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Fig. 2 Number of countries contributing to research publications on irrational use of antimicrobials per decade

Fig. 3 Average number of authors per article for research publications on irrational use of antimicrobials per decade
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Most commonly encountered anti-infective agents
Analysis of anti-infective agents associated with ir-
rational and misuse of antimicrobial agents indicated
that amoxicillin was most frequently encountered
followed by fluoroquinolones, cephalosporin, and vanco-
mycin. Infections most commonly associated with ir-
rational use were mainly respiratory tract infections (n =
66) and to a lesser extent urinary tract infections (n =
27), and diarrhea (n = 26). Of the respiratory tract infec-
tions, cough, pneumonia, and common cold were most
frequent. The most common pathogens encountered in-
cluded S. aureusand P. aeruginosa(Fig. 6).

Leading journals
The retrieved documents were published in 420 dif-
ferent journals. Sixteen (3.8%) journals published five
or more documents while 311 (74.0%) journals partic-
ipated in one article each. Table 3 shows the list of
journals with a minimum of five publications. The
Plos Onejournal (17, 2.6%) ranked first. The list in-
cluded nine journals in the field of infectious diseases,
two in the field of public health, and 4 in the field of
pharmacy.

Citation analysis
Citation analysis indicated that the retrieved papers re-
ceived 10,240 citations, an average of 15.6 per document,
and an h-index of 52. The range of citations was from 0
to 351. Of the retrieved documents, 219 received one
citation or less while 234 documents received 10 or
more citations.

Discussion
The present study aimed to give an overview of global
research publications on irrational use and misuse of
antimicrobial agents in humans. The findings of the
present study showed an overall increase in the number
of publications, contributing countries, and the average
number of authors per document with time. However,
the number of countries with sizable contributions was
limited, the average number of citations per document
was relatively low, and the number of journals with
prominent contributions was also limited. Irrational use
of antimicrobial agents was mainly associated with
amoxicillin, cephalosporins, and fluoroquinolones in the
treatment of respiratory tract infections, specifically viral
infections. At the community level, the bulk of literature
focused on self-medication with antibiotics and the role
of community pharmacies, and the absence of regulation
in this field.
In response to increasing reports of irrational use of

antimicrobials and the emergence of the AMR problem,
the World Health Assembly Resolution urged member
states to develop and adopt strategies that promote the
rational use of antimicrobial agents to minimize the
spread of resistant pathogens [25] and that is why the
WHO developed the WHO global strategy for contain-
ment of AMR in 2001. These reports attracted the atten-
tion of many countries, researchers, academics, and
policymakers. The present study showed that the rise in
the number of publications on irrational and misuse of
antimicrobial agents and its implications on AMR were
noticed between 1998 and 2002. In 2014, the WHO
warned of a post-antibiotic era where minor infections
become potentially fatal [26]. In 2015, the Global Action
Plan (GAP) on AMR was developed and endorsed by the
Food and Agriculture Organization of the United Na-
tions (FAO) and the World Organization for Animal
Health (OIE). Countries committed to the implementa-
tion of GAP were asked to develop national plans to
contain AMR in a one-health approach [27, 28]. In the
last 5 years of the study period (2016–2020), approxi-
mately 37% of the retrieved documents were published.
The increased number of contributing countries to the
literature on irrational and misuse of antimicrobial
agents has increased with time. However, approximately
half of the countries in the world did not participate sug-
gesting poor monitoring and regulations regarding

Table 1 List of countries with a minimum contribution of 10
papers on irrational use of antimicrobials

Country Number of publications % (N = 656)

United States 140 21.3

China 49 7.5

India 45 6.9

United Kingdom 45 6.9

Netherlands 32 4.9

Australia 28 4.3

Spain 28 4.3

Saudi Arabia 27 4.1

Sweden 22 3.4

Canada 20 3.0

France 19 2.9

Pakistan 17 2.6

Germany 16 2.4

Italy 16 2.4

Switzerland 14 2.1

Turkey 14 2.1

Belgium 13 2.0

Greece 12 1.8

Malaysia 12 1.8

Nigeria 11 1.7

Brazil 10 1.5

South Africa 10 1.5
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antimicrobial resistance. These countries are located in
WHO regions with limited human and financial re-
sources such as the African region, the Eastern Mediter-
ranean region, and the South-East Asian region.
Between 2000 and 2010, the human consumption of an-
tibiotics increased by 36% per capita, and a sharp in-
crease was noted in low- and middle-income countries
[29]. The sharp increase in consumption is indicative of
poor research, poor awareness, inadequate policies and
regulations, lack of strong health systems, and lack of
adequate health services. A study in Tanzania investi-
gated antibiotic purchases from drug outlets and found
that 135 (88.8%) of antibiotic purchases were irrational
and poor knowledge about the use of antibiotics was sig-
nificantly associated with the irrational use of antibiotics
[30]. The findings in the present study that the average
number of authors per document increased significantly
with time is attributed to the increasing number of
scholars who showed interest in the field of AMR and
the multidisciplinary nature of research on irrational use
of antimicrobial agents. The AMR is considered of inter-
est to researchers in public health, microbiology,
pharmacology, infections, economy, and even politics.
Mapping author keywords showed that antimicrobial

stewardship (AMS)/antibiotic stewardship (ABS) was
among the top frequent author keywords. Antimicrobial
stewardship programs are designed to minimize the ir-
rational use of antimicrobials in hospital settings [31,

32]. The AMS programs minimize the irrational use of
antibiotics and therefore proven cost-effective, safer to
the patient, and effective in minimizing the development
of AMS [33, 34]. Another frequent author keyword was
“community pharmacy”. Self-medication and sale of an-
timicrobials without prescription often takes place in
community pharmacies specifically in low- and middle-
income countries. A recent study in Egypt assessed the
dispensing patterns in Egyptian community pharmacies
found that amoxicillin was dispensed to 98% of the pa-
tients despite that the patients had simulated viral re-
spiratory infections [35]. A comprehensive systematic
review on self-medication with antibiotics included 140
studies of all ages and diverse geographical locations
[36]. The majority of the studies included in the analysis
were from Brazil (12; 9%), followed by India (9; 6%),
Pakistan (9; 6%), and Nigeria (8, 6%). The study found
that the most widely self-medicated drug classes were
antibiotics, followed by NSAIDs, and cough and cold
medicines. A second systematic review of studies on
self-medication and self-prescription of antibiotics in the
Middle East found 22 studies [37]. The study found that
penicillin was the most commonly used and the main
complaint was upper respiratory tract problems. These
reported results are in agreement with the findings of
the present study regarding respiratory tract problems
and amoxicillin as the chief complaint and the main
antibiotic associated with irrational use/self-medication.

Fig. 4 Number of publications on irrational use of antimicrobials from different world regions
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The use of amoxicillin in self-medication practices was
reported in several published studies from different geo-
graphic locations [38, 39]. The non-prescription use of
antibiotics is not limited to low- and middle-income
countries. Such practices have been reported in high-
income countries but under-studied [40, 41]. The pub-
lished studies on self-medication with various types of
antimicrobial agents appeared as one research theme

upon mapping the most frequent terms in the titles/ab-
stracts of the retrieved documents. Self-medication and
self-prescription with antibiotics are facilitated by a lack
of monitoring and the absence of strict regulations re-
garding the sale or dispensing of antibiotics [42]. A sys-
tematic review study on global access to antibiotics
without prescription in community pharmacies returned
38 studies from 24 countries [43]. The study concluded

Table 2 Top 30 author keywords in the retrieved papers on irrational use of antimicrobials

Author keyword Number of occurrences Author keyword Number of occurrences

antibiotics 156 community pharmacy 11

self-medication 65 Saudi Arabia 10

antibiotic resistance 39 antimicrobial stewardship 9

antibiotic 36 misuse 9

resistance 27 rational use 9

antimicrobial resistance 26 antibiotic overuse 8

antibiotic use 20 China 8

anti-bacterial agents 15 pharmacy 8

knowledge 15 rational use of antibiotics 8

children 14 attitude 7

drug resistance 14 guidelines 7

antibiotic stewardship 13 hospital 7

prescription 13 infection 7

bacterial resistance 12 practice 7

antibiotic misuse 11 public health 7

Fig. 5 Network visualization map of terms in the titles and abstracts of the retrieved publications. The threshold of inclusion was 10 occurrences
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