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Hypervirulent Klebsiella pneumoniae have been rarely described in Latin America. This work describes the char-
acterization of hypervirulent K. pneumoniae isolates capsular serotype K2 belonging to sequence types 86 and
380. The assays showed the hypervirulent K. pneumoniae highly virulent, which is determined by the plasmid
borne virulence genes. At this time, the hypervirulent K. pneumoniae clinical isolates in Mexico are extensively
susceptible to antibiotics.
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Traditionally, Klebsiella pneumoniae is an Enterobacteriaceae species
considered as an opportunistic pathogen (Podschun and Ullmann,
1998). Today, 2 K. pneumoniae variants have been described: the classic
K. pneumoniae (cKpn) which is responsible of urinary tract infections,
pneumonia, bacteremia, and sepsis in immunocompromised patients
(Catalan-Najera et al., 2017; Paczosa and Mecsas, 2016) and the hyper-
virulent K. pneumoniae (hvKpn), which is mainly community acquired
and causes invasive infection such as liver, lungs, prostatic, kidney,
and bones abscesses followed by K. pneumoniae dissemination to differ-
ent organs (Fung et al., 2002). The infections caused by hvKpn have
been described around the world (Catalan-Najera et al., 2017; Paczosa
and Mecsas, 2016).

Since it was described for the first time, hypermucoviscosity was as-
sociated to hypervirulence (Paczosa and Mecsas, 2016). However, the
hypermucoviscous K. pneumoniae (hmvKpn) does not strictly reflect
that the strains are hypervirulent, indicating that both are 2 different
phenotypes (Catalan-Najera et al., 2017). The hvKpn strains are
associated to several virulence factors such as K1, K2, K5, K20, K54,
and K57 capsular serotypes, regulators of mucoid phenotype (rmpA
and rmpA2), siderophores like aerobactin and yersiniabactin (iucA and
irp2), the phospholipase D family protein (PLD1), and outer membrane
porin (KpnO) (Catalan-Najera et al., 2017; Paczosa and Mecsas, 2016;
Podschun and Ullmann, 1998).

The cases of liver abscesses produced by hvKpn variants showed a
hypermucoviscous phenotype and belonged to K1 serotype, positive
to rmpA and aerobactin genes. These characteristics were associated
to ST23 that is related worldwide to K1 serotype hypervirulent
K. pneumoniae (Coutinho et al., 2014; Vila et al., 2011). K. pneumoniae
serotype K2 strains have mainly been described in Asia but not in
Latin America countries, where the few reports of hvKpn describe the
K1, K5, and K19 serotypes in Brazil and serotype K1 in Argentina
(Moura et al., 2017; Pereira and Vanetti, 2015; Vila et al., 2011). Our
work is the first report of hvKpn serotype K2 in America. The aims
of this work were to characterize the K. pneumoniae isolates with
hypermucoviscous phenotype, identify the virulence factors, and deter-
mine their pathogenicity through in vitro and in vivo analysis.

A total of 350 clinical isolates of K. pneumoniae were collected
from 16 hospitals during the period of 2006 to 2016. From these, 200
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Table 1
General characteristics of hypermucoviscous K. pneumoniae isolates.

Strain Hospitala Date of
isolation

Origin of sample string
Test

Capsular
genotype

rmpA/rmpA2/terW iucA/iroB/irp2/entB Plasmids
(kb)d

Incompatibility
group

MLSTe

10271 1 2014 Liver abscess + K2 (KL2)b +/+/+ +/+/−/+ 220 IncHI1b ST86
Δp-10271 NA NA NA − K2 −/−/− −/−/−/+ - NA ND
6263 2 2015 Urine + K2 (KL2)b +/−/− +/+/−/+ 200 IncFIB(K) ST380
9295 3 2015 Surgical wound + K2 +/−/− +/+/+/+ 200 IncFIB(K) ST380
11401 3 2015 Sputum + K2 (KL2)b +/−/− +/+/+/+ 200 ND ST380
13131 3 2016 Tracheal aspiration − NDc −/−/− −/−/−/+ - NA ND

ND = not determined; NA = not applied; + = positive;− = negative.
a Hospitals: 1, Hospital “Dr. Manuel Gea González”, México City; 2, Instituto Nacional de Cardiología, México City; 3, Hospital Civil de Guadalajara “Fray Antonio Alcalde”, Guadalajara,

Jalisco, Mexico.
b The serotype was identified using the Kaptive tool (http://kaptive.holtlab.net/).
c The 13131 clinical isolate was negative to K1, K2, K5, K20, K54, and K57 capsular serotypes screened.
d The plasmid-borne rmpA and terW genes were identified by Southern hybridization assay, and the mating experiment showed nonconjugative 220- and 200-kb plasmids.
e Sequence type (ST) was determined in silico except for strain 9295, which was determined by Sanger sequencing (Podschun et al., 1993).
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(57%) were classified as multidrug resistant and extended-spectrum
β-lactamase producers, and 150 (43%) were identified as notmultidrug
resistant. The hypermucoviscous phenotype was retrospectively
analyzed mediated the string test (Kumabe and Kenzaka, 2014),
the percentage for isolates identified was of 1.14% (4/350). The
hypermucoviscous 10271, 6263, 9295, and 11401 isolates were identi-
fied as K. pneumoniae by molecular test (multiplex-PCR [M-PCR-1])
(Garza-Ramos et al., 2015a). The origins of isolates were from hepatic
abscess, urine, surgical wound, and sputum, respectively, and the
main characteristics are summarized in Table 1. The hmvKpn isolates
were PCR screened by virulence factors associated to hypervirulence,
such as capsular serotypes K1, K2, K5, K20, K54, and K57; regulators of
hypermucoviscous phenotype rmpA and rmpA2; and siderophores
iucA (aerobactin), entB (enterobactin), iroB (salmochelin), irp2
(yersiniabactin), and terW (tellurium resistance) genes (Supplementary
file). The 4 hmvKpn isolates were positive to K2 serotype and rmpA, and
siderophores aerobactin, salmochelin, and enterobactin genes. The
siderophore yersiniabactin was only found in the 9295 and 11401 iso-
lates (Table 1).

The results of genetic analysis of plasmid profile (Kieser, 1984),
southern blot hybridization (labeled with an alkaline phosphatase,
Amersham Gene Images AlkPhos Direct Labeling and Detection
System), and mating experiments (Miller, 1972) showed that hmvKpn
10271 contained a plasmid of approximately 220 kb (p10271V) and
the remaining hmvKpn isolates harbored a plasmid of approximately
200 kb (Table 1). The rmpA and terW genes were identified in plas-
mid-borne genes by southern blot hybridization; however, the mating
experiment was not successful in the tests carried out (Table 1).

The incompatibility group, plasmid structure, virulome, resistome,
and sequence type were explored by whole genome sequencing of
hmvKpn K. pneumoniae 10271, 6263, and 11401 clinical isolates. The
plasmid incompatibility groups identified were determined in silico
(https://cge.cbs.dtu.dk/services/PlasmidFinder/). The 220-kb plasmid
from 10271 isolate corresponded to IncHI1b, and the 200-kb plasmid
identified in the 6263 and 9295 isolates corresponded to IncFIB(K)
(Table 1). The plasmid structure of 200- and 220-kb plasmids was
obtained by BLAST Ring Image Generator. The plasmids showed a
high similarity against pLVPK plasmid previously described in the
K. pneumoniae CG43 (Chen et al., 2004; Tang et al., 2010), as well as in
the plasmids described in the hvKpn K. pneumoniae Kp52.145 and
SB2390 with K2 serotype and hvKpn K. pneumoniae NTHU-2044 K1 se-
rotype (Lery et al., 2014) (Supplementary figure).

The virulome analyzed in silico (http://www.genomicepidemiology.
org) revealed a complete operon of siderophores enterobactin,
salmochelin, and aerobactin. The yersiniabactin was present only in
11401 genome. The fimbriae mrkABCD was present in 10271, 6263,
and 11401 genomes, and the kfuABC only in the 6263 genome. The sero-
type using the Kaptive tool (http://kaptive.holtlab.net/) was confirmed
as KL2 for the hmvKpn K. pneumoniae 10271, 6263, and 11401 genomes
(Table 1) (Supplementary file). In the 3 genomes analyzed, the
resistome showed that the SHV-11 (chromosomal β-lactamase), oqxA/
oqxB and fosA genes confer resistance to ampicillin, fluoroquinolones,
and fosfomycin, respectively. The hmvKpn 10271 isolate was positive
to genes of resistance to tellurium, copper, lead, and silver, and the
6263 and 11401 genomes were positive to silver resistance gene.
Some of the virulence factors were shared with hvKpn Kp52.145,
SB2390, and NTUH-2044 (Supplementary file). The sequences types
identified in silico were ST86 for 10271 isolate and ST380 for 6263 and
11401 isolates. In the 11401 isolate, the ST380 sequence type was iden-
tified by PCR sequencing (Diancourt et al., 2005) (Table 1).

The pathogenicity of hmvKpn isolates was evaluated through in vivo
and in vitro assays. The identification of lethal dose median (LD50) was
carried out in groups of 6 female BALB/c mice; these were inoculated
PBS bacteria doses in the range of 100 CFU/mL at 100,000 CFU/mL intra-
peritoneally (Reed and Muench, 1938). The hmvKpn isolates 10271,
6263, 9295, and 11401 showed an LD50 of 100 CFU/mL, and the
cKpn 13131 isolate had an LD50 of N100,000 CFU/mL (control strain)
(Table 2). Only mice inoculated with hmvKpn isolates showed signs
of illness at 24 h, and they died 48 h after bacterial inoculation. Resis-
tance to human serum from healthy volunteers was performed using
the established method (Podschun et al., 1993), and the results were
interpreted according to Hughes et al. (1982). The isolates showed
a resistance phenotype in different degrees to the components of
human serum. The hmvKpn isolates were classified as grade 6 and 5,
meanwhile the cKpn like grade 1 (Table 2). The neutrophil-mediated
phagocytosis resistance was performed according methods established
by Hampton et al. (1994). In terms of the ability to evade phagocytosis
mediated by neutrophils, all hmvKpn isolates were classified as resis-
tant to phagocytosis (Table 2), compared to the control strains
S. aureus USA 300 and cKpn 13131 were phagocytized by neutrophils.
According to previous assays, the hmvKpn 10271, 6263, 9295, and
11401 isolates are considered as hvKpn variant with serotype K2
(Table 2).

In order to evaluate the contribution of plasmid in the
hypermucoviscous phenotype and virulence, the hvKpn 10271 was se-
lected. The 220-kb (p10271V) plasmid curingwas carried out according
to the methodology proposed by El-Mansi et al. (2000). The assay
consisted of growing bacteria in LB broth–SDS 5% (w/v) as curing
agent and selection on an LB-agar plate supplemented with 32 μg/mL
of tellurium. Colonies of hmvKpn 10271 isolate susceptible to tellurium
were obtained (Δp-10271 strain). Several colonies were analyzed by
plasmid profile and PCR analysis against virulence genes. The absence
of the plasmidic-borne rmpA, rmpA2, terW, iucA, and iroB genes was
confirmed; however, the entB gene was present in the Δp-10271 strain
(Table 1). Then, pathogenicity assays showed that the Δp-10271 strain
became nonvirulent because it was unable to kill mice and its resistance
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Table 2
Virulence properties of hypervirulent-K. pneumoniae isolates and strains.

Strain LD50

(CFU/mL)a
Serum resistanceb

(grade)
Neutrophil-mediated phagocytosisc Biofilm productiond Adherence to HeLa cellse (%) Phenotype

10271 100 R (6) R No producer 1.7 hvKpn
Δp-10271 N100,000 R (5) IS No producer 1.9 NA
Cp-10271 100 R (5) R No producer 2.9 hvKpn
6263 100 R (5) R No producer 2.3 hvKpn
9295 100 R (5) R No producer 1.9 hvKpn
11401 100 R (5) R No producer 2.2 hvKpn
13131 N100,000 S (1) S No producer 2.6 cKpn

Abbreviations: hvKpn = hypervirulent K. pneumoniae; cKpn= classical K. pneumoniae; NA = not applied;− = negative.
a Determined by intraperitoneal injection of bacteria to groups of 6 female BALB/c mice.
b Interpreted as R, resistant; IS, intermediately sensitive; and S, sensitive.
c Interpreted as R, resistant and S, phagocytosis and intracellular death sensitive.
d Identified as nonproducers since they showed a biofilm index b1.
e Percentage of adhered bacteria from an initial inoculum of 6 × 105 CFU/mL.
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to serum decreased to grade 5 and became intermediately sensitive to
phagocytosis (Table 2). The complementation of p10271V plasmid to
Δp-10271 strain was carried by transformation. The Cp-10271 strain
recovered both the hypermucoviscous phenotype and the virulence
determined in the in vivo and in vitro assays (Table 2).

The hmvKpn isolates nonhypervirulent were not identified in the
present study. Likewise, the percentage of hypermucoviscosity identi-
fied in this work in K. pneumoniae could not correspond to the real per-
centage because the isolates included in the study are not the total
of isolates obtained in each hospital. However, the hypermucoviscous
Klebsiella variicola and Klebsiella quasipneumoniae nonhypervirulent
isolates have been described previously in Mexico (Garza-Ramos
et al., 2015b, 2016).

None of the hvKpn was considered as a biofilm producer (Bandeira
et al., 2014) since they showed a biofilm index less than 1 and obtained
a minimum percentage of adhered bacteria (1.7–2.3% range) compared
to the control strain (20%). The degree of bacterial adhesion to eukary-
otic cells was evaluated as described by Letourneau et al. (2011). All
isolates had a minimum percentage of adhered bacteria of 1.7%, 2.3%,
1.9%, and 2.2%, for hvKpn 10271, 6263, 9295, and 11401, respectively,
(Table 2) compared to the control strain of diffusely adherent
Escherichia coli with a 20% of adhered bacteria.

In conclusion, thiswork describes for thefirst time the hypervirulent
K. pneumoniae isolates with hypermucoviscous phenotype with sero-
type K2 in Latin America. These hypermucoviscous/hypervirulent
K. pneumoniae isolates are highly virulent isolates and contain
the pLVPK-like plasmid, which is responsible for conferring the
hypermucoviscous and virulence phenotype. However, the hvKpn
isolates do not have the ability to produce biofilm or adhesion to
eukaryotic cells. At this time, the hvKpn K. pneumoniae K2 clinical iso-
lates in Mexico are extensively susceptible to antibiotics but contains
the virulence factors related to hypervirulent K. pneumoniae K1 and
K2 described in other regions in the world.
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