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Abstract:
The purpose of this paper is to get knowledge about the drug serialization in Pharma sector and review its different aspects. Now days counterfeiting in the pharma sector is big problem, Countries have their regulatory compliance to fight against the drug counterfeits, Drug serialization is one of the regulatory compliances in this process to fight. Since long time drug counterfeiting is impacting healthcare industry too much. Regulatory authorities in the different countries are discussing to mitigate the drug counterfeit and its adverse impact on the consumer by consuming the fake medicine. In the research it was estimated the 4 out of 10 drugs available in the under developing countries are fake or adulterated by some mean with help of some illegal activities. Impact for the same on the healthcare industry which losing billions of dollars by introducing the fake drug in supply chain and Consumer is also getting impacted as they consume the fake medicine with the risk of life instead of life saving drug. Regulatory authorities are adopting new regulation to control the issue and stop the counterfeit or adulterated drug in the supply chain. With respect to provide the safe and authentic drug to patient, Pharma industry need secure traceability and rigorous regulations.  Tracking and tracing process of the pharmaceuticals drug serialization ensure the tracing of the individual drug packaging in the whole distribution of supply chain which include manufacturer, Distributor, wholesaler, pharmacy, consumer. Without any impact on the quality of the drug product, pharmaceutical drug serialization improves the security of the drug in supply chain and reduce injunction of the counterfeit drug in the supply chain.
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Introduction:

By use of the digital transformations, pharmaceuticals organizations are transforming their way of working and leveraging new technologies in every process of manufacturing and distributions of the drug. To distribute the authentic and secure drug in pharmaceuticals supply chain, Drug serialization is safe and stringent procedure. Mostly the fake and adulterated medicines manufacture of package by illegal or un-authentic source will be mislabelled to hide the authentication and silently introduce in the supply chain for the distribution. Now a days, pharmaceuticals companies doing more investment in the development and implementation of digital technologies with regulatory compliance as per their country need to tackle the counterfeit issue in the supply chain. Through the illegal source and network with help of online network, authorized counterfeit drug manufacturer manufacturing the adulterate and fake drug and injecting them in the drug supply chain. During COVID-19 era, Shortage of the medicine, supply chain distribution issue, less production of the drugs and high demand for all the type of drug, increase chance of the high production of counterfeit drugs [1]. Drug supply chain’s main stake holder manufacturer, Packager, primary and secondary wholesale distributors, dispenser, pharmacy, and ultimately patient and customers [2]. Counterfeit drug generally sold in the black market outside the manufactured country so that distributor cannot be able to find the authentication of the drug. These types of issues we have in particularly some underdeveloped countries of Asia and Africa [3]. The alliance for Safe Online Pharmacies report shows that about 50,000 online pharmacies which are 96% did not comply with the regulations by the authorities to secure and protect the patient [4].
Benefit of the Serialization regulation:

Counterfeit drugs contain no or less or not correct active ingredients which might be having adverse impact on the patient life. Due to change in the formula patient having life threating impact on their health. This drug made with fake, and adultery active ingredients may have long term impact on patient life. In the 2012, due to consumption of the counterfeit drug more than 100 heart patient died whose was treated by the Punjab Institute of Cardiology in Pakistan [5]. For all pharmaceutical firms, regulatory compliance is a major concern. The brand name and consumer trust are impacted by these laws [6]. In 2015 FDA seize stock of 18 million Lipitor tablets from different raids which imported in the United States through black market and smuggled from South American countries and that were re-labelled there. Same type of incident happens in 2007-08 with the blood thinner medicine Heparin as About 149 patients died with the fake drug Heparin. Later in the FDA investigation revealed that Heparin was imported in United status by illegal means. In 2003, WHO (World Health organization estimated that by the counterfeit drugs illegal import criminals and counterfeiters earning over 32 billion annually [7]. These illegal earnings direct impacting the healthcare revenue and its capabilities for doing more research to make the patient life better. A opioid medicine which a define as control substance was in the black market and due to overdose with it lots of death reported, which concerns regulatory agencies too much. Addition to all of this, GSK and Roche pharmaceuticals organization hit by the revenue of the more than eight million dollars by injection of the fake drugs in supply chain. A study revealed that in 2011 64% of the antimalarial medicine imported in the Nigeria were potentially counterfeit. India and China which are accounted 70% of the imported drugs, consider as main source of the counterfeit drug [8]. Major % of counterfeit drug globally had some origin from India, 7% of Egypt and 6% from China [9].
Globally Drug Serialization and Traceability Compliance:
Globally countries regulatory agencies are gearing up and put the stringent compliance for the Drug Serialization and Traceability Compliance. Global healthcare industries getting benefits with evaluation of the technologies and increased globalization of the pharmaceuticals trade. Now patients can buy the critical medicine online with trusted source and have much greater accessibility [10]. Let’s review the Drug Serialization and Traceability Compliance from main countries or region.
European Union Guidelines for Counterfeit Medicines
The Directive (2011/62/EU) on counterfeit medicines for human use serves as the basis of the European Union’s (EU) robust regulatory structure for the licensing, production, and distribution of medications, ensuring that only authorized pharmacies can sell drugs. Only authorized merchants are permitted to sell pharmaceuticals, including legal online sales. The implementation of this legislation is being closely coordinated by the European Medicines Agency (EMA) and its collaborators [11-13]. Drug for the steroids, antihistamines, hormones are the mostly target by the counterfeiter to supply the fake drugs in the supply chain. These include costly medications, like anticancer drugs, and medications with high demand, like antivirals. The EU regulators tried to increase patient and consumer safety in July 2011 by enacting a Falsified Medicines Directive (2011/62/EU) on human‑use counterfeit pharmaceuticals. The Directive became effective on July 21, 2011. In January 2013, Member States must begin implementing their laws [14-16].
Serialization legislation regulation enforced by the European union to cover all the prescribe medicine and not including all the pharmaceuticals drugs and medicine. In the European countries as per a estimate around 10 billion package prescription medicine dispense by the pharmacies which are in the preview the Serialization legislation [17]. Through this regulation Marketing Authorization Holder (MAH) will transfer unit level unique identifier data to centralized cloud-based database for further medicine traceability [18]. The EMVS has a unique structure that really makes it one of a kind. It will connect around 2,000 pharmaceutical companies, around 6,000 wholesale distribution authorisation holders, 140,000 pharmacies, 5,000 hospital pharmacies and around 2000 dispensing doctors in 28 EEA countries. Pharmaceutical manufacturers and parallel importers will now serialise the packaging of their prescription medicines with a Unique Identifier (imbedded in a two-dimensional data-matrix), as well as sealing the packaging with a tamper verification feature. The Unique Identifiers are then uploaded by the manufacturer to the European Hub (the EMVS) [19]. Manufacturer has to communicate all the Serialization information about the drugs packages introducing in the distribution supply chain to the central regulatory EMVO (European Medicines Verification Organization) before shipping Figure 1 [20].
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Figure 1, European Medicines Verification Organization (EMVO) Serialization and Traceability

United States Food and Drug Administration Regulations for Counterfeit Medicines:
In Year 2013, US federal law Drug Quality and Security Act (DQSA), was enacted by Congress. DQSA bill required to solve the challenges about the drug quality and safety. DQSA bill had 2 titles to address specific requirement specifically. Compounding Quality Act, Title 1, and DSCSA, Title 2. DSCSA Tile 2 of the bill specifically address of the tracking system at unit level with framework for next 10 years [21]. 
Title II of the DQSA, or the Drug Supply Chain Security Act (DSCSA), enforce following guidelines on the partners in the supply chain of the pharmaceuticals drug.

· To implement the unique product code with the 2D Data Matrix on each sales unit for electronically traceability.

· To make sure all the distribution partners should have their identification as GLN.

· To ensure data transmission completed before transferring the ownership of the product.

· To ensure that all the distribution partner transfer data about the serialization information electronically for the unit level traceability.

· To check the return good before including it in the distribution supply chain again.

DSCSA drafted a 10-year timeframe where it will include blockchain technology in pharmaceuticals drugs traceability [22,23]. The Drug Supply Chain Security Act (DSCSA) section 582(a)(9) of the FD&C Act., enforced that each sales unit and its aggregated homogeneous packaging unit must have 2D matrix barcode with human readable data [24]. Tracking, tracing, and logging are the three components of logistics traceability [25]. 2D Barcode must contain the Global Trade Item Number (GTIN), Expiry Date, Batch number and unique Serial number, Same information should be in human readable form as well. All the distribution supply chain partners like manufacturers, Distributor, Wholesaler, re-packager, dispenser need to transfer the serialized information to next partner before shipping the drugs, this information need to be transfer electronically. DSCSA law also ensure that partner should transfer the aggregated data information to the supply chain partner electronically. This transfer of the data done through with EPCIS file exchange [26]. Tracking, tracing, and logging are the three components of logistics traceability [27]. 
Indian Regulations for Counterfeit Medicines
Director General of Foreign Trade (DGFT) published and announced that all the manufacturer for all the drug formulation need to serialize the saleable unit at 3 levels, Primary, Secondary, and tertiary. According to it Package must include GS1 barcodes on the label for the export drugs [28]. DFGT issue this legislation to counter the challenges for the counterfeit drug and its impact on the pharmaceutical market. Due to this legislation lots of recall cane be stopped. Same time this law is in line to the global standard and help pharma sector in India to keep competitive in the global drug market. As this law in line with the global law so data exchange with the next partner will not be issue and easily done [29]. Drug formulations must be identified with a 2D barcode encoding a 14-digit global trade item number (GTIN), batch number, expiration date, and unique serial number. Drugs can be exported only if both the tertiary and secondary packaging carry bar coding as applicable and the relevant data is uploaded to DAVA. Verification occurs at each packaging level as defined by DAVA reporting guidelines [30]. Due to less awareness about the law, Manufacturer/ Packager in the pharmaceutical industry in India still struggling with product labelling information. We have seen some of the mistake on the barcode printing on the homogeneous case such as Use of multiple GTIN, SSCC use on homogenous packaging, Multiple GTIN on same case, Same GTIN on multiple aggregation of the packaging.
Rest of the World – Serialization Compliance:
Currently, All the regulatory agencies in the world adopting the Drug Serialization compliance and implementing the digital technologies for the traceability of the serialization information. International Council of Harmonization (ICH) which was founded in 1990, promoting public health awareness through implementation of guidelines. The World Health Organization has launched Global Monitoring and Surveillance System (GSMS) to report and track counterfeit medicine in 2013 [31]. All the regulatory agencies I the world are gearing up to implement the track and trace process in the supply chain as per their regulation. In China, all pharmaceutical drugs will have unique number which will be allocated to manufacturer by regulatory authority [32]. The Saudi Food and Drug Administration (SFDA) mandated any prescribed medicine manufactured or exported in Saudi Arabia must have unique identifier in each prescribed serialization packets as per GS1 standard [33]. Turkey has implemented Pharmaceutical Track and Trace System (PTTS) successfully back in 2013. As per regulation, each product unit must be encoded with unique 2D Data matrix code [34]. The Turkish Ministry of Health (MOH) regulations require serializing and tracking, based on unique serial numbers and 2D data matrix barcodes, for all packs and all aggregated levels (i.e., bundles, shipper boxes and pallets) reimbursed by the government. The regulations extend to promotional samples, hospital packaged products, prescription drugs and over-the-counter drugs [35]. Some countries such as China, South Korea have serialization traceability regulation in place. Subsequently, The National Health Regulatory Authority in Bahrain, also mandated that individual pharmaceutical drug package must bear following information.

Conclusion:

Pharmaceuticals organization still experiencing the lots of issues regarding the counterfeit drug and losing millions of dollars and risking patient life. Consolidate Drug track and trace and serialization regulation are measuring regulation to counter this issue in the recent world. Knowledge sharing and exchange of the information as per the serialization process also help to strengthen these controls. India and other developing countries making their won rule to stop the counterfeit medicine production and inject in the drug supply chain. Developed countries like USA/ Europe already imposed strict regulation to stop the import of the counterfeit drug from their market. Worldwide, all the nations have awareness about the Drug Serialization process and its benefit to prevent the counterfeit drug in the supply chain. By These steps pharmaceuticals organization expense would be less, increase the revenue, and increase human health. In the beginning to implement the serialization process, Organization can experience the difficulties as Serialization process is complex and expensive, but in long term it will benefit the organization as digitalization will reduce cost of the data sharing and increase the revenue which got impacted with counterfeit drugs.
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