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ABSTRACT

Objective: Klebsiella (K.) pneumoniae is globally responsible for an alarming increase in hospital infections, espe-
cially in intensive care units (ICUs). The acquisition of resistance against a broad range of antibiotics has turned 
infections with this pathogen into a major worldwide healthcare concern. The aim of the study was to investigate if 
multistrain synbiotics can complement the current treatment options of multidrug-resistant K. pneumoniae infections. 
Methods: Antimicrobial susceptibility and PCR testing were used to characterize the K. pneumoniae causing a hos-
pital outbreak. Effect of multistrain synbiotic administration on the presence of K. pneumoniae in an infected patient 
was investigated by microbiological testing for the pathogen. Effects of the synbiotic mixture and its individual probi-
otic bacteria on K. pneumoniae isolated from patients and of the K. pneumoniae subsp. pneumoniae ATCC© 700603TM 
reference strain were investigated by pathogen in-vitro inhibition experiments. Results: The outbreak K. pneumoniae 
strain was found to be resistant against a range of antibiotics including carbapenems, and to be a producer of New 
Delhi metallo-β-lactamase 1 (NDM-1). Treatment of a NDM-1 K. pneumoniae carrier with a multistrain synbiotic 
resulted in successful elimination of the pathogen from the patient. In-vitro inhibition experiments showed that the 
NDM-1 K. pneumoniae (and the reference strain K. pneumoniae subsp. pneumoniae, ATCC© 700603TM) could be ef-
fectively inhibited by the bacteria mixture of the synbiotic preparation. Conclusion: Findings of the study indicate for 
the first time that a multistrain synbiotic can add to the treatment repertoire available for the management of NDM-1 
K. pneumoniae infections.
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INTRODUCTION

Antibiotic resistance has become a major concern worldwide [1]. Extended-spectrum beta-lactamase (ESBL) 
producing, and carbapenem-resistant, Enterobacteriaceae, especially those of the species K. pneumoniae, are spreading 
at an alarming rate [2-7]. The steady trend of increasing resistance coupled with the lack of new antibiotics targeting 
resistant gram-negative bacteria is increasingly forcing clinicians to apply more aggressive antibiotic dosing regimens, 
such as prolonged administration and combination of different antibiotics [8-12]. Hospitals, and in particular the 
intensive care units (ICUs), are proliferation zones for multidrug-resistant gram-negative bacteria [13]. Reasons, 
among others, are the use of large amounts of broad-spectrum antibiotics and of invasive devices in ICUs, as well as 
the risk of cross-infection in severely ill patients [14-17].

K. pneumoniae is a gram-negative bacterium that is frequently isolated from samples collected from ICU patients. 
Carrier rates for K. pneumoniae in hospitalized patients are high (up to 77%) and seem to be related to the amount of 
administered antibiotics [18-20]. K. pneumoniae accounts for nearly 12% of all hospital-acquired pneumonia [18,20]. 
Being an opportunistic pathogen, K. pneumoniae primarily attacks immunocompromised patients who suffer from 
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severe underlying diseases. Patients with K. pneumoniae infections usually have a grim prognosis. The outlook is 
usually worse in diabetics, the elderly and those who are immunocompromised [21].

Carbapenems (e.g. imipenem or meropenem) represent the first-line therapy for severe infection by ESBL producing 
K. pneumoniae [22]. However, K. pneumoniae isolates resistant to carbapenems have been reported [23,24] and 
prevalence of carbapenem-resistant K. pneumoniae (CRKP) has increased rapidly [25]. Infections with CRKP are 
associated with higher mortality compared to infections with carbapenem-sensitive K. pneumoniae (CSKP) and 
require appropriate initial antibiotic therapy [25,26]. There is no optimal treatment for CRKP. Treatment options 
include antibiotics from the polymyxin class, tigecycline, fosfomycin, aminoglycosides or dual therapy carbapenems. 
Combination therapy of 2 or more of the antibiotics may decrease mortality as compared to monotherapy alone [10,18].

As K. pneumonia is becoming resistant against more and more antibiotics, non-antibiotic strategies have to be 
considered for the management of infections with this pathogen. The fact that, firstly, K. pneumoniae can be present 
in the human body without causing disease and, secondly, carrier rates increase with the amount of administered 
antibiotics [19,20,27], hints at a fundamental role of balanced and diverse gut microbiota to keep K. pneumoniae 
under control in a healthy individual. Probiotics (products containing one or several probiotic bacterial strains) and 
synbiotics (products containing one or several probiotic bacterial strains and a prebiotic, e.g. fructo-oligosaccarides) 
have been discussed as alternative treatment or adjuvant therapy for a number of bacterial infections for which the 
use of antibiotics is either not recommended or emerging antibiotic resistance is of concern [1]. The present study 
investigates the potential of a complex multistrain synbiotic in the management of infections with multidrug-resistant 
K. pneumoniae.

MATERIALS AND METHODS

Sample Collection, Antimicrobial Susceptibility Testing, PCR Testing

Microbiological screening tests were performed in samples collected by mini-bronchoalveolar lavage (mini-BAL) 
from 2 patients (patient 1 and 2) and by anal swaps from 3 other patients (patients 3, 4 and 5) present in the ICU of the 
State Hospital of Jarocin, Poland. Antimicrobial susceptibility testing (AST) was performed according to a standard 
procedure (Kirby-Bauer method), established in the microbiology laboratory of the hospital. PCR testing for the 
presence of β-lactamases (NDM-1, KPC, and OXA-48) were performed by the Polish Reference Center for Antibiotic 
Sensitivity (KORLD) in Warsaw.

Antibiotic Therapies

All patients were initially treated empirically with antibiotics. Later, antibiotic therapy was guided by the results 
obtained from AST and PCR testing. Patients 1 and 2 were treated with large amounts of antibiotics. Respiration of 
both patients was supported by respirators. 

Patients 3, 4 and 5 received significantly fewer antibiotics during their stay in the ICU, as they were inflammation-free 
carriers of the NDM-1 K. pneumoniae strain. None of these 3 patients were on respirators during their stay in the ICU.

Post-Outbreak Treatment of Patient 2 with a Multistrain Synbiotic Preparation

AST testing was performed during follow-up visits of patient 2 after her discharge from the hospital. The patient was 
treated for 30 days with a synbiotic preparation (once daily, administration before bedtime). Each capsule contained a 
mixture of Lactobacillus (Lb.) helveticus SP-27 (9.00 × 108 CFUs), Lactococcus (Lc.) lactis Ll-23 (9.00 × 108 CFUs), 
Lb. casei Lc-11 (2.25 × 108 CFUs), Lb. plantarum Lp-115 (2.25 × 108 CFUs), Lb. rhamnosus Lr-32 (4.50 × 108 CFUs), 
Bifidobacterium (B.) longum Bl-05 (6.75 × 108 CFUs), B. breve Bb-03 (4.50 × 108 CFUs), B. bifidum Bb-02 (2.25 
× 108 CFUs), Streptococcus (St.) thermophilus St-21 (4.50 × 108 CFUs) and the prebiotic fructooligosaccharides (63 mg). 

In-vitro Pathogen Inhibition

Antagonism between the synbiotic mixture or individual probiotic bacteria and the pathogenic bacteria NDM-1 K. 
pneumoniae isolated from patient 2 and the reference strain K. pneumoniae subsp. pneumoniae ATCC© 700603TM) was 
marked by means of the bar graph method according to Strus [28,29]. Quantitative inhibition results of 3 independent 
experiments are presented as an arithmetic mean ± standard deviation (SD) of the inhibition zone.

For testing of the multistrain synbiotic mixture and of its individual probiotic strains, the particular bacteria suspensions 
of density 2 on the McFarland scale was sieved onto the MRS and incubated at 37ºC for 48 hours in the presence 
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of 6% CO2. In the case of the individual bacteria strains, the suspensions were enriched with fructooligosaccharides 
(FOS) in a concentration of 63mg/ml. 

After incubation in agar MRS, agar bars of 10 mm diameter were cut, which were transferred onto a medium that had 
previously been inoculated with the respective K. pneumoniae strain on the Mueller-Hinton medium. The inoculum 
of the bacterial strains studied was a suspension of the studied microbes in physiological salt of density 2, according 
to the McFarland scale. After placing the bar with the studied culture of the medium with both studied microbes, they 
were placed at a temperature of 4ºC for 4 hours. Further incubation of the medium was conducted at a temperature of 
37ºC for 24 hours without limiting oxygen access. After incubation, the diameter of the growth inhibition zone around 
bars containing the studied strains were marked/calculated in mm, and the result was given together with the diameter 
of the bar itself.

Bacterial Strains and Synbiotic Preparation 
NDM-1 K. pneumoniae was cloned and cultivated from a sample taken from patient 2 of the outbreak. The reference 
strain K. pneumoniae subsp. pneumoniae ATCC© 700603TM [30] was purchased from MicroBioLogics Inc., St. Cloud, 
MN 56303, USA. All individual bacterial strains in the synbiotic mixture (B. bifidum Bb-02 [31-34]; Lb. plantarum 
Lp-115 [33,35-43]; Lb. casei Lc-11 [44]; B. breve Bb-03, Lc. lactis Ll-23, Lb. rhamnosus Lr-32 [33,39,45-47], St. 
thermophilus St-21, Lb. helveticus SP-27, B. longum Bl-05 [39,48,49]) are commercially available and were provided 
by Bifodan A/S, Bogbinderivej 6, 3390 Hundested, Denmark. The multistrain synbiotic preparation is commercially 
available as MULTILAC® SYNBIOTIKUM and was provided by Vivatrex GmbH, Martinstr. 10-12, 52062 Aachen, 
Germany.

RESULTS
NDM-1 K. pneumoniae Outbreak
On 20th November 2017, routine microbiological testing of 2 ICU patients revealed the presence of K. pneumoniae 
bacteria. An identical broad pattern of antibiotic resistance against β-lactam antibiotics (including carbapenems), 
ciprofloxacin, sulfamethoxazole-trimethoprim and colistin (polymyxin E) for K. pneumoniae from both samples was 
found. The isolated K. pneumoniae was susceptible to gentamycin and medium-susceptible to amikacin. Table 1 
provides an overview of the resistance profile of the K. pneumoniae strain isolated from patient 2, in comparison to 
that of the ESBL producing reference strain K. pneumoniae subsp. pneumoniae ATCC© 700603TM.

Table 1 Antibiotic resistance profiles of the K. pneumoniae isolated from outbreak patient 2 and of the ESBL-producing 
reference strain K. pneumoniae subsp. pneumoniae ATCC© 700603TM

Antibiotic class Antibiotic K. pneumoniae subsp. 
pneumoniae ATCC© 700603TM

NDM-1 K. pneumoniae (isolate 
from patient 2*)

Penicillin 
Ampicillin R -

Piperacillin R -

Penicillin with beta-
lactamase inhibitor

Amoxicillin/clavulanate S R

Piperacillin/tazobactam S R

Cephalosporin

Cefuroxime R R

Cefotaxime R R

Ceftazidime - R

Carbapenem
Imipenem S R

Meropenem S R

Quinolone Ciprofloxacin S R

Aminoglycoside
Gentamycin MS S

Amikacin S MS

Other
Sulfamethoxazole-

trimethoprim (biseptol) R R

Colistin (polymyxin E) - R
R: Resistant, S: Susceptible, MS: Medium Susceptible, “-“: Not Tested; *AST performed with K. pneumoniae isolated and cloned 
from a sample taken from patient 1 showed identical results
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Samples from all 5 patients present in the ICU were taken and PCR testing by KORLD confirmed the presence of 
New Delhi metallo-β-lactamase 1 (NDM-1) in all samples. PCR testing for the KPC and OXA-48 type β-lactamase 
subtypes revealed the absence of these β-lactamase subtypes. 

A hospital outbreak was declared on 27th November 2017 and the hospital infection control team implemented a 
comprehensive and complex outbreak management procedure. Due to the severity of the outbreak it was finally 
decided to close the ICU for intensive decontamination. Key information about the patients involved in the K. 
pneumoniae outbreak is provided in Table 2. 

Table 2 Key information about patients involved in the NDM-1 K. pneumoniae outbreak in the State Hospital of Jarocin, 
Poland

Patient Sex Age Reason for 
admission to ICU

Days in 
ICU

Antimicrobial 
susceptibility testing1 PCR testing2,3

Status at 
discharge from 

ICU

1 Male 71 Stroke, respiratory 
failure 68 ESBL incl. carbapenem 

resistance MBL (NDM-1) positive Deceased

2 Female 53
Generalized 

inflammation, 
respiratory failure

80 ESBL incl. carbapenem 
resistance MBL (NDM-1) positive Alive

3 Female 74 After surgery 39 - MBL (NDM-1) positive Alive
4 Female 50 After surgery 19 - MBL (NDM-1) positive Alive

5 Male 55 Head injury, due to 
car accident 16 - MBL (NDM-1) positive Alive

ESBL: Extended-Spectrum Beta-Lactamase, MBL: Metallo Beta Lactamase, NDM-1: New Delhi Metallo-Beta Lactamase-1; 
1: Samples tested were taken from patients 1 and 2 by mini-BAL, patients 3, 4 and 5 were inflammation symptom-free carriers 
and no AST was performed; 2 Samples tested were taken from patients 1 and 2 by mini-BAL and from patients 3, 4 and 5 by anal 
swaps; 3: Samples tested were negative for the presence of KPC and OXA-48 types of beta-lactamases

The 5 patients from the outbreak can be divided into 2 groups. Patients of the first group (patients 1 and 2) stayed the 
longest in the ICU (68 and 80 days, respectively), were treated with large amounts of antibiotics and showed extensive 
inflammation of bacterial etiology. Despite intensive treatment, the condition of patient 1 gradually deteriorated and 
he died after 68 days in the ICU. Patient 2 recovered gradually and was transferred to the surgical ward of the hospital 
after 80 days in the ICU. She stayed an additional 31 days in the surgical ward, before being discharged from the 
hospital. ASTs performed at the time of discharge and during later follow-up visits revealed that she was still a carrier 
of K. pneumoniae. Patients of the second group (patients 3, 4 and 5) stayed on average 25 days (range 16-39 days) 
in the ICU and received significantly fewer antibiotics, as they were inflammation-free carriers of the NDM-1 K. 
pneumoniae strain. Table 3 provides an overview about the total (accumulated) amounts of antibiotics given to the 
different patients during their stay in the ICU.

Table 3 Total (accumulated) amounts of antibiotics administered to the patients from the K. pneumoniae outbreak during 
their stay in the ICU

 Patient
Antibiotic Class Antibiotic Units 1 2 3 4 5
Penicillin with 

ß-lactamase inhibitor
Amoxicillin/Clavulanate g - - - 50.4 -
Pipieracillin/Tazobactam g 306 234 - - --

Cephalosporin Cefuroxime g - - 63 - --
Carbapenem Imipenem g 24 36 - - -

Quinolone
Ciprofloxacin g 5.2 2.4 - - -
Levofloxacin g - - 10.5 10.5 10.5

Amino-glycoside
Gentamycin g 4.3 0.5 - - -
Vancomycin g 51 - - - -

Amikacin g - 1.5 - - -

Other
Sulfamethoxazole-trimethoprim 

(biseptol) g - 1 - - -

Colistin (polymyxin B) mio IU 96 24 - - -
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Post-Outbreak Treatment of Patient 2 with a Synbiotic Multistrain Preparation

At the time of discharge from the hospital, patient 2 was an inflammation-free carrier of K. pneumoniae. Presence 
of the pathogen was repeatedly confirmed by testing of samples taken by anal swaps during follow-up visits of the 
patient. Due to the ongoing presence of K. pneumoniae, treatment with a commercially available multistrain synbiotic 
was initiated. After 30 days of therapy, microbiological testing of a sample taken by anal swap revealed the absence 
of K. pneumoniae.

In-vitro Pathogen Inhibition

In-vitro pathogen inhibition experiments revealed that growth of the NDM-1 K. pneumoniae strain isolated from 
patient 2 was inhibited by the synbiotic mixture given to the patient post-outbreak. Growth of this K. pneumoniae 
strain was also inhibited, however, to a lesser extent, by the individual probiotic strains of the mixture. The inhibitory 
effect of the individual strains varied significantly, with those of St. thermophilus St-21 and Lb. helveticus SP-27 
being the strongest and those of Lc. lactis Li-23 and Lb. rhamnosus Lr-32 being the weakest. Similar inhibitions 
were observed when the ESBL-producing reference strain K. pneumoniae subsp. pneumoniae ATCC© 700603TM was 
investigated (Figure 1).

Figure 1 In-vitro inhibition of NDM-1 K. pneumoniae isolated from patient 2 and of K. pneumoniae subsp. ATCC© 

700603TM by the synbiotic mixture and its individual probiotic constituents

DISCUSSION

Microbiological characterisation of samples taken from the 5 patients of the outbreak leads to the conclusion that all 
patients became infected by the same NDM-1-producing K. pneumoniae strain. As no microbiological screening of 
patients before the admission to the ICU was performed, the origin of the NDM-1 K. pneumoniae strain causing the 
outbreak could not be determined.

Outbreak patients 3, 4 and 5 were carriers of NDM-1 K. pneumoniae but never exhibited signs of inflammation. 
Antibiotic therapy of these patients was moderate. In contrast, patients 1 and 2 were treated extensively with 
antibiotics, showed strong inflammation of bacterial etiology and stayed a long time in the ICU. While most of the 
antibiotics administered to patients 1 and 2 had no effect on the multidrug-resistant NDM-1 K. pneumoniae, they 
definitely extinguished a good part of the gut-microbiotas of the two patients. This disturbance of the gut microbiota 
might well have eliminated or at least weakened its capability to prevent or limit the colonisation of the patients’ guts 
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by the pathogenic K. pneumoniae. In addition, a disturbed gut microbiota is linked to a malfunction of the immune 
system [50-53], a circumstance which might also have contributed negatively to the conditions of these two patients. 
These observations support the hypothesis that extensive usage of broad-spectrum antibiotics is a risk factor for 
bad outcomes in patients infected by multi-drug resistant K. pneumoniae strains [16,54]. A conservative usage of 
antibiotics, at least until information from AST has become available, should be considered as a measure to lower 
the risk of an outbreak. Antibiotic therapy should be guided by a good understanding of the pathogen causing the 
infection and should be accompanied by the administration of probiotic bacteria to support a balanced and diverse 
gut-microbiota.

Post outbreak treatment of patient 2, being a symptom-free carrier of K. pneumoniae, with a multistrain synbiotic 
resulted in the elimination of the K. pneumoniae pathogen. As we were only able to treat this one patient, no general 
conclusions about the clinical effectiveness of the administered synbiotic product can be made. However, the observed 
effect in this patient encourages further studies aiming to investigate the effect of synbiotics on K. pneumoniae 
proliferation.

Few studies have investigated the effect of individual Lactobacillus and Bifidobacteria strains on the in-vitro growth of 
K. pneumoniae [55,56]. None of these studies investigated the effects on ESBL-producing or NDM-1 K. pneumoniae. 
The present study shows that both NDM-1- and an ESBL-producing K. pneumoniae strain can be effectively inhibited 
in-vitro, and potentially also in-vivo, by a complex multistrain synbiotic mixture. No significant difference in the 
inhibition of the two investigated K. pneumoniae strains was found, indicating that the different resistance profiles 
of the two strains had no relevance for the inhibition by the synbiotic mixture. The inhibitory effect of the synbiotic 
mixture was found to be stronger than that of its individual constituents. Similar results have been shown by our 
group for the inhibition of Salmonella typhimurium by this synbiotic preparation and its constituents [57]. A reason 
for the superior effect of the mixture might be synergistic effects among the individual probiotic bacteria, leading to 
a stronger overall inhibitory effect on pathogenic bacteria [58-60].

CONCLUSION

K. pneumoniae and its multidrug-resistant variants can be inhibited by multistrain synbiotics suggesting that synbiotics 
can play a positive role in the management of patients infected with this bacterial pathogen. The potential contribution 
of synbiotics in clinical practice should be further investigated.

We thank the team from KORLD in Warsaw for performing the PCR testing, L. Sommer Mikkelsen and K. Bundvig 
Barken of Bifodan A/S for providing the individual probiotic strains used in the in-vitro inhibition experiments, S. 
Hanna from Cambridge Assessment English for proof-reading, English style editing, and useful suggestions.

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of 
this article.

REFERENCES

[1] Aslam, Bilal, et al. “Antibiotic resistance: a rundown of a global crisis.” Infection and Drug Resistance, Vol. 11, 
2018, pp.1645-58. 

[2] Cantón, R., et al. “Prevalence and spread of extended-spectrum β-lactamase-producing Enterobacteriaceae in 
Europe.” Clinical Microbiology and infection, Vol. 14, 2008, pp. 144-53.

[3] Coque, T. M., F. Baquero, and R. Canton. “Increasing prevalence of ESBL-producing Enterobacteriaceae in 
Europe.” Eurosurveillance, Vol. 13, No. 47, 2008, p. 19044. 

[4] McDanel, Jennifer, et al. “Incidence of Extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli 
and Klebsiella infections in the United States: a systematic literature review.” Infection Control and Hospital 
Epidemiology, Vol. 38, No. 10, 2017, pp. 1209-15. 

[5] Brolund, Alma, et al. “Worsening epidemiological situation of carbapenemase-producing Enterobacteriaceae in 
Europe, assessment by national experts from 37 countries, July 2018.” Eurosurveillance, Vol. 24, No. 9, 2019. 

DECLARATIONS
Acknowledgment

Conflict of Interest



Piatek, et al. Int J Med Res Health Sci 2019, 8(9): 12-20

18

Kadhim, et al.

[6] Livorsi, Daniel J., et al. “A systematic review of the epidemiology of carbapenem-resistant Enterobacteriaceae in 
the United States.” Antimicrobial Resistance and Infection Control, Vol. 7, 2018, p. 55.

[7] Ho, Jennifer, Paul A. Tambyah, and David L. Paterson. “Multiresistant Gram-negative infections: a global 
perspective.” Current Opinion in Infectious Diseases, Vol. 23, No. 6, 2010, pp. 546-53. 

[8] Bassetti, Matteo, Maddalena Peghin, and Davide Pecori. “The management of multidrug-resistant 
Enterobacteriaceae.” Current Opinion in Infectious Diseases, Vol. 29, No. 6, 2016, pp.583-94.

[9] Guervil, David J., and Terence Chau. “Trends in multidrug-resistant gram-negative bacilli and the role of 
prolonged β-lactam infusion in the intensive care unit.” Critical Care Nursing Quarterly, Vol. 36, No. 4, 2013, 
pp. 345-55.

[10] Morrill, Haley J., et al. “Treatment options for carbapenem-resistant Enterobacteriaceae infections.” Open Forum 
Infectious Diseases, Vol. 2, No. 2, 2015.

[11] Pourmand, Ali, et al. “Emerging trends in antibiotic resistance: Implications for emergency medicine.” The 
American Journal of Emergency Medicine, Vol. 35, No. 8, 2017, pp. 1172-76.

[12] Sheu, Chau-Chyun, et al. “Infections Caused by Carbapenem-Resistant Enterobacteriaceae: An Update on 
Therapeutic Options.” Frontiers in Microbiology, Vol. 10, p. 80.

[13] Zilahi, Gabor, Antonio Artigas, and Ignacio Martin-Loeches. “What’s new in multidrug-resistant pathogens in the 
ICU?.” Annals of Intensive Care, Vol. 6, 2016, p. 96.

[14] Elliott, T. S. J., and P. A. Lambert. “Antibacterial resistance in the intensive care unit: mechanisms and 
management.” British Medical Bulletin, Vol. 55, No. 1, 1999, pp. 259-76. 

[15] Fish, Douglas N., and Martin J. Ohlinger. “Antimicrobial resistance: factors and outcomes.” Critical Care Clinics, 
Vol. 22, No. 2, 2006, pp. 291-311.

[16] Kollef, Marin H., and Victoria J. Fraser. “Antibiotic resistance in the intensive care unit.” Annals of Internal 
Medicine, Vol. 134, No. 4, 2001, pp. 298-314.

[17] MacVane, Shawn H. “Antimicrobial resistance in the intensive care unit: a focus on gram-negative bacterial 
infections.” Journal of Intensive Care Medicine, Vol. 32, No. 1, 2017, pp. 25-37.

[18] Ashurst JV, Dawson A. “Klebsiella Pneumonia.” StatPearls, Treasure Island (FL): StatPearls Publishing, 2019.

[19] Esposito, Eliana Pia, et al. “Molecular epidemiology and virulence profiles of colistin-resistant Klebsiella 
pneumoniae blood isolates from the Hospital Agency “Ospedale dei Colli”, Naples, Italy.” Frontiers in 
Microbiology, Vol. 9, 2018, p. 1463.

[20] Walter, Jan, et al. “Healthcare-associated pneumonia in acute care hospitals in European Union/European 
Economic Area countries: an analysis of data from a point prevalence survey, 2011 to 2012.” Eurosurveillance, 
Vol. 23, No. 32, 2018.

[21] Podschun, Rainer, and U. Ullmann. “Klebsiella spp. as nosocomial pathogens: epidemiology, taxonomy, typing 
methods, and pathogenicity factors.” Clinical Microbiology Reviews, Vol. 11, No. 4, pp. 589-603.

[22] Pitout, Johann DD, and Kevin B. Laupland. “ Extended-spectrum beta-lactamase -producing Enterobacteriaceae: 
an emerging public-health concern.” The Lancet Infectious Diseases, Vol. 8, No. 3, 2008, pp. 159-66.

[23] Jacob, Jesse T., et al. “Vital signs: carbapenem-resistant Enterobacteriaceae.” MMWR. Morbidity and Mortality 
Weekly Report, Vol. 62, No. 6, 2013, pp. 165-70. 

[24] Yigit, Hesna, et al. “Novel carbapenem-hydrolyzing β-lactamase, KPC-1, from a carbapenem-resistant strain of 
Klebsiella pneumoniae.” Antimicrobial Agents and Chemotherapy, Vol. 45, No. 4, 2001, pp. 1151-61. 

[25] Xu, Liangfei, Xiaoxi Sun, and Xiaoling Ma. “Systematic review and meta-analysis of mortality of patients infected 
with carbapenem-resistant Klebsiella pneumoniae.” Annals of Clinical Microbiology and Antimicrobials, Vol. 16, 
No. 1, 2017, p. 18.

[26] Kohler, Philipp P., et al. “Carbapenem resistance, initial antibiotic therapy, and mortality in Klebsiella pneumoniae 
bacteremia: A systematic review and meta-analysis.” Infection Control and Hospital Epidemiology, Vol. 38, No. 
11, 2017, pp. 1319-28.



Piatek, et al. Int J Med Res Health Sci 2019, 8(9): 12-20

19

Kadhim, et al.

[27] Conlan, Sean, Heidi H. Kong, and Julia A. Segre. “Species-level analysis of DNA sequence data from the NIH 
Human Microbiome Project.” PloS One, Vol. 7, No. 10, e47075.

[28] Strus, M. “A new method for evaluation of the antagonistic action of bacterial lactic acid, No. LAB on selected 
pathogenic indicator bacteria.” Medycyna doswiadczalna i mikrobiologia, Vol. 50, No. 1-2, 1998, pp. 123-30.

[29] Strus, M., et al. “Antagonistic activity of Lactobacillus bacteria strains against anaerobic gastrointestinal tract 
pathogens (Helicobacter pylori, Campylobacter coli, Campylobacter jejuni, Clostridium difficile).” Medycyna 
doswiadczalna i mikrobiologia, Vol. 53, No. 2, 2001; pp. 133-42.

[30] Rasheed, J. Kamile, et al. “Characterization of the Extended-spectrum beta-lactamase reference strain, Klebsiella 
pneumoniae K6 (No. ATCC 700603), which produces the novel enzyme SHV-18.” Antimicrobial Agents and 
Chemotherapy, Vol. 44, No. 9, 2000, pp. 2382-88.

[31] Bartosch, Sabine, et al. “Microbiological effects of consuming a synbiotic containing Bifidobacterium bifidum, 
Bifidobacterium lactis, and oligofructose in elderly persons, determined by real-time polymerase chain reaction 
and counting of viable bacteria.” Clinical Infectious Diseases, Vol. 40, No. 1, 2005, pp. 28-37.

[32] Engelbrektson, Anna L., et al. “Analysis of treatment effects on the microbial ecology of the human 
intestine.” FEMS Microbiology Ecology, Vol. 57, No. 2, 2006, pp. 239-50.

[33] Foligne, Benoit, et al. “Correlation between in vitro and in vivo immunomodulatory properties of lactic acid 
bacteria.” World Journal of Gastroenterology, Vol. 13, No. 2, 2007, pp. 236-43.

[34] Smith, Aileen R., et al. “Effect of a synbiotic on microbial community structure in a continuous culture model 
of the gastric microbiota in enteral nutrition patients.” FEMS Microbiology Ecology, Vol. 80, No. 1, 2012, pp. 
135-45.

[35] Barreto, Fabíola Málaga, et al. “Beneficial effects of Lactobacillus plantarum on glycemia and homocysteine 
levels in postmenopausal women with metabolic syndrome.” Nutrition, Vol. 30, No. 7-8, 2014, pp. 939-42. 

[36] Collado, M. C., J. Meriluoto, and S. Salminen. “Role of commercial probiotic strains against human pathogen 
adhesion to intestinal mucus.” Letters in Applied Microbiology, Vol. 45, No. 4, 2007, pp. 454-60.

[37] Costa, Giselle Nobre, et al. “Potential fate of ingested Lactobacillus plantarum and its occurrence in human 
feces.” Applied and Environmental Microbiology, Vol. 80, No. 3, 2014, 1013-19.

[38] Daniel, Catherine, et al. “Selecting lactic acid bacteria for their safety and functionality by use of a mouse colitis 
model.” Applied and Environmental Microbiology, Vol. 72, No. 9, pp. 5799-805.

[39] Ding, W. K., and N. P. Shah. “Acid, bile, and heat tolerance of free and microencapsulated probiotic 
bacteria.” Journal of Food Science, Vol. 72, No. 9, 2007, pp. M446-50.

[40] Franco, T. S., et al. “Lactic acid bacteria in the inhibition of Fusarium graminearum and deoxynivalenol 
detoxification.” Journal of Applied Microbiology, Vol. 111, No. 3, 2011, pp. 739-48.

[41] Paineau, Damien, et al. “Effects of seven potential probiotic strains on specific immune responses in healthy 
adults: a double-blind, randomized, controlled trial.” FEMS Immunology and Medical Microbiology, Vol. 53, No. 
1, 2008, pp.107-13.

[42] Paroschi, T. P., et al. “Effects of sulfasalazine, Lactobacillus plantarum (Lp-115) and fish oil in experimental 
colitis.” SM Journal of Food and Nutritional Disorders, Vol. 1, No. 1, 2015, p. 1005.

[43] Turroni, Silvia, et al. “Oxalate-degrading activity in Bifidobacterium animalis subsp. lactis: impact of acidic 
conditions on the transcriptional levels of the oxalyl coenzyme A (CoA) decarboxylase and formyl-CoA 
transferase genes.” Journal of Applied Microbiology, Vol. 103, No. 5, 2007, pp. 1600-09.

[44] Schwendicke, Falk, et al. “Inhibition of Streptococcus mutans growth and biofilm formation by probiotics in 
vitro.” Caries Research, Vol. 51, No. 2, 2017, pp. 87-95.

[45] Foligne, Benoit, et al. “A key role of dendritic cells in probiotic functionality.” PloS One, Vol. 2, No. 3, 
2007, p. 313. 

[46] Matsubara, Victor H., et al. “Probiotic bacteria alter pattern-recognition receptor expression and cytokine 
profile in a human macrophage model challenged with Candida albicans and lipopolysaccharide.” Frontiers in 
Microbiology, Vol. 8, 2017, p. 2280.



Piatek, et al. Int J Med Res Health Sci 2019, 8(9): 12-20

20

Kadhim, et al.

[47] Miyazima, Tatiana Yuriko, et al. “Cheese supplemented with probiotics reduced the Candida levels in denture 
wearers-RCT.” Oral Diseases, Vol. 23, No. 7, 2017, pp. 919-25.

[48] Lollo, P. C. B., et al. “Probiotic cheese attenuates exercise-induced immune suppression in Wistar rats.” Journal 
of Dairy Science, Vol. 95, No. 7, 2012, pp. 3549-58.

[49] Vigsnaes, Louise K., et al. “In vitro growth of 4 individual human gut bacteria on oligosaccharides produced by 
chemoenzymatic synthesis.” Food and function, Vol. 4, No. 5, 2013, pp. 784-93.

[50] Cianci, Rossella, et al. “The microbiota and immune system crosstalk in health and disease.” Mediators of 
Inflammation, Vol. Apr. 22, 2018, 2912539.

[51] Hooper, Lora V., Dan R. Littman, and Andrew J. Macpherson. “Interactions between the microbiota and the 
immune system.” Science, Vol. 336, No. 6986, 2012, pp. 1268-73.

[52] Lazar, Veronica, et al. “Aspects of gut microbiota and immune system interactions in infectious diseases, 
immunopathology and cancer.” Frontiers in Immunology Vol. 9, 2018, p. 1830.

[53] Round, June L., and Sarkis K. Mazmanian. “The gut microbiota shapes intestinal immune responses during 
health and disease.” Nature Reviews Immunology, Vol. 9, No. 5, 2009, pp. 313-23.

[54] Akıncı, E., et al. “Risk factors for ICU-acquired imipenem-resistant Gram-negative bacterial infections.” Journal 
of Hospital Infection, Vol. 59, No. 4, 2005, pp. 317-23.

[55] Mogna, Luca, et al. “In vitro inhibition of Klebsiella pneumoniae by Lactobacillus delbrueckii subsp. delbrueckii 
LDD01 (DSM 22106): an innovative strategy to possibly counteract such infections in humans?.” Journal of 
Clinical Gastroenterology, Vol. 50, 2016, pp. 136-39.

[56] Savino, Francesco, et al. “Antagonistic effect of Lactobacillus strains against gas-producing coliforms isolated 
from colicky infants.” BMC Microbiology, Vol. 11, 2011, p. 157.

[57] Piatek, J., et al. “Persistent infection by Salmonella enterica servovar Typhimurium: are synbiotics a therapeutic 
option?-A case report.” Beneficial Microbes, Vol. 10, No. 2, 2019, pp. 211-17.

[58] El-Hage, Racha, Emma Hernandez-Sanabria, and Tom Van de Wiele. “Emerging trends in “smart probiotics”: 
functional consideration for the development of novel health and industrial applications.” Frontiers in 
Microbiology, Vol. 8, 2017, p. 1889.

[59] Markowiak, Paulina, and Katarzyna Śliżewska. “Effects of probiotics, prebiotics, and synbiotics on human 
health.” Nutrients, Vol. 9, No. 9, 2017, p. 1021.

[60] Timmerman, H. M., et al. “Monostrain, multistrain and multispecies probiotics-a comparison of functionality and 
efficacy.” International Journal of Food Microbiology, Vol. 96, No. 3, 2004, pp. 219-33.


