predicting hvKp (17). The kleborate virulence score,
a commonly used metric calculated in silico from the
presence of key loci in genomes (21), did not perform
as well at predicting phenotypic virulence (17).

In clinical microbiology laboratories, assays for
iucA, iroB, peg-344, rmpA, and rmpA2 could be read-
ily developed and validated for use by using a PCR
platform (22). Likewise, genomic analysis could be
equally or more insightful, but currently is best suited
for research purposes. It is critical to note that both
iutA and iroE can be present on the chromosome and
should not be used to differentiate hvKp from cKp (3).
Although the presence of all 5 biomarkers is most ac-
curate, using >4 markers increased the test sensitivity
to 100% compared with 94%, at the cost of decreased
specificity (76% using 4 biomarkers, 94% using 5 bio-
markers) and accuracy (84% using 4 biomarkers, 92%
using 5 biomarkers) (17). In addition, occasionally the
presence of all 5 biomarkers does not translate to the
hvKp pathotype; pathogenesis is a complex, multifac-
torial process, and in these isolates other requisite fac-
tors are absent (17).

In conclusion, we believe that an even more ac-
curate and easily conducted test will be developed
in the future. Until then, research studies should not
define a strain as hvKp if it does not have all 5 bio-
markers without supporting data from an appropri-
ate murine infection model. For the clinical perspec-
tive, diagnosing hvKp infection more frequently with
less specificity could be considered more pragmatic
because the consequences of missing such an infec-
tion may be major (e.g., loss of vision). Using the 5
biomarkers discussed to identify hvKp infections will
benefit clinicians and patients.

T.A.R. was supported by the National Institutes of Health
(grant nos. R21 AI123558-01 and 1R21AI141826-01A1)

and the Department of Veterans Affairs Merit Review
(grant no. 101 BX004677-01). F.L. and P.T.M. were partially
funded by the United States Defense Health Program
Operations and Maintenance.

About the Author

Dr. Russo is the chief of the Division of Infectious Diseases
in the Jacobs School of Medicine and Biomedical Sciences
and at the Veterans Administration Western New York
Healthcare Center. His research interests include patho-
genesis and drug development for hypervirulent Klebsiella
pneumoniae and Acinetobacter baumannii.

References:

1. Marr CM, Russo TA. Hypervirulent Klebsiella pneumoniae:
anew public health threat. Expert Rev Anti Infect Ther.
2019;17:71-3. https:/ / doi.org/10.1080/14787210.2019.1555470

2. European Centre for Disease Prevention and Control.
Emergence of hypervirulent Klebsiella pneumoniae ST23 carrying
carbapenemase genes in EU/EEA countries, first update.
Contract No.: TQ-02-24-218-EN-N. Stockholm: The Centre; 2024

3. Russo TA, Marr CM. Hypervirulent Klebsiella pneumoniae.
Clin Microbiol Rev. 2019;32:e00001-00019. https:/ / doi.org/
10.1128/CMR.00001-19

4. LiuC,DuP, Xiao N, Ji F, Russo TA, Guo J. Hypervirulent
Klebsiella pneumoniae is emerging as an increasingly prevalent
K. pneumoniae pathotype responsible for nosocomial and
healthcare-associated infections in Beijing, China. Virulence.
2020;11:1215-24. https:/ / doi.org/10.1080/21505594.2020.
1809322

5. Hsieh MJ, Lu TC, Ma MH, Wang HP, Chen SC. Unrecognized
cervical spinal epidural abscess associated with metastatic
Klebsiella pneumoniae bacteremia and liver abscess in
nondiabetic patients. Diagn Microbiol Infect Dis. 2009;65:65-8.
https:/ /doi.org/10.1016/j.diagmicrobio.2009.05.013

6. ZouQ, LiY. Hypervirulent Klebsiella pneumoniae.

N Engl ] Med. 2021,385:833. https:/ /doi.org/10.1056/
NEJMicm?2101602

7. Cheng DL, Liu YC, Yen MY, Liu CY, Wang RS. Septic
metastatic lesions of pyogenic liver abscess. Their association
with Klebsiella pneumoniae bacteremia in diabetic patients.
Arch Intern Med. 1991;151:1557-9. https:/ /doi.org/10.1001/
archinte.1991.00400080059010

e2 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 1, January 2025


https://doi.org/10.1080/14787210.2019.1555470
https://doi.org/10.1128/CMR.00001-19
https://doi.org/10.1128/CMR.00001-19
https://doi.org/10.1080/21505594.2020.1809322
https://doi.org/10.1080/21505594.2020.1809322
https://doi.org/10.1016/j.diagmicrobio.2009.05.013
https://doi.org/10.1056/NEJMicm2101602
https://doi.org/10.1056/NEJMicm2101602
https://doi.org/10.1001/archinte.1991.00400080059010
https://doi.org/10.1001/archinte.1991.00400080059010
http://www.cdc.gov/eid

10.

11.

12.

13.

14.

15.

16.

Liu YC, Cheng DL, Lin CL. Klebsiella pneumoniae liver

abscess associated with septic endophthalmitis. Arch

Intern Med. 1986;146:1913-6. https:/ /doi.org/10.1001/
archinte.1986.00360220057011

Ang M, Jap A, Chee SP. Prognostic factors and outcomes in
endogenous Klebsiella pneumoniae endophthalmitis.

Am ] Ophthalmol. 2011;151:338-44.e2. https:/ /doi.org/
10.1016/j.ajo.2010.08.036

Serban D, Popa Cherecheanu A, Dascalu AM, Socea B,
Vancea G, Stana D, et al. Hypervirulent Klebsiella
pneumoniae endogenous endophthalmitis —a global emerging
disease. Life (Basel). 2021;11:676. https:/ /doi.org/10.3390/
1ife11070676

Tan YM, Chung AY, Chow PK, Cheow PC, Wong WK,

Ooi LL, et al. An appraisal of surgical and percutaneous
drainage for pyogenic liver abscesses larger than 5 cm.

Ann Surg. 2005;241:485-90. https:/ /doi.org/10.1097/
01.s1a.0000154265.14006.47

Russo TA, MacDonald U, Hassan S, Camanzo E, LeBreton F,
Corey B, et al. An assessment of siderophore production,
mucoviscosity, and mouse infection models for defining the
virulence spectrum of hypervirulent Klebsiella pneumoniae.
MSphere. 2021;6:€00045-21. https:/ /doi.org/10.1128/
mSphere.00045-21

Russo TA, MacDonald U. The Galleria mellonella infection
model does not accurately differentiate between
hypervirulent and classical Klebsiella pneumoniae. MSphere.
2020;5:00850-19. https:/ / doi.org/10.1128 / mSphere.00850-19
Catalan-N4gjera JC, Garza-Ramos U, Barrios-Camacho H.
Hypervirulence and hypermucoviscosity: two different but
complementary Klebsiella spp. phenotypes? Virulence. 2017;
8:1111-23. https:/ /doi.org/10.1080/21505594.2017.1317412
Russo TA, Olson R, Fang CT, Stoesser N, Miller M,
MacDonald U, et al. Identification of biomarkers for
differentiation of hypervirulent Klebsiella pneumoniae from
classical K. pneumoniae. ] Clin Microbiol. 2018;56:e00776-18.
https:/ /doi.org/10.1128 /JCM.00776-18

Yang Q, Jia X, Zhou M, Zhang H, Yang W, Kudinha T,

et al. Emergence of ST11-K47 and ST11-K64 hypervirulent

17.

18.

19.

20.

21.

22.

Hypervirulent Klebsiella pneumoniae Diagnostics

carbapenem-resistant Klebsiella pneumoniae in bacterial

liver abscesses from China: a molecular, biological, and
epidemiological study. Emerg Microbes Infect. 2020;9:320-31.
https:/ / doi.org/10.1080,/22221751.2020.1721334

Russo TA, Alvarado CL, Davies CJ, Drayer Z],
Carlino-MacDonald U, Hutson A, et al. Differentiation of
hypervirulent and classical Klebsiella pneumoniae with
acquired drug resistance. MBio. 2024;15:e0286723.

https:/ /doi.org/10.1128 /mbio.02867-23

Chen YT, Chang HY, Lai YC, Pan CC, Tsai SF, Peng HL.
Sequencing and analysis of the large virulence plasmid
pLVPK of Klebsiella pneumoniae CG43. Gene. 2004;337:189-98.
https:/ /doi.org/10.1016/j.gene.2004.05.008

Nassif X, Sansonetti PJ. Correlation of the virulence of
Klebsiella pneumoniae K1 and K2 with the presence of a
plasmid encoding aerobactin. Infect Immun. 1986;54:603-8.
https:/ /doi.org/10.1128 /iai.54.3.603-608.1986

Russo TA, Carlino-MacDonald U, Drayer Z]J, Davies CJ,
Alvarado CL, Hutson A, et al. Deciphering the relative
importance of genetic elements in hypervirulent Klebsiella
pneumoniae to guide countermeasure development.
EBioMedicine. 2024;107:105302. https:/ /doi.org/10.1016/
j.ebiom.2024.105302

Lam MMC, Wick RR, Watts SC, Cerdeira LT, Wyres KL,
Holt KE. A genomic surveillance framework and genotyping
tool for Klebsiella pneumoniae and its related species

complex. Nat Commun. 2021;12:4188. https:/ /doi.org/
10.1038/s41467-021-24448-3

YuF, Lv ], Niu S, Du H, Tang YW, Pitout JDD, et al.
Multiplex PCR analysis for rapid detection of Klebsiella
pneumoniae carbapenem-resistant (sequence type 258 [ST258]
and ST11) and hypervirulent (5T23, ST65, ST86, and ST375)
strains. ] Clin Microbiol. 2018;56:e00731-18. https:/ /doi.org/
10.1128/JCM.00731-18

Address for correspondence: Thomas A. Russo, Jacobs School
of Medicine and Biomedical Sciences, 955 Main St, Room 5212,
Buffalo, NY 14203, USA; email: trusso@buffalo.edu

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 31, No. 1, January 2025 e3


https://doi.org/10.1001/archinte.1986.00360220057011
https://doi.org/10.1001/archinte.1986.00360220057011
https://doi.org/10.1016/j.ajo.2010.08.036
https://doi.org/10.1016/j.ajo.2010.08.036
https://doi.org/10.3390/life11070676
https://doi.org/10.3390/life11070676
https://doi.org/10.1097/01.sla.0000154265.14006.47
https://doi.org/10.1097/01.sla.0000154265.14006.47
https://doi.org/10.1128/mSphere.00045-21
https://doi.org/10.1128/mSphere.00045-21
https://doi.org/10.1128/mSphere.00850-19
https://doi.org/10.1080/21505594.2017.1317412
https://doi.org/10.1128/JCM.00776-18
https://doi.org/10.1080/22221751.2020.1721334
https://doi.org/10.1128/mbio.02867-23
https://doi.org/10.1016/j.gene.2004.05.008
https://doi.org/10.1128/iai.54.3.603-608.1986
https://doi.org/10.1016/j.ebiom.2024.105302
https://doi.org/10.1016/j.ebiom.2024.105302
https://doi.org/10.1038/s41467-021-24448-3
https://doi.org/10.1038/s41467-021-24448-3
https://doi.org/10.1128/JCM.00731-18
https://doi.org/10.1128/JCM.00731-18
mailto:trusso@buffalo.edu
http://www.cdc.gov/eid

