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Abstract

Skin and soft tissue infections are the most prevalent and frequent form of Methicillin-resistant
Staphylococcus aureus (MRSA) infections. MRSA is characterized by resistance to most R-lactam
antibiotics. It can cause various infections including endocarditis, supportive pneumonia, and
osteomyelitis. This study evaluates lincomycin activity against infection models induced by
MERSA in induced neutropenic mice. The bacterium was isolated from one hundred and fifty
samples of infected dog ears' exudate discharge from different locations in Baghdad governorate,
Irag during the period from October 2021 to march 2022, isolate achieved a probability of 99%
belonging to Staphylococcus aureus by VITEK® 2 system identification The isolates showed high
rate  (75%) sensitive to Lincomycin, Mice rendered neutropenic by a total dose of
cyclophosphamide 250 mg/kg intraperitoneal injections , Induction of Skin infection model by
utilizing of a certified S. aureus isolate and assessing the incidence of infection through the
development of clinical signs, inflammatory cell counting and counting of the recovered bacterial
colonies. The treatment with Lincomycin (22mg/kg g 12 hrs.) orally was started immediately after
diagnosis of the infection, and the bacteriological cure was assessed every 48 hrs. Lincomycin
showed effective and satisfactory results within one week of treatment.
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Introduction aureus is owing to the widespread and random
use of antibiotics leading to the production of
B-lactamase that inactivated the [-lactam,
additional mutations in target protein-coding
genes, as well as the acquisition and
accumulation  of  antibiotic  resistance-
conferring genes. (Santajit & Indrawattana ,
2016). S. aureus are classified as nosocomial or
community, depending on the source of
infection (Rasheed et al., 2014, Khan et al.,
2016).The most prevalent type of S. aureus
infection is a skin infection like Small benign

S. aureus is both a frequent and commensal
bacterium that leading cause of skin and soft
tissue infections  (SSTI), endocarditis,
bacteremia, and osteomyelitis (Kazimoto et al.,
2018; Najwan et al.,2020).Staphylococcus
aureus is a Gram-positive, non-motile, non-
spore former; some strains are capsulated
(Elhawy, 2021; Schmidt et al., 2015). Certain
strains of Staphylococcus aureus are resistant to
methicillin, which has been identified as
MRSA and the creation of resistant strains of S.
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boils, impetigo, folliculitis, cellulitis, and more
serious, invasive soft-tissue infections are just
a few examples of how this may present
(Ghalehnoo, 2018; Kazimoto et al., 2018;
Najwan et al., 2020). Burned patient are more
susceptible to S. aureus infection because of
their compromised immune system causing
invasive types of infection (Anne et al., 2017).
Pyoderma is a major clinical skin problem in
dogs that is frequently caused by the
administration of inappropriate antibiotics or
inadequate antibiotic treatment (Sudhakara et
al., 2014). Staphylococcus aureus is the most
common pathogen found in surgical site
infections, cutaneous abscesses, and purulent
cellulitis, and it causes a wide range of SSTIs
(Ibrahim et al., 2018; Malachowa et al., 2013;
Malachowa et al., 2019), ranging from the
benign (e.g., impetigo and simple cellulitis) to
the potentially fatal (Tong et al., 2015). Skin
and soft-tissue infections (SSTIs) refer to a
group of pathological disorders that affect the
skin and the underlying subcutaneous tissue,
fascia, or muscle and can range from basic
superficial infections to severe necrotizing soft-
tissue infections (NSTIs) (Duane et al., 2021).
MRSA strains have developed resistance to all
beta-lactam antibiotics, including penicillin's
(Santajit & Indrawattana, 2016). To cope with
these multi-drug resistance problems, several
anti-staphylococcal drugs such as Lincomycin,
vancomycin  linezolid, tedizolid, and
daptomycin have been approved for treating the
life-threatening infections caused by multi-
drug-resistant S. aureus (Chen et al., 2020).
Lincomycin was approved by the FDA on
December 1964 and indicated for the treatment
of serious bacterial infections caused by
susceptible strains of streptococci,
pneumococci, and staphylococci in patients
who are allergic to penicillins or for situations
in which penicillin is deemed inappropriate
(Bottalico et al., 2022).

MATERIALS AND METHODS

Isolation and identification of S. aureus

One hundred and fifty dogs' ear swabs from
October 2021 to December 2021, were
obtained from various parts of Baghdad city
included Baghdad veterinary hospital and
private clinics, and the samples were cultured
on a selected medium for 24 hours at 37°C
before being suspected. Staph colonies were
cultivated on blood agar for 24 to 48 hours at
37°C, and their morphology was assessed by
shape, size, color, and microscopic inspection
with gram stain (Prescott & Harley, (2002).
VITEK®2 Compact (Biomerieux, USA) was
used as an automated system as procedure for
identifying Staphylococcus aureus isolates
(Pincus, 2006).

Determination of antimicrobial susceptibility

Antimicrobial  susceptibility determination
carried out according to Kirby-Bauer

technique (Sachse et al., 2010) which is used to
conduct the antimicrobial susceptibility test for
11 different antibiotics discs were chosen as
examples of the main kinds of antibiotics used
to treat S. aureus infections, the inhibitory
zones of antibiotics measured by millimeter
unite which demonstrated whether an isolate
was considered to be sensitive, intermediate, or
resistant to certain antibiotics CLS1 (2020).

Bacterial inoculation preparation

S. aureus isolates were stored in a frozen
glycerol stock and inoculated in a flask-to-
medium volume ratio of 5:1 to Trypticase Soy
Broth (TSB) media. Bacteria should be grown
at 37 °C with rotational shaking (225 rpm),
Incubate bacteria in new TSB medium (1:200
dilution) at 37 °C with rotating shaking (225
rpm). Wash bacteria by dissolving pellets in an
equivalent volume of PBS (phosphate buffered
saline) and centrifuging for 10 minutes. Re-
suspend the bacteria in sterile PBS until a final
concentration of 1 x10 7 colony-forming units
CFU/ML is reached, then transfer the bacterial
suspension to septum vials and stores them on
ice until injection (lbrahim et al., 2018).
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Induction of skin infection

The mice used in the study were shaved at the
infection site, typically the right and/or left
flank, by pinching the skin around the prepared
infection site, and inoculated subcutaneously
with 0.1 mL of 1 x 10 7 live S. aureus or sterile
saline. Keep mice in individual cages under
observation until reading the results
(Malachowa, et al., 2019).

Drug preparation

Fresh solution prepared by dissolving one
capsule (500 mg /cap) of Lincomycin in 500 ml
of distilled water to prepare the dose (22
mg/kg) the weight of experiment mice (35mg)
so each mouse was dosed with 0.77ml/mice
twice daily for 5-7 day (Rozalska & Wadstrém,
(1993).

RESULTS AND DISCUSSION

The findings of the study were showed a
significant reduction in values of leukocytes
and neutrophils in mice after induction of
neutropenia (2480 + 95.22 and 43 % 7.95,
respectively) when compared to those of mice
before induction of neutropenia (4680 + 112.3
and 749 + 46.65, respectively), (Table 1),
Figure 2. These results are comparable to other
results conducted before (Huyan et al., 2011)
which  proved the effect of several
concentrations of cyclophosphamide on WBC
count in tested mice. Another broach proved
the decrease of total Leukocytes and
Neutrophils in mice following I.P. injection of
150 and 100 mg/kg of cyclophosphamide on
days (1st and 4th) respectively (Gudmundsson
& Erlendsdottir (1999). Animals are frequently
made neutropenia with cytotoxic drugs like
cyclophosphamide in order to evaluate in vivo
the intrinsic action of antibiotics without the
interference of the immune system (Zuluaga et
al., 2006).

Determination of Interleukin 6

Regarding skin infection models, the findings
of mice before experimental infection (15.86+
0.92) and after treatment with lincomycin
(16.42+ 0.29) were differed insignificantly
(P10.05) in their values; however, values of
both groups were significantly (P10.05) higher
than those observed in mice of during
experimental infection (38.21+ 0.60 (Table 2),
Figure (4).

Table 1. Numbers of Leukocytes and
Neutrophils before and after induction of
neutropenia by cyclophosphamide in mice.

Before After
Marker induction _Of induction gf
neutropenia  neutropenia
(Cell/mm?3) (Cell/mm?3)
4680 + 112.3 2480 +£95.22
Leukocytes A B
Neutrophils 749 iA46.65 43 187.95

Sample size = 10 mice difference in letters
denote to significant difference between groups
(p = 0.05) using of the Paired t-test

Figure 2. No. of Leukocytes and Neutrophils
before and after injection of
cyclophosphamide.

6000+ 10004

800

2 4000+
) v GUO-

e

% 2000
]

» [4
3

004

0- T 0+
Before After

fe Aftr
induction induction Before

induction induction

In this study, Interleukin 6 levels were elevated
during the first two days following bacterial
inoculation. Previous research has linked
Interleukin 6 production to the severity of the
infectious process (Rozalska & Wadstrom,
(1993); Molne et al., 2000). Another research
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showed the invasion of S. aureus to epithelium
in nasal polyposis capable to induce IL-6
synthesis in vitro (Wang et al., 2014).

Table 2. Concentration of interlukin-6
(pg/ml)  during different periods of
experimental infection.
Infecti Before During After
on experimen experimen treatmen
model tal tal t with
infection infection  Lincomy
cin
Skin 15.86+ 38.21+ 16.42+
0.92 0.60 0.29
A B A

Sample size = 5 mice Difference in letters
denote to significant difference between groups
(p = 0.05) using of ANOVA (one-way)

It's worth noting that IL-6 is a multifunctional
pro-inflammatory cytokine that is an important

inflammatory mediator released in response to
many different types of infections. In previous
studies, the expression of IL-6 was increased in
S. aureus infections (Yang et al., 2019).

Figure 3. Interlukin-6 value in skin infection
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Table 3. Number of bacterial colonies (cfu/ml) during different periods of treatment with

Lincomycin.
Infection Time (Hour)
model 0 48 96 144 192 24
0
Skin (55.6+  (42+3.74)x (33.6£269) (17.4+1.69) (1.96+027) 0=
(cfu/m) 3.6) x 102 102 x 102 x 10? x 10? 0*
A B BC C D D

(*) There are no bacterial colonies below 30 cfu/ml

Sample size = 5 mice Difference in letters denote to significant difference between groups

(p10.05) using of ANOVA (one-way)

Figure 4. Show the bacterial counting of skin
infection during 10 days of treatment.
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The findings of skin infection model showed
that the higher significant (P(10.05) value for
the number of bacterial colonies was identified
at 0 hour (55.6 £ 3.6) [1 102], while the lowered
values were seen at 192 [(1.96 £ 0.27) [J 102]
and 240 [0 = 0] hours when compared to other
times; 48 hours [(42 + 3.74) [1 102], 96 hours
[(33.6 £ 2.69) [1 102], and 144 hours [(17.4 £
1.69) [J 102]. The results disclosed a clear
variation in the number of bacterial colonies,
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over the course of the 10-days treatment period.
From the aforementioned, this study
demonstrates unequivocally the effect of
lincomycin on the methicillin-resistant S.
aureus  pathogen and  reveals  the
pharmacological efficacy of lincomycin in the
skin infection model, The satisfactory results of
this study were obtained due to the optimal use
of this antibiotic through the use of a sensitivity
test according to VITEK® 2 system (Bemer et
al., 2005) which showed the active efficacy of
lincomycin toward S. aureus pathogen and
considered an expert system for biological
validation of susceptibility results and
therapeutic interpretation provides also
estimation of MIC method was used to
determine the activity of lincomycin
concentration (4 pg/mL) against isolates (asper
NCCLS guidelines) (De Oliveira,2000). Many
researches have suggested the effectiveness of
lincomycin in the treatment of S. aureus MRSA
due to mechanism of action, which inhibits
microbial protein synthesis (Spizek & Rezanka,
2017).

CONCLUSION

1. Methicillin-resistant ~ Staphylococcus
aureus (MRSA) is the most prevalent cause of
skin and soft tissue infections.

2. The practical application of skin
infection revealed the efficacy of lincomycin as
the optimum antibacterial agent against
methicillin- resistant Staphylococcus aureus
infections.
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