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Abstract

Antibiotics kill or inhibit the replication of bacteria by different means, like emergence of resistance to these
antibiotics is serious threat to health care system across the globe. Pathogens can attain drug resistance either by
intrinsic mechanism or may be acquired due to selective pressure of a drug. Escherichia coli (E. coli) and Klebsiella
specie (K. species) are the most common causative pathogens for most of the infections especially in countries
with poor health care systems. Increase in extended-spectrum B-lactamases (ESBL) production in these microbes
in recent years has led to limitations of treatment. Pakistan is also one of these countries with very low budget for
health and per capta income. In Pakistan, majority of health care professionals prescribe antibiotic without testing the
pathogen for antibiotic susceptibility. Long term utilization of antibiotics has contributed to greater resistance among
pathogenic bacteria. The prevalence of such organisms has brought new challenges for the practitioners treating
bacterial infections. The recent studies on the antibiotic resistance pattern of E. coli and K. species from Pakistan are
summarized and data is showing that the emergence and rapid spread of multidrug resistance in these microbes are
of great concern for future. There is an urgent need of community education for health care providers and general

population regarding careful utilization of antibiotics.
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Methods and Materials

Penicillin was the first natural antibiotic that was discovered by
Alexander Flaming. First, it was obtained from fungus (Rhizopus)
and later on extracted from other fungal strains and from bacteria.
Nowadays, antibiotics are synthesized in labs and commercial scale for
different applications. Antibiotics have the ability to kill or inhibit the
division and multiplication of the microbes [1]. There are number of
ways how an antibiotic attacks a germ, like it retards bacterial growth
by ceasing DNA replication, stopping RNA synthesis, denaturing
important protein or inhibiting protein synthesis, denaturing cell wall
and by inhibiting the tetra-hydrofolate synthesis [2].

Antibiotic resistance

Antibiotic resistance means that drug susceptible response is lost
against microbial an infection which has become an emerging problem
globally. This resistant behavior of microbes against drugs could be due
to intrinsic or acquired responses against drugs. As it is a global problem
there is need to conduct research on different microbes and their
antibiotic resistance behavior [3,4]. Antibiotic can be broadly classified.

Intrinsic resistance

It is an adaptive approach in which a microbe tries to resist an antibiotic
to sustain survival [5]. It was found that Pseudomonas aeruginosa has a
less permeable membrane that are responsible for its multi-drug resistance
(MDR), similar structural advantages are found in other bacterial strains
as well. As these characteristics are found in wild type strains so this type
of resistance is called intrinsic resistance [6]. Beta lactamases is an enzyme
that destroys the harmful effect of the anti-microbial agent. K. species and E.
coli have genes for coding this enzyme and hence exhibit intrinsic resistance
[7]. In some bacterial strains natural pumps exist that efflux the toxins from
cell wall and hence make it impermeable for the drug [8]. Another method
is diverting the metabolic pathways, it will change the target and hence
antibiotic could not kill the bacteria [9].

Acquired resistance

Selective pressure of a drug transforms the natural susceptible fauna

into resistant microbes. This kind of immunity is acquired under the
need of natural selection and survival of fittest [1]. The excessive use
of antibiotics is introducing a selective pressure which is becoming
responsible of resistance or even multi-resistance characteristics in
some of the bacterial populations [10]. Mutation in genes that control
metabolic pathways also results in antibiotic resistance [6]. Integrin
genes move from one genetic location to another within the same
cell, whereas transposons is the transfer of genes through plasmids via
bacteriophages.

Antibiotic resistance in E. coli and K. species

Antibiotic resistance in microbes is a major health concern all
over the world and in particular in third world countries. Due to poor
waste and water management humans are in continuous contact with
microbes and disease causing bacteria. It is found that in hospitals
plasmid directed mutations are very high and so antibiotic resistance in
E. coli and K. species is also very high. Previously antibiotics resistance
of E. coli was tested and found nearly 70% against streptomycin-
sulfisoxazole-tetracycline. It was also shown that ampicillin, kanamycin,
sulfisoxazole, streptomycin, tetracycline, and ticarcillin have decline in
susceptibility [11]. In a study conducted at Nigeria an increasing trend
against tetracycline, sulfonamide, streptomycin and ampicillin was
found in urine samples [12].
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Antibiotic resistance pattern in Pakistan

Antibiotic resistance is increasing in all regions of the world but in
developing countries this rate is alarming primarily due to over-dosage
of antibiotics. This over exposure to drug is making microbes stronger.
In developing countries antibiotics are generally given for very long
time and without proper culturing [13]. Pakistan being a developing
country is also facing the same problem. Cephalosporin was one of the
most frequently prescribed antibiotics and an increase in its resistance
has been reported, mainly due to over exposure to drug [14,15].

Pakistan has very high rate of the mortality and morbidity due
to nosocomial infection primarily because of over-crowded hospitals
with insufficient cleaning and disinfection [14-16]. Different studies
across the world have proved that same antibiotic has different
resistance or susceptibility pattern for different sites of infection.
Most commonly used antibiotic for urinary tract infection (UTI) are
amoxicillin+clavulanate, imipenam, piperacillin+tazobactum, and
amikacin, etc. [17]. Even among these antibiotics the resistance and
susceptibility patterns varies. E. coli and K. species are major causes
of many hospitals born and community based diseases in Pakistan.
Recently, in a study 14 antibiotics were tested against E. coli and K.
species and it was found that drug resistance was increasing in both
species. Most of the pathogens isolated from UTI infections showed
more than 70% antibiotic resistance against ceftriaxone, ciprofloxacin,
cefixime (unpublished data). E. coli is mainly involved in gastric
diseases due to poor quality of drinking water. Previously it has been
shown that nearly 50% strains of E. coli are multi drug resistant (MDR).
This is intrinsic as well as acquired resistance. It was found that nearly
76% strain of E. coli showed resistance to ampicillin and resistance
also increases against trimethoprime. Ciprofloxacin, ofloxacin and
norfioxacin although have shown susceptibility against E. coli but still it
was 47-50% [18]. Susceptibility rate of E. coli isolated from UTI showed
that highest resistance was against ceftriaxone (82.5%), followed by
nalidixic acid (23.8%), cefaclor (23.1%), cephradine (18.9%) and
amoxicillin.

Discussion

Moreover, it was previously shown that majority of the E. coli, isolates
from UTI (73%), had resistance towards the co-amoxiclav and other,
42% isolates, to fluoroquinolones [19,20]. The recent reports analyzed
the antibiotic resistance pattern of E. coli which indicates that the most
of the isolates exhibit MDR to ampicillin, streptomycin, tetracycline,
trimethoprim sulfamethoxazole, nalidixic acid, ciprofloxacin and
chloramphenicol [21,22]. It was also highlighted recently that emergence
of MDR bacteria are on raise and 77.5% of all the screened isolates were
resistant to three or more than three of the tested antibiotics [23]. A
report from Sindh province of Pakistan showed that nearly half of the
isolates from UTI have shown resistance to most of the commonly used
antibiotics recommended in the guidelines especially the floxacin group
probably because of its unwarranted use [24]. A large scale retrospective
study from Karachi analyzed the data of 27,852 blood cultures over
the period of four years (2010, 2012, 2014 and 2015) and the results
showed that Klebsiella spp. infection increased over the years from 19
to 35%. The antibiotic resistance pattern may also be changed due to
its overexposure e.g. imipenem resistance was lowest in 2010 around
1% which has increased to 20% in 2015 [25]. Antibiotic resistance in
K. species in Khyber Pakhtunkhwa is also quite high, 71% isolates were
resistant to 3 or more antibiotics (Multidrug resistant). Resistance to
co-trimoxazole was highest followed by gentamicin, doxycycline,
enoxacin, ciprofloxacin, gatifloxacin and kanamycin [26]. However,

it was also shown that K. species have sensitivity to ceftazidime and
ciprofloxacin above 95%. Other studies showed sensitivity of K. species
to cefotaxime above 70%, ceftriaxone above 75% and ciprofloxacin
above 63% in case of UTI [14,15].

In Pakistan low literacy rate and corruption in law enforcement
agencies allows illegal practitioners to give over dose of medicines
without any screening tests. They generally prescribe third degree broad
spectrum antibiotics which pave way for antibiotic resistance. In last two
decades poultry and cattle farming has increased in Pakistan and mostly
antibiotics are given to these animals in the form of water solutions.
There is no separate drainage system for this industry and untreated
water is released in main sewage system. This cause contamination of
ground water table with antibiotics and this continuous exposure to
drugs make it microbes more resistant.

Conclusion

E. coli and K. species are the major cause for most of infections
in Pakistan. There is lacking evidence about the growing antibiotic
resistance and molecular pathways involved in this resistance in
these pathogens due to very limited available data in Pakistan. Most
of the recent research on this topic is from Western countries where
climatic, social and environmental conditions are quite different from
developing countries with a distinct host-pathogen interaction. These
differences are leading to empirical therapy which is based on the local
susceptibility profiles; therefore a revised line of management should
be developed locally in accordance with the susceptibility pattern of
the pathogens to avoid further resistance as well as morbidity of the
patient. Therefore it is reccommended that large scale studies analyzing
the antibiotic resistance pattern in infectious bacteria should be carried
out in the country on regular basis. This will help in designing the
anti-bacteria therapy according to the local needs. Hence, there is an
urgent need of improvement in the health care system of Pakistan. The
increasing trend of antibiotic resistance due to over dosage of drug can
be reduced by educating the health care providers. It is reccommended
that Government and Non-Government organization should take part
in awareness campaigns not only for general community but also for
medical practitioners.
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