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Purpose: This paper focuses on the stock market performance of a set of biopharmaceutical companies listed in the US stock
exchange in response to news about the unfolding of the COVID pandemic and the development of COVID-19 vaccines.
Methods: We analyze the short-term impact of some episodes by means of event analysis. We consider two categories of events: news
related to the expansion of the pandemic and information about the development of COVID-19 vaccines.

Results: We find that the impact during the first months of the pandemic news impacted the returns of the pharmaceutical firms, but
the effect was not large, in general. The only exceptions are two small biotechnological firms, Moderna and Novavax, are exceptions
since they registered large positive abnormal returns, which vanished over time. Encouraging announcements about the success of
Phase III results had a positive impact the share prices of Pfizer, Moderna and Novavax. Our results also suggest that the emergency
authorization provided by the US regulatory agency to the Pfizer vaccine was anticipated several days in advance and welcomed by the
market. The announcement of a deal to supply vaccines between Moderna and the European Commission have generated large positive
returns for this company.

Conclusion: Our findings have policy implications. First, financial markets have supported and reinforced government strategies to
fight the pandemic, characterized by funding of promising projects, building diversified vaccine portfolios and expediting approvals by
regulatory agencies. Second, our findings suggest that not all drug developers have automatically obtained large profits from the design
and manufacturing of COVID-19 vaccines, according to the behaviour of stock prices. These results cast doubts over attempts to
discredit the efficacy of COVID-19 vaccines with the argument that they are primarily a means to obtain large and quick profits by
pharmaceuticals, or than vaccination campaigns are driven by economic goals rather than by public health considerations.
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Introduction

The COVID-19 shock brought about large social and economic repercussions of various sorts. The pandemic disrupted
different sectors and activities. Many effects of the pandemic have been already investigated and discussed. Others, such
as the impact on the biopharmaceutical industry, are not well understood yet and deserve further attention.

In general, health shocks generate two types of effect on biopharmaceutical firms. First, these episodes increase
uncertainty and fear, impacting the whole economy (including this industry) negatively. It is already documented that the
COVID-19 pandemic, together with the lockdown measures implemented by authorities, generated massive uncertainty,
economic disruptions and high volatility in financial markets.' > In fact, volatility spillovers in financial markets were
more pronounced than during the 2008 crisis.* On the other hand, health shocks also provide opportunities associated
with the production of treatments for biopharmaceutical companies.” The net result of these competing forces for
biopharmaceutical firms is ambiguous.

The design and development of new drugs is a challenging and slow-paced process. The duration of this process for
vaccines is on average 10 years according to the World Health Organization.® In the case of COVID-19, the Pfizer-
BioNTech and Moderna vaccines arrived to the market less than one year after the outburst of the pandemic, and have
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been very effective in the fight against the SARS-CoV-2 virus: they can thus be considered as a success from the point of
view of public health.

Are vaccines an economic success as well for pharmaceutical companies? Public opinion sometimes seems to think
so. In fact, one of the arguments put forward by some anti-vaccination groups is precisely that the main outcome of
vaccination campaigns is the generation of large profits for pharmaceutical companies. A more thorough analysis,
though, shows that the rate of return of vaccines is typically low, since their demand is highly uncertain and their
production costs are non-linear.® Consequently, vaccines may imply an increase in turnover in the short term but, unlike
drugs of prolonged treatment or periodic use, they usually do not warrant a sustained and permanent increase of sales
over time.

Our investigation intends to shed light on this issue. More in particular, the objective of this paper is to explore the
impact of the COVID-19 pandemic on a sample of biopharmaceutical companies, paying special attention to the
development and supply of vaccines. Because of our proximity to the pandemic, we cannot carry out an exploration
of this topic with the desirable perspective yet and over the medium or long run. What we can do, however, is to perform
a short run analysis by examining the performance of share prices in the stock market and assessing whether
biopharmaceutical firms have registered extraordinary or abnormal returns in response to news about the unfolding of
the pandemic and the development of vaccines (see Appendix 1 for the main landmarks). Following the financial
literature, our exploration is grounded on the assumption that the stock market is able to gauge and forecast the business
opportunities and risks potentially affecting companies, impacting share prices accordingly.

Recent studies have documented the reaction of financial markets to news about potential opportunities and risks
associated to the COVID-19 pandemic. Chatjuthamar et al show that bad news (confirmed cases/deaths) affected several
stock indices.” Some authors even report that bad news about the pandemic affected to a greater extent than good news.®
Other studies analyzing the answer of different stock indices to confirmed cases, deaths and recoveries from COVID-19
suggest that prices” elasticities indicated a recovery of stock markets throughout 2020 in response to the improvement in
the survival of patients, the development of herd immunity and the expected success in the development of vaccines in
the short term.” Regarding the Chinese stock market, Xu et al find that the news about the evolution of the pandemic not
only affected share prices; the market also lost sensitivity to the companies’ economic and financial disclosures in such
a way that share volatility became more associated to the news about the pandemic than to information about the
companies themselves.'® Other papers claim that retail investors (individual investors with direct access to investment
platforms) helped flatten the negative effects on equity markets by injecting more liquidity into the system during the
lockdown.'" The assessment of abnormal returns of several Asian stock indices after 20 January 2020 shows negative
effects from the COVID-19 outbreak, but positive effects are also observed in certain sectors such as pharmaceutical
manufacturing, perhaps because this sector was contributing to alleviate the epidemic.'? Other recent studies have also
addressed the impact of the opportunities and risks of the COVID-19 pandemic on the pharmaceutical industry in specific
countries.'>

The contributions mentioned above, among others, show how the news about COVID-19 heavily affected stock
markets. However, as far as we know, no study has looked at how the news about the spread of the pandemic and about
the vaccine developments have impacted the stock prices of biopharmaceutical companies elaborating COVID-19
vaccines. Employing a holistic approach, we consider the effect of both categories of news (about the evolution of the
COVID-19 pandemic and about the progress in the elaboration of COVID-19 vaccines) on a group of pharmaceutical and
biotechnological companies.

This paper summarizes and extends the discussion and results provided in Diaz'® The empirical exercise relies on
event analysis. Event analysis is a tool widely used in finance to detect short run abnormal results of some companies
with regard to the market, and therefore seems a convenient technique for our exploration.

According to our results, the news about the progression of the pandemic have had a moderate impact on the stock
prices of biopharmaceutical companies. Most companies do not experience abnormal returns. Moderna and Novavax,
two biotechnological companies, constitute the most important exception, with large positive abnormal returns, which
vanished over time. Moreover, Johnson and Johnson and Pfizer registered small positive and negative, respectively,
abnormal returns over that period.
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Second, as far as the information about vaccine advancements is concerned, the stock values of Pfizer, Moderna and
Novavax, were positively affected by the disclosure of their Phase III findings; this effect is not present with respect to
J&J (Johnson and Johnson). News about an agreement between Moderna and the EU (European Union) to deliver a large
number of vaccines generated large positive share value increases for the firm. Instead, declarations from the European
Medicine Agency about some vaccine developers did not impact US stock markets, according to our data.

The paper contributes to shed some light on the impact of pandemics on financial markets, which is not yet well
understood.'” Tt also provides insights about the milestones which financial markets deem crucial for the success of
vaccines. Interestingly, our findings suggest that announcements of Phase III results seem to be more crucial than
approvals by regulatory agencies, which is consistent with prior results.'®

The structure of the paper after the introduction is the following: Background and Hypotheses discusses the back-
ground and hypotheses of the investigation; Sample and Methodology comments on our data, sample and methodology;
A First Look at the Data: The Evolution of Stock Market Prices details some descriptive statistics of the data; Event
Analysis presents our model and results; Results and Discussion discusses our findings and Concluding Remarks
provides some concluding remarks.

Background and Hypotheses
First, our paper is related to contributions which analyze the effect of information about research and development on the
share values of pharmaceutical companies.' >

Second, our contribution is connected to pieces of research exploring the link between COVID-19 and share values
as, for example, Heyden and Heyden®' There are contributions showing that the COVID-19 pandemic, together with the

lockdown measures implemented by authorities, generated massive uncertainty and volatility in financial markets.' ™

Other articles have detected irrational behavior and panic.?**

Alam et al and Behera and Rath find positive effects of the pandemic on the stock prices of specific sectors of
Australia and India, respectively.”**> The impact of COVID-19 vaccines on stock prices, though, has been sparsely
analyzed so far, although there are several papers focusing on this issue.'*¢

Our research is connected as well to Hwang. This contribution shows that the announcements of Phase III clinical
trials affects the share values of pharmaceutical and biotechnological firms.'®

In this research, we combine the insights and approaches represented in these papers and apply them to the analysis of
the evolution of COVID-19 and the development of COVID-19 vaccines. More in particular, we explore to what extent
news associated with the expansion of the pandemic and to partial successes in the design and manufacturing of COVID-

19 vaccines affect the share values of a set of biopharmaceutical firms.

Sample and Methodology

Sample

In this paper, we are primarily interested in the response of equity prices of vaccine developers. At the beginning of 2023
eleven vaccines had been granted emergency use by the World Health Organization. Five were produced by pharma-
ceutical or biotechnological firms listed in the NYSE or Nasdaq: Nuvaxovid (Novavax), Spikevax (Moderna), Comirnaty
(Pfizer), A4d26.COV2.S (Janssen-J&J) and Vaxzevria (AstraZeneca). BioNTech started to operate in Nasdaq on
October 11, 2019, hence we do not have enough data available from this company to perform our empirical exercise
(see Appendix 2 for brief expositions of company histories and Appendix 3 for the dates of Emergency approvals of
COVID-19 vaccines by WHO).

We focus on shares traded in two key US stock markets, the New York Stock Exchange and Nasdaq, to warrant
homogeneity among the companies and markets considered. The companies listed in these markets for a long enough
time frame and producing COVID-19 vaccines are Pfizer, Johnson and Johnson, Astra Zeneca, Moderna and Novavax.
Johnson and Johnson undertook the production of the COVID-19 vaccine through its affiliate Janssen Pharmaceutica;
since this last company is not listed in the stock exchange, we use as an approximation the stock of the parent company,
Johnson and Johnson.
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Moderna and Novavax are two small biotechnological companies. Their size is not irrelevant for this analysis.
Biotechnological R&D is a long, complex and highly uncertain activity. Small biotechnological companies are usually
very specialized and focus on a small portfolio of products. They are high risk, high reward opportunities for investment,
with large potential gains if a breakthrough comes about but exposed at the same time to high probabilities of failure.
This company profile may be preferred by short-term opportunistic investors with low-risk aversion. Accordingly, these
firms are prone to large stock price oscillations in response to new information. In particular, events like regulatory
milestones or R&D breakthroughs may entail large value fluctuations.”® Large pharmaceuticals, instead, have a wider
portfolio of products, meaning that risks and returns are more diversified and that the effect of particular events is more
modest.

Johnson and Johnson and Pfizer belong to the Top Ten pharmaceutical firms when ranked by total revenues of 2020,
the year of the beginning of the pandemic (see Table 1). We include in our sample other companies from the Top Ten list
that had not engaged in COVID-19 vaccines at that time (Novartis, Merck & Co., Sanofi and AbbVie) to compare their
performance with the vaccine developers. Therefore, our sample encompasses the following nine firms: Pfizer, Johnson
and Johnson, Astra Zeneca, Moderna, Novavax, Novartis, Merck & Co., Sanofi and AbbVie).

Our baseline study works with stock price data from June 6, 2019 to December 31, 2021 although the set of events we
consider finishes in April 2021.

Method
Event analysis explores the reaction of stock markets to news. A key concept in this technique is abnormal returns (AR)
or excess returns associated with company shares; abnormal returns are brought about by the active demand from
potential investors driven by sound expectations about the evolution of the company. The computation of abnormal
returns is typically performed considering an index from the stock market as benchmark and suggest that a particular firm
outperforms the rest of the market.

Define the return of firm j in time t as

Ry = Fir = Bt 100 @)
Py

Where Py is the share price for firm j in t.

The abnormal returns (AR) for the firm j in time t is the difference between the actual return for j in time t and the
expected or predicted return for that date (Equation 2):

AR, = Ry — E(Ry) 2

Where ARj;is the abnormal return, R;is the actual return and £ (Rj,) is the expected or predicted return for firm j in time t.

Table | Top ten Pharmaceutical Companies by Revenues in 2020

Company Total Revenues in 2020 (Billions US Dollars) | Main Stock Market of Operation and Currency
I. Johnson & Johnson 56.10 NYSE, US dollars
2. Pfizer 51.75 NYSE, US dollars
3. Roche 49.23 Zurich, Swiss francs
4. Novartis 47.45 NYSE, US dollars
5. Merck & Co. 46.84 NYSE, US dollars
6. GlaxoSmithKline 44.27 LSE, British pounds
7. Sanofi 40.46 Paris, Nasdaqg, euros
8. AbbVie 33.26 NYSE, US dollars
9. Takeda Pharmaceuticals 30.52 Tokio, Nasdaq, Yen
10. Shanghai Pharmaceuticals Holding 26.69 Shanghai, yuan

Note: https://www.pharmaceutical-technology.com/features/top-ten-pharma-companies-in-2020/.
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In turn, the expected or predicted return is estimated over the estimation window assuming a particular model. In the
baseline case, this particular model is the market or Single Index Model**>° whereby

E(Ry) = aj + PR 3)

Where R, is the return of the index in t. The parameter B; stands for the correlation between the return of the market and
the return of firm j in t; o, is the intercept. Equation (3) is estimated by Ordinary Least Squares (OLS) over the estimation
window. We take the New York Stock Exchange (NYSE) Composite Index as the return for the market in our empirical
application.

The Single Index Model is the most widely accepted model.>' Tt is used also by Alcaide et al and Zhang?®?’ It
assumes a risk-free rate invariant over time; this hypothesis does not appear as a serious concern in this research because
the risk-free rate impacts both the share price of the companies and the index analogously. Nonetheless, we have
performed the estimations assuming alternative models, as it will be discussed in the subsection on robustness below.

If we aggregate over an event window, defined as the time (in days) between t; and t,, we get an expression for the

CAAR or cumulative aggregate abnormal return over the event window:

o)
CAAR;(t, 1) = Y ARy, @)

t=h

For t1<t,.

A First Look at the Data: The Evolution of Stock Market Prices

Figure 1 shows the behaviour of the shares prices of the companies in our sample and the New York Stock Exchange
Composite Index (NYSE) between June 6, 2019 and December 31, 2021. The NYSE exhibited an increasing trend
between June 2019 and the beginning of the pandemic. It fell dramatically on March 18, 2020. Afterwards the NYSE
started to grow gradually, peaking around the end of 2021.

The firms in our sample registered different behaviors with respect to the NYSE index. We can distinguish three main
categories of companies. There is a first group of firms displaying high correlation with the NYSE: Pfizer, Astra Zeneca,
J&J, Sanofi and AbbVie.

Two other companies, Moderna and Novavax, exhibit large volatility, with pronounced humps around mid-2021 and
decreases afterwards which entailed remarkable changes in the price of the stock. Before the pandemic the stock of
Moderna was slightly below 20 dollars whereas at the end of 2021 it reached 253.98 dollars. Novavax was traded at 5
dollars before the pandemic and at 143.07 on December 21, 2021.

Finally, Merck and Novartis exhibit a lower correlation with the index over the time period considered.

Table 2 summarizes some descriptive statistics for company returns. Pfizer, Moderna, Novavax and AbbVie have
positive returns over the whole period, while the largest volatility (measured by the standard deviation) corresponds to
Novavax and Moderna (0.057 and 0.086, respectively). Moreover, volatility is larger in the first subperiod for all
companies, which is consistent with the financial turmoil brought about by the expansion of the pandemic.

Table 3 displays pairwise correlations among companies. All correlations are positive. Novartis and Sanofi and Novartis
and the NYSE register the largest (significant) correlations, higher than 0.6. In addition, there is a significant and high
correlation (0.5) between the following pairs, organized by columns: (1) Pfizer with J&J; (3) J&J with Merck, Novartis, Sanofi
and NYSE; (4) AbbVie with Novartis and NYSE; (5) Astra Zeneca with Novartis and Sanofi; (6) Merck with Novartis and
NYSE; (8) Sanofi with NYSE. Moderate correlations, between 0.3 and 0.5, are observed for most of the other pairs. Moderna
and Novavax register a pairwise correlation coefficient of 0.356; their correlation with the rest of the companies is very low,
suggesting again different performances of the two small biotechnological firms and the more consolidated companies.

Event Analysis
Model Specification

Nine biopharmaceutical companies listed in the NYSE or Nasdaq are considered in this paper for the event analysis. Six
of them belong to the Top Ten by revenues in 2020 (Table 1); the other three are vaccine developers Moderna, Novavax

Risk Management and Healthcare Policy 2023:16 https: 975

Dove:


https://www.dovepress.com
https://www.dovepress.com

Diaz et al Dove

Pfizer Astra Zeneca Moderna
o o
81 © H
(=3
33 §
o J 2 n
il €11 28
& N o £
g9 @ LE
< = ~
%2 4
<Y 8
a - o J
< o
: ; : , : : : : : ; ; : .
01jul2019  01jan2020  02jui2020  0jan2021  O2jul2021  Ojan2022 01jul2019  01jan2020  02jui2020  Oljan2021  O2jul2021  O2jan2022 0jul2019  03jan2020  02jul2020  0jan2021  Ojui2021  O1jan2022
Novavax J&)J Sanofi
(=]
o @ - v
21 - ”
8 o
x T n
881 o 5
~
z R = 0]
3 23 &
281 g g
- <
[=]
~ - v
o S =
01jul2019  01jan2020  02jui2020  0jan2021  O1jul2021  O1jan2022 01jul2019  01jan2020  02jui2020  0ljan2021  O1jul2021  O1jan2022 03jul2019  03jan2020  03jui2020  03jan2021  O1jul2021  O1jan2022
AbbVie Merck Novartis
o (=]
T o (=}
- a -
(=] wn
I © w o
LR x o o
So S @
a o ®©
= 9w >
o S~ o
< o
o o Z o
) ~
wn
o o o
o ~
T r T r : T T r T T r T : : : : T T
01jul2019  01jan2020  03jui2020  0jan2021  O1jul2021  O1jan2022 01jul2019  01jan2020  01jui2020  O0ljan2021  O2jul2021  O1jan2022 03jul2019  03jan2020  03jui2020  03jan2021  O1jul2021  O1jan2022
w i
w i
>
z

T T T T T T
©01jui2019  0jan2020  0%jul2020  Oxjan2021  O%jul2022  Ojan2022

Figure | Evolution of the NYSE Composite and company share prices and the NYSE Composite, June 6, 2019- December 31, 2021.
Note: Closing values in all cases.

and Astra Zeneca. The rationale for the focus on firms listed in the NYSE or Nasdaq is to avoid the potential
heterogeneity associated with specific characteristics of other markets or countries. We concentrate for this research in
the US financial markets because US is the main market of operation for four firms in our sample: Pfizer, Moderna, J&J
and Novavax. We capture the behavior of the stock market as proxied by the New York Stock Exchange Composite. We
work with daily closing prices.

We cover two main kinds of events, defining in turn two subperiods: the first covers the outburst and spread of the
pandemic and the corresponding news and comprises the first five months of COVID-19. The second focuses on the last
stages in the development of vaccines, from July 2020 to April 2021 (negotiations between governments and vaccine
developers started, while vaccine elaboration was still in progress).

We set time-symmetric, short event windows (—3,3), starting three days in advance and ending three days after the
event. Short windows is the standard practice when working with events causing high volatility.** Moreover, small
windows help isolate and distinguish different causes of price variations. In addition, new information usually reflects
into prices very quickly, and this feature was indeed especially pronounced in the case of COVID-19 vaccines.

The estimation window goes from June 6, 2019 to one month before the event.

The evolution of the economic and geopolitical scenario in the recent past has been complex. Particularly because of
the surge in inflation and the conflict between Russia and Ukraine. These could be considered potential confounding
factors for our analysis. We think, however, that the effects of both phenomena start to materialize after the end of the

time horizon we consider.

976 hetps: Risk Management and Healthcare Policy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Diaz et al
Table 2 Descriptive Statistics, Company Returns
January 1, 2020 — December 31, 2021
Variable Obs Mean Std. Dev. Min Max
Pfizer 505 0.001 0.02 —0.081 0.103
Moderna 505 0.005 0.057 —0.198 0.245
&) 505 0 0.015 —0.076 0.077
AbbVie 505 0.001 0.018 —-0.139 0.084
AZ 505 0 0.019 -0.112 0.08
Merck 505 0 0.018 —0.104 0.08
Novartis 505 0 0.015 —0.103 0.072
Sanofi 505 0 0.016 —0.092 0.067
Novavax 505 0.007 0.086 —0.326 0.537
January 1, 2020 - July 26, 2020
Pfizer 142 0 0.026 —0.081 0.086
Moderna 142 0.009 0.071 —0.198 0.245
&) 142 0 0.024 —0.076 0.077
AbbVie 142 0.001 0.026 —-0.139 0.084
AZ 142 0.001 0.026 -0.112 0.08
Merck 142 —0.001 0.025 —0.093 0.075
Novartis 142 —0.001 0.022 —0.103 0.072
Sanofi 142 0 0.023 —0.092 0.067
Novavax 142 0.025 0.115 —0.326 0.537
July 27, 2020 - December 31, 2021
Pfizer 363 0.001 0.017 —0.054 0.103
Moderna 363 0.003 0.05 —-0.197 0.187
&) 363 0 0.01 —0.036 0.027
AbbVie 363 0.001 0.014 —-0.073 0.072
AZ 363 0 0.015 —0.081 0.063
Merck 363 0 0.014 —0.104 0.08
Novartis 363 0 0.011 —0.047 0.054
Sanofi 363 0 0.012 —0.039 0.062
Novavax 363 0 0.07 -0.218 0.5
Notes: Returns computed as log p — log p-1. Returns computed with daily closing prices.
Abbreviations: )&, Johnson and Johnson; AZ, Astra Zeneca.
Table 3 PairwiseCorrelations, Company Returns
Variables () 2) 3) 4 ) 6) @ 3) @ | (10
(1) Pfizer 1.000
(2) Moderna 0.152 1.000
(0.000)
3) )& 0.540 0.074 1.000
(0.000) | (0.041)
(4) AbbVie 0.460 0.022 0.455 1.000
(0.000) | (0.548) | (0.000)
(5) AZ 0.413 0.078 0.467 0.423 1.000
(0.000) | (0.032) | (0.000) | (0.000)
(6) Merck 0.461 0.025 0.567 0.489 0.480 1.000
(0.000) | (0.485) | (0.000) | (0.000) | (0.000)
(Continued)
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Table 3 (Continued).

Variables ) @) 3) 4) (5) (6) @ ) ® | (o)
(7) Novartis 0487 | 0072 | 0578 | 0514 | 0576 | 0541 | 1.000
(0.000) | (0.049) | (0.000) | (0.000) | (0.000) | (0.000)
(8) Sanofi 0450 | 0075 | 0516 | 0436 | 0574 | 0475 [ 062l 1.000
(0.000) | (0.040) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000)
(9) Novavax 0.101 | 0356 | 0033 | 0034 | 0092 | 0027 | 0079 | 0075 | 1.000
(0.006) | (0.000) | (0.367) | (0.352) | (0.011) | (0.453) | (0.030) | (0.038)
(10) NYSE Index | 0464 | 0067 | 0598 | 0538 | 0473 | 0537 | 0632 0539 | 0.127 | 1.000
(0.000) | (0.065) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000)

Notes: P values in parentheses. p < 0.1: significant at 90%. p < 0.05: significant at 95%. p < 0.01: significant at 99%. Novartis and Sanofi and
Novartis and the NYSE Index exhibit the highest pairwise correlation coefficients (>0.6).

A deep analysis of these factors is outside the scope of this paper, but some considerations may be useful. In 2021, the
economic activity in most countries recovered from the dip caused by the pandemic. In parallel, inflation started to increase
because of supply disruptions and rises in the price of energy. Appendix 4 shows the behaviour of quarterly GDP growth and
inflation for US, the European Union and the OECD. This supply shock, together with the restrictive monetary policies
implemented by central banks, brought about a deceleration in the economy. In our view, though, the effects of this
deceleration come about after the end of our time span. Quarterly growth rates for the US in 2021 were 1.54%, 1.71%,
0.66% and 1.70%. In the first half of 2022, though, the US economy experienced a brief contraction: growth was —0.41% in
Q1-2022 and —0.14% in Q2-2022. In the second half of 2022 GDP growth was again positive. As far as the UE is regarded,
growth was positive throughout 2021 and the first three quarters of 2022, although it fell somehow from Q4-2021 onwards.
Finally, deceleration for the whole OECD started in the first quarter of 2022. Hence it seems reasonable to assume that the
activity slowdown took place outside the time span covered for our paper, which ends in April 2021.

The conflict between Russia and Ukraine, although latent since 2014, officially exploded on February 24, 2022. It is
true that the invasion had probably started several months before (the specific date is unclear); nonetheless, it seems far
enough from our time horizon, which ends in April 2021, to significantly impact our analysis.

COVID-19 Announcements

We work with 10 relevant events happening in the first months of the pandemic, associated with announcements about

the pandemic. Five events are positive because they mean progress against the pandemic (like a potential vaccine,

a treatment for COVID-19 and public aid packages). Six events are negative as they convey information about the

expansion of COVID-19. One day comprises a favorable and an unfavorable event. CAARs for each event are in Table 4.
The date of events about COVID-19 announcements are as follows (see Appendix 1):

e Events 1 and 2: January 20, 2020, WHO report; January 21, 2020, Novavax announces vaccine.
e Event 3: February 14, 2020, first death in Europe.

e Event 4: February 25, 2020, clinical trials of remdesivir start.

e Event 5: February 29, 2020, first COVID-19 death in US.

e Event 6: March 8, 2020, travel restrictions in Italy.

e Event 7: March 13, 2020, aid package.

e Event 8: March 24, 2020, delay in Olympics announced.

e Event 9: May 1, 2020, FDA authorizes remdesivir.

e Event 10: May 11, 2020, aid package.

e Event 11: May 27, 2020, data on deaths.
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Table 4 CAARs, Biopharmaceutical Companies, January—june 2020

Co/Day 2111 14/2 25/2 29/2 8/3 13/3 24/3 0l1/5 11/5 27/5
Pfizer 0.71 —4.97* 4.55 8.53*k* 4.78 L1.8I#* | —] Qb 2.6 0.34 —8.5%%
P value 0.8l 0.08 0.17 0.001 0.11 0.0036 0.002 0.48 0.93 0.03
Moderna 5.72 —24, 7% 47 .8%%* 15.87%% —-1.98 46.43%+ | —13.02 —0.01 24.95* —-18.33
P value 0.52 0.005 0 0.048 0.83 0.0001 0.19 0.99 0.07 0.18
&) 1.48 —2.68 —3.84 —04 278 T7.47% | —]3.5%** —-3.03 —0.13 —3.66
P value 0.63 0.36 0.25 0.88 0.35 0.039 0 0.37 0.97 0.34
ABBVie —5.21 —-1.35 5.63 3.95 10.42%* 2.39 —6.87 2.23 6.32 —4.34
P value 0.32 0.78 0.31 0.37 0.04 0.69 0.18 0.65 0.20 0.38
AstraZeneca —2.51 -3.26 —5.48 2.95 3.93 -3.76 1.87 5.83* 0.6 —-1.38
P value 0.45 0.31 0.14 0.31 0.24 0.35 0.56 0.09 0.87 0.72
Merck —4.43 —4.4| 24 391 8,93k 3.58 -5.3* —7.13%* 3.76 0.2
P value 0.16 0.14 0.49 0.15 0.005 0.35 0.09 0.026 0.28 0.96
Novartis —0.4 -1.59 —gesk 0.09 4.26* 1.35 0.75 -3.3 0.32 —2.28
P value 0.87 0.5 0.0034 0.97 0.08 0.65 0.75 0.2 0.9 0.42
Sanofi —4.51 -1.89 —-0.81 33 1.7 5.17 —4.66 —-1.49 -2.15 0.29
P value 0.16 0.58 0.83 0.28 0.63 0.22 0.19 0.67 0.56 0.94
Novavax 67,97 13.69 63 .4k 35.39%* —-14.6 —-17.67 29.01 —22.18 74.66%** —6.09
P value 0.0001 0.38 0 0.015 0.5 0.51 0.19 0.35 0.002 0.8
Type of evento Novavax developing vaccine/ First death in Clinical trials First death Travel Aid Delay Remdesvir Aid New data on
COVID-19 expands Europe remdesivir in US restrictions | package Olimpics authorization package deaths
Sign of evento * - + - - + - + + -

Notes: CAAR in per cent. Window: (=3, 3). Model: SIM. Diagnostic test: normality. *Significant at 90%. **Significant at 95%. ***Significant at 99%, significant CAARs are highlighted in bold.
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The last row in Table 4 indicates the sign of the event, positive if the expected impact is an increase in the demand of
shares and therefore a higher CAAR and negative otherwise. The announcement by Novavax about the development of
a COVID-19 vaccine in January 20 is received by the market with a large positive CAAR. Instead, news about the first
death in Europe attributed to COVID-19 brings about negative CAARs for Pfizer and Moderna. Information about the
start of clinical trials with remdesivir and the first death in US soil bring about substantial CAARs for Novavax and
Moderna, and there is also some positive reaction for Pfizer in the last case. The aid package disclosed on March 13
generates abnormal positive returns for Pfizer, Moderna and, to a lesser extent, J&J. A second aid package announced in
May 11 entails positive CAARS again for Moderna and Novavax.

Figure 2 summarizes visually the information condensed in Table 4 and Table 5 by showing the sum of CAARs for
every company (only significant CAARs are represented). Novavax and Moderna enjoy the biggest positive CAARs
(241.42% and 110.29%). There are also small positive CAARs for Astra Zeneca, AbbVie and J&J and small negative
abnormal return for Novartis, Merck and Pfizer.

Positive CAARs are linked both to favorable news and unfavorable news. Aid measures, though, seem to generate
positive CAARs.

Novavax I 241,42
Sanofi 0
Novartis -3,74 1
Merck 3,51
Astra Zeneca H 5,83
ABBVie B 10,42
J&J m 7,47
Moderna I 110,29
Pfizer -3,23 1
-50 0 50 100 150 200 250 300
Novavax I 71,9
Sanofi 0
Novartis -14,72
Merck 0

Astra Zeneca -24,49 I

ABBVie 0
J&J 6,37 W
Moderna e 214,02
Pfizer B 18,75
-50 0 50 100 150 200 250

Figure 2 Net abnormal results by companies and subperiods (%). Top panel: First subperiod. COVID-19 pandemic announcements. Bottom panel: Second subperiod.
COVID-19 vaccines announcements.
Notes: Net abnormal results (in per cent) are computed as the sum of the CAAR displayed in Table 4 and Table 5. Only significant CAARs are considered.
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2 Table 5 CAARs, Biopharmaceutical Companies, November 2020-April 2021

IS

>

; Colday 9.11.20 | 11.11.20 | 12.11.20 | 16.11.20 | 23.11.20 | 24.11.20 | 25.11.20 | 27.11.20 | 28.11.20 | 11.12.20 18.12.20 06.01.21 29.01.21 27.02.21 19.03.21 07.04.21

o

% Pfizer 0.69 -0.9 1.09 1.79 2.46 4.76 7.55* 9.27%* 1 Qs —8.5%* =5.1 0.98 —6.1 241 3.09 0.96

§ P value 0.86 0.82 0.78 0.65 0.53 0.22 0.052 0.017 0.004 0.029 0.2 0.80 0.14 0.52 0.44 0.8l

o

-

<X Moderna 21 28.5%* 2222 16.96 28%* 5 [k 3gohck 35.2%% 32.2%% —-17.95 —20.14 1.92 83 —16.34 —12.44 274

5]

: P value 0.14 0.04 0.11 0.23 0.047 0 0.006 0.012 0.013 0.2 0.15 0.89 0.56 0.21 0.38 0.84

=]

o

w 1&) 3.56 3.93 1.42 1.6 —-4.89 -2.83 -1.15 -0.48 2 0.21 1.12 0.14 -2.99 2.1 238 -32

o P value 0.3 0.25 0.68 0.64 0.15 0.41 0.73 0.89 0.53 0.95 0.74 0.97 0.37 0.48 0.4 0.33
ABBVie 6.53 0.53 2.57 0.23 4.1 4.55 2.68 2.05 1.6l —-1.52 -2.13 0.88 -3.16 0.79 —4.81 —-1.98
P value 0.15 0.9 0.57 0.96 0.36 0.31 0.55 0.65 0.7 0.73 0.64 0.85 0.49 0.84 0.28 0.65
AZ 5.67 -2.16 —4.95 5.95 —6.1 -3.46 -3.78 -5.64 -3.74 -7.21* -3.96 —1.68 -7.68* —4.1 1.69 -2.22
P value 0.19 0.62 0.25 0.17 0.15 0.41 037 0.19 0.34 0.09 0.36 0.7 0.086 0.31 0.7 0.6l
Merck 0.34 —4.21 -2.16 1.6 =3.11 —0.69 0.17 0.1 1.1 —343 —1.48 34 —4.24 -0.84 241 -2.34
P value 0.92 0.24 0.55 0.65 0.38 0.85 0.96 0.97 0.74 0.32 0.68 0.34 0.22 0.79 0.48 0.49
Novartis 2.36 -0.97 -1.19 2.76 2.64 4.97 2.76 3.05 4.02 —0.6 -3.1 -1.79 B A 1.9 293 0.91
P value 0.44 0.75 0.69 0.36 0.38 0.1 0.36 0.32 0.15 0.84 031 0.56 0.002 0.5 0.34 0.76
Sanofi 3.6l -3.16 —1.54 0.35 0.29 -1.82 —1.48 —-1.66 0.45 —6.16 0.8 -2.78 -5.37 -1.52 1.56 0.18
P value 0.35 0.41 0.69 0.93 0.93 0.63 0.7 0.66 0.9 0.1 0.84 0.47 0.16 0.67 0.68 0.96
Novavax -0.2 —-11.4 -5.12 27 23.48 37.21 28.82 30.03 2329 -7.36 -7.58 -8.62 T2 —32.06 —13.24 —10.06
P value 0.99 0.63 0.82 091 0.31 0.1 0.21 0.2 0.28 0.75 0.74 0.7 0.001 0.12 0.56 0.66
Type of Phase IlI Phase Il Deal EU FDA FDA EU Phase IlI FDA Embolic Clots from
event result, result, Moderna approves approves approves results J&) approves events in AZ vaccine

,?T Pfizer Moderna Pfizer Moderna Moderna and &) AZ considered

g vaccine vaccine vaccine Novavax vaccine vaccine rare
Expected + + + + + + + + - +
sign of
event

Notes: CAAR in per cent. Window: (-3, 3). Model: SIM. Diagnostic test: normality. *Significant at 90%. **Significant at 95%. ***Significant at 99%. Significant CAARs highlighted in bold.
Abbreviation: AZ, Astra Zeneca.
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The impact of COVID-19 news on the stock values of biopharmaceutical companies was thus moderate and lower than one
could imagine on a priori grounds, despite the large volatility in the US stock market at that time.? The exceptions are Novavax and
Moderna. These firms were able to convey optimistic expectations to financial markets, creating a favorable sentiment and
attracting investment. Pfizer, instead, was probably damaged by the negative market sentiment already detected.’

COVID-19 Vaccines Announcements

In this subsection, we discuss the effects of some announcements related to the development of COVID-19 vaccines. We focus

mainly on positive events because share prices are more correlated with development progress than with negative episodes.'®
The date of the events about COVID-19 vaccines we consider are as follows:

e Event 1. November 9, 2020. Phase III results of Pfizer are announced.

e Event 2. November 16, 2020. Phase III results of Moderna are announced.

e Event 3. November 25, 2020. Announcement of a deal between Moderna and the European Commission for the
purchase of vaccines.

e Event 4. December 11, 2020. FDA approval, Pfizer.

e Event 4. December 18, 2020. FDA approval, Moderna.

e Event 5. January 6, 2021. Moderna vaccine approved in the European Union (EU).

e Event 6. January 29, 2021. Phase III results for J&J and Novavax.

e Event 7. February 27, 2021. FDA approves J&J.

e Event 8. March 19, 2021. Embolic episodes in the AstraZeneca vaccine.

e Event 9, April 7, 2021. Clots are reported to be uncommon side effects of the AstraZeneca vaccine.

Table 5 details the CAARs for these event windows.

On November 9 Pfizer announced that, according to Phase III clinical trials, the effectiveness of its vaccine was 90%.
On that date and over most of the following days the Pfizer stock started to register positive CAARs, that were gradually
larger and became significant on November 25, 27 and 28. These CAARs, in any event, were moderate in size.
Meanwhile, Moderna disclosed a 94.1% efficacy of its candidate on November 16. It seems, however, that these
excellent results were anticipated by the market some days in advance, because the Moderna stock registered
a positive and significant CAAR of 28.5% already on November 11. On November 24 Moderna closed a deal with
the European Union to provide 160 million doses of its vaccine. CAARs for the company were large, positive and
significant between November 23 (showing again some anticipation from the market) and November 28. It is feasible
that the agreement Moderna-EU was strongly welcomed by the market because of the sound results of Phase III
(announced several days in advance), which greatly increased the chances for a successful Moderna vaccine.

The Pfizer vaccine received the emergency approval from the FDA on December 11; the company experienced
a negative, moderate and significant CAAR on that day. Our hypothesis here is that this piece of news had been already
anticipated by the market and translated into positive and significant CAARs some days in advance at the end of
November and the beginning of December. Likewise, FDA granted an emergency approval to Moderna on December 18;
the company registered a negative (but not significant) CAAR that day because this information was already discounted.

It is interesting to notice that we do not observe in the market any behavior suggesting that investors disagreed with
the simplified and expedited procedures followed by the FDA to provide emergency authorizations to vaccines, despite
the substantial reduction implied in the time-to-market for these products if compared with historical trends. Rather, it
seems that investors supported the public authorities’ strategy of providing a swift and strong answer to the pandemic.

Phase III results were disclosed for J&J and Novavax on January 29; that same day the European Medicines agency
approved the Astra Zeneca vaccine. The CAARs on those dates for J&J and Astra Zeneca were negative (and significant
for Astra Zeneca). The Phase III results for J&J vaccine, although encouraging, were inferior to those of Pfizer and
Moderna. It is possible that this fact restrained the demand for the J&J stocks. Novavax, instead, registered a very large
positive and significant CAAR of 72%. The emergency approval of the J&J vaccine on February 27 did not have any
impact on its stock price, either. On March 19 some adverse effects of the Astra Zeneca vaccine were reported, without
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any noticeable effect on the market in the form of a significant CAAR. There were no effects, either, from an
announcement by the European Medicines Agency explaining that these side effects were rare.

The large impact of the deal between Moderna and the EU around November 25 suggests the convenience of testing the
impact of other similar deals between national authorities (or supranational, in the case of the European Union) and vaccine
developers. Within the framework of the fight against the pandemic, many governments designed and implemented strategies to
ensure the availability of vaccines. Two prominent cases in this regard are US and the EU. In both cases, the authorities tried to
increase the probabilities of success of several vaccine projects by helping finance the upfront costs of these undertakings through
purchase agreements which entailed down payments to vaccine developers. Moreover, governments built a diversified portfolio of
vaccines by negotiating deals with several developers in parallel. These conversations started rather early, during Spring-Summer
0f 2020, when clinical trials for vaccines were still in progress.

Table 6 details some results from the exploration of this issue. The table details the outcomes of five events,
comprising agreements between Pfizer and the UK government, Pfizer and the US government, Moderna and the US
government; J&J and the EU (in this case the event is that exploratory conversations end successfully, rather than an
agreement in itself) and the EU and Astra Zeneca. Pfizer registers positive CAARS on the dates of approval of
agreements with UK and US, but they are non-significant. The CAAR for Moderna on the day of the agreement of
the deal with the US government is negative but non-significant. J&J and Astra Zeneca experience positive CAARs on
the dates of agreements with the EU, but they are not significant either. We have analyzed other deals between authorities
and vaccine developers without remarkable results. Summing up, there is some evidence suggesting that stock markets
have welcomed these deals with positive demand for their assets (except in the case of Moderna). Abnormal returns,

however, associated with these events are modest and not significant at conventional levels.

Table 6 CAARs, Biopharmaceutical Companies, Events Related to Government Purchase Agreements (July—August 2020)

Colday 20.7.20 22.7.20 11.8.20 13.8.20 14.8.20
Pfizer 6.5 4.7 —-1.33 —0.47 0.03
P value 0.11 0.25 0.74 0.9 0.99
Moderna —2.67 —5.51 —12.34 13.16 -8.77
P value 0.86 0.7 0.4 0.36 0.54
&) —-1.6 —2.6 =11 0.12 1.34
P value 0.67 0.49 0.77 0.97 0.71
ABBVie —4.34 —4.59 0.25 1.31 3.1
P value 0.39 0.36 0.96 0.79 0.52
AZ =119 -3.32 =3.1 0.05 0.52
P value 0.78 0.43 0.46 0.99 0.9
Merck —2.97 -1.72 1.38 3.52 4.87
P value 0.43 0.65 0.71 0.35 0.19
Novartis —5.52% —4.17 0.52 242 3.51
P value 0.07 0.18 0.87 0.44 0.26
Sanofi -2.93 -3 -3.96 —0.32 0.88
P value 0.46 0.45 0.31 0.93 0.82
Novavax 16.16 8.46 —24.54 —22.58 —26.28
P value 0.519 0.73 0.32 0.36 0.28
Type of event Agreement Pfizer- Agreement Pfizer - | Agreement Moderna - | Exploratory talks J&)-EU Purchase deal
UK government US government US government end successfully EU-AZ signed
Expected sign of event + + + + +
Notes: CAAR in per cent. Window: (=3, 3). Model: SIM. Diagnostic test: normality. *Significant at 90%. Significant CAAR in bold.
Abbreviation: AZ, Astra Zeneca.
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Figure 2, second panel, summarizes the aggregate effects of events associated with vaccine developments. According to
Figure 2, Novavax profited from both sets of events, but much more during the first period. In the second period, the stock only got
a positive CAAR once, when results from its own vaccine were announced. Moderna also profited in both periods, but more in
the second. Pfizer registered a positive impact of 18.75% in the second period. J&J experienced a slightly negative effect in
the second period and a net effect of 0. The impact for Astra Zeneca was —20%. The rest of the companies underwent virtually no
1mpact.

Robustness

We have checked the robustness of these results along several dimensions. The first of these dimensions is the estimation
window. Our baseline exploration employs an estimation window starting on June 6, 2019. We have redone the
estimations with a longer estimation window, which starts five months in advance, at the beginning of 2019
(January 2 because there was no stock market activity on January 1). Results are shown in Appendix 5, in Table AS.a

for the events related with the COVID-19 expansion and in Table AS5.b for events linked to the vaccines development.
Results are very similar to those obtained with the initial estimation window. The main difference is that Moderna and
Novavax get with this procedure slightly larger CAARs than before.

Second, we have redone the empirical exercise models assuming alternative models to estimate the expected returns
in Equation (2) above.*?

One of these models is the Market Adjusted Model. This model obtains the predicted return by means of the equation

E(Rjt) = R

Another widely used model is the Constant Expected Return Model or Historical Mean Model.**

Under this specification,
the expected return is given by the historical mean return over the estimation window.

Results under these alternative specifications are detailed in Table A6 in Appendix 6 for the COVID-19 expansion

announcements and in Table A7 in Appendix 7 for news about vaccine developments.

The fundamental messages from the baseline specification carry over when alternative models are employed. The
main difference concerns the approval of the Pfizer COVID-19 vaccine. Under the baseline model the Pfizer stock
suffered on that date a negative CAAR of 8.5%, significant at the 95% level. Under the alternatives, the CAAR on that
date is positive, of 9% according to the MAM model and of 8.25% according to HMM, although in this last case the
estimated CAAR is only marginally significant (p. value of 0.108). Anyway, it seems more plausible for Pfizer to have
experienced a positive than a negative CAAR on the date of approval of the vaccine.

Finally, we detail in Table A8 in Appendix 8 the betas corresponding to the estimations from the baseline model for the

COVID-19 expansion events. They have been estimated by two procedures, OLS and Huber robust regression (this last procedure
is used to minimize the impact of potential outliers, following a common practice in recent literature). Both sets of results are
displayed in panels a and b, respectively, of Table A8. Two features of this exercise stand out. First, most of the firms in our sample
exhibit average beta coefficients less than 1, implying that their stock is less volatile than the market. Exceptions are Moderna and
Novavax, with 1.13 and 1.16, respectively, according to the Huber estimation in panel b of table. This is consistent with their
relatively small size, which attracts investors looking for high returns and willing to take more risk. The beta coefficient for
AbbVie is 1 according to OLS, but slightly less than 1 (0.92) when the robust regression is estimated.

Second, the correlation coefficient among both sets of estimators is quite high for all firms (excluding Novavax) and equal to
0.972. When Novavax is included in the computation, the pairwise correlation coefficient drops to 0.538. This suggests that
outliers are only a potential concern in the case of Novavax. Finally, our estimated beta coefficients are consistent with those
obtained from financial information websites and from other contributions, thus lending countenance to our findings.*

Results and Discussion

Figure 3 summarizes the findings from our event analysis. As Figure 3 conveys, our results imply that the reaction of the
stock markets to news about the pandemic or the vaccines is mainly restricted to Moderna and Novavax and, to a smaller
degree, Pfizer.
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DATE EVENT IMPACT (CAAR significant at 99%)
January 21, 2020 m—  Event1(-): WHO report. .,
Event 2 (+): Vaccine Novavax announcement. Novavax: large, positive
February 14, 2020 Event 3 (-): First death in Europe. Moderna: negative
Novavax, Moderna: large positive. Novartis positive
n February 25, 2020 — Event 4 (+): Clinicals tries of Remdesivir start.
=2 moderate.
w
2 February 29, 2020 Event 5 (-): First covid death in US. Moderna and Novavax: large positive. Pfizer: small
o ™.
=4 positive.
=
o
=2
Z
o March 8, 2020 ===m  Event 6 (-): Travel restrictions in ltaly Merck: Very small positive.
i
A . Moderna: High positive. Pfizer: Very small positive.
= March 13, 2020 mmm  Event 7 (+): Aid package. . .
) Pfizer: Very small negative.
© March 24, 2020 === Event 8 (-): Delay in Olympics announced.
May 1, 2020 — Event 9 (+): FDA Authorizes Remdesivir.
May 11, 2020 f— Event 10 (+): Aid package. Novavax: large positive.
May 27, 2020 — Event 11 (-): Data on Deaths.
November 9, 2020 — Event 1 (+): Phase IlI Pfizer.
November 16, 2020 — Event 2 (+): Phase Ill Moderna m X
Moderna: large positive several days in the
November 25, 2020 R Event 3 (+): Moderna agreement with US. window. Pfizer: Very small one day in the window
(%]
l_
Z | December 11,2020
E — Event 4 (+): FDA approves Pfizer, Moderna
% December 18, 2020
>
o
S
<< January 6, 2021 mmmm  Event 5 (+): Moderna Vaccine approved in UE.
(%)
w
% January 29, 2021 mmmm  Event 6 (+): Phase Il results for J&) and Novavax. Novavax: large positive. Novartis: very small
2 negative
>
a February 27, 2021
A vl — Event 7 (+): FDA approves J&J.
>
o
o
March 19, 2021 mm=m  Event 8 (-): Embolic-Thrombotic events AstraZeneca.
X Event 9 (-): Rare side effects AstraZeneca (blood
April 7, 2021
clots).
April 20, 2021 — Event 10 (-): Blood clots associated to AZ vaccine.

Figure 3 Summary of findings of Event Analysis for COVID-19 announcements and COVID-19 vaccines announcements.
Notes: Events conveying bad news are highlighted in red, while those entailing good news are highlighted in green.

Studies about the pharmaceutical sectors in other countries, such as India'® or Vietnam'® suggest some negative
reactions associated to event 1 (publishing of the WHO report). The news linked to event 8 (delay of the Olympics) had

also a negative impact in the markets of a group of countries. The extrapolation of these results should be made with
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caution, though, because the samples are different (the whole pharmaceutical sector in the first case versus a sample made
up of COVID-19 vaccines developers and some other companies in our investigation). Similar reactions to this type of
COVID-19 news were observed for stock prices in other industries.”*'° Phuong attributes the negative market sentiment
to supply hurdles affecting key raw materials;'* Yu et al suggest that risk contagion in capital markets is associated with
interruptions and difficulties in international trade.* These circumstances did not disrupt the production of COVID-19
vaccines, however, whose dependence from raw materials is small.

Likewise, Varma et al and Liu et al find abnormal returns linked to the lockdown for a sample of pharmaceutical
companies, which may be associated with the positive expectations that the development of vaccines generated in the
short term.”'*'> We only found a very small reaction for Merck because of mobility restrictions around our event 6 of
the first subperiod. Sun et al argue that the pandemic generated a negative feeling of anxiety associated with uncertainty,
which induced massive volatility of stock returns for companies of different sectors and idiosyncrasies.*® Nonetheless,
studies on the pharmaceutical sector, including ours, suggest that the reaction to COVID-19 announcements maybe
weaker for this industry.>” This may be due to the fact that at the beginning of the pandemic pharmaceutical companies
could be perceived as a safe investment.>® All the above confirms that the stock market reaction to the events was not as
intense as one might expect.

As discussed above, the large impact of news on Moderna and Novavax may be related to the fact of their being
smaller companies and operating with a less diversified portfolio, which implies a larger exposition to the outcomes of
vaccine development projects. It is also possible that they have attracted investment looking for a combination of high
returns/high risk assets. Larger companies exhibited more diversified activity, and therefore the positive news about
COVID-19 vaccines were interpreted with less euphoria and even with caution.

As Table 5 conveys, several events associated with the main COVID-19 vaccine announcements had some positive
impact on Pfizer and a considerable positive effect on Moderna. These events are the end of Phase III trials, the FDA
authorization and the agreement between Moderna and EU for the deliverance of a large number of vaccine doses.

The approval of the Moderna vaccine for the EU on January 6, 2021, did not impact Moderna, according to Table 5.
The same happened regarding the FDA approval of the J&J vaccine of February 2021. On January 29 J&J and Novavax
announced the end of their Phase III trials. This had no effect on J&J, although Astra Zeneca, a competitor, registered
a negative CAAR of 7.68%. However, it prompted a positive and significant CAAR of almost 72% in Novavax. Finally,
in March 19 the European regulatory agency announced that the Astra Zeneca vaccine caused embolic effects; on
April 7, though, a committee from this agency concluded that these effects were regarded as rare. None of them impacted
the Astra Zeneca vaccine significantly, probably because this firm attracted less interest from investors since its vaccine
was not marketed in the US.

We did not find comparable studies regarding the impact of COVID-19 vaccine announcements on the share price of
vaccine developers, and therefore we cannot discuss our results in the light of other contributions.

Several policy implications follow from this analysis. First, our results suggest that the markets have approved the
swift and coordinated strategy from national and supranational authorities to fight the pandemic. This strategy has
translated into different set of measures: financial support for vaccine developers, construction of a diversified vaccine
portfolio with sufficient stock to handle the vaccination of high percentages of the population, simplification of the
procedures necessary to obtain approvals from regulatory agencies, among others. It is feasible to reduce and streamline
procedures and protocols when it is urgent, after a careful consideration of potential benefits and risks.*® Furthermore,
these lines of action have been reinforced by financial markets by channeling additional funds to promising projects.

Second, some groups have been quite successful over the past three years expanding anti-vaccination claims
(amplified by social networks);*° they have questioned the efficacy of vaccines often arguing that vaccines are mainly
a source of huge profits by pharmaceuticals. It is beyond the scope of this paper to discuss whether COVID-19 vaccines
are effective or not. What our findings suggest, though, is that the design and production of these remedies does not entail
automatically large and sustainable gains for the developers, according to the behaviour of the stock prices of
pharmaceutical companies over the recent past. These insights may be useful for policymakers, national health systems
and organizations when striving to build trust in health policies, in particular when promoting vaccination campaigns
among citizens.
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Third, our results suggest that financial markets correctly evaluate information about pharmaceutical advances in the
medium run. Analysts and investors can recognize those firms with more solid results. They are particularly sensitive to
Phase III results (as already stressed by the literature) and to main agreements between producers and with public
institutions. Hence some companies may experience large increases in stock prices. These effects are larger in the case of
small firms, which can be seen as high profit, high risk, investments and hence more prone to short-term opportunistic
behaviour. Ultimately though the market corrects these high expectations if they do not materialize in a reasonable span
of time, as the case of Novavax shows. In parallel, investors keep an open mind toward small companies if they are
successful and sustain these efforts with a surge in the demand for their stocks, as the example of Moderna suggests.
Policymakers should try to warrant the sound operation of financial markets, hence the importance of economic
considerations in order to address health alert situations, such as that produced by COVID-19.

It is not easy to envisage future trends for the COVID-19 vaccine developers analyzed in the paper. So far the FDA
has approved the Pfizer, Moderna and J&J vaccines (but not the Astra Zeneca) and provided an emergency use
authorization for Novavax in July 22. The European Medicines Agency has issued standard marketing authorizations
for the Pfizer, J&J, Moderna and Astra Zeneca vaccines, whereas Novavax has received a conditional marketing
authorization. The Johnson and Johnson COVID-19 vaccine does not seem to have been very successful in achieving
a large market share in US or in the European Union.

Forecasts suggest that the demand for COVID-19 vaccines will decrease during next years. The gradual reduction in
the demand for the COVID-19 vaccines, together with the traditional complexities associated with the vaccine sector
(difficult scalability, non-linear production costs, uncertain demand, among others), suggest that it is not easy to identify
large winners from this drug. A full analysis of the total profits generated by the COVID vaccines for drug developers is
outside the scope of this paper, but may be an interesting topic for further research. Our research provides a preliminary
and partial exploration of this topic. Hence further analysis striving to shed light on this issue will be welcomed.

Concluding Remarks

This paper analyses the reaction of the US stock market to different sets of news about the COVID-19 pandemic and
vaccine development. Our results suggest that, except for Novavax and Moderna, biopharmaceutical firms did not
register large abnormal results due to announcements related to the expansion of the pandemic in its first five months.

Regarding news related to the development of vaccines, we find that positive news about Phase III results impacted
somehow the share prices of Pfizer, Moderna and Novavax; this effect was not detected for Johnson and Johnson. News
about the order of 80 billion doses of vaccine made to Moderna by the EU entailed big positive CAARs for Moderna.
Communications from the European Medicine Agency, instead, have not affected US stock markets.

The clear winner from the COVID-19 pandemic in terms of abnormal positive returns has been Moderna. Novavax
was also able to generate high expectations and attract investors at the beginning of the pandemic, when the firm
announced a preliminary engagement with the COVID-19 vaccine, but real advancements came too late, probably
because of the lack of previous expertise with the manufacture of this product; as a consequence, gains in the share value
gradually vanished. Pfizer has also experienced an increase in their share values, although more moderate.

These results may also be useful for financial institutions, funds and company managers from biopharmaceutical
firms. Announcements related to successful Phase III clinical trials associated with biopharmaceutical products seem to
increase the interest of investors in the shares of the company, driving up the price. In contrast, promising projects which
do not materialize into sales in a reasonable time span may attract investors for a while but eventually shareholders look
for alternatives in other companies.
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