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Introduction indicate antibacterial substances, while “antimicro-
bials” or “antimicrobial drugs” are more appropri-

Antibiotics were originally defined as biochemical ate general terms that include all chemotherapeutic

compounds, secreted by microorganisms, which agents used against microorganisms, whether they

inhibit the growth of other microorganisms, such @ Pacteria, fungi or protozoa.

as bacteria, fungi and protozoa [1]. However, the

meaning of the term has expanded to include not In this article, “antibiotic” will include synthetic and

only chemicals of natural origin but also synthet- semi-synthetic antibacterial drugs or naturally oc

ic and semi-synthetic drugs. On the other hand, curring antibacterial compound. The first such com-

“antibiotic’now tends to be used more narrowly to POUNds to be produced on a large-scale and widely
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used were the sulfonamides (developed by Bayer
AG) and sulfanilamide in the 1930s. However, the
era of antibiotics could really be said to have begun
with the mass production of penicillin during World
War Il. Penicillin and its derivatives were the first
drugs to be effective against Streptococcus, Staphy-
lococcus and other bacteria that previously caused
very serious infections. Further research in the 1940s
and 1950s turned up new antibiotics produced by
soil microorganisms, as well as semi-synthetic de-
rivatives of penicillin with broader activity.

There are many uses for antibiotics, the most famil-
iar being their use in medicine. In the last 60 years,
they have become a mainstay of the physician’s
arsenal for fighting bacterial infections in humans,
and deaths from such infections have become much
less common, at least in countries where antibiot-
ics and good health care are available. Recently it
has also been found that antibiotic compounds can
be of great utility in treating severe malnutrition [2-
3]. Less well-known among the general public are
the uses of antibiotic compounds in plant agricul-
ture, in aquaculture, for therapy and prophylaxis in
veterinary medicine, and for growth promotion of
animals, mainly cattle and poultry [4-5].

In the 1940s, it was observed that chickens fed with
food containing tetracycline grew faster than those
with no antibiotic [6]. As a result, many antimicrobial
drugs improve the average daily weight of livestock,
especially cattle. Antibiotics such as bambermycins,
carbadox and bacitracin, are mostly used for growth
promotion and prophylaxis. Other prophylactic an-
timicrobial drugs include B-lactam drugs (penicillins
and cephalosporins), tetracyclines and quinolones.
Tetracycline residues in Oman were found in chicken
[7-8]. These antibiotics are also used widely in hu-
man medicine [6]. Antibiotics also have been used for
treatment of plant diseases since the 1950s [9]. The
excessive use of antibiotics has also been reported in
aquaculture [10]. Nhiem et al. [11] reported antibiotic
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residues in marketed pork in Vietnam. In Indo-China,
antibiotic residues have been found in shrimp ponds,
rivers, canals and other habitats [12].

The use of antibiotics as growth promoters is par-
ticularly significant. It has been suggested that 40%
of the antibiotic production in the United States is
used in stock feeds [13]. However, others report that
the figure may be closer to 80% [14]. Although the
use of antibiotics under the control of veterinary
prescription, farmers still tend to use them inten-
sively, which led to successful poultry industry, but
have caused the emergence of antibiotic resistant
strains.

Nevertheless, awareness of public health associated
with the usage of antibiotics is increasingly on the
rise specifically the emergence of multi-drug resis-
tant strains [7, 15]. Health officials worldwide recog-
nize that the increase in the number of multi-drug
resistant bacteria is a significant problem, particu-
larly with the decline in the number of new antibiot-
ics available for treatment, and the low number of
new antibiotics approved per year.

Antibiotic resistance
and its origins

Whenever antibiotics are used, and especially when
they are misused or overused, bacteria can arise
that are no longer vulnerable to the drugs. This is
termed as antibiotic resistance. Resistance describes
the relative bacterial insusceptibility to a specific
treatment under a particular set of conditions. The
development of bacterial resistance is a natural evo-
lutionary response in the presence of the selective
pressure of antimicrobial drug usage. Under opti-
mal conditions, bacteria multiply very rapidly, with
generation times of minutes to hours. This allows
ample opportunity for spontaneous mutations to
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occur, so in any population of bacteria significant
genetic variation will naturally occur. It is estimated
that a genetic mutation that confers some measure
of resistance, usually to a single antibiotic substance,
arises in a frequency of once in every 1 million to
1 billion cells [16]. When bacteria are exposed to
the drug at a concentration less than what would
be necessary to inhibit the growth of or kill the
entire population, those cells that carry resistance
determinants have a selective advantage in survival
and growth over those that do not. Thus, resistant
bacteria become more predominant by a process of
Darwinian natural selection.

Resistance is a natural phenomenon that is as an-
cient as the antibiotic compounds themselves, hav-
ing developed in antibiotic-producing organisms to
protect them from their own products and evolv-
ing in other originally susceptible organisms that live
in close proximity to the antibiotic-producers, for
example in the soil [6]. In short, resistance deter-
minants exist in nature where, as will be discussed
below, they have the potential to be transferred
horizontally to human pathogens [17]. However,
clearly not all bacteria are resistant to naturally o
curring antibiotics. If they were, compounds such as
penicillin and streptomycin could not have been dis-
covered and put to use against human pathogens.
Those bacteria which are susceptible presumably
never evolved resistance because they were never
exposed to the antibiotics in nature. The same is
obviously true of antimicrobial compounds.

Although some bacteria were exposed to naturally
occurring antibiotics and evolved resistance at early
stages of evolution, since the discovery and exploi-
tation of antibiotics by man began in the 1940s
many more bacteria have been exposed to these
agents. As a result, resistance to both naturally o
curring and synthetic antibiotics has become wide-
spread among many species and strains of bacte-
ria that were previously susceptible. It has become
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much more common to isolate antibiotic resistant
bacteria from patients, from farm animals and from
the environment.

The prevalence of resistance resulted from complex
interactions among antibiotics, microorganisms,
hosts and the environment. However, the main fac-
tor that determines the rate of emergence and the
degree of antibiotic resistance is the presence of the
antibiotics themselves resulting in selection pressure
[18]. Under this selection, the dominant resistant
strains spread widely to animal hosts [6]. Therefore,
the main cause of the emerging antibiotic resistant
bacteria is exposure to antibiotics and how fre-
quently and much the drugs are being used [19]. As
a result of treatment with antibiotics in health care,
antimicrobial resistance can arise in bacteria of the
human body in both pathogenic and normal flora,
for example, their presence in the colon. Physicians
can minimize the emergence of resistance by pre-
scribing antibiotics carefully and prudently, but this
is not always done. In many countries antibacterial
drugs are readily available over the counter (OTC), so
they can be easily obtained by the community and
used improperly. This contributes to the selection
of resistant strains, especially when broad-spectrum
antibiotics are used [20-21]. Antibiotic resistance can
also evolve in animals, where usage of antibiotics
for growth promotion is the most dominant fac
tor contributing to the selection and emergence of
antibioticresistant bacteria [22]. The more frequent
antibiotic used, the more resistance will develop in
both pathogens and normal flora bacteria in the
exposed population of animals [6, 23].

Finally, antibiotic resistance can emerge in the en-
vironment. In nature, resistant bacteria may be se-
lected as a result of exposure to antibiotics pro-
duced by organisms in the soil. However, a much
more significant factor is the selection imposed by
exposure to antimicrobial residues in waste prod-
ucts from human activity. These residues may come
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from treated animals or humans, disposal of unused
drugs, or runoff from agricultural land [24].

Emergence of Multiple
Antibiotic Resistant Bacteria
(MARB)

The use or overuse of antibiotics can lead to the
emergence of antibioticresistant bacteria, especially
when broad-spectrum antibiotics are used. Bacte-
rial resistance to a single antibiotic might appear
to be a minor problem, because so many different
antibiotics are available. However, as the use of an-
tibiotics has become widespread, bacterial strains
that are resistant to multiple antibiotics have be-
come increasingly common. In some cases, patho-
genic bacteria have emerged that are resistant to all,
or almost all, of the currently available antibiotics.
Clearly MARB have serious implications for human
and animal health, and for the environment [23]. If
resistance can make antibiotics useless, it raises the
spectra of a return to the pre-antibiotic age when
medicine was nearly powerless to fight infection.
Bacterial antibiotic resistant infections double the
risk of disease, hospitalization and death compared
to drug-susceptible bacteria [25]. For the first time
a comprehensive global study collected from 114
countries shows a threatening situation of multiple
antibiotic resistant microbes and that the antibiotics
are declining in their efficiency in controlling mi-
crobes [26]. If this situation continues then within few
years, infections which were once easily treatable
will become uncontrollable. MARB could in principle
arise as a result of mutations when a population of
susceptible bacteria is exposed to sub-lethal con-
centrations of two or more antibiotics at the same
time, or when a population that is already resistant
to one antibiotic is exposed to another. However,
a more important route to multiple antibiotic re-
sistance, and the spread of antibiotic resistance in
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general, involves genetic rearrangements and the
horizontal transfer of resistance determinants from
one bacterium to another. Horizontal transfer re-
fers to the transmission (via the bacterial processes
of conjugation, transformation or transduction),
from donors to recipients, of resistance genes
already present in the bacterial world [27]. This
sort of transfer apparently occurs quite commonly
within environmental reservoirs where resistance
genes are generated by mutation, where bacteria
and antimicrobial agents coexist, and where the
bacterial population is high. There is strong evi-
dence for horizontal transfer of resistance genes
between bacteria that cause infections in animals
and those that cause infection in humans [28]. It
was reported that environmental isolates of MARB
could transfer resistance to previously susceptible
normal flora Escherichia coli [29].

Widespread occurrence of
plasmids carrying antibiotic
resistancegenes

Antibiotic resistance in pathogens makes it difficult
to treat human infections efficiently, but nonpatho-
genic antibiotic resistance bacteria are also important
in transmitting resistance genes to other bacteria by
means of transmissible resistance factors (R-factors)
[30]. Research indicates that plasmids, and especially
R-plasmids, are very common in bacteria. In one
of our studies, plasmid DNA analysis of 47 differ-
ent strains of E. coli showed a plasmid occurrence
rate of 100 %. The size of the extracted plasmids
ranged from 1.2 to 54.3 kilobases (kb), while the
number of different sized plasmids per cell ranged
from one to nine. However, some strains resistant
to one antibiotic had more than one plasmid, oth-
ers containing just one or two plasmids were resis-
tant to many antibiotics [31]. Bacteria isolated from
humans with single plasmids carrying resistance to
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a large number of antibiotics were also reported
[32]. These plasmids ranged in size from 4.7 to 10.8
kb. Analysis of 28 Salmonella spp strains showed
that the plasmid DNA in various strains ranged in
size from 3.1 kb to 32 kb. It has been shown that
a similar range of bacterial R-plasmids can be iso-
lated from fish [33]. Plasmid occurrence at a rate of
81.7% was observed in E. coli isolates from chicken
in Malaysia [34]. The maximum number of different
plasmids per cell in this study was eight with sizes
ranging from 1.8 to 180.3 Kb. It was also reported
that 2.8% of the E. coli isolates harbored 8 plasmids
and were resistant to 12 antibiotics [34]. They con-
cluded that E. coli with a higher number of plasmids
possessed wider resistance to antibiotics. However,
it has been observed that E. coli isolates with only
three plasmids were also resistant to 12 antibiotics
[31]. Others found that E. coli drug-resistant isolates
carried plasmids ranged from 1.5 kb to 54 kb in
size, with one to six different sizes in each isolate
[35]. In addition, multiple antibiotic resistant E. coli
isolates harboring 4.3 kb and 23.1 kb plasmids were
observed [36]. In another study, a common 54 kb
plasmid was harbored by 55 % of local isolates of
Enterobacteriaceae from humans and chickens in
Turkey [37], while in Jordan, it was reported that the
54 kb plasmid was common in isolates from leafy
vegetables [38]. Others observed E. coli plasmids
isolated from chicken fecal samples with 21.5 kb
to 27.4 kb [39]. According to Doetkott et al. [40],
56.7% of E. coli isolates from chickens had one
to four plasmids greater than 50 kb in size. These
examples show that plasmids, and particularly R-
plasmids, are commonly observed in environmen-
tal bacterial isolates. They are regularly found not
only in bacteria isolated from humans, but also in
isolates from farm animals, such as chickens. This
suggests that foul may be important reservoirs of
antimicrobial-resistant organisms. The prevalence of
resistance determinants on mobile genetic elements
means that it is possible, indeed likely, that acquired
characteristics will be shared with other bacteria
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[41], which can then spread to other animals, to
humans, and to the environment [42].

Food-Producing animals as
breeding grounds for antibiotic
resistance

Bacterial strains showing resistance to multiple an-
timicrobial drugs are clearly a public health con-
cern and so it is important to understand how and
where they emerge. Bacterial antibiotic resistance
can arise in humans, animals, or the environment,
and is usually associated with excessive, inappropri-
ate and indiscriminate usage of antimicrobials [43].
It was reported that bacterial strains of human ori-
gin were resistant to a larger number of antibiotics
than those from animal, sewage and water sources
[44]. This suggests that excessive or inappropriate
use of antibiotics in human medicine plays a crucial
role in the genesis and persistence of resistant hu-
man pathogens. However, antimicrobials usage in
animals contributes to the emergence of resistant
variants. For example, some investigators reported
the emergence of verocytotoxin-producing E. col,
including E. coli O157:H7 [39]. The use of antibi-
otics for treatment of E. coli O157:H7 in human
infections is not recommended. It is reported that
sub-therapeutic administration levels of antibiotic
to animals is a contributing factor. E. coli O157:H7
resistant isolates present in animal drinking-water
is evidence that the strains spread from one animal
to another [45]. Both humans and animals are ob-
vious breeding grounds for resistant bacteria, but
animals and food-producing animals in particular,
may actually be more important sources. The di-
gestive tracts of animals are the largest reservoirs
of resistance genes. They form an ideal climate for
horizontal gene transfer among both pathogenic
and commensal species, as has been well docu-
mented [18]. Resistance genes in Salmonella spp.



were transferred to E. coli as well as between other
normal intestinal flora [46].

Large amounts of different drugs are used in ani-
mals as growth promoters, as well as for disease
prevention and treatment purposes [14, 43]. These
practices are thought to have caused an increased
frequency of multiple resistance genes in the animal
gut [23]. Enteric bacteria in livestock are exposed
to great selective pressure because in some coun-
tries more than half and by some reports as much
as 80%, of the production of antimicrobial agents
is used as feed additives for food-producing ani-
mals [14]. As a result of extensive antibiotic use and
abuse, Enterobacteriaceae and other normal intesti-
nal flora are the microorganisms most often exposed
to antibiotics and consequently they are the ones
that most commonly develop multiple antibiotic re-
sistance. Antibiotic resistant Gram-negative bacilli
from fecal specimens, especially Enterobacteriace-
ae, have been of particular interest because of the
increasing risk of gastroenteritis caused by strains
carrying R-plasmids. E. coli is the most common
facultative bacterium in the intestinal microbiota of
humans and many animals [47] has been reported
to be a significant reservoir for genes encoding
antimicrobial drug resistance [48]. The widespread
use of various antibiotics as growth promoters and
as treatments for chicken infections has selected
antibioticresistant strains and has made chickens
an important potential source of multiple antibiotic-
resistant bacteria [7]. Since the selection pressure for
antibiotic resistance in bacteria is high in poultry,
their fecal flora contains a relatively high proportion
of resistant bacteria [22]. Numerous studies have
found high levels of antibiotic-resistance among the
intestinal flora of chickens. A normal flora, E. col,
in chicken intestines is always exposed to antibiot-
ics. It is considered the major carrier of resistance
combinations and it is transferable in fecal flora [49].
In Saudi Arabia, E. coli isolated from chickens were
highly resistant to many antibiotics [50]. In a later
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study [21], they reported that 37.4% of strains iso-
lated from chicken were resistant to gentamycin.
They confirmed that gentamycin is heavily used on
chicken farms where it is administered to almost all
three-day-old chicks to treat or prevent infections.
In their study, most Gram-negative organisms were
highly resistant to this drug. Other studies reported
resistance of E. coli to gentamycin [39, 42]. It was
reported that low-dose of tetracycline in poultry
feed affected the chicken intestinal flora. Resistance
developed rapidly under antibiotic pressure and that
resistance to single-drugs eventually becomes mul-
tidrug-resistance. It was also found that the intes-
tinal bacteria of individuals who were exposed to
antimicrobial agents acquired resistance and were
able to spread to other chickens and humans liv-
ing and working on the farm [51]. Chicken isolates
from slaughterhouse in Spain were highly resistant
to many antibiotics [13]. Others reported that E. coli
isolates were multiple resistance to most antibiotics
[42-43, 52-54].

Crowding and sanitation are major factors in the
selection of antimicrobial resistance in bacteria
[22]. These conditions are used extensively in poul-
try farming, which explains the high degree of re-
sistance observed in E. coli of poultry feces cited
above. In Oman, 100% of the isolates from chick-
ens were resistant to antibiotics [42], whereas in an
earlier study samples collected in Oman in 1986,
only 30% of the isolates were multiple resistant to
antibiotics [43]. These results indicate that antibiotic
resistance is increasing rapidly in the poultry indus-
try. Although regulations forbid the use of antibiot-
ics in several countries, antibiotics are still used in
poultry industry.

In summary, the extensive antibiotic usage for
prophylactic and growth promotion purposes has
caused the selection of resistance in both patho-
genic and non-pathogenic bacteria in the animal
gut. Consequently, food-producing animals have
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become important breeding grounds for antibiotic
resistant bacteria. This is a serious concern for two
reasons. First, the presence of resistance makes the
antibiotics less useful for their intended purposes of
prophylaxis and treatment and reduces their eco-
nomic value as growth promoters. Second, these
animals and their wastes have become potential
sources for the spread of these bacteria to the en-
vironment and humans.

Spread of antibiotic resistance
from animals to humans

The mechanisms of MARB spreading from animals
to humans remain somewhat controversial; coloni-
zation of the human intestinal tract with resistant
bacteria from chickens was clearly demonstrated
[47]. At slaughterhouses and poultry farms, both
pathogenic and nonpathogenic strains from domes-
tic animals can spread to humans by eating contam-
inated egg, meat and dairy products of the infected
animals [16, 22, 36, 47, 55, 56, 57].

Infiltration of antibiotics and
antibiotic resistance into the
environment

Resistant bacteria spread to the environment by sev-
eral different routes including treated and untreated
sewage effluents, sludge and agricultural runoff [42,
58-63). Pharmaceuticals can be dispersed by the
same routes and also important for the emergence
and spread of antibiotic resistance in the environ-
ment [64]. The widespread release of disinfectants
and pharmaceutical products related to agricultural,
medical and veterinary practices is believed to be
the main contributors in the emergence of MARB
[5, 63, 65-67]. Many antibiotics are poorly absorbed
in the animal digestive tract, and it is estimated that
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25% to 75% are excreted in feces [23]. However,
antibiotics such as tetracyclineare found in chicken
liver, intestines and kidney, and these antibiotics
find their way into the environment through urine
mixed with chicken manure [8, 68]. Antimicrobial
drugs used for animals enter the environment when
manure is used as organic fertilizer. Since the annual
waste production of waste from livestock is nearly
180 million tons in the United States, this waste is
potentially a significant source of pharmaceuticals
released into the environment. These antibiotics
may end up either in soil, sediment, ground water
or surface water where they may exert significant
selective pressure favoring resistant bacteria [6].

Antibiotic-resistant bacteria can also enter the en-
vironment in runoff from feedlots and fields fertil-
ized with manure. In a study of a pristine river in
the Rocky Mountains, it was reported that certain
resistance genes accumulated downstream and that
they were primarily contributed by animal feeding
operations located upstream and only to a lesser
extent by wastewater treatment facilities [69]. In
Ontario, private wells where manure is commonly
applied on farms are frequently contaminated with
bacteria. Feces contaminated effluents from animal
farms infiltrate wells [70]. In addition, waste from
septic tanks and manure storage sites can seep or
spill into surrounding watersheds and ground water
sources [71]. In West Virginia, it was reported that all
coliforms and nearly all non-coliforms were multiple
resistant to antibiotics [29]. In Oman, treated and
untreated sewage effluents played an important
role in the underground water pollution. In some
contaminated wells E. coli was found to be multiple
resistant to antibiotics, which a clear indication that
contamination was from sewage effluents [72].

Human waste streams can also be an important
source of antibiotics in the environment. Conse-
quently, hospital and municipal wastewater sys-
tems may play an important role in the selection of

7



antibioticresistant bacteria [5, 66-67]. Depending
on their use, pharmaceuticals enter the environment
through different pathways [64]. Compounds used
in medicine and their metabolites are excreted with
feces and urine into sewage. Disposal of surplus
drugs into the sewer system via toilets may also
be a significant source, although it is unknown
to what extent this occurs. Antibiotics have been
clearly detected in wastewater treatment facilities
[73], but they are only partially eliminated during
the sewage-treatment process [60, 65]. Some are
subsequently released via the contaminated effluent
into the aquatic environment [60, 64, 74-77] where,
they are probably slowly transformed by biologi-
cal and physical processes [78]. Resistant bacteria
bred in the human gut can also enter the environ-
ment via sewage. Untreated sewage is the most
hazardous contaminant in the environment due to
its large volume, its human waste component, and
its ability to transmit waterborne diseases including
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viruses, bacterial pathogens and other organisms
that are endemic in the community. In arid hot cli-
mate regions, or where there is a high dependence
on underground potable water, the transmission of
MARB is greatly increase as a result of crack septic
tanks, cesspit and inadequate recycled sewage wa-
ter [61, 72]. Although untreated sewage can obvi-
ously be a source of antibiotic resistant bacteria in
the environment, treated domestic wastewater can
also be a source [59, 72].

The diagram in Figure 1 summarizes the various fac-
tors involved in the genesis and spread of MARB that
have been discussed in this review. It also portrays the
relationships between antibiotic usage, human and
animal infections, and environmental contamination.
As Figure 1 indicates, dispersal of antibiotics, MARB
and other pollutants in the environment, which even-
tually manifested as contamination of ecosystems
and the living organisms that inhabit them.

Bioindicators of
Environmental
Pollution

Biofilm Establishment
and Dissemination of

Terrestrial and
Marine Wildlife

Runoff from Fields
and Feedlots

Bacteria via Distribution
Systems

~

Animal Waste

Survival of Resistant
Bacteria in Sewage

1. Soil and Plant Contamination
2. Surface and Ground Water
Contamination

as Fertilizer

Effluents

|

Entry of Antibiotics
and Resistant Bacteria
into Sewage Systems

—

Human
Infection

N\

Clinical Use

Antibiotics and
Resistant
Bacteria in
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\
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of Antibiotics
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Figure 1. Relationships between antibiotic uses and environmental contamination.

This article is available from: www.iajaa.org / www.medbrary.com


http://www.iajaa.org
www.medbrary.com

References

10.

1.

12.

13.

14.

15.

16.

. SA Waksman. What is an antibiotic or an antibiotic substance?

Mycologia 1947; 39: 565-569.

. | Trehan, HS Goldbach, LN LaGrone, GJ Meuli, R} Wang, KM

Maleta, MJ Manary. Antibiotics as part of the management of
severe acute malnutrition. New Engl J Med 2013;68: 425-435.

. MI Smith, T Yatsunenko, MJ Manary, | Trehan, R Mkakosya, J

Cheng, AL Kau, SS Rich, P Concannon, JC Mychaleckyj, J Liu,
E Houpt, JV Li, E Holmes, J Nicholson, D Knights, LK Ursell, R
Knight, JI Gordon. Gut microbiomes of Malawian twin pairs
discordant for kwashiorkor. Science 2013; 339: 548-554.

. PS McManus, VO Stockwell, GW Sundin, AL Jones. Antibiotic

use in plant agriculture. Annual Rev Phytopathol2002; 40: 443-
465.

. K Kimmerer. Antibiotics in the aquatic environment. A review.

Part I. Chemosphere 2009a; 75: 417-434.

. | Phillips, M Casewell, T Cox, B De Groot, C Friis, R Jones, C

NightingaleR, Preston, J Waddell. Does the use of antibiotics in
food animals pose a risk to human health? A critical review of
published data. J AntimicrobChemother2004; 53: 28-52.

. SN Al-Bahry, BM Al-Mashani, AS Al-Ansari, AE Elshafie, 1Y

Mahmoud. Escherichia coli tetracycline efflux determinants in
relation to tetracycline residues in chicken. Asian Pac J Trop Dis
2013a; 6: 718-722.

. SN Al-Bahry, 1Y Mahmoud, SK Al-Musharafi. The overuse of

tetracycline compounds in chickens and its impact on human
health. IPCBEE 2013b; 50: 21-25.

. PS McManus, VO Stockwell. Antibiotic use for plant disease

management in the United States. Online. Plant Health Prog
2001; (doi:10.1094/PHP-2001-0327-01-RV)

FC Cabello. Heavy use of prophylactic antibiotics in aquaculture:
A growing problem for human and animal health and for the
environment. Environ Microbiol 2006; 8: 1137-1144.

DV Nhiem, P Paulsen, W Suriyasathaporn, FJM Smulders, MN
Kyule, MPO Baumann, KH Zessin, PH Ngana. Preliminary analysis
of tetracycline residues in marketed pork in Hanoi, Vietnam.
Ann NY AcadSci2006; 1081: 534-542.

S Suzuki, PTP Hoa. Distribution of quinolines, sulfonamides,
tetracyclines in the aquatic environment and antibiotic resistance
in Indochina. Front Microbiol 2012; 3: 1-8.

JJ Carraminana, C Rota, | Agustin, AHerrera. High prevalence of
multiple resistance to antibiotics in Salmonella serovars isolated
from a poultry slaughterhouse in Spain. Vet Microbiol 2004;104:
133-139.

C Kenny. FDA inaction on antibiotics is making the world
deadlier. Bloomberg Businessweek, 13 Dec. 2013; on-line (http:/
www.businessweek.com/articles/2013-12-23/fda-inaction-on-
antibiotics-is-making-the-world-deadlier)

EW Rice, JW Messer, CH Johnson, DJ Reasoner. Occurrence of
high-level aminoglycoside resistance in environment isolates of
Enterococci. Appl Environm Microbiol 1995; 61: 374-376.

KM Shea. Nontherapeutic use of antimicrobial agents in animal
agriculture: implications for pediatrics. Pediatrics 2004; 114:
862-868.

© Under License of Creative Commons Attribution 3.0 License

THE INTERNATIONAL ARABIC JOURNAL OF ANTIMICROBIAL AGENTS

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

2014

Vol. 4 No. 3:2
doi: 10.3823/754

ISSN 2174-9094

HK Allen, J Donato, HH Wang, KA Cloud-Hansen, J Davies,
J Handelsman. Call of the wild: antibiotic resistance genes in
natural environments. Nat Rev Microbiol 2010; 8: 251-259.

B Catry, H Laevens, LA Devriese, G Opsomer, ADe Kruif.
Antimicrobial resistance in livestock. J Vet Pharmacol Ther 2003;
26: 81-93.

World Health Organization (WHO). Guidelines for drinking-
water quality. Vol. lll: Surveillance and Control of Community
Supplies. Eastern Mediterranean Regional Office. Regional
Center for Environmental Health Activities (CEHA). Amman,
Jordan. 1997.

J Jeljaszewicz, G Mlynarczyk, AMlynarczyk. Antibiotic resistance
in Gram-positive cocci. Int J Microb Agents 2000; 16: 473-478.
M Al-Ghamdi, F El-Morsy, ZH Al-Mustafa, M Faiz, Al-Ramadhan
M. Bacterial organisms isolated from healthy chicken in the
Entran province of Saudi Arabia and their pattern of resistance
to antimicrobial agents. Sci J King Faisal Univ 2001; 2: 113-128.
AE Van Den Bogaard, London N, Driessen C, Stobberingh EE.
Antibiotic resistance of fecal Escherichia coli in poultry farmers
and poultry slaughterers. J Antimicrob Chemother 2001; 47:763-
771.

JC Chee-Sanford, RI Aminov, IJ Krapac, N Garrigues-Jeanjean, Rl
Mackie. Occurrence and diversity of tetracycline resistance genes
in lagoons and groundwater underlying two swine production
facilities. Appl Environ Microbiol 2001; 67: 1494-1502.

RJ Ash, B Mauck, M Morgan. Antibiotic resistance of Gram-
negative bacteria in rivers, United States. Emerg Infect Diseases
2002; 8: 713-716.

CDC. 2013. Antibiotic resistance threats in the United States.
U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention. 2013.

World Health Organization (WHO). Antimicrobial resistance:
global report on surveillance. World Health Organization.
Geneva, Switzerland. 2014.

K KUmmerer. Resistance in the environment. J Antimicrob
Chemother 2004; 54: 311-320.

M Rahman, G Huys, | Kihn, M Rahman, R Méllby. Prevalence
and transmission of antimicrobial resistance among Aeromonas
populations from a duckweed aquaculture based hospital
sewage recycling system in Bangladesh. Antonie van
Leeuwenhoek 2009; 96: 313-321.

DM McKeon, JP Calabrese, GK Bissonnette. Antibiotic resistant
gram-negative bacteria in rural groundwater supplies. Water
Res 1995; 29: 1902-1908.

D Van der Kooij, JHM Van Lieverloo, J Schellart, P Hiemstra.
Maintaining quality without a disinfectant residual J Amer
Water-Works Assoc 1999; 91: 55-64.

SN Al-Bahry, BM Al-Mashani, AE Elshafie, N Pathare, AH Al-
Harthy. Plasmid profile of antibiotic resistant Escherichia coli
isolated from chicken intestines. J Alabama Acad Sci 2006; 77:
152-159.

SN Al-Bahry. Plasmid profiles of antibiotic resistant Salmonella
species isolated in Muscat, Oman. Pakistan J Biol Sciences 2000;
3:215-218.

RSon, GRusul, AM Sahilah, AZainuri, ARRaha, | Salmah. Antibiotic
resistance and plasmid profile of Aeromonas hydrophila isolate

9


10.1094/PHP
http://www.businessweek.com/articles/2013-12-23/fda
http://www.businessweek.com/articles/2013-12-23/fda
Enterococci.ApplEnvironmMicrobiol

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

2014

THE INTERNATIONAL ARABIC JOURNAL OF ANTIMICROBIAL AGENTS

from cultured fish, Telapia (Telapia mossambica). Lett Appl
Microbiol 1997; 24: 479-482.

TT Myaing, AA Saleha, AK Arifah, AR Raha. Antibiotic resistance
and plasmid carriage among Escherichia coliisolates from chicken
meat in Malaysia. In: Makkar HPS, Viljoen GJ, eds. Applications
of gene-based technologies for improving animal production
and health in developing countries. Springer, Netherlands, pp.
521-527.2005.

HI Malkawi, MT Youssef. Antibiotic susceptibility testing and
plasmid profiles of Escherichia coli isolated from diarrhoeal
patients. J Trop Pediatr 1998; 44: 128-132.

Pl Umolu, R Nhiew, E Ohenhen, GI Okwu, SI Ogiehor. Multiple
antibiotic resistant index and plasmid of Escherichia coli in beef
in Ekpoma. J American Sci2006;2: 1-3.

B Icgen, GC Gurakan, G Ozcengiz. Characterisation of local
isolates of Enterobacteriaceae from Turkey. Microbiol Res 2002;
157: 233-238.

SZ Burjaq, AA Shehabi. Fresh leafy green vegetables associated
with multidrug resistant E. coli. IAJAA 2013; 3: 1-7.

IE Aibinu, FR Peters, KO Amisu, SA Adesida, MO Ojo, T
Odugbemi. Multidrug resistance in E. coli 0157 strains and the
public health implication. J American Science 2007; 3: 22-33.
DM Doetkott, LK Nolan, CW Giddings, DL Berryhill. Large
plasmids of avian Escherichia coli isolates. Avian Dis 1996; 40:
927-930.

J Davison. Genetic exchange between bacteria
environment. Plasmid 1999; 42: 73-91.

SN Al-Bahry, AE Elshafie, S Al-Busaidy, J Al-Hinai, | Al-Shidi.
Antibiotic-resistant Salmonella spp. from human and non-
human sources in Oman. Eastern Med Health J 2007;13: 49-55.
S Al-Bahry. Antibiotic resistance of Salmonella isolated from
Muscat. Pakistan J Biol Sciences 1999; 2: 523-528.

KN Upadhyay, DS Misra. Antibiotic resistance pattern of
Salmonella welteverden strains isolated from man, animals,
sewage and water. Indian J Med Res 1978;67: 212-216.

CS Wong, S Jelacic, RL Habeeb, SL Watkins, PI Tarr. The risk
of the hemolytic-uremic syndrome after antibiotic treatment of
Escherichia coli 0157:H7 infections. New Engl J Med 2000;342:
1930-1936.

S Mirza, S Kariuki, KZ Mamun, NJ Beeching, CA Hart. Analysis
of plasmid and chromosomal DNA of multidrug-resistant
Salmonella entericaserovar Typhi from Asia. J Clin Microbiol
2000; 38: 1449-1452.

N Karami, F Nowrouzian, | Adlerberth, AE Wold. Tetracycline
resistance in Escherichia coli and persistence in the infantile
colonic microbiota. Antimicrob Agents Chemother 2006; 50:
156-161.

S Percival, R Chalmers, M Embrey, P Hunter, J Sellwood, P Wyn-
Jones. Microbiology of waterborne diseases. Elsevier Academic
Press, Boston. 2004.

M Osterblad, AHakanen, R Manninen, T Leistevuo, R Peltonen,
O Meurman, P Huovinen, P Kotilainen. A between-species
comparison of antimicrobial resistance in enterobacteria in fecal
flora. Antimicrob Agents Chemother 2000; 44: 1479-1484.

MS Al-Ghamdi, ZH Al-Mustafa, F EI-Morsy, AAl-Faky, | Haider,
H Essa. Residues of tetracycline compounds in poultry products

in the

10

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Vol. 4 No. 3:2
doi: 10.3823/754

ISSN 2174-9094

in the eastern province of Saudi Arabia. Public Health2000; 114:
300-304.

KMglbak. Spread of resistant bacteria and resistance genes
from animals to humans — the public health consequences. J Vet
Med Series B 2004; 51: 364-369.

FF Reinthaler, J Posch, G Feierl, G WUst, D Haas, Ruckenbauer
G, Mascher F, Marth E. Antibiotic resistance of E. coli in sewage
and sludge. Water Res 2003; 37: 1685-1690.

RR Tabatabaei, ANasirian. Isolation, identification and
antimicrobial resistance patterns of E. coli isolated from chicken
flocks. Iranian J Pharmaco Ther 2003; 22: 39-42.

TD Miles, W Mclaughlin, PD Brown. Antimicrobial resistance of
Escherichia coli isolates from broiler chickens and humans. BMC
Vet Res 2006; 2: 7.

EM Harrison, GK Paterson, MT Holden, J Larsen, M Stegger, AR
Larsen, A Petersen, RL Skov, JM Christensen, A BakZeuthen,
O Heltberg, SR Harris, RN Zadoks, J Parkhill, SJ Peacock, MA
Holmes. Whole genome sequencing identifies zoonotic
transmission of MRSA isolates with the novel mecA homologue
mecC. EMBO Mol Med 2013; 5: 509-515.

J Mgller-Stray, HM Eriksen, T Bruheim, G Kapperud, BA
Lindstedt, A Skeie, M Sunde, AM Urdahl, B @ygard, L Vold. Two
outbreaks of diarrhoea in nurseries in Norway after farm visits,
April to May 2009. Euro surveillance 2012; 17: 1-7.

AA Sawant, NV Hegde, BA Straley, SC Donaldson, C Love
Brenda, SJ Knabel, BM Jayarao. Antimicrobial-resistant enteric
bacteria from dairy cattle. Appl. Environ. Microbiol 2007; 73:
156-163.

KJ Zaleski, KL Josephson., CP Gerba, IL Pepper. Survival, growth,
and regrowth of enteric indicator and pathogenic bacteria in
biosolids, compost, soil, and land applied biosolids. JRST 2005;
2: 49-63.

SN Al-Bahry, IY Mahmoud, AAI-Khaifi, AE Elshafie, A Al-Harthy.
2009a. Viability of multiple antibiotic resistant bacteria in
distribution lines of treated sewage effluent used for irrigation.
Water Sci Tech 60; 2939-2948.

SN Al-Bahry, 1Y Mahmoud, KIA Al-Belushi, AE Elshafie, AAI-
Harthy, CK Bahkeit. Coastal sewage discharge and its impact
on fish with reference to antibiotic resistant enteric bacteria and
enteric pathogens as bio-indicators of pollution. Chemosphere.
2009c; 77: 1534-1539.

SN Al-Bahry, IY Mahmoud, SK Al-Musharafi. Antibiotic resistant
bacteria used as bioindicators of environmental pollution
produced by tertiary treated sewage effluent. In: CA Brebbia.
Water Pollution XI. WIT Transactions on Ecology and the
Environment 2012a; 164; 313-321.

SN Al-Bahry, 1Y Mahmoud,SK Al-Musharafi. The effect of
physical factors on fecal coliform viability rate in sewage sludge.
GEP 2014b; 2, 9-13.

L Guardabassi, APetersen, JE Olsen, A Dalsgaard. Antibiotic
resistance in Acinetobacterspp. isolated from sewers receiving
waste effluent from a hospital and a pharmaceutical plant. Appl
Environ Microbiol 1998; 64: 3499-3502.

S Weigel. Occurrence, distribution and fate of pharmaceuticals
and further polar contaminants in the marine environment. PhD
Dissertation. University of Hamburg. Hamburg. 2003.

This article is available from: www.iajaa.org / www.medbrary.com


http://www.iajaa.org
www.medbrary.com
E.coli

65. K Kiimmerer. Antibiotics in the aquatic environment. A review.
Part Il. Chemosphere 2009b; 75: 435-441.

66.A A Shehabi, JF Odeh, M Fayyad . Characterization of
antimicrobial resistance and class 1 integrons found in
Escherichia coli isolates from human stool and drinking water
sources in Jordan. J Chemother 2006; 18: 468-472.

67.A AShehabi, AA Haider, MK Fayyad. Frequency of antimicrobial
resistance markers among Pseudomonas aeruginosa and
Escherichia coli isolates from municipal sewage effluent water
and patients in Jordan. IAJAA 2011; 1: 1-5.

68.SN Al-Bahry, JA Al-Hinai, 1Y Mahmoud, SK Al-Musharafi.
Opportunistic and microbial pathogens in municipal water
distribution systems. APCBEES Procedia 2013c; 5: 339- 343.

69. A Pruden, M Arabi, HN Storteboom. Correlation between
upstream human activities and riverine antibiotic resistance
genes. Environ. Sci. Technol 2012; 46: 11541-11549.

70. MJ Goss, DAJ Barry, DL Rudolph. Contamination in Ontario
farmstead domestic wells and its association with agriculture:
1. Results from drinking water wells. J Contaminant Hydrology
1998; 32: 267-293.

71. SA McEwen, PJ Fedorka-Cray. Antimicrobial use and resistance
in animals. Clin Infect Dis 2002; 34 (Supp. 3): S93-5106.

72. SN Al-Bahry, IY Mahmoud, S.K Al-Musharafi, IS Al-Gharaibi, NK
Al-Harthy, HA Al-Zadjali. Microbial and chemical pollution of
water-wells relative to sewage effluents in Oman. IJSEE 20143;
1, 35-56.

73.KG Karthikeyan, MT Meyer. Occurrence of antibiotics in
wastewater treatment facilities in Wisconsin, USA. Sci Total
Environ 2006; 361: 196-207.

74. SN Al-Bahry, IY Mahmoud, AE Elshafie, AAl-Harthy, S Al-Ghafri,
I Al-Amri, AY Alkindi. Bacterial flora and antibiotic resistance
from eggs of green turtles Chelonia mydas: an indication of
polluted effluents. Marine Pollut Bull 2009b; 58: 720-725.

75. SN Al-Bahry, IY Mahmoud, MA Al-Zadjali, AE Elshafie., AAI-
Harthy, W Al-Alawi. Antibiotic resistant bacteria as bio-indicator
of polluted effluent in the green turtles, Chelonia mydas in
Oman.Marine Environ Res 2011b; 71: 139-144.

76. SN Al-Bahry, MA Al-Zadjali, 1Y Mahmoud, AE Elshafie.
Biomonitoring marine habitats in reference to antibiotic
resistant bacteria and ampicillin resistance determinants from
oviductal fluid of the nesting green sea turtle, Chelonia mydas.
Chemosphere 2012b; 87: 1308-1315.

77. 1Y Mahmoud, SN Al-Bahry, SK Al-Musharafi. Fresh water habitat
pollution by treated sewage effluent in relation to multiple-
antibiotic-resistant bacteria. APCBEES Procedia 2013; 5: 363-
367.

78.LJ Fono, EP Kolodziej, Sedlak DL. Attenuation of wastewater-
derived contaminants in an effluent dominated river. Environ Sci
Technol 2006; 40: 7257-7262.

© Under License of Creative Commons Attribution 3.0 License

THE INTERNATIONAL ARABIC JOURNAL OF ANTIMICROBIAL AGENTS

2014

Vol. 4 No. 3:2
doi: 10.3823/754

ISSN 2174-9094

Comment on this article:

fiowaga

~

http://medicalia.org/

Where Doctors exchange clinical experiences,
review their cases and share clinical knowledge.
You can also access lots of medical publications for
free. Join Now!

Publish with iMedPub

http://www.imed.pub

The Journal is an open access peer-reviewed journal that
publishes scientific papers about all aspects of antimicrobials.
The journal will publish original research articles, reviews,
brief reports and case reports dealing with basic and
clinical antibacterial agents, antiviral, antiprotozoals,
antituberculuous, antifungal and antihelminthes agents.

All manuscripts must be prepared in English, and are subject
to a rigorous and fair peer-review process. Accepted papers
will immediately appear online.

The journal aims to advance the knowledge, attitude and the
research of chemotherapy in the Arabic world in cooperation
with international, national scientific and public societies as
well as research centers with similar aims and objectives.

Submit your manuscript here:
www.iajaa.org

"


Oman.Marine
http://medicalia.org
www.iajaa.org
http://www.imed.pub
https://www.facebook.com/pages/iMedPub/53210669639
https://twitter.com/imedpub
http://www.linkedin.com/company/imedpub
https://plus.google.com/+CarlosV%C3%A1zquez2/posts
http://scribd.com/imedpub
http://www.pinterest.com/imedpub/

