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Citrobacter freundii is an opportunistic pathogen. Its ability to produce biofilms and its
high antimicrobial resistance were observed, especially among isolates containing the
blaCTX-M gene, which is linked to resistance to oxyimino-cephalosporins such as
cefotaxime (CTX). To evaluate the biofilm-forming ability of Citrobacter freundii and
antibiotic resistance patterns, the presence of the blaCTX-M gene in C. freundii isolates
was assessed, and the effectiveness of partially purified hirudin from Hirudo medicinalis
against biofilm was evaluated. This study was performed from December 2022 to
February 2024. A total of 150 skin swabs were collected from wounds and burns. Biofilm
production was quantitatively assessed using the tube method (TM), the Congo red agar
method (CRAM), and the tissue culture plate method (TCPM), and molecular screening
was performed to investigate and extract the blaCTX-M gene using polymerase chain
reaction (PCR). Of the 150 samples, 17 isolates were confirmed as C. freundii. The results
show that 11 (64.70%) isolates formed strong slime, but 6 (35.29%) of the isolates did
not produce a slime layer. As for the molecular detection of the blaCTX-M gene, it
showed that 10 isolates (58.8%) out of 17 isolates of Citrobacter freundii, which formed
biofilm, carried this gene (544 base pairs), and these 10 isolates were also producers of
broad-spectrum beta-lactamase enzymes according to phenotypic detection, while 7
isolates (41.2%) did not carry this gene. All isolates were resistant to at least one
antibiotic (100%) and exhibited high MAR indices; the highest susceptibility was
observed to imipenem (100%), followed by ciprofloxacin (41.17%) and gentamicin
(23.52%). The results showed clear and statistically significant differences between the
isolates compared to the control group before treatment with partially purified hirudin. A
statistically significant difference was found between them, p = 0.00002 (p < 0.001).
After treatment with partially purified hirudin, a statistically significant difference was
also found between them, p =0.000001 (p <0.001). Most importantly, the results showed
clear and significant differences between the isolates before and after treatment with
partially purified hirudin, indicating the antimicrobial efficacy of the extract, with a p-
value of 0.000178. C. freundii clinical isolates appear multidrug-resistant (MDR) and
have the ability to produce biofilm. Purified hirudin exhibited a marked depressed effect
on biofilm formation by multidrug-resistant C. freundii from burns and wounds.

1. INTRODUCTION

Many researchers have studied leech therapy, an ancient
practice, to investigate its potential effects on various diseases,

Citrobacter freundii is one of the most dangerous
pathogenic microorganisms that has raised significant
concerns about community health. It is a globally widespread
and ubiquitously bacteria, considered a nosocomial infection,
and is considered an opportunistic clinical disease affecting a
wide spectrum of illnesses. It also exhibits resistance to
antibiotics [1, 2].

Modern medicine has recently focused on complementary
medicine methods and their potential mechanisms of action.
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such as inflammatory conditions, arthritis, and post-surgical
recovery. Leeches are the most commonly used type of leech
for therapeutic purposes, and many different types have been
tested and researched all over the world. Leeches secrete more
than 20 biologically active substances, including hirudin,
antistatin, aeglin, guamarin, saratin, substituents, complement
inhibitors, and carboxypeptidase inhibitors. These substances
exhibit anti-inflammatory, analgesic, antiplatelet,
anticoagulant, thrombin regulator, extracellular matrix, and
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antimicrobial effects. Further research may reveal a wider
range of these effects. This technique is inexpensive, effective,
and easy to apply, and its mechanisms of action in treating
certain diseases have been elucidated. It is clear that microbial
phototherapy is a complementary or supplementary option to
conventional treatment. It is part of many therapies with
different specialties, and it secretes various types of bioactive
substances that differ between species. Each species must be
evaluated individually in terms of its therapeutic potential and
the molecules it secretes. New substances may be discovered,
and these could be the basis for future therapies [3].

Although it is commonly considered a portion of the human
gut microbiota but progressively involved in healthcare-
associated infections [1]. Some isolates of C. freundii have
been correlated with nosocomial opportunistic infections
affecting various tissues, including the biliary tract, liver,
bloodstream, urinary tract, large and small intestines,
peritoneum, bone, and wounds, particularly in
immunocompromised individuals [4, 5].

Citrobacter freundii is increasingly identified as someone
of importance causative agent of nosocomial infections and
serves as a significant reservoir of antimicrobial resistance
determinants [6].

Citrobacter freundii has become resistant to antibiotics,
causing the widespread use of broad-spectrum antimicrobials
[7].  Antibiotics, for example, fluoroquinolones,
aminoglycosides,  nitrofurantoin,  carbapenems,  and
cephalosporins are standard antibiotics for treating infections
caused by this bacterium [8]. This raises concerns about the
increasing resistance of Citrobacter freundii to many
antibiotics. Low-virulence Citrobacter species that remain in
the host for a long time can contribute to the progression of
pathogens through the accumulation of resistance genes to
multiple antimicrobials [9-11].

The emergence of multidrug-resistant and extensively drug-
resistant enteric bacteria, such as C. freundii, poses a
significant threat to human health [12]. Antithetrapy for
AmpC-Citrobacter may inhibit the production of beta-
lactamases by bacteria. Antibiotics are not available to treat
this bacterium because it produces and contains chromosomal
beta-lactamase enzymes [13, 14].

The objective of this study is to evaluate the biofilm-
forming ability of Citrobacter freundii and the antibiotic
resistance pattern, and assess the effectiveness of medicinal
leech extract against biofilm.

2. MATERIALS AND METHODS
2.1 Sample isolation and diagnosis

Seventeen isolates of Citrobacter freundii were obtained
from burn and wound patients in various hospitals in Baghdad,
Iraq. Most of the isolates were collected from 150 skin swabs
taken from both sexes of different ages between December
2022 and February 2024. Morphological, biochemical, and
IMVIC tests, Triple Sugar Iron agar test, as well as the API
20E system, were performed on the isolates.

Medical samples were cultured on brain heart infusion
broth, nutrient agar, blood agar, Salmonella-Shigella (SS)
agar, MacConkey agar and Mueller-Hinton agar according to
needs, and the colonies were diagnosed using microbiological
techniques (morphology and biochemistry) [15].
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2.2 Genetic detection of the blaCTX-M gene using
polymerase chain reaction

A single-molecular polymerase chain reaction (PCR) assay
was performed to amplify fragments of the blaCTX-M gene in
all Citrobacter freundii isolate strains under study.

2.2.1 DNA extraction

DNA was extracted by suspending three colonies of each
Citrobacter freundii isolate on MacConkey agar plates in 500
pL of nuclease-free water (Bromage, USA) and heating them
for 10 minutes at 90 °C using a water bath. The samples were
then centrifuged for 10 minutes at 10,000 rpm and used as a
template for bacterial DNA analysis using PCR.

2.2.2 Primers and amplification reactions used

The primers and amplification reactions used in this study
were as follows: the forward primer sequence of the blaCTX-
M gene (5-TTTGCGATGTGCAGCACCA GTAA-3) and the
reverse primer sequence of the blaCTX-M gene (5-
CGATATCGTTGGTG GTGCCATA-3) (Alpha DNA,
Canada) [16, 17].

Amplification reactions (25 pL per sample) were performed
using Mastermix 2X mix (Kappa Corporation, India) (12.5
pL), forward initiator (1.5 pL), reverse initiator (1.5 upL),
nuclease-free water (4.5 pL), and DNA sample (5 pL). The
thermal cycling conditions included an initial denaturation
process at 95 °C for 5 minutes, followed by 30 cycles at 94 °C
for 30 seconds, then annealing at 55 °C for 40 seconds, and
then elongation at 72 °C for 50 seconds. The cycle concluded
with a final elongation at 72 °C for 10 minutes.

2.2.3 Agarose gel electrophoresis

Gel electrophoresis was used to detect the PCR products,
which were imaged using ethidium bromide and a UV light
documentation system [17].

2.3 Antibiotic susceptibility testing

Clinical bacterial isolates from burns and wounds were
cultured on Mueller-Hinton agar using the standard Kirby-
Bauer disc diffusion method, according to the 2020 CLSI[16].
The antibiotic discs used in this study included Amoxicillin
(25 pg), Aztreonam (15 pg), Ciprofloxacin (10 pg), o-
Trimoxazole (25 pg), Gentamicin (10 pg), Imipenem (10 pg),
Nitrofurantoin (300 mcg), Ofloxacin (5 pg), Penicillin G (10
U), Piperacillin (100 mcg), Tobramycin (10 pg), Amikacin (10
ng), Ampicillin (10 pg), Ceftriaxone (30 ug), Cephalexin (30
ng), Piperacillin/Tazobactam (100/10 pg M-H agar plates
were prepared and coated with a 0.5 M McFarland swab-
modified bacterial suspension, followed by antibiotic tablets.
The plates were incubated for 24 hours at 37 °C. The diameter
of the inhibition zone was measured and calculated to
determine antibiotic resistance using CLSI criteria [16].

The result was that the bacteria were MDR, meaning they
were resistant to one or more of three agents [12].

2.4 Examination of biofilm-producing organisms
Screening for biofilm production for all isolates was done

using the tube method (TM), Congo red agar method (CRAM),
and tissue culture plate method (TCPM).



2.4.1 Phenotypic features of biofilm production in Congo Red
agar

The isolates were grown on CRA plates, previously
prepared by adding 0.8 g/L of Congo red and 50 g/L of sucrose
(from British Drug Houses/England) and 1 L of brain heart
infusion agar (Himedia - India). The plates were then
incubated for one day at 37 °C and 8 hours at room
temperature. This allowed for the observation of black, rough
colonies produced by the slime-producing strains,
distinguishing them from non- biofilm producing isolates (red
smooth colonies), and the results appeared as in Figure 1.

Figure 1. Congo red agar (CRA) assay for slime production.
(A) Red, smooth colonies indicating non-slime-producing
isolates, (B) black colonies indicating slime-producing
(biofilm-producing) isolates

2.4.2 Phenotypic features of biofilm creation by the Tube
Method test

The TM was used to establish biofilms. The vaccine was
placed on 5 mL of heart and brain extract broth with a ring of
bacterial culture prepared overnight in a glass tube and then
incubated at 37 °C for 24 hours. The tubes were then washed
with P-buffered saline and air-dried. The dry tubes were
stained for 15 minutes with 0.1% C.V. dye, then washed with
deionized H,O to eliminate additional dye. The tubes were
allowed to dry, and biofilm formation was investigated. Most
tubes showed observable biofilm along the bottom and the
wall, indicating positive biofilm formation. Some tubes also
showed a colored disc at the air-liquid border, indicating
negative biofilm formation [15, 18].

The optical absorption (ODc) values were calculated
separately for each experimental group as the average of three
empty control wells containing only sterile heart and brain
broth. The isolates were ranked according to their ability to
form biofilms (S = strong biofilm formation, M = moderate
biofilm formation, W = weak biofilm formation, N = no
biofilm formation) according to the equation shown in Table
1.

Table 1. The mean optical density (OD) value obtained for
all isolates and the strength of biofilm formation [19, 20]

Averaged OD Value Biofilm Production
ODc > ODi Non-adherent
2 x ODc > ODi > ODc Weakly adherent
4 x ODc > ODi > 2x ODc Moderately adherent
ODi >4 x ODc Strongly adherent

Note: ODc = Optical density for control, ODi = Optical density for isolates.

2.4.3 Phenotypic features of biofilm formation by microtiter
plate method or tissue culture plate method

Tissue culture was performed on plates. Five milliliters of
heart and brain extract broth was inoculated with a ring of
freshly cultured isolates into 96 wells, and the plates were
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incubated under ideal growth conditions. The bacterial
suspension was diluted 1:4. A sterile polystyrene plate
containing wells, each holding 200 pL of the prepared
bacterial suspension, was used. Fresh culture medium was
placed in the wells. The plates were incubated at 37 °C for 24
h. The plates were gently shaken to eliminate the contents of
the wells and washed repeatedly with 200 pL of phosphate-
buffered saline solution. They were then incubated at 50 °C for
one hour to fix the biofilms formed by the adhering bacteria.
The stable biofilms were stained with C.V. (0.1%) for half an
hour, and the stain was removed with deionized water. They
were air-dried, and the results were read using ELISA (600 nm
wavelength) to determine the optical density of the stained
bacterial biofilms [15-18].

2.5 Extraction and partial purification of Hirudin from
Hirudo medicinalis

2.5.1 Preparation of Hirudo medicinalis crude extract

Fourteen 10 cm long Hirudo medicinalis leeches were
prepared to destroy bacteria. The leeches were cut into pieces
and then ground in a homogenizer with the addition of 5 mL
of normal saline solution, and put in the shearer at 25 °C for 2
days, obtain a homogeneous suspension, centrifuge for 20
minutes at 3000 g, filter the liquid through a Millipore 0.45
mm filter, and keep the extract at 4 °C to use [21], as shown in
Figure 2.

B amaL

Figure 2. Hirudo medicinalis

2.5.2 Partial purification of Hirudin

The crude extracts obtained from Hirudo medicinalis
leeches were centrifuged at a speed of 10,000% for 20 minutes
at a temperature of 4 °C to remove undissolved material and
cell remnants. The filtrate was then filtered through a 0.22 pm
membrane filter. The filtrate was used in a DEAE-Sepharose
ion-exchange chromatography column pre-neutralized with 20
mM Tris-HCI buffer (pH 8.0). The associated proteins were
separated using a linear gradient of sodium chloride (0-1.0 M),
and the fragments that showed antithrombin activity were
collected. The active fractions were concentrated using
ultrafiltration through a membrane with a molecular weight
cutoff of 3 kDa.

Based on the sequential purification steps, the resulting
fractions were considered hirudin-rich. Protein analysis was
performed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), which revealed a dominant
protein band corresponding to the predicted molecular weight
of hirudin, indicating partial purification. The biological
activity of the enriched fractions was confirmed using an
antithrombin activity assay. The partially purified protein was
obtained as a 2 mg/mL basal solution. A 1 mg/mL dilute
solution was prepared, and 100 pL of the dilute protein was
mixed with an equal volume (100 pL) of bacterial culture in a



96-well microplate, resulting in a final protein concentration
of 0.5 mg/mL in contact with the bacterial cells [22-24].

2.5.3 In vitro inhibitory effect of partially purified Hirudin on
isolates producing biofilm

To study the inhibitory effect of partially purified hirudin
from Hirudo medicinalis on biofilm of isolates, the highest
biofilm-producing isolates of Citrobacter freundii were
selected to be tested.

A modified spectrophotometric method was used to detect
biofilm inhibition [25]. Biofilm inhibition was performed
using 96-well microplates. In vitro, bacteria were cultured in
heart and brain extract (BHI) broth and incubated at 37 °C for
18 h. The bacterial culture was diluted in BHI broth, then its
concentration was adjusted using a 0.5 McFarland tube. The
partially purified protein was obtained as a stock solution with
a concentration of 2 mg/mL. A diluted solution was prepared
at a concentration of 1 mg/mL, and 100 microliters of the
diluted protein were mixed with a similar volume (100
microliters) of bacterial culture in a 96-well microplate,
resulting in a final protein concentration of 0.5 mg/mL in
contact with the bacterial cells. The plates were incubated for
24 h at 37 °C. The wells were then washed in sterile
physiological saline to remove any adhering bacteria and
stained using the same procedure as above to detect biofilm
formation.

2.6 Ethical considerations

Approval was obtained from the Ethics Committee at the
College of Science, Mustansiriyah University (Approval No.
BSCMU/12022/00092M, November 1, 2022). The procedures
followed the ethical guidelines outlined in the Declaration of
Helsinki, and written informed consent was obtained from all
individual participants included in the study.

3. RESULTS
3.1 Collection and identification of bacterial isolates

A whole of 17 isolates of Citrobacter freundii were obtained
from burns and wounds from various hospitals in Baghdad.
Most of the isolates were collected from 150 skin swabs.

3.1.1 Phenotyping of isolates

Citrobacter ~ spp. isolates underwent microscopic
examination, and all isolates appeared to be Gram-negative.
Minor bars that occurred as a sole cell or in pairs [1, 2].

On MacConkey agar, all isolated were appear as large, dry,
smooth, elevated colonies and pink color because they are
slow lactose fermenters (Figure 3).

Figure 3. Citrobacter freundii on Salmonella-Shigella (SS)
agar
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Citrobacter species on SS agar appear as small to medium-
sized colonies, typically colorless to pale yellow, often with a
distinct black center. Due to their ability to produce H>S and
ferment lactose (slowly or partially), they can resemble
Salmonella colonies, though Citrobacter is generally
distinguished by its ability to ferment lactose (pink on
MacConkey). Because Citrobacter can mimic pathogen
appearances on SS agar, additional testing (like lactose
fermentation on MacConkey or biochemical tests) is necessary
for confirmation [1, 2].

3.1.2 Biochemical tests

Isolates were obtained from MacConkey agar and brain
heart infusion (BHI) broth and subjected to biochemical tests.
All isolates gave a (-) result for oxidase and a (+) result for
catalase tests. Catalase examination is used to recognize the
catalase enzyme in bacteria, which is a very important enzyme
responsible for the degradation of harmful hydrogen peroxide
to harmless oxygen and water [2, 3].

IMViC test was tested using a sequence of 4 different
biochemical experiments to classify and organize bacteria,
particularly members of the Enterobacteriaceae. This was
done to identify the specific type of bacteria, particularly
Gram-negative bacteria, as it identifies and classifies members
of the Enterobacteriaceae family.

3.2 Genetic detection of the blaCTX-M gene in C. freundii
strains using polymerase chain reaction

All seventeen C. freundii isolates were subjected to PCR
testing for the presence of the blaCTX-M gene. The results,
shown in Figure 4, indicate the presence of the blaCTX-M gene
(544 base pairs) in 10 (58.8%) of the 17 C. freundii isolates,
while 7 (41.2%) did not carry the blaCTX-M gene. The
seventeen C. Freundii isolates carrying the blaCTX-M gene
were also phenotypically detectable and produced Extended-
Spectrum [B-Lactamase (ESBL) enzymes. Isolates were
phenotypically positive for ESBL production but did not carry
the blaCTX-M gene and were perhaps resistant to
cephalosporins without the presence of the CTX-M enzyme in
Figure 4.

Figure 4. Electrophoresis of the polymerase chain reaction

(PCR) product of blaCTX-M (544 bp) in C. freundii isolates
Note: Lane M: 100 pb DNA ladder (Kapa, India); lanes 1-10: C. freundii
isolates; lane C: Negative control (had all PCR mixture including water
instead of DNA template). Detection was done on agarose gel (1%) at 5
V/em for one hour, stained with ethidium bromide, and visualized on a UV
transilluminator documentation system

3.3 Antimicrobial susceptibility of C. freundii isolates

3.3.1 Standard disc diffusion technique
In vitro antibiotic sensitivity testing was performed on all
C. freundii isolates by a CD diffusion test towards 16 different



antimicrobial agents. The isolates exhibited diverse levels of
resistance to the Aminoglycoside class, including Tobramycin
(100% R) and Amikacin (100% R), Gentamicin (76.47%), a
Beta-Lactam  class including piperacillin/tazobactam,
amoxicillin, aztreonam, penicillin G, and ampicillin were
resistance (100% R), cephalosporins class including
ceftriaxone (100% R) and cephalexin (100% R). While
isolates showed a high level of sensitivity to the Carbapenems
class, including imipenem (100% S), the fluoroquinolones
class, including ciprofloxacin, was resistant (58.82%), while
showing a high level of resistance toward ofloxacin (100% R);
all isolates showed a high level of resistance toward
nitrofurantoin and co-trimoxazole (100% R). The overall
susceptibility patterns of isolates are displayed in Figure 5 and
Tables 2 and 3.

Figure 5. C. freundii on Mueller-Hinton agar shows an
inhibition zone surrounding the antibiotic disc

Table 2. Antibiotic susceptibility testing of Citrobacter freundii isolates determined by the Kirby—Bauer disk diffusion method,
showing inhibition zone diameters (mm)

Antibiotic Disks Cl C2 C3 C4 C5 C6 C7T C8 (C9 Ci10 Ci1 C12 Ci3 Ci14 cC15 cCci16 C17

Amoxicillin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aztreonam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ciprofloxacin 10 25 15 10 25 10 30 25 27 10 10 25 15 25 12 12 15
Co-Trimoxazole 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gentamicin 0 25 0 10 25 0 0 30 25 0 0 0 0 0 0 0 0

Imipenem 30 30 35 30 25 30 30 30 25 25 25 30 25 35 25 25 30
Nitrofurantoin 0 0 0 0 0 0 0 10 0 0 0 10 0 0 0 0 0
Ofloxacin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Penicillin G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Piperacillin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tobramycin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Amikacin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ampicillin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ceftriaxone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cephalexin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Piperacillin/Tazobactam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: C = Citrobacter isolates, 0 = A value of 0 mm indicates the absence of an inhibition zone around the antibiotic disc.

Table 3. Percentages of C. freundii susceptibility to 16

antibiotics
Number and Num(llrer
Antibiotics Disc Term  Percentage an
of Resistant Percen!:a'ge
of Sensitive
Amoxicillin AX 17(100%) 0%
Aztreonam AZ 17(100%) 0
Ciprofloxacin CIP 10(58.82%) 7 (41.17%)
Co-Trimoxazole CcoO 17(100%) 0%
Gentamicin GEN  13(76.47%)  4(23.52%)
Imipenem IMP 0% 17(100%)
Nitrofurantoin NIT 17(100%) 0%
Ofloxacin OF 17(100%) 0%
Penicillin G P 17(100%) 0%
Piperacillin PIP 17(100%) 0%
Tobramycin TOB 17 (100%) 0%
Amikacin AK 17 (100%) 0%
Ampicillin AP 17(100%) 0%
Ceftriaxone CEA 17(100%) 0%
Cephalexin CN 17(100%) 0%
Piperacillin/Tazobactam  PIP 17(100%) 0%

3.4 In vitro inhibitory effect of Partial Purified Hirudin on
Citrobacter freundii biofilm

The biofilm producer's isolates exhibited three different
categories: 10 of isolates 58.82% were produced strong-
biofilm, while other 3 of isolates 17.64% (3/17) were none-
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biofilm producer, 1 isolate 5.88% was produced moderately
biofilm and 3 isolates 17.64% was produced weakly biofilm
as shown Table 4, while results demonstrated from the CRAM
that out of 11 C. freundii 64.70% (11/17) of isolates were
biofilm formation, while, 35.29% (6/17) isolates were
identified as non-biofilm formation, The biofilm producer's
isolates exhibited three different categories: 11 of isolates
64.70% were produced strong-biofilm, while other 6 of
isolates 35.29% were none- biofilm producer and non isolates
produced weakly or moderately biofilm, While results shown
from the TM that out of 13 C. freundii 76.47% (13/17) of
isolates were biofilm formation, while 23.52% (4/17) isolates
were identified as non-biofilm formation. The biofilm
producer isolates exhibited three different categories: 10 of the
isolates (58.82%) produced strong biofilm, while the other 4
isolates (23.52%) were non-biofilm producers; 1 isolate
(5.88%) produced moderate biofilm, and 2 isolates (11.76%)
produced weak biofilm, as shown in Table 4.

In this study, results proved that of the 17 bacterial isolates
included in this study, fourteen isolates were able to form
biofilms, representing 82.35% of the total isolates. Because the
aim of this experiment was to study the effect of partially
purified hirudin on biofilm-forming bacteria, only these 14
isolates were included in the subsequent analyses. The
remaining three isolates (17.64%), which did not exhibit
biofilm-forming ability, were excluded from this part of the
study. The results in Table 5 presented that the isolates C.
freundii-1 (0.522 S), C. freundii-13 (0.346 S), C. freundii-3



(0.560 S), C. freundii-4 (0.529 S), C. freundii-10 (0.365), C.
freundii-11 (0.616), C. freundi-15 (0.544), C. freundi-16
(0.453) and C. freundi-17 (0.333) formed strong biofilm, while
the isolates C. freundi-7 (0.299) formed moderate biofilm, and
the isolates C. freundi-2 (0.211), C. freundi-12 (0.205), and C.
freundi-14 (0.207) formed weak biofilm. Therefore, Tables 6-
9 present the results obtained from the 14 biofilm-forming
isolates only. A statistically significant difference was
observed between the control group and the biofilm isolates
before treatment with partially purified hirudin (1 mg/ml)
extracted from the medicinal leech (Hirudo medicinalis). The
p-value was 0.00002 (p < 0.001), as shown in Table 5. The

result showed that after the treatment with (1 mg/mL) partially
purified hirudin, all the isolates of C. freundii formed weak
and non-biofilm, the control group and biofilm isolates treated
with partially purified hirudin from the medicinal leech
(Hirudo medicinalis) showed a significant difference; the
probability value was statistically significant, p = 0.000001 (p
< 0.001), as shown in Table 6. The tissue culture method on
plates showed a light purple color (weak biofilm). After
treatment with partially purified hirudin from Hirudo
medicinalis. These creatures, through which they secrete
saliva containing biologically active substances, possess
therapeutic properties.

Table 4. General results of isolates for biofilm in the tube method (TM), Congo red agar method (CRAM), and tissue culture

plate method (TCPM)
Isolates No. Biofilm Formation T™ (%) CRAM (%) TCPM (%)
S 10 (58.82%) 11 (64.70%) 10 (58.82%)
Citrobacter freundii Isolate M 1 (5.88%) 0 (0%) 1 (5.88%)
number 17 w 2 (11.76%)) 0 (0%) 3 (17.64%)
N 4 (23.52%) 6 (35.29%) 3 (17.64%)

Note: S = Strongly biofilm, N = Non-biofilm, W = Weakly biofilm, M = Moderately biofilm.

Table 5. Optical density for control (ODc) = 600 nm and for isolates (ODi) before treatment with partially purified hirudin by
tissue culture plate assay

Optical Density for Isolates (ODi) = 600 nm Before Treatment
with Partially Purified Hirudin

Isolate No. Optical Density for Control (ODc) = 600 nm

C. freundii-1 0.071
C. freundii-13 0.088
C. freundii-3 0.071
C. freundii-4 0.071
C. freundii-17 0.088
C. freundii-6 0.071
C. freundii-11 0.088
C. freundii-15 0.088
C. freundii-16 0.088
C. freundii-10 0.071
C. freundii-7 0.071
C. freundii-12 0.088
C. freundii-2 0.071
C. freundii-14 0.088
C. freundii-8 0.071
C. freundii-9 0.071
C. freundii-5 0.071

Total 17

Mean 0.078

SD 0.008624

0.522 S
0.346 S
0.560 S
0.529 S
0.333S
0.466 S
0.616 S
0.544 S
04538
0.365S
0.299 M
0.205 W
0211 W
0.207 W
0.038 N
0.042N
0.047 N
17
.3401
191129

p-value =0.0002 (p < 0.001)
t. value = - 5.650

Note: S = Strongly biofilm, M = Moderately biofilm, W = Weakly biofilm, N = non-biofilm. The ODc values were calculated separately for each experimental set
as the average of three blank control wells containing sterile Brain Heart Broth only. The isolates are arranged according to their biofilm-forming ability rather
than their numerical order.

3.5 Phenotypic detection of biofilm formation

Results demonstrated from the tissue culture flat plate
method that out of the 17 bacterial isolates included in this
study, 14 isolates (82.35%) were confirmed as biofilm
producers and were selected for further evaluation of the
antibiofilm activity of partially purified hirudin. The
remaining 3 isolates (17.64%) did not exhibit biofilm-forming
ability and were therefore excluded from this part of the
analysis. Accordingly, Figure 6 presents the OD values of the
14 biofilm-forming isolates before and after treatment with
hirudin (1 mg/mL), and Tables 7-9 summarize the statistical
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comparison between both groups using one-way Analysis of
Variance (ANOVA).

The results, calculated using optical density at 600 nm for
isolates that formed a biofilm before and after treatment with
a partially purified hirudin extract from (Hirudo medicinalis),
are shown in Table 6 (p-value =.000001).

The results before treatment with the partially purified
hirudin, compared with after treatment, show a clear,
significant difference indicating the extract's effectiveness, p-
value = 0.000178, as an antimicrobial agent, as shown in
Tables 7-9 and Figure 6.



Table 6. Optical density for control (ODc) = 600 nm and for isolates (ODi) after treatment with 1 g/mL of partially purified
hirudin by tissue culture plate assay

Isolates No Optical Density for Control (ODc) = 600 Optical Density for Isolates (ODi) = 600 nm After Treatment with
) nm Partially Purified Hirudin at a Concentration of 1 mg/mL
Ci.freundii-1 0.098 0.082 N
C. freundii-3 0.098 0.073 N
C. freundii-4 0.098 0.209 W
C. freundii-6 0.098 0.088 N
C. freundii-10 0.098 0201 W
C. freundii-11 0.098 0.079 N
C. freundii-13 0.098 0.077 N
C. freundii-15 0.098 0211 M
C. freundii-16 0.098 0.234M
C. freundii-17 0.098 0.048 N
C. freundii-2 0.068 0.048 N
C. freundii-7 0.068 0.055N
C. freundii-12 0.068 0.060 N
C. freundii-14 0.068 0.049 N
Total 14 14
Mean 0.0894 .10814
SD 0.14064 .07083

p-value = 0.000001 (p < 0.001)
t. value = -0.9695
Note: S = Strongly biofilm, M = Moderately, W = Weakly, N = None-biofilm. The ODc values were calculated separately for each experimental set as the mean
of three blank control wells containing sterile Brain Heart Broth only.

Before and after treatment
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Figure 6. The optical density at 600 nm for biofilm-forming isolates before and after treatment with partially purified hirudin
from Hirudo medicinalis

Table 7. Biofilm biomass (ODsno) of 14 biofilm-forming isolates before and after treatment with partially purified hirudin

(ANOVA)
ANOVA: Single Factor
Groups n ODsoo (mean = SD) Variance F P
Before 14 0.340 +0.191 0.03653 18.47 0.000178
After 14 0.108 +0.071 0.00504

Note: F: F-statistic.

Table 8. Descriptive statistics

Groups n Sum Mean
Before 14 5.783 0.3402
After 14 1.512 0.1080
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Table 9. One-way Analysis of Variance (ANOVA) summary

Source SS df MS
Between groups 0.413858 1 0.413858
Within groups 0.64996 26 0.022412
Total 1.063819 27

Note: SS: Sum of squares, df: Degrees

4. DISCUSSION

These results can be explained by the mechanism proposed
by research [16]. In general, Imipenem, Ciprofloxacin, and
Gentamicin proved most effective against C. freundii isolates.
However, isolates were highly  resistant  to
Piperacillin/Tazobactam, Nitrofurantoin, Amikacin,
Amoxicillin, Aztreonam, Ampicillin, Ceftriaxone, Ofloxacin,
Penicillin G, Co-trimoxazole, Cephalexin, and Tobramycin.

Some researchers have shown that the medicinal leech
(Hirudo medicinalis) typically carries a pure culture of
Aeromonas veronii bv. sobria bacteria in its digestive tract.
This is unusual in digestive tracts that are usually home to
multiple microbes. Other types of bacteria may proliferate or
survive in the medicinal leech's digestive tract. Using a
colonization assay, researchers were able to compare the
ability of clinical isolates and a symbiotic strain to colonize
medicinal leeches experimentally. The symbiotic strain A.
veronii bv. sobria proliferated well and persisted for at least
seven days within the digestive tract. It was able to inhibit the
proliferation of Pseudomonas aeruginosa and Staphylococcus
aureus within the animal compared to their growth in the
laboratory control sample, resulting in altered ingested blood
within the digestive tract. Although both strains were able to
persist in the digestive tract for a week, the number of viable
Escherichia coli cells decreased approximately a thousandfold
within 42 hours. By inhibiting the activation of the membrane-
attack complex in the complement system present in the blood,
it is possible to prevent this decrease in the number of viable
E. coli. This indicates that the membrane-attack complex
remains active within H. medicinalis and prevents the
proliferation of susceptible bacteria. Thus, the antimicrobial
properties of the blood of ingested vertebrates contribute to the
specificity of the symbiosis between A. veronii and H.
medicinalis, and to the changes that occur in the blood within
the digestive tract of H. medicinalis [26].

The study [27] did not agree with our results, as it showed
that 41.17% of bacterial isolates were sensitive to
ciprofloxacin since it inhibits bacterial DNA gyrase,
preventing supercoiling of DNA, which is required for
chromosome compaction into the bacterial cell.

Cephalexin, one of the first-generation cephalosporins, was
investigated in the current findings, in which 100% of the
isolates were cephalexin-resistant. Ceftriaxone, one of the
third-generation cephalosporins, was investigated in the
current findings, in which 100% of the isolates were
ceftriaxone-resistant. Resistance mechanisms, particularly the
synthesis of large-scale beta-lactamase and other enzymes,
may play a role in resistance to first-generation cephalosporins
[28].

Citrobacter freundii isolates were tested as resistant to the
class aminoglycoside Tobramycin (100%) and Amikacin
(100%). Gentamicin's mode of action has long been assumed
to involve the irreversible binding of the aminoglycoside to the
30S component of the bacterial ribosome. Inhibiting bacterial
protein production [29].
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of freedom, MS: Mean square.

Antibiotic resistance is a global problem. The C. freundii
isolates in this study demonstrated resistance to multiple
antibiotics. C. freundii is a major bacterial pathogen
contributing significantly to hospital-acquired infections, a
serious problem requiring urgent attention [14]. The
significant prevalence of multidrug-resistant biofilm-forming
organisms in our healthcare facility indicates a potential threat
in our region. Therefore, regular monitoring of biofilms and
antibiotic resistance among bacteria in clinical laboratories is
recommended, along with the strict application of infection
control and prevention measures.

This result is consistent with research [30], which stated that
leech saliva extract had an inhibitory influence on some of the
laboratory bacteria in its study. This result contradicts the
report [31], and this may be attributed to the low concentration
of bioactive molecules in the extract.

Leech saliva extracts demonstrated antibacterial activity
against the microorganisms used in our study. Two studies [32,
33] explained that, like antimicrobial proteins and peptides, 4-
bromobutyric acid, 6,17-octadine-1-o0l acetate, and octadro-
1,4,9,9-tetramethyl contribute to the efficacy of the leech
saliva extract. The bioactive substances in the silver-treated
leech saliva extract matrix may inhibit microbial growth by
interacting with the thiol group in certain enzymes or
respiratory enzymes, causing cell death or removal of reactive
oxygen species that attack or accumulate within microbial
cells. Medicinal leeches are reported to secrete saliva
comprising approximately 60 diverse proteins [33, 34]. Leech
secretions serve a variety of purposes beneficial to the leech
during feeding, including increasing blood flow to the affected
region. Many of these concealed proteins act as anticoagulants
(such as hirudin), platelet accumulation inhibitors (commonly
aperase, collagenase, and calin), vasodilators, and protease
inhibitors [35]. In classical medicine, it was employed to treat
many diseases, including middle ear infections, arthritis,
inflammation of burns and wounds, and diabetic foot injuries.
From the above results, it can be concluded that Citrobacter
freundii clinical isolates was appearance MDR-phenotype and
premium ability to produce biofilm, and clinical Citrobacter
freundii isolates exhibited high resistance to commonly used
antimicrobials. The TCPM is more sensitive than the CRA and
TM in diagnosing Citrobacter freundii biofilm-producing
strains. The CRAM is preferred as a complementary test due
to its higher specificity compared to TCP. All three methods
have proven effective in detecting biofilm-producing
Citrobacter freundii isolates, and the three traditional tests
confidently detected biofilm-producing isolates due to their
appropriate sensitivity and specificity. This study showed a
high prevalence of C. freundii isolates producing broad-
spectrum beta-lactamase enzymes, as 10 (58.8%) of 17 C.
freundii isolates were positive for producing broad-spectrum
beta-lactamase enzymes by phenotypic detection, and the
molecular investigation resulted in the presence of the
blaCTX-M gene in 10 (58.8%) of 17 C. freundii strains. Also,
Hirudo medicinalis extract shows high activity in preventing
the formation of biofilm by Citrobacter freundii isolates.



This study is able to manage the treatment failure of
antimicrobial drugs and avoid persistent and chronic infections
by using Hirudo medicinalis extract as an alternative
treatment.

5. CONCLUSIONS

1.

2.

Citrobacter freundii clinical isolates appear to have an
MDR phenotype and a high ability to produce biofilm.
Clinical Citrobacter freundii isolates show high
resistance to often-used antimicrobials

The TCPM is more sensitive than the CRA and the T
method in diagnosing Citrobacter freundii biofilm-
producing strains. The CRA method is preferred as a
complementary test due to its higher specificity
compared to TCP. All three methods have proven
effective in detecting biofilm-producing Citrobacter
freundii isolates, and the three traditional tests
confidently detect biofilm-producing strains due to their
appropriate sensitivity and specificity.

Partially purified hirudin from Hirudo medicinalis shows
high activity to prevent the formation of biofilm by
Citrobacter freundii isolates.

This study is able to manage the treatment failure of
antimicrobial drugs and avoid persistent and chronic
infections by using Hirudo medicinalis extract as an
alternative treatment.

Partially purified hirudin showed a clear ability to inhibit
biofilm formation in MDR Citrobacter freundii isolates
isolated from burn and wound infections. The observed
activity indicates that hirudin may have value in the
control of biofilm-associated infections caused by
antibiotic-resistant bacteria. However, additional studies
involving animal models and toxicity testing are needed
before its clinical use can be considered.
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