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S u m m a r y 

I he t echn ique of con t inuous in-vitro cultivation 
of Plasmodium falciparum has not been widely 
appl ied in ma la r i a -endemic a reas , d u e to scien-
tific as well as purely logistical problems. 
M e t h o d s for solving or coping with these 
p rob l ems a r e desc r ibed . They have already 
p roved ef fec t ive for over 4 years. T h e parasi tes 
harves ted h a v e b e e n sat is factory, as judged 
by r ep roduc ib l e logar i thmic growth curves 
a n d no rma l m o r p h o l o g y in Leishman-s ta incd 
s m e a r s as well as phase-cont ras t microscopy of 
we t -p repa ra t i ons . T h e y have also been success-
fully used as an t igen sources in the malarial 
f l uo rescen t - an t ibody test and to investigate 
e n h a n c e d pla te le t aggrega t ion in exper imenta l 
ma la r i a . 

Resume 

La cul t ivat ion in-vitro sans cesse de Plasmo-
dium falciparum n ' a pas e tc la rgement appl iqud 
d a n s les z o n e s pa lud i sme-e nde m ique s a cause 
de ra isons sc ien t i f iques aussi bien q u e les 
ra isons logist iques. Les m e t h o d e s de resoudre 
ces p r o b l e m e s sont decr i tes . Elles ont d<5ja 
p rove e f fec t ives pour plus de qua t r c ans . Les 
paras i t es eul t ives ont e t c sat isfaisants c o m m e on 
a m o n t r e pa r la c o u r b e de croissance logarith-
miquc et la morphologic* no rma le de Leishman-
fro t t i s -colores aussi bien q u e les p repara t ions 
h u m i d e s d e microscope Ix con t ras te -de-phasc . 
lis ont e t c success ivement bien utilises c o m m e 
les sources d ' an t igene dans [ 'experience du 
pa lud i sme f luorescent des an t icorps et pour 
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ddmont re r 1'aise de I 'aggrdgation de p laquet te 
dans l 'cxptfrience du paludisme. 

Introduction 

Malar ia research has been greatly enhanced 
since the successful deve lopment of a method 
for the cont inuous cultivation of Plasmodium 
falciparum in vitro [1|. In a reas highly endemic 
for malaria , however , this very useful research 
tool has not been widely appl ied, apparent ly 
because of certain problems. For instance, the 
need for human sc rum in the culture medium 
poses a scientific problem because malaria 
ant ibody present in locally derived sera would 
tend to inhibit parasi te growth [2j. However , it 
is well known that adults who have always lived 
in malar ia-endemic areas suffer f rom attacks of 
malar ia , implying that at least some sera 
support parasite growth. Purely logistical prob-
lems, such as irregular water and electricity 
supplies and lack of suitable, long-term cryo-
prcservat ion facilities, also abound in these 
areas. Ye t . since the major i ty of the ul t imate 
beneficiaries live in these malar ia -endemic 
areas, it is desirable that scientists who work 
there contr ibute to the research e f for t . T o this 
end we have successfully used the candle- jar 
method (3) to maintain P. falciparum in con-
t inuous in-vitro cul ture under the condi t ions 
prevalent at the University College Hospi ta l , 
Ibadan , Nigeria. 

Mater ia ls and methods 

T o prevent a i r -borne con tamina t ion , all mani-
pulat ions of the cul tures , sera , media and o the r 
solut ions were carr ied out inside a laminar 
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flow h o o d (Biof low m o d e l . F low L a b o r a t o r i e s ) 
which was left r u n n i n g for at least 15 min b e f o r e 
use. T o p reven t m a n u a l c o n t a m i n a t i o n , t he 
o p e r a t o r ' s h a n d s and f o r e a r m s ( u p to t he 
e lbows) w e r e s c r u b b e d for at least 10 min with 
-4% (w/v) ch lo rhex id ine g lucona t e ( I l i b i s c r u b , 
ICI ) . T o c o p e with i n t e r r u p t i o n s in w a t e r 
supp ly , e n o u g h c lean t a p wa te r to last severa l 
days w a s p e r m a n e n t l y s to red in t he l a b o r a t o r y 
in a sp i ra to r bo t t l e s a n d o t h e r c a p p e d p las t ic 
con ta ine r s . 

All c en t r i f uga t i ons w e r e d o n e in a b e n c h - t o p 
c e n t r i f u g e ( M S E ) at 1000 g for 2 min at r o o m 
t e m p e r a t u r e , excep t for h a e m a t o c r i t d e t e r m i -
na t ions which w e r e ca r r i ed ou t in a H a w x l e y 
m i c r o h a c m a t o c r i t c e n t r i f u g e (11 ,000 g ) f o r 10 
min . 

Glass, rubber ami plasticware 

T h e s e w e r e c l e a n e d by soak ing ove rn igh t in 5 % 
7X d e t e r g e n t (non- tox ic for t issue c u l t u r e . F low 
L a b o r a t o r i e s ) and washed t h r ee t imes in t a p 
w a t e r fo l lowed by t h r ee t imes in dis t i l led w a t e r 
and t h e n d r i ed in a wa rm-a i r o v e n . G l a s s w a r e 
including co t t on wool -p lugged g r a d u a t e d a n d 
P a s t e u r p ipe t t e s w e r e s ter i l ized in a ho t -a i r 
o v e n at 200°C for 2 h. R u b b e r and plas t ic i t e m s , 
inc lud ing m e m b r a n e f i l ters (Mi l l ipo rc ) w e r e 
s ter i l ized by au toc lav ing at 1(X) kPa for 1 h . 
Plast ic Pet r i d i shes w e r e o b t a i n e d a l r e a d y 
s ter i l ized (F low L a b o r a t o r i e s ) . 

Deionized water 

For all so lu t ions which would c o m e in to c o n t a c t 
with the pa ras i t e s , w a t e r was p r e p a r e d by 
t r a p p i n g s t e a m and t h e n r u n n i n g t he w a t e r 
t h r o u g h a d e i o n i z e r (E lgas t a t ) . W a t e r resist ivi ty 
was g r e a t e r t h a n 2000 o h m c m " 1 . 

Culture medium 

R P M I 1640 cu l t u r e m e d i u m (F low L a b o r a -
tor ies ) was u sed . Exac t ly 10.4 g p o w d e r e d 
m e d i u m (wi th g l u t a m i n e but w i thou t s o d i u m 
b i c a r b o n a t e ) a n d 5 .96 g I I E P E S (N-2 -hydroxy-
c t h y l p i p e r a z i n e - N - 2 - e t h a n e s u l p h o n i c ac id ) bu f -
fer w e r e d isso lved in 960 ml of w a t e r . T h i s 
so lu t ion was s ter i l ized i m m e d i a t e l y by f i l t ra t ion 
t h r o u g h a m e m b r a n e f i l ter (0 .22 jini; Milli-
p o r c ) u n d e r pos i t ive p r e s s u r e app l i ed with a 

50 ml s y r i n g e via a t w o - w a y t ap . F ive , 200 ml 
a l i q u o t s w e r e m a d e a n d s t o r e d at — 20°C until 
use . Ju s t b e f o r e u s e , a n a l i q u o t w a s t h a w e d and 
t o e a c h KM) ml w a s a d d e d 4 .2 ml of 5% 
N a l I C O * s o l u t i o n ( s t e r i l i zed by m e m b r a n e fil-
t r a t i o n ) as wel l a s 5 n ig g e n t a m y c i n . This was 
ca l l ed i n c o m p l e t e m e d i u m a n d comprised 
R P M I 1 6 4 0 s u p p l e m e n t e d w i th 25 msi I I E P E S . 
2 g/l N a H C O * a n d 50 ng /ml g e n t a m y c i n , all 
b e i n g f inal c o n c e n t r a t i o n s . 

Sera. T y p e A B R h + v e f r e s h f r o z e n plasma 
w a s o b t a i n e d f r o m t h e U n i v e r s i t y College 
H o s p i t a l b l o o d b a n k . It w a s u s e d on ly if it was 
n e g a t i v e f o r h e p a t i t i s B s u r f a c e an t i gen . To 
e a c h 100 ml of th i s p l a s m a w a s a d d e d 12 ml 
0 .24 M C a C U s o l u t i o n p r e v i o u s l y s ter i l ized by 
a u t o c l a v i n g . A f t e r c l o t t i n g a n d c lo t r e t rac t ion at 
r o o m t e m p e r a t u r e , t h e s e r u m w a s d iv ided into 
a l i q u o t s a n d s t o r e d at — 20°C. F o r u s e , serum 
w a s a d d e d to t h e i n c o m p l e t e m e d i u m at a final 
c o n c e n t r a t i o n of 1 0 % . T h i s w a s ca l l ed comple te 
m e d i u m . 

In i t ia l ly , t h e ab i l i ty of b l o o d b a n k - d e r i v e d 
s e r u m to s u p p o r t p a r a s i t e g r o w t h w a s tes ted by 
c o m p a r i s o n w i t h t h e s e r u m of o n e of us (O .S . ) . 
W h i l e w o r k i n g a b r o a d , s e r u m f r o m O . S . had 
b e e n s h o w n t o s u p p o r t p a r a s i t e g r o w t h as satis-
fac to r i ly a s s e r a f r o m d o n o r s in E u r o p e . Subse-
q u e n t l y , e v e r y n e w b a t c h of A B + s e r u m was 
t e s t e d a g a i n s t t h e p r e v i o u s o n e . i . e . t he batch 
jus t a b o u t t o b e u s e d u p . 

Parasite strain. T h e W e l l c o m e - L i v e r p o o l 
s t r a in of I*, falciparum ( a gift f r o m Pro! . L. 
L u z z a t t o ) w a s u s e d t h r o u g h o u t . S t ra in purity 
w a s m a i n t a i n e d a s d e s c r i b e d b e l o w . 

Red cells. F o r m a i n t a i n i n g t h e s tock cu l tu re , 
o n l y r ed cel ls f r o m o n e of us ( O . S . ) w a s used . 
T h i s w a s d o n e b e c a u s e b l o o d f r o m this source 
c o u l d b e m o s t eas i ly g u a r a n t e e d f r e e of anti-
m a l a r i a l d r u g s a n d w i l d - t y p e m a l a r i a paras i tes . 
E a c h t i m e b l o o d w a s w i t h d r a w n (by venepunc-
t u r e ) , L e i s h m a n - s t a i n c d f i lms w e r e m a d e . The 
b l o o d w a s o n l y u s e d for c u l t u r i n g pa ra s i t e s if no 
m a l a r i a p a r a s i t e s w e r e f o u n d o n mic ioscopic 
e x a m i n a t i o n of such s t a i n e d f i lms . O n e volume 
of acid p h o s p h a t e d e x t r o s e ( A C D , ant icoagu-
l a n t ) w a s m i x e d wi th f o u r v o l u m e s of venous 
b l o o d a n d s t o r e d in s c r e w - c a p p e d glass tubes at 
4°C. A l i q u o t s of this so lu t ion w e r e washed 
t h r e e t i m e s in i n c o m p l e t e m e d i u m by centr i -
f u g a t i o n , f o l l o w e d by r e m o v a l of t he super-
n a t a n t a n d h u f f y c o a t . Final r e s u s p e n s i o n was in 
c o m p l e t e m e d i u m . 
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C ulture technique. This was by the can<Jle-jar 
me thod | 3 | , except that cul ture hacmatocr i t was 
usually kept be tween 3 % and 5 % and Leish-
inan stain was used. Cu l tu re paras i taemia was 
di luted by the addi t ion of unparas i t ized red 
cells on M o n d a y s and Fridays. 1 lowever , f resh 
v e n e p u n c t u r e was car r ied out w h e n e v e r haemo-
lysis was not iced in the supe rna tan t in the 
Petri d ish , t he washed red cells, the b lood 
s to red in A C D , or if the s ta ined smear s showed 
marked ly d i s to r ted red cells o r pyknosis in the 
parasi tes . Le i shman-s ta ined s m e a r s of the cul-
tu re were e x a m i n e d daily o r on a l t e rna te days 
as necessary . Occas ional ly , a wet p repa ra t ion 
was e x a m i n e d by phase-cont ras t microscopy. 

Results 

A s j u d g e d by several cr i ter ia , the parasi tes 
g rown u n d e r t he fo rego ing condi t ions p roved 
sa t is fac tory . 

Parasite multiplication. This occurred in a 
logar i thmic fashion as shown in Fig. 1. In o n e 
ser ies of e x p e r i m e n t s r ep resen ted by the con-
t inuous l ine, the red cells used to set up the 
Petri d i shes on day 0 were freshly ob ta ined by 
v e n e p u n c t u r e . In a second ser ies 10 months 
l a t e r , r e p r e s e n t e d by t he b r o k e n line, the red 
cells used on day 0 had a l ready been s tored in 
A C D at 4°C for 10 days . This may explain why 
its g rad ien t is less t h a n the con t inuous line. 
H o w e v e r , it still r ep re sen t s a four fo ld multipli-
ca t ion o v e r the 84 h (less than two parasi te life 
cycles) of t he e x p e r i m e n t , with sampl ing at 12-h 
in tervals . 

Fig. 1. Reproducible logarithmic growth of I*, falci-
parum in vitro. Each point represents the mean of 
duplicate Petri dishes. (A A) Red cells used on 
day zero from fresh venepuncture; stained smears 
made daily for 5 days. ( • - - - - • ) Data generated 
10 months later; red cells used on day zero had been 
stored in ACD at 4°C for 10 days; smears were made 
twice daily for 4 days. 

Parasite morphology. Leishman-stained smears 
revealed normal morphology , with good 
nucleo-cytoplasmic di f ferent ia t ion and well-
d ispersed brown malaria pigment in t rophozo-
ites and schizonts (Fig. 2). Occasional 'crisis 
forms ' were seen , i .e. parasi tes in var ious stages 
of pyknosis (poor nucleo-cytoplasmic d i f fe ren-
tiat ion) with c lumping of the malar ia p igment . 
In genera l , crisis fo rms b e c a m e prominen t as 
cul ture paras i taemia app roached or exceeded 
100 per 1000, or if red cells s tored for more than 
16 days were used for cul ture . 

Phase-contrast microscopy of wet p repara -
tions showed normal nuclear and cytoplasmic 
bi-refr ingence. In t rophozoi tes only , v igorous 
motility of granules of malar ia pigment was 
seen in the paras i te which itself lay within the 
paras i tophorous vacuole. 

Other indices of satisfactory parasite culture. 
These parasi tes were used as ant igen sources 
for the malarial f luorescent-ant ibody test m a n y 
t imes with good results. T h e y have also been 
used to demons t r a t e enhanced platelet reactiv-
ity in exper imenta l malaria |4J. 

Red cell storage in vitro. Blood which had 
been stored for 16 days o r more at 4°C in A C D 
and in its own plasma f requent ly showed 
evidence of haemolysis in the supe rna tan t 
plasma. Also , parasi tes grown in such red cells 
were pyknot ic , with little o r no increase 
in parasi taemia. Unde r these condi t ions, 
haemolysis was very o f t en evident in the 
supernatant cul ture medium in the Petri dish 

Interruptions in electricity supply. This 
usually meant some delay in changing the 
medium, since the use of the laminar flow hood 
is crucial for maintaining sterility. A delay of up 
to 12 h (i .e. 36 h a f te r the last change) was well 
tolerated by the cul tures even at high cul ture 
hacmatocr i t (5%—10%) and paras i taemia ( u p to 
100 per 1000 red cells). A 24-h delay \*as 
usually lethal. However , whenever such a delay 
was anticipated or deliberately p l anned , the 
cultures cont inued to thrive if eu l ture haemn 
tocrit and parasi taemia had been reduced to 2 % 
and 2/l(X)0 red cells respectively. 

The use of a water - jacke ted incubator 
coupled with generally high ambient tem-
pera tu re (28-35°C depend ing on t ime of day 
and year) p roduced very gradual cooling dur ing 
electrical power cuts. Incubator t e m p e r a t u r e 
d r o p p e d about 5°C over a 12-h per iod . 

Laboratory accidents. T h r e e earl ier a t t empts 
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Fig. 2. P. falciparum in continuous culturo in vitro. Leishman-staincd smears showing ring forms (R). 
trophozoites (T) and schizonts (S). 

(in 1982) t o g r o w P. falciparum con t inuous ly in 
vitro w e r e f r u s t r a t e d by l a b o r a t o r y acc iden t s . 
O n e was t r aced to an i m p r o p e r l y s te r i l i zed 
b i j o u bo t t l e in to which d o n o r b l o o d had b e e n 
co l l ec t ed . T h e cu l tu r e s b e c a m e c o n t a m i n a t e d 
with G r a m - n e g a t i v e bacill i , res is tant t o severa l 
an t ib io t i cs inc lud ing g e n t a m y c i n . S p e c i e s iden-
t i f ica t ion was not a t t e m p t e d b e c a u s e t he u rgen t 
pr ior i ty was an t ib io t i c sensi t ivi ty which w o u l d 
e n h a n c e t he e f fo r t t o r e scue t he p a r a s i t e s f r o m 
the c o n t a m i n a n t s . T h e a t t e m p t w a s unsuccess -
ful . O n a n o t h e r o c c a s i o n , c o n t a m i n a t i o n by 
Candida spec ies was t r a c e d to a m e m b r a n e 
f i l ter used f o r ' s te r i l iz ing ' t he R P M I 1640 
c u l t u r e m e d i u m . It h a d b e e n a u t o c l a v e d at KM) 
k P a for 15 min h o l d i n g t i m e . A f t e r th i s , t he 
ho ld ing t ime for m a l a r i a c u l t u r e w o r k was 
inc reased to 1 h. O n a t h i rd o c c a s i o n , t h e 
c u l t u r e was lost , ev iden t ly b e c a u s e of t he 
. combined e f f e c t s of h igh p a r a s i t a c m i a a n d 
d e l a y e d m e d i u m c h a n g e . O w i n g to a p r o l o n g e d 
i n t e r r u p t i o n in e lec t r ic i ty s u p p l y , t he c u l t u r e 
m e d i u m cou ld not b e c h a n g e d unt i l a b o u t 40 h 
a f t e r t h e last o n e at wh ich t i m e the p a r a -
s i t e m i a s in t he Pet r i d i she s w e r e a l r e a d y 
a p p r o x i m a t e l y 8 % , at a c u l t u r e h a e m a t o c r i t of 
5 % . 

N o c a s e s of l a b o r a t o r y - a c q u i r e d ma la r i a or 
o t h e r d i s e a s e s h a v e o c c u r r e d in o u r h a n d s so 
f a r . 

Discuss ion 

A s f a r a s w e a r e a w a r e , t h i s is t he first 
success fu l a p p l i c a t i o n of t h e c o n t i n u o u s cu l tu re 
t e c h n i q u e f o r P. falciparum in N i g e r i a . T h e 
r e su l t s o b t a i n e d a r e s imi l a r in m a n y r e s p e c t s to 
d a t a p u b l i s h e d e a r l i e r [ 1 , 3 , 5 | . L o g a r i t h m i c pat -
t e r n s of m u l t i p l i c a t i o n a r e c o n s i s t e n t wi th thriv-
ing p a r a s i t e c u l t u r e s . O u t d a t e d r ed cel ls ( i .e . 
r ed cel ls s t o r e d for .3-4 w e e k s u n d e r b lood-
b a n k i n g c o n d i t i o n s ) a r e k n o w n to s u p p o r t 
p a r a s i t e g r o w t h (3) bu t t h e i r c o m p e t e n c e as 
hos t s d e c l i n e s g r a d u a l l y o v e r t he p e r i o d |6) . 
T h i s p r o b a b l y e x p l a i n s w h y t h e s l o p e of t h e 
g r o w t h c u r v e for 10-day-old r ed cel ls in vitro is 
less than that for absolutely fresh red cells (Fig. 1). 
H o w e v e r , s i nce t h e s e r a u s e d w e r e a l so dif-
f e r e n t , t he d i f f e r e n c e in g r a d i e n t s c o u l d b e d u e 
to d i f f e r e n c e s in the i r abi l i ty t o s u p p o r t p a i a s i t e 
g r o w t h . 

In o u r h a n d s , r e d cel ls r e m a i n c o m p e t e n t 
h o s t s fo r m a l a r i a p a r a s i t e s f o r on ly 2 w e e k s . 
T h i s r ap id a g e i n g of b l o o d s t o r e d in vitro is 
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probably d u e to a combina t ion of factors. First, 
the ord inary household re f r igera tor used is 
not as efficient as b lood-bank e q u i p m e n t . Sec-
ondly . f requent in te r rupt ions in electricity 
supply impair its funct ion fur ther . 

The system descr ibed he re di f fers f r o m pre-
viously publ ished work in o n e impor tan t re-
spect , namely , that locally der ived sera which 
probably contain high titres of malarial anti-
bodies have been used for rou t ine ma in tenance 
of con t inuous cul tures . T h e r e is ev idence that 
such sera impair paras i te growth in vitro (2). In 
vivo, globulin f rac t ions p r e p a r e d f r o m adul t s 
have been successfully used to t reat malar ia in 
chi ldren | 7 | . H o w e v e r , g rowth inhibition in vivo 
was not total and y-globulin therapy was not 
uni formly ef fec t ive . In addi t ion to these , a 
10-fold di lut ion factor is present in the cul ture 
system descr ibed h e r e , since se rum is added to 
cu l tu re m e d i u m at a final concen t ra t ion of 10%. 

This system has the advan tage that it resem-
bles closely what h a p p e n s in vivo in malaria-
e n d e m i c a reas . Inhab i t an t s of such a reas nearly 
always have s o m e malar ia l an t ibodies in their 
s e r a , w h e t h e r materna l ly acqui red o r f rom dc-
novo synthes is . T h u s , when they contract 
ma la r i a , t he paras i t es have to grow in the 
p r e s e n c e of varying t i t res of malarial anti-
bodies . Invest igat ion of the malarial an t ibody 
t i t res of the sera used ove r the last 18 m o n t h s is 
the sub j ec t of a s e p a r a t e communica t ion . Cau-
t ion must be exerc ised in ex t rapo la t ing in-vitro 
d a t a t o in-vivo s i tua t ions because of d i f fe rences 
inhe ren t in t he two systems. T h e closer the in-
vitro sys tem s imula te s the in-vivo s i tuat ion, the 
m o r e valid such ex t r apo la t ions a re likely to be . 
T h e cu l tu re m e t h o d descr ibed he re reflects 
m o r e accura te ly wha t h a p p e n s in vivo in en-
d e m i c a r e a s than m e t h o d s using non- immune 
sera . 

In t he a r e a of l abora to ry safe ty , the risk of 
hepa t i t i s B t ransmiss ion cons t i tu tes one m a j o r 
p r o b l e m . T h e p reva lence of the hepat i t is-B 
virus var ies f r o m 10 to 4 0 % in Nigeria [8,9]. 
T h u s , it is i m p o r t a n t t o sc reen every unit of 
s e r u m to be used for malar ia cul tures for 
hepa t i t i s B su r face an t igen using a sensitive 
m e t h o d , e .g . reversed passive haemagglu t ina-
t ion or r a d i o i m m u n o a s s a y . M o r e recent ly , we 
have a l so had to sc reen sera for the h u m a n 
i m m u n o d e f i c i e n c y virus. 

O n e p r o b l e m which we have not been able to 
solve so fa r c o n c e r n s c ryoprcse rva t ion . W o r k -

ing e l sewhere , o n e of us had demons t r a t ed that 
parasi tes s to red in - 7 0 ° C freezers (Rcvco) , 
using a modif ica t ion of the me thod of Wilson ct 
al. [10| . remain viable for a least 3 months . We 
a t t r ibu te our fai lure to obta in viable paras i tes 
even a f t e r s torage for just 1 week here in 
Ibadan , to the mal func t ion ing of the f reezers . 
The i r t empe ra tu r e s o f t en rose to - 5 0 ° C or 
higher d u e . a m o n g o the r things, to in ter rup-
tions in the electricity supply. A l though avail-
able locally, the supply of liquid ni t rogen is not 
reliable. 

The lack of c ryoprcservat ion has mean t that 
the parasi tes have been kept growing round the 
year , implying an obl igatory cons tan t consump-
tion of cul ture med ium and o t h e r mater ia ls . It 
has also meant that personnel who look a f t e r 
these cul tures have had to live with s o m e 
restriction to their m o v e m e n t s , e .g . it has been 
impossible to be away for m o r e than 48 hours at 
a t ime. But most impor tan t ly , it has mean t that 
contamina t ion of the cul tures , which occurs 
occasionally in most labora tor ies , implies in our 
case a s imul taneous loss of the paras i te s t rain. 
For these reasons , the solut ion to the p rob l em 
of cryoprcservat ion is receiving priority a t ten-
tion. 
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