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Abstract
The outbreak of the coronavirus disease 2019 global pandemic (COVID-19) has affected billions of lives, posing critical 
challenges to the healthcare system, vaccine manufacturers, packaging scientists, and daily public activity. Biotechnological 
advances have allowed to create rapidly vaccines, yet the success of an efficient immunization mainly depends on the safe 
and timely delivery of vaccines. In particular, packaging plays a crucial role in protecting, preserving, transporting, and 
distributing vaccines. Here, we review advanced packaging for distribution and storage of COVID-19 vaccines, with focus 
on innovative hybrid packaging materials, cyclic olefin polymers with nanolayer glass, and vials for vaccines. We present 
vaccine packaging, auto-disable syringes, stoppers, and closures. We discuss the chronology of the packaging system, 
and the labeling of the vaccine packages, with emphasis on bar codes, quick response codes, vaccine vial monitors, anti-
counterfeiting and traceability measures.
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Abbreviations
2D	� Two dimensional
CFR	� Code of Federal Regulations
COVAX	� COVID-19 Vaccines Global Access
COVID-19	� Corona virus disease of 2019
EEC	� European Economic Community
GTIN	� Global Trading Identification Number
IDC	� International Data Corporation
IMPACT​	� International Medical Products Anti-

Counterfeiting Taskforce

ISO	� International Organization for 
Standardization

PIL	� Patient Information Leaflet
SARS-CoV-2	� Severe Acute Respiratory Syndrome 

CoronaVirus-2
TRS	� Technical report series
ULT	� Ultra-low temperature
UNICEF	� United Nations International Children 

Emergency Fund
USFDA	� United States Food and Drug 

Administration
VPPAG	� Vaccine Presentation and Packaging 

Advisory Group
VVM	� Vaccine Vial Monitors
WHO	� World Health Organization

Introduction

The outbreak of novel coronavirus disease 2019 global 
pandemic (COVID-19) has affected billions of lives, pos-
ing critical challenges to the health care system, vaccine 
manufacturers, packaging scientists, and daily public activity 
(Chen et al. 2021; Choi et al. 2021a; Fauci et al. 2020). The 
virus, popularly known as severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), has been affecting the whole 
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world for more than a year (Choi et al. 2021b; Han et al. 
2021). The name SARS-CoV-2 was provided by the Inter-
national Committee on Taxonomy of Viruses (Wang et al. 
2020). The disease was named COVID-19 by the World 
Health Organization (WHO) in consultation with the World 
Organization for Animal Health and United Nations Food 
and Agriculture Organization (WHO 2021a). According to 
the WHO, there are 131.5 million cases in total and approxi-
mately 2.8 million deaths reported on April 5, 2021, due to 
the deadly virus. This fatal disease has put the global com-
munity on the verge of collapse (Sharma et al. 2021; Sharma 
et al. 2021). However, due to the continual efforts from vac-
cine manufacturers, research and development centers, and 
other scientific fraternity, there has been a timely develop-
ment of vaccines and effective supply chains for delivering 
the same (He et al. 2021; WHO 2020a).

Packaging and shipping allow the modern world to func-
tion at ever-increasing levels of complexity (Gaikwad et al. 
2018; Singh et al. 2018). Allowing your products to be effec-
tively and efficiently packaged and shipped to you saves you 
the hassle of having to do it yourself (Gaikwad et al. 2019). 
A previous study (Haynes et al. 2020) mentions, “There 
will be no COVID-19 vaccine without right packaging.” A 
vaccine can be made, however, without proper packaging 
and storage throughout the entire supply chain, vaccination 
will be ineffective. There was ambiguity at the beginning 

of the vaccine production about its storage, material, and 
temperature at which it can be transported. The emergence 
of cutting-edge technologies and state-of-the-art facilities in 
India and across the globe has facilitated the vaccine-making 
processes. Approximately, 200 vaccine candidates are cur-
rently being developed, and a few of them require ultra-low 
temperatures (ULT) and a controlled temperature chain, 
whereas some others require a standard cold supply chain 
(WHO 2021b). Figure 1 Illustrates typical packaging and 
distribution system for the COVID-19 vaccine consists of 
different packaging levels maintaining cold storage through-
out the supply chain for a successful vaccination program.

The United States Food and Drug Administration has 
issued guidelines for vaccine manufacturers regarding stor-
age and temperature monitoring. The end consumer should 
be aware of the history of the product storage conditions. The 
use of digital temperature sensors such as thermocouples, 
resistance temperature detectors, or thermistors can provide 
accurate data, and purpose-built units or pharmaceutical 
grade units can be used instead of household or dormitory-
style refrigerators or freezers (Shastri 2013). Waste handling 
post-vaccination is the biggest challenge (Sun et al., 2021). 
As the vaccine campaign has already started, and billions 
of doses are being administered, there are concerns over 
the disposal of primary packaging (vials and syringes), sec-
ondary packaging (cartons), tertiary packaging (corrugating 

Fig. 1   Packaging and distribution of the coronavirus disease vaccine consisting of different packaging levels that maintain cold storage through-
out the supply chain for a successful vaccination program



3599Environmental Chemistry Letters (2021) 19:3597–3608	

1 3

boards), and cushioning material and injectable items. In 
addition to the vaccine packaging material, the disposal of 
personal protective equipment kits is also of prime concern. 
A proper set of guidelines for waste disposal has not been 
established yet (NDTV 2021).

In this comprehensive review, we summarize the role of 
advance packaging system for the distribution and storage 
of COVID-19 vaccines without deterioration. To the best of 
our knowledge, there are no review papers on the COVID-19 
vaccine packaging system. First, we discuss primary packag-
ing materials, such as glass vials and syringes, along with 
stoppers and seals. We then discuss packaging for distribu-
tion, which includes secondary and tertiary packaging for 
vaccines. Later, we provide an overview of different labeling 
types used for primary, secondary, and tertiary packaging, 
barcodes, and packaging inserts.

Primary packaging system for COVID‑19 
vaccines

Glass vials

Borosilicate glass vials are the most used material for pack-
aging vaccines because of their inertness. More than 50 bil-
lion glass vials are produced and sold globally for various 
purposes. Glass vials are commonly used in a wide variety 
of vaccines and treatments (Sumant 2021). SCHOTT, a 
global conglomerate, is one of the largest manufacturers of 
pharmaceutical packaging units with 20 approved glass and 
converting plants globally. Three out of four vaccine pro-
jects undergoing clinical trials used SCHOTT vials for their 
vaccine campaigns. In total, it produces approximately 11 
billion glass vials per annum, and the estimated target sup-
ply for the COVID-19 vaccine campaign is approximately 
2 billion doses by the end of 2021 (SCHOTT 2021). The 
global pharmaceutical glass vial manufacturers’ community 
includes major market players such as SCHOTT, Corning, 
Stevanto group, Gerresheimer, and DWK Life Sciences, 
which have increased their capacity and quality due to the 
ongoing demand. Although there is a need for improved 
packaging over simple glass vials due to different storage 
conditions required for COVID-19 vaccines, and consid-
ering the ongoing pandemic, some vaccine manufacturers 
are likely to adopt the existing packaging format. However, 
other vaccine manufacturers such as Pfizer-BioNTech and 
ModernaTx, where ultra-low temperatures are required, need 
to opt for different materials (WHO 2021b; IMD 2020). A 
typical glass vial, along with the closures, is shown in Fig. 2.

The need to shift the focus to develop new materials for 
vials might be due to leaching of glass material to the drug, 
to reduce breakage during manufacturing, faster time to mar-
ket, to decrease load during transportation, thus reducing 

the carbon footprint and sustaining extreme storage tem-
peratures such as − 60 to − 90 °C (Pfizer-BioNTech) (Hogue 
2020). Researchers at Corning have developed coated alu-
minosilicate valor glass vials that have added advantages 
over borosilicate glass. The ion exchange process is used to 
produce valor glass vials, which helps in reducing break-
age, particulate contamination, and cracks. In contrast, the 
coating helps in lowering the coefficient of friction and cos-
metic flaws. Corning’s registered product Valor® meets the 
United States Pharmacopeia type I hydrolytic criteria with 
low extractable concentrations and can run the fill lines at 
higher operational efficiency, i.e., greater than 80% com-
pared to conventional glass vials (Shanley 2020).

The US-based pharmaceutical industry, SiO2 Materials 
Science, has a unique solution for ULT applications. They 
have developed a novel hybrid material, cyclic olefin poly-
mer with nanolayer glass as the inner layer by using plasma-
enhanced chemical vapor deposition (Hogue 2020; Weikart 
and Langer 2020). The structure and layer-wise assembly of 
the hybrid material vial are shown in Fig. 3. Typical stand-
ards for shape, size, dimensions, and performance require-
ments for injection vials made of glass tubing, closures, 
and aluminum caps are set by International Organization 
for Standardization (ISO) 8362–4:2011 (ISO 2011). Some 
of the standard dimensions acquired by the pharmaceutical 
industries for type I molded glass vials are listed in Table 1. 
Briefly, the global glass vial industry is facing invincible 
upsurge in demand even after producing 50 billion vials 
annually.

Syringes

Along with vials, syringes are also crucial in the vacci-
nation process from a packaging perspective. Previously, 
conventional disposable syringes were used to inject 

Stopper flange

Glass vial

Aluminum cap

Rubber stopper

Fig. 2   Glass vial and closure system for primary packaging of coro-
navirus disease vaccines consisting of a rubber stopper, aluminum 
cap, and stopper flange
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drugs; however, the lack of technological advancement, 
production capacity, economic necessity, and cultural 
resistance to waste subsequently aided to reuse the same. 
To avoid reusability, the WHO believed that there should 
be a physical barrier to the reuse of syringes and requested 
the design of auto disable syringes in 1986. The purpose 
of the auto disable syringe is to prevent the transmission 
of blood-borne pathogens, to prevent reuse, and to prevent 
resale after use (Lloyd and Milstien 1999). The model auto 
disable syringes before and after use are shown in Fig. 4. 
The United Nations International Children Emergency 
Fund (UNICEF) stockpiles auto disable syringes for the 
COVID-19 Vaccines Global Access (COVAX) campaign 
as a precautionary measure to ensure that the waste does 
not reach children. There have been a few instances where 
children have used them as toys. To avoid this, UNICEF 
is procuring 1 billion auto-disable syringes by the end of 
2021 (UNICEF 2021). Different sizes of syringes and nee-
dles are needed for different vaccines, and the selection 
criteria depend on the dosage capacity and injection sites, 
such as subcutaneous, intramuscular, and intradermal. 
Typical injection syringe range includes 0.3, 0.5, 1.0, 2.0, 
and 5.0 mL (Cancaster 2015).

Fused quartz vials

Fused quartz vials, made up of 99.99% pure silicon dioxide 
with an exceptionally inert nature, provide a ready-to-use 
format for fill-finish operations. The largest fused quartz vial 
producer, Momentive Technologies, has recently introduced 
its ultra-high purity vials (Pur Q®) to the Stevanto Group 
EZ-fill® format. In addition to its excellent inertness, a low 
coefficient of thermal expansion makes Pur Q® extremely 
resistant to thermal shock, thus making it suitable for a wide 
range of storage temperatures (Stevanato 2020).

Stoppers and seals

Every vaccine candidate using vials relies on stoppers and 
seals. Stoppers protect from environmental impacts, whereas 
seals are critical for ensuring drug protection, container clo-
sure integrity, and safety. A protective fluoropolymer barrier 
layer applied on an elastomer (latex-free) acts as a barrier 
to the migration of elastomer components to the drug. Stop-
pers, a part of the closure system, can be autoclaved prior to 
dispatch, provided as a sterile component along with vials, 
or can be sterilized at fill-finish lines (West 2021; Shanley 
2020). For example, Janssen has used Chlorobutyl rubber 
stopper along with aluminum crimp and a blue plastic flip-
off for its COVID-19 vaccine packaging. Some of commer-
cially available COVID-19 vaccines are shown in Table 2.

Packaging system for vaccines distribution

The packaging system for distribution plays a predominant 
role in delivering the vaccines to the ultimate consumers 
in suitable condition and at right time. A typical packag-
ing system for distribution includes secondary and tertiary 

Drug formulation of vaccine 
Protective layer 
Barrier layer 
Adhesive layer 
Polymer layer 

Fig. 3   Multilayered structure of filled SiO2 smart vial made with 
hybrid material consisting of a protective nanoglass layer along with 
cyclic olefin polymeric layer

Table 1   Standard dimensions for type I molded glass vials by vaccine 
manufacturers, as per the International Organization for Standardiza-
tion. Source: SGD (2018)

Nominal 
Volume 
(ml)

Brim full 
volume 
(ml)

Weight
(g)

Height 
(mm)

Neck 
finish 
(mm)

Outer 
diameter 
(mm)

5 7 14 41.30 20 20.80
8 10 16 46.80 20 23.00
10 15 21 53.50 20 25.40
15 17 24 58.80 20 26.50
20 26 29 58.00 20 32.00

Circlip before use

Circlip after use

Plunger
Flange

Plunger tip

Needle

(a) (b)

Fig. 4   Single-use auto-disable syringe for coronavirus disease vac-
cine doses and components a before use and b after use
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packaging, and cushioning materials to protect the glass 
vials (primary package) from breaks and cracks during 
transport and storage. A cold chain is required for some 
vaccine candidates to safeguard the vaccine until it reaches 
the injection point. Table 3 provides an overview of the 
packaging systems involved and materials used at each 
level of vaccine packaging.

Secondary packaging

Once the vaccines are produced at the manufacturers’ facil-
ity, they need to be shipped to multiple locations. Vials/
ampoules/leaflets are packed in secondary cartons to opti-
mize their volume and weight for transport and storage. The 
number of primary packaging units per secondary carton 

Table 2   Commercially available coronavirus disease vaccines with packaging capacity, dimensions and storage conditions

Vaccine’s com-
mercial name

Vaccine manu-
facturer

Primary pack-
aging capacity 
(ml)

Primary pack-
aging material

Stopper/
seal material

Storage condi-
tions

Refrigeration 
storage dura-
tion

Secondary dimen-
sions

COMIRNATY®
 

Pfizer Inc- 
BioNTech,

United States of 
America

2 Clear glass vial 
(Type 1)

Synthetic 
bromobutyl 
rubber/

Flip-off plastic 
cap with Alu-
minum

− 80 to  − 
60 °C
2 to 8 °C

6 months
5 days

9″ L × 9″ W × 1.7″ 
H

Moderna  

ModernaTX, 
Inc

United States of 
America

5 Clear glass vial 
(Type 1)

Chlorobutyl 
rubber/

Aluminum with 
flip off plastic 
cap

− 25 to − 15 °C
2 to 8 °C

6 months
30 days

5.5″ L × 2.2″ 
W × 2.5″ H

Janssen  

Janssen-Cilag 
International 
N.V.,

Belgium

2.5 2R clear glass 
vial (Type 1)

Chlorobutyl 
with fluoropol-
ymer coated 
surface/

Aluminum 
crimp with a 
blue plastic 
flip-off

− 25 to − 15 °C
2 to 8 °C

24 months
3 months

3.66″ L × 1.5″ 
W × 2.13″ H

COVISHIELDTM
 

Serum Institute 
of India Pvt. 
Ltd,

India

2, 5 Clear glass vial 
(Type 1)

Elastomeric/
Aluminum 

flip-off plastic 
button

2 to 8 °C 6 months 7.28″ L × 3.74″ 
W × 2.36″ H

Sputnik V  

Gamaleya 
National 
Research 
centre,

Russia

– – − 18.5 °C (liq-
uid form)

2 to 8 °C
(dry form)

-
2 months

–

COVAXINTM
 

Bharat Biotech,
India

5, 10 Transparent 
glass vial

(Type 1)

Butyl rubber/
Flip off plastic 

cap with Alu-
minum

2 to 8 °C 6 months 3.94″ L × 3.94″ 
W × 2.16 H
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can be determined based on the domestic and international 
supply. Assumptions can be made based on existing vaccine 
packaging patterns; however, a clear set of guidelines have 
not been provided for upcoming vaccines in the past (WHO 
2009). Secondary packaging can be influential in terms of 
reducing volume, cost-saving, minimizing logistical burden, 

and ultimately reducing the carbon footprint. Two decades 
ago, the WHO was requested for the strengthening of pack-
aging standards by changing the secondary carton capacity 
from 5 to 10 primary units to 50–100 primary units per car-
ton. Apparently, this could reduce shipping costs, minimize 
dead space, and reduce the number of cold boxes required 
(Newland 2011). A secondary packaging model for vac-
cines is shown in Fig. 5a. The following examples show 
the dimensions and capacity of secondary packaging units 
developed by recent Covid-19 vaccine candidates (Holm and 
Poland 2021). The secondary carton dimensions for other 
vaccine candidates are given in Table 2.

1.	 Pfizer vaccine comes in a 2 mL vial with a secondary 
carton containing 195 primary packaging units with an 
approximate size of L 8.13″ X W 8.13″ x H 1.75”.

2.	 Moderna’s mRNA vaccine contains 10 primary packag-
ing units for each secondary carton with an approximate 
size of L 5.5″ x W 2.2″ x H 2.5”

The Vaccine Presentation and Packaging Advisory Group 
(VPPAG) recommends that the vaccine manufacturers pre-
pare formats that could minimize the number of steps and 
eliminate errors during preparation and administration. The 
VPPAG recommendations are listed in Table 4. For sec-
ondary packaging units, vials packed in rectangular arrays 
with 5 or 10 vial units along with standardized diameter 

Table 3   Types of materials 
used at each level of vaccine 
packaging

Components of vaccine packaging Materials

Primary packaging (Vial) Clear glass type-I, cyclic olefin polymer with nanolayer glass, 
coated aluminum silicate valor glass

Closure Rubber stopper and crimped aluminum seal
Labeling and leaflet Paper
Secondary packaging Fiberboard box, plastic trays with vial trays
Tertiary packaging Corrugated fiberboard box, thermally insulated plastic containers

Fig. 5   Typical packaging system for vaccines containing a Second-
ary packaging and b Tertiary packaging. Adapted and modified from 
INTELSIUS:Zhang et al. (2020) 

Table 4   Vaccine preparation and packaging advisory group recommendations on vaccine packaging system and dimensions. Source: (WHO 
2009)

Packaging parameter Recommendations by vaccine preparation and packaging advisory group

Secondary packaging Rectangular arrays with internal dividers are encouraged for secondary packaging of vials
A standard format of 100 vials in an array of 10 × 10 or 10 vials in a 5 × 2 array is being followed
The dimensions should accommodate vials and dividers

Tertiary packaging Fiberboard cartons are preferable for tertiary packing
Multiples of 100 vials are packed in one tertiary unit for ease in counting
Legit dimensions of 1.2 m × 0.8 m or 1.0 m × 1.2 m are set to avoid overhanging with a gross weight not 

exceeding 25 kgs per unit
Materials including primary 

packaging and delivery 
device

Select the source materials that reduce the impact on the environment when disposed off
Reduce, Reuse and Recycle are the 3R’s to be followed during the end-of-life handling of materials
Secondary and tertiary materials, including labels, should be long term resistant to condensation and standard 

relative humidity (75% Relative Humidity)
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and height could provide better dimensional harmonization. 
The secondary carton size should be optimally decided to 
accommodate vials, packaging inserts, and internal dividers 
(WHO 2009).

Tertiary packaging

Tertiary packaging is the most prevalent packaging for the 
shipping and transportation of vaccines. They have numer-
ous advantages over other forms of packaging materials. For 
international shipments, outer-insulated boxes are used as 
shipping units, either alone or as pallet shippers. They are 
characterized by physical integrity, can retain their proper-
ties, and can withstand mechanical manipulation, repeated 
manual handling, and various climatic conditions. Accord-
ing to WHO recommendations, insulated boxes should 
weigh less than 50 kg, as they can be handled manually at 
airports and other distribution centers (WHO 2005). These 
boxes are not seen by consumers as retailers remove them 
before they reach the point of end use. Generally, card-
boards, plane boxes, and shrink wraps are used in tertiary 
packaging (Ankur 2018). A model of the tertiary packag-
ing is shown in Fig. 5b. The recommendations made by the 
VPPAG are as follows:

1.	 It should be tested and qualified to withstand anticipated 
loads, shocks, and vibrations during transportation and 
distribution.

2.	 Dimensional harmony is vital for stock management, 
and tertiary cartons can be helpful.

3.	 It should be a more convenient and robust stock-keeping 
unit than the secondary packaging unit.

4.	 The width of the tertiary cartons must be in accordance 
with the available shelf width of cold rooms and freezer 
rooms, i.e., 45–60 cm.

5.	 To take into account the stock, contents inside the ter-
tiary packaging must be arranged in multiples of 50 or 
100 units.

6.	 The European Economic Community (EEC) Council 
Directive 90/269/EEC states that the maximum weight 
of a tertiary carton should be in such a way that a person 
can lift it safely.

7.	 The tertiary carton dimensions are selected as per ISO 
standardized pallets with dimensions 1.2 m × 0.8 m or 
1.0 m × 1.2 m so that these can be efficiently stacked 
without overlapping individual pallet’s footprint.

Briefly, secondary packaging contributes a lot in optimiz-
ing the volume utilization by increasing no. of primary units 
from 5–10 to 50–100. The reduction in weight without com-
promising the other functions of tertiary packaging could 
benefit environment.

Labeling system for vaccine package

“Labelling makes the invisible visible, but an improper 
label can put the patients’ life in jeopardy.” An unambigu-
ous label is indispensable rather than consequential for 
a successful immunization program. The labeling system 
contains primary container labels, secondary carton and 
tertiary container labels, leaflets, packaging inserts, bar 
codes, quick response codes and vaccine vial monitors 
(VVMs).

Primary container label

A primary container label is vital in identifying the right 
drug, its mode of injection, and the minimum quantity 
required per dose. The clearer the label, the more error-
free is the vaccination program. According to a previous 
survey (Path 2021), approximately 94% of healthcare pro-
viders agreed that vaccine package labels are crucial for 
their work. This shows the importance of the label and 
urges vaccine manufacturers to follow the relevant stand-
ards. The vaccine presentation and packaging advisory 
group (VPPAG) had come across two genuine labeling 
issues: minimum font size for legibility and expiry date 
format. Based on the analysis conducted, this advisory 
group recommended the WHO for improvements and 
standardization in future vaccine labels. As text legibil-
ity is directly related to the quantity of text, the advisory 
group has recommended standardizing and minimizing 
information on primary packaging labels. The use of 
multiple languages further decreases the label’s space and 
forces manufacturers to use the minimum font size. The 
use of different expiry date formats on labels has caused 
ambiguity among consumers in the past. The major prob-
lem is with numerical formats such as 02–04-12, which 
can be treated as both February 04 and April 02. This can 
be avoided by standardizing an all-numeric format for the 
expiry date, MM-YYYY, as presented in Table 5. Vaccine 
labels should not limit the ability of healthcare providers 
to see through the contents of the vials. To avoid this, 
manufacturers are requested to provide a minimum view-
ing area for the contents in the vials (WHO 2009).

Vials are widely accepted as the primary packaging 
material for COVID-19 vaccines. The WHO has been 
preparing and issuing model labels as guidance to man-
ufacturers to standardize the label requirements for the 
COVAX program. It has issued a working position for a 
vial label, as shown in Fig. 6. It should contain the name 
of the vaccine, the manufacturer’s name, storage condi-
tions, manufacturing, and expiry date, batch/lot num-
ber, volume per dose, doses per container, and leaflet or 
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package insert for other details. To summarize, a primary 
container label is essential for any medical product. A 
label with a clear understanding of necessary information 
is a good fit.

Secondary and tertiary packaging labels

Secondary and tertiary carton labels ease the process 
of identification and distinguish similar types of vac-
cines during storage and distribution, thus minimizing 
the errors in selecting a product and can help in accu-
rate stock counting and management. To achieve the 
abovementioned targets, secondary and tertiary cartons 
must be labeled at least on two opposite faces, as per the 
guidelines for labeling of vaccines, proposed amendments 
to the Technical Report Series (TRS) 822, and require-
ment for prequalified products. The printed content must 
contain both static and dynamic information, such as bar 
codes and quick response codes that can be printed on one 
face only (WHO 2009). To unify the labeling system for 
the immunization program, the WHO has recommended 
the manufacturers to follow model carton labeling as 
shown in Fig. 7.

Package inserts

The package insert is a part of the labeling system, as 
complete information about the product and its use can-
not be specified on the primary package. Therefore, vac-
cine manufacturers should supply mandatory information 
such as product information, prescription information, 
and risks involved with the drug. Package inserts contain 
product information in an advanced technical language 
that might confuse healthcare providers and patients. 
To avoid such ambiguity, a simplified fact sheet called 
the patient information leaflet (PIL) can be additionally 
supplied by the manufacturer. PIL contains basic infor-
mation regarding prescription and administration routes 
translated in the local language, based on the country to 
which it is exported, to reduce the risk of administrative 
error. Regulatory requirements are necessary to monitor 
the location and content of package inserts. Often, the use 
of package inserts makes secondary cartons bulky, lead-
ing to increased disposable volume. To overcome waste 
disposal and increase secondary packaging volume, patient 
information leaflets should be available in digital formats 
and can be downloaded online from the WHO vaccine 
database (WHO 2009; Thornton 2003). Manufacturers 
are recommended to follow the standard WHO format for 
package inserts to avoid such ambiguity at the grassroots 
level. Different countries follow their own regulations. 
According to the European Commission Regulation No. 
726/2004, all approved medicinal products should contain 
both patient information leaflet and a summary of prod-
uct characteristics (Dijk et al. 2014). In contrast, USFDA 
has brought the Fair packaging and labeling Act-1966 to 
accurately label the consumer products such as foods, 
drugs, cosmetics, and medical devices. Along with that 
the code of federal regulations (CFR)—Title 21 for food 
and drugs, part 201, Sect. 201.56 & 201.57—specifies the 
latest requirements for “Content and format of labeling for 

Table 5   Vaccine preparation and packaging advisory group recommendations on vaccine labeling. Source: (WHO 2009)

Labeling parameter Recommendations by Vaccine preparation and packaging advisory group

Primary container labels Minimum requirements to be printed like product name, expiry date, dosage, storage conditions are decided with the 
available minimum viewing area

Standard numeric format for expiry date (MM-YYYY) is to be followed
Use standard and generic names in minimum font size for label legibility

Secondary carton and ter-
tiary packaging labels

Labeling is recommended at least on two opposite surfaces while three surfaces is given preference
Only the static information is printed on two faces, whereas dynamic information is sufficed for one face

Barcodes Printing on all levels of packaging except for primary is endorsed
It should include Global Trade Item Number, unit number, and expiry date committing to General Specifications 

standards
Package Inserts Advised to supply according to World Health Organization format

Along with this, a leaflet is encouraged to be available for sharing of knowledge about the vaccine in different lan-
guages

Fig. 6   Model label for vials for coronavirus disease vaccines, accord-
ing to WHO guidelines.  Adapted from WHO (2020b) 
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human prescription drug and biological products” (Watson 
and Barash 2009; Nathan and Vider 2015).

Bar codes

Barcodes and quick response codes come under the category 
of data carriers, which are one way readable. They facilitate 
information about the product in an electronic version (GS1 
2021). When read with the help of scanners, the data are ana-
lyzed digitally and reproduced to the consumer. In the case 
of vaccines, this technology is being used as a supplement 
for printed information about the product. Barcodes are lin-
ear in nature and simply store information about the vaccine 
expiration date and lot number (WHO 2020d). The compo-
nents of a linear barcode include a 12-digit serial number 
called the global trading identification number (GTIN) and a 
series of bars and spaces. The GTIN has a deciphered mean-
ing: the first two digits give the country code, and the follow-
ing digits provide details about the manufacturer, product, 
and batch (GTIN 2015). They are recommended for use in 
primary and secondary packaging. quick response codes are 
2D barcodes that are designed as a square modulus arranged 
within a perimeter (Kuswandi and Jumina 2020). They store 
every piece of information printed on primary packaging 
and packaging inserts, including the route of administra-
tion, date of manufacture/expiration, batch number, doses 
per vial, dosage, temperature requirements, and sometimes 
information about the manufacturer for traceability purposes 
(WHO 2020d). It is highly suggested that they can be added 
to secondary packaging as well. Recently, the Centers for 

Disease Control and Prevention has been encouraging 2D 
barcodes to be added to the vaccine information statement 
for the COVID-19 vaccine to help both patients and practi-
tioners (CDC 2021).

Vaccine vial monitors

Incorporation of vaccine vial monitors into primary pack-
aging is considered a preferred characteristic for primary 
packaging. It is a type of sensor that helps determine the vac-
cine’s history of any exposure to cumulative heat over time, 
as shown in Fig. 8. It is made of a heat-sensitive material, 
comes in a small circle with a square inside, and is printed 
on the label or cap of the vaccine. With the darkened color 
of the inner square compared to the outer circle, vaccine vial 
monitors indicates that the vial has been exposed to critical 
temperatures and should no longer be used. This visual indi-
cation successfully decreases the risk of administration of 
sub-potent vaccines. The color change is a continuous pro-
cess and is irreversible, making them more reliable. Vaccine 

Fig. 7   Model label for cartons for coronavirus disease vaccines according to WHO guidelines.  Adapted from WHO (2020c) 

Use the vaccine Don’t use the vaccineDiscard point

Cumulative heat exposure

Fig. 8   Indication of vaccine’s history upon exposure to cumulative 
heat by vaccine vial monitors
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vial monitors are highly recommended by the WHO and 
UNICEF considering the temperature-sensitive nature of the 
COVID-19 vaccine (WHO 2009).

Anti‑counterfeiting features in vaccine 
packaging

The pharmaceutical industry is more vulnerable to counter-
feit medical products. A survey conducted by International 
Data Corporation (IDC) in June 2020 revealed that approxi-
mately 70% of manufacturers agreed on the vulnerability of 
their supply chain, if COVID-19 continued for a couple of 
months and approximately 75% of companies agreed to an 
increase in theft, diversion, or counterfeiting of vaccines, test 
kits, and antivirals (Forcinio 2021). Vaccine manufacturers 
should be aware of the fake COVID-19 vaccines entering the 
market. A study conducted by the Authentication Solution 
Providers Association of India revealed that counterfeiters 
do not produce vaccines, they just fool people by duplicat-
ing the vaccine packaging while putting harmful or inactive 
contents inside. A recent Interpol global alert to law enforce-
ment agencies in 194 member countries against organized 
networks targeting COVID-19 vaccines provides evidence 
of the severity of the situation (Outlook 2021).

In order to curb counterfeiting, laws, and regulations have 
been formulated by various agencies such as the European 
Union’s Falsified Medicine Directive and the US’s Drug 
Supply Chain Security Act (Forcinio 2021). The WHO also 
constituted a task force unit in 2006, The International Medi-
cal Products Anti-Counterfeiting Taskforce (IMPACT), to 
fight against the multi-million-dollar illegal trade of coun-
terfeit drugs and vaccines (WHO 2020e).

Anti‑counterfeiting measures

With advancements in technologies and maintaining con-
sumer safety as a concern, pharmaceutical companies are 
focusing on tailor-made anti-counterfeit solutions. A mul-
tilevel security approach with a tailor-made use, along with 
digital and analog techniques verified by multiple stakehold-
ers within the supply chain, is necessary for anti-counterfeit 
products (Forcinio 2021). Labeling techniques, such as 
tamper-evident labels and holograms, can help reduce the 
counterfeiting of a product. Other methods such as radio 
frequency identification devices and near-field commu-
nication tags could also help fight against counterfeiters. 
Magnetic ink is another vital tool developed by Inspectron, 
which prints a barcode that the naked eye cannot read. The 
serialized code printed inside a carton or under a label can 
be read from a 2 mm distance by a specific reader. TruTag 
Technologies has a unique product-level authentication tech-
nology, on-dose, which uses edible microparticles combined 

with smart medicine, and confirms product authenticity. 
Another technique from Applied DNA Sciences received 
the nod from USFDA to its molecular tagging technology, 
which gives immutable identity to both dose and packag-
ing. AlpVision’s COVID-19 initiative provides a new tool, 
Cryptoglyph digital security, to pharmaceutical companies. 
Cryptoglyph is invisible to the human eye and can only be 
authenticated by a smartphone, which connects to AlpVi-
sion’s brand monitoring system for real-time monitoring of 
product authentication (Forcinio 2021; Bansal et al. 2013). 
Overall, nearly 70% of existing supply chains are vulnerable 
to counterfeiting. There is a need to establish dedicated regu-
latory bodies, more stringent actions, and security features 
to be added to anti-counterfeit medical products.

Conclusion

Packaging is a potential tool for immunization programs. 
The unforeseen challenges related to the safe packaging 
and distribution of the COVID-19 vaccine have created 
an opportunity for packaging developers to strategically 
develop and innovate vaccine packaging systems. Advance-
ments in developing new materials and access to cutting-
edge technology have given vaccine developers a huge scope 
in providing vaccines in an effective and affordable manner. 
Vials used in traditional vaccine packaging have seen a new 
phase of development by the introduction of hybrid materi-
als, such as coated aluminosilicate valor glass and cyclic 
olefin polymer with a glass nanolayer. Another challenge 
that needs to be addressed is underlining a new set of regu-
lations for better protection of vaccines in terms of pack-
aging, labeling, and distribution. This requires synergistic 
efforts from the Governments, WHO, and other governing 
bodies. Technologies such as the Internet of Things, block-
chain technology, and artificial neural networks can also be 
used to monitor real-time data and implement cold chain 
distribution of vaccines. Finally, advanced studies on the 
prospective application of intelligent packaging should also 
be conducted to prevent any crisis in the future.
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