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ABSTRACT 
A br ie f su rvey of c u r r e n t inf luences on the implementat ion 
safety in fermentat ion process is made. The role of v a l i d ­
a t ion, as in tended by the Food and Drug Adminst ra t ion of USA, in 
improv ing the safety of the process is d iscussed, wi th a case 
s tudy . I t is concluded tha t the va l idat ion exercise wil l improve 
the safety of the p roduc t to the consumer and in do ing so wil l 
ensure a degree of opera tor safety t h r o u g h mutual requ i rements . 
However, i t is f u r t h e r concluded tha t the re is s t i l l a need f o r 
devices to be invented which are capable of de tec t ing small 
leakages from the fe rmenta t ion , fo r complete operator safety . 
Some of the research address ing t h i s problem is rev iewed. 
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1 INTRODUCTION 

The rap id ly g rowing appl icat ion of genet ical ly engineered organisms wi th 
the subsequent ab i l i t y t o p roduce novel microbes, has raised concern of 
the potent ia l r isk of accidental envi ronmenta l release of these organisms. 
However, large scale fermentat ions in the UK largely employ non-pathogenic 
microbes. On the o ther hand, increas ing at tent ion is being focussed on the 
potent ial f o r the p roduc t ion microbes to e l ic i t an a l le rg ic response (1). The 
f u t u r e use of recombinant organism (rDNA) w i th ing fermentat ion pract ice is 
o f ten t h o u g h t of as being in need of more s t r i n g e n t containment pract ice 
and programmes in occupat ional sa fe ty and heal th due t o t h e increas ing 
health r i sk t ha t they may pose to worke rs (2). The appl icat ion of the 
general set of gu idel ines contained in Good Pharmaceutical Manufac tu r ing 
Pract ice (GPMP) (3) and Good Large Scale Pract ice (4) should ensure t ha t 
appropr ia te cont ro l is iden t i f ied and implemented in p roduc t i on scale 
operat ions. 

In general , cont ro l Is at ta ined by containment In a sealed system. 
Moni tor ing to ensure system i n t e g r i t y , and the use of personnel p ro tec t i ve 
equipment should complete t he cont ro l system. 

"Large scale" f o r genet ical ly engineered microbes, is o f ten taken to mean 
fermentat ions in excess of 10 l i t res wo rk ing volume, a l though the 
concent ra t ion of microbes in the fe rmenter is not taken in to a account (5). 

This paper discusses how the safety of a fermentat ion process is best 
ensured , w i th in the l imits of c u r r e n t technical ab i l i t y . Fermentat ion is 
taken to inc lude g rowth of animal and p lant cel ls, as well as microbes. 
363 



ICHEME SYMPOSIUM SERIES NO. 124 
2 OFFICIAL GUIDELINE AND REGULATORY INPUTS 

Regulation of biotechnologicai processes covers two over lapp ing areas: 

i) Occupational safety of the p roduc t ion force. 
i i) Qual i ty assurance of the p roduc t fo r the consumer. 

The number of regu la to ry bodies which have become involved in 
biotechnologicai safety has grown rap id ly (Table 1). However, at tempts 
have been made to harmonise the s i tuat ion in Europe v ia the European 
Federat ion of Biotechnology. Companies p roduc ing pharmaceut icals wil l 
o f ten want t o expor t to t he USA. This necessitates meeting a new set of 
regulat ions (Table 1) and in pa r t i cu la r , meeting the requ i rements of Process 
Val idat ion set by the FDA. 

Organisat ions Categor is ing Risk Of Microbes 

ACDP Adv isory committee dangerous Pathogens (6) 
ACSM Adv isory committee fo r genet ic manipulat ion (7) 
EFB European federat ion of b iotechnology (8) 
DHSS Department of Health and Social Secur i ty (9) 
CDC Center f o r Disease Control (USA) (10) 

Organisat ions Requi r ing Qual i ty and Safe Pract ice 

GLSP Good large scale pract ice (4) 
GPMP Good pharmaceutical manufac tu r ing pract ice (3) 
HSE Health and safety execut ive (11) 
CECDD Commission of European Communities counci l d i rec t i ve (12) 
NIH National i ns t i t u te of health (USA) (13) 
FDA Food and d r u g admin is t ra t ion (USA) (14) 

Table 1. Some organ isat ions in f luenc ing safety in b iotechnology. All are 
UK unless ind icated. (References in b rackets ) . 

A major d i f f i c u l t y in es tab l ish ing reasonable regu la t ions or guidel ines is 
t he fac t t h a t t he In fec t ive dose o f many pathogenic microbes is not known, 
nor is the re a sens i t i ve method f o r t he i r a i rbo rn detect ion. 

This means t ha t the at ta inment of safe pract ice is achieved t h r o u g h 
containment of t he process - no leaks to t he env i ronment . The general 
level of consensus by the regu la to ry bodies is to s t ipu la te th ree levels of 
containment: 

PRIMARY CONTAINMENT: The prov is ion of immediate physical b a r r i e r s 
d i rec t l y on the fe rmenter vessel and Its associated p ipework. 

SECONDARY CONTAINMENT: The prov is ion of a d i rec t back-up system to the 
pr imary containment fac i l i t y , to operate in the event of p r imary fa i l u re . 

TERTIARY CONTAINMENT: The prov is ion of a contained env i ronment (at p lant 
or room level) in which the process is located. 

The appropr ia te containment level is determined by the degree of 
pa thogen ic i ty posed by t he organ ism, which in t u r n has been agreed by 
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organ isat ions such as the EFB. Note that in nearly all large scale 
fermentat ion processes, the most common level of containment used is 
pr imary containment. This is because the microbes which are used in the 
fermentat ion are classed as being harmless to all humans land p lants and 
animals, where appropr ia te ) . This is good sense, since the use of p r imary 
containment is more economically sound, avoid ing the prov is ion of addi t ional 
equipment and materials necessary fo r h igher levels of containment. 

Bulk process ing requ i res the in tegra t ion of both containment f o r pro tect ion 
of the personnel and the env i ronment , and asepsis fo r p ro tec t ion of the 
p roduc t . Downstream processing can cause more problems than the 
fermentat ion, s ince more than one processing stage is o f ten employed. 
A l though downstream processing can of ten be rendered safe by k i l l i ng the 
organism a f te r fe rmentat ion, asepsis of the p roduc t stream wil l then assume 
the major problem. In a number of cases, some of the plant can be 
designated to run in a hygenic ra the r than s ter i le manner. This is 
achieved by ensur ing cont inuous bu lk f low of f l u i ds (no back f low) and 
using s ter i le f i l t e r s of appropr ia te points. This approach might be adopted 
f o r cool ing water fo r example. 

The d i rec t ion of d i rec t i ves /gu ide l ines fo r equipment design necessary to 
achieve the levels of containment. In summary, the EC d i rec t i ve (12) g ives 
detai ls of design speci f icat ions for a number of p lant i tems, bu t at 
per formance level , not at design level. There are th ree consequences of 
t h i s : 

i) There has t o be a su i tab le test to show tha t the equipment meets 
t he speci f icat ions. 

i i ) There wil l be a number of designs capable of meeting the 
per formance c r i t e r i a . Thus d i f f e r e n t users could incorporate 
d i f f e ren t items of p lant to achieve the same level of containment. 

i i i ) There must be adequate t r a i n i n g of personnel . 

This s i tua t ion is s imi lar in the USA, where the FDA licenses d r u g p roduc t s 
toge ther w i th t he processes and equipment in which the p roduc ts are 
manufac tured . The FDA operates on a case by case basis, i n v i t i n g 
manufac tu re rs to submi t in tent ions f o r new biotechnology p lants o r 
operat ions. Fu r t he r , the FDA lay much emphasis on documentary evidence 
on process and p roduc t va l ida t ion . However, even wi th all t h i s 
documentat ion t ha t t he FDA requ i re f rom manufac tu rers , t he re is s t i l l no 
communication f rom the FDA t o the des igners and c o n s t r u c t o r s of 
bioprocess equipment in terms of cons t ruc t ions s tandards . Cont rast t h i s 
with the UK BS5500 speci f icat ions f o r p ressure vessel design (eg 
fe rmenters) which spec i fy detai ls such as vessel th ickness and s tandard of 
welds. However, t he lack of speci f ic biotechnological spec i f icat ions means, 
f o r instance, t ha t the adoption of BS5500 fo r fermenter design wil l r u n in to 
problems over prov is ion of a p ressure re l ie f va lve; t h r o u g h which 
d ischarge of l ive organisms to the atmosphere could resul t . 

I t may be a rgued , of course, tha t p r o v i d i n g a manufac tu rer meets the 
per formance c r i t e r i a wi th his equipment , i t does not matter about the 
designs he has used. This argument may well be sound if there were 
adequate methods of tes t ing performance (see la ter ) . This sub jec t has 
been extensive ly reviewed recent ly (15). 
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3 PRINCIPLES OF VALIDATION 

The FDA def in i t ion of val idat ion is: 
"Process va l idat ion is es tab l ish ing documented evidence which p rov ides a 
h igh degree of assurance tha t a speci f ic process will cons is tent ly produce 
a p roduc t meeting I ts predetermined speci f icat ions and qua l i ty a t t r i b u t e s " . 

Process va l idat ion was f i r s t in t roduced by the FDA in March 1983. Process 
va l idat ion o f f e r s guidel ines ou t l i n i ng general manufac tur ing p r inc ip les fo r 
t he p repara t ion of human and animal d rug products . Indeed, process 
va l idat ion Is a requ i rement of the c u r r e n t Good Manufac tur ing Pract ice 
Regulat ions f o r Fin ished Pharmaceuticals in the USA. The operat ion of 
va l idat ion is tha t companies can ask the FDA fo r speci f ic guidel ines on 
what the FDA expects t he companies to do in compliance f o r the 
requ i rements of process va l idat ion. 

The FDA breaks down the val idat ion procedure in to f i ve pa r t s : 

INSTALLATION QUALIFICATION: The ver i f i ca t ion that all po r t i ons of the 
insta l la t ion adhere to the recommendations of the manufac turer and to local 
and s tate codes. 

OPERATIONAL QUALIFICATION: The ve r i f i ca t ion tha t equipment can operate 
as in tended and is capable of sa t is fac tory operat ions over the en t i re range 
of tempera tu res , p ressures , t ime and o ther operat ional parameters (eg 
p ressu re tes t i ng and tempera tu re mapping of process equipment) . 

PERFORMANCE QUALIFICATION: The per formance qual i f icat ion is used in lieu 
of t he operat ional qua l i f i ca t ions and the va l idat ion of systems o r equipment 
tha t do not r e q u i r e chal lenges to p rove tha t they are re l iable and per fo rm 
as spec i f ied (eg ch i l led or deionised water systems suppl ied) . 

VALIDATION: The per formance of var ious chal lenges and completion of tes ts 
to v e r i f y t ha t the complete process is capable of p r o v i d i n g t he requ i red 
conf idence level . 

CERTIFICATION: The purpose of the ce r t i f i ca t ion document is t o qua l i f y t he 
whole process. Th rough s igna tu res on the ce r t i f i ca t ion document, t he 
management expresses agreement w i th t he data col lect ion, methodology, 
backg round knowledge and capabi l i t ies of those involved- in t he w r i t i n g olj 
t h e pro toco l . 

Once the total ce r t i f i ca t ion package has been completed, t he equipment or* 
system Is considered acceptable fo r use under t he speci f ied condi t ions and 
func t i ons of the pro toco l . Completed to be used fo r re ference in 
cons ider ing changes to equipment o r p rocedures or d u r i n g maintenance. 

4 CASE STUDY OF VALIDATION: A FERMENTER INSTALLATION 

Before the va l idat ion exercise is ca r r i ed out on the vessel , a process 
va l idat ion protocol must be wr i t t en by the company. This incorporates all 
commissioning exercises to be car r ied out on the vessel along wi th 
va l idat ion chal lenge. The pro toco l , when insta l la t ion are g iven in table 2. 
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1 The fermenter vessel has been designed to that of a s tandard p ressure 
vessel (BS5500). 

2 The fermenter is connected to the appropr ia te p ip ing layout by f langed 
connect ions wi th the appropr ia te O- r ing seals. 

3 Fermentat ion moni tor ing ins t ruments are f i t t ed t h r o u g h appropr ia te 
por ts . 

4 The ag i ta tor is connected. 

5 Air f i l t e r s are connected. 

6 Diaphragm valves have been f i t t e d to the appropr ia te l ines (eg in le t 
and ou t le t , f i l t e r , sampl ing, f i l t e r , some steam etc) . 

7 All in te rna l f in ishes ( i nc lud ing welds) that wil l come in to contact w i th 
p roduc t or medium have been pol ished to an "acceptable" f i n i sh ing 360 
g r i t ) . 

Table 2. Speci f icat ions of the fe rmenter system used as a case s tudy f o r 
va l ida t ion . 

The f i r s t stage is COMMISSIONING OF THE VESSEL. The commissioning 
exercise wi l l i nc lude : 

i) Pressure hold tes t ing and hydrau l i c p ressu re tes t ing to ensure 
i n t eg r i t y of the vessel. 

i i ) Cal ibrat ion of all i ns t rumenta t ion . For example pH probes against 
bu f fe r so lu t ions; temperatures probe against a heat ing block, 
p ressure sensors against de f i n i t i ve p ressure gauges. 

i i l ) The u t i l i t y l ines ( pu r i f i ed water, steam, h igh p ressu re hot water, 
cool ing water) are checked to ensure cor rec t f low rates and 
p ressu res. 

iv) All d ra in l ines are checked f o r smooth f low to d ra ins . 

v ) The fermenter is then b r o u g h t up to s te r i l i sa t ion tempera tu re to 
check tha t t h i s can be sa t i s fac to r i l y achieved. Th is wil l be done1 

by temperature moni tor ing of the vessel us ing thermocouples. The 
procedure wil l also check tha t the ins t rumenta t ion is not damaged 
by the tempera tu re and p ressure , and tha t none of t he seals are 
breached. 

On completion of the commissioning exercise and wi th sa t i s fac to ry 
documentat ion o f t h e opera t ion l , PROCESS VALIDATION can take place. 

I n essence, the PROCESS VALIDATION exercise consists of a p resc r ibed 
number of repeated s t e r i l i t y chal lenges on the fe rmenta t ion vessel. The 
s t e r i l i t y chal lenge would take the fo rm of f i l l i n g the fe rmenter vessel w i th 
a " s t e r i l i t y b r o t h " which is a r ich medium al lowing the g rowth of many 
d i f f e ren t species of bacter ia. This medium is sub jec ted to t he process 
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s ter i l i sa t ion p rocedure (eg in situ or aseptic f i l l i ng ) . The s te r i l i t y b ro th 
then has to pass a hold ing per iod in the vessel. Thus in more deta i l , fo r a 
vessel asept ical ly f i l l ed : 

i) The fermenter Is s ter i l i sed and cooled in a p re -spec i f ied manner, 
and the a i r and l iqu id f i l t e r s are i n t eg r i t y tes ted . 

i i ) Upon the f i l t e r s passing the i r i n t eg r i t y t es t i ng , the vessel is 
f i l led in an aseptic manner wi th s te r i l i t y b ro th to the maximum 
normal opera t ing level w i th the agi ta tor r u n n i n g at i t s normal 
speed. The fermenter is operated at normal p ressure . 

i i i ) An aseptic sample is taken t h r o u g h be the dedicated sampl ing 
po in t , d u r i n g t he f i l l i n g process. This must be achieved by a 
s tandard opera t ing procedure . 

i v ) F u r t h e r aseptic samples are taken t h r o u g h the sampling po in ts 
while t he vessel is being r u n in the normal way (w i th a i r on i f 
appropr ia te ) . I n t h i s case the fermentat ion dura t ion is 4 days, 
and so the va l idat ion was performed over 6 days, as a safety 
marg in . 

The resu l ts of the va l idat ion exercise should con f i rm wi th the 
protocol (ie s ter i le ) . I f one or more of the sample fa i ls t he 
s te r i l i t y tes t , a decision wil l have to be made as to whether the 
fau l t is pos t - or pre- removal f rom the fermenter . The va l idat ion 
procedure wil l be repeated a number of t imes, in any case, to 
show tha t the fe rmenter vessel can be operated asept ical ly f o r the 
p roduc t ion phase. The f ina l p rocedure in va l idat ion wil l be to 
operate the fermentat ion wi th the p roduc t ion organisms and show 
tha t on ly t he p roduc t ion organisms are present and meet the 
speci f ied g rowth charac te r i s t i cs . 

v ) All samples are immediately sent f o r microbiological analysis. 

5 THE SAFETY OF A VALIDATED PROCESS 

I t can be seen tha t Process va l idat ion is an excel lent way of ach iev ing 
p roduc t qua l i t y . I t is also an e f fec t ive way of e n s u r i n g , as fa r as 
possible, tha t a pharmaceutical p roduc t is manufactured by a method which 
minimises contaminat ion by pathogens. However, t he emphasis is 
undoubted ly on p ro tec t i ng the p roduc t . The opera tor safety is inc ident ia l . 
I n sp i te of t h i s , I t has t o be said tha t many of the operat ions necessary to 
pro tec t the p roduc t wil l also pro tec t t he opera tor . Good pract ice and 
design which p reven ts the ingress of contaminants to a process, can of ten 
p reven t the egress of the p roduc t ion organism to the env i ronment . 

The problem of p reven t i ng egress of microbes is obv ious . At present , 
t he re is no sens i t i ve and rel iable method of detect ion of microbes which 
have leaked in to the atmosphere. Leakage of microbes in to the fe rmenter , 
can be readi ly detected by the i r g rowth - the medium and ensuing g row th 
wi l l ampl i fy j u s t a small number of contaminat ing microbes. On the o ther 
hand, when microbes are released f rom the process in to the env i ronment , 
no f u r t h e r g row th can ensue. Any detect ion system fo r moni tor ing the a i r 
wi l l t he re fo re be deal ing wi th possib ly only a small number of organisms. 
I t is possible to detect qu i te small amounts of biochemlcais in the 
atmosphere. Recent work has successfu l ly and rap id ly detected microgram 
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quant i t ies of protease per cubic metre of a i r in the factory 
env i ronment (16). But even at a bacter ial air concentrat ion 1 wg m - 3 , th is 
would represent approximately 106 microbes, based on microbe hav ing a d r y 
weight of 1CT12 g. This may be too hazardous. This might cor respond to 
a leakage of 0.01 ml, i f the fermentat ion had 10e microbes per ml. This 
may seem a ve ry small leak f rom say a 10 m3 fermenter . But if the 
fe rmenter is housed in a bu i ld ing of 10 m3 , the leak would have to be 1 ml 
to reach 1006 microbes per ml. I t should be added tha t the re are a 
number of more sensi t ive speci f ic microbial samplers being developed, 
which, p rov ided they have a rap id response could improve the 
s i tuat ion (17). 

A completely d i f f e ren t approach, and much simpler, is to check the 
i n t e g r i t y of the fermenter and i ts l ines by p ressure tes t ing a f te r 
s te r i l i sa t ion . I f the fe rmenter can maintain a given p ressu re over a typ ica l 
fe rmenta t ion per iod , then i t could be argued that the re are no leaks f rom 
the vessel (note tha t th is is sub t i l y d i f f e ren t f rom a s te r i l i t y tes t , above, 
which test f o r ingress of microbes). However, wil l the p ressure drop be 
s ign i f i can t to detect small leaks in a reasonable length of time? I t is 
obv ious ly not economical to hold a s ter i l i sed fe rmenter and i ts medium on 
hold fo r days. Also a physical tes t can never replace biological test of 
s t e r i l i t y (ie g rowth of an organism). This approach is c u r r e n t l y being 
evaluated (17). 

6 CONCLUSION 

The general pub l i c , as consumers, cna be assured tha t pharmaceutical 
p roduc ts p repared t h r o u g h fermentat ion are l ike ly to be safe and of good 
qua l i t y . Qual i ty con t ro l s t h r o u g h exercises l ike Process va l ida t ion , go long 
way to ensu r i ng opera tor safety ; bu t the re is s t i l l room fo r f u r t h e r tests 
to be developed fo r rap id moni tor ing of small leakages of microbes f rom the 
equipment. 
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