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A history of isolator and containment technology 
Part 1: Early containment leading to flexible  
film isolators
Doug Thorogood

Abstract
This is the first of five papers that will 

describe the history and development  

of containment technology in the  

field of research, medicine and 

pharmaceutical applications.

The paper commences with the 

development of containment for various 

purposes but essentially for experiments 

to determine if the raising of germ free 

animals was possible and practical.  

The paper goes on to describe how the 

experimental work in the late 1920s  

led to the development of metal and 

then flexible film isolators for use in 

veterinary research, human medicine 

and surgery. The notable contributions 

of Philip Trexler, known to everyone as 

Trex, from the 1930s right through to 

the 1960s, especially in patient care and 

treatment, are recorded.

Introduction
The concept of isolation from the 

surrounding environment is not new.  

In the late 1800s botanists used simple 

bell jars to cover growing plants in 

assessing their various development  

and physiological properties.

In World War I a number of limb 

isolator designs were tried. These 

consisted of a leak-proof rubber device 

fitted with inlet and outlet tubes to 

enclose a limb. The surfaces of the limb 

so enclosed could be continuously 

irrigated with various agents to treat 

burns and the effects of mustard gas.

However, historically, a starting 

point of isolators design and use is the 

research and development of germ-free 

animals. Pasteur in 1885 (1) mused on 

the effect of rearing germ-free species 

and that they would not survive. 

Schottelius (2,3,4) who was a supporter  

of Pasteur took up the challenge and 

published a number of papers on a 

method of raising germ-free chickens.

The idea was that germ-free animals 

could be used to determine the effect of 

various gut bacteria on growth related 

to nutrition and later to evaluate 

probiotic agents. Still later single organism 

animals were used to observe the effects 

of various drugs under investigation 

against specific pathogens. The term 

gnotobiotic is used to cover both germ-

free and single organism animals 

although strictly speaking gnotobiotic 

should apply to animals that have one 

known gut bacteria. 

Further development took place 

including the work of Nuttal and 

Thierfelder on the raising of germ-free 

guinea pigs in an isolator system based 

upon the use of modified bell jars. (5,6,7) 

The animals were delivered by caesarean 

section but they survived for only two 

weeks. The feeding was thought to have 

been inadequate and difficult.

Kuster (10) avoided problems of feeding 

by using kid’s milk, carefully heated in an 

entry port of a sterile glove box.

Metchinkoff reported looking at the 

bacteriology of the human gut and 

theorised about germ-free people. (8,9)

Further experiments were conducted 

but it was found that there were problems 

in maintaining a germ-free environment 

mainly because of inadequate methods 

of supplying food and water into the 

enclosures which were modified glove 

boxes. Disinfection methods were also 

being evaluated.

In 1928 within the University of 

Notre Dame, Indiana, USA a small 

nucleus of scientists led by J.A.Reyniers 

started to look at methods for raising of 

germ-free animals. Using the facilities 

at the university they developed new 

ideas about containment and isolators.

Reyniers (11) reported on the use of 

germ-free guinea pigs in bacteriology. 

He had developed a steam sterilizable 

metal isolator (see Figure 1). Using this 

type of device they were able to maintain 

small colonies of germ-free animals and 

debated the technology to maintain 

much larger colonies of germ-free animals.

Philip C. Trexler, recently graduated 

in microbiology, was appointed as 

Reyniers ‘biological apprentice’. His first 

four years were spent in engineering 

work on the metal isolators, manufactured 

at Reynier’s father’s company in Chicago.

In 1939 a symposium was held  

at the Notre Dame University covering 

micrurgical (microsurgical) and 

germ-free methods. The metal isolator 

depicted in Figure 1 was described in 

detail as well as its use in rearing 

germ-free guinea pigs, rats, rabbits, 

chickens and a monkey.

From 1941 onwards the apparatus 

and facilities were devoted to research 

related to the war. It had been 

demonstrated that there was the capability 

to maintain a sterile workspace for a 

long period without contamination. 

Trexler was so confident that the 

containment was 100% that he and a 

co-worker spray dried hazardous toxins 

and pathogens inside with little risk of 

contamination to themselves. The 

isolator had to be leak tested, subjected 

to internal steam sterilization followed 

by a vacuum to allow for cooling and 

drying. After the spray drying process 

the isolator was steam sterilized again 

or subjected to a chemical sterilant. It is 

of note that a slight negative pressure in 

relation to ambient was used during the 

spray drying process.

To expand upon various studies the 

University formed the LOBUND Institute 

(Laboratories of Bacteriology at the 

University of Notre Dame) with Reyniers 

as the Director. Figure 3 shows Reyniers 

with Trexler at this time. It was found 

that the cost of routinely producing 

animals from the Reyniers Isolator 

System was much too high. To lower 
Figure 1: Steam sterilizable metal isolator 
(Notre Dame University)
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costs a room was erected that could be 

steam sterilized. This was a steel tank 

2.4 m in diameter and 4.6 m long. 

Personnel entered the tank in a sealed 

ventilated garment made of PVC via a 

disinfectant shower area and a dunk 

tank. Only a couple of hundred germ-

free rats were produced.

By 1957 PVC (polyvinyl chloride) 

was available in sheets and films and 

the search for a suitable germicide  

led to peracetic acid. Trexler thought  

that it was practicable to be able to  

make a simple isolator out of PVC and 

decontaminate it with a vapour or spray 

of peracetic acid (Barrett (12)). The plastic 

isolators could be manufactured at one 

tenth of the cost of a Reyniers steel unit.

Metal isolators for germ-free animal 

use had by that time become very bulky

(see Figure 2) and the opportunity  

to have an isolator that was light, easy to 

use with multiple gloves and pass through 

tanks attached, plus an excellent view to 

the interior, was hard to resist. Two such 

isolators are shown in Figure 3.  

Trexler and Barry (13) in 1958 reported on 

inexpensive germ-free rearing equipment 

and in 1962 Trexler applied for a US patent 

– see Figure 6. These were followed by 

two more in 1967. All related to medical 

uses although some of the concepts  

had originated in the design of the 

animal isolators.

Reyniers also became interested in 

an expansion of isolator technology 

outside of the animal world. He believed 

the technology could find applications 

within industry, hospitals, research 

laboratories and various specialised 

disciplines. Air hygiene interested 

Reyniers who believed that cross-infection 

Figure 2: Steam sterilizable isolator 1946 
(Notre Dame University) 
(1. Technician, 2. Electrical connection, 3. Air 
outlet, 4. Mobile truck base, 5. Entrance/exit 
autoclave connection)

Figure 4: Two typical early Trexler isolators for animal use.  
They are simple units with high visibility.

Figure 5: The Reyniers baby cubicle

Figure 3: (1949) Philip C. Trexler (“Trex”),  
on the left with J.A.Reyniers, centre and  
Bob Ervin, Assistant Director of the Lobund 
Institute on the right. Bob is learning on  
the isolator depicted in Figure 2 above.

Figure 6: Drawings from one of Trexler’s isolator patents 1962



16 Clean Air and Containment Review | Issue 18 | April 2014 www.cleanairandcontainment.com

Main feature

could be considerably reduced using 

isolator techniques across a range of 

medical sites.

Working with an adoption agency 

called The Cradle, with its on-site 

nursery in Illinois, Reyniers developed 

the Reyniers Baby Cubicle (see Figure 

5). This was a two section unit, one side 

held the baby, the other an area entered 

by a nurse (or visitor) wearing sterile 

gowns, mask and gloves. The two sections 

were divided by a ‘delivery’ window 

through which the nurse’s forearms 

could enter the baby section. Temperature 

and humidity were controlled and there 

was a constant supply of filtered air to 

ensure that the airflow was always 

outwards so that any infection would  

be passed out of the baby chamber.

Trexler and Reyniers, in the late 

1950s, had opposing views on the best 

way to advance the germ-free animal 

technology and the production of 

laboratory animals. In 1958 Trexler 

started work with S M Levenson at the 

Albert Einstein College of Medicine in 

New York to explore the use of germ-free 

isolators in a hospital environment. In 

1962 Trexler moved from Notre Dame to 

the Albert Einstein College to explore the 

transference of his germ-free experience 

to the hospital operating room. This led 

to the half suit in a bubble concept (see 

Figure 7). Used in the Bronx Municipal 

Hospital, by 1964 postoperative 

infections fell from 14.6 % to 3.8%.

Also in 1962 Trexler was instrumental 

in the foundation of the Association for 

Applied Gnotobiotics. The Association 

instituted standards for the rapidly 

expanding technologies of rearing 

germ-free animals and a professional 

identity for those working with isolators.

By 1964 he was Director of Research 

for Charles Rivers Breeding Laboratories 

at Boston, Massachusetts. Charles Rivers 

used Trexler Isolators extensively and 

became a leading global supplier of 

laboratory animals.

By the late 1960s germ-free animal 

technology had expanded rapidly. At 

that stage germ-free animals offered  

an opportunity over antibiotic treated 

animals for growth and disease control 

purposes. The use of antibiotic treated 

animals had become controversial. Alan 

Betts, a UK veterinarian at the Royal 

Veterinary College (RVC), had observed 

germ-free pig production in the USA. 

This was being carried out by George 

Young at the University of Nebraska 

using Trexler’s plastic isolators. In  

1966 Betts invited Trexler to establish 

gnotobiotic facilities at the RVC. The 

invitation was accepted by Trexler on 

the promise of new sources of state and 

industrial funds that would support 

developing his isolators for medical and 

veterinary use.

Quite remarkably, within a short 

time after arriving in the UK, Trexler 

established facilities to produce specific 

pathogen free (SPF) piglets. He also 

installed enormous isolators at the RVC 

for permanent residence of SPF animals 

in order to study their prolonged life. 

Betts and Trexler worked together on 

the gut bacteriology of animals as well 

as the relationship between swine and 

human respiratory infections. The latter 

studies fitted well with Trexler’s desire 

to develop isolators for clinical medicine.

Since 1940 isolators had been used 

for containment purposes in biological 

warfare research. Early in 1970 there 

occurred the emergence of new and 

apparently highly infectious Marburg, 

Lassa and Ebola diseases in Africa. This 

coincided with the apprehension of the 

increasing resistance to certain antibiotics. 

As a result, Trexler was able to obtain 

substantial funds for the purpose of 

microbial containment in hospitals 

through the National Research and 

Development Corporation (NRDC) and 

the Department of Health (DOH). He 

also obtained support from Vickers 

Medical Engineering.

Working with Vickers, and based on 

his own earlier experiences with surgical 

isolators, Trexler developed a containment 

isolator suitable for a patient. It was 

mobile and could fit into an ambulance. 

It filtered both the air entering the 

isolator and the air exhausting from it.  

A Vickers Medical patient isolator is 

shown in Figure 8.

He also designed and developed a 

containment isolator. This was originally 

intended to protect immunocompromised 

patients but it found another use when a 

scientist who was accidentally exposed 

to Ebola virus was placed in it and treated 

successfully. As well as the containment 

type of isolator Trexler continued to 

work on surgical isolators and reverted 

back to access via gloves instead of via a 

half suit , making it cheaper to build and 

faster for access. (Hutchinson et al (14))

As interest in germ-free environments 

and containment increased, a clinical 

scientist (R D Barnes) was seeking means 

for protecting children with dysfunctional 

immune system. With Trexler’s advice, 

Barnes and his team had the isolator 

system manufactured (see Figure 9).  

Figure 7: Trexler’s ‘half-suit in a bubble’ 
surgical isolator

Figure 9: Barnes Containment Isolator System Figure 11: David Vetter in a full isolator suit

Figure 10: David Vetter, the Boy in the Bubble

Figure 8: Vickers Medical patient isolator
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In the first trial in 1968 the child placed 

into the unit was, after a week found  

not to have the immune deficiency but  

it was a start of this type of isolator 

technology. (Barnes ,R.D et al (15) )

In 1971, at the Texas Children’s 

Hospital, Houston, USA, a child with  

an immune disease was born. This 

child, David Vetter, became famous as 

the Boy in the Bubble. He grew to the 

age 12 years. By that time advances had 

been made in the use of unmatched 

bone marrow which allowed him to 

receive a transplant from his sister. 

Unfortunately, undetected, the bone 

marrow contained the Epstein-Barr 

virus and David Vetter died of Burkitt’s 

lymphoma, a few months later, in 

February 1984. Figures 10 and 11 show 

David Vetter inside his bubble and also 

outside it in a full isolator suit.

Parallel with the case in the USA,  

a similar case had occurred in France 

and the child was raised in an entire 

flexible film isolator suite manufactured 

by a company called La Calhene. It is 

believed that the outcome of this  

case was successful and the child was 

eventually able to return to the normal 

environment. We will start with La 

Calhene’s flexible film isolators in the 

next paper.

It is safe to say that Trexler was the 

Godfather of the isolators that are used 

today. From flexible plastic film isolators 

have developed the sophisticated stainless 

steel isolators with the various methods 

for introducing sterile items and product 

without compromising the sterility of 

the isolator itself or of the products. He 

developed the half-suit concept and also 

novel methods for entry and removing 

sterile items from the isolator. He also 

was one of the initiators in the use of 

peracetic acid as a sterilant for isolators. 

Trexler was involved in the use of isolation 

of immune compromised patients and 

later advised NASA on containment 

during space exploration. He had many 

disappointments, especially with his 

patents, as the National Institute of 

Health put all of his isolator patents into 

the public domain as they had been 

obtained with federal funds. 

He was awarded an honorary doctorate 

at the University of Notre Dame in 1984. 

Born in 1911, he died in 2013 at the age 

of 102 after a long and remarkable career.
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