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Objective: To determine inhibitory activity of fermented milk with Lactobacillus casei strain Shirota (FMLC) against common
multi-drug-resistant (MDR) bacteria causing hospital-acquired infections.

Material and Method: Time-kill methods of FMLC and cell-free filtered fluid of FMLC (CF-FMLC) against Acinetobacter
baumannii, Pseudomonas aeruginosa, ESBL-producing Escherichia coli & Klebsiella pneumoniae and methicillin-resistant
Staphylococcus aureus were conducted. The control solutions were Mueller Hinton broth (MHB) and distilled water. The
mixtures of FMLC, CF-FMLC, MHB and DW with 10°to 10° CFU/ml of each bacterium were prepared and incubated at
35°C. Each mixture was quantified for viable bacteria at 0, 1, 3, 6 and 24 hr after incubation onto brain heart infusion agar
plates. The inoculated agar plates were incubated at 35°C for 24-48 hr. Bacterial colonies on agar plates were counted and
compared among the mixtures.

Results: Log CFUs of each organism in MHB and distilled water after incubation were increased from 5.1-6.3 at 0 h to 6.4-
>11 at 24 hr. Log CFUs of each organism in FMLC and CF-FMLC after incubation with study bacteria for 0, 1, 3, 6 and 24
hr were decreased to undetectable amounts at 24 hr.

Conclusion: FMLC and CF-FMLC exerted slow inhibitory activity against MDR bacteria resulting in eradication of all study
bacteria at 24 hr. Such inhibitory effects were probably due to the products of the milk fermented by Lactobacillus casei strain
Shirota. Clinical study is needed to determine if consumption of FMLC can prevent and treat colonization and infection with
MDR bacteria in hospitalized patients.

Keywords: Inhibitory activity, Probiotics, Fermented milk, Lactobacillus casei strain Shirota, Multidrug-resistant bacteria,

Hospital-acquired infections

J Med Assoc Thai 2012; 95 (Suppl. 2): S1-S5
Full text. e-Journal: http://www.jmat.mat.or.th

Hospital-acquired infection (HAI) is a serious
and growing problem at every level of the healthcare
system. HAI is associated with an increased attributable
mortality, length of hospital stay and healthcare costs
incurred by patients, insurers and healthcare facilities.
The burden of HAI in developing countries is much
more than that in developed countries®?. The
prevalence of HAI in Thailand was 6.5% with highest
prevalence in university hospitals (7.6%)®4. The
common sites of HAI in Thailand were lower respiratory
tract (36%) and urinary tract (26%). The common
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bacteria causing HAIs were usually resistant to
antibiotics including Acinetobacter baumannii,
Pseudomonas aeruginosa, extended spectrum beta-
lactamase (ESBL)-producing Escherichia coli,
ESBL-producing Klebsiella pneumoniae and
methicillin-resistant Staphylococcus aureus (MRSA).
Colonization with resistant bacteria are common in
hospitalized patients especially those who received
antibiotics resulting in developing HAI due to such
resistant bacteria®®. Therefore, non-antibiotic
measures to prevent or eradicate colonization of
resistant bacteria in hospitalized patients are welcome.

Probiotics are live microorganisms which,
when administered in adequate amounts, confer a
health benefit on the host®. Lactic acid bacteria and
bifidobacteria are the most common types of microbes
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used as probiotics. A recent meta-analysis of
randomized controlled trials comparing probiotics and
control in patients undergoing mechanical ventilation
revealed that administration of probiotics was
associated with lower incidence of ventilator-associated
pneumonia than control®®. However, there were many
types of probiotics with different dosing regimens in
the aforementioned review and only some of them
showed benefits. Siriraj Hospital is conducting a
randomized controlled study to determine an
effectiveness of fermented milk with Lactobacillus
casei strain Shirota (FMLC) for prevention of ventilator-
associated pneumonia (VAP) in hospitalized patients.
Since the common causative bacteria causing VAP at
Siriraj Hospital are A. baumannii, P. aeruginosa, ESBL -
producing Gram negative bacteria and MRSA, the
objective of the study was to determine inhibitory
activity of fermented milk with Lactobacillus casei
strain Shirota against such common MDR bacteria
causing HAIs.

Material and Method
Probiotics products

They were fermented milk with Lactobacillus
casei strain Shirota (FMLC) and cell-free filtered fluid
of FMLC (CF-FMLC). CF-FMLC was prepared by
filtering the FMLC with 0.2 um membrane.

Control media
They were cation-adjusted Mueller-Hinton
broth (MHB) and distilled water.

Study bacteria

They were MDR A. baumannii, MDR P.
aeruginosa, ESBL-producing E. coli, ESBL-producing
K. pneumoniae and MRSA.

Time-kill curve technique

The mixtures of the present study bacteria
and the probiotics products or the control media were
prepared as shown in Table 1. The mixtures were
incubated at 35°C. The viable cells of bacteria were
quantified at 0, 1, 3, 6 and 24 hr after incubation. The
repetitive colony counts were performed by 10-fold
serial dilution in sterile normal saline from 10 to 10-%°.
An aliquot of 100 ul from each diluted tube was
inoculated on brain-heart infusion (BHI) agar plates,
and the inoculated plates were incubated at 35°C for
24-48 hr. In order to detect minimal amounts of viable
bacteria, 100 ul of undiluted samples at 6 hr were
inoculated on BHI plates and 1.0 ml of undiluted samples
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at 24 hr were inoculated on BHI plates and 5 ml of
MHB. The inoculated BHI plates and MHBs were
incubated at 35°C for 24-48 hr. Then subcultures of
inoculated MHBs were performed to determine colony
counts. The colony forming units (CFUs) of bacteria
were calculated from the colony count and were
expressed as CFUs/m.

Results

The amounts of each type of study bacteria
after mixing them with MHB, distilled water, FMLC and
CF-FMLC and incubated at 35°C for 0, 1, 3, 6 and 24 hr
are shown in Fig. 1to 5. Log CFUs of each organism in
MHB and distilled water after incubation were
increased from 5.1-6.3 at 0 hr to 6.4-> 11 at 24 hr. The
amounts of all types of bacteria incubated in MHB
were more than those in distilled water. Log CFUs of
each bacterium in FMLC and CF-FMLC after incubation
for 0,1, 3, 6 and 24 hr were decreased until reaching an
undetectable amount at 24 hr after incubation.

Table 1. The mixtures of study bacteria and probiotics
products or control media

Reagent Tube Number

1 2 3 4
FMLC 5ml - - -
CF-FMLC - 5ml - -
MHB - - 5ml -
Distilled water 5ml

Study organism 107 100wl 100l 100wl 100 pl

CFUs/ml
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Fig.1  Time-kill curve of fermented milk with

Lactobacillus casei strain Shirota (FMLC), cell-
free filtered fluid of FMLC (CF-FMLC), Mueller-
Hinton broth (MHB) and distilled water against
MDR A. baumannii
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Fig.2  Time-kill curve of fermented milk with
Lactobacillus casei strain Shirota (FMLC), cell-
free filtered fluid of FMLC (CF-FMLC), Mueller-
Hinton broth (MHB) and distilled water against
MDR P. aeruginosa
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Fig.4  Time-kill curve of fermented milk with
Lactobacillus casei strain Shirota (FMLC), cell-
free filtered fluid of FMLC (CF-FMLC), Mueller-
Hinton broth (MHB) and distilled water against
ESBL-producing K. pneumoniae

Discussion

The present study results showed that FMLC
and CF-FMLC exerted slow inhibitory activity against
MDR bacteria resulting in eradication of all study
organisms at 24 hr. Since both FMLC and CF-FMLC
had similar effects on inhibiting bacterial growth,
such inhibitory effects were probably due to the
products of the milk fermented by Lactobacillus casei
strain Shirota, such as lactic acid. However, the
aforementioned observations are only in vitro effects
of fermented milk with Lactobacillus casei strain Shirota
against MDR bacteria. A recent study reported a
protective effect of Lactobacillus casei strain Shirota
against lethal infection with multi-drug resistant
Salmonella enterica serovar Typhimurium DT104 in
mice®™, Many clinical studies of various types of
probiotics with different dosing regimens revealed that
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Fig.3  Time-kill curve of fermented milk with

Lactobacillus casei strain Shirota (FMLC), cell-
free filtered fluid of FMLC (CF-FMLC), Mueller-
Hinton broth (MHB) and distilled water against
ESBL-producing E. coli
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Fig.5 Time-kill curve of fermented milk with

Lactobacillus casei strain Shirota (FMLC), cell-
free filtered fluid of FMLC (CF-FMLC), Mueller-
Hinton broth (MHB) and distilled water against
MRSA

many probiotics products were beneficial for several
health conditions whereas some of them were
not01216) Therefore, clinical study is needed to
determine if consumption of specific type and dose of
probiotics is effective for a particular health condition.
The evidence of inhibitory effect on MDR bacteria from
fermented milk with Lactobacillus casei strain Shirota
supports the rationale of ongoing clinical study on
effectiveness of fermented milk with Lactobacillus
casei strain Shirota for prevention of ventilator-
associated pneumonia in hospitalized patients.
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