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Abstract: The purpose of this paper is to focus on the serialization regulation impacts on drug packaging. 

Pharmaceutical serialization is a regulatory compliance in many countries for drug traceability. It leverages the traceability 

of pharmaceutical drugs and improves the visibility throughout the pharmaceutical supply chain. Serialization compliance 

requires advanced levels of packaging including unique identifiers in individual units and tamper proof seals with 

holograms. The main objective of governments and regulatory bodies for implementing serialization with advanced level 

packaging is to secure the supply chain and mitigate the risk of counterfeit [1]. Counterfeit drugs are products deliberately 

and fraudulently produced and/or mislabeled with respect to identity and/or source to make it appear to be a genuine product 

[2] [3]. The World Health Organization (WHO) has estimated that 1 in 10 drugs in low to middle income countries 

(particularly Southeast Asia and Africa) is falsified or substandard during market circulation.[4] Serialization has been 

proving a very productive regulation in combating counterfeiting drugs. New secure technologies bring new methods to 

identify and ensure the safety of drugs by implementing advanced tamper proof packaging methods which have been very 

successful for minimizing counterfeit drugs in the supply chain. 

Objective: This study intends to empirically examine the impacts on packaging by regulating drug serialization compliance. 

Keywords: Serialization, drug traceability, pharmaceutical packaging, tamper evident, barcodes, counterfeit drugs, falsified, 

pharmaceutical industry. 

I. INTRODUCTION 

Pharma Serialization is assigning a unique code to the packaging of each drug and printing this code on the packaging by 

any method. There are two main points in this definition. The first is the unique code and the second is the drug packaging. 

According to Jose A. Alfaro [6], traceability is a mechanism to ensure safety. Traceability is defined by The British Standards 

Institution as: ―The ability to trace the history, application, or location of an object. The object is defined by this same standard 

as being any perceivable or conceivable thing. Objects can be material (i.e., an engine, a sheet of paper, a diamond), non-

material (i.e., a conversion rate, a design plan) or imagined (i.e., the future state of the organization)‖. 

The tracing of pharmaceutical drugs to improve the visibility throughout the pharmaceutical supply chain. Turkey 

introduced serialization requirements in 2010 with unique identifier printing on individual drug units, other markets such as 

China, South Korea have regulations in place. Since last decade, China has required all the supply chain partners involved in the 

drugs distribution to record information of individual drug units in a traceability system. The importance of drug traceability has 

been increasingly emphasized and mandated by several countries across the world. The US regulatory body Drug Supply Chain 

Security Act (DSCSA) has outlined steps to achieve interoperable, electronic tracing of products at the package level to identify 

and trace certain prescription drugs as they are distributed in the United States. [7].  
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Serialization has been proving a very productive regulation in combating counterfeiting drugs. New secure technologies 

bring new methods to identify and ensure the safety of drugs by implementing advanced tamper-proof packaging methods, GS1 

2D Barcodes on labels and interoperable digital data exchange for drug traceability and verifications. 

II. MANDATE OF GS1 2D DATA MATRIX AND 1D LINEAR BARCODE IN DRUG PACKAGING 

The drug packaging is an integral and critical GMP process of drug manufacturing and regarded as the ―Key facilitator‖ 

for establishing patient-medication trust [5]. Embedding secure and reliable technologies onto the packaging are the best 

approach for developing the concept of medicine security and patient safety.  

A study has been done by AmerisourceBergen, McKesson, and Cardinal Health in 2017 and 2018 assisted by GS1 

Healthcare US (General Specification 1) [9][10]. These studies identified issues with lack of adherence to industry barcode 

standards and placement— problems that can result in serious consequences, such as improper identification of products, mis-

shipments, reduced operational efficiency, and product availability issues. 

As per Drug Supply Chain Security Act (DSCSA) section 582(a)(9) of the FD&C Act., mandated that the product 

identifier must be included in a 2-dimensional (2D) data matrix barcode (figure 1.) when affixed to or imprinted on a package 

and in a linear barcode or 2D data matrix barcode when affixed to or imprinted on a homogenous case (figure 2) [8] 

GS1 Data-Matrix is a 2-dimensional (2D) bar code that efficiently allows the encoding and marking of a greater amount of 

data within a smaller space and that provides error detection and correction capabilities to improve the readability of bar codes 

despite irregular packaging or physical damage to a label.  

After DSCSA serialization compliance become obligatory in 2018 for prescribed drugs manufacturer in US, mandatory 

serialization attributes and required GS1 barcode must be print on different level of packaging hierarchy by manufacturer and 

re-packager’s 

It is recommended to have Human Readable Interpretation of the Application Identifiers (AIs) and their associated data 

near the GS1 Data-Matrix Symbol in which they are encoded. The precise location and font used for the Human Readable 

Interpretation are determined by the specific application guidelines. Typical conventions place the primary information, such as 

the Global Trade Item Number (GTIN), in the human readable data underneath the barcode. The characters, however, should be 

clearly legible and must be obviously associated with the symbol. Application Identifiers (AIs) should be clearly recognizable 

within the Human Readable Interpretation to facilitate key entry in the event that the symbol cannot be scanned. This is 

achieved by putting the AI between parentheses. The parentheses are not part of the data and are not encoded in the symbol. 

This is in clear contrast to the use of the FNC1 which must be encoded in the symbol, when used as a start or separator 

character, but never appears in the Human Readable Interpretation. [12] 

FDA reports that under the DSCSA serialization, National Drug Code (NDC) may be embedded in Global Trade Item 

Number (GTIN) and can be serialized using GS1 Application Identifier (01) and Serial Number must be print with Application 

Identifier (21) in Unit and case label packaging. In the ―FDA SNI Guidance,‖ the agency also recognized that the GTIN is a 

global standard for item and object identification and that it has been established by GS1, a consensus-based, not-for-profit, 

international standards organization. The ―FDA SNI Guidance '' [11] was very helpful for supply chain trading partners for 

implementing the DSCSA who have been using it to create sGTINs and 2D barcodes using a GS1 Data-Matrix as the carrier for 

the product identifiers. 
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Figure 1.  GS1 2D Data-Matrix Barcode on Unit level 

            

                                GTIN 00312345678906      

                                SN      1000000000272 

                                LOT   31 DEC 2023 

                                EXP   ABC0072   

 

Figure 2.  GS1 2D Data-Matrix and GS1 128 Linear Barcode on Homogenous case. 

 

The Director General of Foreign Trade (DGFT) in India issued a public notice announcing the implementation of a track 

and trace system incorporating barcode technology as per GS1 standards for all drugs and pharmaceutical products exported 

from India. Under this notice, all export pharmaceutical consignments should be marked and coded at various packaging levels 

using GS1 barcode standards. [13]. As per DGFT guidelines all homogenous Tertiary level packaging must have Global Trade 

Item Number (Figure 3.). The requirements for the tertiary level packaging are: 

● Use of an SSCC to uniquely identify each tertiary pack (logistical unit) of the drug or pharmaceutical being 

transported.  

If the tertiary pack is homogenous [it contains only one type of item with the same batch/lot number and expiry date] then:  

● Two GS1-128 barcode images should be printed on the label  

● The first GS1-128 barcode should be encoded with the GTIN identifying the product, expiry date, and batch number 

contained inside the tertiary pack  

● The 2nd GS1-128 barcode should have the SSCC encoded in it  

If the tertiary pack is heterogeneous [it contains one type of item with different batch/lot number or expiry date (OR the 

pack contains more than one type of item then:  

● Only one GS1-128 barcode should be used and encoded with the SSCC to uniquely identify the logistical unit.  
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Figure 3. Homogenous Tertiary Pack as per DGFT guidelines. 

 

Figure 4. Heterogeneous Tertiary Pack as per DGFT guidelines. 

 

India is a major global supplier of generic drugs and supplies approximately 30% of the generics market worldwide. There 

are 546 manufacturing units which exclusively supply drugs to the US market[14]. Encoding Global Trade Item number in 

tertiary level packaging was not harmonized with US and EU serialization compliance. These problems will affect the global 

supply chain as multiple barcodes and data identifiers are not the global standard of serialized packaging. Having Tertiary level 

GTINs on pallets can lead to errors, since it is unclear which barcode should be scanned. It can also cause a custom clearance 

problem in importing countries like the US and Europe since GTIN at Tertiary level packaging is not as per their regulation and 

product might be returned. Combining the SSCC and GTIN—which puts two serial numbers on the same unit of packaging on 

the same homogeneous case—can lead to aggregation errors. Nonconformance with Healthcare Distribution Alliance barcode 

guidelines can decrease supply chain efficiency, resulting in increased costs, product delays, and potential drug shortages. 

III. TAMPER-EVIDENT/TAMPER-RESISTANT TECHNOLOGY ON SERIALIZED UNIT LEVEL PACKAGING 

Drug Packaging having a shield or barrier to entry which, if breached or missing, should provide visible 

evidence that tampering has occurred. Such as film wrappers, shrinkable seals and bands, breakable caps, tape seals, 

blister packs, etc. In the fight against the forgery of preparations as well as imitations or tampering of packaging, the 
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European Union has defined Falsified Medicine Directive, Article 54a(1) of Directive 2001/83/EC, [15] which is 

intended to prevent entering counterfeit drugs in the legal supply chain. Anti-tampering device in drug packaging is 

the part of verification which determines the integrity of the anti- tampering device and shows whether the 

packaging has been opened or altered since it left the manufacturer, thereby ensuring that the content of the 

packaging is authentic.  

Tamper evident seals on drug pack. 

 

 

 

 

 

In the fall of 2015, the EU Commission published several fundamental technical details concerning the design of safety 

features. In concrete terms, this means two things: every item of pharmaceutical packaging must have an individual serialized 

code that makes it globally unique; at the same time, every item of packaging must be protected against undetected, premature 

opening or tampering with the help of appropriate tamper evidence systems.  

IV. CONCLUSION 

Pharmaceutical serialization mandates are slowly sweeping the world. There are specific challenges to implement 

serialization such as noncompliant or unusable bar codes, the potential for lost productivity on production lines, the need for 

major human and capital investment for new processes and data management, and inventory issues caused by the mismanaged 

tracking of returned products. Serialization compliance had a major impact on drug packaging such as label redesigning and 

incorporating serialization attributes, graphic elements, and barcodes. It is very critical for industry to apply correct barcodes in 

pharmaceutical packages to avoid confusion to consider potential suspected drugs. While serialization is necessary to mitigate 

the risk of counterfeit and illicit drugs in the supply chain, it will require a sizable capital investment to cover start-up expenses 

for packaging serialized drugs. This includes buying new packaging lines, label printing machines, vision systems, label grader, 

updating existing hardware and software, and training the staff. These expenses, while significant, are necessary to ensure 

proper efficiency and follow a compliant serialization process. Additionally implementing blockchain can be used for resilient 

end-to-end digital tracking systems through the supply chain. It can be significantly useful by assigning GS1 standard barcodes 

in all levels of packaging units to consider it as the digital identity of the product. Industry also needs to train and educate their 

resources to validate label data on packages as it is part of the GMP process. Any misprint or overlooked error may create trust 

deficit in the market and can potentially risk drug recall by agencies. 
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