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Abstract: A quasi-intervention study was conducted to identify the patterns of antimicrobial use and to 
assess the effectiveness of an interactive training programme on antimicrobial prescribing for 
physicians in medical wards of a tertiary care hospital in Pahang, Malaysia. The period of data 
collection was four months in each of the pre-intervention and the post-intervention investigations 
from March through June in 2008 and in 2009 respectively. A total of 429 patients' treatment charts 
were reviewed: 209 in the first and 220 in the second investigations. Patients aged 13 years to 95 years. 
From March through June, 2008, (pre-intervention), an investigation of antimicrobial use was 
conducted at medical wards of the hhospital. A short, interactive training programme focussed on 
antimicrobial prescribing was then conducted for physicians in the studied hospital. The training 
materials, inter alia, Guide to Good Prescribing”, and How to Investigate Drug Use in Health 
Facilities, were utilized for the educational intervention. A second investigation was conducted later on 
in the same medical wards of the hospital. The core indicators of antimicrobial prescribing practices, 
some of the related clinical outcomes of antimicrobials utilization for the treatment of admitted patients 
in medical wards were specifically focused. Common antimicrobial practice patterns were evident in 
the medical wards of the hospital, with the most commonly used antimicrobials were the combination 
preparation of amoxicillin with clavulanate (augmentin). Generic prescribing was 54.3% and the 
intravenous route was the preferred route of administration (57.3%). The mean number antimicrobials 
received by the studied patients were 1.8 ( 0.9). The majority of them (53.6%) received two or more 
antimicrobials for their treatment. In post intervention phase, similar patterns of antimicrobial use were 
observed with a notable reduction in the mean number of antimicrobial agents used per patient (1.7  
08).An interactive, focussed educational intervention programme, targeted at physicians, appears to 
have been effective in improving antimicrobial use in a medical wards of a tertiary care hospital in 
Malaysia. 
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INTRODUCTION 

 
 Antimicrobials are one of the most common groups of drugs prescribed in hospitals. It has been estimated 
that up to a third of all patients receive at least one antimicrobial agent during hospitalization (Col and 
O'Connor, 1987; Kunin et al., 1973; Achong, 1977; Kunin et al., 1987; Levy, 1982). The extraordinary 
therapeutic effects of antimicrobials, the problems of resistant microorganisms, irrational prescribing, different 
untoward toxic-effects and high cost involved–up to 40% of a hospital’s drug expenditure–are compelling 
reasons for concern about optimising and appropriate use of antimicrobials (Ballin et al., 1974; Simmons and 
Stolley, 1974; Kunin, 1974; Liss and Batchelor, 1987; Sinclair, 1990; Grimwood, 1983; Counts, 1977; Caldwell 
and Cluff, 1974; Avorn et al., 1987; Lionel and Herxheimet, 1982;  Soumerai and Avorn, 1990; Davis et al., 
1992; Gutierrez et al., 1994).. These drugs are prescribed by various types of health care providers both in 
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developed and developing countries sometimes without adequate knowledge about the use, and consequences of 
the use of these important therapeutic drugs (Col and O'Connor, 1987). The use of antimicrobials is influenced 
by a number of complex factors. In both developed and developing countries, antimicrobials are frequently 
inappropriately used with many consequences such as increase in bacterial resistance, adverse reactions and 
over expenditure (Achong, 1977; Kunin et al., 1987; Levy, 1982; Ballin et al., 1974; Simmons and Stolley, 
1974; Kunin, 1974; Liss and Batchelor, 1987; Sinclair 1990; Grimwood, 1983; Counts, 1977).  
 Strategies for reducing the inappropriate use of antimicrobials are being explored in order to minimise 
adverse consequences and to maximise the efficiency of use of these drugs. A number of measures have been 
identified to influence the use of antimicrobials in hospital settings. Managerial and regulatory approaches may 
work in the short term, but by themselves may meet resistance from the prescribers. An educational strategy 
seems to be instructive, and it has been shown to be effective in modifying prescribing patterns of physicians 
thus use of antimicrobials (Kunin et al., 1987; Lionel and Herxheimet, 1982;  Soumerai and Avorn, 1990; Davis 
et al., 1992; Gutierrez et al., 1994; Avorn, 1983; Bexell et al., 1996; Lews and Hassanein, 1970; Bauchner et al., 
1999; Grimshaw and Russell, 1993; Lomus et al., 1998;  Sanson-Fisher and Cockburn, 1993;  Avorn, 1998; 
Kunin and Efron, 1977; Zwar et al., 1999; Natsch et al., 1998; Fraser et al., 1997; Durbin et al., 1981; 
Maswoswe and Okpara, 1995; Mc Gown and  Finland, 1974). 
 This study was conducted in a well-established tertiary care hospital at Kuantan, Pahang, Malaysia. This 
hospital is the teaching hospital for the Faculty of Medicine, International Islamic University Malaysia and also 
act as a referral hospital for the secondary and primary level hospitals in Pahang State, Malaysia. A few studies 
(Rashid et al., 1986; Karim and Haque, 1995; Hossain et al., 1982) of antimicrobial use demonstrated that the 
use of these drugs was very often inappropriate even at the tertiary level of health care facilities and quite 
common in medical wards. The aim of this study was to discover the existing patterns of use of antimicrobials in 
medical wards of this hospital and to evaluate the impact of an educational intervention in improving 
prescribing indicators for antimicrobial agent utilization in general. Another objective of the study was to 
examine the determinants of antimicrobial usage.  More precisely, the study evaluated the degree to which route, 
generic name and intervention are reliably related with the number antimicrobials used per patient.   
 

MATERIALS AND METHODS 
 
 Two investigations of antimicrobial use were conducted at the selected hospital in Pahang, Malaysia. The 
institutional Ethics Committee approved this study. A total of 429 patients' treatment charts were reviewed: 209 
in the first and 220 in the second investigations. 
 The period of data collection was four months in each of the pre-intervention and the post-intervention 
investigations from March through June in 2008 and in 2009 respectively. All admitted patients who received 
antimicrobials for their treatments were considered study subjects. The patients and their treatment files were 
identified from the drug supply register kept in each ward. The study instrumentdata collection forms (which in 
addition to the general information of the patients contain the specific information such as name, dose schedule, 
route of administration, date of discontinuation and generic name of antimicrobials used, and information 
regarding laboratory investigations) were completed by examining the treatment files. Each patient was 
followed on a daily basis until his/her discharge from the hospital. After necessary processing, data were entered 
into the computer-based statistical programmethe SPSS, Version 17 for Windows for analysis. 
 The data derived from both investigation periods were analysed. The core indicators of antimicrobial 
prescribing practices, some of the related clinical outcomes of antimicrobials utilization for the treatment of 
admitted patients in medical wards of the hospital was specifically focused.  
 The traning materials were, inter alia, Guide to Good Prescribing”, How to Investigate Drug Use in Health 
Facilities and Clinical Practice Guidelines were utilized for the educational intervention. The analyses were 
performed as a whole and for each of the selected investigation periods for selected variables. In addition to 
descriptive statistics such as frequency tabulations, mean, standard deviation and median, statistical tests such as 
Pearson Chi-square, and logistic regression tests were applied to determine statistically significant difference 
and/ or to adjust for pertinent variable as necessary. 
 To evaluate the determinants of number of antimicrobial usage per patient, the study applied a path analysis 
of the structural equation modelling, using the AMOS (version 16) model-fitting program.  The study first tested 
the adequacy of the hypothesized path model, which contained the interrelationships among route of 
antimicrobial use, generic name and interactive educational intervention (Figure 1).  Next, we assessed the 
relative strength of the independent variables on the basis of the magnitude of path coefficients.  The 
hypothesized models were estimated using the covariance matrix derived from the data; thus, the estimation 
procedure satisfied the underlying statistical distribution theory, and yielding estimates of desirable properties.  
The study adopted maximum likelihood estimation in generating estimates of the path model.  Once the 
interrelationships were estimated, we applied a set of conventionally accepted criteria to evaluate its goodness of 
fit. The measures, based on the criteria for deciding what constitutes a good fit model, assess the (1) consistency 
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of the hypothesized model with the empirical data, (2) reasonableness of the estimates, and (3) the proportion of 
variance of the endogenous variables accounted for by the independent variables.    

 
 
Fig. 1: The hypothesized Path Model of Number of Antimicrobial Usage. 
 
 To examine the impact of the educational intervention (which was a short interactive training for two 
consecutive working days targeted at the all physicians of the medical wards of the selected hospital) on extent 
of change of core prescribing indicators of antimicrobial agents and related clinical outcomes such as, mean 
duration of hospital stay were considered for comparison between before and after the educational intervention.  
 
Results: 
 In the pre-intervention phase, the majority of the admitted patients were males (64.1%). The ratio of male to 
female was 1.8:1.The duration of their hospital stay ranged from 1 day to 30 days with the median of 4 days. 
There were 152 entities of different diseases identified and recorded in the patients’ treatment charts by the 
hospital’s physicians. In order, the ten most frequent diseases were: Pneumonia, COAD (Chronic Obstructive 
Airway Disease), UTI (Urinary Tract Infection), URTI (Upper Respiratory Tract Infection, Fever, Cellulitis, 
CCF (Congestive Cardiac Failure), Leptospirosis, Food Poisoning, Diabetes Mellitus These ten most common 
diseases accounted for 58.8% of all diseases diagnosed among the patients included in this study, and 
pneumonia and other respiratory tract disease accounted for 38.3%. 
 There were 29 different antimicrobials used for their treatment. The study results showed that amoxicillin 
with clavulanate (augmentin), erythromycin, cefuroxime, ceftriaxone and ampicillin sodium with sulbactam 
sodium (unasyn) were the most frequently used antimicrobials across the medical wards of the hospital. The 
mean number of antimicrobial agents used per patient was 1.8(0.9). The majority of the admitted patients 
(53.6%) received two or more antimicrobials in different combinations for their treatment; the intravenous route 
was the most preferred method (57.3%) used to administer the antimicrobials. The percentage of antimicrobials 
prescribed by generic name was 54.3%. Figure 2 shows the commonly prescribed antimicrobial agents. 
 

 
Fig. 2: Commonly prescribed antimicrobial agents. 
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 In post intervention phase, similar patterns of antimicrobial use were observed with a notable reduction of 
the mean number of antimicrobial agents used per patient (1.7  08). Table 1 displays the comparison between 
pre and post intervention study findings for selected variables.  
 
Table 1: Pre-post comparison for selected variables. 

Variable Pre-intervention period Post-intervention period p value 
Age (Mean in year) 49.7  19.4 46.2  20.6 0.072 

Gender: Male 
Female 

64.1% 
35.9% 

43.2% 
56.8% 

< 0.001 

Duration hospital stay (Day) 5.4  5.5 6.2  6.6 0.138 
Number of antimicrobial (Mean) 

Single drug 
Polypharmacy 

1.78  0.9 
46.4% 
53.6% 

1.70  0.8 
50.5% 
49.5% 

0.393 
0.402 

Route: Intravenous 
Others 

65.1% 
34.9% 

46.4% 
53.6% 

<0.001 

Drug’s name: Generic 
Trade 

26.3% 
63.7% 

73.7% 
36.3 

<0.001 

 
 However, based on multivariate analyses, the predictability of influences of selected independent variables 
such as age, gender, duration of hospital stay and generic name on the focused dependent variable- number of 
antimicrobial – is statistically inconsequential (Hosmer and Lemeshow Test: 2 = 12.977, df =8, p = 0.113; 
Wald Test = 0.045, 1.647, 3.139, 0.167, 0.572 for age, gender, duration of hospital stay, generic prescription and 
intervention respectively; corresponding p = 0.832, 0.199, 0.076, 0.683, 0.450 with df =1 ). 
 Figure 3 summarizes the results of path analysis of the interrelationships among route of administration of 
antimicrobials, generic name, intervention and number antimicrobials used per patient. The structural equation 
modeling yielded inconsistency of the hypothesized “correlational causal” relationships with the data, (relative 
χ2(df=1) = 8.771 p = .031; RMSEA = .135; CFI = .915).  Thus, there is no evidence to support the hypothesized 
relationships, and the fit indices did not satisfy their critical cutscores. The results, therefore, indicated an 
unfitted model and reflected that there are potential exogenous variable yet to be explored. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Fit Indices and Standardized Coefficients of the Number of Antimicrobial Used per Patient Model. 
 
 In both the pre-intervention and the post -intervention survey nearly half of the patients received two or 
more antimicrobials in combination for their treatment and the intravenous route of administration of these 
drugs was preferred by the hospitals' physicians. The clinical outcomes such as duration of hospital stay of the 
patients in the post-intervention survey period were not markedly different from those during the pre-
intervention survey period of the study but there was a substantial reduction in number of antimicrobials per 
patient in the post-intervention period compared with the pre-intervention period 
 
Discussion 
 During the past two decades the extent of antimicrobial development has been such that it is not always 
easy to choose appropriate antimicrobials for the treatment of particular diseases (Williams, 1984). Many 
surveys have shown that inappropriate prescribing of antimicrobials and, hence inappropriate use of these drugs 
is widespread even in hospital practice (Cooke et al., 1980; Buckwold and Ronald, 1979; Moss et al., 1981; 
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Achong et al., 1977; Roberts and Visconti, 1972). The inappropriate use of antimicrobials subjects patients to 
unnecessary adverse effects of these drugs, encourages the emergence and proliferation of antimicrobial 
resistant microorganisms and wastes of money (Levy, 1982; Kunin, 1974; Simon, 1987). Furthermore, within 
given situation the inappropriate prescribing habits of one physician can directly affect the patients of his/her 
colleagues through development of and/or cross infection by antimicrobial resistant microorganisms.  
 In this study the aim of conducting training with these selected training materials targeted at a particular 
group of physicians of a hospital was to improve the prescribing habits of physicians and thus appropriate use of 
antimicrobials. To have the comparability between two surveys certain issues such as periods of surveys, case-
mix, antimicrobial rank by order of frequency, patients’ details (age, sex, and nutritional status), hospitals and 
hospitals' physicians that might affect the outcome of the intervention were considered critically. 
 The pre-intervention and the post intervention surveys were carried out at the same period of the 
consecutive two years from March through June in 2008 and in 2009. The number and personal details such as 
age, gender of the studied patients who received antimicrobial treatment were similar between the pre-
intervention and the post-intervention survey periods with predominance of male patients as appeared in other 
studies (Ashraf et al., 1982; Rahman et al., 1990; Nahar et al., 1988). The physicians who usually wrote the 
prescriptions in each of the survey periods had a similar educational and training level. In particular, none of the 
physicians in the medical wards of the selected hospital was transferred or newly posted. As the medical wards 
of a selected hospital included in the study were of similar level by function and the hospital was government 
institutions, the availability of antimicrobials also expected to be similar in these medical wards although this 
was not measured. The most commonly used antimicrobials for admitted patients in the respective medical 
wards were similar in both the pre-intervention and the post-intervention survey periods. For evaluation of the 
educational intervention, the important prescribing indicators such as number, generic prescription and route of 
administration were focused with special attention. There are substantial decreases in number of antimicrobials 
per studied patient the post intervention period compared with the pre-intervention period. These finding are 
almost similar to other tertiary care hospital-based studies in Thailand and Bangladesh (Thumlikitkul et al., 
1998; Akter et al., 2009).. 
 
Conclusion: 
 An interactive, focussed educational intervention programme, targeted at physicians, appears to have been 
effective in improving antimicrobial use in a medical wards of a tertiary care hospital in Malaysia 
 

AKNOWLEDGEMENTS 
 
 The authors acknowledge with heartiest thanks the dynamic guidance and sincere support of the personnel 
at the Research Management Centre, International Islamic University Malaysia (IIUM) whose continued 
encouragement during the field work for this study in Malaysia made this an extremely rewarding effort. It 
would not have been possible to conduct this study without the financial support from the IFRG 0703-80, IIUM. 
This support is gratefully acknowledged. 
 
Competing Interests:  
No competing interests exist. 

REFERENCES 
 

Achong, M.R., B.A. Hauser, J.L. Krusky, 1977. Rational and irrational use of antibiotics in a Canadian 
teaching hospital. CMAJ., 116: 256-259. 

Achong, M.R., J. Wood, H.K. Theal, R. Goldberg, D.A. Thompson, 1977. Changes in hospital antibiotic 
therapy after a quality-of use study. Lancet., 2: 1118-1122. 

Akter, S.F.U., R.D. Heller, A.J. Smith, A.F. Milly, 2009. Impact of a training intervention on use of 
antimicrobials in teaching hospitals. Journal of Infection in Developing Countries, 3(6): 447-451. 

Anonymous, 1993. India's first patient education library opens. Essential Drug Monitor, 16: 7. 
Ashraf, A., S. Choudhury, P. Streefland, 1982. Health disease and health care in rural Bangladesh. Social 

Science and Medicine, 16: 2041-2054. 
Avorn, J., K. Harvey, S.B. Soumerai, A. Herxheimer, R. Plumridge, G. Bardelay, 1987. Information and 

education as determinants of antibiotic use: report of Task Force 5. Rev Infect Dis., 9(supplement 3): 286-296. 
Avorn, J., S.B. Soumerai, 1983. Improving drug therapy decisions through educational outreach. A 

randomized control trial of academically based "Detailling. N Engl J Med., 308: 1457-1463. 
 Avorn, J., S.B. Soumerai, W. Taylor, M.R. Wessels, J. Janousek, M. Weiner, 1998. Reduction of incorrect 

antibiotic dosing through a structured educational order form. Arch Intern Med., 148: 1720-1724. 



Aust. J. Basic & Appl. Sci., 6(9): 141-147, 2012 

146 
 

Ballin, J.C., M.H.M. Dykes, J.B. Jerome, M.E. Kosman, J.R. Lewis, D.O. Schiffman, 1974. In comment. 
This is medical progress? Trends and consequences of antibiotic use in the United States. JAMA., 227: 1029-
1030. 

Bauchner, H., S.l. Pelton, J.O. Klein, 1999. Parents, Physicians, and antibiotic use. Paediatrics, 103: 395-
401. 

Bexell, A., E. Lwando, B. von-Hofsten, S. Tembo, B. Eriksson, V.K. Diwan, 1996. Improving drug use 
through continuing education: A randomised controlled trial in Zambia. Journal of Clinical Epidemiology, 49: 
355-357. 

Buckwold, F.J., A.R. Ronald, 1979. Antimicrobial misuse--effects and suggestions for control. J 
Antimicrob Chemother, 5: 129-136. 

Caldwell, J.R., L.E. Cluff, 1974. Adverse reactions to antimicrobials agents. JAMA, 230: 77-80. 
Col, N.F., R.W. O'Connor, 1987. Estimating worldwide current antibiotic usage: Report of Task Force 1. 

Rev Infect Dis., 9(supplement): 232-243. 
Cooke, D., A.J. Salter, I. Philips, 1980. Antibiotic policies and information resources. J Antimicrob 

Chemother, 6: 435-443. 
Counts, G.W., 1977. Review and control of Antimicrobial usage in hospitalized patients: a recommended 

collaborative approach. JAMA., 238: 2170-2172. 
Davis, D.A., M.A. Thomson, A.D. Oxman, R.B. Haynes, 1992. Evidence for the effectiveness of CME. A 

review of 50 randomized controlled trials. JAMA., 268: 1111-1117. 
Durbin, W.A., B. Lapidas, D.A. Goldmann, 1981. Improved antibiotic usage following introduction of a 

novel prescription system. JAMA., 246: 1796-1800. 
Fraser, G.L., P. Stogsdill, J.D. Dickens, D.E. Wennberg, R.P. Smith, B.S. Pratos, et al, 1997. Antibiotic 

optimization: An evaluation of patient safety and economic outcomes. Arch Intern Med., 157: 1689-1694. 
Grimshaw, J.M., I.T. Russell, 1993. Effect of clinical guidelines on medical practice: a systematic review of 

rigorous evaluations. Lancet, 342: 1317-1322. 
Grimwood, K., J.J. Cook, G.D. Abbot, 1983. Antimicrobial prescribing errors in children. N Z Med J., 96: 

785-787. 
Gutierrez, G., H. Guiscafre, M. Bronfman, J. Walsh, H. Martinez, O. Munoz, 1994. Changing physician 

prescribing patterns: evaluation of an educational strategy for acute diarrhoea in Mexico City. Medical Care, 31: 
436-446. 

Hossain, M.M., R.I. Glass, M.R. Khan, 1982. Antibiotic use in a rural community in Bangladesh. Int J 
Epidemiol., 11: 402-405. 

Karim, A., M. Haque, 1995. Study of the extent and pattern of the use of analgesics and antibiotics during 
operation in the surgical and gynaecological units of a teaching hospital. Journal of Dhaka Medical College, 4: 
85-88. 

Kunin, C.M., 1974. In comment. This is medical progress? Trends and consequences of antibiotic use in the 
United States. JAMA, 227: 1030-1032. 

Kunin, C.M., H.Y. Efron, 1977. Audits of antimicrobial usage. Guidelines for peer review. JAMA., 237: 
1001-1002. 

Kunin, C.M., H.L. Lipton, T. Tupasi, T. Sacks, W.E. Scheckler, A. Jivani, A. Goic, R.R. Martin, R.L. 
Guerrant, V. Thamlikitkul, 1987. Social, behavioural, and practical factors affecting antibiotic use worldwide: 
report of Task Force I. Rev Infect Dis., 9(supplement 3): 270-285. 

Kunin, C.M., T. Tupasi, W.A. Craig, 1973. Use of antibiotics. A brief exposition of the problem and some 
tentative solutions. Ann Intern Med., 79: 555-560. 

Levy, S.B., 1982. Microbial resistance to antibiotics. An evolving and persisting problem. Lancet, 2: 83-88.  
Lews, C.E., R.S. Hassanein, 1970. Continuing medical education- an epidemiologic evaluation. N Engl J 

Med., 282: 254-259. 
Lionel, W., A. Herxheimet, 1982. Coherent Policies on drugs to avoid wastage, medical drug should be of 

proved effectiveness and available to all those who need the mat a reasonable price. World Health Forum, 3: 
265-296.  

Liss, R.H., R.F. Batchelor, 1987. Economic evaluations of antibiotic use and resistance a perspective: report 
of Task Force 6. Rev Infect Dis., 9(Supplement-3): 297-312. 

Lomus, J., G.M. Anderson, Domnick-Pierre, E. Vayda, M.W. Enkin, W.J. Hannah, 1998. Do practice 
guidelines guide practice? The effect of a consensus statement on the practice of physicians. N Engl J Med., 
321: 1306-1311. 

Maswoswe, J.J., A.U. Okpara, 1995. Enforcing a policy for restricting antimicrobial drug use. Am J Health-
Syst Pharm., 52: 1433-1435. 

Mc Gown, J.E., M. Finland, 1974. Usage of antibiotics in a general hospital: effect of requiring 
justification. J Infect Dis., 130: 165-168. 



Aust. J. Basic & Appl. Sci., 6(9): 141-147, 2012 

147 
 

Moss, F., M.W. McNicol, D.A. McSwiggan, D.L. Miller, 1981. Survey of antibiotic prescribing in a district 
general hospital. Lancet, 2: 349-352. 

Nahar, S., R. Uppal, S. Metha, P.L. Sharma, 1988. Prescribing for diarrhoeal Diseases. Indian Paediatrics, 
25: 754-756. 

Natsch, S., C. Conrad, C. Hartmeier, B. Schmid, 1998. Use of amoxycillin-clavulanate and resistance in 
Escherichia coli over a 4 year period. Infect Control Hosp Epidemiol., 19: 653-656. 

Rahman, M., F. Haq, D.A. Sack, T. Butler, A.K. Azad, A. Alam, et al., 1990. Acute lower respiratory 
infections in hospitalized patients with diarrhoea in Dhaka, Bangladesh. Rev Infect Dis., 12(Supplement 8): 
889-906. 

Rashid, H.U., S.A.R. Chowdhury, N. Islam, 1986. Pattern of antibiotic use in two teaching hospitals. 
Tropical Doctor, 16: 152-154. 

Roberts, A.W., J.A. Visconti, 1972. The rational and irrational use of systemic antimicrobial drugs. AJHP, 
29: 828-834. 

Sanson-Fisher, R., J. Cockburn, 1993. The use of behavioural change principles to promote rational 
prescribing: a review of commonly used interventions. Australian Prescriber, 16(supplement 1): 82-86. 

Simmons, H.E., P.D. Stolley, 1974. This is medical progress? Trends and consequences of antibiotic use in 
the United States. JAMA, 227: 1023-1028. 

Simon, H.J., 1987. On the restriction of antibiotic usage (editorial). Rev Infect Dis., 9: 851-852. 
Sinclair, B.L., D.W.J. Clark, B.D. Facoory, P.A. Silva, 1990. Medication use in nine year olds: types of 

medicines used and recall of advice given. N Z Med J., 103: 263-265. 
Soumerai, S.B., J. Avorn, 1990. Principles of educational outreach (academic detailing) to improve clinical 

decision making. JAMA, 263: 549-556. 
Thumlikitkul, V., S. Danchaivijitr, S. Kongpattanakul, Ckokloikawe, 1998. Impact of an educational 

programme on antibiotic use in a tertiary care hospital in developing country. Journal of Clinical Epidemiology, 
51: 773. 

Williams, J.D., 1984. Antibiotic guidelines. BMJ., 288: 343-344. 
Zwar, N., J. Wolk, J. Gordon, R. Sanson-Fisher, L. Kehoe, 1999. Influencing antibiotic prescribing in 

general practice: a trial of prescriber feedback and management guidelines. Family Practice, 16: 495-500.  


