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When it comes to protection of cleanroom 
personnel and product, the possibility for 
contamination both within and on the 
exterior of an isolator exists. The issue is 
of particular interest in the manufacturing 
of pharmaceutical products with highly 
potent APIs (HPAPIs). Manufacturers 
must assess isolator design, the routes 
by which HPAPI can spread (transfer or 
contact via non-product contact surfaces) 
and the possibilities for containment with 
a view to evaluating possible contamina-
tion risks within an isolator. Additionally, 
the cleaning process and cleaning limits 
for nonproduct contact surfaces within an 
isolator operated under aseptic conditions, 
as well as cleaning and air concentration 
limits outside the isolator, should also be 
considered.

Validation of the cleanliness of non-
product contact surfaces has increased in 
popularity since EMA proposed the fol-
lowing measures to demonstrate effective 
management of the cross-contamination 
risk in Chapter 5.21 of Part 1 of its GMP 
guidelines: “Depending on the con-
tamination risk, verification of cleaning 
of non- product contact surfaces and 
monitoring of air within the manufac-
turing area...in order to demonstrate 
effectiveness of control measures against 
airborne contamination or contamination 
by mechanical transfer.”

In aseptic manufacturing, isolators are 
used to reduce direct access by person-
nel to the critical stages of manufacture 
(fill–finish), and to contain the cleanroom 
area in which critical stages take place. As 
an example, the fill–finish area within an 
isolator is designed as Zone A/ISO Class 
5, and the area outside is Zone D/ISO 
Class 8 for the European Union and ISO 
Class 7 for the United States. Protection 
of personnel handling HPAPIs is another 
reason for using isolators. 

But how does a classic aseptic isolator 
differ from an isolator used for the aseptic 
manufacture of HPAPIs? With a classic 

isolator, the isolator is supplied with con-

ditioned air for Zone A via unidirectional 
air flow. The return air from the isolator 
to the recirculation fan travels through 
the double wall of the isolator (1). Spread 
of released HPAPIs from the isolator to 
the isolator plenum is possible, thus the 
classic isolator is not suitable for the use of 

HPAPIs (Figure 1).

For an HPAPI isolator, an additional filter 
level is included before the air return into 
the isolator plenum. This filter level is 
located directly before the air return ducts, 
preventing HPAPI from spreading into the 
return air ducts and the isolator plenum. 
See Figure 2 for a single-wall isolator with 

Figure 1	 Isolator with double-walled air return chamber 
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appropriate filter technology between the 
isolator process chamber and the air return 
ducts for use with HPAPIs (2).

The primary concern in the manufacture 
of HPAPIs is to prevent the substance 
from spreading outside Zone A into the 
air return ducts and isolator plenum. 
At the same time, it is also advisable to 
limit the spread of substances within the 
isolator chamber; technical measures are 
required to keep this spread to an absolute 

minimum. These can include various pres-
sure cascades from the critical manufac-
turing area to noncritical areas.

The critical HPAPI exposure stages of 
aseptic manufacturing are the filling 
process, the fitting of the stoppers and the 
loading and unloading of the freeze dryer 
(Figure 3).

There are various scenarios in which 
highly potent/toxic substance can spread 

within the isolator. 
The key issue here is 
contamination of the 
line when a product is 
being manufactured 
at that moment. Here, 
there is no direct risk of 
cross-contamination, 
especially as only one 
product can be manu-
factured in a given space 
at any point in time. 
But if this contamina-
tion is not removed 
effectively during clean-
ing, this can result in 
potential cross-contam-
ination risk for the next 
product manufactured 
using the same facility.

Product spread can be caused by the 
breakage of containers such as vials, 
ampoules, syringes, etc. For the sake of 
simplicity, this article refers to vials, but 
this should be understood to include 
other forms of primary packaging.

The following causes of product spread in 
the isolator are possible:
1.	 Turbulence due to air flow (pressure 

cascades) within the isolator line

2.	 Contaminated gloves

3.	 Mechanical transfer systems such as 
conveyors, carousels, transport car-
riages for moving equipment to other 
sections of the isolator, etc.

4.	 Contact contamination due, for ex-
ample, to damaged vials and gloves, or 
contaminated stainless steel or plastic 
surfaces

5.	 Transfer of contaminated settle plates 
(viable sampler) 
 
 
 
So how can these be prevented? The 
following are some considerations for 
preventing cross-contamination:

Figure 3	 Pressure cascades in the individual isolator sections

Overview of Aseptic Fill and Finish 

Figure 2	 Filter before the air return ducts.
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Air flow
The spread of airborne particles or aerosols can be determined in advance during the planning stage through simulations. These simula-
tions help when it comes to positioning the filters before the air return ducts, and in designing the air flow to the filters. In addition, the 
design of areas in which air flow is found to be turbulent can be modified. 

Mechanical transfer
During the aseptic fill–finish process, vials, syringes, etc., are transferred using conveyors, separating systems, lifting and transfer systems. 
These transfer systems can also result in the carryover of highly active substances into neighbouring areas. This carryover is critical in the 
following situations:
•	 Open filling of vials, syringes, etc. The 

filling process leads to the release of 
aerosols that can build up on, dry out 
and then be released from surfaces/
transfer systems/filling equipment such 
as filling needles

•	 Breakage of vials. Vial breakage can 
occur at any time during the manufac-
turing process and result in contamina-
tion of mechanical transfer systems. 
Particularly critical points include 
separation of the vials, transfer of the 
vials via carousels, loading and unload-
ing of the freeze dryer und finally the 
crimping of the vials 

Contact contamination
Contact contamination within the isola-
tor can be the result of various causes 
and distribution routes. One particularly 
common cause is breakage of one or more 
vials. The following forms of breakage are 
possible:
•	 Breakage of a vial contaminates other 

directly adjacent vials, which are then 
moved on and contaminate further 
vials on contact

•	 Breakage of a vial contaminates sur-
faces such as the floor of the isolator 
and fixtures within the isolator; if 
liquids are not removed in a timely 
manner, they dry up, and the dried 
active substance may then be spread by 
the air flow

•	 Manual cleaning of a vial breakage by 
the operator using gloves attached to 
the isolator; this can result in contami-
nation of the gloves, and the cleaning 
equipment can also be contaminated, 
and, depending on where the vial 
breakage occurs, the route to the next 
port through which the contaminated 
cleaning equipment is removed from 
the isolator can be contaminated 
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While the forms of contamination 
mentioned above generally do not yet rep-
resent a direct risk of cross-contamination, 
they can be a challenge in terms of clean-
ing and should be kept to an absolute 
minimum. The cleanability of facilities 
should also be optimized by means of “hy-
gienic design” and by using specific equip-
ment/material which will be changed at 
the end of a campaign or at least prior to 
a product change to efficiently reduce the 
risk of cross contamination (see below). 
Insufficient cleaning can quickly lead 
to contamination problems for the next 
product manufactured on the same line.

New Guidelines for Risk Assessments
In line with the new EU GMP Guidelines 
Chapter 3 and Chapter 5, a risk assess-
ment has to be performed with regard 
to potential cross-contamination of one 
product with another—the objective be-
ing the assurance of patient safety.

The risk assessment should summarize the 
structural and operational controls that 
are in place as elements of the facility risk 
management program to reinforce ap-
proved processes to minimize and mitigate 
the risk to product quality.

Reasons for cross-contamination can be 
manifold and caused by technical as well 
as organizational deficiencies. Insufficient 
cleaning of equipment, poor facility de-
sign or inappropriate design of the HVAC 
system may be reasons, as well as contami-
nation via personnel or primary pack-
ing material. But also the design of the 
production process itself can be the cause 
for cross-contamination, for example due 
to open product handling during transfer 
or sampling operations in shared plants. 
It is extremely important to control 
cross-contamination to levels below the 
acceptance criteria.

A comprehensive risk assessment process 
includes the assessment of risks related to 
environment, health and safety (EH&S 
risk assessment) and risks related to po-
tential cross-contamination and product 
quality (GMP risk assessment).

Cleaning validation is one crucial element 
in risk management to ensure that patient 
safety is not at risk. Latest guidance from 

the EMA on health-based limits that 
are to be used in cleaning validation is 
provided in the Guideline on setting 
health based exposure limits for use in 
risk identification in the manufacture of 
different medicinal products in shared 
facilities (3).

It is important to consider the whole 
material flow, e.g., from dispensing to 
packaging, personnel flow, e.g., gowning, 
movements from one area to another or 
to corridors, etc.) and general HVAC and 
facility layout.

Risk assessment methodologies, such as 
ICH Q9, should be applied.

One example for a risk assessment meth-
odology is FMEA. This methodology re-
quires that for each process step following 
questions are addressed:
•	 Probability: What is the probability of 

a cross-contamination at levels higher 
than the acceptable health-based limits?

•	 Severity: What would be the effect of 
this carry-over in the patient, based on 
the toxicological characteristics of the 
contaminant and the maximum pos-
sible carryover?

•	 Detectability: How easily would a 
cross-contamination be detected?

Before the facility is commissioned, a 
riboflavin test can be carried out to de-
termine how the active substance spreads 
within an aseptic isolator during the filling 
process. Filling 1 g riboflavin suspended 
in 1,000 ml of water into prepared vials in 
the isolator makes it possible to monitor 
the spread of the substance during the 
manufacturing process and subsequent 
cleaning process, as well as the risk of 
cross-contamination (4). The test results 
can then be used to define sampling 
points for swab tests in the cleaning vali-

dation process.

Certain potentially critical situations or 
operations should also be assessed, and if 
necessary, simulated:
•	 Vial breakage in the filling area and 

during freeze drying

•	 Vial breakage in critical areas within 
the isolator, such as vial separation or 
crimping

•	 Removal of liquid/powder and vial, and 
subsequent cleaning in the event of vial 
breakage

•	 Unloading of contaminated cleaning 
equipment

•	 Connection and disconnection of the 
HPAPI buffer container in the isolator

Depending on the surface properties of 
nonproduct contact parts such as plastics 
used to transfer or separate the vials, it 
may be necessary to dedicate them to a 
specific product. The surfaces of plastics 
are not qualifiable, cleaning cannot be 
validated, or the effort involved in clean-
ing is disproportionate in comparison 
with the use of product-dedicated parts.

Worker Safety and GMP Combined
Cleanliness of nonproduct contact sur-
faces has always been a topic of relevance 
for worker protection. The most common 
route of worker exposure is via hand con-
tact. The surface of the palm of a hand is 
approximately 100 cm2 (= 1 dm2). This is 
why surface contaminations are frequently 
expressed in µg/dm2. The allowable sur-
face contamination is obviously inversely 
related to the toxicity of the substance, 
expressed for example as permissible daily 
exposure (PDE). Other parameters, how-
ever, play a role in determining the level of 
allowable surface contamination such as 
the assumed frequency of the contact and 

Apis dolor aut asit ut quam 
aut lique et faces audae. Nam 

faccaborit vere nonsent es sitatus
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whether persons who touch the surface 
are aware of the fact that it carries residual 
contamination, and are likely to avoid 
contact as much as possible. Therefore, 
limit values for “public” surfaces, e.g., 
handrails on public staircases, office desks, 
etc., must be more stringent than those 
where access is limited: walls and floors 
of production rooms, interior of isolators, 
etc. 

To correlate surface contamination with 
risk to the worker, various models have 
been developed. A popular one assumes 
10 hand contacts per shift and 100% 
surface-to-skin transfer as well as 
100% dermal absorption. This means 
that based on this model, each dm2 can 
be contaminated with a maximum 
of 1/10 of the PDE of the substance in 
question. This is an extremely conserva-
tive model, but this level of cleanliness 
is often achievable by very good clean-
ing and can then serve as a rationale to 
state that cleaning has been successful. In 
practice, the value derived with this model 
should only be directly applied as a limit 
for surfaces that require very high levels of 
cleanliness.

It is important to note that the default 
assumptions of this model should be re-
placed by substance and situation-specific 
data whenever such data are available.

At the latest with the publication of the 
revised Chapter 5 of the EMA GMP 
guidelines on August 13, 2014, GMP has 
now also become interested in the cleanli-
ness of nonproduct contact surfaces. 
The cleaner they are the lower the risk 
of cross-contamination via the airborne 
route and via mechanical transfer. The 
logic of this statement is obvious. It is of 
greater practical relevance in nonsterile 
manufacturing where systems are more 
open than in aseptic or sterile production 
where systems are generally much more 
closed for reasons of product protection. 
Compared to the correlation between sur-
face contamination and risk to the worker, 
it is even more cumbersome to establish a 
relationship between the contamination of 
a non-product contact surface and a cross-
contamination risk. It is therefore very 
difficult if not impossible to establish sci-
ence-based, non-product contact surface 
limits in the GMP context. Scenarios are 
sometimes applied where all the substance 
residues on floors, walls, on the outside 
of equipment, etc. are assumed to unite 
and make a targeted and synchronised 
move into the next batch of a product or 
even a single dose of the next product. 
Similar scenarios are also sometimes used 
to assess cleanliness levels of those parts of 
the insides of isolators that have no direct 
product contact.

For worker health protection, the inside 
of an isolator is not a public surface and 
workers are aware that such an isolator 
may carry traces of products handled 
earlier. Therefore, it is rare to demand 
work-health driven cleanliness levels lower 
than 1 PDE per dm2 of surface.

It is proposed that this level of cleanliness 
should, in the majority of cases and after 
due consideration of exact circumstances 
of the individual situation, also suffice for 
GMP. It means that the whole contami-
nation on 1 dm2 of inside surface of the 
isolator would have to be transferred into 
one single daily dose of the next product 
to cause a patient risk issue. We would 
like to suggest that this scenario is so 
unlikely that it can be safely assumed that 
it will never be exceeded in reality. Where 
one PDE per dm2 would represent a 
level of contamination that would still be 
visible (PDE of several 100 µg /day), the 
minimum requirement would of course 
be the one of visual cleanliness (cf. Table 
1. Proposed EH&S and GMP surface lim-
its for non-product contact surfaces and 
air limits inside of isolators).

Summary
Isolators are being used more and more 
frequently in the sterile manufacture of 
pharmaceuticals to protect the product 
from direct access by personnel in the 

Table 1	 Proposed EH&S and GMP surface limits for non-product contact surfaces and air limits inside of isolators

Occupational Exposure Bands (OEBs)  
Acceptable worker exposure (µg/m3)

(8-hour time-weighted average). 
The acceptable exposure is the conservative 

end of the OEB.

Limit for surface with no direct product 
contact inside the isolator (µg/dm2)

Acceptable based on GMP and occupational 
health criteria.

Limit for “public” surface with 
uncontrolled possibility of unprotected 

hand contact (µg/dm2)
Driven by occupational health criteria only.

Limit for airborne API inside of isolator 
after cleaning at product changeover 

(µg/m3)
Driven by GMP criteria only. **

OEB 1: range 1000-5000 ug/m3

Exposure limit: 1000 ug/m3 Visually clean Visually clean 10000

OEB 2: range 100-1000 ug/m3

Exposure limit: 100 ug/m3 Visually clean 100 1000 

OEB 3: range 10-100 ug/m3 

Exposure limit: 10 ug/m3 100 10 100 

OEB 4: range 1-10 ug/m3

Exposure limit: 1 ug/m3 10 1 10 

OEB 5: range 0.1-1 ug/m3

Exposure limit: 0.1 ug/m3 1 0.1 1 

OEB 6: range less than 01 ug/m3

Exposure limit: 0.01 ug/m3 or lower
0.1 or lower 0.01 or lower 0.1 or lower

**	 This limit is safe under the assumption that as a maximum, the total API burden of the previous product suspended in 1 m3 of air inside the isolator would 
go into one single therapeutic dose of the following products. Please also consider above that for simplification reasons the PDE/OEL ratio of 10 was 
assumed in regard to cross-contamination. Be aware that this needs to be justified for each product and product sequence due to difference in adjustment 
factors and administration route. 
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critical manufacturing process. The use of 
isolators also makes it possible to reduce 
the size of the GMP critical area for 
aseptic manufacture in clean-room Class 
A / ISO Class 5 to an absolute minimum. 
Isolators are considered in general to be 
non-product-contact surfaces as, for the 
large part, their surfaces and fixtures do 
not come into direct contact with the 
product. Product contact contamination 
at critical locations within an isolator 
can occur, however, for example, in the 
filling area. In theory, contamination of 
the air due to released product particles 
can also create risk. While this applies to 
all substances manufactured in an isola-
tor, special attention should be paid to 
HPAPIs, for which PDEs are particularly 
low. The EMA Guideline on setting 
health based exposure limits for use in 
risk identification in the manufacture of 
different medicinal products in shared 
facilities applies when it comes to setting 
these PDEs. 
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