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Abstract

Large concentration of antibiotics is excreted through faces and urine of patient and reaches liquid wastes and
act as selective pressure on hospital microflora and development of antibiotic resistant pathogens. Therefore, this
seminar review paper aims to exploit the contribution of wastewater as a source of drug resistance pathogens.
The literature was searched by different electronic databases like Google Scholar and PubMed and then reviewed
systematically get valuable conculusion from recent article. This review may help to appraise hospital wastewater

manegment system in Ethiopia.
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INTRODUCTION

Wastewater is used water of the community. It is an
ideal media for microorganisms and carries the resistant
gene into the sewage system [1-3]. Large amount of
antibiotics are daily used for patient care and control
of infection in hospitals. Large concentration of these
antibiotics is excreted through faces and urine of patient
and reaches liquid wastes. Therefore, wastewater from
hospitals contains resistant gene and antibiotic residues
that inhibit the growth of susceptible microorganism
through selection pressure [4,5]. Resistant bacteria in
the environment carry transmissible gene, by acting as
a vector or reservoir of resistant gene [6-9]. There are
also the most dangerous micro-organism contaminants
for human health, and wastewaters are one of the most
serious pollutants discharging to the environment [9,10].
The multidrug resistance pattern seen in microbial isolates
from hospital wastewater include most of the antibiotics
used presently. Therfore the problem is the transfer of
this resistance to pathogenic microorganism to lead
currently available antibiotics to be vain [11]. Improper
antibiotic usage, ineffective infection control program
and lack of better management of hospital wastewater
is the main factor for dissemination of antimicrobial
resistance gene in the environment in developing
countries like Ethiopia. To limit its public health impact,
critical evaluation, treatment and periodic assessment of

hospital wastewater released to receiving environment is
mandatory. Therefore this review paper aimed to exploit
the roll of hospital wastewater as source of emerging
drug resistance pathogens in the environment.

MATERIALS AND METHODS

The literatures were searched in different electronic
data base like Pub Med, Google scholars and research
gate based on the key terms like hospital wastewater
and drug resistance pathogens in the environment.
Studies published on different reputable journals and
emphasizing for objective of this study were reviewed
and sumerized systematically. Articles written in English
language, published recently and having full length forms
were included.

DISSCUSION

Hospital Wastewater

Hospitals are an essential asset of population and waste
production is usual outcome from its service delivery.
Hospital wastewater contains harmful pollutant and
generated from all activities of the hospital as medical
and non medical activities [12]. Disinfectants and drug
components like active substances, formulation adjuvant,
pigments, dyes and used drugs are excreteed by the
patients and get into wastewater after use. The different
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substances, which are not biodegradable, may finally
enter surface water from wastewater treatment plant
effluents and enter groundwater after the application of
sewage sludge as fertilizers [13]. If hospital wastewater
not managed properly, disposal of infectious wastes and
equipment decrease the quality of water [14].

Treatment Methods for Hospital Wastewater

Formerly, the objective of wastewater treatment was
about environmental issue. Then after, reduction
of Biological Oxygens Demand (BOD), pathogenic
microorganism and suspended solids got attentions. At
present the strategies is changed to reduce multidrug
resistant pathogens [15,16]. There are different methods
of wastewater treatment like activated sludge treatment
and oxidation ditch, membrane bioreactor, convectional
activated sludge, integrated anaerobic-aerobic fixed-
film reactor and wastewater stabilization pond. Those
methods are different in removal efficiency of pathogens.
For example, activated sludge treatment and oxidation
ditch are less effective in eliminating bacteria and
parasites from hospital effluent. Study conducted in
Thailand showed microbial contamination of treated
wastewater is exceeded standard levels of total coliforms
and fecal coliforms were found in 5.6% and 20.8% of
samples in 8.3% and 41.7% of hospitals, respectively.
Pathogenic bacteria: Vibrio and Salmonella spp. were
found in 3.1% of samples and in 12.5% of hospitals [17].
However, Membrane Bioreactor (MBR) may play a key
role in hospital wastewater treatment because of the
high removal of bacteria. Pauwels and verstraete showed
Enterococci were decreased below the detection limit in
the MBR and indicator organisms such as fecal coliforms
were decreased for 1.4 log units in the convectional
activated sludge system compared to a 3.6 log removal
in the MBR [11].

Waste Stabilization Ponds for the Treatment of
Hospital Wastewater

Waste treatment plant (Stablization pond) is still effective
conventional biological/bio-chemical methods of sewage
treatment in resource limited countries [18]. Facultative
and maturation pond remove bacteria in various
mechanism; Time (retention time as pathogen attenuation
occurs over time), Temperature (faecal bacteria die off
increases with temperature), High pH (>9), High light
intensity plus high dissolved oxygen concentration [19].

Waste stabilization ponds can attain a 99.9% faecal
coliform reduction, and 100% removal of helminths, thus
facilitating the recovery of the wastewater for agriculture
in both restricted and unrestricted irrigation. The greatest
pathogen reductions occur during the warm months
during irrigation season. During these times, effluent
standards that meet unrestricted irrigation are easily
attained [20, 21]. However, different studies revealed
that certain resistant bacteria pass the treatment plant.
Study conducted in Southeast Queensland, Australia
indicates certain strain of Staphylococcus aureus and
Escherchia coli can survive the path of treatment process
until the inletincluding chlorination [22]. The same
study conducted in South Ethiopia showed microbial
contamination of treated wastewater (total ciliform, faecal
coliform and E. coli count) exceeds WHO standard levels;
Shigella spp and Salmonella spp were also isolated from
wastewater treatment plant outlet samples as shown in
Figure 1 [3].

Coliform and Multi-Drug Resistant Pathogens

In hospital wastewater bacteria become resistant to a
specific antibiotic by transfer of genes encoding for the
resistance being transferred vertically to the bacteria's
offspring or horizontally and become a source of acquired
resistance against antibiotics with at least a factor of 2-10
times higher than domestic wastewater [11,23]. Previous
studies indicated that hospital wastewater is a huge
source of drug-resistant pathogens in the environment.
For example Study conducted from European region
showed hospital effluents had 1.5% MDR (Multi Drug

Figure 1. Improperly functioned treatment plant/oxidation ponds. (Source: Image from Ethiopia)




Resistant) bacteria population [24]. In study conducted by
Danish environmental protection agency, three multiple-
resistant strains (Acinetobacter johnsonii, Escherichia coli
and Citrobacter freundii) isolated from treated hospital
sewage were investigated for their ability to survive in
natural waters and retain antibiotic resistance [25].
Study conducted in Belgium to compare the antimicrobial
tolerance of oxytetracycline resistant heterotrophic
bacteria from hospital sewage and freshwater fish farm
water also showed similar findings [26]. Study conducted
in India showed that presence of MDR bacteria in hospital
samples ranged from 0.26% to 40%, which is alarmingly
high that could pose a serious problem for the community.
Simultaneous resistance for ampicillin, amoxicillin-
clavulinic acid, piperacillin, second and third generation
cephalosporin, cotrimoxazole, gentamycin, netilmycin and
quinolones formed the common MDR pattern. The pattern
was almost is almost the same for E. coli, Klebsiella,
Enterobacter, Citrobacter and Pseudomonas and strongly
suggests prevalence of similar R-plasmids [27,28]. Study
conducted in Ethiopia, Gondar, also showed multiple drug
resistance bacteria to the commonly used antibiotics is
high in the hospital wastewater [29]. Previous studies
indicated that coliform counts were also found to be high
in hospital wastewater. Study conducted in Buenos Aires
city hospital wastewater reveals bacterial counts ranged
between 1x102 CFU to 1x10% CFU/100 mL for coliforms;
1 to 4.8x10°CFU/100 mL for E. coli and 44 to 1.5x10°
CFU/100 mL for Enterococci. The proportion of enteric
group varied from 58% to 75% of the total bacteria [7].
The sludge from hospital waste treatment facilities is
also a potential source of infectious organisms. In a study
by Tsai et al. [30], it was found that 1.4x108, 3.6x10°5,
1.6x10% and 5.5x10* cfu/g (dry weight of sludge) for
total coliforms, faecal coliforms, faecal streptococci and
salmonella spp, respectively, Salmonella species were
detected in 37% of sludge from hospital wastewaters.
Hospital wastewater enterococci count of 10° cfu per
100 ml was identified between countries. Most of the
enterococci strains isolated belonged to the Enterococcus
faecalis or Enterococcus faeciium together representing
more than 60% of the entrococcal population [24].

Contribution of Hospital Wastewater in Transferring
Drug Resistance

Microorganisms can settle in to a wide range of
environmental, physical and chemical conditions, and
become resistant to antibiotics used due to inadequate
cleansing, incorrect product use or ineffective infection
control practices [31]. Common resistance mechanisms
among bacteria include; enzymatic inactivation, mutations
in target sites, efflux pumps and intrinsic resistance [32-34].

Antibiotics used in hospitals for patient treatment are
partially metabolized and excreted through fecesand urine.
Residual quantities of these products reach in hospital
wastewaters making bacteria resistant to a wide range of
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biocides [15]. Antimicrobial excretion in combination with
high microbial biomass and an abundance of nutrients
makes wastewater a potential habitat for horizontal gene
transfer and selection of antimicrobial resistant bacteria
[35]. Specially, selection of resistant organisms can be
expected in a hospital environment where drugs are used
on a large scale [36]. This is the route by which resistance
genes are introduced in natural bacterial ecosystems
[37]. In such systems, non pathogenic bacteria could
serve as a reservoir of resistance genes and platforms
[38]. Antimicrobial resistance may spread in drinking
and recreational water and become reservoir of clinical
resistance genes, but also as a medium for spread and
evolution of resistance genes and their vectors [38,39].
Opportunistic pathogens may become resistant upon
acquiring resistant gene. Antibiotic resistance among
environmental bacteria has led to consider as emerging
pollutants [32], [40,41] and have a special property
compared to other contaminants due to their ability to
amplify, spread and persisting in the environment [41].
The presence of MDR in the environment is a major public
health treat since it can infect humans and animals via
contaminated food and drinking water, or directly from
the environment [42]. Antibiotic resistance presents in
bacteria which are not considered primary pathogens
also, a threat to public health due to possibilities of
transmittance of resistance to other microorganisms,
especially human pathogens [43].

Common Disease Transmitting through Hospital
Wastewater

Scientists believe there may be hundreds of disease
causing organisms present in sewage and wastewater that
have yetto be identified [45]. Therefore, health care wastes
cause greater threat than from normal disease [44,45].
Several studies have evaluated the microbiological
content of hospital and household waste and found
that general hospital waste contains microorganisms
with pathogenic potentials for humans comparable to
household waste. Bacillus spp, Staphylococcus spp
and Streptococcus species are bacteria frequently
encountered in hospital wastewater, varying between 5%
and 10%, Escherichia coli, Pseudomonas aeruginosa has
also been reported along with varying numbers of other
nosocomial pathogens such as Klebsiella, Proteus and
Enterobacter spp [46]. Most of these microorganisms
have also been reported to be resistant to the commonly
used antibiotics and as such have led to the outbreak of
several diseases and infections [9]. Hospital wastewater
can contain high concentrations of pathogens, especially
in countries where diarrhoeal diseases and intestinal
parasites are prevalent [47]. Therefore, if the wastewater
is not properly treated, concentrated forms of infectious
agents and antibiotic resistant microbes are shed into
communities resulting in water borne diseases as shown
in Figure 2 [48-50].
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Figure 2. Hospital wastewater discharged to the open field. (Source: Image from Ethiopia)

CONCLUSION

The widespread emergence of drug-resistance among
pathogens has become one of the most serious challenges
worldwide. Hospital wastewater contains diverse group
of disease causing organism and play a major role in
the dissemination of drug resistant pathogens in the
environment to become emerging pollutants through
developing the property of amplifying, spreeding and
persisting in the environment. These conditions become
major public health problem especially in developing
country since it can infect humans and animals via
contaminated food and drinking water, or directly from
the environment. Therefore, reduction of selective
pressure by regulating the use of antibiotics is a key
step to undermine the spread of resistance in hospital
wastewater in order not to favored resistant strains in the
environment. Proper manegment of hospital wastewater
should be also practiced in every health institution inorder
of reduce the problem.
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