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Supplier and End-User Disinfectant Qualification Comparison

for Cleanrooms

INTRODUCTION

Disinfectants are a critical element in cleanroom
contamination control and must be well-suited for the
applications for which they are intended. Disinfectants
should be tested both during development and registration
to ensure proper selection and use. Subsequently, they
should be tested by the end-user to ensure that the
disinfectant is appropriate for the intended purpose within a
specific facility.

Testing a disinfecting agent during product development can
differ greatly from the testing required by the end-user to
validate a finished formula. Different challenges exist for both
developmental testing and effectiveness validation testing
that must be understood. This idea is true for all types of
disinfecting agents, including those defined as sanitizers,
general disinfectants, sporicides, and sterilants (1).

In this article, we compare the methods utilized by a
disinfecting agent manufacturer and a pharmaceutical
manufacturer to characterize these disinfecting agents
and outline some of their respective challenges to help
understand expectations and avoid pitfalls.

Although sanitizers or cleaners such as sodium hypochlorite,
hydrogen peroxide, and alcohol are often just actives
ingredient and water, disinfectants are typically complex

and complete formulations. Developing a disinfectant has
many challenges. There are multiple considerations with
cleaning ability, broad-spectrum efficacy, stability, safety,
toxicity, aesthetics, compatibility and multiple other desirable
characteristics that must be addressed before a product

is released to the market. Adequate efficacy results is one

of the most critical and time-consuming elements of the
disinfectant development process. Disinfectants must meet
strict regulatory requirements for efficacy and require data to
be submitted and approved before releasing with claims.

REGULATIONS AND TESTING
Supplier development testing

Disinfecting agent manufacturers must register their
disinfecting agent based upon a specific wet contact time,
microbial kill, and the disinfecting agent concentration in
compliance with the relevant authority’s regulations (2-4).

During the development of a disinfectant, testing typically starts
with active ingredient evaluations. Active ingredient selection is
critical, yet options are limited by availability and acceptability

in different world regions based on toxicity and environmental
impact, among other factors. Disinfectant active ingredients,
unlike antibiotics, are if in their mode of action, and there

must be a balance between safety for both the end user and
environment and efficacy. Studies such as a time-kill kinetic
study are often utilized for early product development to rapidly
screen active ingredients and very basic formulations.

The time-kill method is a basic evaluation of disinfectant
activity (5, 6). Suppliers may utilize a time kil early in the
product development process to screen multiple active
ingredients against problematic microorganisms. Although
the time-kill method is a very useful tool for antimicrobial
testing, often the test underestimates the complex
applications faced by disinfectants and can be too little of
a challenge. The time-kill method is simply a suspension
test that utilizes a set volume of disinfectant that is directly
inoculated with a challenge microorganism, with surviving
colonies enumerated after established contact times. While
easy to perform, unless testing bacterial or fungal spores,
the disinfectant will often exhibit complete kill in this method
at the shortest feasible contact times, such as 15 seconds.

More useful for supplier product development studies are
methods that utilize a hard surface on which the challenge
microorganism is dried before disinfectant application.
These tests include established consensus methods

that utilize stainless steel or glass coupons but can also
include modifications of the methods required for product
registration to add a quantitative endpoint (5,7). For these
tests, a step to quantitate surviving microorganisms using
a chemical neutralizer, sonication, or vortexing and plating
can provide additional data for regulatory methods that are
qualitative in nature.

It is best to take a complete and varied approach to

select test methods and challenge microorganisms

during development. The ASSOCIATION OF OFFICIAL
ANALYTICAL COLLABORATION (AOAC) INTERNATIONAL
methods required in the United States utilize a qualitative
endpoint with no growth as the measurable data for whether
a product passes or fails. This type of method is of little
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value when determining the role of different formulation
excipients or when comparing the efficacy of different
prototypes. The European quantitative methods (EN Norms)
used for registration provide more valuable data when
evaluating candidate disinfectants during development.
However, they may not correlate to meeting the pass/fail
criteria in the United States. During disinfectant product
development, modifications or alternative methods must be
considered to create a formula that can meet all applicable
standards for efficacy, allowing for registration and use in

multiple countries and municipalities.

Ultimately, after development testing has finalized or nearly
finalized a formula that looks promising as a potential
marketed disinfectant, well-controlled and strictly regulated
efficacy testing must be performed as necessary for markets

in which the product may be sold.
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In the United States, disinfectants are considered pesticides
and are regulated by the Environmental Protection Agency
(EPA) under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). The EPA has well-defined and
long-established criteria for proving safety and effectiveness,
including prescribed test methods and strict data
considerations (28).

There are many approved and standardized methods that
disinfectants are required to be tested against for achieving
specific product claims to be denoted on a label. For

everything from carpet sanitizers to residual efficacy and

biofilm claims, the total number of prescribed tests is too
many to list here. Below are the main methods utilized

for hard surface disinfectant and sporicidal claims. These
methods also have a complementary approach based on

dosage form with wipe and spray products requiring different
methodology with different experimental endpoints.

Table 1: US EPA CLAIMS REGISTRATION SUMMARY OF TESTING FOR PHARMACEUTICAL SPORICIDES, DISINFECTANTS

AND SANITIZERS

CLAIM TEST REPLICATES TEST METHOD(S) TEST ORGANISMS PASS/FAIL CRITERIA

Bactericidal

Fungicidal

Tuberculocidal

Virucidal

Sporicidal

Sanitizer for Non-Food
Contact Surfaces

60 carriers per lot per
microorganism

3 lots of product

Suspension test or 10
carriers per lot

2 lots of product

10 carriers per lot
2 lots of product

1-2 carriers per lot

60 carriers per lot
per surface (x2) per
microorganism

3 lots of product
3 lots of product

AOAC Use-Dilution Method,
(955.15), (964.02)

AOAC Fungicidal Activity
Test (955.17)

Modified AOAC Use-
Dilution

AOAC Tuberculocidal
Activity Test (965.12)

ASTM E-1053 Test Method
for Efficacy of Virucidal
Agents Intended

for Inanimate
Environmental Surfaces

AOAC Sporicidal Activity of
Disinfectants (966.04)

ASTM E-1153 Standard
Test Method for Efficacy of
Sanitizers Recommended
for Inanimate, Hard,
Nonporous Non-Food
Contact Surfaces

Staphylococcus aureus

ATCC 6538 Pseudomonas
aeruginosa

ATCC 15442

Additional supplemental
bacteria as required by
claim

Trichophyton interdigitale
ATCC 9533

M. tuberculosis var bovis
(BCG)

Specific virus claimed

Bacillus subtilis ATCC
19659

Clostridium sporogenes
ATCC 3584

Staphylococcus aureus
ATCC 6538

Pseudomonas aeruginosa
ATCC 4352 -or-
Enterobacter aerogenes

ATCC 13048

S. aureus, <3/60 positive

P aeruginosa, <6/60
positive
All others, 0/10 positive

Complete kill / No Growth

No positive carriers

>3.0 log10 reduction

Complete Kill on all carriers

>3.0 log, , reduction
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Many of these methods have been in use for decades and
have a long history and extensive data for multiple classes
and types of disinfectants. This data is very valuable for

a regulatory agency when evaluating new products and
comparing performance between new and older products
to ensure safe and effective use. However, many of these
methods predate advancements made in microbiology
method development and can be limited in their scope
outside of base claim generation. For example, most of
the EPA methods are qualitative in nature and provide only
a pass or a fail as an experimental endpoint. Although
helpful to determine whether a formula is effective or not,
the qualitative methods offer little other information and are
challenging to use for comparisons or relative evaluations.
Further, the methods present a very high challenge to ensure
effectiveness in multiple application areas, from industrial
to hospital environments. They may be too great of a
challenge for what might be encountered in a cleanroom or
controlled environment. A starting titer well over one million
microorganisms is not representative of a cleanroom or
controlled environment’s bioburden levels.
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In Europe, the registration process falls under the
Registration, Evaluation, Authorisation, and Restriction

of Chemicals (REACH) guidelines which also require
demonstration that the products are safe and efficacious
(8). Like the US EPA and corresponding AOAC and

ASTM methods, the European Norms also have standard
methodologies established for disinfectants and require
multiple phases and steps based on labeling and product
usage. The EU methods include both basic suspension-
based studies for initial evaluation of disinfectant activity
via a step one approach and then quantitative hard surface
methods for specific applications for step two, phase two
in the registration process. Because these methods are
newer and provide log, , reduction values versus simply a
pass/fail result, they are more easily adaptable to end-user
applications. Still, do not perfectly mimic the real-world
conditions or challenges met in a cleanroom or controlled
environment (6-8).
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Table 2: EU CLAIMS REGISTRATION SUMMARY OF TESTING FOR PHARMACEUTICAL DISINFECTANTS

_ CLAIM TEST METHOD(S) TEST ORGANISMS PASS/FAIL CRITERIA

Basic Suspension Tests Bacteria EN 1040 Pseudomonas aeruginosa ~ =5.0 log,; reduction
ATCC 15442

Staphylococcus aureus
ATCC 6538

Fungi EN 1275 Candida albicans >4.0 log, , reduction
ATCC 10231

Asperyillus brasiliensis
ATCC 16404

Spores EN 14347 Bacillus subtilis subsp. >4.0 log, , reduction
spizizenii ATCC 6633

Bacillus cereus ATCC
12826

Quantitative Suspension Bacteria EN 1276 Pseudomonas aeruginosa ~ =3.0 log, , reduction
Tests ATCC 15442

Staphylococcus aureus
ATCC 6538

Escherichia coli
ATCC 10536

Enterococcus hirae
ATCC 10541

Fungi EN 1650 Candida albicans >4.0 log, , reduction
ATCC 10231

Aspergillus brasiliensis
ATCC 16404

Spores EN 13704 Bacillus subtilis >3.0 log, , reduction
ATCC 6633

Hard Surface Test Bacteria EN 13697 Pseudomonas aeruginosa ~ =4.0 log, , reduction
ATCC 15442

Staphylococcus aureus
ATCC 6538

Escherichia coli
ATCC 10536

Enterococcus hirae
ATCC 10541

Fungi Candida albicans >3.0 log, , reduction
ATCC 10231

Asperyillus brasiliensis
ATCC 16404

*This table does not intend to outline all available claims or test conditions available for disinfectants within REACH guidelines; it only highlights some common base claims.
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For the rest of the world, the test methods and regulations
can differ by region. Regulations may differ in the rest of the
world and may conform in part, in whole, or not at all with
US and EU guidelines. However, the desire for disinfectants
that work as intended, with minimal safety concerns, and
well-documented efficacy claims, remains the same. The
testing requirements and methods are similar, however, and
have the same limitations regarding real-world applicability
whether they are more qualitative or quantitative in nature.

Additional considerations must be evaluated to provide
labeling and use instructions incorporated into the required
test methods. These include the use of organic soil during
testing, hard water for disinfectant preparation, and the
establishment of contact time and temperature.

Developing disinfectants that can meet strict regulatory
requirements is a challenge found worldwide. One of the
most challenging aspects is consistently and reproducibly
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passing the various efficacy standards that are required by
the different regulatory authorities. Although the methods
can have a long history of use, with demonstrable success
to ensure safe and effective formulations, their use does not
always translate to other applications. Often, the methods
are focused on reference strains and surfaces, require
extremely high microbial challenges beyond what is found
in the pharmaceutical environment, and can have pass/fail
endpoints that do not apply to real-world situations.

End-user qualification testing

The regulatory guidance entails (bio)pharmaceutical
manufacturers to qualify the disinfecting agents’ wet contact
time on specific surfaces and microorganisms (9-11). Norms
and industry technical documents share guidance for in vitro
and in situ testing (12-16), as seen in Figure 1.

Non exhaustivelist

v'Phase 1: suspension test
v Bactericidal, fungicidal and
sporicidal test

EN 1040
EN1275
EN 14347

CEN216-1991
EN

test

v Phase 3: in situ testing

Annex 1 & 15

(B Al v'disinfectant qualification

ASTM E2197-17

v'Technical document but not fully

accepted by EU and USA FDA
regarding log reduction criteria

Technical Report 70

EN 1276 v'Phase 2: quantitative test

EN 1650 v'Step 1: suspension test:

EN 13704 v'Bactericidal
v'Fungicidal

EN 13713 v'sporicidal

EN13697 v'Step 2: hard surface carrier

P 006-07

—— USP 1072

Eq EU
Eudralex
ASTM
Disinfectant :
> International PDA
standard
PIC/S
USP Ph
>t USA
FDA guide

Aseptic processing

Figure 1: Disinfectant and Sporicidal Agent Qualification norms and guidelines
In vitro testing: laboratory suspension and hard surface carrier (coupon) testing
In situ testing: field studies to evaluate bioburden control and reduction in cleanrooms
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END-USER DISINFECTING AGENT /N VITRO
QUALIFICATION

The pharmaceutical manufacturer is responsible for
evaluating the optimal wet contact time, use dilution, use
dilution expiration, based on the supplier’s data, their
cleanroom surfaces, and most frequent isolate(s) from their
historical Environment Monitoring (EM) data (2, 5-7, 9-15).

The suspension qualification demonstrates the efficacy

of the disinfecting agent to inactivate a planktonic
microorganism at a determined contact time. The
disinfecting agent efficacy from the suspension test may
differ when a microorganism is adsorbed on a surface.
Therefore, coupons that are representative of surfaces in the
cleanrooms should be tested in vitro. In vitro qualification of
a disinfecting agent is based on the (2):

e wet contact time,

log reduction acceptance criteria,
® microorganism type,

e disinfectant concentration,

e water quality,

® clean or soiled surfaces,

e surface types,

e Temperature of application.
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The in vitro testing will confirm the efficacy of the disinfecting
agent against a microorganism type adsorbed on a specific
surface at a defined wet contact time. In-situ testing (real-
world) is essential to assess the impact of the element listed
below on the disinfecting agent efficacy (2):

e Temperature and humidity in the cleanroom: that may
interact with the disinfecting agent kinetics of kill

e Air exchange in the cleanroom: that may impact the time
of the disinfecting agent to dry

e Application technique (e.g., vaporization, spraying,
mopping, wiping): that impact the removal of residue or
microorganism on the surface

e Surface cleanliness: that may interact with the disinfecting
agent’s efficacy.

DISINFECTANT EFFICACY TESTING

Efficacy is demonstrated by testing the disinfectant efficiency
in reducing the microbial bioburden in either suspension
(planktonic state) or on cleanroom surfaces (sessile) to an
acceptable level. The points to consider when developing a
disinfectant efficacy test (DET) are:

a. Log reduction: A disinfectant efficacy study is built on a
microorganism logarithmic reduction that a disinfecting
agent can achieve. A different set of logarithmic reduction
is proposed for in vitro disinfecting agent qualification (3):

Table 3: MICROORGANISM LOG REDUCTION FOR QUANTITIVE NON-POROUS SURFACE (COUPON OR HARD SURFACES

CARRIER) TEST

DOCUMENT NAME LOG REDUCTION VEGETATIVE LOG REDUCTION
MICROORGANISM SPORE’S FORMER MICROORGANISM

EN 13697-15+A1:2019 >4
USP <1072> >3
PDA Technical Report 70 > 1

> 3 (value also for vegetative fungi)
>2

> 1
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There is no compendial or harmonized regulatory requirement on the logarithmic reduction required for pharmaceutical
manufacturers (15). Therefore, pharmaceutical manufacturers should define the most appropriate log reduction based on
their activities and historical EM data analysis. In many cases, the USP <1072> log reduction criteria are most suitable for
the pharmaceutical industry. The EN documents are subject to various industries (food, industrial, domestic, and institutional
areas), including pharmaceutical operations. Therefore, it is logical to observe that pharmaceutical manufacturers use a
different type or combination of standards (Figure 2).

10 (5%)

17 (9%)

26 (13%)

ANSWERS:
89 (45%) @ Conbination of EN standard and USP 1072 log reduction sp.

@®USP 1072 or EN or ASTM standard
@ Combination of the EN and ASTM standard
@ Combination of ASTM standard and PDA TR 70 log reductio

@PDATRT0

57 (29%)

Figure 2: Answers to a STERIS survey performed in 2020. The respondents answered the question, “With which standard did you
qualify your disinfectants?”
Number of respondents: 199
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b. ATCC microorganism: A disinfecting agent should be qualified against ATCC microorganisms (4). Such qualification may
be transposable from site to site or from supplier testing if the coupons tested to represent the cleanroom’s surfaces (15).

TABLE 4: LIST OF ATCC MICROORGANISMS TO BE TESTED IN QUANTITATIVE NON-POROUS SURFACE TEST FOR THE
EVALUATION OF BACTERICIDAL AND/OR FUNGICIDAL ACTIVITY (7, 22-24).

VEGETATIVE VEGETATIVE SPORE FORMER FUNGI YEAST
MICROORGNISM MICROORGANISM
GRAM + GRAM -
EN 13697: ATCC 6538: ATCC 15442: ATCC 16404: ATCC 16404: ATCC 10231: Candida
2015+A1:2019 (1) Staphylococcus Pseudomonas Aspergillus Aspergillus albicans,
aureus aeruginosa brasiliensis (spores) brasiliensis
ATCC 10541 ATCC 10536:
Enterococcus hirae Escherichia coli
ASTM 2197 -17 (2)  ATCC 6538: ATCC 15442: ATCC 19659: ATCC 9533: ATCC 10231: Candida
Staphylococcus Pseudgmonas Spores of Bacillus Conidia of albicans
aureus aeruginosa subtilis Trichophyton
ATCC 7955: Spores mentagrophytes
of Clostridium ATCC 64958: Conidia
sporogenes of Aspergillus niger
ATCC 15755:
Mycobacterium terrae
USP <1072> ATCC 6538: ATCC 15442: ATCC 19659: B. ATCC 16404: ATCC 10231 or 2091:
S. aureus P aeruginosa subtilis A. brasiliensis C. albicans
ATCC 1122: ATCC 11709:
E. coli Penicillium
chrysogenum,

(1) for specific application addition strains may be chosen if required: Salmonella typhimurium ATCC 13 311, Lactobacillus brevis DSM 6 235; Enterobacter cloacae DSM 6 234;
Saccharomyces cerevisiae (for breweries) or ATCC 9 763 or DSM 1 333, Saccharomyces cerevisiae var. diastaticus (for breweries) DSM 70 487.

(2) note that ASTM E2197 list virus as organisms that could be tested depending on the applications.

c. Isolate microorganisms (in-house microorganisms): e. Water quality: during the qualification of the disinfectants

To adequately evaluate the performance of a disinfectant
in a real-world environment, it is essential to consider
environmental isolates from the controlled environment

in which the product is used. These isolates should be
collected from environmental monitoring and test cultures
selected based on the frequency of isolation, location,
and general microbiological characteristics (4-15). For a
broad-spectrum evaluation of in-house microorganisms,
representative microorganisms from different classes, i.e.,
Gram-positive, Gram-negative, fungal or bacterial spores,
may need to be considered.

d. Disinfectant concentration: The definition of the optimal
concentration of use should be designated by the
supplier. It is advised that the end-user comply with the
recommended supplier concentration. The end-user
may elect to evaluate a range of concentrations and their
efficacy against a set of microorganisms.

pharmaceutical manufacturers may elect to choose the
lowest water quality used for the disinfectant dilution. It is
considered good practice to use purified water or water
for injection for disinfectant dilution.

. Clean or soiled situation: the draft guidance on the BPR

support that cleanroom end-users not including a sail
load “As an exception to the rule, products to be used in
cleanrooms do not require additional soiling in the test. A
cleanroom has a controlled level of contamination that is
specified by the number of particles per cubic meter at
a specified particle size. The soiling level in cleanrooms
is so low that even testing under clean conditions for
the EN tests is still overdosing of soiling compared

to cleanrooms. For these uses the high load of test
organisms can be seen as soiling. Tests without soiling
will only be accepted when the label states the specific
use in clean rooms which are classified according to ISO
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14644-1 in class 1 to 9 or according to GMP EU classification in Grade A to D. Generally, soiling will reduce the efficacy of
the disinfectant, and where soiling is present, longer contact times, higher concentrations, pre-cleaning or a combination
of these elements may be necessary.” (18). A visual inspection of the cleanroom surfaces should justify either a ‘clean’ or
‘dirty’ condition to test (16).

g. Surface types and selection: The disinfectant qualification involves in vitro coupon (small part of surfaces) testing. The
material of construction and porosity of the surface will affect the efficacy of the disinfectant by influencing the wetness
of the microorganism to be killed. The coupons are spiked with a known amount of microorganism aliquot, and the
disinfectant is then left for a predefined wet contact time. Then, the disinfectant is neutralized, and the log reduction is
calculated.

It can be challenging to choose the representative and correct surfaces to test. There is no harmonized approach between
pharmaceutical manufacturers; some may select the surfaces based on:

1. The most common surfaces in the cleanrooms.
2. A grouping matrix that includes surfaces of similar porosity and material of construction.

3. An assessment (Figure 3) that takes into consideration several elements, high probability to the parameters indicates
that the surface should be tested:
(a) the surfaces prevalent in the cleanrooms. The surfaces tested should be in good condition; therefore, surfaces with
poor conditions must not be integrated into the testing (15).
(b) increase in surface porosity and roughness can be a challenge in the disinfection efficacy.
(c) cleanroom classification where the surface sits. It is critical to ensure that disinfection of surfaces in critical
classification (Class 100 and 1,000) are optimal to prevent contamination.
(d) surfaces that are often touched by the manufacturing personnel when activities or interventions are frequent.

Parameter/ Probability number (3 “1/’2 \‘ @

Surface prevalence High Moderate Low
Surface roughness and porosity High moderate Low
Surface localization Grade Aand B Grade C Grade D and NC
Operator intervention frequency High Moderate Low to none

@ e @
L[ Surfaces to test P

Figure 3: Example of an assessment for surfaces selection to test during disinfecting agent in vitro qualification.

h. Temperature of application: various standards mandate at least to test the disinfecting agent at a temperature within 15°
to 25°C (7-27). The efficacy of a disinfecting agent at a defined concentration may increase with elevated temperature and
vice versa (2). Pharmaceutical manufacturers should explore testing their disinfecting agent at different temperatures when
most cleanrooms are maintained at temperatures below ambient.

REQUIREMENTS AND MINIMAL INFORMATION IN PROTOCOL

The goal of in vitro efficacy testing is to demonstrate that the chosen chemistries are effective against environmental isolates
on representative cleanroom surfaces, using test conditions that mimic standard operating procedures (water quality,
presence of organic soil load, and use-dilution hold times— Figure 4).
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DET protocol — Points to take into considerations (check list):

|:| Organism(s): ATTCC or site isolate D Test temperature

|:| Disinfecting agents to test |:| Number of tests

|:| Dilution ratio |:| Specifications

|:| Hold time (concentrate or use dilution) |:| Neutralizer to use

|:| Surfaces to test |:| Other additional information:

|:| Exposure time (wet contact time)

|:| Water quality

|:| Organic soil (clean or soil condition)

|:| Aging of the test agents (active or passive aging)

Figure 4: Checklist for points to consider before disinfecting agent in vitro testing

CONCLUSION

Disinfectants are a critical element in cleanroom contamination control and must be well-suited for the applications for

which they are intended. Testing a disinfecting agent during product development can differ greatly from the testing required
to validate a finished formula by the end user. The testing performed by disinfecting agent manufacturer is to register the
disinfecting agent and claims based upon a specific wet contact time, microbial kill, and the disinfecting agent concentration.
In contrast, end users achieve disinfectant testing in vitro and in situ to demonstrate bioburden control in pharmaceutical
cleanrooms. Therefore, the testing conditions may differ from the one used by the supplier or the end user.
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