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Background. Carbapenemase-producing Klebsiella pneumoniae has become a global priority, not least in low- and middle-
income countries. Here, we report the emergence and clinical impact of a novel Klebsiella pneumoniae carbapenemase�producing 
K.�pneumoniae (KPC-KP) sequence type (ST) 16 clone in a clonal complex (CC) 258�endemic setting.

Methods. In a teaching Brazilian hospital, a retrospective cohort of adult KPC-KP bloodstream infection (BSI) cases (January 2014 to 
December 2016)�was established to study the molecular epidemiology and its impact on outcome (30-day all-cause mortality). KPC-KP iso-
lates underwent multilocus sequence typing. Survival analysis between ST/CC groups and risk factors for fatal outcome (logistic regression) 
were evaluated. Representative isolates underwent whole-genome sequencing and had their virulence tested in a Galleria larvae model.

Results. One hundred sixty-�ve unique KPC-KP BSI cases were identi�ed. CC258 was predominant (66%), followed by ST16 
(12%). �e overall 30-day mortality rate was 60%; in contrast, 95% of ST16 cases were fatal. Patients� severity scores were high and 
baseline clinical variables were not statistically di�erent across STs. In multivariate analysis, ST16 (odds ratio [OR], 21.4; 95% con-
�dence interval [CI], 2.3�202.8; P�=�.008) and septic shock (OR, 11.9; 95% CI, 4.2�34.1; P�<�.001) were independent risk factors for 
fatal outcome. �e ST16 clone carried up to 14 resistance genes, including blaKPC-2 in an IncFIBpQIL plasmid, KL51 capsule, and 
yersiniabactin virulence determinants. �e ST16 clone was highly pathogenic in the larvae model.

Conclusions. Mortality rates were high in this KPC-KP BSI cohort, where CC258 is endemic. An emerging ST16 clone was as-
sociated with high mortality. Our results suggest that even in endemic settings, highly virulent clones can rapidly emerge demanding 
constant monitoring.

Keywords.  carbapenem-resistant Enterobacteriaceae; KPC; bloodstream infections; CC258; Klebsiella pneumoniae.

The widespread prevalence of carbapenem-resistant 
Enterobacteriaceae (CRE) bacteria is a major health challenge, 

as stressed by several national and international health organi-
zations, including the World Health Organization, the Centers 
for Disease Control and Prevention, and Public Health England 
[1�3]. CRE are often resistant to last-resort antibiotics, in-
cluding polymyxins, aminoglycosides, and tigecycline, hereby 
restricting therapeutic options available for treatment of serious 
infections [4]. New antibiotic options have become commer-
cially available; however, these medicines are rarely available in 
low- and middle-income countries due to regulatory agencies� 
approval delay and to high cost [5, 6].

Klebsiella pneumoniae carbapenemase�producing 
K.� pneumoniae (KPC-KP) has emerged as a leading cause of 
hospital outbreaks and has become endemic in several hos-
pitals in Southern Europe, North America, Latin America, 
Israel, and China [7, 8], with most KPC-KP isolates belonging 
to clonal complex (CC) 258. Within CC258, sequence type (ST) 
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11 and ST258 are the most prevalent STs [9]. ST258 is a hybrid 
clone mostly composed of the ST11 genome and a minor part 
of ST442, which includes the capsule operon [10]. In general, 
ST258 has disseminated in North America, Latin America, and 
several European countries, whereas in Asia and particularly in 
China, ST11 is still the dominant clone [11, 12]. KPC-2�pro-
ducing K.�pneumoniae isolates are endemic in several Brazilian 
hospitals, mostly belonging to CC258, particularly ST437, 
ST258 (clade II), and ST11 [13�15]. Other STs such as ST101, 
ST340, and ST442, have been sporadically reported [16�18]. 
Recently, an increase in the number of rapidly fatal outcomes 
of patients infected by KPC-KP was noticed by the infectious 
diseases medical team in a 740-bed public teaching hospital lo-
cated in the city of Sªo Paulo, Brazil, where CC258 is endemic. 
Accordingly, this study was undertaken to understand the ep-
idemiology of KPC-KP infections. Herein, we described the 
emergence of a new KPC-2 clone belonging to ST16 and as-
sociated with high bloodstream infection (BSI) mortality�rates.

MATERIALS AND METHODS

Study Population

We conducted a retrospective cohort study of adult KPC-KP BSI 
cases in a 740-bed public teaching hospital located in Sªo Paulo, 
Brazil. We retrieved the cases of KPC-KP BSIs by searching the 
routine microbiology laboratory database, selecting for hospi-
talized adult patients (>18� years old) who had positive blood 
cultures with KPC-KP, from January 2014 to December 2016. 
Unique cases of BSI with their corresponding KPC-KP isolates 
were included in the cohort, to avoid epidemiological bias. In 
case of sustained or recurrent bacteremia, only the first ep-
isode isolate was included. Polymicrobial BSIs were excluded 
(Supplementary Figure 1). This study was approved by the 
Hospital Sªo Paulo/Universidade Federal de Sªo Paulo) Ethics 
Committee for Clinical Research (protocol number 1.814.158). 
Epidemiological and clinical data were extracted from the med-
ical records in a standardized case form. Definitions of variables 
are available in the Supplementary Materials.

Microbiological Analysis and Galleria Testing

Descriptions of the initial identification, antimicrobial sus-
ceptibility testing (AST), and KPC polymerase chain reaction 
(PCR) at the routine microbiology laboratory are available in 
the Supplementary Materials. Frozen KPC-KP isolates were 
cultured, identification was confirmed by matrix-assisted laser 
desorption/ionization�time of flight, and minimum inhibitory 
concentrations (MICs) were determined by either European 
Committee on Antimicrobial Susceptibility Testing agar dilu-
tion or broth microdilution [19]. Genetic relatedness was es-
tablished by Spe-I pulsed-field gel electrophoresis (PFGE) and 
interpreted using Tenover criteria [20]. A� total of 64 isolates 
including representatives of each CC258 PFGE pattern, and 
all culturable ST16 isolates were sequenced using the MiSeq 

Illumina platform. Remaining isolates underwent multilocus 
sequence typing (MLST) by PCR [21]. When frozen isolates 
did not grow after subculturing, only MLST was carried out 
(Supplementary Figure 1). In vivo pathogenicity studies were 
carried out in the Galleria mellonella model following pre-
viously published protocols [22]. Details on the sequencing 
pipeline are available in the Supplementary Materials and the 
virulence determinants dataset in Supplementary Table 1.

Statistical Analysis

Kaplan-Meier survival curves (log-rank test) were obtained 
with GraphPad Prism version 5 software (GraphPad, San Diego, 
California). Group comparisons were performed using � 2 or 
Fisher exact test for categorical variables and t test or Mann-
Whitney U test for continuous variables. The multivariable 
analysis to determine the impact of covariables on 30-day mor-
tality was carried out by binary logistic regression, adjusting 
for confounders, using IBM SPSS Statistics 25.0 (Armonk, New 
York). A� cutoff of P� =� .1 in the univariate analysis was used 
to select covariables entering the multivariate model and the 
Horner-Lemeshow goodness-of-fit test was applied. The total 
number of cases included in each analysis (taking into account 
missing values) is indicated in each table or figure. Exact P 
values are indicated throughout the study (2-tailed). Statistical 
significance was established at P�<�.05.

RESULTS

Overall Cohort Clinical�Data

One hundred sixty-five unique cases were included in this 
3-year retrospective cohort of KPC-KP BSIs. The patients� 
overall epidemiological and clinical characteristics (including 
outcome and treatment) are depicted in Table 1. Patients� me-
dian age was 59� years, with 54% male. The median Charlson 
comorbidity index score at admission was 5 (interquartile range 
[IQR], 3�7), with 39% of patients diagnosed with cancer (solid 
tumor or hematological malignancies). At the time of bacte-
remia onset, 56% of patients were hospitalized in intensive care 
units (ICUs). Overall, 53% of patients developed septic shock. 
Only 9% and 38% of patients received at least 2 and at least 1 in 
vitro�active antibiotic, respectively. All-cause mortality rates at 
3 and 30�days were 27% and 60%, respectively.

Clinical Analysis According to Sequence�Type

MLST typing was determined for 151 KPC-KP isolates. One 
hundred nine patients (66%) were infected by KPC-KP isolates 
belonging to CC258 (ST258, ST11, ST437), 20 patients (12%) 
by ST16, and 22 patients (13%) by other STs (including ST307, 
ST15, and ST101), as shown in Figure 1. To establish whether the 
circulating clones could be associated with different mortality 
rates, survival analysis was performed comparing patients in-
fected by ST16, compared with CC258 and other STs. Strikingly, 
survival after 30�days was lower for ST16-infected patients (5%) 
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Table 1. Characteristics of Patients With Bloodstream Infections Caused by Klebsiella pneumoniae Carbapenemase 2�Producing K.� pneumoniae 
According to Multilocus Sequence Typing

Characteristic

MLST

Total Typed 
(n�=�151)

Total Cohort� 
(N =�165) P ValueaST16 (n�=�20)

CC258 
(n�=�109)

CC258

Other STs 
(n�=�22)ST11 (n�=�48)

ST258 
(n�=�46)

ST437 
(n�=�15)

Baseline epidemiological and clinical 
characteristicsb

         

 Age, y, median (IQR) 55 (43�67) 59 (46�68) 59 (50�64)  60 (50�72) 56 (38�69) 59 (46�69) 58 (45�68) 59 (45�69) .535

 Elderly (age >65 y) 6 (30) 30 (28) 9 (19) 17 (37) 4 (27) 7 (32) 43 (29) 48 (29) 1.000

 Female sex 13 (65) 46 (42) 19 (40) 20 (44) 7 (47) 8 (36) 67 (44) 75 (46) .055

 CCI score, median (IQR) 4 (3�7) 6 (3�8) 6 (4�8) 6 (4�8) 6 (4�8) 4 (3�7) 5 (2�7) 5 (3�7) .174

 Solid malignant tumor 3 (15) 21 (19) 12 (25) 7 (15) 2 (14) 5 (23) 29 (19) 30 (18) .618

 Hematological malignancy 7 (35) 16 (15) 6 (13) 8 (17) 2 (13) 6 (27) 29 (19) 34 (21) .075

 Corticosteroids 1�mg/kg 3 (15) 15 (14) 10 (21) 3 (7) 2 (13) 2 (9) 20 (13) 24 (15) .736

 Transplantation 3 (15) 13 (12) 8 (17) 4 (9) 1 (7) 1 (5) 17 (11) 19 (12) .750

 HIV 0 7 (6) 2 (5) 3 (7) 2 (13) 0 7 (5) 7 (4) .594

 Hepatobiliary disorders 8 (40) 19 (17) 10 (21) 8 (17) 1 (7) 6 (27) 33 (22) 35 (21) .079

 Autoimmune/rheumatological disorder 1 (5) 11 (10) 5 (10) 4 (9) 2 (13) 2 (9) 14 (9) 14 (9) .693

 Cardiac failure 7 (35) 22 (20) 13 (27) 7 (15) 2 (13) 4 (18) 33 (22) 40 (24) .126

 Chronic renal failure 2 (10) 30 (28) 16 (33) 11 (24) 3 (20) 2 (9) 34 (23) 38 (23) .306

 Diabetes 4 (20) 34 (31) 17 (35) 16 (35) 1 (7) 6 (27) 44 (29) 50 (30) .740

 COPD 3 (15) 13 (12) 6 (13) 6 (13) 1 (7) 3 (14) 19 (13) 20 (12) .931

 Exposure to antimicrobial (last 3 mo) 20 (100) 105 (96) 46 (96) 44 (96) 15 (100) 21 (96) 146 (97) 160 (97) .934

 Healthcare exposure in last 3 moc 20 (100) 108 (99) 48 (100) 45 (98) 15 (100) 20 (91) 148 (98) 160 (97) .985

 LOS prior to bacteremia, d, median (IQR) 15 (12�27) 24 (14�39) 19 (10�35) 28 (16�42) 26 (18�46) 23 (17�46) 22 (13�39) 22 (14�39) .079

 ICU (prior to bacteremia onset) 14 (70) 57 (52) 24 (50) 27 (59)  6 (40) 6 (27) 77 (51) 84 (51) .092

Sepsis characteristics and severity scores          

 Source of bacteremia         .299

  CLABSI 5 (25) 36 (33) 14 (29) 18 (39) 4 (27) 7 (32) 48 (32) 53 (32)  

  Mucosal barrier injury 2 (10) 5 (5) 2 (4) 3 (7) 0 0 7 (5) 10 (6)  

  Lungs 4 (20) 31 (28) 14 (29) 11 (24) 6 (40) 6 (27) 41 (27) 45 (27)  

  Urinary 0 7 (6) 3 (6) 2 (4) 2 (13) 2 (9) 9 (6) 9 (6)  

  Abdominal 7 (35) 17 (16) 11 (23) 4 (9) 2 (13) 6 (27) 30 (20) 32 (19)  

  Central nervous system 1 (5) 2 (2) 0 2 (4) 0 0 3 (2) 3 (2)  

  Skin and soft tissue 1 (5) 9 (8) 3 (6) 5 (11) 1 (7) 0 10 (7) 10 (6)  

 ICU (following bacteremia onset) 15 (75) 60 (55) 25 (52) 29 (63) 6 (40) 9 (41) 84 (56) 92 (56) .089

 Mechanical ventilation 13 (65) 50 (46) 22 (46) 22 (48) 6 (40) 9 (41) 72 (48) 77 (47) .151

 Septic shock 14 (70) 53 (49) 26 (54) 21 (46) 6 (40) 15 (68) 82 (54) 88 (53) .227

 Pitt bacteremia score, median (IQR) 4.5 (3�6) 3.5 (2�6) 4 (2�5) 4 (2�6) 2 (2�6) 5 (2�6) 4 (2�6) 4 (2�6) .168

Mortalityd          

 All-cause death at 3 d postbacteremia 9 (45) 29 (27) 13 (27) 12 (26) 4 (27) 6 (27) 44 (29) 45 (27) .114

 All-cause death at 30 d postbacteremia 19 (95) 62 (57) 29 (60) 27 (59) 6 (40) 15 (68) 96 (64) 100 (60) .002e

Treatment          

 No. of gram-negative-spectrum antibiotics, 
median (IQR)f

3 (2�3) 2 (2�3) 2 (2�3) 2 (2�3) 3 (2�3) 3 (2�3) 2 (2�3) 2 (2�3) .021e

 At least 1 in vitro�active antibioticg,h 11 (58) 34 (37) 13 (35) 17 (41) 4 (31) 4 (29) 49 (39) NA .080

 At least 2 in vitro�active antibioticsg,h 3 (17) 7 (8) 3 (9) 2 (5) 2 (17) 1 (7) 11 (9) NA .371

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: CC, clonal complex; CCI, Charlson comorbidity index; CLABSI, central line�associated bloodstream infection; COPD, chronic obstructive pulmonary disease; HIV, human im-
munode�ciency virus; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; MLST, multilocus sequence typing; NA, not available; ST, sequence type.
aStatistical analysis was performed comparing ST16 vs non-ST16 data (any other typed isolate). P values were calculated by Fisher exact test (categorical variables) or Mann-Whitney test 
(continuous variables).
bData were available for 160 cases for every variable, except for age, elderly age, sex, healthcare exposition in the 3 previous months, LOS, ICU prior to bacteremia onset, ICU following BSI, 
and all-cause death, where data for all 165 cases were collected.
cDialysis, day-care hospital, ward admission.
dFor 2 patients (1 ST258 and 1 untyped case), 30-day outcome data could not be retrieved (censored) due to early hospital discharge.
eMeans it was considered statistically signi�cant = P�< .05.
fIrrespective of antimicrobial susceptibility testing (AST) results.
gIn vitro activity was established for 125 cases where AST following European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations could be performed a poste-
riori because the strains were viable for growth (see Methods).
hAccording to EUCAST breakpoints [19].
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compared with any other group (P�<�.0056; Figure 1). Indeed, 
30-day all-cause mortality rate was 95% for patients infected by 
ST16 vs 57% and 68% for those infected by CC258 and other 
STs, respectively (P�<�.002). The 3-day all-cause mortality rates 
of ST16 group tended to be higher than those for CC258 and 
other STs (45% vs 27% and 27%, respectively), although it did 
not reach statistical significance (Table 1). Three-day survival 
curves are shown in Supplementary Figure 2. Scores reflecting 
BSI severity tended to be higher in the ST16 group compared to 
CC258, but not compared to other STs. The median Pitt bacte-
remia score was 4.5 vs 3.5 and 5 for patients infected by ST16, 
CC258, and other STs, respectively (P� =� .168). Septic shock 
was observed in 70% of ST16 patients compared to 49% and 
68% with CC258 and other STs, respectively (Table 1). Baseline 
comparison between patient groups showed that the median 
Charlson comorbidity index score was 4 (IQR, 3�7), 6 (IQR, 
3�8), and 4 (IQR, 3�7) for ST16, CC258, and other ST groups, 
respectively (P� =� .174). The median patient age and propor-
tion of patients >65�years old were comparable between groups. 
The proportion of patients in ICU prior to the BSI event (not 

influenced by the KPC-KP septic event) tended to be higher in 
the ST16 group (not statistically significant). Trends to higher 
proportion of hepatobiliary disease (P�=�.075) and hematolog-
ical malignancies underlying disease (P� =� .079) were seen in 
the ST16 group. The antimicrobial therapy prescribed for the 
ST16 group showed a higher number of anti-gram-negative 
antimicrobial drugs prescribed (P� =� .021) and more in vitro 
active antibiotics (P� =� .080) (Table 1). Overall, ST16-infected 
patients� variables were in most cases statistically comparable 
across groups. Taken together, these comparisons raise the pos-
sibility that the worse outcome for ST16-infected patients was 
due to a virulent clone, rather than infection of more severely 
ill patients.

Mortality Predictor Analysis

To test this hypothesis, we performed an analysis for fac-
tors expected to influence 30-day mortality, including ST16 
KPC-KP BSIs (Table 2). The univariate analysis identified 
ST16 KPC-KP (vs non-ST16), Charlson comorbidity index, 
septic shock, mechanical ventilation, hepatobiliary underlying 

Figure 1. Kaplan-Meier plots showing the survival of patients following bacteremia due to Klebsiella pneumoniae carbapenemase�producing K.�pneumoniae (KPC-KP) be-
longing to sequence type (ST) 16 vs clonal complex (CC) 258 vs other STs (A) and ST16 vs ST11, ST258, and ST437 (B), over 30�days. C, Pie chart showing multilocus sequence 
typing distribution of KPC-KP isolates. Survival curves were plotted using the Kaplan-Meier method (GraphPad Prism version 5 software), and P values were calculated by 
log-rank (Mantel-Cox) test. One patient (ST258 group) was censored. One patient (ST258 group) was censored and is signaled on by*. Abbreviations: CC, clonal complex; NA, 
isolates unavailable for multilocus sequence typing analysis; ST, sequence type.
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