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Abstract

Klebsiella pneumoniae has been linked with dysbiosis in the intestinal microbiota. This has led to the idea of improving
respiratory defense by regulating the intestinal microbiota with the supplementation of beneficial strains, such as
yogurt probiotics. To develop probiotics in yogurt, the addition of lactic acid bacteria (LAB) in it such as Lactobacillus
plantarum and Bifidobacterium is needed. Yogurt is expected to improve human health, specifically in gastrointestinal
and respiratory health. This study aims to study the effect of probiotic yogurt with a specific consortium based on
Lactobacillus plantarum and Bifidobacterium to inhibit the growth of Klebsiella pneumoniae which causes pneumonia.
The literature research method used Google Scholar and PubMed from 2000 to 2022 which obtained 60 journals.
Based on observations, it was shown that Lactobacillus plantarum and Bifidobacterium were able to inhibit the growth
of Klebsiella pneumoniae due to the decrease of pulmonary inflammation response after giving Lactobacillus
plantarum, and the increase of IL-10 production by Bifidobacterium bacteria. Therefore, yogurt probiotics consortium
could be used to prevent Klebsiella pneumoniae which causes pneumonia and lung damage.

Key words: Bifidobacterium, consortium microbiota, Lactobacillus plantarum, Klebsiella pneumoniae, yoghurt
probiotic.

INTRODUCTION pulmonary infections. In this case, probiotics

have been the leading candidate in this context.
Klebsiella pneumoniae (KP) belongs to a group Probiotics are populations of live non-
of Gram-negative bacteria that are rod-shaped. pathogenic microorganisms that are able to
KP is able to ferment lactose, and this  favorably impact the host if administered in
bacterium is facultative anaerobic, causes sufficient and appropriate amounts. This group
pneumonia, and causes high morbidity and  of beneficial bacteria is able to buffer host
mortality (Mizgerd, 2006). When it develops immunity against pathogenic bacteria in the gut
into pneumonia, the immune system responds and prevent risks (Reid et al., 2003; Adriani et
more  severely, producing more pro- al., 2021). Previous studies have shown that
inflammatory cytokines, infiltrating neutrophils ~ probiotics are effective in stimulating the
and macrophages, and causing massive lung  immune system and strengthening non-specific
damage (Soares et al., 2006; Zhang et al, immunity (Adriani et al.,, 2022). Although
2000). Although localized inflammation is  previous studies have mostly reported probiotic
known to be protective against pathogen  research focusing on intestinal mucosal
infection, as it prevents pathogen spread,  immunity, one of the most essential effects of
unresolved hyperinflammation is associated probiotics is to increase the host’s mucosal
with long-term inflammatory disorders and immunity (Vieira et al., 2013). Studies of
death (Medzhitov, 2008). Klebsiella infection is microbial-based therapy strategies to treat lung
acknowledged as a major health concern due to  infections continue to grow increasingly
increasing antibiotic resistance. Strategies to popular. Between the probiotic effects, the
strengthen the immune response and develop  addition of probiotics has been linked to a
pulmonary defenses are needed to overcome  reduced risk of pneumonia, shorten the period
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of common cold, and protect the respiratory
from any pathogens, including viral infections
(Kawase et al., 2010; Kawahara et al., 2015;
Song et al., 2014).

Recently, the bacterium  Lactobacillus
plantarum and Bifidobacterium have been
studied for their potential as a starter for
making  yogurt products.  Lactobacillus
plantarum  bacteria is a  gram-positive
bacterium commonly used in dairy products,
meat, and various fermented vegetables. Based
on research by Li et al. (2017), states that
several bacterial strains based in Sichuan and
Mongolia show high coagulation abilities and
proteolytic activity. These bacteria can survive
well in fermented and post-fermented milk.
This shows that milk media is a suitable
medium for the growth of Lactobacillus
plantarum bacteria.

Lactobacillus plantarum and Bifidobacterium
are several lactic acid bacteria that also act as a
probiotic, a live bacterium that can provide
health effects to the host if consumed in
sufficient quantities (FAO & WHO, 2006).
Probiotics are included in functional foods
because probiotics can maintain a balance in
the intestinal microbiota, increase immunity,
and other benefits for health (Quigley, 2019;
Adriani et al., 2020). If this bacterium is used
as a starter in the yogurt products, then the
product is included in one of the functional
food products. Therefore, research on the
literature review of the potential of probiotic
bacteria Lactobacillus plantarum as a starter in
the production of functional yogurt needs to be
carried out to provide an overview,
information, and ideas from various previous
studies. The results of this literature review are
expected to be used as a reference for further
research.

MATERIALS AND METHODS

The literature research used Google Scholar
and PubMed from 2000 to 2022, which
obtained 60 journals. Based on the
observations, it was shown that Lactobacillus
plantarum and Bifidobacterium were able to
inhibit the growth of Klebsiella pneumoniae in
the lungs. The probiotic works against the
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pathogenic bacteria were indicated by the
decrease of pulmonary inflammation response
after giving Lactobacillus plantarum, and the
increase of IL-10 production by
Bifidobacterium bacteria.

RESULTS AND DISCUSSIONS

Pneumonia is becoming a serious global health
problem.  Respiratory  tract  infections,
especially pneumonia, have been a major cause
of morbidity and mortality over the past 50
years; therefore, it continues to be a major
concern in medical research (Armstrong et al.,
1999).

The potential of probiotics for infectious
diseases and pulmonary infections has been of
great interest as awareness of the role of the
immune system through gut mycoflora has
increased (Forsythe, 2014).

The main mechanism of probiotics is to prevent
microbial adhesion and exclusion competition
of harmful microorganisms by increasing
intestinal mucosal adhesion, synthesizing
antimicrobial  proteins, maintaining and
strengthening  epithelial ~ barriers, and
modulating the immune system (Bermudez-
Brito et al., 2012; Adriani, Rifki & Widjastuti,
2020). The process can be seen in Figure 1.
Lactic acid is produced by LAB group
microorganisms from various carbon sources,
including simple carbohydrates (Carr et al.,
2002). These beneficial microorganisms
produce secondary bioactive metabolites,
especially enzymes that are able to inhibit and
stop the growth of microbes that are not
beneficial to health, besides that they also
produce exopolysaccharides and bacteriocin.
These elements are connected to various
probiotic effect mechanisms (Leroy & De
Vuyst, 2004; de Melo Pereira et al., 2018;
Lesmana et al., 2021). This mechanism for
repairing the digestive tract is well known.

The interest in the application of these
microbes to the prevention of lung infections is
well demonstrated through the utilization of
Bifidobacterium in cases of respiratory
infections, such as asthma, allergies, and even
influenza infections (Kawahara et al., 2015;
Verheijden et al., 2015; Drago et al., 2015).
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Figure 1. Mechanisms of how probiotics work: (A) Competitive exclusion of harmful bacteria. (B) Production of
antimicrobial agents. (C) Enhanced adhesion to the intestinal mucosa and increased the epithelial barrier. (D)
Stimulation of the immune system (Silva et al., 2020).

Therefore, maintaining immunity to the
respiratory organs is important in reducing
cases of pathogenic infections and also
preventing them. Interestingly, the effects of
diet or antibiotic treatment on the gut
microbiota are associated with lung disease
(Kim et al.,, 2014; Russell et al., 2012,
Thornburn et al., 2014). Recent studies, as
reported by Trompette et al. (2014) in mice, it
appears that the metabolites produced by the
fermentation of dietary fiber by intestinal
microbes are able to protect the lungs from
infection with pathogenic bacteria.
Bifidobacterium bacteria are the largest short-
chain fatty acid-producing bacteria in the
fermentative  commensal bacteria  group
(Fukuda et al., 2011). Several recent reports
justify that the most abundant short chain fatty
acid in the intestine is acetate. It was also
shown that acetate is able to regulate
inflammation prevention through various
signaling pathways (Arpaira et al, 2013;
Maslowski et al., 2009).

A study of the effects of the probiotic
Bifidobacterium by mice which has been
reported by Vieira et al. (2016) showed that the
application of this probiotic was able to protect
sample animals from Klebsiella pneumonia,
indicated by a decrease in inflammation with
increased production of IL-10, in addition to
significant protection against the lungs, clearly
indicated by a decrease in the population of
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pathogenic bacteria. One of the main reasons
for this effectiveness is the increased activation
of the TLRs Mal adapter protein. IL-10 can
have various influence, depends on context and
timing. In the setting of a lethal dose of
Klebsiella, systemic inhibition of IL-10
enhanced bacterial clearance and reduced
mortality (Lenz et al., 2007). IL-10 was also
shown to prevent immunopathological
consequences from infection caused by various
pathogens (Wilson et al., 2005; Redford,
Murray & O’Garra, 2011; Loebbermann et al.,
2012). IL-10 is an important cytokine that plays
a role to reduce inflammation (Serhan et al.,
2007). Beside on this, the higher levels of IL-
10 secreted by Bifidobacterium bacteria
treatment in the lung to treat Klebsiella
infection plays a role in the resolution of
inflammation and restoring tissue homeostasis.

Lactobacillus spp. also has been largely
recognized for having an anti-pathogen effect
that is safe to consume (Ripamonti et al., 2011).
However, the exact mechanisms  of
Lactobacillus spp. effect are not yet widely
understood. A study by Yan et al. (2021) stated
that Lactobacillus plantarum can improve
mammals’  digestive tract condition by
increasing intestinal bacteria that utilize fatty
acids such as Bacteroidetes and Blautia. To
eliminate the strong Klebsiella pneumoniae and
killing  effect of Bacteroidetes and
Lactobacillus plantarum, when Lactobacillus



plantarum secretes a high amount of acetic
acid, it <can acidify the intracellular
environment of Klebsiella and prevent its
growth.

In addition, previous epidemiological studies
showed that Klebsiella pneumoniae bacteria are
liable for nosocomial infections that came from
the gastrointestinal reservoir of the patients
(Podschun & Ullmann, 1998). Hence, the
administration of probiotics could be an
alternative to prevent or even treat the
respiratory infections caused by Klebsiella
pneumoniae. These bacteria would not only
prevent  Klebsiella  pneumoniae  from
proliferating in the intestine, but they would
also control the inflammatory response and
boost lung immunity.

Further research by Vareille-Delarbre et al.
(2019) investigated the effect of Lactobacillus
plantarum on the host immune response
generated in lung tissue and cells by Klebsiella
pneumoniae. Notably, Klebsiella did not affect
the immune response in intestinal epithelial cell
lines, in contrast to respiratory epithelial cells,
possibly because the intestinal cells could
handle the presence of Klebsiella. This is
suitable with the fact that the human
gastrointestinal tract is a reservoir for this
pathogen and its colonization process does not
lead to any harmful intestinal disorders (De
Champs et al., 2004). Lactobacillus plantarum
significantly decreased in the proinflammatory
cytokine (KC, IL-6, and TNF-a) as the innate
immune response from the pathogen. Although
most studies have shown an impact of
probiotics on the innate immune response
(Giorgetti et al.,, 2015; Visozo et al., 2009;
Boirivant & Strober, 2017), recent studies have
speculated that these bacteria may also have an
immunomodulatory effect at distal sites.
(Vieira et al., 2016; Salva, Villena & Alvarez,
2010; Park et al., 2013; Racedo et al., 2006;
Khailova et al., 2013).

Lactobacillus plantarum is also known to have
the ability to secrete high amounts of IL-12.
According to research by Vissers et al. (2010),
all Lactobacillus strains were tested and
stimulated by IL-10, TNF-0, and IFN-y and IL-
1B, the results of his research showed that
Lactobacillus strains were able to act as strong
inducers of the proinflammatory cytokine TNF-
o (Timmerman et al., 2007; Maragkoudakis et
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al., 2006;) and also IL-12 (Haller et al., 2000;
Shida et al., 2006), although other researchers
reported different results that increased IL-12
production was not significant by lactic acid
bacteria ( Niers et al., 2005; Drouault-
Holowacz et al., 2006). IL-12 production can
be stimulated by all Lactobacillus plantarum
strains, although Lactobacillus acidophilus
cannot. The observed differences in IL-12
induction were due to differences in the cellular
responses of these species and strains. These
data indicate that Lactobacillus plantarum has
a better ability to produce innate cytokines,
such as IL-12 and TNF-a. Lactobacillus
plantarum elicited higher production of IFN-y,
IL-12, and TNF-a, and therefore had a better
capacity to enhance the response of the Thl
subset, compared to Lactobacillus acidophilus.
In general, Lactobacillus plantarum strains are
known to induce high amounts of IL-12,
compared to Lactobacillus acidophilus (Vissers
et al, 2010).

CONCLUSIONS

Klebsiella  pneumoniae infection can be
prevented by consuming probiotic yogurt
containing Lactobacillus plantarum microbiota.
Based on the trials conducted on mice, it can
lessen the pulmonary inflammation, by
decreasing numbers of lung innate immune
cells (macrophages and neutrophils) as well as
cytokines (keratinocyte-derived chemokine
[KC], IL-6, and TNF-a) in the bronchoalveolar
fluid, and generate an immunosuppressive Treg
response in lungs.

While the consumption of Bifidobacterium
leads to a faster resolution of inflammation
associated with enhanced IL-10 production,
and lessen the lung injury based on a result of a
significant reduction of harmful bacteria that
contributed to the mice mortality.

Therefore, based on the literature review, we
can conclude that the combination of these two
bacteria will greatly reduce and even maximize
the prevention of Klebsiella pneumoniae
infection.
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