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The problem of hospital effluent discharges is increasingly important, as the drug-
induced anthropization of hospital wastewater favors the emergence and
dissemination in the environment of antibiotic-resistant microorganisms. The
present study is part of the characterization of the multi-resistance to antibiotics of
Staphylococcus spp. isolated from the effluents of a health establishment. For this
purpose, 30 samples of wastewater were collected from the dialysis machines in
the nephrology department of the Public Hospital Establishment of Telagh.
Isolation is performed on Chapman medium and identification of the strains is
performed by the API Staph gallery. The isolated strains were subjected to a
standard antibiogram according to the recommendations of the Institute of Clinical
and Laboratory Standards for different families of antibiotics (B-lactams,
aminoglycosides, fluoroquinolones, and sulfonamides). Biochemical identification
showed that our isolates were non-S. aureus strains, normally considered
coagulase-negative, were found to be coagulase positive. Our results indicated that
there is a passage of multidrug-resistant staphylococci in the environment, which
requires periodic monitoring of staphylococci resistance to antimicrobials to
control their spread.

© KESS All rights reserved

INTRODUCTION

Water is an essential natural resource on earth, a

Healthcare facilities generate liquid waste that is
reservoir of  potentially  dangerous

both for human survival and health. In addition,
it presents a benefit for agricultural, industrial
and tourist activities [l Nowadays, aquatic
environments deserve special attention, given
that they are highly altered and seriously
threatened by anthropogenic activities [2. Many
studies have shown the role of the environment
as a source or reservoir of antibiotic-resistant
bacteria and antibiotic residues that contribute
to the selection of multi-resistant germs Bl In
this context, the problem of hospital effluent
discharges is increasingly important. The latter
produce large volumes of liquid effluents 1. For
each patient, the hospital consumes about one
cubic meter of water, depending on the type of
activity.
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microorganisms such as Staphylococcus, and
hospital effluents are 5 to 15 times more ecotoxic
than urban effluents B, Nevertheless, the vast
majority of hospitals do not have a system of
treatment and purification of liquid effluents,
which in most cases are discharged into the
environment and large lakes [6l. As the
anthropization of waste water by drugs, favors
the emergence and diffusion in the environment
of antibiotic-resistant microorganisms. The
present study is part of the characterization of
multiresistant antibiotics, of Staphylococcus spp
isolated from the effluents of a health care
facility. Our objective is to evaluate, for the first
time to our knowledge, the bacteriological
quality of the effluents of the Public Hospital
Establishment (EPH) of the city of Telagh, by the
determination of the degree of pollution of these
effluents by the Staphylococci multi-resistant to
antibiotics.
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MATERIALS AND METHODS

Nature of the Samples

We took the sample at the nephrology and
hemodialysis department at the EPH of Telaghof
the liquid waste of the generators of the dialysis
machines. The collection was in conditions that
avoid any accidental microbial contamination [71.
For each collection point, the valve was opened,
and the water was allowed to flow for 2 minutes
before taking the sample. The collected sample
was taken to the laboratory the same day in a
glacier for analysis.

Bacteriological Analysis

The methods used in the search and
identification of germs present in the liquid
waste of the dialysis machine are routine
methods described by Bl Isolation is performed
on the BHI medium, from the liquid waste of the
dialysis machine. Incubation is performed at
37°C for 24 hours. After a morphological reading,
the different suspected colonies are re-isolated
on the Chapman medium to obtain pure cultures.
A first orientation was performed after
verification of the absence of contamination by
Gram staining and catalase and oxidase tests. The
identification of the genus is performed by the
appearance of colonies on agar and mannitol
fermentation on Chapman medium. The
Staphylococci thus appear as cockles, Gram + and
catalase+. The presumptive colonies were
confirmed by biochemical characterization using
the Bio Merieux API-20-Staph system [9l. After
the phenotypic identification of the strains,
different virulence factors were searched,
namely free coagulase, and deoxyribonuclease
(Dnase) [19. The latex agglutination test on the
card for the search for clumping factor, protein A
and capsular polysaccharides of S. aureus was
used by the Staphytect Plus kit (Oxoid,
Basingstoke, United Kingdom) 111

Antibiotic Susceptibility Testing: Diffusion
Antibiogram Method

Agar diffusion susceptibility testing consists of
depositing disks impregnated with a known
concentration of antibiotics on an agar plate
inoculated with the bacteria to be tested [12. The
susceptibility test is a tool to assist in antibiotic
policy through its results; it collects data on good
practices in the use of antibiotics and identifies
the global or specific ecology of populations [131.
Susceptibility testing was performed by disc
(Bio-Rad, France) and judged by the Clinical and
Laboratory Standards Institute [141.

Staphylococcus spp. strains were inspected for
their susceptibility behavior against various
antimicrobial agents used in veterinary and
human medical practices. The antibiotics tested
were Penicillin G (PG-10 IU), Amoxicillin +
clavulanic acid (AMC- 20/10 pg), Oxacillin (0X- 1
ug), Cefoxitin (Fox-30 pg), Erythromycin (E-15
ug), Neomycin (N- 30 pg). Enrofloxacin (ENR-5
ug), Trimethoprim + sulfamethoxazole (SXT-
1.25 / 23.75 pg), Tetracycline (Te -30 pg),
Vancomycin (VA-30 pg), Bacitracin (Ba-130 pg),
Clindamycin (Cm-2 pg). The following reference
strains were used for quality control of each
antibiogram: Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa ATCC 27853, and
Escherichia coli ATCC 25922.

Investigation of Biofilm Production by the
Congo Red Agar Method:

Congo Red Agar is a very suitable medium for the
detection of slime-producing strains. On this
medium strains expressing PIA (Polysaccharide
Intercellular Adhesion) give black colonies with
rough surfaces against red-colored colonies with
smooth surfaces for PIA negative strains [!5]. The
medium was prepared with 37 g/L BHIB, 50 g/L
sucrose,10g/L agar and 0.8 g/L Congo Red and
autoclaved at 121°C for 15 minutes [16],

RESULTS AND DISCUSSION

Water in hospitals can be contaminated by
numerous multi-resistant bacteria and is a
preferred vector for many bacterial pathologies,
which can lead to infections in fragile or
immune-compromised patients [7l. In the
present study, antibiotics are chosen for the
antibiogram taking into account the most
frequently used drugs in human medicine in
Algeria. This study was conducted to study the
resistance of Staphylococcus spp. strains,
isolated from hospital liquid discharge to 12
antibiotics of different families. Of the 30
samples taken, 09 were positive (bacterial
development), i.e. a rate of 30%, and of a total of
17 strains isolated from 09 samples, 03 met the
macroscopic and microscopic characteristics of
the genus Staphylococcus, i.e. a rate of 18%.

Identification by biochemical galleries revealed
three different biotypes: 7334110:
Staphylococcus cohniisppcohnii, 6204100:
Staphylococcus cohniisppcohnii and 4100112:
Staphylococcus capitis. According to Table 1,
multiple antibiotic resistances were encountered
in 03 strains of the isolated staphylococci.
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Table 1: Multiple antibiotic resistance among
isolated staphylococcal strains

The biotypes Resistant Number of resistant
strains strains compared to the
number of antibiotics
1 2 3 4
7334110 1 X
6204100 1 X
4100112 1 X

In literature, multiple resistance means:
"resistance to more than one antimicrobial

agent”, but no standardized definition for
multidrug resistance has yet been agreed upon
by the medical community [18l. At the end of the
antibiotic resistance tests, the results showed
heterogeneity for all antibiotics, the highest
resistance rates were recorded with Penicillin
(100%) and oxacillin (100%), these results are
very close to those reported by Touzani et al [1
with a resistance rate to penicillin and oxacillin
of 100% and Allioua [*91 who found a resistance
rate to penicillin of 100% (Table 2).

Table 2: Resistance and sensitivity of Staphylococcus strain to different antibiotics.

Antibiotics Tested Code Disc Load Critical Diameters (mm) Biotypes

R I S 7334110 6204100 4100112
Pénicilline PG 10 UI <28 =29 R R R
Amoxicilline+ AMC 20/10 pg <19 =220 S S S
Acide
Clavulanique
Oxacilline (0),4 1ug <10 11-12 213 R R R
S.aureus <17 =218
S.C.N
Céfoxitine** FOX 30 pug <21 222 S S R
Erythromycine E 15 pg <13 14-22 223 I S S
Néomycine N 30 pg <13 14-17 218 S S S
Enrofloxacine ENR 5ug <16 17-22 223 S I S
Triméthoprime+ SXT 1.25/23.75 pg <10 11-15 =16 S S S
Sulfaméthoxazole
Tétracyclines Te 30 g <14 15-18 =19 R S S
Vancomycine** Va 30 g - - =15 S S S
Bacitracine B 130 pg <15 215 S S S
Clindamycine Cm 2ug <14 15-20 =21 [ S S

The diffusion of MRSA in hospitals or community
settings poses a public health problem, requiring
the determination and understanding of the
characteristics of resistance to antibiotics, which
represent one of the essential goals of medical
bacteriology, being able to evolve therapeutic
strategies [20l. The global analysis of resistance of
MRSA to antibiotics confirms the multi-
resistance of these germs that are known for
their ability to resist several other families of
antibiotics [21],

In the present study, two out of three strains of
the Staphylococci isolated from the samples
taken showed a positive phenotype for coagulase
production. The presence of coagulase in the
isolated strains is used to distinguish between
coagulase-positive  staphylococci mainly S.

aureus, as well as S. intermedius, S. hyicus and
coagulase-negative staphylococci [22I. All three
staphylococcal strains isolated reveal a positive
Dnase. DNase-positive microorganisms are
surrounded by clear areas of depolymerized
DNA, while the parts of the medium further away
from the seeding strip are opaque and whitish,
due to the effect of polymerized DNA [23. It is an
important criterion used to distinguish between
pathogenic staphylococci and non-pathogenic
resident flora [24, It has been reported that
coagulase-negative Staphylococci may also have
Dnase activity [25]. In the present study, out of 03
staphylococcal isolates, 03 (100%) were found to
be coagulase-producing strains bound. A positive
result is considered if there is an agglutination of
blue latex particles in less than 20 seconds in the
probable presence of S. aureus. However, other

107



Ahmed Reda Belmamoun et. al. / Indian Journal of Novel Drug Delivery 14(2), Apr-Jun, 2022, 105-110

species such as S. hyricus and S. intermedius can
be coagulase-positive [2¢]. The Staphytect TM Plus
Latex Agglutination Test consists of blue latex
particles, sensitized with fibrinogen and IgG
containing specific antibodies to S. aureus
capsular polysaccharides, that agglutinate within
20 seconds. aureus, agglutinating in the presence
of Clumping Factor (extracellular coagulase)
and/or protein (A) carried by certain
staphylococci (See Fig. 1). Agglutination occurs
mainly in the presence of S. aureus. Nevertheless,
other species such as S. hyricus and S. intermedius
can be coagulase-positive [27].

Figure 1: Staphytect Plus Test Result

Several researchers have studied the strategies
employed by microorganisms to produce
biofilms. They have shown that biofilm-
producing bacteria secrete certain chemicals that
protect them from disinfectants, anti-microbial
agents and host immune systems [28]. Biofilm-
producing bacteria are responsible for many
infections that are difficult to eradicate. They
show resistance to antibiotics, through various
methods such as limited penetration of the
antibiotic into the biofilms [191. The present study
used a qualitative method that is based on the
phenotypic character of strains seeded on Congo
Red medium. The results obtained allowed us to
observe that the 3 strains of Staphylococci
produce a slime and show a positive phenotype
in the medium, by colonies with a black center
and red outline (Fig. 2).

Figure 2: Result of biofilm production on Congo
Red agar

Using Congo Red Agar:

The congo red dye interacts directly with certain
bacterial polysaccharides forming a slime and
resulting in black colonies on CRA medium in
contrast to non-producing colonies [29].
Microorganisms growing in a biofilm are
intrinsically more resistant to antimicrobial
agents than planktonic cells 39, which confirms
the results we obtained before concerning the
tested antibiotics. High concentrations of
antimicrobial agents are necessary to inactivate
them, as the resistance to antibiotics can increase
by 1000 times 31,

CONCLUSION

The results obtained show that the wastewater
from the EPH of Telagh is a reservoir of
pathogenic and multi-resistant Staphylococci.
These bacteria present resistance to two or three
families of antibiotics. The failure to treat these
effluents and the lack of basic sanitation services
may contribute to the establishment of pathways
for the dissemination of these microorganisms
and their resistance genes in the environment,
which requires monitoring hospital effluents and
adopting measures to prevent this
dissemination. In the perspective of this work, it
would be important to enlarge the sample size to
be studied to have a better epidemiological
appreciation and to identify in-depth at the
genetic levels the multiresistance to antibiotics
as virulence factors of the Staphylococcus strains
in the hospital effluents of the Wilaya of Sidi-Bel-
Abbes.
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