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Cleanroom Cleaning and Disinfection: Eight Steps
for Success
Dr. Tim Sandle
Cleanrooms in healthcare and pharmaceutical facilities must be kept in a
state of microbiological control. This article outlines eight key steps for
keeping a cleanroom clean.
Cleanrooms in healthcare and pharmaceutical facilities must be kept in a state of
microbiological control. This is achieved in a number of ways, including the physical
operation of Heating, Ventilation, and Air Conditioning (HVAC) systems, control of
materials, properly gowned and trained personnel, and through the use of defined
cleaning techniques, together with the application of detergents and disinfectants.
The object of cleaning and disinfection is to achieve appropriate microbiological
cleanliness levels for the class of cleanroom for an appropriate period of time. Thus
the cleaning and disinfection of cleanrooms is an important part of contamination
control.1 This article examines the eight key steps to be followed, in relation to
cleaning and disinfection, in helping to keep cleanrooms “clean.”
EIGHT KEY STEPS FOR KEEPING A CLEANROOM CLEAN
Step 1: Understanding cleaning and disinfection
Cleaning and disinfection mean different things and they are sometimes confused.
Most importantly cleaning, using a detergent, must come before disinfection.
Detergents are cleaning agents and are deployed to remove ‘soil’ (such as dirt,
dust, and grease) from a surface.2 The removal of soil is an important step prior to
the application of a disinfectant, for the greater the degree of soiling which remains
on a surface then the less effective the disinfection step becomes.
Detergents generally work by penetrating soil and reducing the surface tension
(which fixes the soil to the surface) to allow its removal (in crude terms, a detergent
increases the ‘wettability’ of water).
A disinfectant is a type of chemical germicide which is capable of eliminating a
population of vegetative microorganisms (in addition, some disinfectants are
sporicidal).
Step 2: Selecting the most appropriate agents
Selecting the most appropriate cleaning and disinfectant agents is important. The
cleanroom manager will need to be confident that the agents will work and are
appropriate for the type of cleanroom. Care also needs to be taken as some agents
are not compatible with each other.
In selecting detergents, it is important that:
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a) The detergent is neutral and a non-ionic solution.
b) The detergent should be non-foaming.
c) The detergent should be compatible with the disinfectant (that is the residues of
the detergent will not inactivate the disinfectant).
When selecting a disinfectant, points to consider are:3
a) To satisfy GMP regulations, two disinfectants should be used in rotation. While
scientifically this may not be necessary, many regulatory agencies expect to see
two different disinfectants in place. For this, the two agents selected should have
different modes of activity.4 It may be prudent for one of the disinfectants to be
sporicidal.
b) The disinfectant should have a wide spectrum of activity. The spectrum of
activity refers to the properties of a disinfectant being effective against a wide
range of vegetative microorganisms including Gram-negative and Gram-positive
bacteria.
c) Ideally the disinfectant should have a fairly rapid action. The speed of action
depends upon the contact time required for the disinfectant to destroy a microbial
population. The contact time is the period of contact when the surface to which the
disinfectant is applied must remain wet.
d) Residues from organic materials or detergent residues should not interfere with
the disinfectant.
e) Disinfectants used in higher grade cleanrooms (like ISO 14644 classes 5 and 7)
must be supplied sterile or be sterile filtered by the cleanroom operators.
f) The disinfectant should be able to be used at the temperature at which the
cleanroom operates. If a cleanroom is a cold store then it needs to be checked
whether the disinfectant will work at that temperature.
g) The disinfectant should not damage the material to which it is applied or some
other measures should be taken. Many sporicidal disinfectants are chlorine based
and will damage material like stainless steel unless the residue is wiped away after
use.
h) The disinfectant should be safe for operators to use and meet local health and
safety laws.
i) The disinfectant should be cost effective and be available in the required formats
like trigger spray bottles or ready-to-dilute concentrates.
Step 3: Understanding types of disinfectants
There are a number of different types of disinfectant with different modes of
activity and of varying effectiveness against microorganisms. Disinfectant action
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against the microbial cell include: acting on the cell wall, the cytoplasmic
membrane (where the matrix of phospholipids and enzymes provide various
targets), and the cytoplasm. Understanding the distinction between different
disinfectants is important when selecting between non-sporicidal and sporcidial
disinfectants (the division between non-oxidizing and oxidizing chemicals).5
Non-oxidizing disinfectants include alcohols, aldehydes, amphoterics, biguanide,
phenolics, and quaternary ammonium compounds. Oxidizing disinfectants include
halogens and oxidizing agents like peracetic acid and chlorine dioxide.
Step 4: Validating disinfectants
For pharmaceutical facilities, the disinfectants used must be validated. This
involves laboratory testing and using either U.S. AOAC methods or European norms.
Some of this testing can be carried out by the disinfectant manufacturer and some
should be carried out in-house.
Disinfectant testing involves challenging the disinfectant solution (as a suspension
test) and challenging different surface materials with disinfectant and a range of
different microorganisms including isolates from the facility.6
Step 5: Factors which affect disinfectant efficacy
There are a number of factors which affect how well disinfectants work in practical
situations, and it is important to understand these in order for the cleaning program
to be effective. Factors affecting disinfectant efficacy include:
a) Concentration: this is the optimal dilution of the disinfectant to give the greatest
microbial kill.7 It is a fallacy that by making the concentration of a disinfectant
greater it will kill more bacteria when it is the validated concentrations which work.
b) Time: The time that the disinfectant is used for is important. Sufficient time is
needed for the disinfectant to bind to the microorganism, traverse the cell wall, and
to reach the specific target site for the disinfectant’s particular mode of action.
c) The numbers and types of microorganisms, in terms of some disinfectants being
less effective against certain species which are more resistant. If high numbers of
bacterial spores are isolated, a nonsporicidal disinfectant will be ineffective.
d) Temperature and pH: each disinfectant has an optimal pH and temperature at
which it is most effective. If the temperature or pH are outside this optimal range,
then the rate of reaction (log kill over time) is affected.
Step 6: Cleaning materials
The cleaning materials used to apply disinfectants and detergents must be
appropriate. The materials must be able to apply an even layer of each agent. For
disinfectants and detergents used for floors, surfaces, and walls in sterile
manufacturing areas, these must be applied using materials which are cleanroom
certified and nonparticle shedding (non-woven and lint-free).
Step 7: Cleaning techniques
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The cleaning and disinfection techniques are important. If detergents and
disinfectants are not used in the correct way, areas will not be cleaned effectively
and unduly high levels of microbial contamination will remain as the disinfectant will
not penetrate layers of dirt.
Defined cleaning and disinfection steps must be in place, such as:8

Sweeping away dust and debris (if applicable).
Applying a detergent solution through wiping or mopping.
Ensuring that the detergent has dried.
Applying a disinfectant solution through wiping or mopping.
Keeping the surface wet until the contact time has elapsed.
Removing disinfectant residue through wiping or mopping with water for
injections or 70% IPA.
Detergents and disinfectants for use on surfaces (walls, floors) must be applied
using the double or triple-bucket system to avoid cross contamination. Both of
these techniques involve using a bucket of disinfectant and a bucket of water. In the
“two-bucket” technique there is a “wringer” (for the mop) over the bucket of water.
In the “three-bucket” technique there is a third bucket, empty except for having a
wringer mounted over it.
Step 8: Monitoring cleaning and disinfection efficiency
The main test of how well a cleaning and disinfection program is working is through
the results from the environmental monitoring of cleanrooms. This is assessed by
viable microbiological sampling of surfaces using techniques like contact plates and
swabs. If the results obtained are not within recommended action levels or company
in-house limits, this suggests a problem with either: the cleaning and disinfectant
agents, the frequency of cleaning, or the techniques used. Conversely, if the results
are satisfactory, the cleanroom manager can have confidence that the cleanroom is
indeed “clean.”
SUMMARY
This article has presented an eight step approach to keeping cleanrooms clean. The
best practice advice presented in this article should be captured into a Standard
Operating Procedure and the staff members that need to be aware of it should be
properly trained. Once a facility is under control, the most important thing is to
continue to clean and disinfect using the correct techniques and the correct agents
at defined frequencies. That way, cleanrooms will stay clean.
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