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The continuing emergence and spread of antimicrobial resistance 
is a worldwide public health problem. The main reason is the 
excessive and unjustified use of antibiotics [1]. In the United
States, 160 million antibiotic prescriptions are distributed 
annually and there is evidence that inappropriate use occurs 
in approximately half of these [2]. In particular, antimicrobials 
are often used for “respiratory tract infections” that are actually 
caused by viral agents and do not warrant the use of antibiotics. 
Interventional programs initiated to decrease inappropriate 
antibiotic prescribing by physicians have led in some cases to 
favorable results including less prescribing for viral illnesses [3] 
and the use of more narrow-spectrum instead of wider-spectrum 
agents [4].

Although most of the focus regarding inappropriate antibiotic 
use has been directed at physicians, some researchers have 
proposed that the role of patients also be assessed. Self-
medication with antibiotics is possible via several avenues: 

a) they are legally available over-the-counter, b) antibiotics 
initially prescribed by physicians are saved and subsequently 
used without a medical consultation, c) antibiotics are obtained 
through friends or relatives, and d) they can be acquired via 
the Internet. Antibiotics are available over the counter in many 
developing countries but are prescription-only in the U.S., 
Canada and all European countries. However, in some European 
countries (mostly southern Europe), antibiotics are available 
directly from the pharmacy. Self-medication with antibiotics 
can lead to an unfavorable medical outcome for the individual 
patient, such as adverse drug reactions, drug interactions that 
mask the correct diagnosis, and the development of a super-
infection. Moreover, inappropriate antibiotic usage by the 
patient has wider implications for the population as a whole 
because it also contributes to the development of antimicrobial 
resistance. 

Data on antibiotic use in Europe is available and shows 
wide variations from country to country. For example, non-
hospital use of antibiotics defined as daily doses per 1,000
people per day ranges from 36.5 in France and 32.4 in Spain 
to 11.3 in Denmark and 8.9 in the Netherlands [5]. Similarly, 
data on resistance rates in Europe show that resistance rates 
are generally higher in Mediterranean countries and lower in 
more northern countries [6]. Resistance rates generally show a 
correlation with overall antibiotic consumption. However, until 
recently there was little information on the possible inter-re-
lationship between  antibiotic use, resistance rates, and self-
medication with antibiotics. In order to assess the prevalence 
of overall consumption of antibiotics including self-medication 
and to plan for programs aimed at reducing resistance rates 
in 19 European countries, the University of Groningen, Neth-
erlands, initiated a project entitled: Study on Self-Medication 
with Antibiotics and Resistance levels in Europe (SAR), funded 
by EU/SANCO of the European Public Health Alliance [7]. Un-
der the auspices of this project, a self-administered question-
naire was developed in English, translated into the relevant 
national languages, and sent by post to various populations in 
selected European countries. The questionnaire includes items 
relating to demographics, overall use of antibiotics, and self-
medication with antibiotics. 
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Methods: We sent by post a questionnaire on antibiotic usage 
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Results: The overall response rate was low (17.9%), particularly 
among the Arab population (9.4% of respondents). Among the 
467 respondents, 169 (36.2%) reported 215 antibiotic courses 
within the last year. Amoxicillin was the antibiotic most commonly 
used (32.7% of courses); 89.4% of antibiotics were obtained via a 
physician’s prescription; 114 respondents (24.4%) stored leftover 
antibiotics at home, and 81 (18.7%) would consider self-medication 
with antibiotics without a medical consultation. 

Conclusions: Over-the-counter acquisition of antibiotics is rare 
in Israel. However, the storage of leftover antibiotics in the home 
constitutes an alternative potential source of self-medication that can 
have untoward consequences, not only for the individual patient but 
also for the general population since inappropriate antibiotic usage 
contributes to the increasing rates of antimicrobial resistance.
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Israel is one of the countries included in the SAR program 
and the aim of this article is to report the results of the SAR 
questionnaire that was sent to a population in the north of the 
country. In Israel, antibiotics are available by prescription only. 

Patients and Methods
The self-administered SAR questionnaire, developed in English by 
the SAR project group coordinated by the University of Groningen 
in the Netherlands, was translated into Hebrew and Arabic and 
then back-translated to English to validate the translation. The 
questionnaire comprised items pertaining to age, gender, actual 
use of antibiotics in the past year (not including topical antibiot-
ics), source of the prescription, reason for taking the antibiotic, 
type of antibiotic, storage of antibiotics in the home, and intent 
to use antibiotics without consulting a physician. 

The study was conducted from October 2002 to December 
2003. Using the registry of the Clalit Health Services, the ques-
tionnaires were randomly sent to 2,615 of its members, ap-
proximately half of whom were Jewish and half Arab. The study 
population consisted of adults over the age of 18, who, where 
relevant, were also asked to give information regarding their 
children under 16 years old. Two to four weeks after the first
questionnaire was sent out, 500 reminders were mailed to non-
responders, with a new survey form attached.

Respondents were contacted and, following receipt of a writ-
ten informed consent, were visited by two medical students to 
check the storage of antibiotics in the home. Data were ana-
lyzed descriptively.

Results
Of the 2,615 questionnaires sent out, only 467 (17.9%) were re-
turned. Table 1 summarizes the demographic characteristics of 
the respondents and non-respondents. More than 90% of the 
respondents were Jewish and less than 10% were Arab. Nearly 
60% of respondents were female. 

Use of antibiotics within the past year was reported by 169 
respondents (37.0%), who took 215 antibiotic courses; no differ-
ence in this figure was observed between the Jewish and Arab
populations. A total of 163 of the respondents (34.9%) had chil-
dren ≤16 years old and 78 (47.9%) responders had taken anti-
biotics during the previous year. Of the 215 antibiotic courses 
taken by reported antibiotic users, 89.4% were prescribed by a 
physician, 4.25% by a nurse, and only 5.1% were antibiotics that 
had not been prescribed by a physician or nurse [Table 2]. Ta-
ble 3 shows the types of antibiotics used in the 215 antibiotic 
courses. Penicillins were the most frequent antibiotic used, fol-
lowed by cephalosporins and macrolides. Upper respiratory tract 
infection and cystitis were the two most frequent indications for 
the use of antibiotics (28% each) followed by tonsillitis, pneu-
monia and otitis/sinusitis (9–11%) [Table 4]. 

Altogether, 114 respondents (24.4%) stored antibiotics at 
home; these include those who are actual users of the same 
antibiotic in the previous 12 months. Of these hoarders, 26.3% 
would take antibiotics without a medical consultation and 8% 
would give their children antibiotics without a medical consulta-

Table 1. Demographic characteristics of respondents

No. of respondents (%) 
(n=467, 17.9%)

No. of non-respondents (%) 
(n=2148, 82.1%)

Gender 

Male

Female

Age (yrs) 
Mean

Range

Residence 
Urban 

Rural 

Ethnic group
Jewish

Arab

Have children ≤16 yr
Yes

No

193 (41.3)

274 (58.7)

49.6 ± 16.9

18–94

166 (35.5)

301 (64.5)

423 (90.6)

44 (9.4)

163 (34.9%)

304 (65.1%)

1042 (48.5)

1106 (51.5)

42.8 ± 17.01

18–93

1041 (48.5)

1107 (51.5)

1257

257 (58.5)

891 (41.5)

No data available

No data available

Table 2. Sources of 215 antibiotic courses 

No. (%)

Physician

Nurse

Leftovers

Relatives

196 (91.2)

  10 (4.7)

    6 (2.8)

    3 (1.4)

Table 3. Antibiotic classes used for the 215 antibiotic 
courses

No. (%)

Amoxicillin

Penicillin

Amoxi/clavulanate

Cefuroxime

Macrolides

Quinolones

Nitrofurantoin

Tetracyclines

Others

Don’t remember

68 (31.6)

16 (7.4)

21 (9.8)

26 (12.1)

16 (7.4)

  8 (3.7)

  8 (3.7)

  6 (2.8)

39 (18.1)

  7 (3.3)

Table 4. Clinical indications for the 215 antibiotic courses 
No. (%)

Upper respiratory tract infection

Pneumonia

Cystitis

Otitis/sinusitis

Tonsillitis

Soft-tissue infection

Gastroenteritis

Others

 58 (27.0)

 21 (9.8)

 58 (27.0)

 19 (8.8)

 23 (10.7)

 10 (4.7)

 10 (4.7)

 9 (7.4)
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tion. Of all respondents, 81 (18.7%) would take antibiotics with-
out a medical consultation. In other words, many of those with 
antibiotics stored at home also intend to use them without a 
prescription. However, only 20 (4.3%) would give antibiotics to 
their children without seeking medical advice.

Discussion
In the present study 38% of the participants (and 48% of the 
responders with children) took antibiotics during the past year, 
and an average of 0.45 antibiotic courses/year was reported. In 
our survey, 88% of our respondents were prescribed antibiotics 
by the physician. Although clinical outcomes and appropriate-
ness of prescribing were not evaluated in this study, it is likely 
that a significant portion of the Israeli prescribing was unneces-
sary as respondents reported upper respiratory tract infection to 
be the indication for the antibiotic prescription in 28% of cases. 
In addition, the broad-spectrum antibiotic amoxicillin comprised 
33% of antibiotic courses in our survey as compared to 1.5% in 
the Swedish survey, while the narrow-spectrum antibiotic peni-
cillin V was used in 8% of Israeli antibiotic courses compared 
to 38% of the Swedish courses. 

Our study found that patients, too, contribute to inappropri-
ate antibiotic use. Nearly 25% of respondents stored antibiot-
ics at home and 17% said they would take antibiotics without a 
medical consultation. The corresponding figure from the Swed-
ish study was far lower – only 4% of respondents had at least 
one antibiotic in the home, although 11% said they would con-
sider self-medicating if necessary. 

Our results are remarkably similar to two studies performed 
in the U.S. Ceaser and Wurtz [8] interviewed 101 adults on a 
city street [8], and 26% of interviewees said that they had kept 
the remaining portion of their antibiotic prescription and 14% 
said they would use the leftover antibiotic without consulting a 
healthcare provider. A second survey of 1,363 patients attending 
a suburban Emergency Department found that 43% of patients 
reported using antibiotics in the past year (vs. 38% in the 
present survey) and 17% had taken leftover antibiotics without 
consulting a physician [9]. These nearly identical figures from
Israel and the U.S., while troubling, are not as bad as those 
from countries where antibiotics can be obtained without a 
prescription. In Spain for example, antibiotics are available 
without a prescription. The URANO project was organized 
to evaluate the usage of antibiotics in Spanish households. 
Of 1,000 households randomly contacted by telephone, 42% 
currently had antibiotics in the home, and in 19% of these 
homes there was a family member currently being treated with 
an antibiotic [10]. Self-medication occurred in 29% of cases. In 
Russia, antimicrobials are not included in the list of over-the-
counter medicaments, but people can freely purchase antibiotics 
from most state-managed and commercial drug stores. A survey 
of nine large cities in Russia found that 84% of 900 families 
stored antibiotics in the home! [11]. Respondents had used 
the stored antibiotics without a physician’s recommendation 
in 86% of 2,309 antibiotic courses. It should be noted that in 
Malta, as in Russia, antibiotics are legally prescription-only 

medicines although pharmacies often dispense antibiotics 
based on symptoms. Yet a Maltese survey showed that only 
19% of respondents said that they took antibiotics without a 
prescription [12]. Since this figure is substantially lower than
that from the Russian survey, it appears that societal and 
cultural factors influence self-medication with antibiotics despite
their legal status. 

The main limitation of the present study was the 
low response rate in general, especially among the Arab 
population. Second, we did not determine whether the leftover 
antibiotics stored in respondents’ homes were due to poor 
patient compliance, where patients did not complete the entire 
course of antibiotics as prescribed, or whether the leftover 
medicine was simply due to too large packaging of antibiotics 
that contained medicine in excess of what was needed. 
This detail might be relevant since incomplete courses of 
antibiotics could themselves possibly contribute to antibiotic 
resistance. Third, the recall among respondents may not 
have been accurate. In a survey of patients attending a clinic 
for sexually transmitted diseases, 29 of 48 patients denied 
self-medication with antibiotics but had a positive urine test 
for antibiotics, and other patients reported usage but had 
negative urine results [13]. High rate of leftover antibiotics 
is not enough proof to indicate contribution to antimicrobial 
resistance.

Despite potential limitations, our findings that a meaningful
number of households with stored antibiotics and respondents 
would contemplate self-medication suggest that patient remind-
ers on good antibiotic practice should be encouraged. Although 
consumer-oriented sections on proper antibiotic usage appear 
on several websites, such as that of the U.S. Centers for Dis-
ease Control, another alternative would be a printed page to be 
dispensed by the pharmacist with each antibiotic prescription. 
This page could explain why self-medication with antibiotics 
is detrimental to both the individual and the population as a 
whole, and could prompt the patient to return unused medica-
tion to the pharmacy. 

Reduction of inappropriate antibiotic usage requires action 
at several levels. First, countries where antibiotics are avail-
able without a prescription should enforce regulatory measures 
restricting access to prescription-only. Second, interventions 
to curb physicians over-prescribing have the potential to sig-
nificantly dampen the increasing antimicrobial resistance rates.
Third, patient education to eliminate self-medication could add 
an important dimension to the effort to reduce inappropriate 
antibiotic usage. 
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Many people living with diabetes for an extended time 
eventually develop a complication called diabetic neuropa-
thy, a form of nerve damage that affects the extremities 
with symptoms that range from tingling and numbness to 
severe pain. Although many hypotheses have been pro-
posed to explain how this nerve damage arises, the under-
lying mechanisms remain poorly understood. A new study 
identifies an unexpected cellular culprit. From an analysis of
rodent models, Terashima and associates observed that dia-
betic neuropathy is accompanied by an aberrant fusion of 
bone marrow-derived (BMD) cells to neurons in the sciatic 
nerve and dorsal root ganglion. The fusion, which appears 
to involve a distinct subset of BMD cells that are marked 

by inappropriate expression of pro-insulin, disrupts calcium 
handling in the neurons and triggers their premature death. 
The authors speculate that the diabetic state likely induces 
inappropriate gene expression in the BMD cells, producing 
molecules (such as tumor necrosis factor-alpha) that may 
be toxic to neurons and to the hybrid cells. Although BMD 
cells are often viewed in a favorable light for their poten-
tial therapeutic applications in repairing tissue damage, this 
study suggests that in certain contexts these cells may in 
fact be harmful. 

Proc Natl Acad Sci USA 2005;102:12525
Eitan Israeli

Capsu le

Cellular culprit to diabetes neuropathy

Neurofibrillary tangles are the most common intraneuronal
inclusion in the brains of patients with neurodegenerative 
diseases and are composed, at least in part, of deposits of 
the protein tau. SantaCruz et al. describe the remarkable ef-
fects of suppressing transgenic tau over-expression in mice: 
the recovery of memory loss after significant neuron loss
and brain atrophy despite continued accumulation of neuro-

fibrillary tangles. This dissociation of cognitive deficits from
tangle pathology suggests that recovery of cognitive func-
tion is possible even after considerable neurodegeneration 
has occurred during the development of tauopathies such 
as Alzheimer’s disease.

Science 2005;309:476
Eitan Israeli

Capsu le

Reversing neurodegenerative change

There is only one way to treat a cold, and that is with contempt

 Sir William Osler (1849-1919), Canadian physician, who pioneered modern clinical teaching methods. 
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