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Abstract

Background: Listeria monocytogenes is a gram positive, facultative intracellular bacteria and it is a causative agent
of /listeriosis. Abortion is one the most important side effect of Zsteriosis. Nano chitosan is widely used as nano-
materials considered due to its characteristics such as bactericidal and nontoxicity activity. The aim of this study
was isolation of L. monocytogenes bacteria from pregnant women vaginal samples and evaluation of chitosan na-
noparticles effects against them.

Methods: Overall, 100 vaginal specimens were collected from pregnant women with and without a history of
abortion referred to Tehran's Hospitals from Sep 2019 to Jul 2020 with questionnaires. Then, using biochemi-
cal methods, L. monocytogenes bacteria were isolated and identified. Isolated L. monocytogenes strains were con-
firmed using PCR and evaluation of pr£A4 gene, which is the main gene for identification of this bacterium. The
effect of chitosan nanoparticles was evaluated in comparison with the antibiotics used based CSLI guideline on
isolated bacteria by well diffusion method. MIC and MBC were determined for nanoparticle at the end.
Results: Five strains of L. mwonocytogenes that were confirmed by PCR method. Moreover, a statistically signifi-
cant relationship was observed between the isolated strains and the samples taken from women with a history
of abortion. MIC and MBC for L. monocytogenes ATCC 7644 were 156.25 and 312.5 pg/ml and for 5 isolated
strains were 78.12 and 158.25 pg/ml, respectively.

Conclusion: L. monocytogenes could be a causative agent of abortion in pregnant women. Concerning the results,
Nano chitosan has acceptable antibacterial activity against L. monocytogenes.
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Introduction

Listeria is Gram-positive bacteria, rod-shaped, which is often pathogenic for animals but rarely

facultative anaerobic, and non-spore forming (1).
The genus Listeria contains eight species includ-
ing Listeria monocytogenes, which is pathogenic for
humans and animals, and the species L. ivanovo,

for humans. L. monocytogenes causes a disease calls
listeriosis that affects humans and animals (zo0n0-
si5). L. monocytogenes is bacterial food borne infec-
tions, can result in abortion and diseases as se-
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vere as gastroenteritis, encephalomeningitis and
septicemia (2, 3). Isolation of this bacterium from
infected specimens with different species requires
the use of enriched media and conventional bio-
chemical methods.

Since their discovery, antimicrobial drugs have
proved remarkably effective for the control of
bacterial infections. However, bacterial pathogens
were unlikely to surrender unconditionally, be-
cause some pathogens rapidly became resistant to
many of the first effective drugs. Nanotechnolo-
gy has provided promising approaches to solve
this issue. It offers a great chance to treat drug-
resistant microbial infections. A nanoparticle is a
small particle that ranges between 1 to 100 na-
nometers in size. It can exhibit significantly dif-
ferent physical and chemical properties to larger
material. They can constructed from different
biodegradable material like natural or synthetic
polymers, phospholipids or lipid (4). Nanoparti-
cles have many advantages such as increased bio-
availability, delivery of specific drug to a specific
location, continuous drug delivery and increased
patient compliance due to frequent reduction of
drug dose (5). Artificial nanoparticles can be cre-
ated from any solid or liquid material, including
metals, dielectrics, and semiconductors. They
may be internally homogeneous or heterogene-
ous with a Core—shell structure. There are several
methods for creating nanoparticles, including gas
condensation, attrition, chemical precipitation,
ion implantation, pyrolysis and hydrothermal syn-
thesis (0).

Chitosan nanoparticles is produced by the partial
alkaline nitrogenation of N-chitin, which is
commercially extracted from shrimp and crab
shells. It is also found in nature, in the cuticle of
insects and the cell wall of fungi (6, 7). In recent
years, chitosan and its derivatives have attracted
much attention as antimicrobial agents against
bacteria, fungi and viruses (8-10). Due to its bio-
degradability, biocompatibility and non-toxicity, it
uses as a new biomaterial for food processing
(11), pharmaceutical compounds (6, 12), medi-
cine (13, 14), agriculture (15), and industry (16).
The aim of this study was isolation of
L.monocytogenes bacteria from pregnant women
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vaginal samples and evaluation of chitosan nano-
particles effects against them.

Materials and Methods

Sampling and primary identification

Overall, 100 vaginal samples were collected from
pregnant women with and without a history of
abortion referred to Tehran's Hospitals from Sep
2019 to Jul 2020 with questionnaires.

The initial proposal of the work was approved by
Ethics Committee of the Azad University of
Lahijan, Iran, and necessary permission was re-
ceived for the work.

Vaginal swabs were put in 10mL Trypticase Soy
Broth with yeast extract (TISBYE), and incubated
at 4 °C for one week. Then, they were inoculated
on blood agar (Merck, Germany) and PALCAM
Listeria agar (Merck, Germany) using streaking
culture and incubated at 37 °C for 24 to 48 h.
Bacteria with Yellow small colonies with (-
hemolysis on blood agar and Green shiny colo-
nies with diffused black shadows around them on
PALCAM listeria agar are probably Listeria. Iso-
lated bacteria were identified using biochemical
tests (17,18).

Molecular Identification

Isolated Listeria mwonocytogenes strains using bio-
chemical tests were confirmed using PCR and
evaluation of prfA gene, which is one of the main
genes for identification of this bacterium. DNA
extraction and PCR set up were done in standard
procedure using guide. The primers and PCR
program is in Table 1 (19-21).

Chitosan preparation

Chitosan nanoparticles were used in this study
(22). The particle diameter is 22-80 nm and its
putity is 99%. A solution of 10 mg / ml in 2%
acetic acid was prepared and sterilized at 121 °C
and a pressure of 1.5 atmospheres for 20
minutes. The solution pH was adjusted on 5 and
stored at 4 °C for later use (23).
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Table 1: Primers and PCR programming

Primers prfA F: GAAGTCATIAGCGCAGCAGGC
prfA R: ATGCCACTTGAATATCCTAACTCC

Program

95 °C for 10 min and 30 cycles of 95 °C for 30 sec, 60 °C for 30 sec, and 72 °C for 30

sec, followed by a final extension step at 72 °C for 5 min.

Antimicrobial activity

Well diffusion method was used to evaluate the
antimicrobial activity of chitosan nanoparticles.
In this method, after making a hole in Muller-
Hinton agar medium previously cultured with
isolated L. monocytogenes and L. monocytogenes
ATCC 7644, 20 ml. of different concentrations
of chitosan nanoparticles (4.88 to 5000 pg/ml)
were poured in wells. The plates were incubated
at 37 °C for 24 h. The inhibition zone for the
wells was measured. The effect of common anti-
biotics based on CSLI on clinical and standard
strains was also investigated.

Minimum Inhibitory Concentration (MIC)
and

Minimum Bactericidal Concentration (MBC)
MIC and MBC were done using the Macrodilu-
tion test. The minimum inhibitory concentration
method was used to determine the susceptibility
of strains to chitosan nanoparticles. To determine
the minimum inhibitory concentration, a suspen-
sion of fresh bacterial culture with 0.5 McFarland
(1.5x10° Cells/ml) was prepared. Then, different
concentrations of nanoparticles (4.88 to 5000

wg/ml) by Trypticase soy broth (1 mL) were
done. 100 microliters of microbial suspension
was added to all tubes and they were incubated
for 24 h at 37 °C. The turbidity of the tubes is
checked and the concentration of first transpar-
ent tube is the MIC. The next transparent tubes
are then cultured in Miller-Hinton agar. The first
concentration at which 99.99 microbes were
killed is MBC (24).

Statistical analysis

All data were compiled, and analysis was done
using SPSS version 26 (IBM Corp., Armonk, NY,
USA). P-value less than 0.05 were considered as
significant.

Results

Sampling, Isolation and Identification
Overall, 100 women were included in the study.
Following culture and differential tests (Table 2),
5 L. monocytogenes were isolated and identificated
from vaginal specimens. Demographic and clini-
cal features of the patients are given in Table 3.

Table 2: Biochemical tests to differentiate Listeria species

Species Phospholipase  Hemolysis Production of acid from CAMP test
c D-Mannitol ~ L-Rhmnose  D-Xylose  (S.aureus)

L. monocytogenes + + - + - +

L. innocua - - - AV - _

L. ivanovii + ++ - - + -

L. seeligeri - (+) - - + (+)

L. welshimeri - - - AV + -

L. grayi subsp. Gray: - - + - - -

L. grayi subsp. Mur- - - - \Y - .

rayi

V: variable, (+): weak reaction, ++: strong positive reaction, +: >90 % positive reactions, -: negative reaction
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Table 3: Frequency of Listeria monocytogenes based on Research Variables

Variables Positive  Negative Total
Age

15-25 yr 0 10 10
26-35 yr 3 59 62
36-45 yr 2 22 24
Higher than 45 0 4 4
Total 5 95 100
Education

Low level of education 1 8 9
High school diploma 3 25 28
Higher than diploma 1 62 63
Total 5 95 100
Job

Housewife 3 46 49
Employed 2 49 51
Total 5 95 100
Abortion precedence

Abortion precedence 3 8 11
Non-Abortion precedence 2 87 89
Total 5 95 100
Number of Pregnancy

First 0 49 49
Second 3 30 33
Third 2 12 14
More than third 0 4 4
Total 5 95 100
History of preterm delivery

History of preterm delivery 1 20 21
No history of preterm delivery 4 75 79
Total 5 95 100
Taking antibiotics

Taking antibiotics 4 35 39
Do not take antibiotics 1 60 61
Total 5 95 100

Nine patients (9%) were low educated, 28 (28%)
had a high school diploma and 63 (63%) had a
college degree. High school graduates and low-
educated patients had the highest incidence of L.
monocytogenes compared with higher educated ones
(3,1,1 patients). Therefore, there was a significant
association between positive patients and control
samples regarding education.

Of 100 patients, 11 (11%) had abortion before
and 89 (89%) did not have any abortion history. 3

Awvailable at:
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patients (60%) of 5 positive patients had abortion
precedent. There was a significant association
between patients with abortion precedence and
with no abortion precedence.

Results indicates that of 5 patients positive for L.
monocytogenes, 3 (60%) and 2 (40%) were house-
wives and employed women. Hence, there was
no significant association between the house-
wives and the employed women (P = 0.9).
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Antimicrobial activity

Antimicrobial effect of concentrations of 4.88 to
39.06 pg/ml chitosan nanoparticles on clinical
strains of L. monocytogenes isolated from pregnant
women and 4.88 to 78.12 pg/ml on standard L.
monocytogenes ATCC 7644 strain showed that the
concentrations had no effect on bacteria (P>

0.05) (Table 4). The results of Antibiogram tests
using the CSLI reference in disc diffusion meth-
od are also shown in Table 5.

Based on the results, MIC and MBC for chitosan
nanoparticles were different in clinical and stand-
ard strains (Table 6).

Table 4: Diameter of chitosan nanoparticle growth inhibition zone on clinical and standard strains in well diffusion
method (mm)

Bacteria

S
w35 wib wil 3% «fF 3mil

: ~388 w388 O3833 i8R ™ME8R OE58%
Chitosan &9 5 Q5 CRNE-Y CRNE-Y @95 we® 3
Nanopatticle S S g " g " S § S
concentration (ug/mlL)
4.88 - - - - - -
9.76 - - - - - -
19.53 - - - - - -
39.06 - - - - - -
78.12 10 9 8 7 7 -
156.25 13.6 12 12.3 13 11 11
312.5 17 15 14 15 13.6 13.6
625 20 18 19 18.3 17 17.6
1250 23.3 22 23.6 20 21 20.3
2500 27 26 27.3 24 25.3 23.6
5000 31 29 30 28 27 28

Table 5: Diameter of Antibiotics growth inhibition zone on clinical and standard strains in disc diffusion method

(mm)
Bacteria
= = = = IR
o 2 o 2 6 2 6 2 o 2 a 2
) ) 38 50 58 N8
NS NS 3 R 3R NS Q3R
oy B Wy B o) B Do B Yoy B Qo B
8 3 8 3 8 3 g 3 85 N8
3 3 3 3 3 NI
@ 8 @ 8 w8 @ 8 @ 8 N
? ? ? ? ? ?
Antibiotics
Gentamycin 20 17.6 19 23 24.6 21
Ampicillin 25 19 17.3 20.3 21 23
Tetracycline 9.6 13 15 16 17.6 11.3
Cotrimoxazole 20 19 20.6 17.3 24.6 25
Ciprofloxacin 21 23.6 21.3 25 21 21.3
Erythromycin 23 26 12 25 13 23
Penicillin 24 0 21 0 21 24.6
Meropenem 25 24 20.6 19 24.6 26
Nalidixic acid 13 19 15.6 20.6 13 21
Chloramphenicol 0 18 12 0 20 0
Ceftazidime 20 13 18 13.6 19 18
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Table 6: MIC and MBC for Chitosan nanoparticles

Strains Listeria monocyto-

Kind of Inhibition

ATCC 7644

Listeria monocyto-
gens
A,B, C, D, E strains

MIC (ug/mL)
MBC (ug/ml)

156.25 78.12

156.25

Discussion

Approximately one-third of the prevalence of
human /Zsteriosis is related to pregnancy and causes
miscarriage, especially in the second or third tri-
mester. In the present study, five strains of L.
monocytogenes were isolated and identified from
pregnant women using culture techniques and
PCR confirmation. The results and statistical
evaluations of the data have shown that L. ono-
¢ytogenes can cause abortion in pregnant women.
Many factors are involved in manifestations of L.
monocytogenes virulence. Seven and 36 strains of L.
monocytogenes were isolated from 100 vaginal spec-
imens in Iran using culture and PCR methods,
respectively. PCR was faster, more specific and
more sensitive than culture to detect L. onocyto-
genes in vaginal swabs (25).

In India, 4 L. monocytogenes were isolated from 305
different samples of urine, blood, feces, placenta
and vaginal swabs collected from 61 aborted
women (20).

Out of 311 samples collected from 107 pregnant
women (190 samples from pregnant women with
a history of abortion and 120 cases without it), L.
monocytogenes was detected in 11 cases (10.28%).
The highest frequency was in the age group of 26
to 30 yr. The mean age of participants was 20.7 yr
and approximately 64% of positive samples were
taken from the cervix (27). The prevalence of
Listeria monocytogenes in pregnant women with a
history of abortion is higher than pregnant wom-
en without a history of abortion and these results
are in accordance with the present study.

Opverall, 71 samples of seafood were examined.
Twenty cases (28.2%) of L. monocytogenes were
identified, of which 15 cases (75%) were con-
firmed as virulent strains. In addition, from 50
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human fecal samples, only 1 case (2%) was iden-
tified with virulent L. monocytogenes (28).

In China, out of 548 samples of pre-prepared
foods on the market, 32 strains (5.8%) were iso-
lated. The prevalence of L. monocytogenes in pre-
prepared foods on the market is significantly
higher than food cooked in restaurants and hotels
(29).

In this study, the antibacterial activity of chitosan
nanoparticles in culture medium was investigated.
The antibacterial effect of nanoparticles on re-
ducing cell number and survival of L. monocyto-
genes was astonishing.

Bacterial damage caused by acidic and water-
soluble chitosan concentrations. The highest in-
hibitory effect was observed in 10% acid-soluble
chitosan, while this effect was less in water-
soluble chitosan. Chitosan had the greatest inhib-
itory effect on L. muonocytogenes compared to
common antibiotics, and in some cases, acid-
soluble chitosan, like common antibiotics, pre-
vented the growth of bacteria. In other words,
bacteria resistant to common antibiotics were
sensitive to chitosan (30).

With a wide range of antimicrobial activities, chi-
tosan exhibits different inhibitory effects on
gram-positive and gram-negative bacteria. Anti-
bacterial activity has complex stages in gram-
positive and gram-negative bacteria based on cell
surface characteristics. Chitosan has been report-
ed to have a stronger antibacterial effect on
gram-positive bacteria than gram-negative (31).
This may be due to the barrier of the outer
membrane in gram-negative bacteria (32). The
appropriate effect of chitosan nanoparticles on L.
monocytogenes (gram-positive bacteria) in this study
confirms this (33).
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Conclusion

L. monocytogenes is regarded a causative agent of
abortion in pregnant women. We showed that
Nano chitosan has acceptable antibacterial activi-
ty against L. monocytogenes.
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