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The needs of developing counlrie• for the production of biological• 

are recently acquiring r.real urgency. Al preaenl lhat"e are worldwide 

some twenty producers of polio and meaale• vaccines, thirty manufacturers 

of BCG, forty laboratories that prepare DPT and close lo seventy that 

produce tetanus toxoid, however only a few companies lake part. regularly 

in competitive biddings of UlllCD and PAHU providing vaccines for the 

Expanded Progrmme on 1111a1nizalion (KPI) of WHO. In other words, through 

the above t."11 agencies, ilOre than 275 million doses of EPI _vaccines 

produced by a few large manufacturers were supplied in 198~ to 

approxi.llately one third of 90 million children born in more than 130 

developing countries in the tr0rld (1,2). In order to achieve lha goal of 

EPI. th~t is providing imlamization aervices against diphtheria, whooping 

cough, tetanus, 118asles, tuberculo11b and poliomyelltb for every child 

by 1990, 5-7 time• mor~ vaccines would be raqulrad. To 118el the above 

increased demand, the exillling capacities of the main auppliers of the 

EPI would have to be ~largad. HoWever, it. ••t be noted that the 

biological industry, this 1111all but important part of the pharmaceutical 

industry has some special characteristics auch a• that, apart froa the 

uncertaintities of the international ~ompetilive bidding, it is a 

high-risk, low-return venture (3). If creation of new capacJ.ties for 

vaccine production would be required in the biological industry, UlllCD' 

most probably will not be able to keep the present low prices <•>· 

An obvious altel':lalive solution lo asaure the continuous supply of 

EPI vaccines is to undertalce production in tha developing countries at 

national, subregional and regional level. Sever:-al developing countdes 

like Brazil, Colombia, CUba and llaxico in Latin-Allerica, India, lndone11ia 

and Pakistan in Asia, Algeria and Egypt in Africa have already •tarted an 

extensiv~ pror.ruue on dome•tic production of vaccbaes. This 111 al8o 

reflected by the incrcaHed number of request• from developing countries 

for UlllDO'• Technical Assistance in thi• pa:-ticular .ubsactor of tha 

pbarmaceutical industry. Toward• thi• end WIDO hH decldad to launch a 

progruae on industrial production of biologi.:ai. (IPI). An Advisory 

Panel on Preventive lladicine has bean established and it is cnnsidered 

essential to provide advice and guidliftce in this field to UllIDO (5). 

~ strategy of the IPB progr.- ls bHed on an industrial 

approach characterized by th• concept of unit proceH and bollogonous 

culture sy11tea. Thi• approach also secures the consiatency in the 
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consecutive production lots bT .aans of a tuill-in quality assurance. it 

advocates the required transfer of lechnolo&T through a long-tera support 

progr- lo •Ice the recipient enable lo adopt and assiallate lhe 

teclmology bul also lo assist in the pro.>lion of new products. 

In line with lhe conclusions and ~~dallons given by the 

Second Consultation on the Pha~ceulical. Industry in Issue -.: 

Biologicals, the WIDO Advisor,. Panel on Preventive llediclne, in its 

flnt ... ung. in 1984 rec~ed that a study should be prepared on lhe 

illpacl of model"I! tecbnologles on production during lhe f orthcoaing decade 

of priority vaccines (6 1 7). Thia study, lhe "llodel Prograaae for lhe 

Production of Vaccines in Developing Countries" ls inlencled prillarily for 

use by Covernllellt officials and directors of institutes, responsible for 

fr-ing and implementing national vaccination progr-.. ln addition it 

can be used as gL l 1ance by professional staff -.hers responsible for 

implellellting the progr• It can also serve as a base for c011parison 

of different leclmologles applied ln other laboratories for production 

and control of conventional vaccines. 

The Bodel Prog~ s..-rlzea lhe experience of a single 

.anuCacturer, namely the aij1tainalltuut voor Yolksgezondheid en 

Kilieuhnlene C•atlonal Institute of Public Health and Knvlronmental 

Hygiene, abbreviated as RIYll), Bilthoven, the 9etherlancls, in the 

production and quality control of conventional vaccines. It thus offers 

only one choice of a nullber of existing technologies. It ls nonetheless 

a wll pronn teclmology considered t.o be in the forefront ln sa.e areas 

of Yaccine production. 

Since the era of Pasteur and Koch, the technologies of vaccine 

production have been developed 910re in an e111Plric way than by syst.e.atic 

UD, thus •king ev• lndust.rl.61 scale production "°" akin to cookel"J' 

(8). In .... , countrl.. lt has been consigned t.o gove~lal 

lnstituta. In fact, with some notable exception9, pharmaceutical 

industries bave become less int.ei-uted in •kins the large lnvut-.ta in 

t.provtna the production and quality control t.eebniques of vaccinn and 

otber bloloalcala. u a result, lnaufClcl•t uH is o!t.aa mete of 

•ei•Ufle developmnts in the fields of blocbelllstry and blochealcal 

-aiwrlna, l-MOlOIT, at.crobloloaJ, Ylroloay and ani•l 'nusbandry. In 

particular, the ....,facturlna pl'OCeBs ls oft. ill defined and ev.1' 
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obsolete. In some instances lhis will yir.ld relalively crude products 

(an cxampb is pertussis vaccine). and in addilion lherP. is poor 

eonsislency between con:-~Pcutive production lots. ln many cases lhe 

production process is slill largely manual. This leads to a vicious 

dowriwaL-d spiral where low technology leads lo a lack of intellectual 

stim.alalion and rescarr.h. ll should br. emphasized that. in spite of the 

rather limited investments made in the development of conventional 

vaccines. the Expert ComlDittee on Biological Standardization of WHO has 

established a number of excellent standards and reference materials, as 

wr.l l as inlet-national requil•emenls Cot· vaccines which are widely used. 

These have certainly guided many countries in the production of vaccines 

of acceptable qua lily. ln the case of smallpox vacci.!le. the quality 

control progr"1111111CS of WllO have contributed lo the world wide eradication 

of lhis disease. 

ln recent years a number .of developed countries have introduced a 

new form of qua I ily conLL·ol. In addition lo using as reference the 

standards established by WHO for laboratory faciliti~s for the control of 

vaccines and sera, they have instituted methods in compliance with rules 

for Good Manufacturing Practice (GMP) that have been {ormally drawn up in 

recenl years (9, 10). These rules inc.lude procedures for the 

q1.1alification of personnel and lheir. on- the-.job tt·aining. the 

establishment and maintenance of builcHng facilities and equipment for 

production, control and formulation, and tho necessary control of raw 

·aleria ls. 

GKP procedut·es ~slablished {or Lb.~ production of conventional 

vaccines wi.ll be gennt·ally applied lo the ~··owing field of biotechnology, 

regardless of whelher the end product will b9 used in hu1111n or veterinary 

11ed ic f ne, agricu lt Ut"C or in induslri al pr·ocestJes. 

onn of the bdsir. conr.epls of the ltodeJ Progranae, the unit process wa~ 

originally proposed by ~an Hemerl (11). The au1in vaccines considered In the 

llodel l'r·u~rammr. ,u·" all 1D11de using the s..uae ba11ic system employing a 

stainl••ff steel bi11rnador unit (lhe Bi lt.hovP.n 1> ail) which can be alert lized 

in •ii u itnd conlt•o lled for para•lers conce1-ned with 11icrobia 1 ce 11 growth 

(12). ·These lnclu.te pH, p0
2

, peo
2

; &lso 1U1111Pling lo determine growth, 

opodt y dnd liti·c of the rt?-1ut.rod biological products. The use of the 

Billhovt)n Unit allows the HllO condit.ions t.o be •int.ained during scale· up 

and greatl1 i111proves lhe eondistency of the process. Tn the beginning it 

I II II II 111111 I I I I I I 111 I I I I I II I 
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could not be used for virus cultivation, which requires as substrate 

1B1U11Balian cells obtained from animal organs (e.g kidneys) or consistintt of 

so-called cell strains or cell lines. The microcarrier system develored 

subsequently by van Wezel al the RlVK made it possible lo grow large 

quantities of ma11111alian cells on lhe surface of plastic-like particles, 

which could be held in suspension in the Bilthoven unit (13). Large amounts 

of virus materials can tlaas be obtained, while modern purification 

procedures ensure the effective removal of contaminating substances yielding 

an end product with acceptable levels of impurities including RllA or DllA. 

The use of (semi-Hndustrial techniques, such as the unit pt"ocessing 

for production of conventional vaccines, will no doubt be stiuulat.ed by the 

simllt.aneous introduction of GKP. In the Model Progra1111De it is shown how 

relatively small amounts (in term of t..nnan doses) of different vaccines can 

be prepared in consecutive pw:..>duction rounds with the same facilities and 

personnel, provided the GMP-rules are strictly observed. There appears to 

be no principal c>bjectbn, for instance, to using in the more dist.ant future 

the s=1:;-.e building facilities and equipment. for the product.ion of tetanus 

toxin and BCG vaccine. 

While uriginally cell lines were not permitted for the cultivation of 

virus materials for human use (even if inactivated), there is at present a 

tendency favouring their acceptance for human v.-1cciue prodt.action. 

It could be argued that the existence-of facilities for the product.ion 

a~d quality control of convHntional vac~ines will contribute to a number of 

inter-related, social and ec1>nomic objectives: reduction of dependence on 

supplies; increase of domestic stocks of technl~al know-h~v and t.uman 

capital ir. many disciplines used in development of biologicals and creation 

of employment. 

The aJvanta,e of the Model Prograane is that the industrial approal'h 

t&ken allows its application for the production of va~cines and oth£r 

biologicals developed by new biotechnological 111ethods (e.g. t"ecombin.mt 

deoxydbonuc lek ac 1d ( rDJIA) and cell fusion). The pharmaceuli.~al. chemh CA l 

and food proceHing industries, in that order, are most likely to lak~ 

advantage of advance11 of the new biotechnology. Other indust n•.al w~cton 

that wi U also be affected, although not as iminediately, artt the mining, 

crude oil recov•ry and pollution control industries. Since t~rmentation is 

an indisp..nsable clement of biotechn~logy•s support sy•tem, th~ experience 
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gained through the eventual t.pl_,.tation of the UllIDO llodel Prog~ 

could be utilized in nearly all the products of biotechnology. 

In past decades s.- developing countries have on the basis of the 

existing scientific organization est.abll•hed regular educational progr.-s 

al university level, lo create a rwcleus of scientists. Thia has enabled 

thea lo .. ke further conaiderable progres• in ab•orbing scientific 

knowledge. Among those countriu there are now •everal where capable and 

intelligent. young invut.lgat.ors can follow, or U...elvu take part in lbe 

generation of new knowledge. The Mjor scientific research of these centres 

is at present still concentrated in the developed world and knowledge is 

acquired there al an increasing rate. On the other hand, in only' a few 

developing countries are the "knowledge co.unity" structured in such a way 

that new knowledge is not· only absorbed in the acadealc centres, but also 

that it can be put to practical use for the benefit of the c~ity. 

UlllDO's IPB progr.- provides transfer of technology through a long-term 

tectmical a99istance progr-, which intend• to motivate the staff of the 

centres for academic research to tum towards application, and such a way 

widens the scope of activity of the conventional production units of 

biologicals. 

Although the phannaceuticaJ. industry was the last to adoi-t traditional 

fermentation tecbnologicals, it has be91l the first 'industrial sector to make 

widespread use of the genetic engineering technologies such as tt18 r .. A and 

cell fusion. 

The genetic engineering of biol'!gical syst... for the production of 

pharmaceuticals •~ad biologicalA has two general goals: 

1. To increase the yield of a pharmaceuticals produced, su~h as the 

genetic improve.nan¥. of the strain of P•nicillium chrysogenum for 

penicillin production; and, 

2. To produce entirely new pharmaca1tical or biologicals tn1ch as 

polJPSPtides and protein• that are otherwise scarce (peptide hormones, 

enzJ1D9s, vaccines, antibodiAR, pla1m111 proteina, interferons,etc.) 

Some of tt-.e illlport.ant biologicals alrea-t.r produced or to be pr~cad 

in the nnr future are as follows: 

II I I I Ill II II I I II I II I I I I 
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1. Vaccines: Hepatitis B vaccine 

Herpes simplex vaccine 

Foot and moutb disease vaccine (FllDY) 

Cholera vaccine 

2. Hor110nes: Insulin 

Growth bol"llOlle 

Atriopeptin 

Growth hormone releasing factor 

Beta-endorphin 

3. ' Lympholtines: Interferon. alpha 

beta 

ga1111a 

Interleukin - 2 (IL-2) 

Tumor necrosis factor (TllF) 

4. Enzymes: Tissue Planinogen activator (TPA) 

Urolcinase 

5. Coagulation proteins Factor VIII 

6. ·Human plasma proteins: Albumin 

1 • Other proteins: Protein A 

8. lfonoclonal antibodiH: l'or ·cancer troatment 

For cancer diagnosis 

Antitoxin 

. If appU.cation of rDIA teclmology beco-..Jes a i-e11l alternative fo~ 

lai-ge-scale productinn of plasma proteins, the eosts are likely to com.o. from 

purifying the proteins rather t!'aau from prodtJcing tbea. ror pla8118 products 

such as albumin, approximately lOO torus will have to be .. nufactured and 

purified. ror products such as ractor VIII, such large amounts will not be 

required. but pudficatlon techniques that will nol inactivate thb highly 

unstable &nZJm8 will have to be ieveloped. The world ••t"k•t for both 

protein• prepared by rOlfA technology ha• been Htimatad to be as high H usl 
2 billion (14). 
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Recently rapid an~ significant progress has been made in the 

development of vaccines against leprosy and malaria. Hence, there are over 

10 •illion leprosy patients in the world, while more than 356 •illion people 

are living in areas, mostly in Africa, where malaria is still highly endemic 

and where no specific anli•laria measures are being applied, the R&D of 

vaccines and bamotherapy has great importance (15). 

The exciting area of new biotechnology offers almoct countless 

possibilities for B&D of future vaccines. Kost prl'bably the vaccines used 

in the year 2000 will be entirely different froa the conventional vaccines 

adainistered today. Some of the presently used vaccinH are deficient in 

one or more properties. Specific B&D approaches for new bfotechnology 

vaccines include: 

1. Bew and improved methods for polypeptide synthesis 

vaccines. 

Synthetic 

2. Antigens expressed by rDllA in orokaryotic (E. coli) or eukaryotic 

cells (yeast or 11181N118lian cells) : Purified antigens and subunit 

vaccines. 

3. Modification of microbial genomes for the production of stable, 

safe, attenuated 11a1tanls : Live vaccines. 

•· Controlled antigen expression in lhlilable vector organ! ... 

Recombinant vaccinia viruses for vaccine antigens. 

5. Wew ways of antigen presentation Antiidlotype vaccines. 

6. 

7. 

Carrier proteins for peptide antigens AnlifertililJ vaccine. 

Augmentation of protective i11111Uft8 response• 

adjuvant• and inaunGllOdulators. 

1-..nologlcal 

It was almost 200 year• from Jenner's discovery of ... 11pox vaccine to 

the eradication of this diseaH in 197,7. It 18 a considerable period of 

ti•, which 11igbt hopefully be dgnificantly reduced in the case of other 
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vaccines such as polio or measles. Based on the experiences gained in 

WHO'global eradication progr- of saallpox. a combined approach of 
improving quality of vaccines. transfer of technology and improving the 

delivery sys tea aight bring the earliest success • Through its IPB 

progr.-, UllIDO vi sh to play the role of catalyst for the transfer of 

technology between holders and recipients. and with all its t:ompetence ls 

ready to assist de7eloplng countries in assl.allatlng new technologies and 

achieving a viable production of standard quality products . 
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