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Abstract
Background: Antibiotic resistance represents a serious global health threat to public health, so infections such as pneumonia and urinary 
tract infection (UTI) are becoming harder to treat. Therefore, it is necessary to develop an action plan to restrain the problem of antibiotic 
resistance. One approach in UTI control could be the use of lactobacilli because these indigenous inhabitants in human intestine have 
been found to play an important role in protecting the host from various infections.
Objectives: We sought to check the efficacy of locally isolated Lactobacillus species to eradicate antibiotic-resistant pathogenic bacteria 
causing UTI.
Materials and Methods: Lactic acid bacteria isolated from spoiled fruits and vegetables and grown in MRS medium were screened 
against multi-drug-resistant Candida albicans, Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, and Enterococcus fecalis.
Results: Fifty-four lactic acid bacteria were isolated from spoiled fruits and vegetables, of which 11 Gram-positive and catalase-negative 
Lactobacillus isolates were identified by carbohydrate assimilation profiles as Lactobacillus acidophilus, L. paracasei, L. delbrueckii, L. casei, L. 
helveticus, L. brevis, L. salivarius, L. fermentum, L. rhamnosus, L. animalis, and L. plantarum. The latter organism had the highest abundance of 
all the samples, so its isolates were also verified through 16S rRNA gene sequencing. The isolated Lactobacilli were screened against multi-
drug-resistant uropathogens, viz. C. albicans, P. aeruginosa, K. pneumoniae, E. fecalis, and E. coli. The growth inhibition zone (GIZ) was over 
10 mm against all the uropathogenic test organisms, where L. fermentum and L. plantarum strains demonstrated remarkable inhibitory 
activities against E. coli and E. faecalis, with a GIZ up to 28 mm. The susceptibility test to 16 antibiotics showed multidrug resistance (3 to 5 
antibiotics) among all the tested uropathogens.
Conclusions: The obtained results revealed that all the Lactobacillus isolates displayed antimicrobial activity against 6 out of 7 antibiotic-
resistant uropathogens, indicating that these bacteria could represent a good ecological plan for the control and prevention of UTI.
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1. Background
The major cause of infectious and emerging epidemio-

logical diseases e.g. nausea, vomiting, abdominal cramps, 
and diarrhea among the inhabitants of Pakistan is the con-
sumption of microbiologically contaminated food and ex-
tensive use of antibiotics (1). Urinary tract infection (UTI) 
is the most common bacterial infection in humans. UTI is 
a major health problem not only in developing countries 
but also in Europe and North America (2) and is defined as 
the common inflammation of the urinary system, which 
includes the kidney, bladder, and urethra. This infection 
may be called bladder infection or simply cystitis when it 
affects the lower urinary tract or may be called kidney in-
fection or pyelonephritis when it affects the upper urinary 
tract. In human intestine, Escherichia coli and staphylococ-
ci are normal inhabitants and major causative agents for 
these types of uncomplicated infections (3).

The recommended prevention for UTI should be proper 
hygiene of the genital area. Genital and bladder infec-
tions increase due to the depletion or distraction of 
normal urogenital microflora, in particular Lactobacil-
lus species as the most prevalent bacteria in healthy hu-
mans. The growing resistance of pathogenic bacteria to 
antibiotics requires the development of an alternative 
method to prevent and treat urogenital infections. Multi-
drug resistance of uropathogens has been attributed to 
commonly used antibiotics, including ampicillin, cipro-
floxacin, trimethoprim-sulfamethoxazole, quinolones, 
etc. (4). On the other hand, vancomycin and teicoplanin 
have been found active against most Gram-positive bac-
teria, while some lactobacilli have been found to be re-
sistant to these glycopeptides (5). Possible prophylactic 
effects of Lactobacillus strains against experimental E. coli 
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infections and the use of such strains for the prevention 
of human urogenital infections have been described in 
numerous preclinical and clinical reports (6).

In addition, the center for disease control (CDC) report-
ed that UTI represents more than 30% of acute care in hos-
pitals. With the increasing bacterial resistance against 
antibiotics and drug adverse effects, the alternative strat-
egies such as the use of probiotics, prebiotics, and im-
munostimulants have been considered for disease con-
trol (7). To date, most probiotics proposed belong to the 
group of lactic acid bacteria (LAB). These bacteria have 
been reported as friendly bacteria which normally colo-
nize human digestive, urinary, and genital systems and 
rarely cause any infection. In addition, LAB lack pathoge-
nicity and confer health benefits such as reduction in the 
level of serum cholesterol, improvement of the gastroin-
testinal function, enhancement of the immune system, 
and reduction in the risk of colon cancer (8). Also, LAB are 
able to inhibit exogenous pathogens by prohibiting the 
colonization of the invader and controlling the intestinal 
pH through the release of lactic and acetic acid (9). On 
the basis of numerous characteristics of many strains of 
LAB, particularly from the genera Lactobacillus and Bifido-
bacterium (10), the most recommended probiotics are L. 
plantarum, L. acidophilus, L. casei, Bifidobacterium bifidum, 
and Streptococcus lactis (11).

The majority of food for human consumption gener-
ated by LAB inoculants has been documented uropatho-
gens growth inhibition zone (GIZ) for the fermentation 
of vegetables because vegetables are a good source of 
fermentable carbohydrates (12). Probiotics have been 
considered as biosafe and their easy application could be 
another inexpensive substitute to antibiotics, since many 
pathogenic microorganisms are now becoming resistant 
to them.

2. Objectives
To overcome the increasing incidence of bacterial infec-

tions in humans along with the growing rate of antibiot-
ic resistance against commercially available antibiotics, 
the need of time is to develop biotherapeutic agents to 
control microbial pathogens. In this regard, the present 
study was carried out to isolate LAB capable of exerting 
antimicrobial agents against some multidrug-resistant 
uropathogens. 

3. Materials and Methods

3.1. Specimen Collection and Isolation of Lactic 
Acid Bacteria

Rotten fruits (cucumber, wine, and strawberry) and 
vegetables (tomato, cauliflower, and eggplant) were col-
lected from eight different markets of Sargodha, Paki-
stan. Ten grams of a given fruit/vegetable sample was 
homogenized in 10 mL of sterile distilled water by vortex-
ing and transferred to 90 mL of a sterile 2.0% tri-sodium 

citrate solution in a sterile conical flask and mixed well. 
The decimal dilutions of the homogenates were pre-
pared in a 0.85% sterile saline solution and plated on MRS 
agar media (Lab M, United Kingdom) (13). The plates were 
incubated at 37°C for 48 hours in anaerobic conditions. 
Isolated colonies were then picked from each plate and 
transferred to the MRS broth. The growth was processed 
for pure culturing, and the morphological characteris-
tics of well-separated colonies in the MRS agar medium 
were recorded. The pure cultures were maintained in the 
MRS broth at 4°C. All the cultures were sub cultured at 15-
day intervals.

3.2. Morphological, Physiochemical, and Biochemi-
cal Characterization of Lactic Acid Bacteria Isolates

The characteristics of Lactobacillus spp. presented in 
Bergeys’ manual of Determinative Bacteriology (14) were 
determined for the isolates in this study. Accordingly, 
a 48 hours old growth culture of each isolate was pro-
cessed for Gram straining, growth in 7.5% NaCl, produc-
tion of catalase reaction and cytochrome oxidase activ-
ity, growth at 10°C and 45°C, and lactic acid production 
(1). The biochemical and sugar fermentation tests were 
performed using the API 50CH strep system (Biomerieux 
France) according to the users’ instructions manual. The 
physical growth conditions of the LAB isolates were opti-
mized by measuring their growth at pH 4, 5, and 6, and at 
15°C, 37°C, and 45°C, with and without agitation, includ-
ing 1%, 3%, and 5% of inoculums. The isolates tentatively 
identified as LAB were stored at 20°C in the MRS broth us-
ing 50% (W/V) glycerol.

3.3. Genetic Identification of Isolates

3.3.1. Identification through 16S rRNA Gene Sequencing
A given LAB isolate was grown at 37°C in the MRS broth 

for 24 hours, and the cells were then harvested by cen-
trifugation for 20 minutes at 5,000 x g and 4°C. The 
thawed pellet was re-suspended in 500 µL of buffer (TE, 
10 mmol/L Tris HCl and 1 mmol/L EDTA) and used for the 
extraction of DNA by phenol: chloroform method accord-
ing to (15). DNA purification was carried out as described 
by (16). The purified DNA was used for the amplification 
of the 16S rRNA gene of the given isolates. Polymerase 
chain reaction (PCR) mixture comprised 2 μM of each 
of Forward (5-AGAGTTTGATCCTGGCTCAG-3) and Reverse 
universal primers (5-ACGGHTACCTTGTTACGACTT-3), 2 
mM of dNTP, 1 U of Taq DNA polymerase, 1 X PCR buffer, 
and 50 ng of template DNA in 25 μL reaction volume with 
1.5 mM of MgCl2. The PCR conditions were: 94°C for 3 min; 
followed by 30 cycles each of 94°C 30 seconds, 55°C 3 sec-
onds, 72°C 30 seconds, and finally 72°C for 5 minutes. The 
PCR products were purified using QIAquick PCR Purifica-
tion Kit/250 (Qiagen GmbH, Hilden, Germany) and were 
sequenced using the Eurofins MWG Operon sequencing 
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service (USA). The sequences were aligned in the national 
center for biotechnology information (NCBI) database us-
ing the standard nucleotide-nucleotide homology search 
BLAST (the basic local alignment search tool) (http://
www.ncbi.nlm.nih.gov/BLAST). Based on the percentage 
similarities, 3% of the isolates were identified as L. plan-
tarum. The sequences of these isolates were deposited on 
GenBank, and accession numbers JF912378, JF912380, and 
JF912379 were obtained, respectively.

3.4. Dissolution of Calcium Carbonate
The MRS agar supplemented with 2% CaCO3 was auto-

claved routinely and poured into Petri plates and incu-
bated overnight to check sterility. Discs of 3 mm diameter 
prepared from Whatman filter paper No.1 were auto-
claved and kept in sterile conditions. Then, 50 - 100 µL of a 
fresh 48-h-old culture of a given isolate was dispensed per 
disc by using sterile micropipettes. The loaded discs were 
left for drying in aseptic conditions and then pressed 
onto the prepared plates. The plates were incubated at 
37°C for 24 hours. After incubation, the zones of CaCO3 
dissolution were measured in millimeter (17).

3.5. Antibiotic Susceptibility Assay
The susceptibility to antibiotics of 7 uropathogens was 

determined by the diffusion of antibiotic disks (Oxoid) 
on diagnostic Sensitivity Test Agar (Oxoid), previously 
seeded with approximately 1 × 105 CFU/mL of each uro-
pathogen. Five test uropathogens, viz. Candida albicans, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, 

and Enterococcus fecalis, were obtained from Children 
Hospital, Lahore, Pakistan, and two indicator strains, 
namely Escherichia coli DPC EC101 and Staphylococcus au-
reus DPC 6867, belonged to the culture collection of Tea-
gasc food research centre, Moorepark, Fermoy, Co. Cork, 
Ireland.

The tested antibiotics and their minimal inhibitory con-
centration (MIC) ranges are given in Table 1. The growth 
inhibition zone (GIZ) diameters after overnight incuba-
tion of the plates at 37°C were measured as recommended 
by the clinical and laboratory standards institute (CLSI) 
(18). The MICs were determined for the Gram-negative 
and Gram-positive uropathogens via a broth microdilu-
tion test, while the Lactobacillus strains were tested by the 
VetMIC Assay.

As regards the VetMIC Assay, after overnight incubation, 
the agar cultures were checked for purity. For inoculum 
preparation, individual colonies were suspended in a 
sterile glass or plastic culture tube containing 2 to 5 mL of 
sterile saline (i.e. 0.85% NaCl solution) until a density cor-
responding to a McFarland (McF) standard of 1 or a spec-
trophotometric equivalent (3 × 108 CFU/mL) was obtained. 
The inoculated saline suspension was diluted 1:1,000 (for 
the inoculation of VetMIC plates) in the appropriate test 
medium to obtain a final concentration of 3 × 108 CFU/mL, 
respectively, as recommended previously (19). The VetMIC 
(national veterinary institute, Uppsala, Sweden [http://
www.sva.se/en/Target-navigation/Services–Products/Vet-
MIC/]) is a commercially available microtiter-based system 
comprising dried antimicrobials in serial twofold dilu-
tions that can be stored for 2 years at room temperature.

Table 1. Tested Antibiotics and Their Minimal Inhibitory Concentration (MIC) Concentrations

No. Antibiotic Class Concentration MIC ranges, μg/mLa

1 Gentamicinb Aminoglycoside 10 0.5 - 256

2 Kanamycinb Aminoglycoside 30 2 - 1024

3 Streptomycinb Aminoglycoside 10 0.5 - 256

4 Neomycinb Aminoglycoside 15 0.5 - 256

5 Tetracyclineb Tetracycline 30 0.125 - 64

6 Ciprofloxacinb Fluoroquinolone 5 0.25 - 128

7 Clindamycinb Lincosamide 2 0.032 - 16

8 Chloramphenicolb Chloramphenicol 30 0.125 - 64

9 Ampicillinb β-Lactam 10 0.032 - 16

10 Penicillinc β-Lactam 10 0.032 - 16

11 Erythromycinb Macrolide 15 0.016 - 8

12 Vancomycinb Glycopeptide 30 0.25 - 128

13 Virginiamycinb Streptogramin 10 0.016 - 8

14 Linezolidb Oxazolidinone 30 0.032 - 16

15 Trimethoprimb Dihydrofolate reductase inhibitor 10 0.125 - 64

16 Rifampicinb Rifamycin 5 0.125 - 64
aConcentration range of the antibiotics according to the International Standard (ISO 10932:2010).
bValues’ unit is μg.
cValues’ unit is IU.
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One hundred microliters of the 3 × 108 CFU/mL inocu-
lum was added to each well (yielding 3 × 104 CFU/well) in 
columns 1 to 6 (strain 1) or 7 to 12 (strain 2) of individual 
VetMICTM Lact-1 and VetMICTM Lact-2 (Art no.395114) plates 
within 30 minutes after the preparation of the standard-
ized inoculum. According to the VetMIC manufacturer, 
no additional homogenization step was required be-
cause the antimicrobial compound in each well dissolves 
easily in the test medium and diffuses to achieve equilib-
rium throughout the well. The microplates were incubat-
ed at 37°C using (anaerobic jars with “Anaerocult A” gas 
packs; Merck, Darmstadt, Germany) and the plates were 
piled with a lid between every two plates to generate a ho-
mogeneous environment throughout the jar. 

Depending on whether the tests were performed at 
37°C, L. plantarum ATCC 14917T (LMG 6907T) and L. para-
casei ATCC 334, respectively, were included as a control 
strain during each susceptibility assay. As positive and 
negative controls, a standardized inoculum and un-in-
oculated test medium, respectively, were added to the 
wells without an antimicrobial compound. The last row 
in each plate was used as a sterility control and was in-
oculated with pure LSM broth. After 48 h of incubation, 
growth in the VetMICTM Lact-1 and VetMICTM Lact-2 sys-
tems was evaluated visually by comparing the pellet at 
the bottom of a well with the positive and negative con-
trols. Any series of wells in which discontinuity in growth 
was observed were discarded. Irrespective of the bacteri-
cidal or bacteriostatic mechanism of the tested agent, the 
MIC was defined as the lowest antimicrobial concentra-
tion for which at least 80% visual reduction in growth was 
reported.

3.6. In vitro Antimicrobial Activity of Lactic Acid 
Bacteria

3.6.1. Production of Bacteriocin-Like Inhibitory Sub-
stances by Lactic Acid Bacteria Strains

The antimicrobial activity was performed by selecting 
the LAB strains that showed clear zones of inhibition 
against uropathogen. A well-isolated colony of each LAB 
strain was selected from the MRS agar plate, and grown in 
the MRS broth overnight at 37°C to test the production of 
BLIS. The culture was centrifuged at 6,000 × g for 15 min-
utes at 4°C, and the supernatant was neutralized to pH 7 
with 1 M of NaOH and filter sterilized through 0.45 µm 
(Sartorius Millipore filters) pore-size filters. The agar-well 
diffusion assay was used to determine the antimicrobial 
activity of the cell-free supernatant. All the studied test 
microorganisms (uropathogens) were grown in Brain 
Heart Infusion (BHI) broth, and then an overnight grown 
culture was seeded (1%) into molten BHI agar plates. Six 
wells, each of 2 mm diameter and 3 mm depth, were then 
made in a required solidified medium. For a given plate, 
each well was dispensed with 50 μL of a cell-free filtrate of 

a given LAB isolate. The supernatant was allowed to dry 
for 1 hour inside the wells at room temperature and incu-
bated overnight in the anaerobic chamber at 37°C. There-
after, an extra plate l was poured to ensure an even lawn 
of cells in the absence of any antimicrobial agent. All the 
agar plates were examined for a zone of inhibition fol-
lowing overnight incubation. The activity was also tested 
against selected indicator strains (Staphylococcus aureus 
DPC 6867 and E. coli EC101) (20).

4. Results
In total, 54 LAB strains were isolated from spoiled fruits 

and vegetables from 8 different food markets of Sargod-
ha, Pakistan. The dominant colony types were continu-
ously streaked on selective growth media (MRS), and 11 
isolates were tentatively identified as Lactobacillus spp. 
on the basis of their morphological, biochemical, and 
metabolic characteristics (Table 3), as well as with API 50 
CH fermentation strips (Table 4). All the strains belonged 
to the genus Lactobacillus and were assigned codes as fol-
lows: L. acidophilus (AS-1); L. paracasei (AS-2); L. delbrueckii 
(AS-3); L. plantarum (AS-4); L. helveticus (AS-5); L. brevis (AS-
6); L. salivarius (AS-7); L. fermentum (AS-8); L. rhamnosus (AS-
9); L. plantarum (AS-13); and L. plantarum (AS-14). The latter 
strain had the highest abundance, and complete identi-
fication at species level was done by partial sequencing 
of the 16s rRNA gene. The designation codes JF912378, 
JF912379, and JF912380 were given to L. plantarum AS-4, AS-
13, and AS-14, respectively. 

The colony morphology on the MRS of all the Lactoba-
cillus strains was shown to be off-white, round, convex, 
smooth, and opaque with a size of 10 µm after 48 hours 
growth at 37°C, while the color of the strains turned to 
yellow and they became rough upon longer periods of 
incubation. All the isolates had round colonies, were 
Gram-positive coccobacilli, facultative anaerobes and 
appeared negative for endospore, capsule, motility, cat-
alase, oxidase, and CaCO3 utilization test. The evolution 
of CO2 was assessed by the Durham tube method, and 
the test was considered negative when no gas appeared 
in the Durham tube following fermentation in the MRS 
medium. The LAB strains were capable of fermenting 
sugars as ribose, sorbitol, mannose, lactose, raffinose, 
mannitol, and salicin. However, L. brevis was unable to 
ferment raffinose, while L. acidophilus and L. salivarius 
lacked the ability to ferment ribose (Table 3). According 
to the results of the carbohydrate utilization test using 
API 50CH strips (API LAB 50 CHL software) for the spe-
cies identification, 3 species of the isolated lactobacilli 
showed differences in their sugar fermentation profiles 
and they were identified as L. plantarum (Table 3). Fur-
thermore, it was shown that lactic acid production var-
ied among the strains, where L. paracasei, L. rhamnosus, 
and L. plantarum produced higher concentrations of lac-
tic acid (over 21 mg/mL) compared to the other Lactoba-
cillus isolates (Table 2).
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Table 2. Biochemical and Metabolic Characteristics of the Lactobacillus Isolates in the MRS Agar/Broth

LAB Identified L. 
acidophilic

L. 
paracasei

L. 
delbrueckii

L. 
helveticus

L. brevis L. 
salivarius

L. 
fermentum

L. 
rhamnosus

L. 
plantarum

L. 
plantarum

L. 
plantarum

Strain Codes AS-1 AS-2 AS-3 AS-5 AS-6 AS-7 AS-8 AS-9 JF912378 JF912379 JF912380

Growth at 15°C - - - - - - - - - - -

Growth at 37°C + + + + + + + + + + +

Growth at 45°C + - + + + - + - + + +

Motility - - - - - - - - - - -

Catalase - - - - - - - - - - -

CO2 production 
from glucose

- - - - + - + - - - -

Lactic acid 
production, mg/mL

15.98 ± 2.4 22.87 ± 1.45 20.65 ± 0.78 18.77 ± 0.63 17.67 ± 
1.59

16.99 ± 1.37 19.22 ± 0.99 21.75 ± 0.58 21.23 ± 0.49 20.66 ± 
0.74

22.18 ± 1.28

CaCO3 Dissolution 
zone, mm

15.0 ± 1.4 15.0 ± 1.13 18.0 ± 1.35 15.0 ± 2.41 15.0 ± 1.24 12.0 ± 2.52 19.0 ± 1.17 14.0 ± 1.34 13.0 ± 1.5 21.0 ± 2.40 16.0 ± 1.8

Gram staining + + + + + + + + + + +

The growth pattern of all the strains in the MRS agar 
with three pH levels (pH 4.0, 5.0, and 6.0) is depicted in 
Figure 1A, showing that the best growth was obtained at 
pH 6.0, while pH 4.0 significantly reduced the growth. 
The concentration of inoculums was found to be the best 
at 5% for most of the Lactobacillus isolates, except L. aci-
dophilus AS-1 and L. paracasei AS-2, which showed the best 
growth when inoculated at 3%. Interestingly, L. brevis AS-6 
had a similar growth at all inoculum concentrations. The 
best growth of all the isolates was at 37°C, while they grew 
slower at 45°C. The growth of all lactobacilli was signifi-
cantly reduced at 15°C, where almost no growth was ob-
served (Figure 1C).

The results of the antibiotic susceptibility of the isolat-
ed Lactobacilli are shown in Table 5. The MIC distribution 
of the tested antibiotics is summarized with regard to the 
11 Lactobacillus strains. In the EFSA guidelines, microbio-
logical breakpoints for L. brevis have not been discussed 
individually. For this reason, the respective MICs were 
interpreted by using the breakpoints given for the gen-
eral Gram-positive Lactobacillus bacteria. According to 
the results, all the lactobacilli were susceptible to 15 out 
of the 16 applied antibiotics, except L. acidophilus AS-1 and 
L. plantarum JF912378, which were susceptible to 14 anti-
biotics. Apart from vancomycin, L. acidophilus AS-1 and L. 
plantarum JF912378 displayed resistance to trimethoprim 
and streptomycin, respectively, while the other isolates 
were resistant only against vancomycin.

The susceptibility pattern of the uropathogen micro-
organisms to 16 antibiotics (Table 4) was observed ac-
cording to their microbiological breakpoints as recom-
mended by the FEEDAP document on the assessment of 
bacterial products used as additives in food products in 
relation to antibiotic resistance (EFSA 2012). The results of 
the antibiotic susceptibility test revealed that all the uro-
pathogens showed multiple antibiotic resistance, which 

varied from 3 to 5 antibiotics, depending on the strain. 
All the tested uropathogens, including the 2 reference 
strains Escherichia coli DPC EC101 and Staphylococcus aure-
us DPC 6867, showed a high rate of resistance to ciproflox-
acin, erythromycin, and vancomycin. The tested patho-
gens C. albicans, P. aeruginosa and K. pneumonia were also 
resistant to kanamycin, while the indicator strains E. coli 
DPC EC101 and S. aureus DPC 6867 displayed resistance to 
trimethoprim. All the uropathogens showed susceptibil-
ity to gentamicin, streptomycin, neomycin, tetracycline, 
clindamycin, ampicillin, penicillin, virginiamycin, line-
zolid, and rifampicin. On the other hand, E. fecalis and E. 
coli exhibited resistance to chloramphenicol, while the 2 
reference strains were clearly susceptible to this antibi-
otic (Table 4).

Importantly, the identified lactobacilli showed a broad 
spectrum of antimicrobial activity against all the 5 tested 
uropathogens, while the antagonistic activity against the 
indicator strains was selective. The isolated bacterium L. 
acidophilus AS-1 expressed a GIZ of 19 mm against E. coli, 
while L. plantarum strains JF912378, JF912379, and JF912380 
showed a higher GIZ of 23, 24, and 22 mm, respectively. 
Moreover, all the L. plantarum isolates, including L. sali-
varius AS-7 and L. fermentum AS-8, had even a higher GIZ 
against E. faecalis (26 - 28 mm), while the rest of the iso-
lated lactobacilli had a GIZ below 20 mm. However, all 
the isolated strains showed an inhibitory effect against C. 
albicans, P. aeruginosa, and K. pneumoniae with a GIZ up to 
14, 13, and 15 mm, correspondingly.

The indicator strain Staphylococcus aureus DPC 6867 
showed resistance to all the Lactobacillus isolates, while 
Escherichia coli DPC EC101 was resistant only to L. salivarius 
AS-7. However, this reference strain showed higher sus-
ceptibility to all the L. plantarum isolates (GIZ > 12 mm) 
and moderate susceptibility to the other Lactobacilli iso-
lated (GIZ < 9 mm).
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Table 3. Biochemical Tests API 50 CH Strips for the Study of the Carbohydrate Metabolism of Eleven Lactobacillus Isolatesa

Sugar/Sugar Alcohol Lactobacillus Isolates
AS-1 AS-2 AS-3 AS-5 AS-6 AS-7 AS-8 AS-9 JF 912378 JF 912379 JF 912380

Glycerol - + + - - - - + + - -
Erythritol - - - - - - - - - - -
D-Arabinose - - - - - - - - - - -
L-Arabinose - - + + + - + - + - +
D-Ribose - + + + + - + + + + +
L-Xylose - - - + + - + - - + +
D-Xylose - - - + - - + + - - -
D-Adonitol - - - - - - + + - - -
Methyl β-D-xylopyranoside - - - - - - + + - - -
D-Galactose - + + + - + + + + - -
D-Glucose + + + + + + + + + + +
D-Fructose + + + + - + + + + + +
D-Mannose + + + + - + - + + + +
L-Sorbose - - - - - - - + - + +
L-Rhamnose - - - - - + - - - - +
Dulcitol - - - - - - - - - + -
Inositol - - - - - - - - - - -
D-Mannitol - + + - - + - + + + +
D-Sorbitol - + + - - + - + + + -
Methyl α-D-mannopyranoside i.c. - - + - - - + + + +
Methyl α-D-glucopyranoside i.c. - + - - - i.c. i.c. + + +
N-Acetylglucosamine - + + - - + i.c. i.c. + + -
Amygdalin - + + + - - - - + + -
Arbutin - + + + - - - - + + +
Esculin ferric citrate - + + + - - - - + + +
Salicin - + + + - - - - + + +
D-Csellobiose - + - - - - - + + + -
D-Maltose - + + + - + - + + + +
D-Lactose + + + + + + + + + + +
D-Melibiose - - - + - + - - + + +
D-Sucrose + + + + - + + + + + +
D-Trehalose - + + + - + - + + + +
Inuline - - + + - - - - + + +
D-Melezitose - + - - - - - - - i.c. +
D-Raffinose + + + + - + + + + + +
Starch - - + - - - - + - + +
Glycogen - - - + - - - - - + -
Xylitol - - - + - - - - - + -
Gentiobiose - + + + - - - - + + -
D-Turanose - - + + - - - - + - -
D-Xylose - - - - - - - + - + +
D-Tagatose - + - - - - - - - - -
D-Fucose - - - - - - - - - - -
L-Fucose - - - - - - - - - - -
D-Arabitol - - - - - - - - - - -
L-Arabitol - - - + - - - + - + -
Potassium gluconate i.c. - + + - - i.c. i.c. + + -
Potassium-2-ketogluconate - - - - - - - - - - +
Potassium-5-ketogluconate - - - + + - - + - - -
a“+”indicates color change; “- “ indicates no change in color; “i.c.” indicates intermediate color.
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Table 4. Minimum Inhibitory Concentration (MIC) Distribution of Sixteen Antibiotics for Five Test Uropathogens and Two Indicator 
Microorganisms
Antibiotics Minimum Inhibitory Concentration (MIC) Values a MIC 

Breakpoints a,b
0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048

Tested uropathogens and indicator strains c

Gentamicin f, g d, e a, b, c 32 (b, e, f, g: 16)
Kanamycin f, g d, e a, b, c d: 512; e, f: 8; g: 64
Streptomycin g d, f a, b, c, e 128
Neomycin f, g a, b, c d, e 32
Tetracycline f, g a, b, c, d, e 16
Ciprofloxacin d, e, f, g a, b, c 4
Clindamycin F d, e g a, b, c N.A. (g: 1)
Chloramphenicol f, g a, b, c d, e 16 (d, e, f: 32)
Ampicillin g a, b, c, f d, e 32 (d: 16; g: 0.5)
Penicillin g f a, b, c, d, e 16 (g: 0.25)
Erythromycin a, b, c, d, e, f, g 4 (d: 8)
Vancomycin a, b, c, d, e, f, g 4 (d: 12; g: 16)
Virginiamycin f, g a, b, c d, f N.A.
Linezolid a, b, c f, g d, e N.A. (d: 8)
Trimethoprim f, g a, b, c d, e 2 (b: 8; e, f, g: 16)
Rifampicin f, g a, b, c d, e N.A. (d, g: 4)

aValues’ unit is µg/mL.
bMIC breakpoints according to the CLSI (2007) and EFSA (2008, 2012).
ca, C. albicans; b, P. aeruginosa, c, K. pneumoniae, d, E. faecalis, e, E. coli, f, E. coli EC101, g, S. aureus DPC 6867; N.A, not available; Strains with MICs higher than 
the MIC breakpoints are considered as resistant and indicated by the italic font.

Table 5. Minimum Inhibitory Concentration (MIC) Distribution of Sixteen Antibiotics for Eleven Lactobacillus Strainsa

Antibiotics Gm Km Sm Nm Tc Ci Cl Cm Am Pc Em Va Vi Lz Tm Ri

Dilution 
Ranges, µg/mL

0.5 - 
256

1 - 256 0.5 - 256 0.5 - 256 0.125 - 
256

0.25 - 
128.0

0.032 - 
16.0

0.125 - 
64.0

0.032 - 
16.0

0.032 - 
16.0

0.016 - 
8.0

0.25 - 
128.0

0.016 - 
8.0

0.032 - 
16.0

0.125 - 
64.0

0.25 - 
128.0

MICs readings of tested Lactobacillus strains b

L. acidophilus 
AS-1

4 (16) 8 (16) 16 (16) 2 (16) 2 (4) 32 (n.a) 0.5 (1) 2 (4) 0.5 (1) ≥ 16 
(n.a)

0.25 (1) ≥ 128 (2) 1 (n.a) 2 (n.a) ≥ 128 
(n.a)

8 (n.a)

L. paracasei AS-2 16 (32) 32 (64) 16 (n.r) 16 (32) 1 (4) 16 (n.a) 0.25 (1) 2 (4) 0.25 (2) 8 (n.a) 0.12 (1) ≥ 128 
(n.r)

2 (n.a) 4 (n.a) 0 (n.a) 8 (n.a)

L. delbrueckii 
AS-3

4 (16) 4 (16) 8 (16) 8 (16) 0.5 
(4)

32 (n.a) 0.5 (1) 1 (4) 0.5 (1) 4 (n.a) 0.25 (1) 32 (2) 2 (n.a) 4 (n.a) 64 (n.a) 16 (n.a)

L. helveticus AS-5 4 (16) 8 (16) 8 (16) 4 (16) 2 (4) 32 (n.a) 0.12 (1) 2 (4) 0.5 (1) 4 (n.a) 0.06 (1) 32 (2) 2 (n.a) 2 (n.a) 16 (n.a) 16 (n.a)

L. brevis AS-6 2 (4) 8 (16) 8 (8) 2 (4) 0.5 (2) 64 (n.a) 0.12 
(0.25)

2 (2) 0.25 (1) 4 (n.a) 0.06 
(0.5)

128 (2) 4 (n.a) 4 (n.a) 32 (n.a) 4 (n.a)

L. salivarius AS-7 4 (16) 32 (64) 32 (64) 2 (16) 4 (8) 64 (n.a) 0.5 (1) 2 (4) 2 (4) 4 (n.a) 0.25 (1) ≥ 128 
(n.r)

2 (n.a) 4 (n.a) 64 (n.a) 8 (n.a)

L. fermentum 
AS-8

2 (16) 16 (32) 32 (64) 4 (16) 2 (8) 16 (n.a) 0.5 (1) 1 (4) 0.5 (1) 0 (n.a) 0.12 (1) 32 (n.r) 1 (n.a) 16 (n.a) 32 (n.a) 8 (n.a)

L. rhamnosus 
AS-9

4 (16) 32 (64) 16 (32) 2 (16) 4 (8) 16 (n.a) 0.5 (1) 1 (4) 2 (4) 0 (n.a) 0.06 (1) 32 (n.r) 1 (n.a) 8 (n.a) 16 (n.a) 8 (n.a)

L. plantarum JF 
912378

4 (16) 16 (64) ≥ 256 
(n.r)

4 (16) 8 (32) 32 (n.a) 0.25 (1) 2 (4) 0.25 (2) 4 (n.a) 0.12 (1) ≥ 128 
(n.r)

2 (n.a) 16 (n.a) 64 (n.a) 8 (n.a)

L. plantarum JF 
912379

4 (16) 32 (64) ≥ 256 
(n.r)

4 (16) 8 (32) 32 (n.a) 0.25 (1) 2 (4) 0.5 (2) 0 (n.a) 0.12 (1) ≥ 128 
(n.r)

2 (n.a) 16 (n.a) 64 (n.a) 8 (n.a)

L. plantarum JF 
912380

4 (16) 16 (64) ≥ 256 
(n.r)

8 (16) 8 (32) 16 (n.a) 0.25 (1) 2 (4) 0.25 (2) 0 (n.a) 0.12 (1) ≥ 128 
(n.r)

1 (n.a) 16 (n.a) 16 (n.a) 8 (n.a)

aAbbreviations: Am: Ampicillin; Ci: Ciprofloxacin; Em: Erythromycin; Gm: Gentamycin; Cl: Clindamycin; Cm: Chloramphenicol; Km: Kanamycin; Lz: 
Linezolid; n.a., not available; Nm: Neomycin; Pc: Penicillin; Ri: Rifampicin; Sm: Streptomycin; Tc: Tetracycline; Tm: Trimethoprim; n.r., not required; Va: 
Vancomycin; Vi: Virginiamycin.
bEFSA breakpoints (µg/mL) for each LAB strain are given in brackets (LAB with MICs higher than the EFSA breakpoints are considered as resistant strains 
and indicated by the italic font).
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Table 6. Antimicrobial Effects of Lactobacillus Strains (Cell-Free Supernatant) against Uropathogens

Lactobacillus Strains Uropathogens Growth Inhibition Zone (GIZ)a,b Indicator Strains

C. albicans P. aeruginosa K. pneumoniae E. faecalis E. coli E. coli DPC EC101 S. aureus DPC 6867

L. acidophilus AS-1 ++ ++ ++ ++ ++ + R

L. paracasei AS-2 ++ ++ ++ ++ ++ + R

L. delbrueckii AS-3 ++ ++ ++ ++ ++ + R

L. helveticus AS-5 ++ ++ ++ ++ ++ + R

L. brevis AS-6 ++ ++ ++ ++ ++ + R

L. salivarius AS-7 ++ ++ ++ +++ ++ R R

L. fermentum AS-8 ++ ++ ++ +++ ++ + R

L. rhamnosus AS-9 ++ ++ ++ ++ ++ + R

L. plantarum JF 912378 ++ ++ ++ +++ +++ ++ R

L. plantarumJF 912379 ++ ++ ++ +++ +++ ++ R

L. plantarum JF 912380 ++ ++ ++ +++ +++ ++ R
aR, Resistant strain (Diameter of GIZ < 5 mm); +, GIZ 5 - 9 mm; ++, GIZ 10 - 19 mm; +++, GIZ 20 - 29 mm.
bValues are means ± STD of three replicates.

5. Discussion
The present study was carried out to isolate LAB with a 

new strategy for the treatment of UTI as an alternative to 
antibiotics by inhibiting uropathogens due to the pro-
duction of proteinaceous compound BLIS. The potential 
practical application of bacteriocins in the preservation 
of food and in the prevention and treatment of bacte-
rial infection has been previously investigated (4, 21, 22). 
Out of 54 positive colonies screened from the MRS agar, 
only 11 were identified as LAB after characterization by 
cell morphological, physiological, and biochemical tests 
and through 16S rRNA gene sequencing. Among the 11 
confirmed cultures, the 3 identified isolates belonged to 
the same specie as L. plantarum. The rest of the isolates 
represented L. acidophilus, L. paracasei, L. salivarius, L. del-
brueckii, L. casei, L. helveticus, L. brevis, L. fermentum, and L. 
rhamnosus. The only LAB species selected for nucleotide 
sequence submission to the NCBI was L. plantarum due 
to their highest response of inhibitory action against 
the uropathogens used in this study as compared to the 
other isolates. Mallesha et al. (22) reported 44 strains of 
bacteriocin-producing LAB from raw fermented foods, 
while the isolation of LAB from fresh fruits and vegeta-
bles and their biocontrol potential against phytopatho-
genic spoilage bacteria and fungi have also been studied 
by other authors (23).

Margolles et al. (24) identified L. paracasei and L. brevis 
and reported that these 2 LAB species not only naturally 
associated with plant and animal environments but 
could be present as contaminant in meat, vegetables, 

and cereals owing to its use in traditional food fermen-
tation. The API system showed good agreement with 
molecular identification for the above-mentioned LAB 
isolates with the previous studies of Boyd et al. (25). The 
main characteristic of lactobacilli is the fermentation of 
lactose, which lowers the pH as a result of acid formation. 
Lactic acid and other organic acids have an inhibitory ef-
fect on further bacterial growth (25). Thus, the growth 
of Lactobacilli was observed after 40 minutes of incuba-
tion at varying levels of pH 4.0, 5.0, and 6.0. All the iso-
lates showed maximal growth at pH 6.0, although their 
growth was also present at pH 5.0, but to a smaller extent. 
However, significantly reduced growth was detected af-
ter incubation at pH 4.0 (Figure 1A).

Sarika et al. (26) studied the effect of different pH ranges 
(pH 4, 5, 6, and 7) on the growth of L. bulgaricus subsp. del-
brueckii and observed that maximum growth was at pH 
6. Moreover, the inoculum size, incubation temperature, 
and incubation time are important parameters to assess 
the antibiotic susceptibility among LAB (26). In this work, 
in order to achieve the maximum microbial population 
among the LAB strains, the influence of the inoculum size 
(1%, 3%, and 5%), incubation time (24 hours, 48 hours, and 
72 hours), and incubation temperature (15°C, 37°C, and 
45°C) on bacterial growth was observed. The LAB strains 
(AS-4, AS-13, and AS-14) showed the best growth in 5% inoc-
ulum (Figure 1B) during a 48 hours incubation time and 
at 37°C temperature (Figure 1C). Similar results were also 
reported by Lim et al. (27).
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Figure 1. Growth of Lactobacillus Isolates in the MRS Medium with Different pH Levels
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A, at 37°C, inoculums size; B, and incubation temperature; C, for 48 hours.

In developing countries like Pakistan, an increasing 
medical problem is the antibiotic resistance of patho-
genic bacteria, which raises the question of antibiotic 
resistance among desired probiotic strains. One of the 
common clinical problems in children is UTI, and clini-
cians have tried to eradicate the disease through the 
application of a wide array of treatment strategies. Nev-
ertheless, there is a dearth of data on the treatment of 
UTI in children, whereas there is a great deal of informa-
tion on the application of probiotics for the cure of UTI 
in female adults (27). The resistance of uropathogenic 
strains against standard antibiotics and susceptibility to 
isolated LAB strains were tested in the present study. In 
this study, C. albicans and E. coli were found predominant 
microorganisms responsible for UTI. This agrees with the 
findings of other researchers (26) who reported that the 
major catheter-associated UTI causing microorganism 
was E. coli, followed by Staphylococcus spp.

In this study, 3 L. plantarum strains had profound anti-
bacterial effects in vitro on the antimicrobial activity as-
say. A distinct property of LAB is their ability to inhibit 
bacterial pathogens by producing antimicrobial com-
pounds such as hydrogen peroxide. Lactic acids, acetic 
acids, and ribosomally-synthesized peptides referred 
to as bacteriocins have a desirable property for probiot-
ics and a sustainable alternative to antibiotics (28). Our 
findings are consistent with a study by Lim et al. (27), who 

reported that L. plantarum and L. fermentum had good 
microbiological features and were the best inhibitors of 
uropathogens. However, the other LAB were also good in-
hibitors. The treatment of UTI generally requires the ap-
plication of antimicrobial agents, which are also used in 
the prevention of infection. However, any long-term use 
of antibiotics will arouse the increased resistance of uri-
nary tract pathogens. The major drugs commonly used 
for treating UTI in many regions of the world are quino-
lones, i.e. ciprofloxacin, ampicillin, neomycin, and peni-
cillin. All the Gram-negative uropathogens used in this 
study displayed susceptibility to ciprofloxacin, except 
2 Gram-negative uropathogens, i.e. E. coli and E. fecalis, 
which exhibited high rates of resistance to kanamycin, 
ampicillin, neomycin, ciprofloxacin, penicillin, chloram-
phenicol, erythromycin, vancomycin, and trimethoprim 
and were sensitive to gentamicin, tetramycin, penicil-
lin, and streptomycin. Nevertheless, in contrast to our 
results, an unusually high resistant rate, with 67% of the 
isolates being resistant to ciprofloxacin and levofloxacin, 
was reported in Southwest Nigeria (26).

The MICs determined for LAB were found lower than the 
MIC values suggested as breakpoints for LAB by the EFSA. 
Accordingly, the strains evaluated in the present study 
were susceptible to all the antibiotics, as has also been 
previously reported (29). On the other hand, the only an-
tibiotic resistance detected in the LAB strains was for van-
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comycin MICs ≥ 128 mg/L, which is an intrinsic property 
of this genus. Klein et al. (30) also reported previously 
that the resistance to vancomycin detected in Pediococ-
cus, Leuconostoc, and Lactobacillus species might be due 
to the presence of D-Ala-D-Lactate in their peptidoglycan 
rather than D-Ala-D-Ala dipeptide. Table 5 shows the an-
timicrobial activity of the Lactobacillus species against 
the following test uropathogens: Candida, Pseudomonas, 
Klebsiella, E. fecalis, and E. coli. In comparison to our re-
sults, Mallesha et al. (22) established the antibiogram of 
LAB species against E. faecalis and E. coli and reported that 
E. faecalis showed the highest GIZ (19 mm) against the 
Gram-positive bacterium Bacillus cereus. In this respect, 
most of the LAB, which came from fruit and vegetable 
origins and were tested in this work, expressed a broad 
spectrum of antimicrobial activity against the Gram-
negative uropathogens. It is remarkable that a number of 
strains (11 out of 54 strains) were identified as potential 
bacteriocin producers. Recently, bacteriocin production 
ability has been proposed as a key property for the rec-
ommendation of the use of probiotic LAB in medicines as 
an alternative to antibiotics to fight against uropathogen 
infections in humans, which is similar to what has been 
proposed for human and farm animal probiotics (31). LAB 
have thrilling beneficial properties with minimum risk 
of danger or side effect if used in the treatment of UTI as 
they inhibit the attack of uropathogenic bacteria by serv-
ing as a fighter/preventer against them. Consequently, 
they may be a sound rationale for probiotics therapy in 
UTI. Nevertheless, a comprehensive in vivo assessment 
of the application of these lactobacilli in UTI treatment 
must be also carried out because in vitro conditions dif-
fer greatly from a body metabolism. Therefore, the role 
of bacteriocin-like substances in vivo remains to be exam-
ined, which could be the future perspective of this work. 
Isolated lactobacilli should also be examined with re-
spect to their potential probiotic characteristics in future 
investigations.

In this study, a high rate of uropathogen resistance to 
commercially available antibiotics such as kanamycin, 
ciprofloxacin, erythromycin, and vancomycin was re-
corded. Then, as was expected, the majority of the isolat-
ed Lactobacillus strains were highly resistant to vancomy-
cin. However, no multiresistant (resistant to more than 
2 antibiotics) Lactobacillus strain was found and most of 
the isolates were susceptible to all the antibiotics exam-
ined in this study. Besides resistance to glycopeptides, the 
3 L. plantarum strains were highly resistant to streptomy-
cin, while L. acidophilus AS-1 displayed resistance against 
trimethoprim. On the other hand, the uropathogens sen-
sitivity to isolated lactobacillus species was detected to a 
large extent.
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