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oxoplasma gondii is an intracellular protozoan parasite which is glo-
bally distributed.1 Felidae is the certain host for T. gondii whereas
rodents and birds are important intermediate hosts for the life cycle.

In Vitro Cultivation of Toxoplasma Gondii
in Various Cell Cultures

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The pur po se of this study was to eva lu a te va ri o us cell cul tu res such as Af -
ri can gre en mon key kid ney cells (Ve ro), hu man cer vix ade no car si no ma cells (He La) and pri mary
fe tal bo vi ne kid ney cells (FBK), which we cul tu red and sub cul tu red in our la bo ra tory for To xop -
las ma growth ra te and yi eld. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  To xop las ma gon di i tach yzo i tes we re ob ta i ned
by was hing pe ri to ne al ca vi ti es of al bi no mi ce which we re ino cu la ted in tra pe ri to ne ally thre e days
pri or to cell cul tu re in fec ti on. The tach yzo i tes in the pe ri to ne al exu da tes we re pu ri fi ed, po o led and
used to in fect thre e types of cells: Ve ro, He La and pri mary fe tal bo vi ne kid ney cells. Tach yzo i te mul-
tip li ca ti on ra te and yi eld of the se thre e cells we re eva lu a ted mic ros co pi cally both in the cell cul tu -
re flasks and from the har vests. RRee  ssuullttss::  All of the cell types ga ve rep ro du cib le re sults, with over
1x106 tach yzo i tes in the har vests, mo re than 90% of which we re vi ab le. Tach yzo i te yi eld from Ve -
ro cells was sig ni fi cantly hig her than He La cells. Ve ro and FBK cells we re in fec ted with tach yzo i -
tes fas ter than He La cell cul tu re and the har vest ti mes we re mo re stab le. CCoonncc  lluu  ssii  oonn::  To xop las ma
gon di i tach yzo i te growth was hig her in Ve ro cells than in He La cells and it is a con ti nu o us cell li -
ne, dif fe ring from pri mary FBK cells. The re fo re, Ve ro cell li ne was pre fe rab le among thre e cell
types as a tach yzo i te so ur ce for con se cu ti ve di ag nos tic and in ves ti ve use.   

KKeeyy  WWoorrddss::  Toxoplasma;  cell culture techniques 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da, la bo ra tu va rı mız da pri mer kül tür ve pa saj la rı nı yap tı ğı mız Af ri ka ye şil
may mun böb rek hüc re le ri (Ve ro), in san ser viks ade no kar si nom hüc re le ri (He La) ve pri mer fe tal
da na böb rek hüc re le ri (FBK) gi bi çe şit li hüc re kül tür le ri ni, To xop las ma gon di i’ nin üre me hı zı ve ve -
rim li lik le ri açı sın dan de ğer len dir me yi amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  To xop las ma gon di i ta ki zo -
it le ri, hüc re kül tür le ri ne ekil me sin den üç gün ön ce in tra pe ri to ne al ola rak ino kü le edi len al bi no
fa re ler den, pe ri ton boş lu ğu nun yı kan ma sı ile el de edil miş tir. Pe ri ton ek sü da la rın da ki ta ki zo it ler
ay rış tı rıl mış, bir leş ti ril miş ve Ve ro, He La ve FBK hüc re kül tür le ri ne ekim için kul la nıl mış tır. Hüc -
re kül tür le rin de ki ta ki zo it ço ğal ma hı zı ve mik ta rı, hem hüc re kül tür ta ba ka la rı nın hem de top la -
nan be si yer le ri nin mik ros ko pik ola rak de ğer len di ril me siy le be lir len miş tir. BBuull  gguu  llaarr::  Tüm hüc re
tip le ri, 1x106’nın üze rin de ve %90’ın dan faz la sı can lı olan ta ki zo it üre me so nuç la rı ver miş tir. Ve -
ro hüc re le rin de He La hüc re le rin den an lam lı oran da da ha faz la ta ki zo it ço ğal tıl mış tır. Ve ro ve FBK
hüc re le ri ta ki zo it ler le He La hüc re le rin den da ha hız lı en fek te olur ken, ço ğal ma sü re le ri da ha is tik -
rar lı ol muş tur. SSoo  nnuuçç::  T. gon di i ta ki zo it le ri, Ve ro hüc re le rin de He La hüc re le rin den da ha faz la üre -
miş tir ve Ve ro hüc re le ri, pri mer FBK hüc re le rin den fark lı ola rak, de vam lı bir hüc re di zi si dir. Bu
ne den ler le, Ve ro hüc re kül tü rü üç hüc re kül tü rü ara sın da da ha son ra ki ta nı ve araş tır ma ça lış ma -
la rı için da ha ter cih edi lir bu lun muş tur.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Toksoplazma; hücre kültürü teknikleri     
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To xop las mo sis is an in fec ti on of warm-blo o ded
ver teb ra tes inc lu ding hu mans. She ep and bo vi ne
in fec ti ons ca u se det ri men tal ef fects for eco nomy as
well as be ing im por tant for the hu man con ta mi na -
ti on by in ges ti on of raw or un der co o ked me at of
the se ani mals.2 Alt ho ugh the in fec ti on is mostly
asym pto ma tic in he althy adults, it can be of vi tal
im por tan ce for non-im mu ne preg nant wo men by
in du cing emb ryo pathy and for im mu no com pro mi -
sed per sons by ca u sing en cep ha li tis and le a ding to
de ath. Early di ag no sis is sig ni fi cant for the se ca ses
in or der to pre vent se ri o us con se qu en ces. 3

The pro duc ti on of tach yzo i tes is es sen ti al for
iso la ti on of the pa ra si te, all ex pe ri men tal mo dels for
ge ne tic, bi oc he mi cal path way and drug stu di es as
well as the de ve lop ment of se ro lo gi cal tests.4,5 Be si -
des, vi ab le tach yzo i tes are ne e ded to per form Sa bin-
Feld man test which is still con si de red to be the “gold
stan dar d” among se ro lo gi cal tests for the de tec ti on
of to xop las mo sis.6 The re fo re, both in vit ro and in vi -
vo cul tu re systems for T. gon di i are fun da men tal to
To xop las ma di ag no sis and tre at ment re se arch. 

We use mi ce for the ma in te nan ce of T. gon di i
tach yzo i tes by se ri al sub cul tu res twi ce we ekly in
or der to carry out Sa bin-Feld man test in our la bo -
ra tory. As cell cul tu re met hod is mo re et hi cal than
use of mo u se ino cu la ti on, in a pre li mi nary study,
we ai med to in ves ti ga te va ri o us cells such as Af ri -
can gre en mon key kid ney cells (Ve ro), hu man cer -
vix ade no car si no ma cells (He La) and pri mary fe tal
bo vi ne kid ney cells (FBK) in the vi ew of the ir su i -
ta bi lity to per mit ef fi ci ent growth of T. gon di i. 

MA TE RI AL AND MET HODS
Ve ro and He La cells we re ob ta i ned from the De-
part ment of Mic ro bi o logy. Cells we re tha wed:
25cm2 flasks (Gre i ner-cell star) we re se e ded with
1x106 Ve ro and He La cells and in cu ba ted in
DMEM/He pes supp le men ted with 10% fe tal calf
se rum (Sig ma) at 37°C with 5% CO2 for 24 ho urs.
Cells we re ro u ti nely sub cul tu red every 2-3 days by
trypsi ni sa ti on of conf lu ent mo no la yers was hed
with the me di um. 

FBK cells we re pri ma rily cul tu red in our la bo -
ra tory as fol lows: Five months old bo vi ne fe tus kid-

neys we re ta ken out asep ti cally. The out si de of the
kid ney was fre ed of all ad he ring tis su e. The re nal
cap su le was cut and pe e led off. The kid neys we re
sli ced in two hal ves to re mo ve pel vis and ca li ces as
only the cor tex was used to pre pa re the cell cul tu re.
The cor tex was cut with a scal pel in to pi e ces of 3-4
mm. The se pi e ces we re rin sed se ve ral ti mes to re-
mo ve as much blo od as pos sib le. Then pre war med
0.25% trypsin so lu ti on was ad ded. Trypsi ni sa ti on
was car ri ed out with a mag ne tic stir rer at ro om tem-
pe ra tu re. Every 20 mi nu tes, the trypsin so lu ti on was
de can ted and rep la ced by an equ al amo unt of trypsin
so lu ti on. The de can ted flu id which con ta ined kid-
ney cells was col lec ted, kept at 4°C and was cen tri -
fu ged at 1300xg for five mi nu tes to eli mi na te trypsin.
Af ter the cells we re co un ted, they we re se e ded to a
cul tu re flask and in cu ba ted in the growth me di um at
37°C with 5% CO2.7

Swiss al bi no mi ce we re ino cu la ted in tra pe ri -
to ne ally with T. gon di i tach yzo i tes thre e days pri -
or to the in fec ti on of cell cul tu res. Mi ce we re
sac ri fi ced and pe ri to ne al exu da tes we re as pi ra ted
by was hing the pe ri to ne al ca vity with 5 ml of Dul-
bec co’s Mo di fi ed Eag le’s Me di um He pes Mo di fi ca -
ti on (DMEM/He pes, Sig ma) con ta i ning 100 IU/ml
pe ni cil lin (Merck) and 100µg/ml strep tomy cin (Bi-
o lo gi cal In dus tri es). The exu da te was cen tri fu ged
at 50xg for five mi nu tes to eli mi na te host cells.
Then su per na tant was was hed thre e ti mes by cen-
tri fu ging at 1300xg for five mi nu tes with DMEM
con ta i ning an ti bi o tics. The amo unt and vi a bi lity of
tach yzo i tes in the pel let we re de ter mi ned by using
a h e mocy to me ter un der pha se con trast mic ros copy
(x400 mag ni fi ca ti on) and the pel let was di lu ted to
con ta in 1x 106 tach yzo i tes/ml.8

Af ter the conf lu ent mo no la yer for each cell
cul tu re type had for med, the me di um was as pi ra -
ted, conf lu ent cells we re was hed with fresh me di -
um and the cells we re in fec ted with 1x 106

tach yzo i tes in 1 ml of ma in te nan ce me di um
(DMEM/He pes supp le men ted with 2% fe tal calf se -
rum) wit hin two ho urs from the ti me tach yzo i tes
we re ob ta i ned from mi ce. Flasks we re in cu ba ted
for 30 min at 37°C with 5% CO2. Then 4 ml of ma -
in te nan ce me di um was ad ded and the flasks we re
in cu ba ted at 37°C with 5% CO2 .



Cul tu res we re exa mi ned by pha se con trast mi-
c ros copy using an in ver ted mic ros co pe to ob ser ve
the pre sen ce of T. gon di i tach yzo i tes, the ir en tran -
ce to the cells and mul tip li ca ti on. The yi eld was de-
ter mi ned af ter 48 ho urs. The flasks we re tap ped
from the si des to re le a se the tach yzo i tes. The num-
ber and the vi a bi lity of tach yzo i tes in cell cul tu re
su per na tants har ves ted from the flasks we re de ter -
mi ned with a ha e mocy to me ter un der pha se-con -
trast mic ros copy. The tach yzo i tes ob ta i ned from cell
cul tu res we re used to in fect fi ve con se cu ti ve sub cul-
tu re of each cell type fol lo wing the abo ve pro to col. 

The dif fe ren ce of thre e cells du e to To xop las -
ma yi eld and pla gu e num bers we re eva lu a ted by
Krus kal-Wal lis test. When the dif fe ren ce was fo -
und sta tis ti cally sig ni fi cant, Dunn mul tip le com pa -
ri son test was used to know which cell dif fers from
the ot her. SPSS for Win dows 11.0 poc ket prog ram
was used for sta tis ti cal analy sis.

RE SULTS
The vi a bi lity ra te of the tach yzo i tes ob ta i ned from
mi ce was over 95% at the ti me of the in fec ti on of

cell cul tu res. The re le a se of tach yzo i tes in cell cul-
tu re, es pe ci ally in He La, was un pre dic tab le and the
op ti mum ti me of har vest co uld vary from 48 to 120
ho urs af ter in fec ti on of the mo no la yer. 

In fec ted cells with one or two and ra rely fo ur
tach yzo i tes we re ob ser ved in Ve ro cell cul tu re at 6
ho urs post-in fec ti on whi le mostly one or two tach -
yzo i tes we re pre sent in FBK and He La cells. Mul-
tip li ca ti on ra te of tach yzo i tes in Ve ro and FBK cells
se e med to be fas ter than He La cells, alt ho ugh the
dif fe ren ce was not sta tis ti cally sig ni fi cant
(p=0.148). Both Ve ro and FBK cells we re he a vily
in fec ted with tach yzo i tes bet we en 18-24 ho urs af -
ter To xop las ma ino cu la ti on to the flasks and then
tach yzo i tes star ted to be re le a sed (Fi gu re 1, 2, 3).
Ho we ver, both the num ber of He La cells in fec ted
and the mul tip li ca ti on ra te of tach yzo i tes wit hin
He La cells we re slightly less than Ve ro and FBK
cells at 24 ho urs post-in fec ti on. Mo no la yers of Ve -
ro and FBK cells be gan to be dis rup ted when an av-
e ra ge of 5-6 tach yzo i te pla gu es per fi eld of 400x
mag ni fi ca ti on we re just ob ser ved in He La cell cul-
tu re. 
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FIGURE 1: HeLa cells infected with T. gondii.

FIGURE 2: Vero cells infected with T. gondii.
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The tach yzo i te yi eld and vi a bi lity in the har-
vests from each cell type we re eva lu a ted by pha se
con trast mic ros copy. Whi le tach yzo i tes from Ve ro
and FBK cells we re har ves ted at 48-72 ho urs post-
in fec ti on, He La cells we re su i tab le for har vest la -
ter than the se two cells ex cept one sub cul tu re
when the tach yzo i tes we re har ves ted af ter 72 ho -
urs. All cell types ga ve tach yzo i te yi elds mo re than
1x106 tach yzo i tes of which mo re than 90% were vi-
ab le and suf fi ci ent to be used as a so ur ce for Sa bin-
Feld man test. The ave ra ge vi ab le tach yzo i te co unt
at the ti me of the har vest from Ve ro, FBK and He -
La cells we re 2.8x106, 2.62x106 and 2.35 x106, res -
pec ti vely. The dif fe ren ce bet we en Ve ro and He La
cells was fo und to be sta tis ti cally sig ni fi cant
(p<0.05). Host cell con ta mi na ti on of the har vests
was mo re with Ve ro and FBK cells than with He -
La cells. In the se cell li nes, la te har vest of tach yzo -
i tes af fec ted the vi a bi lity.

DIS CUS SI ON
Many in ves ti ga tors ha ve be en using va ri o us cell
cul tu res to iso la te and ma in ta in T. gon di i for both

di ag nos tic and in ves ti ga ti o nal pur po ses.9,10 Alt ho -
ugh in vit ro cul ti va ti on is re por ted to be mo re com-
p li ca ted and la bor in ten si ve than mo u se
ino cu la ti on, it is con si de red as mo re cost-ef fec ti ve
and last but not the le ast ani mal pro tec ti ve. Our
aim was to de ter mi ne the most su i tab le and sa tis -
fac tory cell li ne among Ve ro, He La and pri mary
FBK cells in res pect to tach yzo i te yi eld, in or der to
use them for di ag nos tic pur po ses in Sa bin-Feld man
test in the fu tu re. In the light of our fin dings in this
study, we plan to op ti mi ze the cell cul tu re met hod
for long ti me con ti nu o us ma in te nan ce using the
most ap prop ri a te cell type as a tach yzo i te so ur ce.

Evans et al. com pa red He La, LLC and Ve ro cells
to in ves ti ga te a su i tab le tach yzo i te so ur ce for di ag -
nos tic use.11 They fo und the op ti mal mul tip li city of
in fec ti on was re ac hed at 1:1 tach yzo i te to cell ra ti o.
We al so used this ra ti o du ring our study. They con-
c lu ded that He La cells ga ve hig her tach yzo i te yi eld
than the ot her two cells. Ho we ver they al so ex pres -
sed that the cells had un pre dic tab le growth cycles.
Con tro ver si ally, Dos ka ya et al. fo und that the re was
no sta tis ti cally sig ni fi cant dif fe ren ce bet we en the
tach yzo i te yi elds of Ve ro and He La cells. 10 We ob-
ser ved that the ave ra ge tach yzo i te yi eld of Ve ro cells
was sig ni fi cantly hig her than He La cells. We al so
fo und that He La cells per mit a slightly slo wer mul-
tip li ca ti on ra te of tach yzo i tes than Ve ro and pri-
mary FBK cells in so me ex pe ri ments alt ho ugh the
dif fe ren ce bet we en the ave ra ge ra tes was not sta tis -
ti cally sig ni fi cant. The num ber of sub cul tu res or the
con di ti on of the cells used in the se two dif fe rent stu -
di es may ha ve in ter fe red with the re sults. On the
ot her hand, our con se cu ti ve ex pe ri ments with dif fe -
rent He La cell li nes ga ve si mi lar re sults so we do not
ex pect the dis cor dan ce of the re sults in res pect to
He La cells wo uld be a re sult of the abo ve men ti o -
ned fac tors. The re a son for He La cells to per mit a
slo wer growth of T. gon di i tach yzo i tes in this study
can be du e to RH stra in li ne a ge of our stock. Ma vin
et al. re por ted that the ge ne tic va ri a bi lity in dif fe -
rent stocks of T. gon di i RH stra in can ha ve an im-
pact on the in cor po ra ti on in to the con ti nu o us
cul tu re system and Sa bin-Feld man test.12

Hug hes et al. re por ted suc cess ful con ti nu o us
cell cul tu re of T. gon di i in pri mary Af ri can Gre en

FIGURE 3: FBK cells infected with T. gondii.
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Mon key Kid ney cells.13 In our study, pri mary FBK
cells we re al so shown to be go od hosts for T. gon -
di i. Ho we ver, as it is dif fi cult to pro pa ga te this pri-
mary host cell li ne, it wo uld not be su i tab le for
con ti nu o us supply of tach yzo i tes es pe ci ally for Sa -
bin-Feld man test. 

CONC LU SI ON
The T. gon dii tach yzo i te growth in Ve ro and FBK
cell cul tu res we re com pa rab le to and slightly fas -
ter than He La cell cul tu re. The har vest ti me was
lon ger for He La cells. In our ex pe ri ments, Ve ro

cell li ne was the best du e to har vest yi eld of T.
gon dii tach yzo i tes among the cells tes ted in or der
to iso la te and ma in ta in T. gon dii tach yzo i tes, as it
is a con ti nu o us cell li ne and tach yzo i te yi eld is
sa tis fac tory. Ho we ver cell con ta mi na ti on in the
har vests wo uld ma ke it dif fi cult to in ter pret Sa -
bin-Feld man test re sults. Suc cess in long term
con ti nu o us pas sa ges and Sa bin-Feld man test 
per for man ces of the se cells sho uld be the sub ject
of the next study in the at tempt to use cell cul -
tu re as a tach yzo i te so ur ce for Sa bin-Feld man
test.
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