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ABSTRACT

Background: The resistant bacteria are on upward trend in the third world countries especially in Pakistan. One of the
reasons is injudicious prescription of antibiotics. The aim of this study was to estimate the unnecessary use of antibiotics
at a tertiary care hospital at Lahore Pakistan. Methods and Material: This is the descriptive, retrospective observational
study. A total of 104 persons were recruited from an inpatient department of surgery, medicine and gynaecology in a tertiary
care hospital were observed and data collected from June 2014 to July 2014 on the daily basis. The dose and the route
of given antibiotics were observed in addition to their baseline tests like CBC (Complete Blood Count), urine complete
examination, especially with respect to TLC (Total Leucocyte Count) and pus cells, and if any cultures were done along.
Descriptive statistics was applied to data to inference results. Results: A total of 104 persons, consisting of 41% male
and 59% female were included in the study. The mean age of total patients were 43.97+ 18.3 years. 9.61% patients were
not receiving antibiotics. 90% patients received 143(100%) antimicrobials during the period of study with a range of 1-3
antimicrobials per patient. 30% antimicrobials were prescribed unnecessarily without any clinical evidence of infection.
The most common prescribed antibiotic was ceftriaxone 30%. It was 88% of the prescription that were prescribed without
ordering the culture test. 83 prescriptions were empiric, containing 29% of the unnecessary antibiotics. The unnecessarily
prescribed antimicrobials cost 32,865 PKR per day to the sample population. Conclusion: Antimicrobials are being used
unnecessarily, even empirical treatment are without significant sound clinical evidence. The antimicrobial resistance and
emergence of new mutant strains can be attributable to injudicious use of antibiotics. Antimicrobial stewardship programs
should be used to minimize this problem.

Key words: Antibiotic Resistance, Antimicrobial Stewardship, Bacteriological culture, Pre-authorization,
Pakistan, Unnecessary use.
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Antibiotics are among the most prescribed medicine in a
hospital setting for treatment of infections. In Pakistan, the
unnecessary use of antibiotics is very high and is one of
the difficult task to overcome.! As a result, antimicrobial
resistance is growing as the major challenge to the
infectious disease control globally including Pakistan.”?
Literature reported the unnecessary or incorrect use of
antimicrobials ranging from 9% to 64%.° This practice
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apart from development of drug resistance results in higher
morbidity, mortality, treatment cost and prolonged length
of hospital stay with unnecessary exposure of patients to
potentially harmful drugs.”” Due to the rapid spread of
multi-resistant microorganisms and decreasing accessibility
of new antibiotics, resistance to antibiotics has become
a major public health issue.!” There is an evidence of
increased in Extended Spectrum Beta Lactamase (ESBL)
and carbapenem resistant K. preumoniae in Pakistan.?

Antimicrobial stewardship programmes aim to optimize
the use of antimicrobials in such way to prevent the
emergence of resistance or other adverse effects,
improving outcomes of care and reduce health care cost
without compromising the quality of life. Antimicrobial
stewardship programmes contain two basic strategies
to reduce the unnecessary or inappropriate use of
antimicrobials such as formulary restriction and prospective
audit.'”"* It also recommend that the bacteriological cultural
should be available as early as possible before prescribing
the broad spectrum antibiotics that result in removal of
one ot mote antimicrobial agents.'>'¢

The unnecessary or incorrect use of antimicrobials have
serious health hazard in present health care system of
developing countries like Pakistan, in this context, the
aim of this study was to estimate the unnecessary use
of antibiotics in relation to parameter of infections at a
tertiary care hospital.
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METHODS

This retrospective observational study was conducted at
a tertiary care hospital, at Lahore, Pakistan.104 subjects
were recruited from an in-patient department of surgery,
medicine, and gynaecology wards. The subjects not
receiving antimicrobials were excluded from the study.
The inclusion criteria was receiving antibiotics in the
treatment regimen, having age more than 18 years and
hospital stay more than 1 day. The CONSORT flow chart
of the study was depicted in Figure 1. The study protocol
was approved by the institutional ethical committee and
informed consents were taken from the subject at the
time of recruitment in the study. The data were collected
regarding the use of oral and intravenous (I/V) antibiotics
from June 2014 to July 2014 on the daily basis. A proforma
was designed to collect the information about patient’s
age, gender, route of drug administration and different
groups of antimicrobials according to “J” group of
Anatomical Therapeutic Chemical (ATC) classification
system from their medical sheets."” The diagnosis and
therapy which were made by the medical officer (M.O),
surgeon or physician were also recorded. The dose and
the route of giving antibiotics was seen along with their
baseline tests like Complete Blood examination (CBC),
Urine complete examination, especially with respect to
Total Leucocyte Count (TLC) or pus cells, and special
emphasis was also given if any cultures were done along
with sensitivity.
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104 patients were recruited
from three different wards
of a tertiary care hospital
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unnecessary

Figure 1: CONSORT flow chart of the study

An Infectious Disease (ID) specialist evaluated the case
histories of the collected data based on the pathological
investigation and clinical signs of infection including
presence of fever, CBC with leukocytosis, urine complete
examination and available culture sensitivity test. The local
and international evidence based guidelines were also
considered. The sample with TLC more than 11, 000 cells
/ul and urine sample with more than 0—4/hpf pus cells/
WBCs was considered as clinical suspicion for infection.'®

Based on ID expert recommendation, we declared the
antimicrobial use as unnecessary, necessary, and empirical
or evidence based. Antimicrobials were considered to be
unnecessary when the subjects had no clinical sign of
infection or indication for prophylaxis. The antimicrobials
prescribed on the clinical suspicion of infection were
recorded empirical and appropriate while the cultural
sensitivity results were pending, whereas evidence
based prescriptions are considered those which were
prescribed after the bacteriological culture result.

For the estimation of cost for unnecessary antimicrobials,
we considered the average cost (PKR) of at least three
market leading brands of an antimicrobial agent. After
getting the required data, we analysed the mean age,
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frequently used antibiotics, frequent diagnosis and trend
of antimicrobial prescription with reference to clinical
evidence in medical, surgical and gynaecology ward using
SPSS 21 version (Statistical Package for Social Sciences)
for descriptive statistics.

RESULTS

The patient characteristics are summarized in Table 1. A
total of 104 persons, 46 (44%) consisting of 16 (35%)
male and 30 (65%) female, from the medicine ward, while
41 (39%) consisting of 27 (66%) male and 14 (34%) from
surgery ward and 17 (16%) female from gynaecology ward
were included in the study. The mean age of total patients
were 43.97 £ 18.3 years. A sum of 94 patients (90%)
received 143 antimicrobials during the period of study with
the range of 1-3 antimicrobials per patient.

Table 2 listed the frequency of antibiotics prescribed to
study population with ATC codes. The top five overall
prescribed antibiotics were ceftriaxone (JO1DD04) 43
(30%), ciprofloxacin (JOIMAO02) 19 (13%), metronidazole
(JO1XDO01) 17 (12%) and cefuroxime (JO1DCO02) 10 (7%),
co-amoxiclave JOICR02, 9 (6%). The consumption of
ceftriaxone (JO1DD04) was on top in all wards with 17
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Table 1: Subject characteristics

Gynaecology

Characteristics Total Medicine ward Surgery ward ward

No. of evaluated patients (%) 104 (100) 46 (44) 41(39) 17 (16)
Gender

Male 43 (41) 16(35) 27(66) 0(0)

Female 61(59) 30(65) 14 (34) 17(100)
Mean age (M+SD) 43.97+18.3 51.22+17.48 42.59+17.84 27.71+6.55

Patients on antimicrobials (%) 94 (90) 39(85) 40(98) 15(88)
no. of microbial agents prescribed 143(100) 56 (39) 68 (48) 19(13)
single 48(51) 22(56) 15(38) 11(73)

Two 39(41) 13(33) 22(55) 4(27)

more thantwo 7(7) 4(10) 3(8) 0(0)

Dataare represented as n (%) and M+SD where applicable. Numbers might notadd to 100% because of rounding.

Table 2: Frequency of antibiotics prescribed to study population

Name of Antibiotics ATC code Total

Ceftriaxone J01DD04 43(30)

Ciprofloxacin JO1MAO02 19(13)

Metronidazole J01XDO01 17(12)
Moxifloxacin JO1MA14 4(3)
Levofloxacin JO1MA12 4(3)
Imipenum + Cilastatin JO1DH51 6(4)
Piperacillin + Tazobactam JO1CRO05 6(4)
Co-amoxiclave JO1CR02 9(6)
Cefuroxime J01DCO02 10(7)
Ceftazidime J01DD02 5(3)
Cefixime J01DD08 2(1)
Amikacin JO1GB06 5(3)
Others - 13(9)

Total - 143(100)

Dataarerepresentedasn (%).

Table 3: Diagnosis and anti-biotics prescribed ward wise

Indications Total
Total no. of diagnoses 94 (100)
Respiratory tract infections 6(6)
Gastroentrology infections 15(16)
CNS infections 2(2)
Genito-urinary infections 17(18)
Soft tissue infections 8(9)
Musculo-skeletal infections 11(12)
Other infections 4(4)
No infections 31(33)

Dataarerepresentedasn (%).

M:;’ai:ci’"e Surgery ward  Gynaecology ward
17(30) 16(24) 10(53)
10(18) 9(13) 000
6(11) 9(13) 2(11)
3(5) (1) 0(0)
2(4) (1) 16)
3(5) 3(4) 0(0)
3(5) 3(4) 0(0)
2(4) 6(9) 16
2(4) 8(12) 0(0)
12) 1(1) 20
0(0) 0(0) 2(11)
0(0) 5(7) 0(0)
7(12) 6(9) 000
56(100) 68(100) 19(100)

Gynaecology

Medicine ward Surgery ward

ward

39(100) 40(100) 15(100)
6(15) 0(0) 0(0)
9(23) 6(15) 0(0)
2(5) 0(0) 0(0)

6(15) 0(0) 11(73)
1(3) 7(18) 0(0)
0(0) 11(28) 0(0)
2(5) 2(5) 0(0)
13(33) 14(35) 4(27)
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(30%) in medical ward, 16 (24%) of surgery ward and 10
(53%) of gynaecology ward respectively.

The diagnosis and indication of antibiotic prescribed
were depicted in Table 3. The most common overall
diagnosis were genito-urinary tract infections 17 (18%),
gastroenterology tract infections 15 (16%), musculoskeletal
infections 11 (12%), soft tissue infections 8 (9%,
respiratory tract infections 6(6%) respectively. 31 (33%)
patients were receiving antibiotics without an indication of
infection. Table 3 also showed the ward wise distribution
of all diagnosis.

Table 4 summarized the evaluation of antimicrobial
prescribed and distribution of antimicrobial according
to diagnosis. Overall, 43 (30%) of antimicrobial were
prescribed unnecessarily, third generation cephalosporin
is on top of list for unnecessary use with 20 (14%) of
antimicrobial prescribed, Quinolone 7 (5%) are in second
position for unnecessary usage.

Table 5 and Table 6 summarized the ward and indication
wised diagnostic information with reference to use of
antimicrobial in three wards and according to indications
of antimicrobial respectively. 71 (76%) of the persons had
TLC less than 11, 000 cells / ul and 93 (99%) persons had
no fever. It was observed that 88% of the prescription were
prescribed without ordering the culture test.

Table 7 showed the ward wised evidence based and
empirical prescriptions. 83 (88%) prescription were
empiric, containing 42 (29%) of the unnecessary antibiotics
and even 1(1%) of the antimicrobial was unnecessary
in evidence based prescriptions.

Table 8 table depicted the cost in Pakistani Rupees (PKR)
of unnecessary antimicrobial prescribed. It was found that
all unnecessarily prescribed antimicrobials cost 32,865 PKR
per day or 350 PKR per day per person. The contribution
of third generation cephalosporin is the highest with cost
of 14093 PKR followed by Quinolone 6099 PKR and
Carbapenem 4980 PKR per day therapy.

DISCUSSION

The emergence of multi drug resistant organisms
(MDROs) is a growing problem in developing countries.
Itis reported that B-lactam antibiotics resistant bacteria are
present in almost 95% of adult population of India and
Pakistan in contrast to that only 10% of New York adult
population contain such organisms."”

The improper and unnecessary use of antibiotics are widely
practiced athospital setting, may include inadequate dose,
unnecessaty prolonged surgical prophylaxis.”?' This is
one of the study from developing country that describes

Table 5: Diagnostic information with reference to use of antimicrobial in three wards

Characteristics Total
No. of patients on antimicrobial 94(100)
Body temperature
Normal 93(99)
Abnormal 1(1)
Urine with high pus cells/WBCs
Yes 13(14)
No 17(18)
Notdone 64 (68)
CBC with high TLC
Yes 23(24)
No 71(76)
Culture collected at start of antimicrobials
Positive 4(4)
Negative 7(7)
Notdone 83(88)

Medicine ward Surgery EPECET
ward ward
39(41) 40 (43) 15(16)
39(100) 39(98) 15(100)
0(0) 1(2) 0(0)
8(21) 2(5) 3(20)
6(15) 3(8) 8(53)
25(64) 35(88) 4(27)
13(33) 5(13) 5(33)
26 (67) 35(88) 10(67)
3(8) 1(3) 0(0)
5(13) 2(5) 0(0)
31(79) 37(93) 15(100)

Dataarerepresentedasn (%). Numbers mightnotadd to 100% because of rounding.
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Table 6: Diagnostic information with reference to use of antimicrobials in three wards according to indications

Genito- Musculo-

Skin/ soft

2 Gastrointestinal Respiratory . CNS Others no
Urinary infecti skeletal @ octinfections  USSUe i infections
Total infections  tract infections infections infections  infections Infections
n=17 n=15 n=11 n=6 n=8 n=2 n=4 n=31
Body temperature
Normal 93(99) 17(100) 15(100) 11(100) 6(100) 8(100) 2(100) 3(75) 31(100)
Abnormal 1(1) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(25) 0(0)
Urine with high pus cells/WBCs
Yes 13(14) 7(41) 1(7) 0(0) 2(33) 2(25) 0(0) 1(25) 0(0)
No 17(18) 0(0) 0(0) 0(0) 1(17) 1(13) 1(50) 1(25) 13(42)
Notdone 64 (68) 10(59) 14(93) 11(100) 3(50) 5(63) 1(50) 2(50) 18(58)
CBC with high TLC
Yes 23(24) 9(53) 8(53) 2(18) 0(0) 3(38) 1(50) 0(0) 0(0)
No 71(76) 8(47) 7(47) 9(82) 6(100) 5(63) 1(50) 4(100) 31(100)
Culture collected at start of antimicrobials
Positive 4(4) 3(18) 0(0) 0(0) 0(0) 1(13) 0(0) 0(0) 0(0)
Negative 6(6) 2(12) 1(7) 0(0) 0(0) 2(25) 1(50) 0(0) 1(3)
Notdone  83(88) 12(71) 14(93) 11(100) 6(100) 5(63) 1(50) 4(100) 30(97)
Dataare represented asn (%).Numbers mightnotadd to 100% because of rounding.
Table 7: Evidence based and empirical prescriptions
Medical Surgical Gynaecolo
Therapy Total . i =
wards wards ward
Total no. of prescriptions 94 (100) 39(100) 40(100) 15(100)
no. of unnecessary use of
antibiotics 43(30) 18(13) 19(13) 6(4)
Empiric prescriptions 83(89) 31(79) 37(93) 15(100)
no. of unnecessary use of
antibiotics 42(29) 17(12) 19(13) 6(4)
Evidence based prescriptions 11(12) 8(21) 3(8) 0(0)
no. of unnecessary use of 101) 101) 0(0) 0(0)

antibiotics

Dataarerepresented asn(%).Numbers mightnotaddto 100% because of rounding.

a trend of antibiotic use in indoor patient at a tertiary catre
centre and the results are very surprising that 30% of the
antimicrobials were used unnecessarily while several studies
showed the unnecessary or incorrect use of antimicrobials
up to 64%°. While 89% of the prescription were prescribed
empirically containing 29% unnecessary agents among all
antimicrobial prescribed. Studies reported the major reason
for an inappropriate use of antimicrobial is unnecessary

usage.””

Journal of Young Pharmacists Vol 7 e Issue 4 e Oct-Dec 2015

Furthermore, 88% prescriptions in this study contain
antimicrobials without ordering bacteriological culture.
It is evident that optimal antimicrobial use is linked with
collection of cultutes before presctibing the antimicrobial.**
Another study demonstrated that timely bacteriological
results are connected with decrease time to start effective
therapy and reduction of 6 days in hospital stay.* By
implementing this practice, a large number of inappropriate
and unnecessary antibiotics could be avoided. In addition
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Table 8: Cost of unnecessary antimicrobial prescribed in Pakistani Rupees (PKR)

Group of antimicrobial

prescribed Lzl
Third-generation cephalosporin 50
Co-amoxicalve 9
Piperacillin-tazobactam

Quinolones 27
Carbapenems 6

Metronidazole 17

Other 13

Total -
Dataarerepresentedasn (%).

to this, extra healthcare burden in term of paying the
cost of unnecessary antibiotics. According to a report, in
Pakistan more than 58.7 million persons are living below
the poverty line that means they earn less than 1.25§ per

% In this situation, extra cost of unnecessary medicine

day.

is an additional economic burden on health care system
of Pakistan.

Most of European countries have implemented the
antimicrobials stewardship program to compete with
the unnecessary and overuse of antimicrobials along
with the risk reduction with antibiotic overuse including
emergence of resistance and toxicity. The tactics utilized
by antimicrobial Stewardship Programs commonly include
educating the prescriber, formulary optimization that is
restricting specific antibiotics, preauthorization to use
specific antibiotics, antibiotic use restrictions, prospective
audit with intervention and feedback, optimization
of dosing and administration, streamlining that is de-
escalation of empiric therapy, switching early conversion
from parenteral to oral route, sharing the appropriate
duration of antibiotic therapy and the use of clinical
guidelines to treatment infection with reference to local
resistance.”” Some developing countries have instituted
these program.”* and getting benefits from it and now it
is recommended to implemented in Pakistan.

CONCLUSION

It is concluded that most of the unnecessary use as well as
to deal with growing problem of emerging resistant strains
can be minimized with the initiation of bacteriological
culture at the start or as early as possible before the
antimicrobial use. In addition, antimicrobial stewardship
has efficient strategies to balance the favourable clinical
outcomes adverse clinical outcome and antimicrobial

318

Unnecessary use Cost of drug/day
20(40) 14093
4(44) 1347
2(33) 4722
7(26) 6099
2(33) 4980
6(35) 1404
2(15) 220
43(30) 32865

resistance. It will further reduce the financial burden
especially in developing countries like Pakistan.
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ABBREVIATION USED

CBC: Complete Blood Count

TLC: Total Leukocyte Count

WBCs:  White Blood Cells

PKR: Pakistani Rupees

ESBL:  Extended Spectrum Beta Lactamase

CONSORT: Consolidated standards of reporting

trials

1/V: Intravenous

ATC: Anatomical Therapeutic Chemical
Classification

MO: Medical Officer

1D: Infectious Disease

MED:  Medicine Ward

SGY: Surgery Ward

GYN:  Gynaecology Ward

CNS: Central Nervous System

MDROs: Multi Drug Resistance Organisms
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Highlights of Paper

» Atotal of 104 persons were recruited consisting of 41% male and 59% female.
» 30% antimicrobials were prescribed unnecessarily without any clinical evidence of infection.

» The most common prescribed antibiotic was ceftriaxone 30%.

It was 88% of the prescription that were prescribed without ordering the culture test.
It was found that all unnecessarily prescribed antimicrobials cost 32,865 PKR per day.

Author Profile

10.

1.

12.

13.

14.

* Prof Dr Bilal Bin Younis: FRCP (E), FRCP (LON) Presently working as Medical Director and Professor of Medicine
at Shalamar Medical and Dental College, Lahore, Pakistan. He is also the head of Sakina Institute of Diabetes and
Endocrine Research (SiDER) at Shalamar Hospital. He has 11 nos. of journal paper; 1 international abstract; more
than 40 invited talk national and international and 1 case report. Acting as Pl in twelve (12) ongoing projects.

* Dr Rozina Arshad: (FCPS) Presently working as Assistant Professor of Medicine at Shalamar Medical & Dental
College,Lahore, Pakistan. She has 1 journal paper; 1 international abstract; and 1 case report. Acting as co-Pl in

twelve (12) ongoing projects.

REFERENCES

Khan GA, Berglund B, Khan KM, Lindgren P-E, Fick J. Occurrence
and Abundance of Antibiotics and Resistance Genes in Rivers,
Canal and near Drug Formulation Facilities — A Study in Pakistan.
PLoS ONE. 2013; 8(6): €62712.

Boucher HW, Talbot GH, Bradley JS, et al. Bad bugs, no drugs:
no ESKAPE! An update from the Infectious Diseases Society of
America. Clin Infect Dis. 2009; 48(1): 1-12.

Khan E, Ejaz M, Zafar A, et al. Increased isolation of ESBL
producing Klebsiella pneumoniae with emergence of carbapenem
resistant isolates in Pakistan: report from a tertiary care hospital.
JPMA. J Pak Med Assoc. 2010; 60(3): 186-90.

Huttner A, Harbarth S, Carlet J, et al. Antimicrobial resistance: a
global view from the 2013 World Healthcare-Associated Infections
Forum. Antimicrob Resist Infect Control. 2013; 2(1): 31.
Goossens H, Ferech M, Vander Stichele R, Elseviers M. Outpatient
antibiotic use in Europe and association with resistance: a cross-
national database study. Lancet 2005; 365(9459): 579-87.
Cusini A, Rampini SK, Bansal V, et al. Different Patterns of
Inappropriate Antimicrobial Use in Surgical and Medical Units at a
Tertiary Care Hospital in Switzerland: A Prevalence Survey. PLoS
ONE. 2010; 5(11): e14011.

Cosgrove S. The relationship between antimicrobial resistance and
patient outcomes: mortality, length of hospital stay, and health care
costs. Clin Infect Dis. 2006; 42(Suppl 2): S82 - 9.

McGowan JE, Jr. Economic impact of antimicrobial resistance.
Emerg Infect Dis. 2001; 7(2): 286-92.

Maragakis LL, Perencevich EN, Cosgrove SE. Clinical and
economic burden of antimicrobial resistance. Expert Rev Anti
Infect Ther. 2008; 6(1): 751-63.

Wise R, Hart T, Cars O, et al. Antimicrobial resistance. Is a major
threat to public health. BMJ. 1998; 317(7159): 609-10.

Levy SB, Marshall B. Antibacterial resistance worldwide: causes,
challenges and responses. Nature medicine 2004; 10(1): S122-9.
MacDougall C, Polk RE. Antimicrobial stewardship programs in
health care systems. Clin Microbiol Rev. 2005; 18(4): 638-56.
Dellit TH, Owens RC, McGowan JE, et al. Infectious Diseases
Society of America and the Society for Healthcare Epidemiology
of America guidelines for developing an institutional program to
enhance antimicrobial stewardship. Clinical infectious diseases
2007; 44(2): 159-77.

Moehring RW, Anderson DJ. Antimicrobial stewardship as part of the
infection prevention effort. Curr Infect Dis Rep. 2012; 14(6): 592-600.

Journal of Young Pharmacists Vol 7 e Issue 4 e Oct-Dec 2015

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Masterton RG. Antibiotic de-escalation. Clin Crit Care. 2011;
27(1): 149-62.

Alvarez-Lerma F, Alvarez B, Luque P, et al. Empiric broad-spectrum
antibiotic therapy of nosocomial pneumonia in the intensive care
unit: a prospective observational study. Crit Care 2006; 10(3): R78.

. World Health Organization. Collaborating Center for Drug Statistics

Methodology. ATC/DDD Index; 2014.

Gomella LG HS. Clinician’s Pocket Reference: The Scut
Monkey. 11" ed. New York, NY: McGraw-Hill; 2004.

Reardon S. Antibiotic resistance sweeping developing world.
Nature 2014; 509(7499): 141-2.

Inese Sviestina DM. Evaluation of the Antibiotic Use for Surgical
Prophylaxis in Paediatric Acute Appendicitis. J Young Pharm.
2015; 7(1): 7-11.

Ali N, Rehman S, Imran M, et al. The In-Practice Prescribing
Pattern for Antibiotics in the Management of Diabetic Foot: Needs
Much More to be done! Journal of Young Pharmacists 2009; 1(4):
374.

Erbay A, Bodur H, Akinci E, Colpan A. Evaluation of antibiotic use
in intensive care units of a tertiary care hospital in Turkey. J Hosp
Infect. 2005; 59(1): 53-61.

Hecker MT, Aron DC, Patel NP, Lehmann MK, Donskey CJ.
Unnecessary use of antimicrobials in hospitalized patients: current
patterns of misuse with an emphasis on the antianaerobic spectrum
of activity. Arch Intern Med. 2003; 163(8): 972-8.

Braykov NP, Morgan DJ, Schweizer ML, et al. Assessment of
empirical antibiotic therapy optimisation in six hospitals: an
observational cohort study. Lancet Infect Dis. 2014; 14(12): 1220-7.
Stevenson KB, Balada-Llasat JM, Bauer K, et al. The economics of
antimicrobial stewardship: the current state of the art and applying
the business case model. Infect Control Hosp Epidemiol. 2012;
33(04): 389-97.

Ali N, Naveed A, Sustainable Development Policy I. Clustered
deprivation : district profile of poverty in Pakistan. Islamabad:
Sustainable Development Policy Institute; 2012.

Lopardo G, Titanti P, Berdifias V, Barcelona L, Curcio D.
Antimicrobial stewardship program in a developing country: the
epidemiological barrier. Revista Panamericana de Salud Publica.
2011; 30(6): 667-8.

Ghafur A, Mathai D, Muruganathan A, et al. The Chennai
Declaration: a roadmap to tackle the challenge of antimicrobial
resistance. Indian J Cancer. 2013; 50(1): 71-3.

319



