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EXECUTIVE SUMMARY 

The development of antimicrobial resistance is a natural process which cannot be 
stopped. Antimicrobial resistance has become a global public health concern with major 
economic, social and political implications. Resistance means that people can't be effectively 
treated, that they are ill for longer and at a greater risk of dying. It also means that epidemics 
are prolonged and thus that there is a greater risk of infection of others. The development of 
resistance is accelerated when antimicrobials are misused. In addressing the problem of 
antimicrobial resistance, it is essential to minimize the opportunities for resistance to emerge. 
In practice this means using antimicrobials both widely and wisely-neither too little nor too 
much, and never inappropriately. 

A multitude of factors affect the use of antimicrobial medicines, and thus the problem of 
antimicrobial resistance. Some of the more pertinent include the fact that education on 
prudent use of, and resistance to, antimicrobials is lacking among dispensers and prescribers. 
Empirical treatment predominates because of the widespread lack of diagnostic services. 
Moreover, drug sales may constitute a significant portion of prescribers' income. In many 
countries antimicrobials are available over-the-counter and may be purchased without 
prescription. Inefficient or poorly enforced regulatory mechanisms, lack of quality assurance 
and marketing of substandard drugs are important contributory factors to the problem of 
antimicrobial resistance. In addition, the marketing policies of antimicrobials by the 
pharmaceutical industry influence prescribing behaviour and use patterns. Another problem 
occurs in veterinary medicine, where antimicrobials are used as growth promoters and are 
licensed, if at all, as feed additives rather than drugs, making control of their use nearly 
impossible. All these factors, in particular the over-the-counter availability of antimicrobial 
drugs in private pharmacies and the unnecessary widespread use of new generations of 
antibiotics for uncomplicated conditions, contribute to the increase in antimicrobial resistance 
in the Region. 

Global trends, as well as regional figures, indicate the widespread nature of the problem 
of antimicrobial resistance. A number of studies have been carried out in the countries of the 
Region to monitor and evaluate the magnitude of antimicrobial drug resistance. These reports, 
while not sufficiently comprehensive to determine in detail the scale of antimicrobial drug 
resistance at the regional level, do indicate that the drug resistance is both widely present and 
is increasing. High levels of resistance exceeding 40% have been found, and the need for 
addressing the problem is reported regularly. 

Infectious diseases still account for 45% of deaths in low-income countries and for 
almost one in two premature deaths worldwide. Most of these deaths (about 90%) are due to 
six diseases: acute respiratory infection (mainly pneumonia), diarrhoeal disease, HIY/AIDS, 
tuberculosis, malaria and measles. Antimicrobial resistance is today challenging OUT ability to 
treat effectively at least four of these diseases: acute respiratory infections, diarrhoeal disease, 
malaria and tuberculosis. The cost of treatment with so-called third-line drugs is extremely 
high in comparison to first-line drugs. Therefore, despite the still-low prevalence of illnesses 
requiring third-line drug treatment in the Region, the economic impact of antimicrobial 
resistance is already considerable, and is expected to increase in the future. 
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A comprehensive, multisectoral approach is imperative to effectively monitor, prevent 
and control antimicrobial drug resistance. Multiple disciplines are to be involved, including 
physicians, policy-makers, pharmacists, nurses, epidemiologists and laboratory personnel. 
Interventions will be required in areas as diverse as legislation, reporting and surveillance, 
operational research, laboratory diagnosis monitoring, access to drugs (including drug 
development), rational use of drugs, medical education, public information, as well as control 
of use of antibiotics as livestock growth promoters. 

The EMRO task force on antimicrobial resistance has identified six priority target 
groups and, for each target group, reviewed a range of possible interventions for 
appropriateness and feasibility of implementation in countries of the Eastern Mediterranean 
Region. The interventions identified as most feasible and important largely reflect existing 
regional priorities for essential drugs and biologicals and include: training of prescribers and 
dispensers, and the use of guidelines and formularies; establishment of infection control 
committees, guidelines for antimicrobial use, and surveillance of antimicrobial use in 
hospitals; development national drug policies, essential drug lists and standard treatment 
guidelines; provision of undergraduate and postgraduate training on rational drug use and 
antimicrobial resistance; and ensuring that drugs are produced according to Good 
Manufacturing Practice standards. 
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1. INTRODUCTION 

As early as half a century ago, just a few years after penicillin was put on the market, 
scientists began noticing the emergence of a penicillin resistant strain of Staphylococcus 
au reus, a common bacterium in the human body's normal bacterial flora. Resistant strains of 
gonococci and dysentery-causing Shigella and Salmonella followed rapidly. From that first 
case of resistant staphylococcus, the problem of antimicrobial resistance (AMR), and 
concurrent decrease in the pace of development for new and replacement antimicrobials, has 
developed into a global public health concern with major economic, social and political 
implications. 

Resistance means that people can't be effectively treated, that they are ill for longer and 
at a greater risk of dying. It also means that epidemics are prolonged and that the public is at 
greater risk of infection. 

Pathogens develop resistance to antimicrobials through a process of natural selection. 
When a microbial population is exposed to an antibiotic, more susceptible organisms will 
succumb, leaving behind only those resistant to the antimicrobial onslaught. These organisms 
can then pass on their resistance genes either to their offspring, by replication, or to other 
related bacteria through "conjugation", whereby plasmids carrying the genes "jump" from one 
organism to another. This process is a natural, unstoppable phenomenon, exacerbated by the 
abuse, overuse and misuse of antimicrobials in the treatment of human illness and in animal 
husbandry, aquiculture and agriculture. Furthermore, disease, and therefore resistance, thrives 
in conditions of civil unrest, poverty, mass migration and environmental degradation where 
large numbers of people are exposed to infectious diseases, with limited access to basic health 
care. Such conditions are unfortunately all too well known in our Region. 

All uses of antimicrobials, both appropriate and inappropriate, apply a selective pressure 
on populations. The more antimicrobials are used, the greater this pressure will be. However, 
the development of resistance is accelerated when antimicrobials are misused. Thus it is 
critical to gain maximum benefit from the curative effects of antimicrobials-especially in 
developing countries where they are not only misused, but often underused due to financial 
constraints. Inappropriate prescribing practices (including the wrong choice of drug and 
incorrect dosage or length of treatment), poor compliance with treatment and the use of low 
quality (sometimes counterfeit) drugs all contribute to the emergence of drug-resistant 
microbes. It is essential to minimize the opportunities for resistance to emerge. In practice this 
means using antimicrobials both widely and wisely-neither too little, nor too much, and 
never inappropriately. 

In 1998, the 51st World Health Assembly issued resolution WHA51.17, which urged 
Member States to develop educational programmes to encourage appropriate and cost
effective use of antimicrobials; develop measures to prohibit the dispensing of antimicrobials 
without the prescription of a qualified health care professional; improve practices to prevent 
the spread of infection and thereby the spread of resistant pathogens; strengthen legislation to 
prevent the manufacture, sale and distribution of counterfeit antibiotics and the sale of 
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antimicrobials on the infonnal market; and take measures to encourage the reduced use of 
antimicrobials in food-animal production. Countries were also urged to encourage 
development of sustainable systems to detect resistant pathogens, and to monitor volumes and 
patterns of use of antimicrobials and the impact of control measures. The resolution 
furthennore requested WHO to support countries in their efforts to control antimicrobial 
resistance. 

Since the Health Assembly resolution, many countries in the Eastern Mediterranean 
Region have expressed growing concern about the growing problem of antimicrobial 
resistance. In 2000, the Task Force on Drug Resistant Pathogens in the Eastern Mediterranean 
Region was established, with representation from the main technical areas concerned, to 
advise on the necessary steps to be taken at regional and national level to address this issue 
effectively. This group concluded that antimicrobial drug resistance is a major priority 
problem in the Region, and that it is caused by a number of contributing factors. Control and 
prevention of antimicrobial drug resistance therefore must be multi sectoral in its approach, 
aiming at behavioural changes among producers, prescribers, dispensers and consumers of 
antimicrobial agents, all under an umbrella of infonned policy guidance. 

The WHO Global Strategy for Containment of Antimicrobial Resistance (2001) was 
developed with substantial technical input from the Eastern Mediterranean Region. A 
comprehensive multisectoral framework for action was developed that served as the basis for 
the subsequent discussions. The Global Strategy provides a framework of interventions to 
slow the emergence and reduce the spread of antimicrobial resistant microorganisms through: 

• reducing the disease burden and the spread of infection; 
• improving access to appropriate antimicrobials; 
• improving use of antimicrobials; 
• . strengthening health systems and their capabilities in surveillance; 
• enforcing regulations and legislation; and 
• encouraging the development of appropriate new drugs and vaccines. 

2. GLOBAL TRENDS IN ANTIMICROBIAL RESISTANCE 

2.1 Infectious diseases 

Overview 

All available evidence points to a marked increase in antimicrobial drug resistance 
among microorganisms causing infectious diseases. The magnitude of the effect of resistance 
is tremendous, due to the extremely high burden of new and re-emerging infectious diseases. 
Infectious diseases still account for 45% of deaths in low-income countries and for almost one 
in two premature deaths worldwide. Most of these deaths (about 90%) are due to six diseases: 
acute respiratory infections (mainly pneumonia), diarrhoeal disease, HIV/AIDS, tuberculosis, 
malaria and measles. Antimicrobial resistance is currently a challenge to effective treatment of 
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at least four of these acute infections: respiratory infections, diarrhoeal disease, malaria and 
tuberculosis. 

It is anticipated that this trend will accelerate in the coming decades. Close contact 
between humans and animals, changes in land and water use patterns, warmer temperatures, 
increased rainfall, temperature-sensitive environments (relating to cholera) and spread of 
water-breeding vectors such as mosquitoes (in malaria) and snails (in schistosomiasis), are 
contributing factors to the resurgence of deadly infections and emergence of new ones. 

Acute respiratory infections 

Lower respiratory infections, especially influenza and pneumonia, killed 3.5 million 
people globally in 1998, most of whom were children in developing countries. Immuno
suppression from malnutrition and growing resistance to commonly used drugs such as 
penicillin, contribute to continued high death rates. 

Diarrhoeal diseases 

Diarrhoeal diseases, mainly spread by contaminated water or food, accounted for 2.2 
million deaths in 1998, of which 60% occurred among children under 5 years of age in 
developing countries. The most common cause of death related to diarrhoeal diseases was 
infection with Escherichia coli. Other diseases including shigellosis, cholera and retroviral 
diarrhoea are prevalent throughout the developing countries. The problem of antimicrobial 
drug-resistant pathogens is evident in the management of cholera and shigellosis. Testing for 
antibiotic sensitivity is done only during the early stages of cholera outbreaks, after which all 
cases are treated according to the results. Resistance is not monitored even in countries where 
cholera is encountered on a regular basis. 

HIVIAIDS 

In HIY / AIDS, the increase of retroviral drug resistance is becoming a serious problem 
especially in view of the very limited number of treatment regimens available to date. 

Malaria 

Drug-resistant malaria, historically a problem only with the most severe form of the 
disease, is increasingly widely reported. Chloroquine, for example--once the first-line 
treatment for malaria-is no longer effective in 81 of the 92 countries where the disease is a 
public health problem. 

Tuberculosis 

In tuberculosis control, drug resistance, particularly multidrug resistance (MDR), is an 
important problem. MDR is man-made, as it is a consequence of inconsistent or partial, 
poorly supervised, treatment. Multidrug-resistant tuberculosis is no longer confined to any 
one country or to patients co-infected with HIY, but has appeared in locations as diverse as 
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Africa, Asia and Eastern Europe. Already over 20% of resistant new tuberculosis cases are 
multi-drug resistant. Furthermore, the emergence of multidrug-resistant bacteria means that 
medication that once cost US$ 20 must now be replaced with drugs a hundred times more 
expensive. 

Parasitic diseases 

For many parasitic diseases, large-scale chemotherapy is the main control measure. For 
instance in areas of schistosomiasis and intestinal nematode transmission, school-age children 
have been identified as a target group for regular chemotherapy. Frequent re-treatment with 
the same drug may increase the drug pressure on the parasite populations and might speed up 
selection of worms carrying "resistant" genes. 

2.2 Other areas of concern 

Nosocomial infections 

Hospitals are particularly important in the containment of antimicrobial resistance. 
Although most antimicrobial use occurs in the community, they are used with more intensity 
in hospitals, where highly vulnerable patients often require prolonged antibiotic therapy, and 
the problem of cross infection arises. Highly virulent, and increasingly resistant hospital
acquired infections, such as Staphylococcus aureus infections, are becoming more common, 
possibly as a result of more invasive, sophisticated medical procedures. Hospital-acquired 
infections, which amount for 40 000 deaths a year in the United States alone, are almost 
always caused by drug-resistant microbes. 

Foodbome infections 

The widespread use of antimicrobials in farming is of serious concern as some of the 
newly emerging resistant bacteria in animals are transmitted to humans, mainly from food of 
animal origin or through direct contact with farm animals. The best-known examples are 
diseases caused by the foodborne pathogenic bacteria Salmonella and Campylobacter and the 
commensal (harmless in healthy persons and animals) bacteria Enterococcus. Research has 
shown that resistance in these bacteria is often a consequence of using antimicrobials in 
agriCUlture. 

Proof of the effectiveness of large-scale interventions can be seen in Denmark, where in 
early 1998, the Danish cattle and broiler industries reacted to consumer concerns and stopped 
all use of growth promoters. Subsequently, the prevalence of antimicrobial resistance in 
broilers was seen to drop drastically over the next few years. 

The total amount of antimicrobials used in food-animals is not known, although It IS 
estimated that about half the antimicrobials produced globally are used in farming. The fact 
that reports indicate that 50% of human antimicrobial resistance is caused by growth 
promoters in livestock, added to their feed in sub-therapeutic antibiotic doses, is of particular 
importance. 
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3. (IR)RATIONAL USE OF ANTIMICROBIALS 

3.1 Definition 

Rational drug use involves: i) the correct drug, ii) administered by the best route, iii) in 
the right amount, iv) at optimum intervals v) for the appropriate period, and vi) after an 
accurate diagnosis. 

Problems occur when antimicrobials are: i) not equitably available, ii) used by too many 
people, iii) to treat the wrong disease, iv) in the wrong dosage, v) for the wrong period of 
time, and/or vi) not in the correct formulation or strength. 

With so many parts to the "equation" there is little wonder that irrational, or 
inappropriate, use of antimicrobials is a global problem affecting all countries and health 
systems and ultimately all consumers and patients. 

A multitude of factors affect the use of antimicrobial medicines. Some of the more 
pertinent include the following. 

• Education on prudent use of, and resistance to, antimicrobials is lacking among 
dispensers and prescribers. It is thus not surprising that drugs are frequently used in 
inappropriate doses and combinations. 

• Empiric treatment predominates because of the widespread lack of diagnostic services. 

• Drug sales may constitute a significant portion of prescribers' income. 

• Antimicrobials are available over-the-counter in many countries and may be purchased 
without prescription. 

• Inefficient regulatory mechanisms or poor enforcement thereof, with lack of quality 
assurance and with marketing of substandard drugs, are important contributory factors. 

• Marketing of antimicrobials by the pharmaceutical industry influences prescribing 
behaviour and use patterns. 

• For veterinary drugs: antimicrobial growth promoters are often not considered drugs 
and are licensed, if at all, as feed additives. 

3.2 Inappropriate prescribing 

There is a wide variation in the prescribing of antimicrobials. In primary health care 30%-
60% of patients receive antibiotics, perhaps twice the number of patients with real clinical need. 
Misuse is common and may take the form of incorrect dosage or inappropriate prescription. For 
instance, studies from various parts of the world report that over 80% of patients with viral 
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respiratory tract infections receive antibiotics, as is the case for childhood diarrhoea when the 
appropriate treatment would be oral rehydration salts (ORS). 

A study in MuItan, Pakistan, reflects a situation common to many countries. It showed 
that general practitioners were not familiar with the national ARI control programme and 
rational drug use guidelines. They rarely asked about symptoms describing severity of disease 
while taking patient histories and did not look for signs of severe pneumonia during physical 
examinations. Most patients diagnosed with upper respiratory tract infection received oral 
antibiotics and those with pneumonia received injectable antibiotics. Other drugs prescribed 
included cough syrups, antihistamines and antipyretics. The average number of drugs 
prescribed per patient was 3.4. A combination of medical and social factors help to perpetuate 
this irrational prescribing behaviour of the general practitioners. 

Hospital-level prescribers, especially in university teaching hospitals, are often the role 
models for primary health care prescribers. Unfortunately, antimicrobials are misused just as 
much in hospitals as in primary health care, as shown in Table 1. 

Table 1. Inappropriate use of antibiotics in teaching hospitals 

Country 

Canada 1977 

USA 1978 

Australia 1979 

Canada 1980 

Australia 1983 

Kuwait 1988 

Australia 1990 

Thailand 1990 

South Africa 1991 

Thai land 1991 

Inappropriate use (%) 

42% 

50% 

12% 

41% 

86%-91% 

30% 

63% 

48% 

39% 

64% 

91% 

54% 

22%-100% 

41% 

79.7% 

Type/department 

Surgical ward 

Gynaecology ward 

Medical ward 

All patients 

Prophylaxis 

Paediatric medical cases 

Paediatric surgical cases 

All departments 

Paediatric inpatients 

Patients on vancomycin 

All departments 

Gynaecology inpatients 

Unrestricted antibiotics 

All departments 

Surgical prophylaxis 

Source: Hogerzeil HV. Promoting rational prescribing: an international perspective. British JOIln/al of clinical phamracology, 
1995. 39:1-{j. 
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Many causes have been identified as to why providers prescribe antimicrobials too often 
and unnecessarily. These include: lack of knowledge or information, leading to uncertainty 
about the diagnosis and the most appropriate drug(s); fear of poor treatment outcome; patient 
demand; and earning a living through selling medicines. In many developing countries, the 
diagnostic process is often too inadequate to be able to anive at a diagnosis with any certainty. 
Many prescribers have little access to good quality information about diagnosis and drugs. 
Standard treatment guidelines are often unavailable and health workers are often unsupported 
and unsupervised. Frequently, drug company representatives are the only source of information 
for doctors. Such information may well be biased, particularly with regard to the effectiveness of 
a certain drug compared to rival drugs of the same class. The combination of uncertainty in 
diagnosis and treatment and fear of poor treatment outcome (and in industrialized countries, fear 
of litigation) together fuel the over-prescribing of antibiotics. 

3.3 Patient demand 

Even when prescribers are confident about their diagnoses and the appropriate treatment 
option(s), they can still be influenced greatly by patient demands. In reports from all parts of the 
world, prescribers cite patient demand as a cause of irrational prescribing. However, the degree 
to which prescribers are influenced by their patients is unknown and probably varies according to 
the skills and confidence of the prescriber. There is some evidence that it is prescriber perception 
of patient demand, rather than actual patient demand, that affects the prescribing decision. 

3.4 Accessibility 

The population of developing countries represents 80% of the world population. 
However, medicine sales in developing countries represent only about 20% of total medicine 
sales worldwide (Figure I). Between 1975 and 1997, out of a total of 1223 new compounds 
that were launched, only 11 were for tropical diseases. This has a grave impact on the 
accessibility and thus appropriate use of drugs, and will likely lead to a lack of suitable 
treatment options in the future due to the lack of research and development in the areas of the 
so-called neglected diseases-those diseases for which treatments do not exist or are 
inadequate. 

3.5 Quality 

Both actual and perceived quality of medicines affects the development of antimicrobial 
resistance. This relationship is both direct, since substandard medicines prolong illness and 
allow resistant strains to develop more easily, and indirect, through inappropriate use of 
broad-spectrum antimicrobial agents or combinations of different antimicrobials because of 
quality concerns. Good manufacturing practices (GMP), the internationally recognized 
process and standards for ensuring that quality is "built into" medicines, cannot always be 
guaranteed. In this respect it is noted that only one in three developing countries has a well 
functioning drug regulatory system to, inter-alia, help ensure that only quality medicines from 
recognized manufacturers producing according to GMP standards are available in the country. 
The magnitude of the problem is reflected by the fact that from 10% to 20% of medicines fail 
quality tests. While this partly reflects quality assurance problems in the production process 
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there is also a sizable proportion of counterfeit products in this group. For instance, in a study 
of the WHO database on medicines, out of a sample of 325 identified substandard medicines, 
16% had incorrect ingredients, 17% had an incorrect, and often insufficient amount of active 
ingredient, and 60% contained no active ingredient at all. It can be concluded that both 
substandard and counterfeit medicines are a serious contributing factor to the development of 
antimicrobial resistance. 

Japan US$45.8 binion 

Europe USSIOO.8 binion 

-.......... 

North America US$169.5 billion 

Latin America and Caribbean 
US$30.5 billion 

/" SE Asia and China US$20.1 billion 

_ E:ast,ern Europe US$7.4 biUion 

Middle East US$lO.6 billion 

----_ Africa US$5.3 billion 

Indian subcontinent US$ 7.3 billion 

A nsIraIasia US$5.4 billion 

Commonwealth of 
Independent States 
US$3.2 billion 

Source:www.ims.global.comlinsightlreDortlglobaVreporthtm 

Figure 1. Projected world pharmaceutical market by region by 2002 

4. REGIONAL TRENDS AND CHALLENGES 

4.1 Studies 

A number of studies have been carried out in the Region to monitor and evaluate the 
magnitude of antimicrobial drug resistance. Reports from different countries, while not 
sufficiently comprehensive to determine in detail the scale of antimicrobial drug resistance at 
regional level, indicate that drug resistance is both widely present and increasing. Factors 
contributing to increasing resistance include wide availability of antimicrobial drugs in private 
pharmacies, often without the need for prescriptions, and unnecessary and widespread use of 
new generations of antibiotics for uncomplicated conditions. 

The following sample of studies from the Region reflects the great similarity between 
countries in terms of scope and magnitUde of the problem of antimicrobial resistance. Several 
of the studies listed clearly identify the link between various elements of irrational drug use 
and resulting drug resistance. 
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• Egypt (Assiut): in a major reference hospital 25 Mycobacterium tuberculosis isolates 
from patients who had been treated for at least 1 year for tuberculosis were evaluated. 
Multidrug resistance was found among 11 (44%) of the isolates. 

• Islamic Republic of Iran (Teheran): from cases of diarrhoea in children under 5 years, 
508 Salmonella strains were isolated and tested for sensitivity to 10 antimicrobial drugs. 
91 % of the salmonellae isolates contained resistance determinants, of which 89.6% 
were resistant to more than one agent. Strains resistant to 4-7 drugs comprised 85.6% of 
the total isolates. Ampicillin resistance was found in 85.4% and nalidixic acid in 2.7%. 

• Iraq (Mosul): of a total of 600 isolates of E. coli collected, of which over 90% were 
E. coli type 1 and 8.3% serotyped as enteropathogenic E coli, resistance to 11 
antimicrobial agents was assessed. Over 40% were antibiotic-resistant and of these 
77.1 % were resistant to more than one antibiotic. 

• Kuwait: 1253 urinary tract isolates were analysed for sensitivity to 13 antimicrobial 
agents commonly used for the treatment of urinary tract infections. High resistance of 
E. coli was noticed to ampicillin, sulfonamides and trimethoprimlsulfamethoxazole. The 
authors concluded that the "generous policy for the prescription of especially ampicillin 
and other broad spectrum antibiotics in uncomplicated infections has generated this 
serious consequence". 

• Lebanon: 153 clinical enterococcal isolates were tested against 11 antimicrobial agents. 
The majority of isolates were Enterococcus faecalis (72.5%) followed by Enterococcus 
faecium (22.9%). Resistance was found against ampicillin (0.9% and 14%), 
erythromycin (59% and 40%), tetracycline (72% and 34%), chloramphenicol (32% and 
11 %), rifampicin (36% and 57%), ciprolloxacin (23% and 34%) and norlloxacin (22% 
and 8%). The authors concluded that "These variable antimicrobial rates of resistance 
suggest a surveillance programme for antimicrobial resistance in this country would be 
helpful to help control infection, guide empirical antibiotic therapy and implement a 
policy of antibiotic usage". 

• Morocco: Antibiograms of 258 isolates of E. coli made from autopsied chickens 
showed high levels of resistance (greater than 40%) to sulfonamides, oxytetracycline, 
trimethoprim + sulfamethoxazole and chloramphenicol. A significant percentage of 
isolates (82.5%) were each resistant to at least two antimicrobial agents. 

• Pakistan (Multan): 2840 urine samples were tested to determine the frequency and 
antibiotic susceptibility pattern of uro-pathogens. For E. coli ampicillin, ceftazidime, 
nitrofurantoin and gentamicin sensitivity was 26%, 20%, 80% and 65% respectively. 
Enterococcus isolates showed 40% sensitivity to ampicillin. The authors conclude that 
the resistance pattern of uro-pathogens causing urinary tract infections to common 
antimicrobial agents is changing and must be taken into account when selecting 
treatment strategies. Therefore, antibiotic policy should be set according to local survey 
data. 
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• Palestine: 113 isolates of Streptococcus pneumoniae from children with acute lower 
respiratory tract infections were tested for drug resistance. Resistance rates were 
penicillin 88%, cefuroxime 85%, erythromycin 63%, tetracycline 45%, chloramphenicol 
27% and ofloxacin 2%. Resistances to erythromycin and cefuroxime were significantly 
associated with penicillin resistance as were hospitalization and previous use of beta
lactam antibiotics. 

• Saudi Arabia: A review study concludes that the problem of antimicrobial resistance is 
widespread, that the causative factors ate uncontrolled and that national strategies to 
address the problem are lacking. The multiplicity of factors driving antimicrobial 
resistance requires that solutions are built around collaboration of governmental 
agencies, pharmaceutical companies, health care providers and consumers. Leadership 
should be provided by a national steering committee on antimicrobial resistance. 

• Sudan (Khartoum): A study of the prevalence of resistance to six commonly used 
antimicrobial agents in faecal coliforms from children showed high resistance patterns 
ranging from 96% to ampicillin to 70% to chloramphenicol; 39% of children had 
isolates resistant to all six antibiotics studied and 80% against at least four. 

4.2 Regional assessment of economic impact 

The EMRO task force on antimicrobial resistance assessed the economic impact of drug 
resistance based on available incidence data and estimated prevalence of drug resistance. 
Table 2 gives the estimated mortality and morbidity due to the four major infectious diseases 
of the Region: acute respiratory infections, diarrhoeal disease, tuberculosis and malaria. 

Table 2. Burden of major communicable diseases in the Region, 1998 

Illness Mortality Morbidity Remarks 

Acute respiratory infection (ARI) 348 ()()() 14 220 ()()() 

Diarrhoeal disease 278 ()()() 1 ()()() ()()() Shigella 

50 ()()() Cholera 

Tuberculosis 139 ()()() 611 ()()() 

Malaria 53 ()()() 13 693 ()()() 

Total 818 ()()() 29574 ()()() 

Source: WHO 

Table 3 shows, for each of the four diseases, the proportion of patients requiring first
line, second-line and third-line treatment. Standardized first-line, second-line and third-line 
treatment regimens were identified, and the cost of each treatment regimen calculated using 
prices from an international not-for-profit supplier of essential drugs. The resulting cost per 
treatment is given in the table. Finally, using the morbidity pattern and the cost of each 
treatment regimen, the total cost of drugs was calculated, with the assumption that all cases in 
the Region would be treated. This exercise was based on broad estimations and several 
assumptions, and further studies would be required to refine the model. However, the results 
point to many important issues in the control of drug-resistant pathogens in the Region. 
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Table 3. Morbidity and cost per treatment per level of treatment 

IIIness Total No. of cases by required level of treatment 
First·line Second·line Tbird·line 

ARI Morbidity 14220000 II 376000 1422000 142200 

Proportion of cases 100% 80% 10% 10% 

Cost per treatment 0.07 0.08 0.77 
regimen (US$) 

Total cost of drugs 1966 963 112 1091 
(US$ 1000) by 
required regimens 

Diarrhoea, Morbidity 1000000 800000 100 000 100000 
Shigella 

Proportion of cases 100% 80% 10% 10% 

Cost per treatment 0.07 0.08 0.4 
regimen (US$) 

Total cost of drugs 102 53 8 40 
(US$ 1000) by 
required regimens 

Diarrhoea, Morbidity 50000 40000 5000 5000 
Cholera 

Proportion of cases 100% 80% 10% 10% 

Cost per treatment 0.12 0.07 0.3 
regimen (US$) 

Total cost of drugs 7 5 0.3 2 
(US$ 1000) by 
required regimens 

Thberculosis Morbidity 611 000 565672 41207 4121 

Proportion of cases 100% 93% 7% 1% 

Cost per treatment 21 48 2050 
regimen (US$) 

Total cost of drugs 22510 12071 1991 8447 
(US$ 1000) by 
required regimens 

Malaria Morbidity 13693000 II 365 190 1780090 136930 

Proportion of cases 100% 83% 13% 1% 

Cost per treatment 0.04 0.05 1.12 
regimen (US$) 

Total cost of drugs 687 445 89 153 
(US$ 1000) by 
required regimens 

Total Morbidity 29574000 24 146862 3348297 1668051 

Proportion of cases 100% 82% 11% 6% 

Total cost of drugs 25272 13537 2201 9733 
(US$ 1000) by 
required regimens 



EMlRC49/8 
Page 12 

It is important to note that, despite the low prevalence of illness requiring third-line drug 
treatment (10% in ARI and diarrhoeal diseases and 1 % in tuberculosis and malaria), the cost 
for third-line drugs is extremely high in comparison to first-line drugs: 1144% of first-line 
treatment in ARI, 603% in Shigella infection, 9762% in tuberculosis and 2800% in malaria. 
Assuming that all cases would be treated, a large proportion of overall treatment expenditures 
would be spent on treatment of a very small number of resistant cases. The figures for third
line tuberculosis and malaria treatment are particularly alarming: for tuberculosis, 38% of 
overall treatment expenditure would be for 1 % of cases; and for malaria, 22% of the overall 
expenditures would be for 1 % of the cases. 

5. POLICY OPTIONS 

5.1 Identifying factors 

The emergence of antimicrobial resistance is a complex problem driven by many 
interconnected factors, in particular the use and misuse of antimicrobials. Antimicrobial use, 
in tum, is influenced by an interplay of knowledge, expectations and interactions of 
prescribers and patients, economic incentives, characteristics of the health system(s) and the 
regulatory environment. In the light of this complexity, coordinated interventions are needed 
that simultaneously target the behaviour of providers and patients and change important 
features of the environments in which they interact. These interventions are most likely to be 
successful if the following factors are understood within each health setting. 

• Which infectious diseases and resistance are important problems? 
• Which antimicrobials are used and by whom? 
• What factors determine patterns of use of antimicrobial? 
• What are the relative costs and benefits from changing use? 
• What barriers exist to changing use? 

It is clear that a comprehensive, multi sectoral approach is necessary to monitor, prevent 
and control antimicrobial drug resistance effectively. Multiple disciplines must be involved, 
including physicians, policy-makers, pharmaceutical companies, pharmacists, nurses, 
epidemiologists and laboratory personnel. Interventions will be required in areas as diverse as 
legislation, reporting and surveillance, operational research, laboratory diagnosis monitoring, 
access to drugs, rational use of drugs, medical education and public information. As well, use 
of antibiotics as livestock growth promoters must be controlled. 

5.2 Prioritizing interventions 

Just as there are many actors and activities that contribute towards antimicrobial 
resistance, so there are many potential strategies to contain the growth and spread of 
resistance. 

The EMRO task force and co-opted members identified six priority target groups and, 
for each target group, a range of possible interventions which may be appropriate for 
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countries depending on their technical and economic infrastructure, health care systems and 
the health situation of their populations (Table 4). The task force then reviewed the range of 
interventions for appropriateness and feasibility of implementation in countries of the Eastern 
Mediterranean Region. 

Table 4. EMRO task force list of interventions to contain antimicrobial resistance 

Target group 
Health systems 

Patients, families and 
the public 

Prescribers and 
dispensers 

Policies, strategies and 
regulations 

Intervention 
Therapeutic committees 
Infection control committees 
Guidelines for antimicrobial use 
Antimicrobial use surveillance 
Laboratory network and epidemiological resistance surveillance 

Education on appropriate use 
Education on hygiene 
Discourage self-medication 

Training 
Guidelines and formularies 
Monitoring and supervision 
Regulation of professionals 
Educate prescribers about drug promotion 

National antimicrobial resistance task force with budget 
Drug policies, e.g. essential drugs list, standard treatment guidelines 
Registration of all drug outlets 
Antimicrobials by prescription-only 
Dispensing of antimicrobials by licensed staff only 
Quality assurance system 
Drug licensing to include resistance data 
Undergraduate and postgraduate training on antimicrobial resistance 
Access to evidence-based drug information 
Cut economic incentives to irrational drug use 
Monitor and supervise drug promotion 
Monitor and link antimicrobial resistance and drug use data 

Pharmaceutical industry Incentives for industry to do research and development 
Monitor and supervise drug promotion 

Non-human 
antimicrobial use 

Production according to Good Manufacturing Practice standards 

Surveillance of resistance and use 
Phase out growth promoters 
Educate farmers and veterinarians 
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Health systems were considered the most important area for action among the six target 
areas identified. The interventions for this area included the establishment of infection control 
committees, therapeutic committees and guidelines for antimicrobial drug use. Guidelines for 
antimicrobial drug use surveillance and the establishment of laboratory networks for 
antimicrobial drug resistance surveillance and control were identified as particularly 
important within this group of interventions. 

Under support to patients, families and the public, education on appropriate use and 
adherence to antimicrobial drugs was considered most relevant and most feasible for 
implementation. This was followed by education to discourage self-medication, whereas an 
education programme on hygiene was considered less relevant and less feasible. 

In the area of prescribers and dispensers, the training of professionals was considered 
most important and most feasible. The preparation of guidelines and formularies was regarded 
as equally feasible. Projects on monitoring and supervision, regulation of professionals and 
education of prescribers about promotion of antimicrobial drugs were regarded as relevant but 
less feasible. 

Twelve interventions were identified in the area of policies, strategies and regulations, 
an action programme for drug policies considered most relevant and feasible. Although the 
majority of the other interventions were considered relevant, their implementation in countries 
was considered less feasible. These interventions included the establishment of a national task 
force on antimicrobial drug resistance, registration of all drug outlets, sale of antibiotics by 
prescription only, licensed dispensing of antimicrobial drugs, quality assurance systems, 
provision of resistance data for the licensing of antimicrobial drugs, training on antimicrobial 
drug resistance, access to evidence-based drug information, supervision of drug promotion 
and monitoring and linking of antimicrobial drug resistance and the use of drugs. 

Collaboration with the pharmaceutical industry was considered a priority. Among the 
three interventions identified within this area, the production of antimicrobial drugs according 
to standards of Good Manufacturing Practice (GMP) was regarded as both highly relevant and 
highly feasible. Supervision of drug promotion and incentives to industry for research and 
development of antimicrobial drugs were considered relevant but less feasible. 

Three interventions were identified under non-human antimicrobial use, including 
surveillance of resistance and use of "growth promoters", phasing-out of "growth promoters" 
and education of veterinarians and farmers. All were considered important but less feasible to 
implement, as sectors other than health would have to be included. 

Following the review by the task force, the list of interventions was further reviewed in 
the Regional Office for South-East Asia, at country level (Nepal) and, finally, in a global 
workshop in Geneva. The resulting WHO global strategy to contain antimicrobial resistance 
identifies 64 interventions in total. Of these, 44 interventions are aimed at improving the use 
of antimicrobial drugs in humans at the national level or below (i .e. excluding interventions 
concerning animal use, new vaccine and drug development and international measures). 
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It should be noted that the interventions agreed on by all groups as the most feasi ble and 
important largely reflect existing regional priorities for essential drugs and biologicals. These 
interventions include the following: 

• Training of prescribers and dispensers, and the use of guidelines and formularies; 
• Establishing infection control committees, guidelines for antimicrobial use, and 

surveillance of antimicrobial use in hospitals; 
• Developing national drug policies, essential drug lists and standard treatment 

guidelines; 
• Ensuring undergraduate and postgraduate training on antimicrobial resistance; 
• Ensuring drugs are produced according to Good Manufacturing Practice standards. 

6. CONCLUSIONS 

Although reliable information to assess the magnitude and trends in antimicrobial 
resistance is still limited, reports and research findings indicate widespread, and increasing, 
presence of drug-resistant pathogens. Reasons include the wide availability of antimicrobial 
drugs, sometimes without prescription, and the extensive use of the new generation of 
antibiotics without prudent prescribing and dispensing practices. 

Antimicrobial resistance is a natural biological phenomenon and cannot be halted. 
However, its development can be contained. The main priority should be to prevent infection 
in the first place. Where this is impossible, the next priority is to control the problem of 
resistance. Since it is antimicrobial use that drives resistance, the focus of any containment 
strategy should be on minimizing unnecessary, inappropriate or irrational use of antimicrobial 
drugs. Actions should be taken promptly to reduce the overall use of antimicrobials in both 
human and veterinary medicine. This requires both preventive measures, such as eliminating 
unnecessary and improper use of antimicrobials, and improving the effective use of 
antimicrobials currently available, through better diagnosis and monitoring of antimicrobial 
resistance. 

Many groups, including government, patients and the general public, prescribers and 
dispensers, academia, agricultural sector, professional societies, industry and international 
agencies, play a role in determining how and where antimicrobials are used. All of these 
groups need to be engaged in developing and implementing a resistance containment action 
plan. Furthermore, the multifactorial nature of the problem necessitates integrated approaches 
for its containment. Containment will require, among other things, legislation, training on 
rational use of drugs, establishment of surveillance networks with laboratory support services, 
and effective management of drug-resistance cases. Human resource development, public 
health education and operational research are prerequisites for addressing antimicrobial 
resistance effectively. 

If efforts to control the development of drug-resistant pathogens do not succeed, and 
cheap alternative treatments are not developed soon, a disastrous situation may well arise in 
which large amounts of money will have to be spent on treatments. There is every medical 
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and economic incentive to take the appropriate measures to prevent such a situation from 
arising. Through collaboration and commitment and implementation of integrated strategies 
involving all key partners, this can be achieved. 

7. RECOMMENDATIONS 

To Member States 

1. Member States should establish a national intersectoral task force, under leadership of 
the Ministry of Health, for antimicrobial resistance containment, to develop, implement 
and monitor a range of interventions in areas including legislation, surveillance, 
operational research, access to and rational use of medicines, medical education, public 
information and control of the use of antibiotics as livestock growth promoters. 

2. Member States should introduce, or strengthen, legislative and regulatory mechanisms 
to ensure the appropriate use of antimicrobial medicines of assured quality on a 
prescription-only basis. 

3. Hospital therapeutics committees and infection control programmes should be 
established in all hospitals, as should quality diagnostic laboratory services. 

4. Member States should introduce the essential drugs concept into undergraduate and 
postgraduate educational programmes for all health care workers, focusing on the 
management of priority diseases including accurate diagnosis and management of 
common infections. 

ToWHOIEMRO 

5. The Regional Office should continue to advocate with Member States to give high 
priority to addressing antimicrobial drug resistance due to its potentially disastrous 
consequences for public health. 

6. The Regional Office should encourage the establishment of networks for surveillance of 
antimicrobial resistance and antimicrobial use and should continue to support the 
regional laboratory network for antimicrobial drug resistance, established in 1995. 

7. The Regional Office should provide technical and financial support to operational 
research at regional, national or institutional level, aiming to contain antimicrobial 
resistance. 

8. The Regional Office should explore the possibility of designating regional reference 
laboratories to support Member States in ensuring the quality of medicines marketed in 
the Region. 
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9. The Regional Office should, through its regional coordination committee for 
antimicrobial resistance, surveillance and control, develop a regional strategy on the 
prevention, control and monitoring of antimicrobial drug resistance in line with the 
global strategy for the containment of antimicrobial drug resistance, but specifically 
addressing regional priority problems and building on specific regional strengths and 
opportuni ties. 
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