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Abstract
Objective  Adverse Drug Reactions (ADR) add a significant clinical and economic burden to the healthcare system of a coun-
try. We present an overview of the different approaches of ADR reporting systems worldwide and their evolution over time.
Methods  A systematic review of the literature was made based on PubMed and the Cochrane database of systematic reviews. 
The articles searched for included original articles, WHO and FDA reports and institute of medicine reports.
Summary  Reporting ADRs is the cornerstone of detecting uncommon ADRs once the drugs are on the market. In many 
countries, ADR reporting is regulated by national regulatory bodies and various methods are employed to report ADRs. 
Direct reporting by healthcare professionals has been adopted by many developed and developing countries. With emerging 
new technologies in the field of medicine, there is a great potential to develop better ADR reporting systems in the countries 
where they have poor reporting.
Conclusion  Development and acquisition of newer technologies to promote ADR monitoring and reporting is a necessity 
for an effective pharmacovigilance system in a country.
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Introduction

ADRs are defined by the World Health Organization (WHO) 
as responses to a drug which are noxious and unintended and 
which occur at doses normally used to treat a patient for diagno-
sis, prophylaxis, therapy, or the modification of a physiological 
function [1]. ADRs have a detrimental effect on a healthcare 
system of a country. It is the sixth leading cause of mortality 
worldwide [2]. A meta-analysis that includes 69 studies around 
the world showed that 6.7% of all hospital admissions are due 
to ADRs. In addition, it is found that the median prevalence of 

ADR-related hospital admission in developed and developing 
countries was 6.3–5.5%, respectively [3].

Furthermore, prolonged hospital stays and additional labo-
ratory investigations adversely affect the economy of a country.

Importance of ADR reporting 

During the drug development process, only a small number of 
selected groups of patients are enrolled to experiment with the 
drug. Thus, some less common ADRs occur in special popu-
lations like children, pregnant mothers, and the elderly with 
several comorbidities that are often undetected. In addition, the 
trial period may be too brief to detect ADRs. Hence, no drug is 
safe at the time of marketing. However, drugs are consumed by 
the people belonging to the above categories once the drug is on 
the market. Thus, the surveillance system for a post-marketing 
phase of a drug is necessary to detect, assess, and prevent ADRs 
which are not identified during the drug development process. 
Globally, many drugs were withdrawn following severe ADRs, 
reported during the post-marketing phase, signifying the impor-
tance of post-marketing surveillance. A few examples include 
cisapride, gemtuzumab, and aceclofenac [4]. Even the known 
ADRs of the particular drug should be detected and reported 
without any negligence to take necessary actions.
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History of ADR reporting

The activities related to the detection, assessment, under-
standing, and prevention of drug reactions or any other 
problems related to medicinal products are known as phar-
macovigilance [5].

When considering ADR reporting around the world, the 
national pharmacovigilance systems of most countries depend on 
spontaneous reporting. Spontaneous reporting means voluntary 
reporting of ADR data by health professionals, pharmaceutical 
companies, or directly by patients to a national or regional ADR 
database. The collected data is screened regularly for detection 
of the signal. Information suggesting a new potential association 
or new aspects of a known association between medicines and 
ADR that warrant further investigation are known as signals [6].

The importance of spontaneous reporting is early iden-
tification of the ADRs at the lowest cost. This helps further 
investigate ADRs, make necessary warnings, and change 
the products. Furthermore, drugs can be withdrawn based 
on this information. Still, spontaneous reporting is the cor-
nerstone of pharmacovigilance.

Many countries have understood the importance of phar-
macovigilance after the thalidomide tragedy. Thalidomide 
was found to be an effective antiemetic for nausea and vomit-
ing in pregnancy, and it was prescribed for pregnant women 
where thousands of deformed infants were born subsequent 
to its exposure [7, 8]. This incident highlighted the neces-
sity of an active surveillance system for a country to report 
ADRs. Hence, a formal way of spontaneous reporting sys-
tem was first introduced following the thalidomide tragedy.

Most of the countries’ national pharmacovigilance centers 
are ruled by medicine regulatory authorities. Some countries 
have regional centers which are established and governed by 
the national center, and they serve as centers for local data col-
lection. Different methods are used to report ADRs by these 
centers. A study conducted in 2002 to investigate and compare 
the different ADR reporting systems shows that all schemes are 
operated on the same basic principle to collect ADR data to pre-
vent possible drug hazards, but the approaches are different [9].

In 1968, WHO started the drug monitoring process by 
incorporating a few countries. The ten founding members 
of the WHO programme in 1968 were Australia, Canada, 
Czechoslovakia, Federal Republic of Germany, Ireland, 
Netherlands, New Zealand, Sweden, the UK, and the USA 
[10, 11]. Later, in 1978, this was organized as a separate 
international drug monitoring center known as Uppsala 
Monitoring Center (UMC). The primary objective of this 
programme was a developing international collaboration to 
identify and take actions for ADRs which were not detected 
during clinical trials (Programme for International Drug 
Monitoring (PIDM)) [12]. Currently, it works collaboratively 
with 143 countries and annually receives 150,000–200,000 
reports of suspected ADRs from different countries.

However, the urgent need to rationalize and harmonize 
the drug regulation process around the world was first rec-
ognized by the Europe. In 1990, the International Council for 
Harmonisation (ICH), formerly the International Conference 
on Harmonisation, was established by Europe, together with 
Japan and the USA. ICH has gradually evolved in pharma-
covigilance activities on a number of important multidiscipli-
nary topics, including drug safety, quality, and efficacy [13].

Paper‑based ADR reporting

With time, many countries around the world implemented 
ADR reporting systems in which healthcare professionals 
were supposed to report ADRs voluntarily to a national 
center. In the beginning, the reporting process was mainly 
driven by the ADR reporting forms. Different names were 
given to these ADR reporting forms by their countries. For 
example, the UK has a yellow card scheme, the USA has a 
MedWatch reporting form, Australia has a blue card, and 
India has its own Central Drugs Standard Control Organiza-
tion (CDSCO) form [14–16]. However, there is no interna-
tionally accepted standard format to report ADRs to UMC 
or national centers. Furthermore, a study carried out to com-
pare different ADR forms around the world emphasizes the 
need of developing a uniform ADR reporting system glob-
ally [17]. This study has comparatively evaluated 13 differ-
ent ADR forms and concluded significant variability in the 
content of the ADR forms in different countries.

Web‑based ADR reporting

As the ADR reporting process has been largely paper-
based, there were many instances of problems with delay-
ing reports, their quality of recording, and poor accessibility. 
Furthermore, as it is a time-consuming process, encouraging 
health personnel to report ADR was another concern. How-
ever, developing a global electronic ADR reporting system 
was not that easy as it takes a lot of effort to implement, 
validate, and manage such a system.

In 1991, a specially designed computer programme known 
as Adverse Drug Reaction Online Information Tracking sys-
tem (ADROIT) was introduced by the MHRA and it consisted 
of all the ADR data received through the yellow card scheme 
since 1964 [18].The data which is entered into the system are 
prioritized by their seriousness and the fatal reports are gener-
ated within a day where serious and non-serious reports are 
generated within 72 h and 7 days, respectively [19].

The members of UMC have national pharmacovigi-
lance centers that collect Individual Case Safety Reports 
(ICSR) and these reports are transferred electronically to 
VigiBase, the WHO global database of ICSRs [20]. It is the 
world’s largest database and it is continuously updated with 
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incoming reports of ADR. Currently, all the members of the 
UMC share their ADR data with the VigiBase [21].

Furthermore, UMC introduced a Web-based ADR reports 
management system known as VigiFlow in 2004 [22]. This 
system helps to analyse the ADR data effectively and effi-
ciently, allowing identifying potential medicine safety haz-
ards. Currently, VigiFlow is used by more than 90 members 
of UMC and is harmonious with international standards. 
This process also allows healthcare personnel to report ICSR 
directly to VigiBase [23].

EudraVigilance is the pharmacovigilance database estab-
lished in 2001 for the collection and analysis of suspected 
ADRs in European Union (EU) countries [24]. The Euro-
pean Medicine Agency is the regulatory body that operates 
the system, and it enables the electronic exchange, man-
agement, and scientific evaluation of ICSRs related to all 
medicinal products. Since 2015, the EMA collaboratively 
has worked with the UMC-WHO by sharing all suspected 
ADRs with the UMC.

The USA is one of the ten founding members of the Inter-
national Drug Monitoring Program of WHO. The Food and 
Drug Administration (FDA) is the responsible authority for 
the regulation of foods, medicines, cosmetics, and medical 
devices in the USA. Since 1968, they have been maintaining 
an ADR reporting system that consists of collecting sus-
pected ADR data from healthcare professionals, consumers, 
and pharmaceutical companies [25]. Currently, it receives 
about half a million reports per year, which is a huge number 
compared to other countries. The collected ADR reports by 
FDA are sent to the Web-based data tool known as FDA 
Adverse Event Reporting System [26, 27]. Then they are 
continually screened for new signals.

In Africa, most of the countries have manual reporting 
systems rather than electronic methods compared to other 
developing and developed countries. Furthermore, 200 or 
more ADR reports per million population are expected by 
WHO, while some African countries were able to provide 
fewer than 20 ADR reports per million population in 2010 
[28]. At the end of 2015, the majority of African coun-
tries (35 of 54) were full members of the PDIM. Although 
the ICSR submitted from African countries has improved 
substantially, still the total reports from African countries 
are < 1% of the global count in VigiBase [29].

Meanwhile, as a solution to the safety issues, another 
safety surveillance, known as cohort event monitoring 
(CEM), was introduced by WHO. This method is introduced 
to capture ADRs that occurred due to selected medications. 
A simple and user-friendly new software, known as Cem-
Flow, was designed by WHO to manage and analyze all the 
data collected from CEM. This software is introduced as a 
pilot project to collect ADR data in African countries. Fur-
thermore, the PaniFlow software, a specially designed exten-
sion of the UMC’s ICSR management tool VigiFlow, was 

introduced to African countries by WHO to detect adverse 
events following immunization (2009 H1N1-pandemic influ-
enza) [30, 31].

However, various organizations and institutions including 
WHO-UMC are working together to strengthen the ADR 
reporting systems in African countries which are unsatisfac-
tory compared to other developing countries.

The Asian pharmaceutical market is the third-largest 
pharmaceutical market in the world after Europe and the 
USA, and a lot of pharmaceutical companies are emerging 
with successful drug developments. Japan and China owned 
the majority, while other countries belong to the minority. 
In China, Korea, and India, government-approved ADR 
reporting regional centers have been established across the 
countries that held the responsibility for monitoring and col-
lecting ADRs [32–36]. Furthermore, Indian authorities are 
planning to increase the Adverse Drug Reaction Monitor-
ing Centres (AMC) up to 350 across the country. In that 
case, India will have one of the largest ADR monitoring 
programs among the Asian countries. By establishing vari-
ous networks and bodies, these countries keep working on 
strengthening pharmacovigilance programs without giving 
up the effort.

In Sri Lanka currently, an existing method to report 
ADRs is spontaneous reporting by healthcare professionals. 
The National Medicine Regulatory Authority (NMRA) has 
introduced a national ADR reporting form together with a 
set of guidelines that entail all the details concerned regard-
ing the monitoring and reporting of ADRs in Sri Lanka 
[37, 38]. Furthermore, a Google form of ICSR has been 
introduced to report ADR, which can be filled by logging in 
to the website of NMRA. Safety and Risk Evaluation Sub 
Committee (SAFRESC) is an expert committee appointed by 
the NMRA which provides advice and technical assistance 
to the pharmacovigilance division of NMRA pertaining to 
the subject. To enhance the number of ADR reports to the 
national center, a step was taken to establish regional foci 
in identified areas. Accordingly, the first focus was estab-
lished in 2014. In order to reduce the missing ADR data, a 
separate ICSR has been introduced for suspected anaphy-
lactic reactions by NMRA to report anaphylactic reactions, 
which could collect all the important information. Finally, 
all the appropriate data are entered in the global database 
(VigiFlow) [39].

However, studies based on electronic ADR reporting 
systems are lacking in Sri Lanka. Furthermore, measures 
to promote ADR reporting are not being given appropri-
ate attention and the practical problems associated with the 
ADR reporting are not being properly addressed.

Since the beginning, spontaneous reporting of ADRs 
mostly depends on the healthcare professionals. However, 
some countries (the USA, Canada, and Australia) have per-
mitted patients to report ADRs since the initial stages of 
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the pharmacovigilance programs. In 2003, Denmark and 
the Netherlands, followed by Italy, the UK, Sweden, and 
Croatia, allowed patients to report directly to their regulatory 
agency [40]. After adopting new pharmacovigilance legisla-
tion in 2012, EU countries have empowered their patients 
to report ADRs directly to the national pharmacovigilance 
center [41]. A study conducted using 44 countries that have 
patients’ reporting systems shows 9% of reports represent 
coming from direct patient reporting. Out of them, 27 
countries have a patient-specific reporting form, while 31 
countries provide a form to complete online [42]. Few stud-
ies found that patient reporting of suspected ADRs has the 
potential to add value to pharmacovigilance [43].

There are many countries around the world where patients 
are still not incorporated into the spontaneous ADR report-
ing system. However, the reports obtained from patients may 
require further evaluation and investigations. It is question-
able whether the reports obtained from the patients whose 
health literacy is poor, add any value to the system.

Although the ADR reporting and providing safety infor-
mation during clinical trials by pharmaceutical companies 
to regulatory authorities has been mandatory for many years, 
the requirements of each authority are different [44]. In some 
countries, spontaneous reports are submitted to relevant 
pharmaceutical companies, and those companies have legal 
obligations to forward those reports to the national centers. 
Germany and the USA provide a considerable number of 
reports from the industry compared to other countries.

Worldwide, many interventions have been tried to facili-
tate spontaneous ADR reporting. Still, the major drawback is 
underreporting [3]. To facilitate the ADR reporting, in most 
cases, educational interventions were tested [45–47]. Fur-
thermore, some countries have employed Web-based meth-
ods while others have employed electronic health record 
systems [48]. With time as new technologies are emerging, 
the field of pharmacovigilance was looking for a more user-
friendly and efficient way of reporting ADRs. Introducing 
mobile applications in the different fields of medicine is a 
recent development [49]. 

Mobile application to report ADRs

Introducing mobile applications in the field of pharmacovig-
ilance is a new transformation, and it enables easy ADR 
reporting as this helps lower the barriers to reporting. In 
2014, European Union’s Innovative Medicines Initiative and 
WHO, in collaboration with Uppsala Monitoring Centre, 
launched a project known as WEB-Recognizing Adverse 
Drug Reactions (WEB-RADR) [50]. The main pinnacle of 
this project was to employ new technologies for pharma-
covigilance purposes. Under this project, a mobile applica-
tion known as Med Safety was introduced as a pilot project 
in the UK, the Netherlands, and Croatia. Later, this mobile 

application was introduced to the low- and middle-income 
countries, and permission was given to adopt a personalized 
version according to the country. This application allows 
healthcare professionals and even patients to report ADRs 
directly to the national center and they receive immediate 
acknowledgment.

By 2020, this mobile app was introduced in eight coun-
tries as a pilot project and some countries have shown a 
greater increment in ADR reporting rate during this period 
[51]. As an example, the number of ADR reports received 
in the first 9 months of the pilot exceeded the total number 
of reports submitted before the app was launched.

Furthermore, the USA introduced a mobile application in 
2012 to report ADRs to FDA known as MedWatcher which 
allows healthcare professionals and patients to report ADRs 
voluntarily [52]. In France, several other mobile applica-
tions were introduced and allowed users to report ADRs 
directly to the national centers since 2015 [53]. VigiBip, 
My e-Report, and Medisafe are those mobile applications 
that showed increased ADR reports than classical methods. 
Similarly, India has introduced a mobile application since 
2017 to report ADRs to their national pharmacovigilance 
center [54]. They have shown that the percentage of reports 
received through consumers and healthcare professionals has 
been increased up to 96.45%.

Furthermore, some countries have tested integrated meth-
ods to promote ADR reporting. Several studies have done 
combining traditional methods to promote ADR report-
ing. Few systematic reviews showed multiple interventions 
have more impact on promoting ADR reporting than doing 
a single intervention [55, 56]. Some studies have shown the 
effectiveness of combining new technologies to facilitate the 
detection of safety signals. A study conducted by integrating 
drug safety signals from US FDA Adverse Event Reporting 
System and posts from Twitter showed social media can be 
used to improve signal detection [57].

Conclusion

Monitoring drug safety is a continuous process and it should 
be an essential component in the field of medicine, in which 
some countries are way behind compared to other devel-
oped countries. When considering the evolution of the ADR 
reporting systems, especially during the last 10 years, some 
countries have put major effort to strengthen their ADR 
reporting systems while others are in the initial stages where 
it started. Paper-based processes are time-consuming and 
labor-intensive. Overworked healthcare personnel in the 
healthcare setting may not see the importance of reporting 
ADRs. If the reporting processes are more complicated and 
time-consuming, they may even fail to report. Hence, an 
ADR reporting process needs to be user-friendly and easily 
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accessible to the healthcare provider. Furthermore, new 
approaches of reporting ADRs should be safer and faster, 
and should be involved in preventing ADRs.

With emerging new technologies in the field of medicine, 
there is a great potential to develop better ADR reporting 
systems in the countries where they have poor reporting.

New technology should be employed to gain positive 
outcomes, including increasing the number and the qual-
ity of the ADR reports. The final goal should be the earlier 
detection of the ADRs and getting appropriate actions to 
minimize the risk.

To conclude, the development and acquisition of newer 
technologies to promote ADR monitoring and reporting is 
a necessity for an effective pharmacovigilance system in a 
country.
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