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Abstract

______________________________________________________________________________________________________
For several years, quality risk management (QRM) has been such an integral component of
healthcare as well as pharmaceutical product manufacturing. Effectual QRM can help
companies make better informed and smarter choices, and furnish regulators with more
prominent confirmation of an organization's capacity to manage possible dangers. In the
pharmaceutical sector, the Hazard Analysis and Critical Control Points (HACCP), a QRM tool
is comparatively a new approach. It is a globally perceived management system that gives
rules to the pharmaceutical and food industries. HACCP approach emphasizes the hazards,
with the overarching goal of ensuring that drug products are safe to use because the
production of drug products is prone to health together with safety concerns. The HACCP
system offers guidance to a considerable extent for quality control, by detecting, assessing,
monitoring, and validating the crucial procedures and operations in the manufacturing of
pharmaceutical products. The presented review article provides HACCP as a risk assessment
tool, which could be applied to various parts of drug quality so that it might promote and
assist the adoption of quality practices by pharmaceutical industries with the objective of
improving HACCP efficiency together with company performance.
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INTRODUCTION
Quality risk management has turned out to be an essential
tool in healthcare organizations. Each and every
manufacturing process and medicinal product have
associated risks. In the pharmaceutical industry, reduction
of these risks is the foundations of quality risk management
as the quality of produced product have direct impact on the
patient’s health.
It has been more than a decade, ICH has formally introduced
ICH Q9 QRM to the pharmaceutical industry. At the time of
implementation of ICH Q9, the risk-based approach
growingly gained prominence. Eventually, for a successful
quality system the QRM was embraced being a significant
element by the pharmaceutical industries. Not only in
pharmaceutical companies but risk management is largely
employed in other sectors as well which includes
pharmacovigilance, finance, public health, insurance. For
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minimizing quality risks, QRM should be included in daily
operations so as to develop a practice that considers quality
as a key element while making any decisions. QRM makes
sure and confirms that the product keeps on meeting
positive risk balance which is possible through proactive
determination and reduction of quality risks along with this
causes of variance should be determined and selected for
continuous improvement.1,2
As per ICH Q9 “Quality risk management is a systematic
process for the assessment, control, communication and
review of risks towards the quality of the drug (medicinal)
product across the product lifecycle”.
The QRM is aimed at achieving the expected quality product
as well as information and risk related to it. A brief QRM
procedure is represented in fig.1.
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Figure 1: Brief representation of the QRM procedure.
Quality risk management procedures are comprised of the
following steps. They are:

 measures performed for minimizing the possibility of

1. QRM Process Initiation: Systematic procedures that are
meant to organize, simplify, as well as enhance risk-related
decision-making must be included in quality risk
management. For development as well as beginning of good
risk management approach the mentioned steps may be
utilized.

 measures performed for minimizing the possibility of the

 Describe the issue or hazard question, taking into
account any assumptions that may be relevant.

 Gather historical data or information relevant to the risk
assessment on the potential hazard.

 For the QRM process, establish a timeframe along with an
adequate quality of decision-making.3

2. Risk Assessment: The process of risk assessment
includes identifying hazards, analyzing as well as evaluating
the risks related to their exposure.
The basic inquiries that can be really useful are:
1. So what could possibly go wrong?
2. And what are the chances that things would go wrong?
3. Finally, What will its impacts be?
Risk identification: the process of identifying risks with the
utilization of risk-related information is referred to as Risk
identification. Data from the past, stakeholder concerns, and
theoretical analysis are all examples of information. To the
remaining approach, this step serves as the foundation
Risk analysis: The risk related to the identified hazards is
estimated through risk analysis. This is a procedure that
connects the probability and the seriousness of the harm.
The potential for determining harm (detectability)
significantly contributes to the risk estimation in certain risk
management techniques or tools
Risk evaluation: Following identifying and analyzing a
specific risk or hazard, risk evaluation is used to determine
whether or not it falls within acceptable criteria.4,5,6
3. Risk Control: Risk control incorporates minimization of
risk or acceptance of risk by taking effective decisions. The
risk control is aimed at lowering the risk enough to reach a
satisfactory range. Based on the seriousness of the risk,
equivalent work must be done for controlling the risk.
Risk reduction: Whenever quality risk crosses a certain
limit, risk reduction emphasizes strategies for reducing or
even eliminating it. Risk reduction comprises the following
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harm occurring

seriousness of harm

Risk acceptance: A choice of accepting risk is known as risk
acceptance. Even the strongest risk management strategies
may not be enough to completely remove risk for certain
kinds of harm. It’s really possible to affirm that a suitable
strategy for risk management is executed and to a
predetermined range the risk is minimized, in such cases.
These predetermined ranges are determined based on a
variety of factors.7,8
4. Risk communication: exchange of risk as well as risk
management details or information among decision-makers
and others is referred to as risk communication. The Risk
management approach outcomes have to be conveyed and
recorded appropriately.
5. Review: Regarding the risk, by taking into account
updated information as well as expertise, the review of risk
management outcomes provides assurance that nothing
changed impacting the QRM beliefs, outcomes, and findings.
The quality management process examination also can
identify several concerns related to the quality of the product
including its safety.9-12
There are certain quality risks that can cost an organization
money and even harm its reputation. Risk management is a
beneficial tool in these cases. It makes an organization costeffective by identification and eradication of failure that
ultimately leads to internal and external costs modes
deduction. It also equips staff with resources as well as
procedures to make smart choices more efficiently as it
offers a viewpoint by which scientific evidence and
knowledge can be seen that helps to determine alternatives
and consider the possible consequences of the decision. In
previous times, using flow charts, complaints, and checklists
risk in the quality and operation of the product was
measured. A risk management plan or strategy at present
has been introduced by regulatory bodies which involve
statistical and management tools including FMEA, FMECA,
FTA, HACCP, HAZOP, PHA for better implementation of QRM.
FMEA is the most commonly used tool of all the tools listed.
However, many pharmaceutical organizations deem it as a
whole QRM system in itself and rely solely on FMEA.13,14
The selection of a suitable risk assessment method is an
essential step in carrying out risk analysis. Although picking
up the right quality risk management tool is a crucial and
difficult practice but unfortunately, the guidance related to
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the subject is minimal. The selection of the QRM tool should
be such that it not only facilitate the conduction of risk
management but also efficiently analyze as well as conveys
information that is readily understood and also expose risks
that were hidden previously.

 In 1989, the NACMCF suggested HACCP’s seven

HACCP - HAZARD ANALYSIS AND CRITICAL
CONTROL POINTS

 HACCP was used in the food industry but during the

1990s and 2000s, it came into existence in other sectors
as well including pharmaceuticals and healthcare.27,28

PRELIMINARY STEPS

Being a tool of QRM, HACCP utilizes proactive strategy in
order to identify and evaluate hazards and establish control
measures aimed at prevention or eradication of hazards.
Being a systematic approach, HACCP facilitates the
production of reliable and safe pharmaceuticals or
healthcare products by means of detection, assessment, and
monitoring of safety hazards. The goal of the HACCP
methodology is to prevent identified hazards to minimize
risks that can arise during the pharmaceutical manufacturing
process. The quality hazards are controlled to some degree
by validating the critical operations as well as processes that
are used in the manufacturing of the finished products as per
GMP. As a result, HACCP addresses both GMP and the
protection of manufacturing staff.15,16,17
HACCP's principal aim is to manufacture safe items. HACCP
also has the role of reducing or in fact removing the necessity
for endpoint testing which might be laborious and
monotonous. Numerous organizations relied upon endpoint
testing when the HACCP system was not introduced to
evaluate whether the product was acceptable. Through
carrying out a series of inspections throughout the process,
HACCP seeks to decrease endpoint tests. In terms of
prevention, all potential dangers are examined at each stage
of the process and figure out what measures are adopted if
there is a major hazard. HACCP aims to minimize risks to an
acceptable limit as soon as the product arrives at the
completion of the process.18,19
The hazards that may appear during pharmaceutical product
manufacturing can be minimized to a higher degree when
HACCP is employed along with some other quality tools.
These risks can be either chemical, biological or physical
factors that, if not prevented, are capable of causing harm.20
The right execution of HACCP empowers a company to
manufacture and deliver high-quality and lower-risk
products. It was also found by the experts that the inefficient
execution of HACCP can result in a financial impairment.21
Thus firms essentially in the food and pharmaceutical sectors
are concentrating on regular auditing as well as verification
ensuring proper HACCP system execution. 22,23

A SHORT HISTORY OF HACCP
 By the end of the 1950s, the HACCP methodology was

established by a partnership of NASA, Natick research
laboratory, and Pillsbury with the goal of ensuring that
quality is integrated into the procedure throughout all
stages and designing a system to evaluate food risks.24

 In 1971 during a national conference on food protection,

the concept of HACCP was first got introduced to the food
industry.25

 In 1985, NAS (National Academy of Science) proposed

that the HACCP method be accepted by every regulatory
agency for the evaluation of the efficacy of food
regulation in the United States26

 The recommendation resulted in the establishment of the
National Advisory Committee on Microbiological Criteria
for Foods (NACMCF).
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At the time of designing a HACCP strategy, 5 preliminary
steps are performed initially. These steps are meant to assist
in gathering background information that can aid in the
execution of fundamental HACCP principles.
Form HACCP Team: It is necessary to establish a
multidisciplinary HACCP team in view of the complexity and
variety of possible risks with each pharmaceutical product
and method. As the HACCP plan is established by the team,
the team therefore ought to be made out of people who will
really execute and keep up with the HACCP plan. To prevent
an excessive amount of work appointed to one individual, a
team having sufficient individuals or members must be
established. However, there should not be too many
individuals as it causes difficult communication among them.
Members of the team must have detailed information and
experience about the product and procedure under
consideration in order to - perform hazard analysis,
determine possible potential risks, determine which hazards
must be observed, and suggest effective corrective action. To
attain the greatest outcomes, all the team members must
undergo realistic training sessions which addresses HACCP
theory together with implementation 29,30
Process & product description: Because every product has
specific process steps and related hazards, a detailed
overview of the process as well as product should really be
created. This enables the processor to concentrate on the
potential hazards associated with the form of a product. The
product’s description is aimed at allowing the HACCP team to
become more familiar with the product in addition to the
employed technology. The product's name, its condition for
storage, ingredients, the process of manufacturing,
packaging, and method for distribution should be
incorporated in the product's description. 31
Determine the intended use: the product's final consumer
or end-user should be identified, as the intended use needs
to be dependent on the final consumer. The final consumer
or end-user can be the general public or even a specific
population segment like infants or the elderly.
Design a flow chart of the process: the flow diagram
effectively and simply displays the steps involved. A chart
makes it easier to understand, describe, and analyze
complicated processes and related hazards. The flow chart
covers the entire process, from material collection to final
product shipment. But detailed process descriptions should
not always be included in the flow diagram. One of the most
widely adopted flow charts is the block type.32,33
Review of process flow chart: The HACCP team will
evaluate the flow chart for its thoroughness once the
diagram has been prepared. For ensuring that all phases are
incorporated in the chart along with all other criteria, the
team must gather and examine the flow chart. If needed,
prior to the actual formal verification, the HACCP team can
implement modifications.34

HACCP PRINCIPLES
After the preliminary tasks have been done, the next
objective will be the application of HACCP principles. For
CODEN (USA): JDDTAO
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pharmaceutical industries HACCP principles are presented in

fig. 2. These principles are as follows:

Figure 2: HACCP principles for pharmaceutical industries.

Principle 1- Hazard Analysis: being HACCP’s very first
principle, hazard analysis requires evaluating specific
hazards in each stage of product manufacturing, testing, and
distribution through the HACCP team, as soon as process
flow confirmation has been established. Hazard analysis is
characterized as a technique in which information in regards
to hazards is gathered and assessed along with situations
that contribute to the existence of these hazards, deciding
the important ones that are thus covered in the HACCP plan.
At the time of hazard analysis, three categories of hazards
need to be evaluated: biological, chemical, and physical.35 It
is recommended to carry out a two-stage risk analysis. For
each and every step making a list of possible hazards could
be the very first stage. The thorough risk assessment will
contain-

 significant hazards as well as their possible sources
 the likelihood of a hazard occurring if no appropriate
controls are in place.
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 a basis for deciding whether the hazard is important

enough to merit inclusion in a subsequent HACCP
assessment

in the second stage, a risk assessment should be carried out
which estimates the seriousness of the prospective risk and
its likelihood of occurrence.36
Principle 2 - Determination of Critical Control Points
(CCPs): Following the hazard analysis, the very next HACCP
principle is to determine CCPs. CCP is that point where
control could effectively implemented as it is considered
crucial for removing and also preventing a hazard as well as
bringing it within limit of acceptance. The last phase for
controlling the hazard before shipment is a CCP. A CCP
additionally represents a point at which loss of control
results in major risk.37 The basis for the CPP creation is
addressed in fig. 3.
There could be more than just one CCP at every level where
control must be implemented to manage the same risk. The
CODEN (USA): JDDTAO
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usage of a decision tree, that promotes a logical approach, is
a more efficient and suitable strategy for minimizing the
number of CCP. The decision tree method inquires a series of
questions concerning each processing step in which a hazard
exists. These questions come in a yes/no manner, and the

answers ultimately decide if that particular step is CPP or
not. A control measure must be established if the hazard has
been determined and its control is essential and there are no
control measures.38,39

Figure 3: The basis for the CPP creation.

Principle 3 - Set Critical Limit: Critical limits must be
established for every step that is a CCP after the CCPs have
been determined. Critical limits are calculated using
historical data or on the basis of regulatory action levels.
More than a single critical limit at a specific step will be
needed in certain situations. Assessments of temperature,
water activity, time etc. are commonly utilized criteria. The
HACCP team must be cautious in establishing critical limits
which are as practicable as possible for the process in
concern. Setting critical limits aids in the execution of
appropriate monitoring as well as a control system. 40
Principle 4 - Develop a Monitoring System: The principle
is concerned with selecting an effective technique for
monitoring every CCP as well as critical limit. Monitoring
every individual CCP becomes very essential since it makes
sure CCPs are in conformity and avoiding exceeding the
critical limitations. Control loss should be detected at the
CCP by the monitoring techniques and such info should
preferably be provided in good time for corrections to
assure process control and avoid critical limits violation.41
The critical limit is either constantly or inconstantly
monitored. For measurement in periodic intervals, a
computer system could really be devised. In order to make
sure the system works efficiently, an individual will have to
monitor or even regularly calibrate this system. In the case
of the use of inconstant monitoring, industry personnel shall
carry out frequent inspections. Because whenever
inconstant surveillance is employed, for assuring CCP
control sufficient monitoring frequency is essential. Details
that are obtained through monitoring should be then
examined through an authorized official who has the
ISSN: 2250-1177
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expertise as well as competence of taking corrective action.
42

Principle 5 - Set up Corrective Measures: no method is
absolutely perfect, hence corrective action should be
implemented if preventive measures fail. with the aim of
addressing deviations whenever they arise, appropriate
corrective measures should be established for each CCP.
Creating a corrective action plan entails identifying the
activities required to bring a CCP back under control in the
event of a deviation, and also the plan should indicate who is
accountable for taking corrective actions and to ensure that
a record is kept and also retained. The supervision of
corrective action should be entrusted to persons who have
solid expertise in the process product and HACCP. When
deviations arise in one CCP too often, there is a need to
reassess the adequacy of the HACCP strategy by the HACCP
team for controlling this hazard. 43,44,45
Principle 6 - HACCP System Verification: HACCP system
verification entails determining whether or not the HACCP
plan is followed by the HACCP system of the facility.
Verification methods shall be those apart from monitoring
events which evaluate the reliability of HACCP program
confirming whether or not system operates as per the
design. Some processes for the verification encompass a
HACCP system and its record review, deviation, and product
disposition and assurance that CCPs are controlled. Despite
its complexity, the successful implementation of the HACCP
plan depends on the effective creation and application of the
verification principle. The verification frequency needs to be
sufficient to validate that the HACCP system works correctly.
CODEN (USA): JDDTAO
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Confusion sometimes exists concerning the differences
among validation and verification. Verification confirms that
the HACCP plan is complied with, however, validation
demonstrates that the company does what it intends to do
ensuing safe product manufacturing. 46,47

 The merits of the application of HACCP comprise

Principle 7 - Set up a Record keeping System: The
seventh HACCP principle is to create appropriate record
keeping practices. There will be no evidence that a plant
does what its HACCP plan specifies without records. Records
can be used to identify trends and to enhance a process over
time. Documentation is essential for processes like hazard
assessment, determination of the CCP, HACCP plan, as well
as critical limiting. The following are some examples of
activities where the records are needed: critical limits;
process steps; deviations; modifications to the HACCP
system.48,49

product and operating method. Technological
advancement or Modifications in operating techniques
can be accommodated by the HACCP system.

BARRIERS OR CHALLENGES TO SUCCESSFUL
IMPLEMENTATION OF HACCP
Regardless of the huge appreciation of HACCP systems, It
has been noted that HACCP systems were not adopted
entirely in the pharma field. The presence of barriers is an
explanation behind not adopting the system as it can impede
the utilization of the system. HACCP framework won't be
executed all over the pharmaceutical field and also it won't
arrive at its maximum potential till the barriers are
removed. All the activities, behaviors as well as beliefs that
have a negative impact on the HACCP concept's
understanding along with the application and retention of
the HACCP principle are referred to as barriers. Some of the
barriers have been discussed here.50,51,52
1. The HACCP implementation might be problematic for
pharmaceutical enterprises, which are small to mediumsized, owing to the unavailability of sufficient resources,
practical expertise, and skilled staff for execution of HACCP,
while it may be easier to do so for relatively large
companies.53,54
2. Lack of motivation and monitoring- employee motivation
plays a key role in keeping the HACCP system functioning.
For proper operation of HACCP, at all stages staff
supervision is essential. the motivated staff of the HACCP
system performs a major role in the application and keeping
up with the HACCP framework, in particular with regard to
the requirements for constant surveillance and reporting55
3. The unavailability of staff with HACCP knowledge and
understanding is seen as one of the major barriers which
arise due to the absence of training for employees. Normally,
training courses are specifically tailored for staff or groups
according to their technical knowledge level and
responsibility in the entire process of HACCP. And thus this
enables personnel to utilize the HACCP concept in their
specific processes.56,57
4. the implementation cost of HACCP is quite expensive in
small pharmaceutical companies, its low purchasing capacity
is usually unable to support it and furthermore can't
convince or push its suppliers sufficiently to begin utilizing
the HACCP system. 58

ADVANTAGES OF HACCP IMPLEMENTATION
IN THE PHARMACEUTICAL INDUSTRY
HACCP has no limitations on its advantages. Owing to its
applicability and compatibility, HACCP can be deployed
almost anywhere in the world. The main advantages of
implementation of HACCP are:
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improving resource use and fast solutions to safety
problems of products in addition to increasing the safety
of the medicinal products.

 The HACCP plan is tailored specifically for a given

 Consumers are the primary beneficiaries since the

system promises safety products and results in the
manufacture of quality items.

 HACCP leads to a decrease in the quantity of required

end product’s laboratory testing, decrease in the noncompliant product count, even for controlling process
there is a decrease in required sampling plans

 As a result of improved awareness as well as training
operational errors by humans might become less
prevalent.

 Using a HACCP framework allows for enhanced process

control, increased employee devotion, and lower failures.

 Faith and confidence of consumer’s increases and the
likelihood of product recall are minimized thus lowering
the costs of the product.

 HACCP can assist regulatory agencies in conducting

inspections, mostly due to documentation and recordkeeping, and by enhancing belief in the safety of drugs it
encourages international trade and also encourages
company stability.

 HACCP Improves quality system efficacy through

emphasizing critical parts that a procedure has and also
on preventing issues instead of depending upon finished
product testing.59-62

There are numerous examples of HACCP implementation.
Few case studies have been published with regard to HACCP
use in the pharmaceutical sector. A selection of those is
accessible here, which may aid the reader in conducting a
more comprehensive assessment of the literature. These
might be a useful reference we believe, for others including
labs and that could promote their decision to build a
systematic process of risk analysis including the use of
HACCP-based systems of safety, particularly in
pharmaceutical industries.
As such, these inclusions are not meant to codify the findings
emerging from individual conclusions from a quality
standpoint. Instead, inclusion in this section shows that the
case represents a recognized area of quality interest as well
as a practical and effective case of risk management used for
efficient analysis, issue solving, and management of
decisions. A review of such type is used to incorporate
historical research and can allow present as well as future
professionals and researchers to create their methodological
decision for upgrading the sector by using appropriate
guidelines or techniques.
Glory Bansal et al.63 in the paper exhibits the use of the
HACCP
approach
to
immunosuppressant
drug
manufacturing by identifying CCPs and suggesting control
measures and corrective actions for process management.
The authors have also shown that how the approach
contributed to concentrating on production phases, which
can have a major impact on the quality of the product and
have improved processes and used CCPs and CCP decision
tree in identifying the CCP to set risk management priorities
CODEN (USA): JDDTAO
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Tim Sandle 64 in the author's study, HACCP as a risk
assessment tool was employed to highlight how in good
manufacturing controls, risk assessment may be included.
The case studies feature the transfer of a series of sterilizing
stoppers in a sterile production facility to a filling machine
from an autoclave. Many risk variables have to be taken into
account for the analysis of aseptic processing and thus the
HACCP technique can aid in identifying these risks.

periodic review. Risk management is a systematic procedure
that incorporates risk - identification, analysis, assessment,
and the development of risk management strategies. It uses
various tools that are widely accepted in pharmaceuticals
but It has been discovered that there is an over-dependence
on retrospective approaches, that deal with the issues after
they've happened instead of preventing issues in the first
place. As a prospective tool, HACCP in the pharmaceutical
sector is the best-suited method for risk management.
because the emphasis is not primarily on end-product
testing, but on preventing dangers leading to a reduction in
product recall with various other quality issues. The HACCP
approach profits everyone, including consumers and
pharmaceutical companies, because it is cost-effective,
resulting in less product loss and also ensuring the
pharmaceutical product's safety. As a result, it is suggested
that tools like HACCP must be employed in pharmaceutical
companies to prevent losses and product rejections owing to
poor quality in order to achieve the purpose of business.

Carducci Annalaura et al. 65 the Author illustrates how
HACCP may be utilized to formally, and clearly control
bacterial endotoxins testing as well as other analytical
procedures, leading to improved and even more consistent
analytical results, considering the various errors that may
impact BET (Methodology, equipment, reagents, etc.). It also
illustrated how Haccp helps standardize every process phase
Tim Sandle 66 discusses a case study on how a viral risk from
a pharmaceutical process might be eliminated via HACCP.
The paper addresses the relevance of process controls and
the focus on controls by means of risk evaluation.
significantly, viral security can only be achieved with a
combination of measures. The author emphasized modern
approaches and strategies in the paper.
Ziegler et al. 67 has applied the quality risk management
principles in this case study for the analysis of monitoring
frequencies and sample sites in the hormonal tableting unit.
The author also showed how a general risk assessment
method centered upon the HACCP method for assessing the
premises (namely production areas as well as clean areas)
was established with a view to microbial load and to
assessing whether the available monitoring program was
meeting improved environmental monitoring practices or
not. Since environmental surveillance is of major relevance
in industries having a high microbial contamination
sensitivity,
for
instance,
parenteral
plants
or
biotechnological plants.
Brigitte bonan et al., 68
the Author outlines the
implementation of HACCP method for anti-cancer drug
production, In order to identify important control points and
to provide control measures for managing the cancer
chemotherapy process. The author also describes how a
multidisciplinary team was constituted in accordance with
HACCP to define and evaluate the cancer chemotherapy
procedure. All the critical points were enumerated by the
team & based on their occurrence rate, severity, and
detectability their risk indexes were determined. and for
every risk that has been identified the team developed
monitoring, controlling, and corrective measures.
Tim sandle 69 The author has used risk evaluations and risk
filtering techniques based on HACCP for showing how to
build a framework in biotechnological production for
environmental monitoring frequencies and demonstrates
the appropriateness of the framework in a case study.
Linda Bissett 70 In order to ensure that every step performed
during any process of decontamination reduces the risk of
healthcare-associated infections (HCAIs), the author
described the ways in which HACCP can be implemented,
assuring that uniform standard are based upon guidelines.

CONCLUSION
Although pharmaceutical products have made significant
improvements to enhance their quality, there are still many
challenges that need consideration in this field. Quality Risk
Management gives confirmation that the dangers are
satisfactorily overseen and furthermore helps in settling on
consistent and traceable choices to drug industry that will
decrease the danger through steady utilization of tools and
ISSN: 2250-1177
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