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EDITORIAL

Who is running faster, the virus or the vaccine?

Han Dai1 · Jie Han1 · Eric Lichtfouse2,3

Vaccinating the world population against the COVID-19 
faces both classical challenges such as vaccine transport and 
new challenges such as public trust. Here, we detail issues 
and potential solutions that will require a world collabora-
tion of public authorities, industries and scientists from both 
physical and social sciences.

Lab‑to‑jab

As the global coronavirus pandemic progresses into the tenth 
month, vaccination, one of the most important public health 
interventions invented by Dr. Edward Jenner (1749-1823) 
and pioneered by Professor Louis Pasteur (1822-1895), is 
once again coming under the spotlight (Fujiwara and Quinn 
2020; Hanson et al. 2017; Hasselgren 2020 https ://en.wikip 
edia.org/wiki/Louis _Paste ur). While progress on vaccine 
development has been achieved at an unprecedented speed, 
safety, efficacy, production capacity and universal accessibil-
ity of vaccines are major challenges in the forthcoming lab-
to-jab process (Callaway 2020; Wang et al. 2020a) (Fig. 1). 
In particular, transport and storage of vaccines present a 
significant obstacle, especially in developing countries and 
remote areas (Kartoglu et al. 2020). Who is running faster—
the virus or the vaccine—will not only depend on when the 
vaccines become available but where and how we vaccinate 
a global population in a safe and most efficient manner. Even 
when the vaccine becomes available, the average public 
acceptance to take the COVID vaccine still amounts to only 

67% in the USA (Malik et al. 2020). Therefore, scientists 
and public health authorities ought to pursue innovative and 
pragmatic solutions in the early planning stage to prepare for 
the upcoming actions.

Fair priority

Countries all around the world have started clinical trials 
for COVID-19 vaccines (Mahase 2020). To date, there have 
been more than 200 candidates registered with the World 
Health Organization (WHO), including nine currently in 
Phase 3 clinical trials (WHO 2020a). Communities with 
inadequate healthcare, vulnerable population groups, and 
areas with community spread of COVID-19 are in most 
need of vaccines (Singh 2020). While researchers are rac-
ing against time, it is of paramount importance to ensure 
the safety of the vaccines that are about to be used by a 
significant portion of the global population (Makoni 2020). 
The WHO reiterated that after passing all safety tests, vac-
cines would be distributed to both high-income and low-
income countries through the COVAX project, the global 
vaccine alliance that aims to deliver about two billion doses 
of COVID-19 vaccines to 156 countries by the end of 2021 
(WHO 2020b). To ensure fair distribution and prevent 
hoarding of COVID-19 vaccines, some researchers proposed 
a Fair Priority Model (Emanuel et al. 2020; Liu et al. 2020). 
Based on an ethical framework, the model aims to achieve 
the most effective allocation of vaccines by transcending 
economic, political and ethnic barriers.

Bumpy road

Maintaining the potency of vaccines during their trans-
port and storage is a prerequisite. Most human vaccines 
require low-temperature storage, where a specific range 
of temperatures must be kept to avoid any impairment on 
vaccine potency (Hanson et al. 2017; Matthias et al. 2007). 
Deviations from the required storage conditions may render 
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vaccines unusable, potentially putting users at greater risks 
of contracting illnesses (Kartoglu and Milstien 2014). 
Important lessons come from the mass vaccination of polio 
(Billah et al. 2017), Ebola (Chisholm et al. 2019; Davis et al. 
2020) and influenza (Dubrovina et al. 2018). For instance, 
manufacturers firstly need to test the effectiveness of vac-
cines in the widest possible temperature ranges (Zipursky 
et al. 2011), and make their data accessible to allow enough 
time of preparation for the upcoming logistics. Thermostable 
vaccines, albeit difficult to develop, is one way to circumvent 
these issues (Kartoglu et al. 2020).

Heat‑sensitive labels

Adjustments need to be made throughout the existing cold 
chain to accommodate the needs for distributing COVID-19 
vaccines. Facilities along the cold chain should be coordi-
nated, regardless of political boundaries, based on the stor-
age requirements, quantities, and destinations of delivery, 
following the priority settings for vaccine allocation. Mean-
while, the WHO and local public health authorities should 
be authorized to inspect the facilities throughout the cold 
chain prior to and during vaccine deployment. The storage 

conditions of vaccines should be kept as consistent as pos-
sible throughout the transport to avoid weak or broken links 
along the steps before vaccines reach the end users. Heat-
sensitive thermochromic labels affixed on vaccine vials, also 
known as Vaccine Vial Monitors, can help reduce the likeli-
hood of using vaccines that have been exposed to excessive 
heat (WHO 2011). By providing visual indication on the 
preservation of potency, these can be particularly useful for 
delivering vaccines to remote areas or places without intact 
cold chains.

Vaccination in parking lots and shopping 
malls

Since there is no experience to follow on vaccinating a 
global population in the midst of an ongoing pandemic, 
plenty of planning work will be needed with innovative 
approaches to avoid chaos or mis-management. Appropriate 
sites must be first selected for community-wide vaccination. 
The designated sites need to accommodate a large number of 
visitors, while preventing virus spread from crowd gathering 
(He and Han 2020) and reducing the pressure on transporta-
tion to control the cost of vaccination (Wang et al. 2020a). 

Fig. 1  Major challenges for vaccinating a global population for 
COVID-19, e.g., cold-chain logistics, vaccination sites, on-site staff-
ing of medical staff and public acceptance after the successful devel-
opment and production of safe and effective vaccines in sufficient 
quantities. Facing an ongoing pandemic, these challenges call for 

innovative approaches, including the development of thermostable 
and self-administered nasal vaccines, and collaborative efforts from 
public health authorities, industries and researchers from the global 
scientific community



Medical institutions such as hospitals, clinics and pharma-
cies are often considered first choices, given that medical 
professionals and cold-storage facilities are available on-site. 
However, healthcare facilities are already under tremendous 
pressure for diagnosing and treating COVID-19 patients. 
Alternatively, large grocery shops, community survival cent-
ers, shopping malls and airports may be used as alternative 
sites owing to their high foot traffic and large open spaces, 
e.g., parking lots. Using these sites can also reduce the need
of commuting for people to receive vaccination, that is no 
need to make separate trips. All these facilities require mobi-
lized medical staff and storage facilities, with the exception 
of grocery shops which often have ample cold-storage facili-
ties on-site that may be adapted for the temporary storage of 
COVID-19 vaccines.

Where possible, centralized vaccination can achieve 
highly efficient vaccination within a short timeframe. Kin-
dergarten, schools and colleges, including their students and 
employees, should be vaccinated in this manner given their 
regular and large number of daily attendees. When not in 
use, these facilities can also be used for community vacci-
nation given the large open grounds often available at these 
facilities, e.g., sports fields and parking lots, and given their 
convenience of access for people living in the community. 
Other institutions may also receive centralized vaccination 
from mobile medical teams, such as nursing homes, retire-
ment villages, prisons and correctional facilities. People 
who are at elevated risks or more vulnerable to COVID-
19 infections, including healthcare workers, medical first 
responders, the elderly, pregnant women, children (Wang 
et al. 2020b), and those with chronic respiratory diseases or 
having frequent contact with people, could be given priority 
for receiving COVID-19 vaccinations. It is also important to 
include people living in remote locations, the elderly living 
alone, and those who are physically challenged or have lim-
ited mobility in future vaccination programs for COVID-19. 
Authorities may need to formulate intervention measures for 
these groups to ensure their vaccinations (Williams et al. 
2020).

Mail‑in vaccines

The immense scale of the COVID-19 vaccination program 
also calls for innovations on the administration route of the 
vaccines. Most human vaccines, including vaccines cur-
rently in the developmental stage for COVID-19, are admin-
istered subcutaneously. Such practices require the presence 
of trained medical staff to safely conduct the procedures 
for each person to be vaccinated. Under this scenario, the 
availability of trained staff on-site and the time required 
for completing the procedures for each person become the 
limiting factors when vaccinating a large group of people. 

Alternatively, given that most COVID-19 vaccines cur-
rently in clinical trials require two separate doses (Weintraub 
2020), self-administered vaccines would be highly desirable 
to reduce a lot of the need for medical staff and vaccina-
tion sites. For instance, intranasal administration has long 
been exploited for delivering drugs to the human respiratory 
tract, for both therapeutic and recreational purposes (Parhi 
2020). Intranasal administration can provide both systemic 
and localized treatment for respiratory diseases, which can 
be easily administered by the users themselves (Mato 2019). 
Recent studies show potent immune response throughout the 
body with particularly high immunity in the nose and res-
piratory tract against SARS-CoV-2 via intranasal administra-
tion of spike proteins carried by harmless adenovirus (Feng 
et al. 2020; Hassan et al. 2020). On September 9, 2020, 
China approved the first Phase I human testing for a nasal 
spray vaccine, which became the first COVID-19 trial vac-
cine that does not require a needle injection (Deese 2020). 
Should thermostable COVID-19 vaccines also become a 
reality, it may even be possible to have “mail-in vaccines” 
designed for users’ self-administration, which can circum-
vent the logistic challenges as well as site constraints and 
on-site staffing for vaccinating the global population.

Public trust

Vaccinating a large and culturally diverse global popula-
tion means that challenges are not only technical but arise 
also from the attitude of vaccine users. Researchers have 
indeed warned that vaccine hesitancy and crowd boycott 
could be the ultimate challenge in the fight against COVID-
19 (Peretti-Watel et al. 2020). Moreover, a global survey on 
COVID-19 vaccine acceptance showed that in many coun-
tries, including those with very active COVID-19 infections, 
a significant portion of the population refused to vaccinate 
for COVID-19, including Russia (47%), Poland (45%), Hun-
gary (44%), France (41%), and the USA (33%) (Ipsos 2020). 
Such a resistance appears to be due to skepticism on science 
and a lack of public trust in government authorities (Dror 
et al. 2020; Peretti-Watel et al. 2020). Other resistance fac-
tors include conspiracy theories, misinformation and the 
long-disproven link on vaccine and autism, which are still 
widely circulating in communities (Stefanelli and Rezza 
2014; Zuk et al. 2019). In Europe, the anti-vaccine move-
ment has a long history tracking back to the eighteenth’s cen-
tury, which now owes much to the social-culture and politi-
cal context. The current pandemic may have exacerbated this 
feeling due to the emotional distress and impaired access 
to normal healthcare (Dror et al. 2020). It is thus essential 
to promote the transparency of vaccine research and data 
in the course of development of COVID-19 vaccines, and 



to maintain good communication with the public to avoid 
fear and mistrust.

Vaccine hesitancy may also derive from the  public 
perception that  there is a  low risk following COVID-19 
infection, particularly in countries with advanced univer-
sal healthcare. This trend  is in agreement with the fact 
that countries with limited healthcare generally show high 
acceptance for the vaccine (Ipsos 2020), such as China 
(97%), Brazil (88%), and India (88%) where preventive treat-
ment plays a pivotal role in their healthcare systems (Makoni 
2020; Singh 2020). To encourage acceptance, public health 
authorities and members of the scientific community need to 
actively engage in communications with the public to ensure 
recognition of the risks associated with COVID-19 infec-
tions and the benefits of protection provided by the vaccine 
(Stefanelli and Rezza 2014; Wang et al. 2020c). For low-
income groups, the cost of COVID-19 vaccination may be 
borne or subsidized to encourage acceptance.

Overall, the very act of vaccination does not bring an end 
to our fight against COVID-19, as several foreseeable chal-
lenges may persist in the post-vaccination era. For instance, 
given that most vaccines currently in development require 
two separate doses at least 3–4 weeks apart, there is still a 
risk of transmission during the interim period. Even after 
receiving the second dose, it may still take few days to few 
weeks for immunity to fully build up. Just-vaccinated and 
partially vaccinated individuals must therefore continue to 
follow the protocols on preventing the spread of COVID-
19, including maintaining social distancing, wearing face 
coverings, minimizing exposure to enclosed public spaces 
or frequently touched surfaces in community environ-
ments. In addition, receiving one dose of the vaccine may 
give some individuals the perception of instant immunity 
against COVID-19 infection: these individuals may thus 
subsequently engage in high-transmission risk activities. 
Therefore, public health authorities and medical profes-
sionals should give clear instructions to raise awareness of 
such risks of non immunization immediately after receiving 
the vaccination or during the interim period of a multi-dose 
vaccination.

Mutations

We should also bear in mind that the novel coronavirus is 
an evolving organism with ongoing mutations (CDC 2020; 
Korber et al. 2020). Since August 24, 2020, there has been 
at least four confirmed cases of COVID-19 reinfections by 
different, possibly mutated SARS-CoV-2 strains in Hong 
Kong, the Netherlands, Belgium, and most recently, in the 
USA (Bowen 2020; To et al. 2020; Deutsch and Blenkin-
sop 2020). In the most recent case, the reinfection was 
confirmed only 48 days after the initial infection, and the 

patient showed more severe symptoms after being infected 
with a different SARS-CoV-2 strain (Mole 2020). These 
newly emerged cases not only raised questions on the ear-
lier hypothesis of acquired immunity to COVID-19, named 
“herd immunity”, but signals the need of possible re-design 
and continual development of COVID-19 vaccines as the 
pandemic continues in our communities.

Before scientists find a perfect cure for treating infections 
by the novel coronavirus, vaccinating the global population 
will be the keystone in the current battle against COVID-19 
(Stern 2020; Williams et al. 2020). The numerous challenges 
in the lab-to-jab process not only present a daunting task, but 
also provide an unprecedented opportunity to collaborat-
ing and finding innovative solutions, on a global scale and 
across different disciplines to increase the preparedness of 
our communities for future pandemics (Paital and Agrawal 
2020; Roviello and Roviello 2020; Sharma et al. 2020; Wang 
et al. 2020d). Since epidemics and pandemics may emerge 
in a not too distant future, these experiences will become an 
important part of the legacy of the COVID-19 era.

References

Billah MM, Zaman K, Estivariz CF, Snider CJ, Anand A, Hampton 
LM, Bari TIA, Russell KL, Chai SJ (2017) Cold-chain adaptabil-
ity during introduction of inactivated polio vaccine in Bangladesh, 
2015. J Infect Dis 216:S114–S121. https ://doi.org/10.1093/infdi 
s/jiw59 1

Bowen T (2020) Nevada State Public Health Lab-led team studying 
COVID-19 reinfection. Nevada Today. https ://www.unr.edu/nevad 
a-today /news/2020/covid -reinf ectio n-study . Accessed 24 Sep 2020

Callaway E (2020) Outrage over russia’s fast-track coronavirus vac-
cine. Nature 584(7821):334–335. https ://doi.org/10.1038/d4158 
6-020-02386 -2

CDC (2020) Center for disease control and prevention. Duration of 
isolation and precautions for adults with COVID-19. https ://www.
cdc.gov/coron aviru s/2019-ncov/hcp/durat ion-isola tion.html. 
Accessed 24 Sep 2020

Chisholm CF, Kang TJ, Dong M, Lewis K, Namekar M, Lehrer AT, 
Randolph TW (2019) Thermostable Ebola virus vaccine for-
mulations lyophilized in the presence of aluminum hydroxide. 
Eur J Pharm Biopharm 136:213–220. https ://doi.org/10.1016/j.
ejpb.2019.01.019

Davis H, Dow T, Isopi L, Blue JT (2020) Examination of the effect 
of agitation on the potency of the Ebola Zaire vaccine rVS-
VDeltaG-ZEBOV-GP. Vaccine 38(12):2643–2645. https ://doi.
org/10.1016/j.vacci ne.2020.02.002

Deese K (2020) China starts testing nasal spray coronavirus vaccine. 
The Hill. https ://thehi ll.com/polic y/healt hcare /publi c-globa l-healt 
h/51602 1-china -start s-testi ng-nasal -spray -coron aviru s-vacci ne. 
Accessed 24 Sep 2020

Deutsch A, Blenkinsop P (2020) Coronavirus re-infections raise con-
cerns about immunity. Yahoo News. https ://www.reute rs.com/
artic le/us-healt h-coron aviru s-nethe rland s-reinf e/two-europ 
ean-patie nts-re-infec ted-with-coron aviru s-idUSK BN25L 0LF. 
Accessed 24 Sep 2020

Dror AA, Eisenbach N, Taiber S, Morozov NG, Mizrachi M, Zigron A, 
Srouji S, Sela E (2020) Vaccine hesitancy: the next challenge in 

https://doi.org/10.1093/infdis/jiw591
https://doi.org/10.1093/infdis/jiw591
https://www.unr.edu/nevada-today/news/2020/covid-reinfection-study
https://www.unr.edu/nevada-today/news/2020/covid-reinfection-study
https://doi.org/10.1038/d41586-020-02386-2
https://doi.org/10.1038/d41586-020-02386-2
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://doi.org/10.1016/j.ejpb.2019.01.019
https://doi.org/10.1016/j.ejpb.2019.01.019
https://doi.org/10.1016/j.vaccine.2020.02.002
https://doi.org/10.1016/j.vaccine.2020.02.002
https://thehill.com/policy/healthcare/public-global-health/516021-china-starts-testing-nasal-spray-coronavirus-vaccine
https://thehill.com/policy/healthcare/public-global-health/516021-china-starts-testing-nasal-spray-coronavirus-vaccine
https://www.reuters.com/article/us-health-coronavirus-netherlands-reinfe/two-european-patients-re-infected-with-coronavirus-idUSKBN25L0LF
https://www.reuters.com/article/us-health-coronavirus-netherlands-reinfe/two-european-patients-re-infected-with-coronavirus-idUSKBN25L0LF
https://www.reuters.com/article/us-health-coronavirus-netherlands-reinfe/two-european-patients-re-infected-with-coronavirus-idUSKBN25L0LF


the fight against COVID-19. Eur J Epidemiol 35:775–779. https 
://doi.org/10.1007/s1065 4-020-00671 -y

Dubrovina IA, Kiseleva IV, Kireeva EV, Rudenko LG (2018) Compo-
sition of the stabilizer and conditions of lyophilization for pre-
serving infectious activity of influenza virus. Bull Exp Biol Med 
165(1):52–56. https ://doi.org/10.1007/s1051 7-018-4097-7

Emanuel EJ, Persad G, Kern A, Buchanan A, Fabre C, Halliday D, 
Heath J, Herzog L, Leland RJ, Lemango ET, Luna F, McCoy MS, 
Norheim OF, Ottersen T, Schaefer GO, Tan K-C, Wellman CH, 
Wolff J, Richardson HS (2020) An ethical framework for global 
vaccine allocation. Science 369(6509):1309–1312. https ://doi.
org/10.1126/scien ce.abe28 03

Feng L, Wang Q, Shan C, Yang C, Feng Y, Wu J, Liu X, Zhou Y, Jiang 
R, Hu P, Liu X, Zhang F, Li P, Niu X, Liu Y, Zheng X, Luo J, Sun 
J, Gu Y, Liu B, Xu Y, Li C, Pan W, Zhao J, Ke C, Chen X, Xu T, 
Zhong N, Guan S, Yuan Z, Chen L (2020) An adenovirus-vec-
tored COVID-19 vaccine confers protection from SARS-COV-2 
challenge in rhesus macaques. Nat Commun 11(1):4207. https ://
doi.org/10.1038/s4146 7-020-18077 -5

Fujiwara K, Quinn MA (2020) COVID 19 vaccination lessons from 
Japanese anti-HPV vaccination lobby. Int J Gynecol Cancer 
30(8):1255. https ://doi.org/10.1136/ijgc-2020-00171 2

Hanson CM, George AM, Sawadogo A, Schreiber B (2017) Is freezing 
in the vaccine cold chain an ongoing issue? A literature review. 
Vaccine 35(17):2127–2133. https ://doi.org/10.1016/j.vacci 
ne.2016.09.070

Hassan AO, Case JB, Winkler ES, Thackray LB, Kafai NM, Bailey 
AL, McCune BT, Fox JM, Chen RE, Alsoussi WB, Turner JS, 
Schmitz AJ, Lei T, Shrihari S, Keeler SP, Fremont DH, Greco S, 
McCray PB Jr, Perlman S, Holtzman MJ, Ellebedy AH, Diamond 
MS (2020) A SARS-CoV-2 infection model in mice demonstrates 
protection by neutralizing antibodies. Cell 182(3):744–753. https 
://doi.org/10.1016/j.cell.2020.06.011

Hasselgren PO (2020) The smallpox epidemics in America in the 
1700 s and the role of the surgeons: lessons to be learned during 
the global outbreak of COVID-19. World J Surg 44(9):2837–2841. 
https ://doi.org/10.1007/s0026 8-020-05670 -4

He S, Han J (2020) Electrostatic fine particles emitted from laser print-
ers as potential vectors for airborne transmission of COVID-19. 
Environ Chem Lett. https ://doi.org/10.1007/s1031 1-020-01069 -8

Ipsos (2020) Ipsos survey for the World Economic Forum. Global atti-
tudes on a covid-19 vaccine. Global Version. http://www.ipsos 
.com/sites /defau lt/files /ct/news/docum ents/2020-08/globa l-attit 
udes-on-a-covid -19-vacci ne-ipsos -surve y-for-wef-augus t-2020-
plus-08312 020.pdf. Accessed 24 Sep 2020

Kartoglu U, Milstien J (2014) Tools and approaches to ensure quality of 
vaccines throughout the cold chain. Expert Rev Vacc 13(7):843–
854. https ://doi.org/10.1586/14760 584.2014.92376 1

Kartoglu UH, Moore KL, Lloyd JS (2020) Logistical challenges for 
potential SARS-CoV-2 vaccine and a call to research institutions, 
developers and manufacturers. Vaccine 38(34):5393–5395. https 
://doi.org/10.1016/j.vacci ne.2020.06.056

Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfal-
terer W, Foley B, Giorgi EE, Bhattacharya T, Parker MD, Par-
tridge DG, Evans CM, de Silva TI, LaBranche CC, Montefiori 
DC (2020) Spike mutation pipeline reveals the emergence of a 
more transmissible form of SARS-CoV-2. bioRxiv. https ://doi.
org/10.1101/2020.04.29.06905 4

Liu YZ, Salwi S, Drolet BC (2020) Multivalue ethical framework 
for fair global allocation of a COVID-19 vaccine. J Med Ethics 
46(8):499–501. https ://doi.org/10.1136/medet hics-2020-10651 6

Mahase E (2020) Covid-19: Oxford team begins vaccine trials in Brazil 
and South Africa to determine. BMJ Br Med J 369:2. https ://doi.
org/10.1136/bmj.m2612 

Makoni M (2020) COVID-19 vaccine trials in Africa. Lancet Resp 
Med. https ://doi.org/10.1016/s2213 -2600(20)30401 -x

Malik AA, McFadden SA, Elharake J, Omer SB (2020) Determinants 
of COVID-19 vaccine acceptance in the US. EClinicalMedicine 
26:100495. https ://doi.org/10.1016/j.eclin m.2020.10049 5

Mato YL (2019) Nasal route for vaccine and drug delivery: features and 
current opportunities. Int J Pharm 572:9. https ://doi.org/10.1016/j.
ijpha rm.2019.11881 3

Matthias DM, Robertson J, Garrison MM, Newland S, Nelson C 
(2007) Freezing temperatures in the vaccine cold chain: a sys-
tematic literature review. Vaccine 25(20):3980–3986. https ://doi.
org/10.1016/j.vacci ne.2007.02.052

Mole B (2020) Another COVID-19 reinfection: This time second infec-
tion was more severe. Ars Technica. https ://arste chnic a.com/scien 
ce/2020/08/anoth er-covid -19-reinf ectio n-this-time-secon d-infec 
tion-was-more-sever e/. Accessed 24 Sep 2020

Paital B and Agrawal PK (2020) Air pollution by  NO2  and 
 PM2.5  explains COVID-19 infection severity by overexpres-
sion of angiotensin-converting enzyme 2 in respiratory cells: a 
review. Environ Chem Lett. https ://doi.org/10.1007/s1031 1-020-
01091 -w

Parhi R (2020) Drug delivery applications of chitin and chitosan: a 
review. Environ Chem Lett 18:577–594. https ://doi.org/10.1007/
s1031 1-020-00963 -5

Peretti-Watel P, Seror V, Cortaredona S, Launay O, Raude J, Verger P, 
Fressard L, Beck F, Legleye S, L’Haridon O, Léger D, Ward JK 
(2020) A future vaccination campaign against COVID-19 at risk 
of vaccine hesitancy and politicisation. Lancet 20(7):769–770. 
https ://doi.org/10.1016/s1473 -3099(20)30426 -6

Roviello V, Roviello GN (2020) Lower COVID-19 mortality in Ital-
ian forested areas suggests immunoprotection by Mediterranean 
plants. Environ Chem Lett. https ://doi.org/10.1007/s1031 1-020-
01063 -0

Sharma VK, Jinadatha C, Lichtfouse E (2020) Environmental chem-
istry is most relevant to study coronavirus pandemics. Environ 
Chem Lett 18:993–996. https ://doi.org/10.1007/s1031 1-020-
01017 -6

Singh JA (2020) The case for why africa should host COVID-19 can-
didate vaccine trials. J Infect Dis 222(3):351–355. https ://doi.
org/10.1093/infdi s/jiaa3 03

Stefanelli P, Rezza G (2014) Contrasting the anti-vaccine prejudice: a 
public health perspective. Ann Ist Super Sanita 50(1):6–9. https 
://doi.org/10.4415/ann_14_01_03

Stern PL (2020) Key steps in vaccine development. Ann Allergy 
Asthma Immunol 125(1):17–27. https ://doi.org/10.1016/j.
anai.2020.01.025

To KK-W, Hung IF-N, Ip JD, Chu AW-H, Chan W-M, Tam AR, Fong 
CH-Y, Yuan S, Tsoi H-W, Ng AC-K, Lee LL-Y, Wan P, Tso E, To 
W-K, Tsang D, Chan K-H, Huang J-D, Kok K-H, Cheng VC-C, 
Yuen K-Y (2020) COVID-19 re-infection by a phylogenetically 
distinct SARS-coronavirus-2 strain confirmed by whole genome 
sequencing. Clin Infect Dis. https ://doi.org/10.1093/cid/ciaa1 275

Wang J, Peng Y, Xu H, Cui Z, Williams RO 3rd (2020a) The COVID-
19 vaccine race: challenges and opportunities in vaccine formu-
lation. AAPS PharmSciTech 21(6):225. https ://doi.org/10.1208/
s1224 9-020-01744 -7

Wang X, Han J, Lichtfouse E (2020b) Unprotected mothers and infants 
breastfeeding in public amenities during the COVID-19 pandemic. 
Environ Chem Lett 18:1447–1450. https ://doi.org/10.1007/s1031 
1-020-01054 -1

Wang J, Jing R, Lai X, Zhang H, Lyu Y, Knoll MD, Fang H (2020c) 
Acceptance of COVID-19 Vaccination during the COVID-19 
Pandemic in China. Vaccines 8(3):482. https ://doi.org/10.3390/
vacci nes80 30482 

Wang LQ, Li MY, Yu SC, Chen X, Li Z, Zhang YB, Jiang LH, Xia 
Y, Li JL, Liu WP, Li PF, Lichtfouse E, Rosenfeld D, Seinfeld JH 
(2020d) Unexpected rise of ozone in urban and rural areas, and 
sulfur dioxide in rural areas during the coronavirus city lockdown 

https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1007/s10517-018-4097-7
https://doi.org/10.1126/science.abe2803
https://doi.org/10.1126/science.abe2803
https://doi.org/10.1038/s41467-020-18077-5
https://doi.org/10.1038/s41467-020-18077-5
https://doi.org/10.1136/ijgc-2020-001712
https://doi.org/10.1016/j.vaccine.2016.09.070
https://doi.org/10.1016/j.vaccine.2016.09.070
https://doi.org/10.1016/j.cell.2020.06.011
https://doi.org/10.1016/j.cell.2020.06.011
https://doi.org/10.1007/s00268-020-05670-4
https://doi.org/10.1007/s10311-020-01069-8
http://www.ipsos.com/sites/default/files/ct/news/documents/2020-08/global-attitudes-on-a-covid-19-vaccine-ipsos-survey-for-wef-august-2020-plus-08312020.pdf
http://www.ipsos.com/sites/default/files/ct/news/documents/2020-08/global-attitudes-on-a-covid-19-vaccine-ipsos-survey-for-wef-august-2020-plus-08312020.pdf
http://www.ipsos.com/sites/default/files/ct/news/documents/2020-08/global-attitudes-on-a-covid-19-vaccine-ipsos-survey-for-wef-august-2020-plus-08312020.pdf
http://www.ipsos.com/sites/default/files/ct/news/documents/2020-08/global-attitudes-on-a-covid-19-vaccine-ipsos-survey-for-wef-august-2020-plus-08312020.pdf
https://doi.org/10.1586/14760584.2014.923761
https://doi.org/10.1016/j.vaccine.2020.06.056
https://doi.org/10.1016/j.vaccine.2020.06.056
https://doi.org/10.1101/2020.04.29.069054
https://doi.org/10.1101/2020.04.29.069054
https://doi.org/10.1136/medethics-2020-106516
https://doi.org/10.1136/bmj.m2612
https://doi.org/10.1136/bmj.m2612
https://doi.org/10.1016/s2213-2600(20)30401-x
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1016/j.ijpharm.2019.118813
https://doi.org/10.1016/j.ijpharm.2019.118813
https://doi.org/10.1016/j.vaccine.2007.02.052
https://doi.org/10.1016/j.vaccine.2007.02.052
https://arstechnica.com/science/2020/08/another-covid-19-reinfection-this-time-second-infection-was-more-severe/
https://arstechnica.com/science/2020/08/another-covid-19-reinfection-this-time-second-infection-was-more-severe/
https://arstechnica.com/science/2020/08/another-covid-19-reinfection-this-time-second-infection-was-more-severe/
https://doi.org/10.1007/s10311-020-01091-w
https://doi.org/10.1007/s10311-020-01091-w
https://doi.org/10.1007/s10311-020-00963-5
https://doi.org/10.1007/s10311-020-00963-5
https://doi.org/10.1016/s1473-3099(20)30426-6
https://doi.org/10.1007/s10311-020-01063-0
https://doi.org/10.1007/s10311-020-01063-0
https://doi.org/10.1007/s10311-020-01017-6
https://doi.org/10.1007/s10311-020-01017-6
https://doi.org/10.1093/infdis/jiaa303
https://doi.org/10.1093/infdis/jiaa303
https://doi.org/10.4415/ann_14_01_03
https://doi.org/10.4415/ann_14_01_03
https://doi.org/10.1016/j.anai.2020.01.025
https://doi.org/10.1016/j.anai.2020.01.025
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1208/s12249-020-01744-7
https://doi.org/10.1208/s12249-020-01744-7
https://doi.org/10.1007/s10311-020-01054-1
https://doi.org/10.1007/s10311-020-01054-1
https://doi.org/10.3390/vaccines8030482
https://doi.org/10.3390/vaccines8030482


in Hangzhou, China: implications for air quality. Environ Chem 
Lett 18:1713–1723. https ://doi.org/10.1007/s1031 1-020-01028 -3

Weintraub K (2020) Pfizer reports ‘potential’ of COVID-19 candidate 
vaccine after expanding trial to 44,000 people. USA TODAY. 
https ://www.usato day.com/story /news/healt h/2020/09/15/covid 
-19-vacci ne-pfize r-posit ive-updat e/58089 60002 /. Accessed 24 
Sep 2020

WHO (2011) World Health Organization. Five senses: vaccine vial 
monitors. In: Immunization standards, Vaccine quality. https ://
www.who.int/immun izati on_stand ards/vacci ne_quali ty/vvm_
five_sense s/en/. Accessed 24 Sep 2020

WHO (2020a) World Health Organization. Draft landscape of COVID-
19 candidate vaccines. https ://www.who.int/publi catio ns/m/item/
draft -lands cape-of-covid -19-candi date-vacci nes. Accessed 24 Sep 
2020

WHO (2020b) World Health Organization. “More than 150 countries 
engaged in COVID-19 vaccine global access facility”, Press 
release on 15 July 2020. https ://bit.ly/34AE2 MZ. Accessed 24 
Sep 2020

Williams L, Gallant AJ, Rasmussen S, Brown Nicholls LA, Cogan 
N, Deakin K, Young D, Flowers P (2020) Towards intervention 

development to increase the uptake of COVID-19 vaccination 
among those at high risk: outlining evidence-based and theoreti-
cally informed future intervention content. Br J Health Psychol. 
https ://doi.org/10.1111/bjhp.12468 

Zipursky S, Boualam L, Cheikh DO, Fournier-Caruana J, Hamid 
D, Janssen M, Kartoglu U, Waeterloos G, Ronveaux O (2011) 
Assessing the potency of oral polio vaccine kept outside of the 
cold chain during a national immunization campaign in Chad. 
Vaccine 29(34):5652–5656. https ://doi.org/10.1016/j.vacci 
ne.2011.06.011

Zuk P, Zuk P, Lisiewicz-Jakubaszko J (2019) The anti-vaccine move-
ment in Poland: the socio-cultural conditions of the opposition to 
vaccination and threats to public health. Vaccine 37(11):1491–
1494. https ://doi.org/10.1016/j.vacci ne.2019.01.073

https://doi.org/10.1007/s10311-020-01028-3
https://www.usatoday.com/story/news/health/2020/09/15/covid-19-vaccine-pfizer-positive-update/5808960002/
https://www.usatoday.com/story/news/health/2020/09/15/covid-19-vaccine-pfizer-positive-update/5808960002/
https://www.who.int/immunization_standards/vaccine_quality/vvm_five_senses/en/
https://www.who.int/immunization_standards/vaccine_quality/vvm_five_senses/en/
https://www.who.int/immunization_standards/vaccine_quality/vvm_five_senses/en/
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://bit.ly/34AE2MZ
https://doi.org/10.1111/bjhp.12468
https://doi.org/10.1016/j.vaccine.2011.06.011
https://doi.org/10.1016/j.vaccine.2011.06.011
https://doi.org/10.1016/j.vaccine.2019.01.073

	Who is running faster, the virus or the vaccine?
	Lab-to-jab
	Fair priority
	Bumpy road
	Heat-sensitive labels
	Vaccination in parking lots and shopping malls
	Mail-in vaccines
	Public trust
	Mutations
	References




