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a b s t r a c t 

Objectives: To monitor quantitatively the extent of intestinal colonisation by KPC-producing Klebsiella 

pneumoniae (KPC-Kp) in colonised patients who receive selective digestive decontamination (SDD) with 

oral gentamicin. 

Methods: We developed a real-time quantitative PCR (qPCR) method for determination of the relative 

load of bla KPC (RL KPC ) within the gut microbiota. Clinical validation was performed using a culture method 

as the gold standard and receiver operating curve (ROC) analysis. Fifteen patients were observationally 

and prospectively followed for one year. Clinical, microbiological variables and rectal swab samples were 

collected at 0 (baseline), 14 and 30 days and monthly thereafter. 

Results: Clinical validation performed on 111 rectal swab samples demonstrated that the PCR method 

detected 17% more positives than the culture method. ROC curve analysis documented excellent agree- 

ment between both methods (area under the curve, 0.96; 95% confidence interval 0.93–0.99). The RL KPC 

decreased in 6/15 (40%) and 7/12 (58.3%) patients on days 14 and 30, respectively. Persistent eradication 

was observed in 2/12 (16.7%), 3/9 (33.3%), 4/8 (50%) and 7/8 (87.5%) patients at 1, 3, 6 and 12 months, re- 

spectively, with a median time of 150 days (range 30–270) to persistent eradication. Gentamicin-resistant 

KPC-Kp isolates were identified in 4/15 (26.7%) patients. The rates of infections (57.1% vs. 12.5%, P = 0.119) 

and deaths (71.4% vs. 0%, P = 0.007) were higher among patients with high baseline RL KPC . 

Conclusion: Following SDD, a rapid reduction on intestinal load is observed when the colonising KPC-Kp 

isolate is susceptible to gentamicin; however, persistent eradication at the end of SDD is low. Intestinal 

carriage of KPC-Kp persists after three months in about one third of patients. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Colonisation by carbapenem-resistant Enterobacterales (CRE) is 

ssociated with increased risk of infection and death, especially 

n vulnerable patients, i.e., critical, surgical, haematological or im- 

unosuppressed patients [1–5] . A recent study provided evidence 

hat the relative intestinal load of CRE may be an important fac- 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC BY 
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or affecting the subsequent risk of infection [2] . Recent studies 

ave employed either culture on CRE selective medium or real- 

ime quantitative polymerase chain reaction (qPCR) for quantifica- 

ion of rectal colonisation by CRE; however, there are no standard- 

sed methods so far [ 2 , 6–9 ]. 

The use of oral antibiotics to decolonise patients has been 

idely studied, although its clinical (avoiding infection), microbio- 

ogical (eradicating resistant bacteria) and epidemiological (avoid- 

ng transmission) efficacy are debatable [ 5 , 10 , 11 ]. The most used

ntibiotics in this situation are aminoglycosides and colistin. Our 

roup has shown that selective digestive decontamination (SDD) 

ith oral gentamicin reduces infection and crude mortality in 

atients colonised by Klebsiella peumoniae carbapenemase (KPC)- 

roducing Klebsiella pneumoniae [3] . It is logical to hypothesise that 

DD has an impact on the kinetics of intestinal colonisation by re- 

ucing the relative bacterial load. This would explain that even if 

omplete microbiological eradication is not achieved, clinical bene- 

ts can be obtained on events related to colonisation, especially 

n patients at high risk of infection. In this study, we aimed to 

evelop and validate a qPCR method for determining the relative 

ntestinal load of bla KPC gene (RL KPC ) in rectal swabs, study the ki- 

etics of intestinal loads of KPC-Kp following SDD with oral gen- 

amicin, and describe relevant epidemiological outcomes, i.e., rates 

f decolonisation, persistent eradication, detection of gentamicin- 

esistant isolates, infection and mortality. 

. Materials and Methods 

.1. Ethics 

All patients or their legal representatives provided written in- 

ormed consent before this study was reported. The study protocol 

as approved by Reina Sofía University Hospital Ethical Committee 

KLEBCOM study, Reference 3197, Act 284). 

.2. Study design and patients 

Prospective, observational study of 15 patients with KPC-Kp 

olonisation who received SDD with oral gentamicin at Reina Sofía 

niversity Hospital (Cordoba, Spain) between January 2018 and 

arch 2019, with a 1-year follow-up. Patients fulfilled previously 

eported criteria for clinical indication of selective digestive decon- 

amination [3] . Patients with signs or symptoms of concomitant in- 

ection at baseline were excluded. SDD consisted of a gentamicin 

olution (8 mg/mL) administered in a dose of 80 mg gentamicin 

very 6 hours PO for 14 days. An orabase paste of gentamicin (1.6 

g/g) was also applied to oral mucosa, gums, palate and tracheal 

toma (0.5 g every 6 h for 2 weeks). Clinical infections were de- 

ned according to Center for Disease Control (CDC) criteria [12] . 

ectal swabs were obtained on days 0, 14, 30 and monthly there- 

fter, until 1 year later, death or lost to follow-up. When clinically 

easible, additional rectal swab samples were collected during SDD 

r infection episodes and were included for clinical validation of 

he qPCR method. 

.3. Primary, secondary outcomes and definitions 

The primary outcome was the intestinal relative load of KPC-Kp 

RL KPC ) (see below for definition) at day 0 (baseline, before SDD), 

nd at 14 and 30 days (post-SDD). Secondary outcomes were per- 

istent eradication at 1, 3, 6 and 12 months of follow-up, detec- 

ion of gentamicin-resistant KPC-Kp isolates, infection and mortal- 

ty rates during follow-up. Intestinal colonisation was defined as 

 qPCR positive for bla KPC together with the isolation of a KPC- 

p isolate from a rectal swab. Gastrointestinal decolonisation at 

 specific time-point was defined as the absence of KPC-Kp in a 
17 
atient’s rectal swab sample both by culture and PCR. Persistent 

radication was defined as the absence of KPC-Kp both by culture 

nd qPCR in two consecutive rectal swabs, with at least 2-week 

eparation, and no subsequent recolonisation during the remaining 

ollow-up period. 

.4. Rectal swab sample collection and DNA extraction 

We used rectal swabs containing one millilitre of liquid Amies 

ransport media (ESwabs, Copan Group, Brescia, Italy) for sampling 

f the patient’s intestinal microbiota. Rectal swabs were vortexed 

or one minute, and 50 μL of the Amies transport medium were 

ubmitted to culture-based quantification [9] and standard micro- 

iological procedures (see Section 2.5 and Supplementary Materi- 

ls for detailed protocols). The remaining volume (approximately 

00 μL) was transferred to a microcentrifuge tube, centrifuged for 

 min at 500 × g to eliminate the pelleted cell debris, and the su- 

ernatant was further centrifuged for 10 min at 10,0 0 0 × g to col- 

ect the bacteria. Total genomic DNA (gDNA) was extracted from 

acterial pellets using UltraClean Microbial DNA Isolation Kit (Qia- 

en, Germany), following the manufacturer’s instructions, and sub- 

itted to qPCR quantification ( Section 2.6 ). 

.5. Standard microbiological procedures 

Identification of the KPC-Kp isolates was confirmed using 

ALDI Biotyper (Bruker Daltonics). KPC carbapenemase produc- 

ion was confirmed with the NG-Test CARBA 5 (NGBiotech, France), 

nd the first KPC-Kp isolate from each patient was submitted to 

la KPC gene Sanger sequencing for identification of the bla KPC-3 al- 

ele. Antimicrobial susceptibility testing was performed using com- 

ercial microdilution methods, i.e., MicroScan WalkAway system 

ith panels NC53 (Beckman Coulter, USA) or Sensititre DKMGN 

anels (Thermo Fisher, USA), for colistin, meropenem, fosfomycin, 

eftolozane-tazobactam and ceftazidime-avibactam. For determina- 

ion of gentamicin MICs, we used broth microdilution [13] and gra- 

ient strips (Liofilchem, Italy), according to the manufacturer’s in- 

tructions. Escherichia coli ATCC 25922 and Pseudomonas aeruginosa 

TCC 27853 were used as control strains. Clinical categories were 

etermined according to EUCAST version 9.0 (2019). Multilocus se- 

uence typing was performed according to the protocol of the Pas- 

eur Institute [14] . 

.6. Relative quantification of the intestinal load of bla KPC gene by 

PCR in rectal swabs 

Optimisation of cycling conditions, specificity, linearity ranges, 

fficiency, limits of detection of the qPCR reactions and bacterial 

uspensions are described in Supplementary Materials. qPCR as- 

ays were performed in 96-well plates with the CFX-connect TM 

eal-Time System (Bio-Rad Laboratories, USA). We performed two 

arallel qPCR reactions for each patient’s gDNA sample in a sin- 

le 96-well plate, i.e., for amplification of bla KPC target gene (up- 

er half of the plate) and 16S rRNA normalizer gene (lower half of 

he plate), with primer pairs KPC-15F/KPC-177R and 515F/685R, re- 

pectively, described elsewhere [ 9 , 15 , 16 ]. Each plate assay included

he following template samples: (i) gDNA (diluted at a concentra- 

ion of 0.01 ng/μL), extracted from a pure 100% KPC-Kp bacterial 

uspension, set as reference (six replicates); (ii) double-distilled 

ater, used as non-template control (NTC, six replicates); and the 

ndiluted gDNA extracted from rectal swabs (a maximum of 18 

amples, each in duplicate). One hundred-fold dilutions of gDNA 

rom rectal swabs were used when the Ct values were out of the 

PCR linearity ranges. Each qPCR reaction contained 2 microliters 

f template DNA, 10 microliters of SYBR-green mix (iTaq Univer- 

al SYBR® Green Supermix 2X, Biorad, USA), 0.5 μM primers (KPC- 
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Table 1 

Characteristics of 15 patients who received selective digestive decolonisation (SDD) 

therapy with oral gentamicin 

No. (%) 

Age (years), median (range) 70 (55–73) 

Male 10 (66.7) 

Intensive care unit admission 5 (33.3) 

Length of first hospital stay (days), 

median (IQR) 

54 (38–86) 

Prior hospitalisation (3 months) 7 (46.7) 

Prior immunosuppressive therapy (3 

months) 

4 (26.7) 

Prior antibiotic exposure (1 month), n (%) 12 (80.0) 

β-lactam ± β-lactamase inhibitors 7 (46.7) 

cephalosporins 3 (20.0) 

carbapenems 2 (13.3) 

aminoglycosides 1 (6.7) 

fluoroquinolones 5 (33.3) 

Invasive procedures prior to recruitment 

surgical (3 months) 7 (46.7) 

mechanical ventilation (1 month) 7 (46.7) 

central venous catheter (1 month) 10 (66.7) 

urinary catheterization (1 month) 11 (73.3) 

Comorbidities 

diabetes mellitus 6 (40.0) 

tumour 5 (33.3) 

chronic kidney disease 3 (20.0) 

solid organ transplant recipient 2 (13.3) 

recurrent urinary tract infection 1 (6.7) 

Charlson’s score, median (range) 2 (1-2) 

McCabe’s score, median (range) 

non-fatal 3 (20.0) 

rapidly fatal 7 (46.7) 

ultimately fatal 5 (33.3) 

Risk factor that indicated decolonisation 

Major surgery in the previous month 4 (26.0) 

Multi-comorbid patients a 8 (53.3) 

Previous recurrent, severe KPC-Kp 

infections 

3 (20.0) 

Systemic antibiotics in the first 30 days of 

follow-up 

10 (66.7) 

β-lactam ± β-lactamase inhibitors 8 (53.3) 

aminoglycosides 1 (6.7) 

Colistin 1 (6.7) 

Primary outcome: RL KPC (%, median, 

range) 

Baseline (day 0) 0.68 (0.001–9.83) 

Day 14 < 0.001 (0.00–0.06) 

Day 30 0.01 (0.00–2.71) 

Secondary outcomes 

Decolonisation on day 14 (among 

survivors) 

Day 14 5/15 (33.3) 

Day 30 3/12 (25.0) 

Persistent eradication (among survivors) 

Day 30 2/12 (16.7) 

Day 90 3/9 (33.3) 

6 months 4/8 (50.0) 

12 months 7/8 (87.5) 

Detection of gentamicin-resistant 

KPC-Kp isolates 

4 (26.7) 

KPC-Kp-related infections 5 (33.3) 

Crude mortality 

Day 30 2 (13.1%) 

1 year 5 (33.3) 

RL KPC , relative intestinal load of bla KPC . 
a Multi-comorbid patients: patients with more than two chronic debilitating dis- 

eases including diabetes mellitus, chronic pulmonary disease, chronic liver disease, 

renal insufficiency, chronic cardiac insufficiency and immunodepression. 

3

s

y

r

5F/KPC-177R for bla KPC and 515F/685R for 16S rRNA, described 

lsewhere [ 15 , 16 ]), and molecular biology grade water up to 20

L. Cycling conditions consisted of one holding step at 95 °C for 5 

econds, followed by 40 cycles of 5 seconds at 95 °C and 30 sec- 

nds at 60 °C, and a final Melt Curve Analysis (5 seconds at 65 °C
p to 95 °C, with 0.5 °C increments at each step). The threshold cy- 

les (Ct) for bla KPC and 16SrRNA genes were automatically calcu- 

ated by the PCR system. We used the delta-delta threshold cycle 

 ��Ct) algorithm to estimate the relative load of bla KPC (RL KPC ) 

n rectal swabs, compared to the 100% KPC-Kp reference bacterial 

ulture, i.e., RL KPC = 2 −��Ct , where ��Ct = ( �Ct [gDNA from a

atient’s rectal swab]–�Ct [gDNA from the 100% KPC-Kp bacterial 

uspension]) and �Ct = ( �Ct [16S rRNA]–�Ct [ bla KPC ]). 

.7. Statistical analysis 

Epidemiological values were expressed as the median and in- 

erquartile range for continuous variables and as percentages for 

ategorical variables. Linearity of the qPCR was validated by linear 

egression. Sensitivity, specificity, positive predictive value, nega- 

ive predictive value and receiver operating characteristic (ROC) 

urve analyses were used to assess the accuracy of the qPCR rel- 

tive to the culture-based quantification method. The optimal di- 

gnostic cut-off value was determined by calculating the Youden 

ndex of the ROC curve. Correlation among bacterial load values 

btained by both methods was assessed by means of Kendall’s tau 

nd Spearman’s rho correlation coefficients and clinical agreement 

y means of Kendall’s concordance (W) coefficient and the intra- 

lass correlation coefficient (ICC). We considered a P value of < 0.05 

o be significant. Statistical analysis was performed using the SPSS 

ersion 25.0 software (IBM, USA). 

. Results 

.1. Diagnostic accuracy of the qPCR assay for determination of RL KPC 

n rectal swabs 

We performed clinical validation of the qPCR test on 111 rectal 

wab samples obtained from 15 patients during 1 year of follow- 

p [6] . The median (range, minimum, maximum) intestinal load of 

PC-Kp relative to total aerobic bacteria, according to the quanti- 

ative standard culture method (set as the gold standard for this 

tudy) was 0.0 0 02% (0.0 0%–0.64%, 0.0 0%, 10 0.0 0%). The median in-

estinal load of bla KPC relative to 16SrRNA genes (RL KPC ) according 

o qPCR analysis was 0.0 0 04% (0.0 0%–0.10%, 0.0 0%, 96.27%). The 

rea under the ROC (AUROC) curve documented excellent agree- 

ent between both methods (AUROC 0.96; 95% confidence inter- 

al 0.93–0.99, P < 0.001), with sensitivity and specificity of 100% 

nd 76.4%, respectively. The positive predictive value and nega- 

ive predictive value were 81.3% and 100%, respectively. The accu- 

acy of KPC-Kp detection by qPCR relative to culture was 85.43%. 

he Youden Index for the ROC curve reached a maximum (0.768) 

ith a qPCR RL KPC value of 0.001%, which was established as the 

ptimal diagnostic cut-off value relative to the culture method. 

e observed strong positive correlation (Kendall’s tau = 0.794, 

 < 0.001; Spearman’s rho = 0.90 0, P < 0.0 01) between the 

wo assays, while statistical estimates showed low concordance 

Kendall’s W = 0.137, P < 0.001; ICC 0.288, 95% confidence inter- 

al 0.100–0.455, P = 0.002). All discordant samples (N = 12) were 

PCR-positive and culture-negative (Supplementary Table S1) and 

howed qPCR-based RL KPC below or equal to the calculated diag- 

ostic cut-off value of 0.001%. These findings suggest that the qPCR 

s consistent with conventional culture for determination of KPC- 

p RL above the diagnostic threshold of 0.001%. 
KPC 

18 
.2. Kinetics of RL KPC following SDD with oral gentamicin 

The clinical characteristics of the 15 patients included in this 

tudy are summarised in Table 1 . The kinetics of RL KPC during 1- 

ear follow-up, based on qPCR determination, are graphically rep- 

esented in Fig. 1 . Study outcomes have been recorded in Table 2 . 
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Fig. 1. Evolution of the relative intestinal load of bla KPC (RL KPC ) in rectal swabs, estimated by qPCR. Patients were classified as having (A) high or (B) low baseline-RL KPC . 

The duration of selective digestive decolonisation (SDD) is represented with a dotted area. Onset of an infection episode is indicated by an arrow, and the duration of 

targeted antibiotic therapy is indicated by a discontinuous rectangle. White circles represent rectal swabs negative for KPC-Kp (0% RL KPC ). BSI, bloodstream infection; PNEU, 

pneumonia; R, gentamicin-resistant KPC-Kp isolate. 
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Regarding primary endpoints, the median baseline-RL KPC (day 

) was 0.68% (range 0.001%–9.83%, minimum < 0.001%, maximum 

6.27%). This value decreased to < 0.001% (range 0.00%–0.06%, min- 

mum 0%, maximum 40.90%, P = 0.173) on day 14, and to 0.01% 

range < 0.001%–2.71%, minimum 0%, maximum 8.67%; P = 0.071) 
19 
n day 30 of follow-up. Based on potential clinical significance, 

e classified patients into two groups, according to their baseline- 

L KPC being above (7/15, high baseline-RL KPC ) or below (8/15, low 

aseline-RL KPC ) the global median baseline-RL KPC for this cohort 

 Fig. 1 ). The observed reduction in this median value with regard 
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Table 2 

Study outcomes of 15 patients who received SDD with oral gentamicin (reported relative intestinal bla KPC loads (RL KPC ) are based on qPCR assay) 

Patient Age (sex) Underlaying disease 

Risk factor 

for SDD a 

SDD 

(duration, days) RL KPC (%) 

Microbiological 

eradication (first 

negative swab, days) 

Type of 

Infection 

(onset, days) 

Death (time, 

days) 

0 d 

(baseline) 

14 d 30 d 

Pt1 55 (M) Fournier gangrene MS 14 96.27 < 0.001 0.002 Yes (90) - alive 

Pt8 61 (F) Diabetes mellitus MC 14 21.61 0.001 0.67 Yes (270) - alive 

Pt9 71 (F) Diabetes mellitus, 

Rheumatoid arthritis 

MS 8 12.10 < 0.001 NA No SI (8) 29 

Pt2 70 (M) Pneumonia in heart 

transplant patient 

MS 3 9.83 0 4.38(R) No BSI & PNEU 

(3) 

PNEU (49) 

83 

Pt15 65 (M) Hypertension, 

chronic kidney 

disease, metabolic 

syndrome 

MC 7 8.80(R) < 0.001 (R) NA No BSI (7) 16 

Pt11 81 (M) Diabetes mellitus, 

lymphoma 

MC 14 6.76 7.20 (R) 0.01 No - 49 

Pt7 71 (M) Septic shock (biliary 

source) 

MC 13 4.95 40.90 3.05 No BSI (13) 55 

Pt14 60 (M) Severe head trauma MS 14 0.68(R) 1.26 (R) 0 Yes (30) - alive 

Pt10 46(M) Pancreatic 

adenocarcinoma 

RSI 14 0.06 < 0.001 (R) < 0.001 (R) Yes (150) - alive 

Pt4 73 (M) Kidney transplant MC 14 0.05 0.06 < 0.001 Yes (270) - alive 

Pt3 51 (F) Severe head trauma RSI 2 0.02 0 1.69 No PNEU (2) alive 

Pt6 84 (F) Lung cancer MC 14 0.001 0 8.67 Yes (180) - alive 

Pt13 90 (M) Colon cancer RSI 14 < 0.001 0 NA No - alive 

Pt5 51 (F) Diabetic 

nephropathy 

(dialysis) 

MC 14 < 0.001 < 0.001 0 No - alive 

Pt12 72 (M) Lymphoma MC 14 < 0.001 0 0 Yes (14) - alive 

BSI, bloodstream infection; F, female; M, male; MC, multiple comorbidities; MS, major surgery; PNEU, pneumonia; R, gentamicin-resistant KPC-Kp isolate; RSI, recurrent, 

severe KPC-Kp infections SDD, selective digestive decolonisation; SI, surgical infection. 
a Risk factor for SDD [3] : MS (including transplantation) performed within the following 2 weeks; MC, i.e. more than two chronic debilitating diseases, including diabetes 

mellitus, chronic pulmonary disease, chronic liver disease, renal insufficiency, chronic cardiac insufficiency and immunodepression). 
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o day 0 was statistically significant only on day 30 in the group of 

atients with high baseline-RL KPC ( P = 0.043, Supplementary Table 

2). 

On day 14, we observed a reduction in RL KPC in 11/15 (73.3%) 

atients ( Table 2 ); however, gastrointestinal decolonisation was 

bserved in only 5/15 (33.3%) patients, 1/7 (14.3%) in the high 

aseline-RL KPC and 4/8 (50%) in the low baseline-RL KPC groups 

 P = 0.282). In addition, 1/15 (6.7%) patients in the low base- 

ine group (Pt4) showed no substantial RL KPC change, and 3/15 

20%) showed increased RL KPC , possibly related to the presence of 

entamicin-resistant KPC-Kp isolates (Pt11 and Pt14) or develop- 

ent of a KPC-Kp-related bloodstream infection episode on day 

3 (Pt7) ( Fig. 1 and Table 2 ). Among the five patients who were

ecolonised on day 14, only one (Pt12) remained decolonised for 

he rest of the follow-up; another one (Pt2) showed a RL KPC re- 

ound on day 30, likely related to the presence of a gentamicin- 

esistant KPC-Kp isolate, and the last two (Pt3 and Pt6) showed 

ecolonisation with no detection of gentamicin-resistant isolates 

n day 30 ( Table 2 and Fig. 1 ). On day 30, 7/12 (58.3%) patients

howed reduced RL KPC compared to baseline values; however, only 

/12 (25.0%, Pt5, Pt12 and Pt14) showed decolonisation, and they 

ll were included in the low baseline-RL KPC group ( Fig. 1 ). Among 

hem, two remained decolonised during follow-up (Pt12 and Pt14), 

nd one (Pt5) showed recolonisation with a low RL KPC value. 

Regarding secondary outcomes, the rate of persistent eradica- 

ion at 1, 3, 6 and 12 months was 2/12 (16.7%), 3/9 (33.3%), 4/8

50%) and 7/8 (87.5%), respectively, with a median time of 150 days 

range, 30–270) to persistent eradication. De novo detection of 

entamicin-resistant KPC-Kp isolates was observed in 4/15 (26.7%) 

atients within the first 30 days of follow-up; however, we did 

ot identify gentamicin-resistant colonisation in subsequent points 

f follow-up in these patients ( Fig. 1 , Pt2, Pt1, Pt11 and Pt14).
20
he antibiotic sensitivity results obtained for the complete KPC- 

p isolate collection (N = 60) are shown in Supplementary Table 

3. Of note, two of the baseline KPC-Kp isolates were resistant to 

entamicin (MIC > 16 mg/L), but patients were treated because of 

he relevance of decolonisation in these cases. Multilocus-sequence 

yping of baseline, gentamicin-resistant and infecting KPC-Kp iso- 

ates in all patients who developed gentamicin-resistant colonisa- 

ion or KPC-Kp-related infection confirmed that they all belonged 

o the KPC-3-producing Klebsiella pneumoniae sequence type (ST)- 

12 clone, endemic in our hospital. 

The rate of patients who developed KPC-Kp-related infections 

as 5/15 (33.3%), i.e., 4/7 (57.1%) vs. 1/8 (12.5%) in the high vs. 

ow baseline-RL KPC , respectively ( P = 0.119). One patient (Pt2) 

eveloped two infection episodes during follow-up ( Table 2 and 

ig. 1 ). Most (4/6) infection episodes occurred within 14 days of 

ecruitment, resulting in interruption of SDD and administration 

f ceftazidime-avibactam-based systemic therapy. Interestingly, the 

L KPC was reduced during or at the end of all infection episodes for 

hich follow-up rectal swabs were available ( Fig. 1 ). Crude mortal- 

ty was 5/15 (33.3%). All patients who died were within the high 

aseline-RL KPC group, i.e., 5/7 (71.4%) vs. 0% in the low baseline- 

L KPC ( P = 0.007). 

. Discussion 

In this study, we aimed to: (i) characterise quantitatively the 

inetics of KPC-Kp intestinal colonisation by using real-time quan- 

itative PCR; (ii) clinically validate our qPCR, using a culture-based 

ethod as gold standard; and (iii) describe relevant epidemiologi- 

al outcomes. 

Regarding validation of the qPCR assay, we found good clinical 

orrelation with conventional culture; however, concordance was 
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ow, as a result of discrepancies in 12 samples that were culture- 

egative and qPCR-positive. On the one hand, the qPCR assay may 

e more sensitive than the culture-based assay, as supported by 

revious studies [ 17 , 18 ]. However, in our experimental conditions, 

t is not possible to rule out that the positive qPCR test may be

ighlighting the presence of residual KPC-Kp gDNA derived from 

ead cells and not necessarily correlate with a low concentration 

f viable bacteria that may go undetected by the culture-based 

ethod. Most importantly, it remains to be established the po- 

ential clinical significance of detecting such low levels of KPC-Kp 

olonisation, below the detection limit of conventional culture—

or instance, with regard to surveillance and infection control pur- 

oses. Finally, the turnaround time was significantly shorter for the 

PCR-based method than for culture, with a mean of 6 h vs. 30 h 

or culture, under optimal conditions. The utility of qPCR for esti- 

ating the relative intestinal load of K. pneumoniae producing KPC 

r OXA-48 has been previously demonstrated [ 2 , 6–9 ]. 

Regarding the potential impact of SDD on KPC-Kp intestinal 

oads, we report that the RL KPC was reduced in about 60% of pa- 

ients in our cohort on day 30 in the absence of gentamicin- 

esistant KPC-Kp isolates. However, as previously observed [ 5 , 19–

1 ], the effect of SDD in reduction of CRE load is not long-lasting

nd colonisation reappears after a window period. We observed a 

igh rate of recolonisation in our study, although at low intesti- 

al load levels possibly due to the greater sensitivity of the qPCR- 

ased method. 

Our group has shown previously that SDD reduces the risk of 

nfection and death in patients with rectal colonisation by KPC-Kp 

3] . We observed a high number of infections and higher mortal- 

ty in patients with high baseline-RL KPC . We hypothesise that the 

rotective effect of SDD may be achieved by reducing the intesti- 

al RL KPC during the risk period for infection. A recent prospective, 

ongitudinal, observational study has shown that increased RL KPC 

s associated with KPC-Kp bacteraemia [2] . Another report indi- 

ates that hospitalised patients who developed a hospital infection 

y OXA-producing Klebsiella pneumoniae have, on average, a higher 

elative load of bla OXA-48 than patients without infections [8] . Fur- 

her studies are needed to clarify whether SDD is equally beneficial 

o patients with high or low RL KPC, as well as to establish the clin-

cal risk factors associated with having different RL KPC . 

Our findings also support previous data from our group indi- 

ating that SDD with gentamicin has an impact on development of 

entamicin resistance, i.e., 4/15 (26.7%) of patients in our present 

ohort versus 6/28 (21.4%) in our previous study [3] , although here 

e observed that the increase in gentamicin MIC was transient. 

he risk of resistance development is one of the reasons why the 

019 European Society of Clinical Microbiology and Infectious Dis- 

ases (ESCMID)-European Committee of Infection Control (EUCIC) 

linical guidelines on decolonisation of multidrug-resistant Gram- 

egative bacteria carriers do not recommend routine decolonisa- 

ion in clinical practice [11] . 

Our study has limitations. The sample size is small. In our hos- 

ital, SDD is currently prescribed by the infectious disease special- 

st only to patients fulfilling risk-based criteria for developing a 

PC-Kp infection [ 3 , 10 ], and all consecutive patients fulfilling these 

riteria between January 2018 and January 2019 were invited to 

articipate. The study was designed as a proof-of-concept study 

f the applicability of our qPCR for monitorization of intestinal 

oads of KPC-Kp in this clinically relevant context and thus reflects 

eal clinical practice in a large tertiary teaching hospital with cur- 

ent endemicity by KPC-Kp during this period. Importantly, we also 

ade all possible effort s to ensure completion of follow-up by in- 

orporating a dedicated nurse to the research team, who visited 

rail, elderly or bedridden patients at their locations if they were 

nable to return to hospital for rectal swab sample collection. A 

econd limitation is that the study was not designed to account 
21 
or the contribution of spontaneous reduction or decolonisation of 

ntestinal KPC-Kp, which may mask the direct impact of SDD. Fi- 

ally, another limitation of this study is that we performed molec- 

lar typing of KPC-Kp isolates only in a subset of patients with 

entamicin-resistant KPC-Kp or infecting KPC-Kp isolates; thus it is 

ot possible to rule out the acquisition of new strains other than 

he endemic KPC-3-producing Klebsiella pneumoniae ST-512 clone 

uring follow-up in the remaining patients. 

Our observations may have important implications for clinical 

anagement. First, new studies are necessary to confirm the po- 

ential association of baseline CRE load with the risk of infection 

r death, which may serve to discriminate in the clinic those pa- 

ients susceptible to receiving SDD. Second, we observed that the 

ate of reduction in RL KPC is not homogeneous after the first dose 

f SDD. It may take a few days to have a maximum effect. Thus, 

DD may be started a few days before the start of a risk period 

i.e., chemotherapy course involving a period of neutropenia, HSCT, 

cheduled intervention, etc.) and may be maintained for the full 

uration of the risk period (e.g., period of neutropenia, postopera- 

ive), with close monitoring of resistance development. Finally, SDD 

ay be repeated every time the patient is at high risk of infection. 

unding 

This work was supported by research funds ‘FIS PI16/01631’ 

ranted to EPN from Plan Estatal de I + D + I 2013-2016, co-financed 

y the ISCIII-Subdirección General de Evaluación y Fomento de 

a Investigación and the Fondo Europeo de Desarrollo Regional 

FEDER); and Plan Nacional de I + D + i 2013-2016 and Instituto de 

alud Carlos III (ISCIII), Subdirección General de Redes y Centros 

e Investigación Cooperativa, Ministerio de Ciencia, Innovación y 

niversidades, Spanish Network for Research in Infectious Dis- 

ases (RD16/0016/0008) - co-financed by European Development 

egional Fund ‘A way to achieve Europe’, operative program Intel- 

igent Growth 2014–2020. EPN holds a research contract from Con- 

ejería de Salud y Familias, Junta de Andalucía (RH-0065-2020I). 

he funders had no role in study design, data collection and inter- 

retation, or the decision to submit the work for publication. 

ompeting interests 

None of the authors reports any conflicts of interest. 

thical approval 

Not required. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jgar.2022.04.010 . 

eferences 

[1] Tischendorf J, De Avila RA, Safdar N. Risk of infection following colonization 
with carbapenem-resistant Enterobactericeae : a systematic review. Am J Infect 

Control 2016;44:539–43. doi: 10.1016/j.ajic.2015.12.005 . 

[2] Shimasaki T, Seekatz A, Bassis C, Rhee Y, Yelin RD, Fogg L, et al. Increased
relative abundance of Klebsiella pneumoniae carbapenemase-producing Kleb- 

siella pneumoniae within the gut microbiota is associated with risk of blood- 
stream infection in long-term acute care hospital patients. Clin Infect Dis 

2019;68:2053–9. doi: 10.1093/cid/ciy796 . 
[3] Machuca I, Gutiérrez-Gutiérrez B, Pérez Cortés S, Gracia-Ahufinger I, Serrano J, 

Madrigal MD, et al. Oral decontamination with aminoglycosides is associ- 
ated with lower risk of mortality and infections in high-risk patients colo- 

nized with colistin-resistant, KPC-producing Klebsiella pneumoniae . J Antimi- 

crob Chemother 2016;71:3242–9. doi: 10.1093/jac/dkw272 . 
[4] Dickstein Y, Edelman R, Dror T, Hussein K, Bar-Lavie Y, Paul M. Carbapenem- 

resistant Enterobacteriaceae colonization and infection in critically ill patients: 
a retrospective matched cohort comparison with non-carriers. J Hosp Infect 

2016;94:54–9. doi: 10.1016/j.jhin.2016.05.018 . 

https://doi.org/10.1016/j.jgar.2022.04.010
https://doi.org/10.1016/j.ajic.2015.12.005
https://doi.org/10.1093/cid/ciy796
https://doi.org/10.1093/jac/dkw272
https://doi.org/10.1016/j.jhin.2016.05.018


E. Pérez-Nadales, A.M. Natera, M. Recio-Rufíán et al. Journal of Global Antimicrobial Resistance 30 (2022) 16–22 

[

[

 

[

[

[5] Bar-Yoseph H, Hussein K, Braun E, Paul M. Natural history and decoloniza- 
tion strategies for ESBL/carbapenem-resistant Enterobacteriaceae carriage: sys- 

tematic review and meta-analysis. J Antimicrob Chemother 2016;71:2729–39. 
doi: 10.1093/jac/dkw221 . 

[6] Lerner A, Adler A, Abu-Hanna J, Cohen Percia S, Kazma Matalon M, Carmeli Y. 
Spread of KPC-producing carbapenem-resistant Enterobacteriaceae: the impor- 

tance of super-spreaders and rectal KPC concentration. Clin Microbiol Infect 
2015;21(470):e1–470 e7. doi: 10.1016/j.cmi.2014.12.015 . 

[7] Ramos-Ramos JC, Lázaro-Perona F, Arribas JR, García-Rodríguez J, Mingorance J, 

Ruiz-Carrascoso G, et al. Proof-of-concept trial of the combination of lactitol 
with Bifidobacterium bifidum and Lactobacillus acidophilus for the eradica- 

tion of intestinal OXA-48-producing Enterobacteriaceae. Gut Pathog 2020;12. 
doi: 10.1186/s13099- 020- 00354- 9 . 

[8] Lázaro-Perona F, Rodríguez-Tejedor M, Ruiz-Carrascoso G, Díaz-Pollán B, 
Loeches B, Ramos-Ramos JC, et al. Intestinal loads of OXA-48-producing Kleb- 

siella pneumoniae in colonized patients determined from surveillance rectal 

swabs. Clin Microbiol Infect 2020. doi: 10.1016/j.cmi.2020.09.054 . 
[9] Lerner A, Romano J, Chmelnitsky I, Navon-Venezia S, Edgar R, Carmeli Y. 

Rectal swabs are suitable for quantifying the carriage load of KPC-producing 
carbapenem-resistant Enterobacteriaceae . Antimicrob Agents Chemother 

2013;57:1474–9. doi: 10.1128/AAC.01275-12 . 
[10] Cano A, Gutiérrez-Gutiérrez B, Machuca I, Gracia-Ahufinger I, Pérez-Nadales E, 

Causse M, et al. Risks of infection and mortality among patients colonized with 

Klebsiella pneumoniae carbapenemase-producing Klebsiella pneumoniae : vali- 
dation of scores and proposal for management. Clin Infect Dis 2018;66:1204–

10. doi: 10.1093/cid/cix991 . 
[11] Tacconelli E, Mazzaferri F, de Smet AM, Bragantini D, Eggimann P, Huttner BD, 

et al. ESCMID-EUCIC clinical guidelines on decolonization of multidrug- 
resistant Gram-negative bacteria carriers. Clin Microbiol Infect 2019;25:807–

17. doi: 10.1016/j.cmi.2019.01.005 . 

12] Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health 
care-associated infection and criteria for specific types of infections in the 

acute care setting. Am J Infect Control 2008;36:309–32. doi: 10.1016/j.ajic.2008. 
03.002 . 

13] ISO 20776-1:2019. Clinical laboratory testing and in vitro diagnostic test 
systems—Susceptibility testing of infectious agents and evaluation of perfor- 

mance of antimicrobial susceptibility test devices—Part 1: Reference method 

for testing the in vitro n.d. https://www.iso.org/standard/70464.html . [accessed 
01.01.20]. 
22
[14] Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial population genomics: 
BIGSdb software, the PubMLST.org website and their applications [version 1; 

referees: 2 approved] 2018. https://doi.org/10.12688/wellcomeopenres.14826.1. 
[15] Nikkari S, Lopez FA, Lepp PW, Cieslak PR, Ladd-Wilson S, Passaro D, et al. 

Broad-range bacterial detection and the analysis of unexplained death and crit- 
ical illness. Emerg Infect Dis 2002;8:188–94. doi: 10.3201/eid0802.010150 . 

[16] Keinänen-Toivola MM, Revetta RP, Santo Domingo JW. Identification of active 
bacterial communities in a model drinking water biofilm system using 16S 

rRNA-based clone libraries. FEMS Microbiol Lett 2006;257:182–8. doi: 10.1111/j. 

1574-6968.20 06.0 0167.x . 
[17] Singh K, Mangold KA, Wyant K, Schora DM, Voss B, Kaul KL, et al. Rectal

screening for Klebsiella pneumoniae carbapenemases: comparison of real-time 
PCR and culture using two selective screening agar plates. J Clin Microbiol 

2012;50:2596–600. doi: 10.1128/JCM.00654-12 . 
[18] Dragsted DM, Dohn B, Madsen J, Jensen JS. Comparison of culture and PCR 

for detection of Bordetella pertussis and Bordetella parapertussis under routine 

laboratory conditions. J Med Microbiol 2004;53:749–54. doi: 10.1099/jmm.0. 
45585-0 . 

[19] Fariñas MC, González-Rico C, Fernández-Martínez M, Fortún J, Escudero- 
Sanchez R, Moreno A, et al. Oral decontamination with colistin plus neomycin 

in solid organ transplant recipients colonized by multidrug-resistant Enterobac- 
terales : a multicentre, randomized, controlled, open-label, parallel-group clini- 

cal trial. Clin Microbiol Infect 2021;27:856–63. doi: 10.1016/j.cmi.2020.12.016 . 

20] Huttner BD, de Lastours V, Wassenberg M, Maharshak N, Mauris A, Galper- 
ine T, et al. A 5-day course of oral antibiotics followed by faecal transplanta- 

tion to eradicate carriage of multidrug-resistant Enterobacteriaceae: a random- 
ized clinical trial. Clin Microbiol Infect 2019;25:830–8. doi: 10.1016/j.cmi.2018. 

12.009 . 
21] Saidel-Odes L, Polachek H, Peled N, Riesenberg K, Schlaeffer F, Trabelsi Y, et al. 

A randomized, double-blind, placebo-controlled trial of selective digestive de- 

contamination using oral gentamicin and oral polymyxin E for eradication of 
carbapenem-resistant Klebsiella pneumoniae carriage. Infect Control Hosp Epi- 

demiol 2012;33:14–19. doi: 10.1086/663206 . 

https://doi.org/10.1093/jac/dkw221
https://doi.org/10.1016/j.cmi.2014.12.015
https://doi.org/10.1186/s13099-020-00354-9
https://doi.org/10.1016/j.cmi.2020.09.054
https://doi.org/10.1128/AAC.01275-12
https://doi.org/10.1093/cid/cix991
https://doi.org/10.1016/j.cmi.2019.01.005
https://doi.org/10.1016/j.ajic.2008.03.002
https://www.iso.org/standard/70464.html
https://doi.org/10.3201/eid0802.010150
https://doi.org/10.1111/j.1574-6968.2006.00167.x
https://doi.org/10.1128/JCM.00654-12
https://doi.org/10.1099/jmm.0.45585-0
https://doi.org/10.1016/j.cmi.2020.12.016
https://doi.org/10.1016/j.cmi.2018.12.009
https://doi.org/10.1086/663206

	Proof&#x2011;of&#x2011;concept study to quantify changes in intestinal loads of KPC-producing Klebsiella pneumoniae in colonised patients following selective digestive decontamination with oral gentamicin
	Introduction
	2 Materials and Methods
	2.1 Ethics
	2.2 Study design and patients
	2.3 Primary, secondary outcomes and definitions
	2.4 Rectal swab sample collection and DNA extraction
	2.5 Standard microbiological procedures
	2.6 Relative quantification of the intestinal load of blaKPC gene by qPCR in rectal swabs
	2.7 Statistical analysis

	3 Results
	3.1 Diagnostic accuracy of the qPCR assay for determination of RLKPC in rectal swabs
	3.2 Kinetics of RLKPC following SDD with oral gentamicin

	4 Discussion
	Funding
	Competing interests
	Ethical approval
	Supplementary materials
	References


