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a ccines have hel ped slash
i n fectious diseases mort a l i ty ra te s
t h ro u gh o ut the We s tern worl d .
Vaccine programs also have made
progress in reducing deaths in de-

vel oping nati on s , but immu n i z a ti on cov-
era ge there is sti ll limited . Death ra tes are
s l owly ri s i n g, trad i ti onal vaccine devel op-
m ent approaches have re ach ed a stand-
s ti ll , and new ch a ll en ges are em er gi n g.De-
vel opers need new tools to tackle old
t h reats su ch as malaria and HIV, n ew
t h reats from bi o l ogical terrori s m , and new
targets such as cancer.

“ If you think abo ut the history of vac-
cine del ivery, it has pret ty mu ch been stati c
for the past 60 ye a rs . I re a lly think new de-
l ivery met h odo l ogies are going to pave the
w ay for bet ter and more ef fective vacc i n e s

with bet ter pro tecti on for both devel oped
and devel oping nati on s ,” pred i cts Ken n et h
( Bi ll) M. Ya te s , pre s i dent of d rug del ivery
s pecialist Del Si te (Irvi n g,T X , w w w. del s i te .
com ) .

Coming up with new and improved vac-
cines may be a matter of a l i gning our ever-
growing understanding of bi o tech n o l ogy,
m i c ro - / n a n o tech n o l ogy, and the immu n e
s ys tem . “To improve vacc i n e s , we need to
com bine tech n o l ogies su ch as anti gen s , ad-
juva n t s , and del ivery,” s tresses Th omas R.
Ti ce , P h D, exec utive vi ce - pre s i dent and
ch i ef s c i en tific of f i cer of Broo k wood Phar-
m aceuti c a l s , In c . ( Bi rm i n gh a m , A L , w w w.
broo k wood ph a rm a . com ) , an innova tor of
n ew drug del ivery tech n o l ogi e s .

In the pipeline at several ph a rm aceuti-
cal and bi o tech companies are vaccines that
use carri ers — ei t h er gen eti c a lly en gi n eered
m i c roor ganisms or micro - / n a n op a rti-
cl e s — to del iver the immu n o s ti mu l a ti n g
p ayl oad . These drug del ivery met h od s ,
m a ny of wh i ch are in early - phase cl i n i c a l
tri a l s , claim adva n t a ges over trad i ti on a l
vaccines su ch as improved immu n ogen i c-
i ty, bet ter stabi l i ty, s pecific con trol over
a n ti gen rel e a s e , and a wi der pool of t a r-
geted diseases.

Timing is everything
I m p r oving immunogenicity.Kn owing ex act ly
h ow and wh en the immune sys tem is tri g-
gered is key inform a ti on for vaccine de-
vel opers . It’s no won der then , that re-
s e a rch ers are ex p l oi ting what they know
a bo ut the body ’s internal rhythms to in-
c rease the po tency and ef f i c acy of vacc i n e s .

For ex a m p l e , s c i en tists are using nano-
and microp a rti cles as del ivery veh i cles for
genetic instructions to produce a specific
a n ti genic pro tei n . If the release of D NA is
in sync with the body ’s immune sys tem ,
these gen e - b a s ed vaccines can indu ce a
l on g - l a s ti n g,m ore ef fective immu n i ty. Says
Jor ge Hell er, a form er principal scien ti s t
at A . P. P h a rma (Redwood Ci ty, C A ,
w w w. a pph a rm a . com) who devel oped su ch
gen etic vacc i n e s , “ D NA vaccine del ivery
s ys tems work bet ter than conven ti on a l
vaccines because you can get both a hu-
m oral re s ponse [i . e . , the pre s en ce of a n ti-
bodies in the bl ood stream] and a [hel per ]
T – cell - m ed i a ted re s pon s e . Trad i ti onal vac-
cines only give you a humoral response.”

D NA- c a rrying microp a rti cles are in-
j ected into the body and are taken up by
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host cell s . The DNA en ters the nu cl eus and
programs the cells to becom e , in ef fect ,
bi ore actors that chu rn out forei gn anti-
genic pro tei n . Because the host cells pro-
du ce the anti gen , the process won’t cause
disease side ef fect s . Says Alan Engbri n g,
s po ke s pers on for DNA del ivery spec i a l i s t ,
Vical In c . ( San Di ego, C A , w w w. vi c a l . com ),
“We are ef fectively using the cells in the
body as factories to manu f actu re the pro-
teins. We’re providing the DNA that pro-
grams those cells to produce a protein.”

The microp a rti cles are sized less than 10
mm so that they wi ll be taken up by ei t h er
a n ti gen - pre s en ting cells (e . g . , den d ri te s ,
m ac roph a ges) or other types of cells (e . g . ,
a s troc yte s ) . In the case of m ac roph a ge s ,
the microen c a p su l a ted anti genic pro tei n
is en g u l fed by B-cells or hel per T- cells to
give an immune re s pon s e.“The microp a r-
ti cles are like a Trojan hors e ,” ex p l a i n s
Brookwood Pharmaceuticals’ Tice, code-
vel oper of the “VAXC A P ” vaccine del iv-
ery tech n o l ogy, wh i ch is in early - ph a s e
clinical trials.

Un der certain pH con d i ti on s , D NA can
be de s troyed . To avoid this ef fect , A . P.
P h a rma re s e a rch ers have ex peri m en ted
with molec u l a rly en gi n eered po ly ( ort h o
e s ters) micro s ph eres that pre s erve the ge-
n etic material until its rel e a s e . Bec a u s e
DNA is deactivated in less than 5 pH, the
microspheres are designed to maintain a
n eutral interi or du ring a spec i f i c a lly ti m ed
ero s i on peri od . To ach i eve bet ter immu n o-
gen i c i ty, for ex a m p l e , the micro s ph eres de-
grade and release the DNA in re s ponse to
the ph a go s om e’s pH, according to Hell er.

The del ivery of vaccines thro u gh mu-
cosal site s , su ch as the nasal cavi ty, is an-
o t h er tech n i que that, i f ti m ed correct ly,
could provi de sys temic and mu cosal pro-
tecti on at the site of i n fecti on . Because of
lym ph oc yte tra f f i ck i n g,“ you can see som e
c ro s s - pro tecti on against infecti ons at
o t h er mu cosal sites su ch as the lu n gs or

the ga s troi n te s tinal tract ,” n o tes Ya tes of
Del Si te .

In ad d i ti on , vacc i n o l ogists bel i eve that
su ch del ivery ro utes could of fer cro s s -
pro tecti on against mu l tiple strains of a given
p a t h ogen because of mu cosal anti body se-
c reti on .An example of this ef fect is Med Im-
mu n e’s “ F lu Mi s t”n a s a l - del ivered influ en z a
vacc i n a ti on wh i ch is said to of fer bet ter
c ro s s - pro tecti on against va rious strains in-
f lu enza than trad i ti onal inject a ble vacc i n e s .

But, it has been hard to get the vaccine
to stay in the nose long en o u gh to be ef-
fective . “With a vacc i n e , the lon ger yo u
h ave ex po su re , the bet ter ch a n ce you have
of devel oping an immune re s pon s e ,” s ays
Dennis Di s ch er, profe s s or of ch emical and

bi om o l ecular en gi n eering at the Un iver-
s i ty of Pen n s ylvania and re s e a rch er at Th e
Na n o tech n o l ogy In s ti tute (Philadel ph i a ,
PA , w w w. n a n o tech i n s ti tute . or g ) , a re s e a rch
group using sel f - a s s em bl ed po lym ers to
deliver small drug molecules.

In the past, s ome re s e a rch ers have used
a mod i f i ed live vi rus to infect the mu co s a .
“ In our case, we’re trying to pro l ong the
re s i den ce time so that we can use inacti-
vated or other types of antigens, whether
t h ey be a pro tei n , a con ju ga te , or a parti c-
ulate,” Yates explains.

To ach i eve this ef fect , Del Si te’s “G el Vac”
powder formu l a ti on instantly gels upon
con t act with nasal flu i d s , en tra pping the
vaccine anti gen s . Th en , a natu ral matri x
forms that slowly releases the antigen. At
pre s en t , this tech n o l ogy, wh i ch is in Phase
I trials wi t h o ut an anti gen , is being incor-
porated into vaccines that use attenuated
viruses, live vectors, or DNA.

In one fell swo o p.Con tro lling anti gen re-
lease with gen e - b a s ed vaccines can also im-
prove boo s ter regi m en s .

By mixing microp a rti cles with va ri o u s
degrad a ti on ra te s , vaccines could inclu de
“a utom a tic boo s ters” that el i m i n a te re-
peat visits to a healthcare provi der. To
ach i eve this type of del ivery, Broo k wood
P h a rm aceuticals uses two types of m i-
c rop a rti cles with specific hyd roph obi c i ty
and absorpti on properties to con trol the
l ength of time before each microp a rti cl e
releases its anti gen . “We can make one in-
j ecti on that takes care of the prime and a
boo s ter, for instance ,” s ays Ti ce of Broo k-
wood Pharm aceuti c a l s .

Eliminating cold chains
Because most vaccines are injected and use
l ive or we a ken ed pathogens to initi a te an

i m mune re s pon s e , t h ey
must be ref ri gera ted unti l
the time of u s e . Ma i n t a i n-
ing an unbro ken chain of
cold stora ge from manu-
f actu ring to ad m i n i s tra ti on
poses a particular ch a l-
l en ge for devel oping na-
ti ons wh ere ref ri gera ti on is
not alw ays re ad i ly ava i l-
a bl e . An d , in the event of a
bi o l ogical attack , the need
for a cold chain could im-
pede stockpiling and slow
mass vacc i n a ti on s .

Certain drug del ivery met h ods co u l d
provi de soluti ons for this probl em . Be-
cause DNA vaccines do not use pathogen s ,
for ex a m p l e , t h ey don’t need cool stora ge
du ring shipm en t . “We have found that
t h ey are very stable wi t h o ut ref ri gera ti on ,”
notes Heller.

Del Si te’s intranasal powder tech n o l ogy
also is de s i gn ed to overcome the ref ri ger-
a ti on dilem m a .“ Because it’s a powder for-
mu l a ti on , it won’t requ i re cold stora ge and
it should also confer longer stability,” ex-
plains Ya te s . Vaccines devel oped with this
tech n o l ogy wi ll be a single-unit do s e , s o
p a ti ents wi ll be able to sel f ad m i n i s ter the
treatment in cases in which  broad, quick
covera ge is needed (e . g . , in a pandemic or
bioterrorist attack).

Formu l a ti on scien tists also are get ti n g
i n to the co l d – ch a i n - el i m i n a ti on act . Ph a r-
m a ceu tical Te ch n ol o gyrecen t ly reported ( “ In
the Fiel d ,” April 2005, p. 28) on a tech n o l-
ogy pion eered by Ca m bri d ge Bi o s t a bi l i ty
( C B L , Ca m bri d ge , UK www. bi o s t a bi l i ty.
com) that ad d resses the ref ri gera ti on prob-

(left) VAXCAP microparticles. The antigen is embedded in a matrix
of resorbable poly(lactide-coglycolide) polymer. (right) VA X C A P
microparticles taken up by macrophages. The arrow indicates the
location of some of these microparticles.  After uptake, t h e
microparticles will release antigen within the macrophages
f o l l owed by resorption of the polymer matrix.

Intranasal in situ gelation powder formulation
in rats
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l ems by com bining anti gens in dry, su ga r-
glass microspheres.

The micro s ph eres are su s pen ded in sta-
bl e , i n j ect a ble formu l a ti ons and have an
a n ti c i p a ted shel f l i fe of 12–18 months at
room tem pera tu re . Accel era ted anti a gi n g
trials have proven 6-month stabi l i ty of
vaccines kept at 55 8C. Though real-time
l i fetime studies have yet to be perform ed ,
“the shel f l i fe essen ti a lly wi ll be indef i n i te ,”

s ays the com p a ny ’s ch i ef s c i en tist and co-
principal inve s ti ga tor, Bru ce Ro s er, P h D.
The com p a ny and its partn ers curren t ly
a re working to stabi l i ze formu l a ti ons to
combat va rious bi o t h re a t s , c a n cers , a n d
other diseases.

New disease targets
Put simply, the easy vaccines have alre ady
been made . “The high er va lu e , n ew vac-

cines are wh ere the newer tech n o l ogy
seems to be more acceptable,” notes Tice.
“We tend to see more activi ty in cancer
than in tetanus vaccines.”

To expand the pool of diseases for wh i ch
vaccines are ava i l a bl e , d rug devel opers are
s e a rching for flex i ble sys tems that can de-
l iver a va ri ety of a n ti genic materi a l . O n e
del ivery tech n i que that could bring new
disease targets to the table is the microor-
ganism vector. S c i en tists sel ect a bacteri a l
(e . g . , s a l m on ella) or a vi ral or ganism (e . g . ,
equine en ceph a l i tis) and reen gi n eer its
gen ome to carry gen etic instru cti ons for
the pro tein the immune sys tem must rec-
ogn i ze .“We’re using the cell ’s own bi o l og-
ical mach i n ery as if it were cre a ting a new
vi rus to re s em ble a vi ral parti cl e ,” n o te s
Peter F. Yo u n g, pre s i dent and CEO of
Al ph a Va x , In c . ( Re s e a rch Tri a n gle Pa rk ,
N C , w w w. a l ph ava x . com ) . The body recog-
n i zes the carri er as an invader — t h o u gh it
can no lon ger cause disease—and bu i l d s
i m mu n i ty to the anti gen s .

Sel ecting the proper vector for del ivery
is crucial to the su ccess of this tech n o l ogy.
“The vector is going to determine its uti l-
ity as an immunological agent. There are
m a ny va ri a bles that can be fatal flaws in a
vector,” Young points out . Some com p a-
nies have wi t h d rawn from this market be-
cause their vectors could on ly carry lim-
i ted types of a n ti gen s . According to Al ph a
Vax, its “ArV” vector technology uses the
Ven e z u elan equine en ceph a l i tis (V E E )
vi rus because it has several unique bi o l og-
ical properti e s . For ex a m p l e , on ce injected
i n to the body, the vi rus has an intri n s i c
i m mu n o tropism that makes den d ri tic cell s
take up the particles and present them to
the immune sys tem , provoking an im-
mune re s pon s e . The vaccine replica par-
ti cles are en gi n eered so that the vi rus is
not replicated in the body. AlphaVax has
several vaccine candidates in Phase I and
II clinical tri a l s , i n cluding vaccines that
co u n teract bi o t h re a t s , H I V, c a n cer, a n d
parainfluenza virus.

Both microor ganism and microp a rti cl e
c a rri ers could be su i t a ble for another new
a pp l i c a ti on : com bi n a ti on vaccines aga i n s t
bi o t h re a t s , in wh i ch one vacc i n a ti on pro-
tects against anthra x , s m a ll pox , and Ebo l a ,
for ex a m p l e . This type of com bi n a ti on
t h era py might be po s s i ble with microen-
c a p su l a ti on , according to Broo k wood
P h a rm aceuti c a l s , i f d rug devel opers mi-

Ci rcle/eINFO 42
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c roen c a p su l a te the anti gens simu l t a n e-
o u s ly or mix microp a rti cles con t a i n i n g
e ach vaccine anti gen . In the case of b ac-
terial vectors , Avant Im mu n o t h era peuti c s
( Need h a m , M A , w w w. ava n ti m mu n e .
com) is in preclinical devel opm ent wi t h
cholera and typhoid fever bacteria as de-
l ivery veh i cles for a plague–anthrax vac-
c i n e . The tabl eted carri er binds to and bu r-
rows into the gastrointestinal wall before
it sel f - de s tru ct s . According to the com-
p a ny, the vector elicits a broad immu n e
re s ponse wi t h o ut causing disease sym p-
toms or side effects.

Several companies have their eyes on
gen e - b a s ed therapies for cancer vacc i n e s
that prevent the recc u rren ce of tu m ors in
p a ti ents who have under gone trad i ti on a l
on co l ogical thera p i e s . But in ad d i ti on to
preven ti on , the same carri er del ivery
m et h od might redu ce side - ef fects in trad i-
ti onal tu m or- f i gh ting tre a tm en t s . For ex-
a m p l e , Na n o Med Pharm aceuti c a l s , In c . i s
working to reformu l a te approved anti c a n cer
d ru gs using nanop a rti cles as del ivery veh i-
cl e s .“In vi tro data su ggest that the nanop a r-
ti cles may en a ble us to overcome mu l ti d ru g
re s i s t a n ce probl ems that are typ i c a lly asso-

c i a ted with dru gs su ch as pacl i t a xel ,”
explains Steph en Ben oi t , cofo u n der and
CEO of Na n o Med Pharm aceuticals In c .
( Lex i n g ton , KY and Ka l a m a zoo, M I ,
w w w. n a n om ed ph a rm . com ) .

Na n o Med ’s tech n o l ogy produ ces nano-
p a rti cles that mask the del ivery - l i m i ti n g
ch a racteri s tics of the dru gs ; en a ble targeted
del ivery of the dru gs to specific ti s sues and
cells (e . g . , tu m ors ) ; and provi de a su s t a i n ed
release of the dru gs in ti s sue wh i ch co u l d
redu ce do s a ge frequ en ce , peri ph eral tox i c-

i ty, and adverse ef fect s .
Ot h er new target diseases

i n clu de infectious diseases
su ch as anthra x , s evere
ac ute re s p i ra tory syndrom e
( S A R S ) , and even HIV be-
cause it’s too dangerous to
vacc i n a te against them
using a de ad or an attenu-
a ted vi ru s . Na n o Med Phar-
m aceuti c a l ’s nanop a rti cl e -
b a s ed den d ri tic cell - t a r geted
H I V-1 thera peutic vacc i n e
u n der devel opm ent has
gen era ted neutralizing an-

ti bodies to key ep i topes on the Tat pro tei n .
Ben oit explains that this “su ggests that we
m ay be able to sign i f i c a n t ly del ay or per-
haps avoid the progre s s i on of HIV or A I D S .”
The thera peutic vaccine is ex pected to en ter
clinical trials within 12–18 mon t h s .

Will processing and production 
make or break new vaccines?
As with all pharmaceuticals under devel-
opm en t , the full-scale manu f actu ri n g
processes for new vaccines must be
p l a n n ed du ring early - phase clinical tri a l s .

The paradox of producing a sterile ph a r-
m aceutical made with a bacterial carri er
and DNA that cannot be de s troyed is a ch a l-
l en ge . “At the end of the day, you want to
h ave a sterile soluti on . But you cannot ster-
i l i ze the soluti on in a normal way bec a u s e
it would de s troy the carri er or ga n i s m ,” s ays
Maik W. Jorn i t z , group vi ce - pre s i dent for
produ ct managem ent at Sa rtorius Nort h
Am erica (Edgewood , N Y, w w w. s a rtoriu s .
com ) . “What has to happen is you must be
very, very clean ri ght from the upstre a m
s i de [to the filling point] so that you avoi d
a ny kind of contaminant inside the flu i d , i f
i t’s an injectable.”

Because the tech n o l ogy is based on the
del ivery of D NA , Broo k wood ’s VAXC A P

m i c roen c a p su l a ti on produ cti on proce s s
is based on this pri n c i p l e .“We prep a re the
m i c roc a p sules asepti c a lly. This is impor-
tant for DNA vaccines because steri l i z i n g
(e . g . , with ionizing irrad i a ti on) DNA wi ll
i n activa te it,” n o tes Ti ce . The com p a ny
can scale its process to 10 kilos  or more .

Na n om edicine devel oper Na n o Med
P h a rm aceuti c a l s , is using a propri et a ry
m a nu f actu ring tech n i que that also preven t s
d a m a ge to the carri ers du ring large - s c a l e
produ cti on . The com p a ny ’s “ Na n o tem p l a te
E n gi n eeri n g”m a nu f actu ring tech n o l ogy
begins by mel ting a ph a rm aceutical matri x
and adding the appropri a te po lym etric su r-
f act a n t s . O n ce coo l ed , the solid, s ph eri c a l ,
u n i form ly dispers ed nanop a rti cles are su s-
pen ded in a liquid that can be direct ly fil-
tered thro u gh a standard 0.2-mm filter, a n d
lyoph i l i zed or s pray - d ri ed for formu l a ti n g
as a tabl et or stored as a powder. “O u r
n a n op a rti cle formu l a ti ons can be put in
a vial for injecti on , formu l a ted for nasal
del ivery, or tabl eted . The tech n o l ogy is re-
a lly qu i te flex i bl e ,” s ays Ben oi t . Accord i n g

Antibodies are specialized proteins produced by 
B-cells after stimulation by an antigen.

Antigens are molecular proteins or carbohydrate
substances that the body recognizes as foreign and
combats with the production of antibodies.

Antigen-presenting cells (APCs) are cells such as
macrophages, dendritic cells, or other body cells
that “present” antigen in a form that T-cells
recognize to trigger an immune response.

B-cells are lymphocytes that produce antibodies in
response to infection.

Dendritic cells are white blood cells that function as
APCs to capture antigens and present them to the
T-cells where an immune response is initiated.

Helper T - ce l l s i n c rease the pro d u ction of antibodies by
B - cells and re g u l ate the activities of all effector ce l l s .

Humoral relates to immunity that involves
antibodies secreted by B-cells and circulating in
bodily fluids.

Lymphocytes are a type of white blood cell.

Macrophages are whites blood cells that consume
foreign material,cell debris, and invading
microorganisms.

T-cells are white blood cells that are responsible for
cell-mediated immune responses.
Source: Webster’s New World Medical Dictionary, (Hungry
Minds, Inc., New York, NY, 2000).

Immunology glossary
Viral vector vaccine system.

Dendrites could be used to encapsulate antigenic
material or active therapies in their void space.
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to the com p a ny, the process is ra p i d , co s t -
effective, and scalable.

Ot h er nanoph a rm aceutical makers have
s tru ggl ed with scaling up their parti cle de-
velopment processes because some char-
acteristics cannot be reproduced reliably.
Companies have ex peri en ced a fru s tra t-
i n gly vast distri buti on in the sizes and
s tru ctu res of t h eir nanop a rti cl e s . But den-
d ri m ers , Donald Tom a l i a , P h D, fo u n der
of Den d ri tic Na n o Tech n o l ogi e s , In c . ,
( D N T, Mount Pleasant, M I , w w w. d n a n-
o tech . com) points out , can be reprodu ced
with acc u ra te size , s h a pe , and su rf ace -
ch em i s try spec i f i c a ti on s . “Th ey ’re just like
a ch emical com po u n d ,” he note s .“You can
run a mass spectrom eter on them and
t h ey ’re just as reprodu c i ble as the pure s t
ph a rm aceutical that a Big Pharma com-
pany would sell.”

The holl ow, tree - l i ke nanop a rti cles can
be loaded with high levels of toxic anti-
c a n cer dru gs , for ex a m p l e , and rel e a s e
d rug at the site of the disease. With this
p a s s ive targeting tech n i qu e , h e a l t hy cell s
l oc a ted near a tu m or wo u l d n’t be de-

s troyed and severe side ef fects would be
redu ced . Certain com p a n i e s , su ch as dru g
del ivery specialist Starph a rma (Mel-
bo u rn e , Au s tra l i a , w w w. s t a rph a rm a . com ) ,
have accurately produced multikilogram
qu a n ti ties of den d ri m ers for use as dru g
carriers.

Com m ercializing den d ri m ers and other
n a n op a rti cles may requ i re new analyti c a l
m et h od s , h owever. “The analysis of
n a n op a rti cles is very different from trad i-
ti onal qu a l i ty assu ra n ce met h ods used by
ph a rm aceutical com p a n i e s ,” n o tes Tom a-
l i a . “You may have to use more mass spec-
tro s copy, gel el ectroph ore s i s , and size -
exclu s i on ch rom a togra phy, for ex a m p l e .”
DNT and the Na n o tech n o l ogy Ch a racter-
i z a ti on Labora tory curren t ly are work i n g
to devel op bet ter analytical tech n o l ogi e s
to characterize nanostructures.

Sep a ra ti on specialists also have recom-
m en ded mem brane ch rom a togra phy for
vaccine proce s s i n g. Mem brane manu f ac-
tu rers take microporous mem brane stru c-
tu res and modify inner su rf aces of t h e
pores with the same types of i on exch a n ge

ch em i s tries that would be on ch rom a tog-
raphy beads. Instead of having Q-ion ex-
ch a n ge resin in the co lu m n , the rel eva n t
ch em i s try is on the internal pore su rf ace
of the membrane.

“With this met h od , you can have a sig-
n i f i c a n t ly open poro s i ty,” n o tes Jerold M.
Ma rti n , Pa ll Life Scien ce s’s (East Hi ll s , N Y,
w w w. p a ll . com) sen i or vi ce - pre s i dent and
gl obal tech n o l ogy director. “You can speed
up the proce s s , and you actu a lly have more
c a p ac i ty as well . Th en , i t’s very easy for the
m o l ecules to bind and elute .” Accord i n g
to Martin, several vaccine manufacturers
h ave alre ady introdu ced mem brane ch ro-
m a togra phy as a puri f i c a ti on step in the
down s tream processes for DNA and vi ra l
vaccines curren t ly in clinical devel opm en t .
PT
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