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COVID-19:
A Selective Short Literature Review
By Zoe Boutsioli*, Victoria Bigelow± & Olga Gkounta
This paper is an introduction to the book publication “Essays on COVID-19 Research”
and presents a survey of thirty-one selected articles that have been published in various
ATINER academic journals since the beginning of the COVID-19 pandemic. All of these
essays have undergone a double-blind peer review process and have been accepted for
publication. The aim of this survey is to summarize the main research findings of these
papers and highlight their major conclusions. These papers cover research related to
COVID-19 from a variety of research fields that include Health; Mass Media and
Communication; Sociοlogy; Business and Economics; Tourism; Education; and Law.
Keywords: COVID-19, pandemic, deaths, lockdowns, vaccinations, well-being,
recovery plan, distance education

Introduction
COVID-19 has entered its third year and the effects have been devastating.
The obvious one is the loss of lives which by now account for millions of people
worldwide. The world academic community reacted quickly, resulting in a mass
of publications on the various aspects of the pandemic, including the most
important aspect of which is the medical and health effects and the development of
vaccines to fight the virus. Never before in human history has such a global
mobilization of researchers produced such spectacular results in such a short
period of time. Along with the research on medicine and health, numerous studies
were published which deal with other aspects of the pandemic such as the
economic and social repercussions both in the short-run and in the long-run.
The plethora of studies on COVID-19 makes a comprehensive survey almost
impossible. Instead, this paper provides a selective review of a sample of studies
which research various aspects of COVID-19. The selection criterion is a very
simple one: this study surveys only papers which have been published in the
various journals published by the Athens Institute for Education and Research
(ATINER). The cut-off date was the end of 2021. Thus, papers published or
submitted and accepted for publication by the end of 2021 are included in this
survey. In total, 31 papers are included which are organized into seven themes.
The following sections of the survey correspond to each of the separate
themes. There is also a final section which provides the main conclusion of the
paper and speculates about the direction of future research on COVID-19.
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The Health Aspect of COVID-19
This section consists of five papers–original surveys coming from four
Mediterranean countries (Malta, Turkey, Greece, and Italy) and Pakistan, a country
in Southeast Asia. All researchers examined the effects of the COVID-19
pandemic on various health issues in different healthcare environments around the
world. In particular, Galea et al. (2022) focus on the impacts of the COVID-19
pandemic on the well-being of the elderly people (65+) in Malta. They collected
anonymous data from 500 participants (18–85 years old) by the Richmond
Foundation Malta over an eleven-month period (April 2020 – March 2021) and
concentrated on the 65–85 age category. Their results revealed that the stress
levels and worries (about their own and their families’ well-being) of the elderly
increased with the progression of the pandemic. Contact with family and/or friends
through internet platforms declined in time, feelings of happiness and hopefulness
steadily increased coupled by a decrease of fear and depression over time.
However, the feeling of loneliness increased more with age. Galea et al. (2022)
highlight the important role that religion played for the elderly in Malta and the
comfort found in prayer during the pandemic time.
Following, Menekli et al. (2021) produced an observational study which
analysed the relationship between the perceived stress and gastrointestinal (GI)
symptoms during the COVID-19 outbreak in intensive care unit (ICU) nurses,
who are on the frontlines in the fight against the pandemic. Menekli et al. (2021)
tested the following three research questions: What are the GI symptoms that ICU
nurses experience during the COVID-19 pandemic? Is the perceived stress in ICU
nurses associated with GI symptoms during the COVID-19 pandemic? and What
are the factors associated with GI symptoms that occur in ICU nurses during the
COVID-19 pandemic?
They used a sample of 170 nurses working at the ICUs of the Malatya
Research and Training Hospital in eastern Turkey. They collected data through the
face-to-face interview method between October 2020 and January 2021. As far as
the GI symptoms that ICU nurses experience during the COVID-19 pandemic,
they mostly suffered from heartburn, diarrhoea/constipation, abdominal distention,
postprandial bloating, dysphagia, abdominal pain and fewer than 3 weekly
defecations, hard or lumpy defecation, early feeling of satiety, nausea, more than 3
defecations per day, a feeling of urgent need to defecate, profuse or watery
defecation, vomiting, feeling of anal obstruction, and faecal incontinence problems
often or very often. Concerning the 2nd research question, Menekli et al. (2021)
found a statistically significant relationship between GI symptoms and perceived
stress scores (p>0.05). From the multiple linear regression analysis performed it
was found that women nurses, those with bad perceived health status and a fastfood diet, nurses who had had a previous COVID-19 infection status, and those
who work at a high-risk ICU in terms of COVID-19 were most likely to suffer
from gastrointestinal symptoms during the COVID-19 outbreak. Researchers have
concluded that the presence of the COVID-19 pandemic has deteriorated the
perceived stress of ICU nurses and has increased the number of gastrointestinal
symptoms due to exhausting shifts and stressful working conditions.
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Papanikos (2021a) has considered the effects of lockdowns, vaccinations and
weather temperatures on the number of deaths due to COVID-19. Regarding the
first independent variable, and for the purposes of this study, the basic criterion to
be considered a time period as ―lockdown‖ is whether primary and secondary
schools were open or not. Based on this assumption, during the period of the
current pandemic, the Greek government had decided to close down the economy
three times (from March 11, 2020 to May 31, 2020; from November 9, 2020 to
January 31, 2021; and from March 16, 2021 to May 17, 2021). The three
lockdowns sum up to 229 days. The research question was whether these three
lockdowns had any positive effect in decreasing the number of deaths. From his
analysis, Papanikos (2021a) found that the first lockdown had a drastic effect of
keeping the daily number of deaths very low indeed. After a summer period where
the number of deaths continued to be low, even though the strict lockdown
measures were lifted, during the fall 2020, the total number of daily deaths was
starting to rise again, resulting in the second lockdown by the Greek government.
The de-escalation of the total number of deaths only happened after the Christmas
holidays, where the daily death toll of COVID-19 decreased, but had never
returned to its earlier period of the first lockdown. The third lockdown, lasting
from 16 of March 2021 to 17 May 2021 (63 days in total) mostly affected the total
number of deaths due to COVID-19. Two basic differences are observed between
the second and the last lockdown. Firstly, the average, the standard deviation and
the maximum values of the number of deaths were higher in the third lockdown
compared to the same numbers of the second lockdown, and secondly, it took a
longer time for the effects of the third lockdown to show up. The second
independent variable examined by Professor Papanikos (2021a) was the role of
vaccination on the behavior of the total number of deaths due to COVID-19.
Based on a well-organized vaccination program, the Greek government achieved
to protect about 4.3 million people from Sars-Cov-2 through vaccine by June 14,
2021. The research question regarding the vaccination independent variable was
whether the large number of vaccinated people has negatively affected the total
number of deaths due to COVID-19. From his correlation analysis, Papanikos
(2021a) found that a non-linear effect of vaccinations exists—a positive in the
beginning and a strong negative thereafter— providing supportive evidence that
vaccinations do work after a few weeks have passed. Thus, the second research
hypothesis of negative correlation between vaccinations and daily deaths due to
COVID-19 seems to not be refuted. Lastly, Papanikos (2021a) found that the daily
number of deaths and the average daily weather temperatures have a negative
relationship, which means that when temperatures increase, the number of deaths
from COVID-19 decreases. At 28.5°C, the number of deaths was found to be
equal to zero. Thus, one may conclude that weather temperatures did affect the
daily number of deaths and an explanation is that warm weather allows for
outdoor activities which reduce the spread of the disease.
Another health issue with social consequences during the pandemic period
was examined by Parodi et al. (2021). They assessed the impact of the COVID-19
pandemic on immunization activities using a questionnaire to explore reasons for a
decrease in vaccinations in Italy. The survey was conducted from 28 May to 9 July
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2020 using a questionnaire to understand the impact of COVID-19 on
immunization activities and measures implemented at local level, in order to
identify best practices to share at national level. A total of 97 questionnaires were
collected from Local Health Agencies (LHAs), belonging to 16 Regional Health
Services (response rate 76.1%). Parodi et al. (2021) found that almost all LHAs
(94/97=96.9%) reduced their immunization activities during the COVID-19
emergency, compared to the same period of the previous year. About one-fourth
(28%) of immunization centres suspended their activities, while more than 33% of
health workers (i.e., physicians, nurses, and administrative staff) were shifted from
the immunization centres to the COVID-19 health services. Lastly, almost 5.5% of
staff working in the immunization centres was infected by SARS-CoV-2. As far as
the most affected ages are concerned, children above one year of age until
adolescence are the most affected by disruption of immunization services
(n=64/94; 68%). Parodi et al. (2021) have found that at the national level, antiHPV was mentioned as the most affected, followed by Herpes Zoster, DTPa and
meningococcal B. The most important organizational and public health measures
to normalize the existing situation according to the researchers were:
immunization only under appointment, giving priority to some
immunization/subjects and extension of the hours of work to avoid overcrowding,
telephone calls to families, developing a list of children who have missed their
vaccine doses, and preparing a targeted action plan to ensure rapid catch up of
children who are not up-to-date with their vaccinations.
The last paper surveyed in this part is a study which used data from Pakistan.
Shah et al. (2022) determined the temporal variations and mechanism of injury of
supracondylar humerus fractures presented to the Accident and Emergency
Department (A&E) at Lady Reading Hospital in Peshawar, Pakistan during the
COVID-19 pandemic lockdown. Primary data were collected from 18th March
2020 (―Strict Lockdown) to 18th June 2020 when relaxation in the lockdown
(―Smart Lockdown) was allowed and partial elective hospital services of the
hospital were resumed. The sample size for the study was 160 children of both
genders and aged up to 12 years with supracondylar fractures who visited the
A&E department within 3 days after getting the fracture. There were 121 boys
(75.6%) and 39 girls (24.3%), while the mean age was 5.3±1.3 years (a range from
3 to 9 years). Most children (n=134; 83.7%) had a left supracondylar fracture. The
majority of little patients (n=128; 80%) arrived in the hospital within 24 hours of
sustaining the fracture. The main cause of fractures were indoor falls from height
(n=121; 75.6%), including falls from furniture, stairs, trees or bicycles. From a
days and time analysis of the fracture, data results show that the two days of the
week that children sustained fractures more frequently than other weekdays were
Mondays (n=38; 23.7%) and Fridays (n=31; 19.3%), mostly in evening times
(n=105; 65.6%). For limitation of the negative effects of the COVID-19 pandemic
on paediatric supracondylar fractures, Shah et al. (2022) support that preventative
strategies should focus more on adult supervision, prevention of falls from
furniture and provision of softer landing surfaces, such as sand to lessen the impact
of injury. From the hospital perspective, researchers suggest that the optimum care
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of these fractures should be accompanied by dedicated night operation theatres
with trained medical and nursing staff.

The Mass Media and Communication Aspect of COVID-19
What differentiates the current pandemic from all previous ones is the
tremendous effect of mass media and communication. This is also reflected in the
number of research papers published on the issue. In this section, five papers are
reviewed. Of great interest are the attempts by governments and other entities to
campaign the promotion of vaccinations. Two studies use Italy as a case study and
another study looks at the role of social media in Turkey. The last two papers of
this section emanate from researchers with different approaches to the pandemic
problem; one study uses the Canadian context –an advanced country, and the other
Nigeria, a lower-middle income economy.
Crescentini and Padricelli (2022), from Italy, aim to set an explorative
investigation about the social communication practices during the first three
months of the vaccine campaign addressed on social media by Italy’s most
established virologists. Their aim was to answer the research question about how
Italian scientists communicate and approach the larger public on social media. In
order to select the scientists who are involved in the exploration, the researchers
referred to a recent study by Reputation Science, a research center specialized in
crisis management consulting, particularly in the scientific context. They use
Reputation Science methodology on scientist’s classification concerning their
visibility on mass and social media from February 1st to November 20th, 2020 and
selected five virologists according to their social media presence. As context units,
the researchers selected two specific social media platforms: Facebook and
Twitter. For data collection, procedure on Twitter and Facebook and tools such as
the scraping procedure via Python syntax and the CrowdTangle were used
respectively. The collected data were divided into 4 main domains (General
information, Cross information, Engagement and Audiovisual, and Text
information) and then organized in a Cases-per-Variable matrix composed of
1,306 observations per 13 variables. The content has been classified according to
the platform uploading (Twitter and Facebook), and so too its classification unit
(audiovisual or textual) duly specified in the post-type variable by which come
possible to recognize the original or repost content. According to the topic
modelling analysis, the emerged topics are the following: virus mutation;
effectiveness of vaccine; AstraZeneca case; relevance of data; preparation of
vaccine campaign; scientific network; vaccine’s supply; response capabilities;
scientist reputation; and media presence. From the Multiple Correspondence
Analysis (MCA) results for the topics ―the withdrawal of AstraZeneca batches‖
and ―Vaccine effectiveness‖ Facebook appears as the most-used platform by the
observed scientists, while for the quieter discussion the elected platform is Twitter.
For topics ―vaccine campaign preparation‖, ―scientific network‖, ―vaccine
supplies‖, and ―response capabilities‖ most scientists prefer a social media
exposition on Twitter, compared to Facebook, which is preferred only by Antonella
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Viola, who is the only scientist open to controversial discussion. Her position on
vaccine plans is clear by how she benefits from high reactivity from her followers
instead of Ilaria Capua and Fabrizio Pregliasco, more oriented toward quieter
exposition about the vaccine argumentation, whose posts are in fact characterized
by low likes, comments and shares. Moreover, Roberto Burioni and Alberto
Zangrillo’s communication is characterized by a medium degree of reactivity from
their followers. Lastly, from the Lexical Correspondence Analysis it becomes
clear that there is a relevant mass media exposition of the selected scientists. They
disseminate their statements via social media, originally conceived for mass
media, finding on the web a new resonance chamber where the spread of the
research outcomes is reluctant to react to Twitter’s general public. Where the
controversial discussion crosses the timespan observed, a dialogic strategy is
applied only by Antonella Viola on topics such as the vaccines and its
effectiveness due to the virus mutation. In conclusion, the virologist Dr. Antonella
Viola looks to be the only scientist truly in accordance with a pure
disintermediating process featured by content thought specifically for the social
media and the digital languages that promotes a direct contact between sender and
receiver, making the figures outdated as intermediate in the communication
processes.
De Falco et al. (2021) applied a mass media technique, the Content Analysis,
to the recent COVID-19 outbreak and its development of the perception of the
Italian population on a specific digital social platform, Twitter. Given the
emergency generated by the spread of COVID-19, with this study, the researchers
wanted to focus on social data in order to investigate the online perception of one
of the populations most seriously affected by this catastrophe: the Italians. The
data collection involved all the tweets about COVID-19 in Italian. It covered the
period from March 5-15, when several important decisions relating to COVID-19
mitigation were made (DPCM 4 March 2020). Given the extension of the corpus
and the limits relating to the API’s Twitter (max 18,000 tweets per day), several
daily extractions were carried out. The extraction keys were based on the
following hashtags, i.e., #coronavirusitalia, #coronavirus, #iorestoacasa,
#fermiamoloinsieme, #italiazonaprotetta. Although the final corpus consisted of
about two million tweets (including retweets), De Falco et al. (2021), in order to
facilitate mixed design, decided to work on a more limited sample of 10,000
tweets (without the retweets), randomly extracted respecting the hashtag
proportions related to: Tweet daily number and Hashtag groups. The researchers
have found that from the first day of extraction until March 11 there was a
progressive increase in ―COVID‖ tweets, with the most active days were those
from March 8 to March 11. The high number of tweets is plausibly connected to
the implementation of important lockdown orders in Italy—first in the North and
then throughout the rest of the country. March 11 (after Italy’s lockdown) was in
fact the day with the most tweets extracted (just over 13% of the entire body). For
reducing the space of mining contained in large sets of textual data as well as the
dataset used for their analysis, De Falco et al. (2021) have implemented a
combination of a Lexical Correspondence Analysis (LCA) and a Cluster Analysis
(CA). The first result obtained with the application of the LCA is the delineation of
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two main synthetic dimensions of mining called factors. These factors were
crossed and used to build a new space of mining generated by this crossing. On the
factorial plane obtained, there was also the projection of the cluster that the
researchers obtained through the application of a further statistical analysis on this
dataset, the CA. The first factor is related to the opposition between the private and
public sphere used as direction of the expressed perception in the analysed
discourses, while the second dimension is related to the opposition among the
focus of the constructed discourses among the tweets. From the analysis, five
groups were extracted from the cluster and each one is characterized by a specific
perception of the pandemic that derives from the collectively constructed narration
by Twitter users in the first ten days of national lockdown. The first group is
located near the centre of the plane and the name that can be attributed is that of
perception in tension between the most intimate and individual dimension and
openness to collective experience. The second group is at the crossroads between a
dimension tending to collective-public openness and a propensity towards
emphasizing the discourse, focused on the health emergency and defined as
holistic perception. The third group explicitly refers to the need for support to the
healthcare system with words like support, hospital, and medical staff, resulting in
a rationalist and consciously alarmist perception. The fourth group is the one in
which a strongly self-centred perception prevails, and the researchers find tweets
that lead back to the effects on the private sphere of the pandemic, such as Netflix,
aperitif, boring, new habits, new way of working from home, etc., mostly tweeted
in the evening and at night. The fifth cluster mainly focuses on more general
medical emergency issues and technical medical issues, mostly tweeted in the
morning, resulting in a pro-active soothing perception in risk management.
In the third paper of this section, Mengu et al. (2021) analyse the messages
sent by the Ministry of Health during the pandemic in Turkey via social media,
particularly on Twitter, in order to find out to which extent these messages
encompass the features of value-based communication. By applying both
discourse analysis and a descriptive research model, Mengu et al. (2021) have
used a total of 505 Tweets posted after January 25, 2020, and had a reference to
Coronavirus. Specifically for the discourse analysis, 100 tweets that have received
the most interaction, in terms of count of retweets and count of likes were used,
but for the other descriptive analyses all 505 tweets were utilized in a cluster
analysis. After the Value-Based Communication coding process was carried out,
the researchers extracted 782 codings in total. These codings included three main
categories of Value-Based Communication and their sub-categories, such as
―trust‖, ―person-oriented health actions‖ and ―governance‖. The ―trust‖ category
has 7 sub-categories, ―person-oriented health actions‖ has 10, and ―governance‖
has 4 sub-categories. In the codings made according to the expressions on Twitter,
it was determined that there were 266 codes in the ―trust‖ category, 337 codes in
the ―person-oriented health actions‖ category, and 179 codes in the ―governance‖
category. In this value-based coding, it has been determined that expressions about
―person-oriented health actions‖ come to the fore with 43.1%, expressions about
―trust‖ were at 34.0%, and finally the ―governance‖ category at 22.9%. Based on
both network diagram analysis and cluster analysis, Mengu et al. (2021) have
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found that communication activities performed during the pandemic were carried
out in accordance with communicative leadership. They have concluded that
messages provided by the Minister of Health via Twitter were in line with the
main criteria and sub-criteria of value-based communication and constitutes
collaboration.
Another major issue in the media industry is addressed by Fitzpatrick (2022)
who researches the phenomenon of news avoidance in the epoch of the COVID19 pandemic and tries to analyze whether it is something temporary or whether it
came to stay, like the SARS-CoV-2 virus one could say. From his current
research, it is obvious that people (news consumers) are exhausted by the plethora
of news offered by the different media outlets: newspapers, television, radio, and
social media; they feel overwhelmed by the massive variety of news coming to
them, most of which are grim, leading, in many cases, to a deterioration of their
mental health status. Considering this, many consumers choose to avoid the news
media. Adding to this avoidance, Fitzpatrick (2022) also mentions the growing
distrust in mainstream media and skepticism surrounding journalism that became
much more vivid during the pandemic years with the growth of anti-vaccination
and conspiracy voices that question the validity and accuracy of the COVID-19
facts distributed by news entities. Now, it is high time for journalists who have
proved their relevance and tried to bring back the consumer-avoiders by rewinning
their trust by increasing the transparency of news coverage.
Finally, Osisanwo (2022) discusses on the context and representation of
COVID-19 in four selected newspapers (New York Times, The Guardian, China
Daily and The Punch) across the globe. He argues that these newspapers initially
set the groundwork for the negative portrayal of the SARS-CoV-2 virus and the
potential damage to all human activities, giving, in this way, a motive for all to act
unanimously despite the silencing in the beginning of the epidemic.

The Sociological Aspect of COVID-19
This section includes social issues that emerged from COVID-19 which is
particularly broad, not only as far as it concerns the areas that it stems from (from
Data Analytics to Demographics, and the Building Environment), but in
geographical coverage as well, examining realities in Croatia, Spain, and the
European Union in general, Kenya, and Peru.
Diving into it, we find five papers. Firstly, Bäckman (2021) examines the
COVID-19 pandemic particularly through the lens of social policies and
economics and presents an overall picture of the pandemic reality with a focus on
the strategies and goals to be adopted to combat the spread of the virus. Papanikos
(2020b) concentrates also on the important positive role of social policy in the
combat of COVID-19, and underlines that the European countries should act
unanimously through a cooperated common policy in which a better outcome
could be achieved. He further researches whether population sizes and economies
have a relation to the observed variations in COVID-19 and the answer is yes; he
proves that they do matter through simple stepwise descriptive statistical analyses.
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In which way? The higher the population of a European country, the higher the
death rate, and the richer the country, the higher the deaths per capita. But, the
higher the social spending as a share of Gross Domestic Product (GDP), the lower
the ratio of deaths to population.
Following this, Jurić’s (2022) paper adds to current research in the field as he
developed a method for predicting new COVID-19 cases that can be also applied
in scouting for mental health problems and domestic violence cases during the
pandemic, as well as predicting future birth rates in Croatia. We know that an early
monitoring of a rise of COVID-19 cases in a particular area is crucial. Specifically,
he used Google Trends analytical tool to monitor the digital traces of particular
language searches (such as ―PCR + test‖, ―coronavirus + testing‖, and more) and
he found out that the increase in such search queries is correlated with the increase
in the number of new cases (as it was cross-checked with official data).
Polo Martín (2021) addresses the COVID-19 issue in terms of urban space
and cartography. She highlights that nowadays cities face a problem of congestion,
much like they did during the 19th century, when industrialization brought large
crowds to the cities, making them overpopulated and without proper safety and
sanitation infrastructure that led to the spread of diseases. She points out that
changes in urban structure of cities happen slowly and cartography helps as it
depicts these changes: digital maps show the transformation of the Spanish cities
during the pandemic where one can see the expansion of cycling lanes, the
development of pedestrian and green spaces, and more. Polo Martín (2021) argues
that experts should opt for the ideal model city in which an autonomous city is
more relevant than a ―smart‖ city. Creating autonomous entities within the city
that can respond and act independently and could be the key to addressing the
needs of a globalized and overpopulated world.
In the city of Nairobi, Kenya, Okaka and Omondi (2021) investigate the
perceptions and knowledge about COVID-19 of the elderly (above 60) living in
informal settlements. They conducted a cross-sectional survey of 150 people (60+)
from two selected squatter settlements in August 2020. Looking into the results, it
is seen that only about 60% were aware that they are at risk of contracting
COVID-19. For the rest of the sample, the belief that they were not at risk
prevailed, religiousness was the rationale. Okaka and Omondi (2021) point out
that by raising awareness of COVID-19 and by adopting health education
strategies in this vulnerable category of people would help in the decrease of the
impacts of SARS-CoV 2 virus.
Last but not least in this section, Lust (2021) explores the spread of the
SARS-CoV 2 virus in Peru. He considers the neoliberal development model
responsible for the inability of the government to implement proper (relevant to
the country’s social and economic structure) measures that might have led to the
constraint of the virus. He further argues that the expansion of COVID-19 in Peru
is mostly the result of the overall labor precariousness and informality.
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The Business and Economics Aspect of COVID-19
The new virus and the pandemic inevitably affected the business sector and
the economy in a negative way. This section presents five papers that deal with
such issues in the European Union, the USA, South Africa, and Nigeria.
In the first paper of this section, Papanikos (2021c) examines the July 2020
European Union’s recovery plan from COVID-19 with emphasis on two of its
hypotheses: a) the health situation is improving, and b) the pandemic increases
economic divergence between member countries, hypotheses that he then rejects
through his research, reaching the conclusion that the economic impact cannot be
entirely determined if the pandemic is not permanently over and as a consequence
the enormous spending of 750 billion euro should not be based on stylized
economic and epidemiological facts.
Then, Reid (forthcoming) analyses the economic effects of the COVID-19
lockdowns in the USA between 15 March 2020 and 8 May 2021, using a costbenefit analysis framework; specifically, a) by a traditional cost-benefit analysis
that supposes that life value is constant regardless of the age, and b) by a preferred
analysis that adjusts the number of deaths, and values the economic cost of the
deaths based on the age of the deceased. Upon the completion of his research, he
reached the conclusion that the economic benefits of the lockdowns fell behind the
economic cost.
Moving to the continent of Africa, Uwah et al. (2022) investigate how
prepared are the financial service providers in Nigeria’s post-COVID reality using
financial inclusion as a ―new normal‖ for their clients’ financial needs. The data
were collected from 102 respondents of Nigerian accounting and financial
companies. The results of the research showed a significant relationship between
the socio-economic development structure and the acceptance of financial
inclusion as a ―new normal‖ in financial transactions. Uwah et al. (2022) suggest
that in a struggling and developing Nigeria, financial companies and providers
should move beyond the traditional services to a more financial technologyfriendly environment that can act as a driver for financial inclusion. In a similar
context and in the same country, Adejare et al. (forthcoming) draw further upon
Nigeria’s affected business sector and in particular the Fast Moving Consumer
Goods (FMCG) sector by the COVID-19 pandemic. They found that there is a
direct impact of the pandemic to businesses’ survival, productivity, and technology
adoption; unemployment; and customer retention.
Lastly, Struwig and Watson (forthcoming) in South Africa offer a critical analysis
of the working capital management research during the worldwide economic crisis
(2008); during the pandemic; during extreme change; post-pandemic; and during
the new economic order. They point out that during the COVID-19 pandemic, and
in general during all sort of crises, businesses need to have to the point working
capital management practises more than ever so that they can survive. Struwig and
Watson also provide proposals upon maximization of the working capital
efficiency.
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The Tourism Aspect of COVID-19
The tourism industry is one of the most hit industries by the COVID-19 crisis.
What reigns in this industry during this period are the high levels of uncertainty
and the many challenges that have popped up to be faced by the businesses and
personnel.
Papanikos (2020a) researches the economic impact of the COVID-19
pandemic on Greek tourism with regard to international tourism receipts. He
argues that not even the impact of the Greek economic recession was comparable
to the huge negative impact of COVID-19 on the economy of Greece. Just in 2020
alone, Papanikos (2020a) expects tourism receipts reductions to have an impact
between 9 and 14 percent of GDP. He further states that government intervention to
help is only a temporary solution. Building on the government’s actions to help the
sector, Jones (2022) in his paper about how to cope with and overcome the
devastating effects of the pandemic on the UK’s tourism industry, reviews the UK
government’s tourism recovery plan (published in June 2021) in detail, argues on
its proposed measures and finally provides some critical reflections and
concluding thoughts.
What comes next is Jones and Comfort’s (2020) paper that explores the
relationship between the tourism sector and the sustainable development in such a
challenging time as the COVID-19 pandemic. Their paper offers a compilation of
arguments and opinions on a number of authorities on sustainability in the tourism
industry, and then they further provide an analysis of them.
Finally concluding this section, Gukiina and Lamunu (2021) in Uganda
examine what kind of relationship exists among employee optimism, status
competitiveness, interpersonal adaptability and employee altruism during the
pandemic. They used a sample of 303 managers and employees from 70 randomly
selected hotels, and showed that there is a significant and positive relationship
between: a) employee optimism, interpersonal adaptability and altruism, b) status
competitiveness, interpersonal adaptability and employee altruism, c) status
competitiveness, employee altruism and employee optimism, and d) interpersonal
adaptability, employee optimism and status competitiveness.

The Education Aspect of COVID-19
The first paper of this section written by Papanikos handles the COVID-19
pandemic from a historical perspective. Papanikos (2021b) analyses whether
people learn from past mistakes, and specifically he explores if the writing of
Thucydides’ history with regard to how the ancient Athenians acted during the
epidemic of 430 BCE, which brought wisdom in the way that the current world is
handing the pandemic. He argues that apart from a few tiny differences and the
evident progress seen across the years in technology, people and societies today
react pretty much the same as in the past, with the main problems, as well as the
socio-political issues remaining the same, vindicating Thucydides only in his view
that human nature does not change.
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Researching further on how COVID-19 influenced education, one can see
that there was a rapid and forced shift from the traditional face-to-face class to the
online one in all educational levels globally. Ismaili and Ibrahimi (2021) provide a
real-time, two level –learning and reaction– (proposed by Daniel Kirkpatrick)
evaluation of the distance learning model of Moulay Ismail University in
Morocco. They specifically explore the students’ views regarding the pros and
cons of distance education based on: a) accessibility, b) autonomy, c) retention,
and d) psychological impact. They found out that a platform with simple to
understand content; proper equipment and a good internet connection; and better
communication and contact with professors are required in order for the distance
learning model to be considered successful.
In this direction as well, Jereb et al. (forthcoming) explore and compare the
studying habits of students before and after the pandemic using a sample of 272
students from the University of Maribor in Slovenia. Their results reveal that there
is a decrease in motivation to study coupled with lowering learning goals, and
students find it more difficult to focus on learning. Study spaces and times also
differentiated. In addition, Jereb et al.’s study found out that distance learning has
taken a toll on students’ well-being, as they miss getting together and mingling
with classmates and the on-site interaction with their teachers. But, they also
underline the finding that distance learning was perceived by some students as
something that they wish to keep because of the great level of flexibility it
provides.
In the fourth and final paper of this section, Güvercin et al. (forthcoming)
investigate through a qualitative research study how teacher-parents view the
distant education process in Turkey. They highlight that distance education is
regarded as a supportive means rather than a replacement for face-to-face
education and is perceived as something valuable in order for students to retain
contact with the educational process. However, phenomena such as internet
connection problems; low attendance and unavailability to attend online classes
due to the lack of sufficient internet packages or technical problems related to the
applications; and the decrease in motivation to participate over time, hinder the dlearning process.

The Law Aspect of COVID-19
The section of Law contains two studies in Romania — one on contractual
unpredictability and the other on the insolvency of the natural person during the
COVID-19 pandemic.
In the first paper, Patraus and Ofrim (2021) argue that, in a dynamic social
and economic context, it is necessary to clear up the relationship between the
binding force of contracts and the possibility of invoking unpredictability in
situations where certain changes affecting the contractual balance occur in the
performance of obligations. They explore whether this institution finds its
applicability in the effects on contractual relations, generated by the COVID-19
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pandemic and the measures taken by public authorities to mitigate the human
health impacts of the pandemic.
In the second essay, Iancu (2021) states that among the actions taken to
alleviate the socio-economic impacts of the pandemic on citizens, one should
consider the encouragement to access the natural person insolvency procedure, by
means of which the debtors acting in good faith may be exonerated from part of
their debts. However, her study shows that this procedure is not accessed by the
over-indebted natural persons, as they are discouraged by the ambiguous
legislation on the issue and the huge number of required documents.

Conclusions
COVID-19 brought a new global reality. It brought stress and fear to human
minds, especially those of the elderly, made people reconsider human values and
put governments in the place of rating priorities (public health, economy, etc.);
someone cynical could say that many of them had to ―put a value on human life‖
and proceed accordingly. However, most importantly, it gave the opportunity for
the academic community to prove its worth now more than ever by trying to offer
solutions to this ―multifaceted issue‖/―burden‖, namely COVID-19, and to provide
its valuable help in mitigating its impacts.
It can be seen that the dimensions that this issue covers are so wide, as it
affects many life aspects in several arenas. We hope the readers of this selected
survey of academic papers that cover a wide range of themes will find it
stimulating and find insightful reading, not only those of whom are interested in
a particular theme addressed, but also to acquaint themselves with other current
issues. Finally we wish that after reading this survey, you will be inspired to
research in your own fields.
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Effects of Cannabidiol on Dugesia Dorotocephala Head
Regeneration
By Hallmon Victoria Hughes± & Victoria Hughes*
The endocannabinoid system regulates synaptic transmissions. It is comprised of two G
protein-coupled receptors, cannabinoid receptor 1 (CB1) and cannabinoid receptor 2
(CB2), a degradation system and the endocannabinoids, a group of lipidic ligands. The
connection between JNK, cannabinoids, and regeneration has led to the hypothesis that
cannabinoids impact both regeneration and the levels of the enzymes required for the
regenerative process. Thus, by encouraging neoblasts to enter the M phase, cannabinoids
would speed up effective regeneration. These regeneration pathways may have
implications in cancer research. In addition, CB1 reception suppresses the growth of
hepatocellular carcinoma, indicating that the endocannabinoid system may be a
possible course of treatment for cancer patients. CB2 receptors in nonimmune cells have
revealed the benefits of agonists on osteoporosis and post‐ischemic heart failure. In order
to understand the effects of cannabidiol on the regenerative process and neural
transmission, we conducted experiments on Dugesia dorotocephala. Dugesia dorotocephala
is an ideal candidate for the endocannabinoid model because they are more genetically
uniform than most natural populations and their regeneration is specifically tied to
cannabinoid receptors. We transversally cut twenty-four Dugesia dorotocephala to
analyze differences in head regeneration in solutions with varying amounts of
cannabidiol. We found that Dugesia dorotocephala in CBD solutions have a faster rate
of head regeneration, yet our results were not statistically significant. The increased rate
of head regeneration in Dugesia dorotocephala in CBD solution may be attributed to
the stimulation of neoblasts to enter the M-Phase of the cell cycle.
Keywords: cannabidiol (CBD), planaria, regeneration, endocannabinoid

Introduction
The endocannabinoid system regulates synaptic transmissions. It is comprised
of two G protein-coupled receptors, cannabinoid receptor 1 (CB1) and cannabinoid
receptor 2 (CB2), as well as a degradation system and the endocannabinoids, a
group of lipidic ligands (Mallat and Lotersztajn 2008). Cannabinoid receptors are
primarily located on presynaptic neurons, where they inhibit neurotransmitter
release (Buttarelli et al. 2004). While CB1 is primarily located in the central nervous
system and peripheral tissues, CB2 receptors are primarily located in immune cells
(Pacher et al. 2006).
In order to understand the effects of cannabidiol on the regenerative process
and neural transmission, we conducted experiments on Dugesia dorotocephala.
Dugesia dorotocephala is an ideal candidate for the endocannabinoid model
because they are more genetically uniform than most natural populations (Pagan
2017). In addition, Planaria are becoming increasingly popular models in
developmental and regenerative pharmacology. This is likely due to their relatively
±
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complex organ structure, including their ability to, in some cases, completely
regenerate their brain and nervous system (Roberts-Galbraith and Brubacher
2016).
Planaria have shown a dose-dependent increase in movement when exposed to
the cannabinoid WIN55212-2 (Buttarelli et al. 2002). After removal of WIN552122, planaria display withdrawal symptoms of decreased motor function (Rawls et
al. 2007). Planarian regeneration is specifically tied to cannabinoid receptors. In
2000, the connection between c-Jun N-terminal kinase (JNK) and the cannabinoid
receptor, CB1, was discovered. By transfecting Chinese hamster ovary cells with
CB(1) receptor cDNA, the study showed that that Delta(9)-tetrahydrocannabinol
(THC), endogenous cannabinoids (anandamide and 2-arachidonoylglycerol), and
synthetic cannabinoids (CP-55,940, HU-210, and methanandamide), induce the
activation of c-Jun N-terminal kinase (JNK) (Rueda et al. 2000). In 2011, it was
discovered that JNK inhibition prohibits regeneration because it prevents neoblasts
from progressing into the M-Phase of the cell cycle (Tasaki et al. 2011). The
connection between JNK, cannabinoids, and regeneration has led to the hypothesis
that cannabinoids impact both regeneration and the levels of the enzymes required
for the regenerative process (Blasiman 2013). Thus, cannabinoids should lead to
M-Phase progression. Neoblasts, proliferating cells that produce undifferentiated
cells, underlie the regenerative process of planarians (Wagner et al. 2011).
Without the mitotic phase of the cell cycle, the neoblasts cannot reproduce and
undergo regeneration. Thus, by encouraging neoblasts to enter the M phase,
cannabinoids would speed up effective regeneration. In contrast, researchers have
also found that CBD concentrations greater than 2µM inhibit cell activity and
growth in a dose-dependent manner; this value rises to concentrations greater than
10µM in oral cell populations (Pagano et al. 2020). Furthermore, cell migration
and proliferation were found to be significantly inhibited by CBD doses.
In contrast, some studies point to cannabidiol as an anxiolytic. Anxiolytics
target messengers in the brain and decrease excitability. A literature review of preclinical and clinical studies found an association between synthetic cannabinoids
and executive function impairment (Cohen and Weinsten 2018). In addition, CBD
has been found to disrupt interactions between the amygdala and anterior cingulate
cortex, via the reduction of blood oxygenation level-dependent signals in the
amygdala, which resulted in the suppression of both amygdalar and anterior
cingulate responses (Fusar-Poli et al. 2010). In clinical terms, the anxiolytic effects
of CBD lead to its use as an anxiety drug, but the mechanisms and proper dosage
of CBD for this purpose is still undetermined (Resstel et al. 2009).
Our goal was to answer the question, ―How does cannabidiol (CBD) affect
rates of head regeneration in Dugesia Dorotocephala?‖ We hypothesized that CBD
would slow down the developmental processes of the Dugesia Dorotocephala,
resulting in a longer period of regeneration. We predicted that if CBD slowed the
developmental processes of Dugesia Dorotocephala, it would take more time for
Dugesia Dorotocephala in CBD solution to regenerate their heads than Dugesia
Dorotocephala in water solution.
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Materials and Methods
The experiment involved transversally cutting twenty-four Dugesia
Dorotocephala. The Dugesia Dorotocephala were divided into four groups, so
there were five replicates of each solution. Each group resided in a different
solution (see Table 1).
Table 1. Dugesia Dorotocephala Grouping into Various Solutions
Solution

Solution Contents

Planaria #s

Solution pH

A

100 % Bliss Water (CBD water)

1-6

6

B

50% Bliss Water, 50% Spring Water

7-12

6.5

C

25% Bliss Water, 75% Spring Water

13-18

7

D

100% Spring Water

19-24

7

Solutions were made in 100 mL batches. After each solution was pH tested, 5
mL of CBD solution was placed into each well for the corresponding Dugesia
Dorotocephala. The Dugesia Dorotocephala were transected individually on a
Kimwipe-covered ice cube in a petri dish under a dissecting microscope and then
were placed into their corresponding wells. The Dugesia Dorotocephala resided in
a dark cabinet at room temperature following transection.
Dugesia Dorotocephala regeneration was monitored under a dissecting
microscope every one to two days throughout the experiment. Regeneration was
based on the scale below (Table 2).
Table 2. Dugesia Dorotocephala Regeneration Criteria
Percent Regeneration (%)

Criteria

0

Just tail

45

Rounded top

50

Pointy top

75

One eye

100

Both eyes

Results
Research was conducted to determine the effects of cannabidiol on head
regeneration. The mean rates of head regeneration for each solution are graphed in
Figure 1, revealing that solutions with more cannabidiol produced faster rates of
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Dugesia Dorotocephala head regeneration. The series correspond to the days that
the planaria growth was reported. Planaria growth was reported every two days.
Figure 1. Comparison on Rates of Planarian Head Regeneration in Solutions with
Varying Amounts of Cannabidiol

Dugesia Dorotocephala in solutions with more cannabidiol had faster blastema
formation. While there was a difference in the rates of regeneration, the difference
was slight and may have been due to other factors. The results of the P-Test reveal
that the difference in regeneration is not statistically significant (Table 3).
Table 3. Comparison of 100% Bliss Water and 100% Spring Water
Percent
Regeneration
(%)
Day One

Percent
Regeneration
(%)
Day Three

Percent
Regeneration
(%)
Day Five

Percent
Regeneration
(%)
Day Seven

100% Bliss
Water

0

0

50

100

100% Spring
Water

0

0

40

100

Solution

P-Value : 0.9432
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Discussion
The experiment was conducted to determine how cannabidiol (CBD) affect
rates of head regeneration in Dugesia Dorotocephala. Since cannabidiol has been
shown to prevent effective interactions between the amygdala and anterior
cingulate cortex, resulting in less neural excitability (Fusar-Poli et al. 2010), we
expected the Dugesia Dorotocephala in solutions with CBD to regenerate their
heads slower than those in spring water solutions. As a result, we hypothesized that
CBD would slow down the developmental processes of the Dugesia Dorotocephala,
resulting in a longer period of regeneration and predicted that if CBD slowed the
developmental processes of Dugesia Dorotocephala, it would take more time for
Dugesia Dorotocephala in CBD solution to regenerate their heads than Dugesia
Dorotocephala in water solution. Our findings neither confirmed nor denied our
hypothesis. While we found that Dugesia Dorotocephala in CBD had faster rates
of head regeneration than those in spring water, our data was not statistically
significant.
While significant strides in endocannabinoid systems have not been made in
Planaria, results have been found in zebrafish. Crude cannabidiol extracts have
been shown to reduce apoptosis and promote fin regeneration following zebrafish
amputation (Xu et al. 2021). Apoptotic cell death was averted through the ability of
CBD to downregulate IL-1β, Caspase 3, and PARP protein expression.
Furthermore, the researchers believed that regeneration was enhanced through
modulation of host inflammatory response. Our results were consistent with those
found in this study, as our data, while not significant, found that CBD promoted
regeneration. Therefore, planaria head regeneration may also be mediated through
an anti-inflammatory mechanism. A recent study on planaria head regeneration at
Harvard Medical School found TRAF3 activation through a Cysteinyl-specialized
proresolving mediators (Cys-SPM) pathway. TRAF3 plays a regulating role in
mammalian phagocyte functions. Therefore, the presence of this mechanism links
the pathway of regeneration with the resolution of infectious inflammation
(Chiang et al. 2021). Human studies involving single CBD supplementation in a
placebo-controlled crossover study on resistance training and muscle damage
found small but significant effects, indicating that CBD may aid in muscle
regeneration for athletes that undergo high resistance training (Isenmann et al.
2021). The mechanisms of CBD-regulated regeneration may have similar
mechanisms across species.
By interacting with hepatic CB1 receptors, endocannabinoids have shown to
induce cell cycle proteins, thus promoting hepatocyte proliferation in the liver.
Hepatocellular carcinoma up-regulates the endocannabinoid system, specifically
the CB1 receptor system, inducing tumor-promoting genes, such as indoleamine 2,
3‐dioxygenase (Mukhopadhyay et al. 2015). In addition, CB1 reception suppresses
the growth of hepatocellular carcinoma, indicating that the endocannabinoid
system may be a possible course of treatment for cancer patients. Researchers
have used RNA sequencing to identify that CBD correlates with decreased
expression of cell division, proliferation, and DNA repair genes, resulting in a
CBD-mediated cytotoxicity toward head and neck squamous cell carcinoma cells
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(Go et al. 2020). In addition, CB2 receptors in nonimmune cells have revealed the
benefits of agonists on osteoporosis (Ofek et al. 2006) and post‐ischemic heart
failure (Defer et al. 2009).

Conclusion
While our results were not statistically significant, the data points did reveal a
slight increase in the rate of Dugesia dorotocephala head regeneration. The brand
of CBD-enhanced water used in the experiment, Bliss Water, contains 8mg of pure
cannabidiol in a 700mL bottle for a concentration of approximately 0.01mg/mL.
This experiment could be repeated with more highly-concentrated solutions to test
for the possibility that Dugesia dorotocephala regeneration rate is affected by
cannabidiol, but only at high concentrations. The increase in regeneration may be
due to connections between JNK and CBD, resulting in the encouragement of
neoblasts to enter the M-Phase of the cell cycle. In order to achieve statistically
significant results, researchers can try to increase CBD concentrations. Implications
of CBD research with respect to regeneration include, but are not limited to,
treatment plans for liver degeneration, cancer, osteoporosis, muscle regeneration,
and heart failure.

Acknowledgments
I’d like to thank Dr. Baker, and the Oxford College of Emory University for
providing me with materials and background information to guide my experiment.

References
Blasiman J (2013) The effects of cannabinoids on regeneration rates and potential matrix
metalloproteinase and collagenase levels in planaria (Dugesia Tigrina). Kent State
University Honors College Theses and Dissertations.
Buttarelli F, Pontieri FE, Margotta V, Palladini G (2002) Cannabinoid-induced stimulation
of motor activity in planaria through an opioid receptor-mediated mechanism.
Progress in Neuro-Psychopharmacology and Biological Psychiatry 26(1): 65–68.
Buttarelli F, Patacchioli FR, Palladini G, Brunetti E, Pontieri FE (2004) Neuropharmacology
of cannabinoid system: from basic science to clinical applications. Current
Neuropharmacology 2(1): 1–7.
Chiang N, De La Rosa X, Libreros S, Pan H, Dreyfuss JM, Serhan CN (2021) Cysteinylspecialized proresolving mediators link resolution of infectious inflammation and
tissue regeneration via TRAF3 activation. In Proceedings of the National Academy of
Sciences 118(10).
Cohen K, Weinstein A (2018) The effects of cannabinoids on executive functions:
evidence from cannabis and synthetic cannabinoids - a systematic review. Brain
Science 8(3): e40.

92

Athens Journal of Health and Medical Sciences

June 2022

Defer N, Wan J, Souktani R, Escoubet B, Perier M, Caramelle P (2009) The cannabinoid
receptor type 2 promotes cardiac myocyte and fibroblast survival and protects against
ischemia/reperfusion‐induced cardiomyopathy. FASEB Journal 23(7): 2120–2130.
Fusar-Poli P, Allen P, Bhattacharyyal S, Crippal J, Mechelli A, Borgwardt S, et al. (2010)
Modulation of effective connectivity during emotional processing by D9 tetrahydrocannabinol and cannabidiol. International Journal of Neuropsychopharmacology
13: 421–432.
Go YY, Kim SR, Kim DY, Chae SW, Song JJ (2020) Cannabidiol enhances cytotoxicity
of anti-cancer drugs in human head and neck squamous cell carcinoma. Scientific
Reports 10(1): 20622.
Isenmann E, Veit S, Starke L, Flenker U, Diel P (2021) Effects of cannabidiol
supplementation on skeletal muscle regeneration after intensive resistance training.
Nutrients 13(9): 3028.
Mallat A, Lotersztajn S (2008) Endocannabinoids and their receptors in the liver.
American Journal of Physiology: Gastrointestinal and Liver Physiology 294(1): 9–
12.
Mukhopadhyay B, Schuebel K, Mukhophyay P, Cinar R, Godlewski G, Xiong K, et al.
(2015) Cannabinoid receptor 1 promotes hepatocellular carcinoma initiation and
progression via multiple mechanisms. Hepatology 61(5): 1615–1626.
Ofek O, Karsak M, Leclerc N, Fogel M, Frenkel B, Wright K (2006) Peripheral
cannabinoid receptor, CB2, regulates bone mass. Proceedings of the National
Academy of Sciences of the United States of America 103(3): 696–701.
Pacher P, Batkai S, Kunos G (2006) The endocannabinoid system as an emerging target of
pharmacotherapy. Pharmacology Review 58(3): 389–462.
Pagan O (2017) Planaria: an animal model that integrates development, regeneration and
pharmacology. The International Journal of Developmental Biology 61(8–9): 519–
529.
Pagano S, Coniglio M, Valenti C, Federici MI, Lombardo G, Cianetti S, et al. (2020)
Biological effects of cannabidiol on normal human healthy cell populations:
systematic review of the literature. Biomedicine & Pharmacotherapy 132: 110728.
Rawls SM, Gomez T, Raffa RB (2007) An NMDA antagonist (LY 235959) attenuates
abstinence-induced withdrawal of planarians following acute exposure to a
cannabinoid agonist (WIN 55212-2). Pharmacology, Biochemistry, and Behavior
86(3): 499–504.
Resstel LBM, Tavares RF, Lisboa SFS, Joca SRL, Correa FMA, Guimaraes FS (2009) 5HT1A receptors are involved in the cannabidiol-induced attenuation of behavioural
and cardiovascular responses to acute restraint stress in rats. British Journal of
Pharmacology 156(1): 181–188.
Roberts-Galbraith R, Brubacher JL, Newmark PA (2016) A functional genomics screen in
planarians reveals regulators of whole-brain regeneration. eLife 5(Sep): e17002.
Rueda D, Galve-Roperh I, Haro A, Guzman M (2000) The CB(1) cannabinoid receptor is
coupled to the activation of c-Jun N-terminal kinase. Molecular Pharmacology
58(4): 814–820.
Tasaki J, Shibata N, Sakurai T, Agata K, Umensono Y (2011) Role of c-Jun N-terminal
kinase activation in blastema formation during planarian regeneration. Japanese
Society of Developmental Biologists 53(3): 389–400.
Wagner DE, Wang IE, Reddien PW (2011) Clonogenic neoblasts are pluripotent adult
stem cells that underlie planarian regeneration. Science 332(6031): 811–816.
Xu S, Zhang H, Li CZ, Lai PS, Wang G, Suen Y, et al (2021) Cannabidiol promotes fin
regeneration and reduces apoptosis in zebrafish embryos. Journal of Functional
Foods 86(Nov): 104694.

93

Vol. 9, No. 2

Hughes & Hughes: Effects of Cannabidiol on Dugesia Dorotocephala…

94

Athens Journal of Health & Medical Sciences - Volume 9, Issue 2,
June 2022 – Pages 95-112

Effects of a Low-Intensity Walking Intervention on
Walking Performance Measures in Patients with
Peripheral Artery Disease
By Ingrid K. M. Brenner, C. Ann Brown±, Sylvia M. J. Hains‡,
Joan Tranmer, David Zelt & Peter Brown
The purpose of this study was to examine the effects of a low-intensity (pain-free) walking
intervention on walking performance and self-report measures in patients with
peripheral arterial disease (PAD). Thirty-three participants who experienced intermittent
claudication were assigned to either a walking group (n = 18) or a comparison group (n
= 15). The walking group performed a structured walking program (pain-free walking,
5 days per week for 12 weeks). The comparison group maintained their usual daily
activities. Tests of walking performance included a treadmill test (pain-free, functional
and maximal walking distances were measured) and the 6-minute walk test. Selfperception of walking ability was determined using the walking impairment questionnaire.
Circulatory measures were obtained from the ankle-brachial index, (ABI). Participants
were assessed at the beginning (Week 1) and end of the study (Week 12). Members of the
walking group significantly increased their walking performance and self-perception of
walking ability, whereas the ABI remained the same. These results show that
participation in a 12-week, low-intensity (pain-free) exercise program can enhance
physical performance, perception of walking ability and maintain the ABI suggesting
that a home-based exercise program is a viable alternative to traditional exercise
programs prescribed for patients with symptomatic PAD.
Keywords: peripheral artery disease, exercise, walking performance, ankle-brachial
index, walking impairment questionnaire

Introduction
Peripheral artery disease (PAD) is a common manifestation of atherosclerosis
whereby blood flow to the lower extremities is reduced (Selby 2008). As a result,
patients with lower extremity PAD are often limited in their walking ability.
Although a relatively unrecognized and under-treated disease, between 10 to 20%
of the population over age 55 may have PAD (Regensteiner and Hiatt 1998) and
its prevalence increases with increasing age with reports of over 30% of adults over
the age of 70 affected by the disease (Aronow 2009, Oka 2006). Approximately
15% of patients with PAD seek medical care for classic symptoms of intermittent
claudication (IC), defined as cramping, aching, pain, weakness or fatigue in the
legs that occurs with exertion and is relieved after 5 to 10 minutes of rest (Treat
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Jacobson et al. 2019). The goal of treating patients with PAD is to reduce cardiovascular
events as well as improve walking performance and quality of life (Hiatt et al.
2014). Lifestyle interventions, including dietary modifications, smoking cessation,
physical exercise, pharmacologic interventions and surgery are used in the treatment
of PAD (Dobesh et al. 2009, Hiatt 2001). Regular participation in light-intensity
physical activity has been shown to reduce the risk of cardiovascular disease and
all-cause mortality in patients with PAD and intermittent claudication by 50%
(Gardner et al. 2020).
Supervised-treadmill exercise training programs are recommended by the
American Heart Association/American College of Cardiology (AHA/ACC) as a
Class I intervention (i.e., general agreement on treatment effectiveness) for patients
with PAD (Gerhard-Herman et al. 2017). Such exercise programs have been successful
in enhancing walking ability as measured by improvements in maximum walking
distance. However, a recent systematic review conducted on the availability of
supervised exercise programs for patients with PAD indicated that only 30.4% of
patients have access to supervised exercise programs worldwide (Makris et al.
2012). This finding, in addition to the costs and travel time involved have led
clinicians to consider home-based exercise programs (recommended as a Class IIa intervention) as a viable alternative to supervised treadmill exercise.
This study was performed with 33 patients with intermittent claudication. Participants
were recruited from a larger on-going cohort study designed to examine factors that
are associated with functional performance in patients with PAD. The walking
program used for this study was based upon an intervention designed by Brown et
al. (1994) that has been used with success in patients with cardiovascular disease
(Brown et al. 1994, Goldie et al. 2013, Hua et al. 2009). Eighteen participants participated
in our intervention. The specific research question was:
Can a low-intensity, pain free walking intervention in patients with PAD improve
walking performance measures, self-assessment of walking ability and ABI?

A literature review was performed to determine the extent other researchers
had investigated the effects of a home-based, over-ground, pain-free walking
intervention on performance measures, self-assessment of walking ability and
ABI. This is followed by a presentation of the methods and results of this study.
The final section of this paper discusses the results and limitations of this study as
well as implications for future clinical practice.

Literature Review
A review of the literature was performed to examine the effects of walking
exercise in patients with PAD. Electronic databases including Ovid Medline (1950
to date), Cumulative Index for Nursing and Allied Health Literature (CINAHL
[EBSCO]); PubMed, Web of Science, Google Scholar and the Cochrane Library
were searched for relevant publications written in English and available on-line.
The reference lists associated with published manuscripts were also searched. The
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following keywords were used in the search: ―peripheral artery (arterial) disease‖,
―peripheral vascular disease‖, ―peripheral arterial occlusive disease‖, ―intermittent
claudication‖, ―physical activity‖, ―exercise‖ and ―walking‖. Review papers and
controlled trials (randomized and non-randomized) that focused on walking
interventions and published since 1960 were examined for this review.
Several different outcome measures are used to determine the effects of an
exercise intervention on walking ability in patients with PAD. These include performance
times (or distances) on treadmill tests, the distance walked in 6-minutes (the sixminute walk test), self-report measures (focusing on walking impairment and
quality of life) as well as the ankle-brachial index (the ABI). The ABI, a measure
of the blood pressure in the foot relative to that in the arm, can be used to assess
the extent of occlusion of the arterial lumen in the lower leg. A ratio of 1.00 is
normal, whereas ratios of 0.7 to 0.9, 0.5 to 0.69 and < 0.5 are representative of
mild, moderate and severe disease classifications (Shammas 2007).
Many supervised as well as home-based exercise programs for patients with
PAD encourage participants to exercise to severe leg discomfort. Exercise to maximum
pain tolerance has been shown to consistently improve walking performance (pain-free
and maximal walking distance), six-minute walk distance and self-report measures
(such as improved scores on the walking impairment and quality of life
questionnaires) (McDermott et al. 2013, Nicolai et al. 2010). However, a recent
meta-analysis of studies that examined the effects of exercise to maximum pain
tolerance for intermittent claudication reported little change in the ankle-brachial
index (mean difference 0.04, 95% CI 0.00 to 0.08) following training (Lane et al.
2017).
Despite the benefits associated with regular exercise to severe leg discomfort,
one drawback is that patients with PAD can exhibit an elevated blood pressure
response to this type of exercise (Bakke et al. 2007). In addition, higher intensity
exercise (above 50% of the maximum aerobic capacity) requires activation of the
sympathetic nervous system (accompanied by withdrawal of the parasympathetic
nervous system) leading to increases in HR to meet metabolic demands (Goldsmith et
al. 2000). This could further accentuate any underlying cardiovascular complications
that the patient might have.
Pain-free exercise training has several advantages over exercise programs that
encourage participants to walk to severe pain. These include greater participant
engagement (due to minimal pain) (Rejeski et al. 2008), decreased ischemicinduced inflammatory responses (Martinez et al. 2009), minimal activation of the
sympathetic nervous system (Goldsmith et al. 2000) and improvement in aerobic
capacity (Martinez et al. 2009). Several studies have examined the effects of lowintensity, pain-free walking interventions in patients with peripheral artery disease
(see Table 1). The majority of these studies are treadmill-based, with only one
study having participants perform over-ground walking exercise (Mannarino et al.
1989).
Boyd et al. (1984) examined 8 patients (6 men and 2 women) with intermittent
claudication. Participants performed pain-free exercise (3 times per week; starting
at 25 min and progressing to 40 min; for 12 weeks) which could be completed
using a treadmill, bike or a track. Pain-free exercise training performed over 12
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weeks significantly increased pain-free walking distance (PFWD) by 138% and
44% in maximum walking time (MWT) however, ABI did not change.
Mannarino et al. (1989) then examined the effects of a daily 1-hr, pain free
walking session performed over 6 months on pain-free walking time (PFWT) and
maximum walking time (MWT) in 8 patients with PAD compared to 8 control
patients receiving placebo medication. PFWT increased 87% and MWT increased
67% in the exercise group. However, there were no changes in the ABI, calf blood
flow or transcutaneous oxygen pressure. Thus, it was thought that the improvements
in walking performance measures may be due to a change in skeletal muscle
metabolism, a redistribution in blood flow or an increase in the pain threshold.
In a study involving 80 participants, Mika et al. (2005) demonstrated that
treadmill training, up to 85% of the distance to the onset of claudication pain,
performed three times per week over 12 weeks leads to a significant 119.2%
improvement in the PFWD (or time to onset of claudication pain) without triggering
an inflammatory response. There were no changes in leukocyte count, neutrophil
count or microalbuminuria following training, indicating that no ischemicreperfusion injury occurred with this type of exercise program. This provides
support that pain-free exercise therapy is low-risk in patients with PAD.
Similar results have been shown to occur following twelve weeks of treadmill
exercise training up to mild/moderate pain level in elderly patients with PAD and
IC (Tsai et al. 2002). Patients in the exercise group (n = 27) were encouraged to
walk on a treadmill up to 30 min, 3 times per week at pain level scores between 2
and 3; whereas participants in the control group (n = 26) maintained their usual
lifestyle. Improvements in walking function (PFWD, MWD and 6MWT) as well
as health-related quality of life (QoL) measures were observed. The authors
reported that an improvement of perceived physical health, enabled the patients to
become more functionally independent.
The efficacy of various protocols has been examined by Gardner et al. (2005)
and Martinez et al. (2009). Gardner et al. (2005) examined the effects of exercise
intensity on walking performance measures following a low-intensity (40% of
maximal exercise capacity) or high intensity (80% of maximal exercise capacity)
walking program in 64 patients with PAD. Although this 6-month exercise
program had participants walk to maximum pain tolerance on a treadmill, 3 times
per week for 15-40 min, the improvements in PFWD (109%) and MWD (61-63%,
respectively) were similar between the two training intensities. Thus, low intensity
exercise training can induce similar changes in performance measures as high
intensity exercise training can, provided that the total volume of exercise is the
same.
Martinez et al. (2009) examined the effects of three different pain-free exercise
training program durations on walking outcome measures. Participants walked on
a treadmill twice a week for 30 to 50 minutes at an intensity below their
individualized pain threshold. Eighty-four participants were allocated to three
different training duration groups: 1) 2–9 weeks (n = 28), 2) 10–14 weeks (n =
30), and 3) 15–94 weeks (n = 26). 10–14 weeks of training was optimal for
achieving the most (122%) improvement in maximum walking distance.
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Barak et al. (2009) attempted to identify various mechanisms that could
contribute to the improvement in walking performance that is observed with low
intensity, pain-free exercise training. They estimated oxygen consumption
(EVO2), determined the metabolic equivalent (MET) and estimated the total and
rate of energy expenditure (ETEE and EREE, respectively) during exercise, before
and after 6 weeks of training, on a treadmill (twice per week for 45 min). EVO2,
MET, ETEE and EREE all improved with training (20%, 20%, 80% and 20%,
respectively). In addition, they found a 104% increase in maximum walking
distance (i.e., 1.0 km), a 55% increase in duration (i.e., 13.3 minutes more) and a
41% increase in walking rate (i.e., 0.9 km/hr faster). The results of pain-free
studies for patients with PAD are summarized in Table 1.
Table 1. Studies on the Effect of Pain-Free Exercise (Walking) Training on PAD
Outcome Measures
Training
Author
(year)
Barak et al.
(2009)
Boyd et al.
(1984)
Gardner et
al. (2005)
Mannarino
et al. (1989)
Martinez et
al. (2009)
Mika et al.
(2005)

Outcome measures

Sample
Size
(n)

Study
Length
(wks)

Freq.
(times/wk)

Duration
(min)

10

6

2

45

TM

 MWD

25-40

TM,
Bike, Ground

 PFWD
 MWT
 PFWD
 MWD
 PFWD
 MWD

8

12

3

Mode

31

24

3

15-40

TM

16

24

7

20-60

Ground

84

94

2

30-50

TM

80

12

3

___

TM

Walking
Performance

SelfReport

ABI


 WIQ-D
SF36-PF




 MWD
 PFWD

Legend: ABI = Ankle-Brachial Index; MWD = Maximum walking distance; MWT = maximum
walking time, PFWD = pain-free walking distance; TM = treadmill; WIQ-D = walking impairment
questionnaire distance score; wk = week;  = increase;  = no change.

Brown and colleagues (Brown et al. 1994) have used over-ground lowintensity exercise conditioning program lasting three months in their research. A
recent publication examined the effects of this low intensity, pain-free walking
intervention on heart rate variability (HRV) in patients with PAD (Brenner et al.
2020). HRV was analyzed via spectral analysis. It was reported that HRV increased
following 12-weeks of training, this demonstrated a change in autonomic balance
(i.e., an increase in PNS activity and a decrease in sympathetic modulation). Over
time, these changes may improve sympathetic regulation and increase peripheral
blood flow leading to an improved ability to walk.
The purpose of this element of the study was designed to examine the effects
of a 12 week, progressive, home-based, low-intensity (pain-free) walking exercise
program on performance, self-report measures and ABI in participants with PAD.
It was hypothesized that patients diagnosed with PAD and IC who participated in
this intervention would increase their MWD, 6MWT distance and self-report
measures with no change in ABI.
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Methodology
This experimental, 12-week study, used a pre-test, post-test comparison group
design (Neutens and Rubinson 2010) to examine the effects of a walking
intervention in patients with PAD. The study was conducted between July 2011
and December 2013 inclusive, was approved by Queen’s University Health
Sciences and Affiliated Teaching Hospitals Research Ethics Board (Study Code:
NURS-268-11) and was conducted in accordance with the Declaration of
Helsinki. Written, informed consent was obtained from all participants prior to
enrollment in the study.
Participants
Study participants were recruited from a cohort study, designed to examine
factors associated with physical function in patients with PAD, held in a vascular
clinic in an acute care hospital located in southeastern Ontario, Canada. Participants
of the cohort study who had checked a box on their consent form allowing them to
be contacted to participate in other studies were contacted by phone, or in-person,
and were invited to participate in the study. Patients 18 years of age or older,
diagnosed with stable PAD (Zwierska et al. 2005) including symptoms of intermittent
claudication and an ankle brachial index (ABI < 0.9) were included in the study.
Exclusion criterion included the inability to read and/or write English; current
involvement in a structured exercise program; comorbid conditions that limited
exercise participation (i.e., congestive heart failure, COPD, severe arthritis, limb
amputation); living in a nursing home; wheelchair dependency; presence of noncompressible arteries (ABI > 1.2; (Amini et al. 2013) or cognitive impairment (i.e.,
dementia or Alzheimer’s disease).
Forty-eight patients (28 men and 20 women), who met the eligibility criteria,
volunteered to participate in the study. Participants ranged in age between 49 and
88 years (mean ± SD, 67.8 ± 8.1 years) with an ABI averaging at 0.54 ± 0.18.
Thirty-three participants (aged 66.3 ± 7.9 years) completed the study. Reasons for
drop-out from the study included a lack of interest (n = 3), injury unrelated to the
study (fall, n = 2), fibromyalgia (n=2), anxiety (n=1) and renal failure (n = 1) or
inability to complete all parts of the testing protocol (n=6).
Procedure
Pretesting
Participants were asked to refrain from strenuous physical activity for 24
hours and from consuming alcohol or caffeine at least 12 hours prior to their arrival
at the exercise testing laboratory. Upon arrival at the laboratory, eligible participants
were given an explanation of the study, provided an opportunity to have their
questions answered (if any) and gave their written, informed consent to testing.
Relevant demographic and medical information (including age, gender, education,
marital status, occupation, co-morbidity and medication use) was obtained from
the participants. Anthropometric measures (height, weight) were obtained, using a
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health-o-meter scale (Healthometer Corporation, Bedford Heights, Ohio Body), from
which body mass index (BMI, weight/height [m]2) was determined. Body
composition (percent body fat) was determined from skinfolds taken at 4 locations
(triceps, biceps, subscapular and suprailiac crest) using a Harpenden skin fold
caliper and body assessment software package (Batty international, West Sussex,
UK). A soft, plastic measuring tape was used to measure waist and hip
circumferences which allowed for the calculation of the waist to hip ratio.
Ankle-Brachial Index
Following a 10-minute rest period in the supine position, the right and left
brachial and crural pulses (dorsal pedis artery and posterior tibial artery) were
measured using a bi-directional Doppler device (ES-100 VX mini-dop, Kovin
Technologies Canada, Winnipeg, Manitoba) the ABI for each leg was calculated
using the mean of the ankle systolic pressures on each foot divided by the average
pressure in both arms except when there was a 10 millimeter or more difference,
in which case, the higher pressure was used (Klein and Hage 2006). The ABI was
assessed at the beginning (Week 1) and end of the study (Week 12), with the
lower of the ABI readings (i.e., the ABI of the more deceased extremity) obtained
at each test time being reported.
Treadmill Test
A symptom-limited exercise test was performed using a TRUE performance
treadmill (PS 300, ST. Louis, MO). This test was conducted at the beginning
(Week 1) and end of the study (Week 12). Following the Gardner-Skinner protocol
(Gardner et al. 1991) participants began walking on the treadmill at 1.1 miles per
hour (mph), 0% grade. Walking speed was gradually increased by 0.1 mph every
10 seconds until 2 mph (3.22 km/hour) was reached. The speed was then held
constant at 2 mph (3.22 km/hr) and the gradient was increased every two minutes
thereafter by 2% until maximal claudication pain, exhaustion or 30 minutes had
elapsed. Participants were asked to indicate when they initially experienced pain
or discomfort (pain-free walking distance, PFWD), when they would normally
stop walking (functional claudication distance, FCD) as well as when pain was so
severe that they were required to stop walking (maximal walking distance,
MWD). Functional claudication distance (FCD) was defined as the distance
covered when a patient would prefer to stop walking as a result of the claudication
pain as most people do not stop initially when they first experience pain
(Kruidenier et al. 2009).
Six-Minute Walk Test
Following the treadmill test, participants rested until their leg pain resolved and
then performed the six-minute walk test (6MWT) which measures an individual’s
ability to walk a pre-defined track or course (commonly set up in a corridor) for 6minutes. For this study, participants walked up and down a hospital corridor

101

Vol. 9, No. 2

Brenner et al.: Effects of a Low-Intensity Walking Intervention…

around a marker set at a specific distance (27.4 m [90.0 ft], limited by the length of
the hallway). They were instructed to walk as far as possible in 6-minutes and
were allowed to stop walking during the test to rest when they experienced pain or
discomfort in their lower extremities. The distance covered in 6-minutes was
measured and recorded.
Walking Impairment Questionnaire
Participants completed the Walking Impairment Questionnaire (WIQ) while
they recovered from the treadmill test and before they participated in the six-minute
walk test. This is a self-administered, disease-specific questionnaire consisting of
14-items with three subscales (distance, speed and stairs) that assesses the presence
of peripheral arterial disease as well as the effect of the disease on perceived
walking ability (Nicolai et al. 2010). This questionnaire also contains questions to
rule out other factors besides PAD as the cause of impairment (i.e., pain, stiffness
or aching in the joint; chest pain, shortness of breath, or heart palpitations).
Responses were scored on a Likert scale from 0 to 3 (with 0 for ―unable to do‖, 1 for
―much difficulty‖, 2 for ―some difficulty‖ and 3 for ―no difficulty‖). WIQ subscales
scores were obtained by multiplying the number representing distance (feet),
speed (mph) or stairs climbed (steps) by degree of difficulty. A total score was
determined from each of these measures. A score of 100 represented no difficulty
in walking long distances, walking fast or being able to climb three flights of stairs
and a score of 0 represented extreme limitation in a measure.
Exercise Training Protocol
Following pretesting (Week 1), participants were randomly assigned to either
a 12-week walking intervention program (walking group) or to a sedentary
comparison group. Participants selected their group assignment from sex-specific
envelops, which had slips of paper labeled as either ―walking group‖ or
―comparison group‖. For the walking group, participants were provided with a
structured exercise program which began with walking 0.4 kilometers per day
(until the onset of claudication pain, Borg CR-10 score  2), 5 days per week at an
intensity  40% of the heart rate reserve (this corresponded to a rating of perceived
exertion [RPE] between 11 and 13) at the onset of the study. This was followed
with a gradual increase in walking distance every two weeks to reach 3.2
kilometers per day by the end of the study (Brown et al. 1994). Participants were
given verbal as well as written instructions on the walking intervention and were
provided with an activity diary. They were instructed on how to measure their own
heart rate (HR), on how to use Borg’s RPE and CR-10 pain scales as well as what
to record in their activity diary. Members of the comparison group were asked to
maintain their usual lifestyle for the duration of the study and were also provided
with an activity diary to record any physical activity (including type, duration and
HR) they performed during the week. These individuals were also instructed on
how to take their own HR.
Every two weeks, follow-up phone calls were made to all participants to address
any concerns/questions the participants may have had and to monitor participants’
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compliance to the study protocol. At Week 12, all participants returned to the lab
for follow-up testing (which included the treadmill test, 6MWT, assessment of
ABI and completion of the WIQ).
Statistical Analysis
The IBM Statistical Package for Social Sciences, Version 27 (IBM SPSS,
Chicago, IL) was used for all data analyses. Baseline anthropometric,
demographic characteristics and data from the activity diaries were compared
using either an independent T-test for continuous data or Chi-square analysis for
categorical data. Data that was not normally distributed was log transformed prior to
analysis. Walking performance measures, self-report scores and ABI measures were
analyzed using repeated-measures ANOVA with one between-group factor (Group:
Walking, Comparison) and one within-group factor (Time: Week1, Week 12).
Pearson correlation coefficients were calculated based upon delta values (Week 12
- Week 1) obtained for performance measures, WIQ scores and ABI measures.
The level of significance was set at p  0.05 (2 tailed). Results are presented as
means (SD).
Results
Baseline anthropometric and demographic characteristics of the participants
are presented in Table 2. There were no significant differences in any of these
measures between members of the comparison group and the walking group. The
majority (85%) of participants in the study had a disease severity of either
moderate or severe. Most patients (75%) experienced claudication symptoms in
their calves with the remaining experienced claudication symptoms in the thigh,
buttocks or other location (most commonly the foot).
Table 2. Baseline Characteristics of Participants (n=33) who Completed the Study
Variable
Age (years) (M ± SD)
Sex (men) (n, %)
ABI (M ± SD)
PAD (years) (M ± SD)
BMI (kg/m2)
Percent fat (%)
Waist:Hip Ratio (M ± SD)
Maximal walking distance (m) (M ± SD)
Overall WIQ score

Comparison
Group
(n = 15)
63.7 (8.5)
9 (60)
0.48 (0.17)
7.1 (4.7)
26.4 (5.2)
31.5 (10.7)
0.93 (.08)
252.1 (198.9)
38.5 (18.4)

Walking
Group
(n = 18)
68.6 (6.9)
12 (67)
0.56 (0.20)
8.0 (9.2)
27.6 (5.2)
33.7 (9.0)
0.93 (.08)
364.0 (172.6)
52.4 (21.5)

p-value
0.077
0.692
0.237
0.741
0.516
0.523
0.983
0.097
0.058

Legend: ABI = ankle-brachial index; PAD = peripheral artery disease; BMI = Body Mass Index); WIQ =
Walking Impairment Questionnaire.

Members of the walking group were compliant with the prescribed exercise
protocol. Analysis of the participant’s written activity diaries indicated that
participants in the walking group exercised significantly (p=0.039) more frequently
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than participants in the comparison group averaging at 5.2 ± 1.6 days/ week (97 ±
37% compliance) vs 3.3 ± 2.4 days/week. By the end of the study, participants in
the walking group exercised for a significantly longer duration than the
participants in the comparison group (38.5 ± 19.1 vs 25.1 ± 16.2 min per session).
Members of the walking group covered 2.65 ± 2.10 km/session (74 ± 9%) by the
end of the study, whereas members of the comparison group did not record the
distance covered.
The original data for the ABI obtained at entry into the study (Week 1) and at
the end of the study (Week 12) are presented in Table 3. The ankle-brachial index
(ABI) measures were not normally distributed and, as a result, these values were
transformed into the logarithm to the base 10 values before doing parametric
analysis. Comparison of resting log ABI measures at entry (Week 1) with those
obtained at the end of the study (Week 12) indicated a time by group interaction,
F(1, 31) = 4.354, p = 0.045, whereby the ABI decreased on the comparison group
and increased in the walking group after 12 weeks. There were no other main
effects for the ABI measures.
Table 3. ABI Measures, Walking Performance Measures and WIQ Scores for the
Comparison and Walking Groups. Values are presented as Means (SD)
Comparison Group
(n = 15)
Week 1
Week 12
0.48 (0.17)
0.44 (0.12)

Walking Group
(n = 18)
Week 1
Week 12
0.56 (0.20)
0.62 (0.21)

Variable
ABI
Treadmill test
PFWD (m)
118.6 (116.0)
144.6 (104.7)
168.3 (90.8)
233.1 (115.3)
FCD (m)
203.3 (163.3)
226.8 (144.1)
284.7 (137.8)
418.8 (196.5)*
MWD (m)
252.1 (198.9)
278.1 (176.7)
364.5 (172.6)
488.5 (209.5)*
6MWT (m)
332.9 (98.2)
338.5 (66.7)
335.5 (87.3)
347.6 (92.0)
Self-report WIQ
Distance score (%)†
36.3 (23.8)
58.6 (31.1)
52.0 (30.5)
62.6 (29.8)
Speed score (%)†
40.0 (25.6)
43.9 (21.1)
48.4 (24.2)
57.6 (22.8)
Stair climb score (%)†
39.2 (21.9)
45.3 (19.2)
56.7 (25.7)
66.4 (26.5)
Overall (%)†
38.5 (18.4)
49.3 (17.5)
52.4 (21.5)
62.2 (22.5)
Legend: PFWD=pain-free walking distance; FCD=functional claudication distance; MWD=maximal
walking distance; 6MWT=six-minute walk test; WIQ=walking impairment questionnaire; * =p0.05
significant between-group effect based upon delta values; † = Significant main effect of time (Week 1
vs Week 12).

Outcome measures obtained on the treadmill test (PFWD, FCD and MWD)
are reported in Table 3. The treadmill data were not normally distributed, thus,
logarithmic values to the base 10 were calculated for PFWD, FCD, and MWD at
week 1 and at week 12. Repeated measures ANOVA was then performed on these
data. Main effects of time were observed for the PFWD, F(1, 30) = 10.134, p =
0.000; FCD, F(1,30) = 10.556, p = 0.003, and MWD, F(1,30) = 86.971, p = 0.000.
Furthermore, participants in the comparison group tended to have lower
performance measures at entry into the study compared to the exercise (walking)
group. As a result, delta values (i.e., change over time) were calculated for PFWD,
FCD and MWD before undergoing a univariate analysis of variance. A significant
―group‖ effect for FCD F(1, 30) = 7.038, p = 0.013 and MWD measures F(1,30) =
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6.778, p = 0.014 was observed, with members in the walking group walking
further than members in the comparison group by the end of week 12. There were
no significant main effects or interactions for performance (distance walked) on
the 6MWT.
ANOVA performed on the results of the Walking Impairment Questionnaire
revealed a main effect of time (Week 12 vs Week 1) for the distance score F(1, 31)
= 7.740, p = 0.009, the speed score, the stair-climbing ability score F(1, 29) =
5.042, p = 0.033 and overall WIQ score, F (1, 29) = 8.305, p = 0.007, with each of
these scores increasing over time (i.e., by Week 12).
All of the correlation coefficients between the change in performance scores
and the change in ABI measures over time were significant (Table 4). In addition,
the stair-climbing score and the overall walking impairment score were significantly
correlated with the change in distance covered on the six-minute walk test.
Table 4. Correlation Coefficients between Change in Scores in Objective Measures of
PAD Disease Severity and those Obtained on the Walking Impairment Questionnaire
over Time
Variable
Performance measures
ICD
FCD
MWD
6MWT
WIQ – Score
Distance walked
Speed walking score
Stair climbing score
Overall score

Ankle-Brachial
Index
(ABI)

Maximal
claudication
distance (MCD)

Six-minute
walk test
(6MWT)

0.384*
0.374*
0.485**
0.425*

0.592
0.716
------0.049

-0.233
-0.051
-0.049
------

-0.003
0.015
0.027
0.015

0.263
0.232
0.059
0.288

0.208
-0.047
0.580**
0.363*

Legend: ICD = Initial claudication distance (ICD); FCD = functional claudication distance; WIQ = walking
impairment questionnaire, * = p < 0.05 (2-tailed), ** = p < 0.01 (2-tailed).

Discussion
Sixty-nine percent of participants completed our study. Other studies
examining the effects of a walking intervention on patients with PAD have
reported that between 34 to 77% of participants completed their study (Mouser et
al. 2009, Wullink et al. 2001). Differences in study length (12 weeks vs 24 weeks
or more), type of walking intervention (i.e., pain-free walking vs maximum pain
tolerance), the amount of feedback or support provided by the investigators are
contributing factors to the variation in the attrition rate. Our limited number of
dropouts indicate that our pain-free walking intervention was well-received by the
participants.
The major finding of this study is that participants in the walking group
demonstrated a significant increase in walking ability and maintained their ABI
measures following the walking intervention. In addition, self-perception of
walking ability as determined by the WIQ improved by the end of the study in
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both groups. These results support our hypothesis that patients diagnosed with
PAD and IC who participated in this intervention would increase their MWD,
6MWT distance and self-report measures and is supported by the literature.
Martinez et al. (2009) examined changes in pain-free walking distance,
duration and speed in relation to various exercise program durations and concluded
that a walking program continuing for 10 to 14 weeks led to the greatest changes
in walking performance (122% in distance, 56% in duration, and 43% in speed).
In this study, participation in the 12-week low-intensity, high frequency, walking
intervention, led to a significant 47% increase in functional claudication distance
and a significant 34% improvement in maximal walking distance. The results of
this study are comparable to other reports indicating an improvement in walking
performance measures following pain-free or low intensity exercise training in
patients with PAD (Barak et al. 2009, Boyd et al. 1984, Gardner et al. 2005, Mannarino
et al. 1989, Martinez et al. 2009, Mika et al. 2005).
However, members in the comparison group also increased their PFWD by
22%, FCD increased by an average of 12% and the MWD by 10%. The increase
in walking distances observed in our comparison group may be attributed to an
unwarranted increase in physical activity levels by members of the comparison
group during the study as they were aware that they were taking part in an exercise
study.
The 6MWT is an alternative measure of walking endurance that is a more
useful measure to assess the effects of over-ground training (McDermott et al.
2020). Only one study examined the effects of an exercise program (3 times per
week; 30 min/session; 12 weeks in duration; performed at mild to moderate pain
intensity) on the six-minute walk test (6MWT) and reported a 21% increase in
distance covered by the exercise group as well as improvements in perceived
walking ability (Tsai et al. 2002). Although not statistically significant, the exercise
intervention used in this study improved the 6-minute walk performance by 12.1
meters. This is noteworthy in that a 12-meter improvement in the 6-minute walk
test has been considered a small, clinically meaningful change (or the smallest
change that patients consider beneficial) (Gardner et al. 2018). Also interesting is
the finding that participants in the comparison group performed better on the
6MWT compared to the treadmill test, since they had relatively little training on
the treadmill. Members of the comparison group increased their walking distance
by 5.6 meters at the end of the study. Extending our study further for an additional
3 months might have seen greater improvements in the 6MWT results.
The majority of studies reported that the ABI does not change with pain-free
exercise training, especially over the short term (Boyd et al. 1984, Gardner et al.
2005, Mannarino et al. 1989) suggesting that there was no further progression of
the disease over the duration of the study. However, one study which involved
supervised treadmill-exercise to maximum pain tolerance, performed 3 days per
week over 6 months reported a significant (p < 0.01) 3.3% increase in ABI in the
exercise group (Izquierdo-Porrera et al. 2000). Our study found a significant
correlation between ABI measures and all of the performance measures, indicating
that changes in the ABI may contribute to the improvement observed in walking
performance. The consequence of a reduction in ABI (as occurred in the
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comparison group) is a subsequent decline in performance (McDermott et al.
2004).
Members of both groups attained higher scores on the walking impairment
questionnaire at week 12. There were no significant differences between the
groups on the distance, speed, stairs and overall scores. The lack of change in
speed score indicated that patients with PAD did not walk faster following this
type of walking intervention and this is supported by the data obtained on the
6MWT which indicated a small, albeit non-significant change in walking distance.
Correlation analysis of changes in walking performance measures and changes in
scores on the walking impairment questionnaire indicate that the results of the
WIQ may be more closely related to changes in overground walking ability (as
detected by the 6MWT). We found that the change in stair climbing ability and
overall walking impairment scores were significantly correlated to the changes
that occurred on the 6MWT, over time. This indicates that the WIQ may be a
more sensitive tool in detecting changes that occur following an overground
training program. This supports the finding that treadmill testing results are not
always interchangeable with the 6MWT results in the assessment of walking
endurance and self-perceived walking ability in patients with PAD (McDermott et
al. 2020).
Researchers have proposed several different mechanisms to explain the
improvement in performance measures that occur after exercise training. Regular
(walking) exercise can lead to an improvement in walking economy (Womack et al.
1997), an increase in muscle blood flow (Boyd et al. 1984) and/or a change in
skeletal muscle enzymatic activity (Dahllöf et al. 1974). An improvement in
walking economy would lead to a reduction in oxygen demands. Boyd et al. (1984)
reported an increase in muscle blood flow following pain-free exercise training in
patients with PAD. Although Dahllöf et al. (1974) could not find a significant
increase in calf blood flow following training, they did find greater storage of fuels
(lipids and glucose) within the muscle as well an increase in succinic oxidase
activity indicating increased capacity of the mitochondria respiratory chains. In
addition, we have found that a low-intensity, high frequency exercise training
program in patients with PAD can alter the sympatho-vagal balance (as reflected
through heart rate variability measures) in favor of increased parasympathetic tone
(Brenner et al. 2020). A reduction in sympathetic vasoconstriction can lead to an
improvement in tissue perfusion resulting in an increased blood flow to calf muscles
and an increased ability to walk. It is most likely that the factors contributing to the
enhanced walking performance that is observed following exercise training is
multifactorial and that future research is needed in this area.

Limitations
A major limitation of this study was that participants of the comparison group
did not maintain their usual lifestyle during the study. Many members of the
comparison group increased their level of physical activity during the study by
walking more or participating in exercise classes (e.g., aqua-fit or resistance
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training). The increase in walking distances observed in our comparison group
may be attributed to an unwarranted increase in physical activity levels by
members of the comparison group during the study as they were aware that they
were taking part in an exercise study This may have reduced our ability to detect
any significant between-group differences. However, it should be pointed out that
this finding is not unusual and has been reported by others (Mika et al. 2005).
Secondly, this study was three months in duration. Therefore, the results of
this study may not be generalizable to studies that are shorter or longer duration.
Also, overground walking was used as opposed to treadmill exercise. A third
comparison group who used a treadmill for their exercise protocol would have
been desirable.
Conclusion
The results of this study provide support for the efficacy of a structured,
progressive pain-free home exercise (walking) program for patients with PAD.
Following 12-weeks of training, this study found a significant increase in functional
claudication distance and maximal claudication distance in addition to maintaining
the ABI in members of the walking group. Moreover, members of the walking
group reached a minimal clinically important difference in the 6MWT (12 meters)
following training. These changes can lead to an increased in self-perceived walking
ability and this was found with the WIQ. Based upon the results of this study,
clinicians who work with patients who have PAD with intermittent claudication
should encourage regular pain-free walking at home. An increase in walking
performance may lead to an improvement in functional independence and
subsequently allow the patient to carry out their activities of daily living to a
greater extent.
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Determinants of Vaccine R&D in the Pharmaceutical
Sector
By Francesca Pantaleone*
The aim of this paper is to analyse the economic and financial assets that influence
vaccine research investments by pharmaceutical companies. Starting from vaccine
manufacturing process, the first part describes European Union (EU) and United States
(US) regulatory systems and the relative Intellectual Property Rights (IPRs). Then, the
main obstacles to vaccine research and the main strategies suitable to enhance it are
discussed. The second part introduces an empirical analysis of 10 pharmaceutical
companies’ corporate Research and Development (R&D) from the 2008-2015 period by
using STATA 12, through a Fixed Effect estimation of two models. The three hypotheses
considered regard the main assets that influence vaccine research and why, the
relevance of properties acquisition as a substitute for R&D as whether regulatory
framework does obstruct investments choices or not. The results confirm that liquidity
and size have a positive impact on vaccine research, whereas leverage influences it
negatively. In addition, more acquisitions lead to fewer R&D investments since
companies find less expensive to acquire knowledge rather than investing on it. Finally,
a Chow Test that considers 2010 as a breaking point, led to no structural breaks for
panel data, which implies that the new European Regulatory Directive on
pharmacovigilance has no influence on the pharmaceutical companies’ behaviour.
Keywords: vaccines, health economics, research & development

Introduction
A vaccine is a ―complex, biological product made from living organisms with
a natural tendency to change‖ (IFPMA 2016). A vaccine, however, is also a public
good: everybody benefits from it, even those who do not vaccinate themselves. The
―herd immunity‖ phenomenon, in fact, implies that people who are not immunized
will eventually benefit from others’ immunization: the more people are immunized,
the less virus/bacteria/infections spread among other people. This means that there
are fewer chances to be affected by the disease.
Vaccines have side effects, and they almost never offer full protection against
the diseases, although they usually reach 90%-95% coverage (WHO 2017).
The paper is divided into two parts. In the first part, vaccine manufacturing
process by pharmaceutical companies in the light of pharmaceutical regulatory
frameworks will be explained, with a description of EU and US/Canadian
frameworks. The main development process of a new product and its economic
implications in terms of market exclusivity, patent laws, monopoly powers and
pricing are described as well. Finally, all the literature regarding innovation will be
reported: the main obstacles to vaccine research will be examined, and the main
strategies suggested by literature for increasing research investments will be listed
as well.
*
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The second part will include an in-depth analysis of the pharmaceutical
companies’ corporate R&D, with a focus on finding a way to assert the impact of
pharmaceutical regulation on R&D. An empirical model will be used to assess
factors affecting vaccine R&D expenditure for ten of the most important
pharmaceutical companies worldwide. More specifically, the aim of the paper is to
extrapolate some core hypotheses, if they are testable with respect to dataset, and
fit with some considerations made in the descriptive part. Although particularly
interesting, the analysis of the relationships between innovation and organizations,
or governments interventions, would be beyond the scope of this section; therefore,
a more specific approach has been considered, starting from companies’ point of
view. It has been chosen to focus on R&D expenditure items as a unique
dependent variable, to get few, but significant results.
Theoretically, the paper’s investigation will be based on two models inspired
by Eger and Mahlich (2014) and Lee and Choi (2015), as in their research they
have directly analysed pharmaceutical companies as well as research and
development expenditures, both compared to the same theoretical frameworks.
Thus, as there is a connection between the two studies, they yielded similar results
and considered similar control variables as well. The main difference lies in the
fact that one study relates research with sales, splitting them into different sectors
to determine their impact individually, while the other is more focused on
pharmaceutical companies’ corporate assets.
The core of the research is to investigate and analyse how different economic
and financial factors affect pharmaceutical companies’ decisions to invest in
vaccine research, by reviewing panel data of 10 big pharmaceutical companies
from 2008 to 2015. Two models have been analysed through Fixed Effect estimation.
The overall interpretation of the results related to the paper’s research is that
the vaccine industry does not behave differently from other pharmaceutical
sectors: the economic and financial assets, in fact, consider influence vaccine
research as well as overall pharmaceutical research. Corporate finance heavily
affects R&D investment choices: the company must be able to grow to obtain an
overall profitability in sales. It is also required that it is very stable and has enough
liquidity to cover its net debt. Plus, the company must be able to benefit from the
coverage granted by the Data Protection and Market Exclusivity to cover (at least
partially) the costs related to research projects; otherwise, once the coverage
period has expired, the overall sales will no longer be sufficient to cover their
R&D costs. Moreover, other pharmaceutical companies will start to produce
generic drugs and sell them at lower prices so that competition will increase, and,
as a result, individual profits from the ―innovator‖ company will fall. Therefore, to
fight information asymmetry, the company must be also able to hire and train
specialized employees for obtaining additional know-how and technological
innovation, which will be helpful to create new chemical entities and new products
(Katz 2007). Therefore, the company may face any manufacturing difficulties linked
to the core of the research and deal with the requests from regulatory authorities.
Seemingly, the regulatory system does not directly affect R&D, even though this
is an open issue deserving further investigations.
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In addition, there is also the aim of determining whether pharmaceutical
legislation has a direct impact on R&D expenditures or not. A Chow Test will be
conducted on structural break of both models for the same period, to determine
whether the coefficients and the regression are stable or not. Moreover, a new
control variable – Acquisition Costs – has been included in the regressions, to
check its importance with respect to R&D expenditures.

Literature Review
European Regulatory Framework
The European directive has been changed and improved several times. The first
harmonization attempt dates to 1965, with the European Economic Community’s
(EEC) Directive of 26/01/1965. This document states that pharmaceutical products
need to receive an official authorization before entering the market, thus matching
exactly the European Economic Community’s principles of market liberalization
and protection of human rights, along with public health rights and drug marketing
rules. Those criteria are still at the roots of the subsequent pharmaceutical directives
and laws.
Ten years later, the authorization process has improved by a multistate
procedure and a single, official European committee. In 1983, the committee
selected some key points which a product needs to comply with to get the
authorization. The 1987 and 1989 directives introduced a new committee with the
aim of giving a pre-authorization for the product before the applicant’s submission.
Moreover, the ―Guidelines on Good Manufacturing Practices‖ were attached to
the marketing authorization’s pipelines. One of the major innovations the 1993
Directive brought about was the creation of The European Medicine Agency
(EMA) aimed at evaluating applicants’ dossiers. Besides, it introduced a new
centralized procedure for pre-marketing pharmaceutical authorizations. Three
years later, this procedure was also supported by a centralized post-marketing
authorization procedure. After the introduction of clinical tests guidelines in 2001 which will be changed again in 20141, in parallel to Directive 2004/27. Those
changes hit the ―body‖ of the law, by covering the most important rules and
adding new ones. More specifically, they introduced: new rules for the generic
products approval; specific rules for ―biosimilars‖; the scope of the centralized
procedure was extended; a thorough explanation of legal standards for marketing
authorizations was provided; more information to patients and on marketing
authorizations validity from a European member state were introduced. On
business side, the changes solved, at least in part, some business flexibility issues,
with faster approval processes and improved transparency, even though a stricter
1

Another major change occurred with the publication of four new sections of the Directive of
30/06/2004: the Regulation 726/2004, concerning the centralized procedure; the Directive
2004/27 that modifies the Code for Medicines for Human Use; the new regime for traditional
herbal medicinal products embedded in the Directive 2001/83 and, finally, the changes aimed
at Medicines for Veterinary Use – Directive 2001/82.
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pharmacovigilance process was introduced. Greater support for Small and
Medium Enterprises (SMEs) was secured as well. Some changes affected the
―technical‖ side only, but others notably modified the pharmaceutical framework,
such as the improved role of the centralized procedure: for the first time, in fact,
the European Union could apply financial penalties for infringements. Currently,
the latest dispositions include:
 The regulatory components, made of guidelines and directives.
 A detailed pipeline on manufacturing processes.
 A detailed pipeline for marketing authorization and input into the market
of a drug; this also refers to the submission of the dossier that will be
explained below.
 The guidelines for conducting quality, safety and efficacy tests.
 A detailed guideline on pharmacovigilance.
Pharmacovigilance and increased transparency towards the public domain are
crucial topics as well. Moreover, under this new Directive, the marketing
authorization seems to be more related to a public health issue than to an inter-firm
asset of the pharmaceutical company: as it regards everyone, in fact, it is more
likely that it would be managed by a regulator who is external to the company.
Pharmacovigilance Framework
Certainly, a harmonized regulatory system involved less efforts for obtaining
know-how information related to the development process, more safety for new
products marketing and more transparency among Countries. The latter effect is
also enhanced by several IT systems, which also improve knowledge exchange.
Today the regulatory system involves 31 Member States of the European
Economic Agreement (EEA), the European Medicines Agency (EMA) and the
European Commission, connected through a network based on the exchange of
information – mostly, reporting newest side effects of some drug introduced in
their market, clinical trials, or manufacturing insights. However, it is also true that
other states, which are not official members of European regulatory system, follow
European directions in setting their own authorization process and even though
some details are very different, the results are quite almost the same. The European
regulatory framework is structured with clear and equally fundamental steps.
Dossier Presentation and Marketing Authorization
The first phase involves a procedure that might affect only some European
countries or all of them; it can be therefore ―decentralized‖, ―by mutual recognition‖
or ―centralized‖. It regards the application for the authorization, which implies a
dossier filling-in, to be performed using the Common Technical Document format
(CTD). The dossier can be submitted in one single set, which is called ―Stand
Alone Procedure‖, or in a ―Consolidated‖ fashion. CTD has a pyramid-like structure2.
2

Art. 10c of the Directive 2000/83.
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On the top we find the first module, which is not in CTD format and contains
regional information apt to manage the application for a new product authorization.
This section includes: Manufacturing Licenses (ML) and manufacturers’ Good
Manufacturing Practice certificates (GMPc), attesting that the manufacturing
facilities are in compliance with the international standards on the medicinal
product’s quality; Quality Expert reports (modules 1.4.1, 1.4.2, 1.4.3) providing a
signed declaration by quality, pre-clinical and clinical experts on the product’s
quality, safety and efficacy; Risk Management Plan, Pharmacovigilance System
(modules 1.8.2 and 1.8.1) and Environmental Risk Assessment (1.6), which details
all rules and processes followed by the company with reference to Pharmacovigilance
and the risks associated with the environment; Summary of Product Characteristics
(SmPC), Labelling and Package leaflet (PIL) and the relative mock-ups, aimed at
distribution and counselling aimed at patients (PIL) or physicians (SmPC).
The second section contains pre-clinical, clinical and quality overviews and
summaries in tabular format. Module 3 is the chemical-pharmaceutical section, and
it includes all the technical/quality details of the drug along with its manufacturing
process (manufacturers, manufacturing process flow diagram and description,
validation, quality control, specifications, stability data etc…). This information is
strictly confidential and usually legally safeguarded.
The Drug Master File (DMF) is a document containing all detailed information
about the drug manufacturing process, i.e. an ―extended‖ and detailed version of
the module 3. To consult the DMF, the authority, requests the applicant a ―letter of
access‖, which is usually attached to the dossier: by doing so, the authority has
free access to this file and can compare this extended version to the short one
provided by the applicant (module 3) in order to verify the exact correspondence
of the manufacturing process (European Commission, 2001 directive).
In addition to this, the applicants often ask for a ―Certificate of Suitability‖
(CeP or CoS) from the European Directorate for the Quality of Medicines &
Health Care (EDQM), the successor of European Pharmacopoeia and European
Department for the Quality of Medicines (European Commission 2001). This
institution has the task of monitoring the public health by checking both drug and
the quality standards application. This document is therefore an extra quality
standards certification, which obviates the need to submit the letter of access to the
DMF attached to the module 3 of the dossier.
The fourth and fifth sections regard all pre-clinical and clinical tests conducted
on the product, which differ from those carried out in United States or in other
regulatory systems. In Europe, these tests are in fact based on the European
Pharmacopoeia, while the US has its own pharmacopeia (US PI). Pharmacopeia
are huge textbooks containing complete sets of technical, administrative and
chemical directions concerning many topics, including drug development and
quality & safety checks.
Once the application is submitted, the dossier is evaluated by the authority.
The aim is to analyse quality, safety and efficacy standards as well as to assess
risk-benefit ratio for that product, which must be positive. They also verify whether
the pre-clinical and clinical tests comply with Good Laboratory Practices and
Good Clinical Practices standards. In cases of vaccines’ marketing authorization
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applications, the authority also evaluates the percentage of paediatric population
that needs to be immunized in order to send this report – previously approved by
the applicant - to the European Medicine Agency in form of clinical development
plan. Finally, if all these processes have a positive outcome, the applicant receives
the Marketing Authorization (MA) for the product, which legally allows its
marketing. However, for biological products (like vaccines) some additional steps
need to be implemented before.
Registration
 Centralized procedure: the applicant submits a single dossier to EMA.
Following this procedure, the Marketing Authorization allows the company
to market the product in all 31 European Member States. For some
categories of products (including vaccines), duly listed in the Annex of the
Regulation 726/2004, the Centralized procedure is mandatory (European
Commission, 1984).
 Mutual recognition procedure: this procedure is based on the mutual
recognition, by Member State(s) concerned, of a national marketing
authorization granted by the Member State of reference.
 Decentralized procedure: for medicinal products not falling within the
centralized procedure’s mandatory scope, the applicant may request one or
more concerned Member State(s) to approve a draft assessment report, a
summary of product characteristics, labelling and package leaflet as proposed
by the chosen reference Member State.
 National procedure: the applicant requests the marketing authorization for
one Member State only.
Quality Assessment
As mentioned above, in case of vaccines, after marketing authorization an
additional quality check is required. With chemical-pharmaceutical products, this
check is made by the applicant him/herself only but in case of biological drugs, the
control is performed also by a European control laboratory always according to the
directives contained in the European Pharmacopeia and in the EDQM.
In order to market the registered drug, for every batch produced the applicant
must send to the Authorities a Marketing Information Form (MIF)3 along with a
Batch Release.
Marketing Information Form is a document that the applicant needs to fill and
send to the Member State where the product is going to be marketed, along with
the Batch Release On the other hand, the Batch Release is a certificate issued by a
certificated European laboratory following a double-check on the product quality
standards. The quality tests conducted on the product are the same as those
reported in the dossier (module 3) and performed by the company itself before the
Batch Release: for this reason, the European laboratory’s results must confirm
those reported in the Certificate of Analysis provided by the applicant along with
the commercial lots. Quality controls can be implemented as follows:
3

(MIF template is provided in Annex IV of the Guideline on Control Authority Batch Release).
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 In-house methods: not following the European Pharmacopeia. These methods
are developed by the applicant in its own facility, and in this case the
company must provide the European laboratory with the internal Standard
Operating Procedures, including methods’ description and results;
 European Pharmacopeia following the methods described in the European
pharmacopeia monographs4.
Pharmacovigilance
This part of marketing authorization is probably the most important in terms of
practice and health care. On a regular basis, authorities perform Pharmacovigilance
inspections at pharmaceutical companies5. This step is crucial: in fact, although
many clinical studies have been conducted, it is also true that they refer only to a
limited number of subjects, whereas after its marketing the drug will be
administered to thousand and billions of people of different ages, sexes, races and
so on. Statistically speaking, several new variables can trigger the data.
Therefore, the company needs to constantly monitor and upgrade all the
information about side effects and databases. For instance, they need to report
those side effects that are particularly dangerous and can affect anyone: both company’s
people and citizens. These side effects are listed in the drug information sheet that
also contains a section where citizens can report any kind of side effects directly to
the manufacturing company.
Furthermore, the company must send to EMA a Periodic Safety Update
Report, including a summary of data relevant to medicinal product’s benefits and
risks, a scientific evaluation of the risk-benefit balance and all data relating to the
sales volume of the product, with the following frequency: every six months
before the product’s placement on the market, every six months during the first
two years following market entry and once a year for the subsequent two years;
finally, at three-yearly intervals thereafter.
A single assessment of Periodic Safety Update Reports (PSUSA) will be
performed for medicinal products authorized in more than one Member State and
for all medicinal products containing the same active substance or the same
combination of active substances and for which a Union reference date and
periodic safety update reports’ frequency has been scheduled.
Additional Requirements
Additional requirements regard anything that needs to be done or has occurred
after the product’s registration and licensing.
This process involves many assets, such as follow-up measures, PostAuthorization Measures (PAM), Post-Authorization Safety Study (PASS), Post-

4

The aim here is to build a ―bridge‖ between manufacturer and patients, so that other companies
and applicants can rely on this process once they decide to invest in a new vaccine or other
kinds of product. Finally, after the Marketing Authorization approval, the national regulatory
agencies or EMA monitor the product development by regular inspections (European
Commission 2001, art.111).
5
European Commission 2001.
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Authorization Efficacy Study (PAES), ongoing stability studies, new trials on the
population as well as any kind of variation to the previous marketing authorization6.
USA and Canada
Canada and USA share some similarities and some differences as well. First,
it is important to remind that both their regulatory systems are deeply rooted in the
English law: the first regulation – in the form of a bill approved by the English
parliament – regarding the Bureau of Chemistry, the 1862 predecessor of Food
and Drug, was created after a pharmacist of a small village poisoned more than
400 people, adding by mistake arsenic to a drug (Kurian 1998).
Canada enforced a similar law a few years later, in 1875, mostly due to
alcohol’s excessive use; it became a bill on its own in 1884, with the ―Adulteration
Act‖, which stated some standards related to pharmaceutical products’ strength,
quality and purity. Some other members of the Commonwealth followed the same
principles, just like US: in the 1906 the first ―Pure Food and Drug Act‖ was
amended, which provided a products’ regulation at national level. The Directive
contained some black holes though thus it was later amended. The 1917 Sherley
Amendment brought about a major change, which was nullified after some time
due to certain sections that were considered fraudulent. In the 1937, also in US a
tragedy like Thalidomide’s in Germany occurred. Some companies produced
liquid sulphanilamide that was marketed without any previous clinical trials,
causing the death of more than 100 people. Following that accident, in 1938 the
Congress approved ―The Federal Food, Drug, and Cosmetic Act‖, which also
introduced a big institution for the pharmaceutical regulatory system: The Food
and Drug Administration (FDA). Replacing the previous New Drug Administration,
the agency was established with the aim of ensuring that the marketing authorization
would be issued only after checking the product’s safety. Very similar to the
European regulatory system, the US regulation required that several criteria should
be respected, such as clinical and drug efficacy tests. However, the format was a
bit complicated to understand and apply, so it was subject to many simplifications
and adjustments.
Most of the time, American companies implemented their products’ tests or
manufacturing process in Canada, because this Country had less strict rules and
regulation was not as rigorous as it was in the United States. In 1951, however,
according to the latest changes in the Food and Drug Act, the Canadian
government required that, in order to obtain marketing authorization, any new
product should be submitted to the Food and Drugs Divisions of the Department
of Health and Public Welfare, with the aim of ―promoting and preserving the
health, safety and well-being of all Canadians‖ (McMahon 1994), called also
―Health Protection Board‖ (HPB). This department not only is comparable to the
US FDA but has also some duties - including diseases and risk-benefit ratio
monitoring, identification and control - - that belong to the US Environmental
Protection Agency and Centre for Disease Control. Both FDA and HPB issue
6

European Commission 2008.
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pipelines and information tools, GMP and report on clinical trials addressed to
applicants and manufacturers.
After the Thalidomide tragedy, which also involved US and Canada citizens,
the US government increased the FDA monitoring power and control (KefauverHarris Amendments 1962), along with the Good Manufacturing Practices
definition. Usually, the GMP’s rules are so strict and cost-demanding, that they
constitute a true barrier for small companies that intend to develop a new product.
This counterbalances the strict safety’s requirement that USA pursue with the
FDA. With this law, US government also created the New Drug Applications and
Investigational New Drugs institutions, which are still operational today. Canada
followed the US example, by re-arranging its own regulatory system in a very
similar way.
The differences between Canada and US are based on different legal framework.
The authorities involved in the pharmaceutical regulatory systems are different in
relation to the different systems. It is also essential to bear in mind that those
countries are guided by the Common Law, which implies both written and nonwritten rules. This system is quite different from the European Civil Law system.
Although it may appear that the chief difference between the two law systems lies
in the kind of product they monitor, this is not entirely true. Legally speaking, the
Canadian Food and Drugs Act is a federal criminal law, and it regards every
product sold on Canadian territory. This includes also foreign companies that have
their products marketed in Canada. The US Food and Drug Administration is a
federal law: it implies that if a product is entirely produced and sold in one
country, that product falls within the local jurisdiction. However, this almost never
happens, since the clause contained in the law states that if any items, such as
ingredients or label, are distributed in different countries, that product is under
FDA jurisdiction.
Pre-Clinical Phase
The sponsor, which usually is the manufacturer, sends the Notice of Claimed
Investigational Exemption for a New Drug (IND) – in US – and the Investigational
New Drug Submission – in Canada –, although US foreign clinical trials are not
included in the document, which raised disputes among experts because other
countries might not be aware of the side effects and other relevant information.
Basically, with this document the applicant and the sponsor, i.e., the manufacturer,
underline the safety and the efficacy of their product, by showing the results of
their pre-clinical trials, the manufacturing process in detail, and how they want to
proceed with the remaining tests. Especially for vaccines, this part may determine
the rise and fall of the product, thus it is very important that the applicant submits
the approval request when he/she has as many data as possible, in order to
persuade the authorities to move to the clinical phase.
Clinical Phase
The applicant needs also to attach all the clinical trials conducted on the
product and any information that FDA and HPB may judge relevant. In case of
vaccines, the authorities are highly focused on ensuring the safety of the vaccines
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they approve. More specifically, before the approval, FDA entrusts a community
of scientists and experts with the task of personally analysing the vaccines
effectiveness and quality. All this despite that the NDA documentation shows any
details and trials conducted on it. They also inspect the applicant’s laboratories,
checking their manufacturing system and whether the GMP principles are
complied with. In case of vaccines, lab tests always involve animal first: only
when animal tests are 100% effective and safe and the test safety on humans has
been proven, clinical trials are conducted on individuals, and volunteers are
recruited. Even if the vaccine is aimed at children, tests are carried out on adults
only.
Phase Agency Review
Once that the NDA and NDS are approved, the FDA and the HPB officially
issue the marketing authorization for the drug. Then a period of strict effects’
monitoring follows, where the companies are required to periodically send reports
concerning side effects, additional requirements, additional tests or relevant
discoveries, just as it happens with the European regulatory system.
As to vaccines, any kind of side effect not already included in the drug
information sheet should be reported through the Vaccine Adverse Event Reporting
System. The reports are monitored both by FDA and the Centres for Disease
Control and Prevention: however, many side effects embedded in the VAERS
might not be related to the vaccine, as they could have occurred after a vaccination
period and reported by mistake for this reason. Scientists consider a new vaccines’
side effect only after examining its causes, whether it could biologically be
correlated to the vaccine or not and whether it would have occurred anyway,
independently of the vaccination.
Also, the Advisory Committee on Immunization Practices has a major role in
US, which includes medical and public health sectors’ experts who have the task
of providing vaccine-related technical comments and considerations, based on
trials and side effects data evaluations.
Marketing Authorization Phase
In recent years, products’ renewal timing has been considerably shortened in
US. For cases FDA deems special, i.e., they need to be particularly monitored, the
average renewal timing is nine months, whereas, for traditional cases, the average
timing is nineteen months. In case of manufacturers with a reputation for
appropriate manufacturing process and transparency, the average time can be
reduced to fifteen months only. After that period, the drugs are still monitored but
without involving further bureaucratic mechanisms.
On the other hand, before the latest law update, Canada had the slowest
regulatory system for renewals: on average, it took thirty-four months for a drug to
be renewed. Thankfully, this time span has been reduced due to the last changes in
the Therapeutics Product Directorate. It is also important to remind that Canada
allows ―special‖ conditions for emergency cases as well as for drugs that can
significantly improve the health status of many patients. This results in fast
procedures and more flexibility.
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Vaccines are almost never registered as equivalent drug. This is because an
equivalent drug does not require to supply data for modules 4 and 5, since the
original drug is well-established. Therefore, the authorization of an equivalent
drug is obtained by providing only literature sources and then adding equivalency
tests. However, vaccines are biological, not chemical-pharmaceutics products:
thus, they do require clinical data. The earlier vaccines – from 60’s – did not have
this documentation, but over time the ministers of health and national regulations
have become increasingly strict and demanding.
Barriers to Vaccine Research
Although nowadays the market seems to value around $24 billion, with an
increase in the next years until reaching $61 billion in 2020 (Oxfam 2021), the
overall vaccine research is decreasing so far. From 1967 to 1980 in US, the
companies involved in vaccine research sector reduced from 26 to 17. This is
almost 50% less in only 13 years (Douglas and Samant 2018). Thanks to external
organizations like GAVI or Bill and Melissa Gates foundations, vaccine research
gained a little more relevance in the business sector of pharmaceutical companies,
although this also led to an increase in terms of pricing.
There are two main factors which need to be taken into considerations for a
proper R&D analysis of vaccine sector. The first is that nowadays vaccine sectors
are becoming more and more a niche sector: there are many big and wealthy
pharmaceutical companies, but very few of them rather invest in vaccines.
Novartis, for instance, has sold all his vaccines to GSK in the previous year; they
only kept the ―flu vaccine‖ sector with all the related products. This decision has
been taken considering the R&D expectations on vaccine research, by estimating
the perspectives from the percentage of vaccine sales with respect to overall sales.
Since most of the time they do not exceed 10% of overall sales, vaccine sector is
often cropped out, or it might get less attention than the others. COVID-19 even
worsened the situation, making very difficult to find sponsorships for clinical trials
and with modified clinical trials protocols (Sawad and Turkistani, 2021). COVID19 exposed the fragility of the industry which had to rush towards a development of
a vaccine for a totally new disease. The lack of funds in research led governments
to pay big amount of fundings to find a formula for an efficient COVID-19 vaccine
(Torreele 2020).
Secondly, despite the huge net value of the pharmaceutical companies, vaccine
research represents only a small percentage of the overall R&D expenditures.
Moreover, even though those companies who are still active in the market are
keeping their expenses almost stable, or even higher than the previous years, the
number of NCEs has been drastically decreasing. Forty percent of worldwide drug
produced between 2009 and 2017 did not repay the sales forecasts in the first two
years (Mlika et al. 2020).
One of the reasons could have logistic sources: the process for registering a
drug is very long and complicated. Most of the times, people who suffer from those
kinds of diseases do not have time to wait for the usual procedure of marketing
authorization. Differently from what happened with COVID-19 vaccines, the WHO
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pre-qualification, which is necessary for checking the quality and safety properties
of the vaccines, usually requires around 200 days to be completed. It has been
assumed that almost the half amount of the costs which needs for developing a
drug, are those related to all the tests required from regulatory authorities.
Another obstacle is created by the companies indeed: most of the times, big
companies rather focus on other sectors and they do not enhance the marketing
authorization of drugs for vaccines; the duty to follow the long and complicated
registration procedure is taken by companies which create equivalent drugs, after
waiting for the timing of market exclusivity and patent protection derived from the
originator ones.
Despite all these considerations, it is not clear whether regulatory systems
have been influenced private research in positive or negative way, because it is
very controversial to empirically verify the influence of regulatory systems on
companies’ R&D. The evolution of regulatory system has led to stricter and
heavier controls on new drug approvals; while this might be positive from
consumer side, since it grants more safety and effectiveness for patients, from
supply side this means that the process of developing a new drug is even longer
and more complicated than before. The prevalent opinion according to literature is
that regulatory framework negatively affects the incentives to corporate research;
while this could be true, it is also important to consider that this influence should
not be overrated. Pharmaceutical regulation might be one of the causes for the fall
of R&D research, but it seems hard to believe that innovation and corporate
decisions are just guided by this constraint. This topic will be one of the core
researches of the empirical analysis of this paper.
R&D Enhancing Strategies
In the latest years pharmaceutical companies, especially the largest ones, have
shown a new trend. According to Access to Medicine Index (2016), which drafts
the most detailed and complete report on pharmaceutical companies, in 2016 the
67% of R&D projects concerning high-priority, low-incentive products have been
implemented in partnerships. Most partnerships are built between companies and
external sources, such as public institutions or no-profit organizations, but 14% of
partnerships occur between pharmaceutical companies. Most corporations involve
those products for which there would not be a market, or with low-incentives
perspectives.
Partnerships allow pharmaceutical companies not only to haste the research
process, by merging knowledge of both companies’ portfolio but also to share the
costs of research involved in the process-making. Moreover, it has been shown
that they increase the number of projects under their R&D pipeline, along with
sales revenues for both companies.
Another new trend consists in knowledge and R&D pipelines acquisition
through product diversifications. The most important, latest case is Novartis-GSK
acquisition. Novartis has recently sold a large portion of its portfolio (influenza
vaccine excluded) to GSK, for USD 7.01 billion. On the other hand, GSK has
enhanced its products portfolio, and its expected profits will be higher over the
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next years. More specifically, GKS now has Menveo and Bexsero vaccines, both
treating meningitis disease, which have been sold in 62 and 38 countries so far,
respectively. The acquisition allowed both companies to increase their geographic
area of relevance, especially in US, where Novartis had a strong relevance in
relation to regulatory approvals.
Other kind of acquisitions usually occurs between large and small companies,
in order to obtain cutting-edge technologies or new drugs products. Not only this
is the main reason why pharmaceutical sector is becoming increasingly small, in
terms of number of firms currently operating in the market, but it is also a
consequence of the high barriers and products-making related costs. Only large
companies can afford to invest so much in new R&D processes, and this is also
why they are willing to obtain knowledge by acquisitions rather than relying on
external incentives.

Empirical Analysis
Hypotheses and Methodology
Considering the research’s purpose, three key hypotheses will be considered
and analysed.
H1: Which are the vaccine development’s determinants, and what are the relationships
between those assets and vaccine research

The core of this hypothesis is to find out the main drug development’s
determinants and what is the relationship between the drug development intensity
and variables that directly impact on the process. The new models will take into
consideration some of the control variables used by the background models, by
focusing on the ones that were considered as research investments’ determinant.
The purpose is to check the coefficients’ sign and significance in relation to
vaccine research, to see whether a difference between pharmaceutical research as a
whole and its sub-sample vaccine research exists.
H2: Acquisitions have a negative impact on vaccine R&D

Following the tendency to broaden the framework, as literature and recent
researchers have done, it was decided to include the ―Acquisitions‖ variable with
the purpose to detect whether it would impact on R&D investment decisions for
pharmaceutical companies.
New empirical findings in literature suggest that there is an obvious
connection between acquisitions and R&D expenditures. The innovation process
might be more related to technological acquisitions rather than to formal R&D
productivity, in terms of new machineries, researchers and knowledge acquisition.
Recently, this has been partially confirmed by other authors, who showed that
innovation process is pushed by new equipment’s’ supply (Mukoyama 2006). In
the vaccine industry, for pharmaceutical companies Technological Acquisition
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might work as a ―substitute‖ of Research and Development, since pharmaceutical
companies find less expensive to purchase the license or the whole in-process
products from an external - usually smaller - company, rather than investing in
research on their own. Therefore, a negative relation between acquisitions costs
and Research and Development costs is expected: when companies decide to
invest on acquisitions, they will rather spend less for their own R&D.
The cost-related ―Acquisitions‖ is the variable included, as a comparison to
research and development’s costs. Acquisitions are associated with partial or total
acquisitions of external companies or products, plants and equipment as well as
other intangible assets.
H3: Testing for coefficients’ stability suggests that regulation has no direct effects on
vaccine R&D

Some part of the literature attributes a significant relationship between
pharmaceutical regulation and research investments. What is crucial is that there is
no way to directly analysing this relationship. The only way to do so is to rely on
proxy variables, although there is a huge difficulty in determining that
econometric variable which uniquely points to pharmaceutical regulation.
Thus, it has been decided to analyse the impact of pharmaceutical regulation
by testing whether a difference in R&D investments in relation to some specific
changes in European regulatory system does exist. This paper will test whether
there is a difference in the regression compared to 2010. In 2010 some huge
changes in Pharmacovigilance sector occurred, which strengthened the process to
achieve greater safety and security for new drugs. The test will be made by using a
Chow Test for structural breaks (Chow 1960). Since Chow Test only analyses
whether a structural break occurs or not, the only plausible assumption is that
Chow Test will check the stability or instability presence in regressions.
Data and Indexes
The analysis covers 2008-2015 period. This period is largely determined by
the availability of data regarding vaccine R&D expenditures. The analysis will be
conducted on 10 pharmaceutical companies: Pfizer (2008-2015), Johnson & Johnson
(2008-2015), Novartis (2008-2015), CSL Limited (2008-2015), Roche (2008-2015),
Abbott (2008-2015), Astra Zeneca (2008-2015), Merck (2008-2015), Sanofi Aventis
(2008-2010) which became Sanofi (2011-2015), Glaxo-Smith-Kline (2008-2015).
Data were collected from the companies’ financial and annual reports. Some
data concerning the number of employees per year were also collected by a
website tool for data collection. All the indexes were converted in USD and
expressed in millions of dollars.
Table 1 shows descriptive statistics for Model 1, whereas Table 2 shows
descriptive statistics for Model 1.
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Table 1. Descriptive Statistics – Model 1

Table 2. Descriptive Statistics – Model 1

Overall, the maximum and minimum values suggest that there are consistent
differences between firms. Research expenditure is quite linear and increasing
over the years for every firm except for Novartis, which had a considerable
decrease in vaccine research. This is also consistent with the fact that in 2015
Novartis sold up all its vaccine products to GSK (Novartis Financial Report 2015),
keeping Influenza Vaccine only. Net Debt is very volatile, which means that firms
often work to reduce large amounts of debts, only for increasing it again later. The
number of employees does not vary much over the time, even though, due to
financial crisis, some companies have reduced their workforce.
―Business Scale‖, ―Age of the company‖ and ―Tobin’s q‖ were not included
in the first and second model respectively since they proved to be not statistically
significant in the background models.
―Cost of Sales‖ has been not included in Model 1 due to the high correlation
with Marketing, Selling, and General expenses, while it was kept in Model 2 since,
in the background model, Cost of Sales turned out to be not statistically significant.
―Sales in the Rest of the World‖ variable was removed from Model 2 since in
the background model it turned out to be not statistically significant. ―Sales in US‖
was included as data collected from financial reports, instead of computing the
index by adding the residuals up. Moreover, it is low correlated with EU sales and
its squared term
Models and Equations
Two models will be used to analyse factors affecting vaccine research in
relation to research and development expenditures.
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Model 1:

The first model will use Profitability, Acquisitions, liquidity and Leverage as
main determinants for vaccine research, and the control variables will be Size,
Sales Growth and Marketing-Selling-General expenses.
The model will use logarithmic indexes’ forms assuming a Cobb-Douglas
production function; in addition, the probability of finding outliers is reduced.
Model 2:

The second model includes sales as determinant factor for R&D, and it
considers Growth, Acquisitions, Liquidity and Leverage as control variables. For
the second model, logarithms of variables related to overall sales were used.
STATA 12 has been used as a statistical tool for panel regressions and
analysis. The time effect estimator was included in the equation. The underlying
assumption is that there might be some time-specific effect δ t affecting all firms
in the same manner. One example could be the Ebola epidemic in 2014, or the
Financial Crisis in 2008. Therefore, the model was estimated by considering a
dummy variable for each period, which Stata 12 computes on its own, without the
necessity of doing it manually. Fixed Effect estimation was used to compute the
analysis of the two models
Results
Tables 3 and 4. Model 1 and 2: Results
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As expected, Stata has dropped many observations. Moreover, the interclass
correlation rho and the standard deviation of residuals within group indicate the
presence of strong individual effects. R-squared, which is around 43% for the first
model and 49% for the second, suggest that a Fixed Effect estimation for this
model quite fit data.
Although a large part of literature confirms the relationship between profitability
and research, unexpectedly, profitability was not statistically significant in our model.
Sales Growth and Marketing-Administration-General expenses were not significative.
This could also be due to the small number of observations included in the dataset.
On the other hand, Cash Flow, Size and Leverage turned out to be statistically
significative with 5% significance and the sign confirms the background literature.
A 1% increase in liquidity is associated with a 12% increase in vaccine research; a
1% increase in employment is related to a 16% increase in vaccine research
whereas a 1% increase in debt is related to a 9% decrease in vaccine research.
Vaccine research investments seem to act in a similar way as overall drug
research and development investments. Even in this case, liquidity, size and
leverage influence investments decisions, even though Growth, in terms of sales,
and general expenses seem not to be so relevant for vaccine research.
For the second model, the economic and financial assets considered in the
research influence vaccine research just as they influence general pharmaceutical
research investments. The Sales in Europe, along with the squared term, show 1%
significance level. The dichotomist sign of the two variables also confirms the
background literature: while research is positively correlated with sales, it is
negatively correlated with the sales in squared terms. This might suggest that sales
follow a skewed distribution, as it will be explained later. US sales and Growth
turned out to be not statistically significant. Cash Flow and Leverage were
statistically significant at 1% and 5% respectively. A 1% increase in liquidity is
correlated with a 17% increase in vaccine research, whereas a 1% increase in debt
is correlated with a 11% decrease in vaccine research.
Cash Flow and Acquisitions were more statistically significant in this model
compared to the first: this could be due to the absence of Profitability as an
independent variable and the presence of Sales as covariates explaining the
dependent variable.
Employment was significant at 5% level, with a positive correlation with the
dependent variable. This confirms the finding of the first model and the background
literature, although it is important to consider the idea that this variable might be
connected to acquisitions. Increasing employment by 1% is related to increasing
R&D intensity by 10%. Even though the Correlation Matrix indicates a low
correlation between the two variables (see Appendix), the introduction of a new
control variable might have influenced the significance of the others.
One important thing to consider is that Sales Growth did not appear statistically
significant in neither of the two models. Although this may be due to small
observations, it might also suggest that an increase in overall sales does not
directly influence vaccine research. On the other hand, sales distributed per
geographical area seem to have a notable impact on investment decisions.
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As expected, Acquisitions turned out to be statistically significant with a
negative correlation as compared with R&D, even though the significance is 10%
only: this might be even larger when including additional observations in the
dataset. Increasing acquisition costs by 1% leads to an 8% decrease in vaccine
research.
In Model 2, Acquisitions turned out to be negatively correlated with R&D,
just like in the first model, even though here the phenomenon was more significant
(5% as opposed to 10% of the previous model). Increasing acquisition costs by 1%
leads to an 8% decrease in vaccine research. This result is like those obtained in
the first estimation.
Chow Test Estimation
Chow Test for structural breaks was computed on the unrestricted model and
two sub-samples, referring to pre-2010 and post-2010 period. The F-test and the
relative p-value gave such results that it was not possible to reject the null
hypothesis of no structural breaks in the panel data. This also means that there is
no structural difference in the parameters of the two restricted sub-samples, and
the coefficients remain stable with respect to what-supposed-to-be the breaking
year (2010).

Discussion
More Liquidity Means More Research
Liquidity’s positive relevance in vaccine research is the key that better
explains how economic growth and Innovation are extremely connected. As Veira
et al. (2008) stated: ―If the investments in technology are large, the economic
growth and productivity convergence will be higher‖. Some authors (Dimitri
2013) also suggest that ―financial performance may depend not only on the ability
to bring new drugs to the market, but also on doing it faster than competitors‖.
This also means that companies can cover their short-medium debts, even
though this might not be the case for long-term Debts. The complex procedure
involved in vaccine production requires huge financial resources, and the decisionmaking process on new investments is related to the burden of information
asymmetry and moral hazard issues. This is also why an adequate capital reserve
is crucial for research investment decisions.
COVID-19 epidemic is an example of how much countries and pharmaceutical
companies are economically intertwined in vaccine research. In the paper of
Çakmakli et al. (2021) it is showed that the global GDP loss of counterfactual of
global vaccination can be higher than the cost of manufacturing and distribution of
the vaccine itself. They also argue that ―increasing the production and supply of
vaccines produces significant economic benefits for the world economy at minimal
cost‖.
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Stability Influences Investment Decisions
As expected, leverage is negatively correlated with R&D. Research is not an
urgent investment: therefore, riskier investments might be affected also by the
company’s high debt-equity ratios and this causes disinvestments in research. On
the other hand, if the firm is more stable, it can face medium-long term projects
more easily, which are often related to new research investments. Governments
should exploit this barrier to the market by providing incentives and lump-sum
taxes to develop new vaccines (Xue 2020).
Employment Can Enhance Research
In general, it has been stated that large companies are more willing to invest
in R&D due to the lower burden on liquidity constraints as well as to higher
diversification between products and scale/scope economies. This evidence is also
consistent with previous literature (Coad and Rao 2008), which confirmed the
positive relationship between R&D and firm growth in the short-term. Capasso et
al. (2014) confirmed the evidence for medium term as well.
Both models analysed in this paper, showed a positive correlation between
vaccine research investments and employment. Figure 1 shows the average number of
employees per year in the 10 firms involved in the research: it is possible to see that
the overall employment level has been slightly increasing from 2011 onwards,
with a little decrease between 2012 and 2013. In this case, the overall employment
increase could mean that pharmaceutical companies have decided to hire people
necessary for the company’s economic growth, which implies that more people
are involved in vaccine research projects. Examining the scope of employment for
pharmaceutical companies goes beyond the aim of this paper, and further analysis
should be made to better understand whether more employment is related to
research investments and specialized labour or not.
Figure 1. Employment Level (Average), 2008-2015

Source: Own elaboration.
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Sales Follow a Skewed Distribution
One of the most interesting findings is that the non-linear variable (Salesq) is
negatively correlated with R&D expenditures. This is consistent with the existing
literature; in particular, Scherer (1999) showed that activities based on IPO – High
Technology Companies – follow a skewed outcome distribution. The author also
showed that joint ventures start-ups sales are highly skewed thanks to a dataset of
383 start-ups investments provided by Venture Economics and another consisting
of 670 start-up investments (Scherer et al. 2000).
Grabowski and Vernon (2000) analysed the sales distributions of 64 New
Chemical Entities -NCEs- in US market from 1980 to 1984, in pharmaceutical
industry. They also analysed the sales distributions of Orphan NCEs with respect
to Non-Orphan ones from 1988 to 1982, and then compared them to the first
estimation. Any analysis conducted showed that the sales revenues in US followed
a highly skewed distribution.
Figure 2. US Sales Distributions of New Chemical Entities, 1980-1984 and 19881992, with Orphan Drugs Included in the Period 1988-1992

So
urce: Grabowski and Vernon 2000.

Figure 2 outlines that R&D investments behave like joint-venture private
investments of start-ups or public market investments in high-technology
companies. The common denominator is the high level of risk all these activities
involve. In the case of pharmaceutical companies, the risk is even higher due to
lengthy processes, competitors with rival products and regulatory problems.
Figure 1 also shows that many products are licensed even though they feature very
small peaks in terms of sales revenues. As firms are aware that they will not be
able to fully recover their R&D costs related to the new product, it is sufficient that
the marketed product covers the incremental or variable costs. These results show
that there is very high variability in sales performance for large pharmaceutical
companies: they found out that firms with an average of $US300 and $US500
million R&D spending in 1980s, had aggregate sales between US$100 million and
$US3 billion during 1988-1992 period. Similar results have been obtained by
Romano et al. (2020) by considering COVID-19 outbreak on medicines’ sales.
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This might also be linked to the market exclusivity expiration and the
upcoming equivalent drugs introduced in the market. In EU, data protection lasts
around 8 years while market exclusivity for both vaccines and drugs lasts 10 years.
In US, the protection for Biological products (including vaccines) lasts around 10
years. This perfectly matches with the situations described in the figures above:
after 10 years, sales start to significantly decrease. The loss of monopoly power
and the raise of perfect substitutes lead to a sales and profits’ decrease.
Pharmaceutical Companies Find More Profitable “Acquiring” Knowledge rather
than Investing in Research on Their Own
Malik et al. (2008) claim that almost 40% of activities regarding applied
research are undertaken externally. The authors also report that the chief reason
why companies rather leave research projects to others is the lack of in-hours
R&D and technical expertise. The second and third relevant reasons are cost, and
time amount correlated with the research and development process. Beside uncertainty,
the capability of reducing risk is also a very important asset for outsourcing R&D
activities. The ―ease of managing projects externally‖ was considered the least
important assets in comparison with others previously mentioned.
Most of the outsourcing research projects concern applied activities that are
considered less ―strategic‖ from the company’s point of view. This is coherent
with the vaccine sector and with the results obtained in this paper. Technology
Acquisitions enhance process innovation for pharmaceutical industries, since
companies would rather ―acquire‖ knowledge instead of ―producing‖ on their own
for all the reasons stated so far.
Regulation does not Obstruct Research Investments
It is important to remind that Chow Test did not test for ―pharmaceutical
regulation‖ and its impact on R&D, but it simply checked whether there are
structural breaks in the panel data regarding a specific breaking point. In this case,
the breaking point taken into consideration was 2010, due to the new, huge
Directive regarding Pharmacovigilance. In this regard, Chow Test estimated that
companies did not change their behaviour with respect to that period. On the other
hand, it is also important to stress that the new Pharmacovigilange rules, even
though crucial for changing the previous frameworks, are not directly related to
the research and the production of New Chemical Entities. Pharmacovigilance
affects post-marketing phase as well as new products’ re-examination. This might
also mean that Chow Test would lead to different results if a different breaking
point were considered: for example, it might be useful to analyse the 2012
Directive regarding New Clinical Trial regulation, which enabled international
collaborations and simplified manufacturing processes. Further examinations are
needed, perhaps including the newest European rules on pharmaceutical regulation.
Moreover, their whole research assumes that US market is less regulated than
the European one. Recently, the divergence between the two systems has been
considerably smoothed out. In asserting that price control has a negative impact on

133

Vol. 9, No. 2

Pantaleone: Determinants of Vaccine R&D in the Pharmaceutical Sector

R&D and then commenting that it should be abolished, the other side of the coin
should be also taken into consideration: less regulation means less protection of
consumers’ purchasing power, and more monopoly power for pharmaceutical
companies.
In addition, the global market coverage of pharmaceutical companies and
their relevant products implies that EU regulatory systems affect non-European
countries as well. Thus, it is not possible to define for sure whether the up-to-date
European regulatory systems negatively influence corporate research and development:
the only way to make this kind of considerations is to analyse the regulatory
systems’ effect. Even though the changes occurred in EU systems only, it is not possible
to make a sharp distinction between EU and US regulatory systems consequences,
since companies operate in both markets and their revenues do not come merely
from made-in-Europe products sold throughout Europe.
Conclusions
The main purpose of this paper is to empirically investigate and analyse how
different economic and financial factors affect pharmaceutical companies’
decisions to invest in vaccine research, by reviewing panel data of 10 big
pharmaceutical companies from 2008 to 2015. Two models have been analysed
through Fixed Effect estimation. The descriptive part is crucial to better understand the
results of the econometric regressions and the relevant interpretations and discussions.
The overall interpretation of the results related to the paper research is that the
vaccine industry does not behave differently from other pharmaceutical sectors:
the economic and financial assets, in fact, consider influence vaccine research as
well as overall pharmaceutical research. Corporate finance heavily affects R&D
investment choices: the company must be able to grow to obtain an overall
profitability in sales. It is also required that it is very stable and has enough
Liquidity to cover its Net Debt. Plus, the company must be able to benefit from the
coverage granted by the Data Protection and Market Exclusivity in order to cover
(at least partially) the costs related to research projects. In fact, once the coverage
period has expired, the overall sales will no longer be sufficient to cover their
R&D costs. Moreover, other pharmaceutical companies will start to produce
generic drugs and sell them at lower prices so that competition will increase, and,
as a result, individual profits from the ―innovator‖ company will fall.
Therefore, to fight information asymmetry, the company must be also able to
hire and train specialized employees for obtaining additional Know-How and
Technological Innovation, which will be helpful to create New Chemical Entities
and new products. Besides, the company will face any manufacturing difficulties
linked to the core of the research and deal with the requests from regulatory
authorities. Seemingly, the regulatory system does not directly affect R&D, even
though this is an open issue deserving further investigations.
What differs most is the need to develop new vaccines, which is way less
compared to the requests for Innovator drugs. Also, in the case of vaccines the
decision-making process could be longer and more complicated compared to other
drugs since vaccine research is more complex and requires plenty of time and
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money to be successfully completed. Pharmaceutical companies alone cannot fully
sustain health standards’ needs or epidemic diseases which occur worldwide.
Public sector does not seem to help them either, or many discussions about how to
properly sustain vaccine research are still in progress. For this reason, an
increasing number of companies are disinvesting in vaccine research, leaving this
industry in the hands of few large pharmaceutical companies.
All the strategies commonly used in this sector are crucial for finding new
ways to incentivize R&D. Push Programs provide a ―basic‖ research funding for
increasing know-how and improving technological techniques. Pull Programs aim
to incentivize the final output to ―pull‖ companies towards a specific product’s
development. Vaccine Purchase Commitments lie between a Pull and a Push
program, where sponsors and manufacturers submit a contract by setting the price
at which sponsors buy the final product. Even so, they are actually very difficult to
rearrange. Although it has been shown that those mechanisms are still valid today,
it is also true that Financial Crisis might lead to reconsider the Push, Pull or
Advanced Commitments programs’ applicability. In 2012 more than $130 billion
dollars were invested in pharmaceutical research: only $527 million dollars came from
companies, whereas the major funders were public institutions and organizations.
Another issue related to external funding is the Time Inconsistency involved in
long-term decision-making, which, due to the usual time-consuming vaccine
research, might change over time.
Public debts are growing faster than ten years ago, and private industries have
been squeezed by the decrease of demand from customer-side. Governments had
to disinvest in health care programs, although people’s life expectation has grown.
Like any other industry, pharmaceutical companies have suffered from the crisis
as well. It might be necessary to further investigate the Innovation and
manufacturing technologies-related issues inside pharmaceutical companies,
perhaps by identifying those companies mainly focusing on generics, innovator
drugs, vaccines or other kind of products. This is also related to the consideration
that increasingly few pharmaceutical companies are investing in vaccine research.
It would be interesting to assert the organizations’ relevance in terms of R&D
incentives, perhaps analysing the pharmaceutical firms’ market structure and the
monetary collaborations with GAVI, MSF, WHO and other organizations. What is
clear is that vaccine research industry is very complex and requires huge efforts in
terms of time, costs and technological progress. This means that vaccine industry
is increasingly becoming a niche sector, due to externalities and high barriers to
entry, and that it is crucial to find triggers suitable to promote Innovation. Most
important, those triggers must be able to counter all the negative financial,
institutional, legal and pharmaceutical issues that could hinder R&D projects and
investments.
Finally, to improve access to new products and make them available to everyone,
a further attempt to support this industry should be made. Health standards will
improve along with the quality of life, which will eventually influence the economic
growth of the country.
Despite political considerations, which are beyond the aim of this paper, the
only relevant fact is that, whether public opinion likes it or not, vaccines are useful
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for increasing life expectations and effectively treating dangerous and costly
epidemic diseases. This would also lead to fewer inequalities and more sources for
economic growth in underdeveloped countries.
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Appendix: Correlation Matrices
It is important to underline that Debt and Acquisitions are not correlated.
Moreover, there are no multicollinearity issues between EU sales and its squared
term, since Stata did not drop either of the two covariates, and since the squared
term is not a linear combination of EU sales.
Table 5. Model 1 – Correlation Matrix

Table 6. Model 2 – Correlation Matrix
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