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TEST FOR MALARIA*A MODIFIED, INDlIECT MICRIOHIMAGGIUTIrNA'rION 

.\sxIRVING G. KAGANWALLACE A. RIOGERIS, JIC., JANET A. FlIIEL), 

.Ifluna, Georgia 30383ParasitologySection, Nalional Communicable Disease ('Center, 

many attempts Such a test might he emlployed as a supplement
During the past 50 years, 

have been made to develop serologic tests for 	 to the IFA test for diagnostic purposes and may 

le useful in studying the epideniology of malaria.
malaria with precipitin, agglutination, indirect 

hemagglutination (IiA), comn)lement-ixtiio 
tests MATrIIALS AM) M:rimlls 

(CF) and indirect fluorescent-antibody 
(IFA).1 The major problems with these tests Antigen Preparation 

have been related to specificity and to di lticulty 
rleisus monkeys were infectedThe serologic Splenectomizedin obtaining suflicient alitigein. 

illiy today botl in with ithe . nophecks hackeri strain of P. knowlesit 
procedure employed by 

by blood transfer. TIie aimals were anesthetized 
diagnosis .,nd in rescarch is tile IFA test. IIigh 

and exangui nted when 101,o or more of their 
cost and hick of staidalrdization of I(he procedulre 

ilittre schizonts.red lood cellsvolitaiIielits use both ilextensive rout inehave prevenited lta use(d Ia anEitier hclarin or sodium citrat 
diagnostic work and in elpi(lemiologic stludies. 

lrocedures wereIll cA car

with forinalil- and tannic acid-treated shcel ried out t I-I'C.
 
Stein and I)esowitz 2 described a tst anlticoog hit. All further 

IHood cells were wazsed ihree limes in 
red cells sensitized with alitigens fron Plas- The 

aline solitioin by centrifutest was 10 volumes of 0.$5',f
modium cyoomolgi and P. coalacyi; tihis 

1,100 ( for 5 minutes, and lysed 1y
used in:i tiel study of miniliiy gatiii atsubsequently 

at 10 voluies of distilledmin.1y the aidition of least 
to nal'ria in Australian New (Guinea.3 	 :1,000 ( fo 5withIi t.i water. Aflter centifation at
and El-ah'I relH rtei (Iilieulties 


sclimnit Consisted Of pillslodia,

test system all recommended a teclhique with 	 miiiuites, tile 

,one reil-cell stolii. 
fresh sheep red cells treated with tanimic aciI. 4 leukocyte iuelei, atil 

saline 
Mahoiey c/ al.1 fraction atcd alitigens pre- Washinig the tedilmielt three tihes with 

P1. a,nolcsi jftr solution facilitated r moval i f l ot f tile fluffy 
pared froni the Iplasmo(ia of 


press. white strollii. The final sedieniit was stored at
 
disruption of tile parasites in 11 Frcnlh 

irock"Siiig. Blood froi :abeforeIftirlle T 
They found atitigeIs active inIlia tests illbotl 	 -70( 

after monkey weighinig 3 kg vould be processcd. ili -1 
the supcrnatant fluhid and ilie residh 

to 20 iil of Ihi inodi(li .idiimenit.
90 linites. hours to yicl 5 

cent rifugatio i at 125,000 G for 
For fIuth lreneao trIlon, thle lisiloin wereprll

With tanned sheep erythrocytes as carriers, these 
telid water, placid ini a cooled French 

antigens detected antibody illall 16 s'rlil S:li- thawed ill 

l'eSSlie cll,ti : i ldtwo volounies of aut igel diluient 
ples fron 1Iatients with P. irax itfections, but 

', Na(Il and 1/15 phoshlte
32 san,lIes frot volunteers in- (e(uIll les (i 1 i 

in only six of 
titers bIifer at pl 6.-) were ahld. The cell was (l ei

fected with P. falciparum. P. l'ir(x sermn 	 '
P. fal- ated at 20,000 ll Ipoiair i etlinvh. Antigel

ranged from 1:100 to 1:6,-I00, and tile 
Used for rinsig fli cell broughltdiltteitciparum titers ranged from 1:10 to 1 :80. Normil 	 lie 

to Imnes vluill IIf plas
ionkey and nornmal hltti sel'iuislinliles go ce fiitl Vollmie four tile 

frm miedi:il sediiieiit. Tile diisrIIthd 11toterial was 
ita I:-0 dilution. Serumnegative results 

two of 27 5tients with wils positive, 	 centrifuged It 8,000 (, forl 15 Iiiitls. The 
pa syphilis 

to pink ini c.olor anISili'lIaant fltlld wais tai 
with titers of 1:320 and 1:80. 

blck and alpeareds'ro- Ollihlscenl ; tie reside was 
Since the 1liA test has proved useful ill 

liglilltl i.ili allrphosllti iol OfConsist iial'iaoiltoxopl.'slInosis, 7 2indepidemliologic studies 
lelnatant fliid was considered was tade to dehbris. lle s

other parasitic diseases,s aii attempt 
used Is such, or
nuria. 'is iuliloted mnigen and wa.s 

standardize and evaluate ainllA test for 

t Imahitlor ,y of Parasite Ceolthll ralpy, NIII,* The use of trade tianies is for ihlcitiliit iolt Chalede, G;eorgill.only find does not, volstitlute clihorsellivnt by tile 

Uor by tlie IT S. e)pamt- t A;iterivili Instrumelt (Coiljliy, [iii., Silver
Public lealthI Service 

Spring, Mlaryhtnd.ient Of lIealth, Educationi, and Welfare. 
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diluted with antigen diluent, when titration 
tests showed that dilution was compatible with 
suitable cell sensitivity. The undiluted antigen 
was stored at -70C. 

Test Procedure 

Human, group 0 blood, either fresh or stored 
for less than 21 days in acid citrate dextrose
(ACD) at 4°0, was washed three *times withi 

phosphate-buffered saline solution (PBS: equal 
volumes of 0.85% NaCI and M/15 phosplhae 
buffer at pH 7.2). The buffy coat was discarded. 
The erythrocytes were suspended in 40 volumes 
of PBS, and an eSual volume of 1:20,000 (w/v) 
tannic aeidl in P1S was added. Thle mixture was5 
incubated for 15 minutes in an ice-bath. After 
being washed twice with PBS, the .ells were 
ready for sensitizing. 

The packed, tanned cells were sensitized by 
adding live volunes of antigen and by mixing 

and incubating for 15 minutes at 37C. To de-
crease nonsl)ecific agglutination, an equal volume 
of PBS with 5% normal rabbit serum (INRS) 
was added, and this mixture incubated an ad-
ditional 5 minutes. After on- wash in IPBS at 
pH 7.2 containing 1, NIS, the cells were sus-
pended in 50 volumes of this solution and used 
immediately. Cells with 1:10,000 Merthiolate 
were useful for oue week if stored at 4C. Stored 
cells were resuspended in fresh PBS with 11' 
NRS before use. 

Plastic plates* with an 8 X 12 array of wells 
were used. Each well first received 0.05 ml of 
PBS with 1% NRS. A 0.05-ml diluting loop 
filled with test serum was placed in the first well 
in each row and the serum serially diluted in a 
doubling stepwise manner, beginning with at 
1:2 dilution. 

During agitation, 0.025 ml of the 2% sensitized-
cell suspension was dropped into each test well. 
Positive aid negative control serum samples 
were titrated each diay. Th'lle completed test w .as 
read 45 to 00 minutes later. A smooth mat of 
agglutinated cells, a 2+ reading according to 
Stavitsky,9 was considered to be a positivee 
reaction. In order to detect nonspecific aggluiti-
nation reactions, positive serum samaples were 
tested with a 2% suspension of tanned red blood 
cells sensitized with 5%,,) NS. 

* Cooke Engiieerinig Company, Alexandria, 
Virginia. 

Serum Samples Titrated 
Serum from 61 residents of St. Lawrence 

Island, Alaska, 11 patients with chronic tubercu
losis from Atlanta, Georgia, and 13 patients with 

syphilis from throughout the United States of 
America were assumed to he from malaria-free 
areas. A~larasitologic diagiiostic, hattery of 160 

serum samples containing 12 subgroups of 
specimensech inococcosis,known to he schiist osoiniasis,positivefor serologicallyfihuiasis, 

trichinosis, or other nonilarious dliseases, or 
negative for all these diseases, wos also tested. 

Serum samlples ass se,to conln antibody 
to nalarialwere fromtaients with infectios 

proved b% blood film. Serum from 17 cases of P. 
falciparunt infection primarily represented U. S. 
citizens who contracted malaria in a contry 
with known endemic malaria. The serum from 
130 cases of P. rirax infection were collected in a 
hvperendemic focus of mlari, in Honduras. 

" 

RESULTS 

FactorsInfluencing the Test 
Preliminary stu(lies were carried out to c'harae

terize those variables that influenced lhe stability, 
sensitivity, and specificity of tie ilIA test. Condi
ions lviig an insigniticant effect on the seisitiv

ity of the test were sph-c'ltomny of tlhomonkey, 
contaminattin of the antigen with host compo

ents, pressure of the French press, centrifuge 
speed, PBS osuolarity, tami-cid voncetration, 
tmera, on and pIduiiidin-acioitation,.seiisitizationtenileratulre, hring of 
the cells. 

Collin,, et aI. have previously reported that 
rhesus monkeys received il, the lITited States 
of America for mnedical reserich my have had 
prior experie,ce with aria. ' TIhy found tht 
651;;, of the rhesus moikeys received from New 
Delhii had seruml reactive ill the IFA test when 
tested with several different silim-mnitlaria 
aitige s. We have ftoil over 50(; t*f our it on
keys from the satme s uirce to hatve serum re
'tive by 1lik with !'. knol'hsi antigens. This 
prior exlerie1ceA Id, th.illies, partitil iy, 

1mayiliterfere with ext miintally iidmied 
malaria,. The use of splei ectoinized a imials has 
made the c(ourse (if infitiii iiore Iirelictable. 
All monkeys were sld hiectomized prior to iii
feetion for antigel Iroduction. 

The plasiaodial preparation before disrulition 
in the French press contained white-blood-cell 
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nuclei and some red-cell stroma, as well i s tin-
known quantities of adsorbed host elements. 
These anitigenic materials have not appeared to 
affect the specificity of the test, but further 
delineation of their influence awaits the pro-
duction of it piurer preparation, 

Antigen extraction from the whole plasmodia 
was carried out in a cooled French press at 
20,000 pounds per square inch. We found the 
antigen to be useful in the IHA test when pro-
duced at lower Iressures, but believed that the 
best yield was obtained at the maximum pres-
sure. The (lisrullted material was centrifuged 
with forces varying from 3,000 to 48,000 G with-
out affecting the activity of the final I)roduct. 
The PlBS used as buffer had an o(il'olarity of 

228 milliosinols. Another formula of 113S with 
308 milliosmols of solute did not greatly alter 

the sensitivity of the test. As did Shioiri,"' we 
found that tile conceitration of tannic acid could 
he widely varied, but that 1:20,000 as used above 
was tIhe Iiost effective. Our antigen ireparation 
was vffective in sensitizing tanned red cells when 
incuhaited at 370, 220, or 4TC within the IHii 
range 5.6 to 7.2. 

Several variables were found to be e..sential 

for standardization of this technique. These 
included ('ontol of the developmental stage of the 
Iparasite prepareId for anltigen, Iphysical charac-

teristics of antigel storage, species of origin of 
the red WIod cells, te iiperature of tanning tie 
red cells, ad (,siolarity of the antigen diluent. 
The activity (if antigens from P. knowlesi 

varied cc.rdinlg tI lhe stage at which they were 
harvested. Antigens that were reactive with 
serum from animaIs in illiine to P. knowlcsi 

could he extracted from several stages of the 
erythrocytic cycle, 
Antigens having the greatest degree of cross-

reacti'ity with serium front ther priniate m-
l:uria infevtit1s were I'esent in increasing con-

centralions ats the parasite became more mature. 
These antigens have detected antibodies against 
the following species of Plasmodium thatt infect 
primates: P. id,P. coatncyi, P. cynonzolgi, 1. 
fieldi, P. kiiowlesi, P. brasilianwit, P. inalariac, 
1'. or(de, P. iihyx, and P. folciporuim. 

'h'lie best prearations were 0made from blood 
containing .h equal inumber of mature schizonts 
and young ring forms. These prelaraltions couhl 
be diluted 20 times and still maximally sensitize 
tanned cells. Preparations of ring stages were not 
as active. The P. knoa'lesi infections generally 

developed synchronously and required harvest
ing within a critical 2-hour period to yield this 
quality of preparation. 

The active antigens of P. knowlesi were rather 
labile. Plasmodia stored at -70°C showed a 
gradual loss in antigen activity over a 3-month 
period. Disrupted plasmodia stored in antigen 
diluent at -70C lost activity in 2 weeks. When 
stored at 4C, the disrupted preparation was 
inactivated in 3 days. Once adsorbed onto red 
cells and washed free of other plasmodial con
stituents, the antigens a)peared to remain stable 
until contamination occurred or the cells spont
tancously agglutinated. 

The use of human, group 0 or rhesus-monkey 
erythrocytes improved the reliability of sen

sitization. Serum samplles were tested with red 
cells from the same species. Rabbit and sheep 

cells have occasionally been sensitized to an 
equal degree as human cells, but have been less 
reliable. Human, group 0 cells from five dif
ferent donors have been of equal quality. Those 
drawn while the (on0r was fasting, and stored 
in AC1), have been least fragile, confirming lhe 
relort of Indeglia Ct al2 

A water-bath at 4TC was necessary for a(le

quate tanning of cells. A 37C water-bath did 
not promote red-blood-cell changes that allowed 
sufficient adsorp0tion of tle malaria antigens. 
The antigen diluent found effective for ol)

tai iig iimaximu0m1 sensitivity of hu1an 0 cells, 
tanned at 4OC, was 2 , liosphate'; Na('l withi 
buffer. Use( of this diluent was not essential 
during disrul)tion of the Il'lsiodita. The sell
sitizati0 of red (ell with Iweak antigen was 
enhanced when salt solution alilroaching 2C/ 

concentration was used (Table 1). Concentrated 
solutions of antigen have adequately sensitized 
cells with an antigen diluent with 0.5% NaCI. 

Test Reproducibility 

In an evaluation of titer relprodtcibility, 30 
sertu samples were titrated as blind duplicates 
six times (Table 2). As expected, tests performed 
on the same (ay with the same lot of cells were 
least variable. One determination differed from 
its dup-iicate by one dilution, or less, o0% of the 
time and by two dilutions, or less, 95% of the 
time. Similar rel)roducibility within two serui 
dilutions could be obtaine(l whei different lots 
of cells were used on different days if the titers 
were adjusted by observing the reaction of the 
positive, control serum saniiples. Similar results 
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TABLE 1
 
Effect of salt concentrationzn the sensitiziny of human red blood cells 

luman 0 cells, tanned at 40 
Dilute antigen in 0.7% NaCI ................. 

Dilute antigen in 0.8% NaCI .............. 

Dilute antigen in 1.0% NaCI .............. 

Dilute antigen in 1.3c' NaCl ................ 


were also obtained with different technicians 
and different test readers. 

Test Specificity and Sensitiaity 

To evaluate the significance of titer, we tested 

various groups of serum (Table 3). Titers of 

1:16 and greater were uncommon (0.9%) in 
serum salnples assumed to be free of antibody 
against m laria. IIt tilep:asitologiC diagnostic 

battery, serunt samples with a titer of 1:16 or 
greater (6%) fay represent. true positive results 
as they were predomtinantly front areas where• 
inalaria tmay be endemic. Tile testing of seruln 
from persons with nalaria diagnosed 1)y blood-
smear examination revealed a sensitivity of 98% 
when a titer of 1:16 or greater was considered 
a positive reaction. 

Serui samples were collected anti stored fit 
-20C without :t chatge of titer over a 12-
tnonth period. Prelitminary results ott serum 
collected by filter-paper absorition of capillary 
blood and tompardC( with that collectedl y 
venipuncture have indicated that a filter-paper 
technique will yield cO tnpaI'l)le results and thus 
aid the collection of specimns. 

DISCUSSION 

The tests devised to detect malaria antibody 
often differ in their specificity if reaction and 
final results. The source of antigen and its 
method of preparatiotn partially limit the anti-
bodies that will be detected. Different test 
results may also Ile obtained because the test 
system employed inay have a tendency to detect 
preferentially the iitniunoglobulins of different 
classes. 

The agglutination of parasitized cells, as 
reported by Eaton,13 appears to be species-
specific. Brown observed that parasitized cells 
agglutinated when exposed to antibody formed 

Titers
 

Normal . ,nalbriae P. virax P. knowlesi 
human human human monkey 

Ncg. 1:40 1:40 1:40 
Neg. 1:320 1:160 1:1,280 
Neg. 1:640 1:,10 1:1,280 
Neg. 1:5,120 1:5,120 1:5,120 

TABLE 2 
Agreemcnt of duplicate titrations in all evaluation 

of 80 serum samples 

PercentofiO 
Number 1determinations 

of dupli. differing by 

Test conditions determi-cate ____ 

nations I dilu. 2 dilu. 
tionks tionsor or less 

Tests Inade oi lhe siImI, day
wi IbI hie saine lot (ifct'l s 330 91) 1t('
wrth lae lt ere'el

Tests fmath, ol differellt
 
tIAY with thl saime lot oif
 
cells 180 s)r, 95 r;
 

Tests mnade on diffezent 
das wit Itdifferent lots of 
.eils . . 360 69";, sW8% 

"Tsts made onm different 
days with titerent lits,of 
cells, blt adjtsted av
cording to iv'trl-s*rtma 

restlts.. 360 9e; 93e' 

agaitnst that specific relapse stabilate."4 Cross
reactions were infrequent.


Previously described I1A tests have detnon
strated a Iotlerate degree of cross-reactivity 

between plasmodiat itfecting tman and simiians. 
Stei' td l)tsowitz fotltmd that antigits from 
P. cynomolgi gave a high titer with 1. vir x 
serui, ut a low titer wit It P. falciarum sctttl'tn.2 

Antigens frot 1'. coaltneyi have high titers with 
P.faheiparum sertm, ltt low t iters with P. fitwx 
serum. Mahoney ct al. used at extrtct of P. 
knowlesi in alt IHA test lint gave high titered 
reactions with all 1'. irax ,erun. Titers of 1:40 
or greater were found in only 19% of tite P. 
falciparuia serum. 

When the IFA test is used, cross-reactions 
aniong toalaria infections of simians and man 
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TABLE 3 
Distribution of 111A liters among serum samples Jrom selected groups of persons 

.... 
Patienls infel-ted with P. ,ivax .... 0 0 0 2 5 122 130 

* These I0 still samles inclided four from piersons wit h tilariasis, Ithree with sehistisomittsis, and 

one eath withit syphilis, trieltiltsis, and visceral larva ntigrans. 
f Serum drawnit tarly in experimettal infect ion; IFA titer of 1:-I nol).considered signifieanti. 

Onto-yea r-l inle, ir i sent itpuntroteins by electrol)ltresis, IFA lest negative with P. ipivax 

Source of specimens1 

Nornml Alaskans ..... ...... 
Patients wit l, tu lerculosis ... 
Patients with syphilis ,... ....... 
Parasit(11giv diagnostic Iattery. .... 
Pat ients iufeeted wit It P. falvilrum 

Titers 

: 	 Total 
Negative 1:2 1:4 1:8 1:16 1:32 1:641 	 speci

mens 

. 54 3 4 0 0 0 0 61 
5 4 2 I 0 0 0 11 

28 2 8 .I 1 0 0 43 
1 105 13 lt 19 * 2* 2* 166 

0 if 0 0 1 1 14 17 

antigen. 

7ltave )eel, ,011.tln1on.1 higlest titer o-t Ihte 
tained with it given serm wits tusually obtained 

with tite homiologois antigen, but strain dif-
ferences hanve not I iei i sero-detmonstratel 
hogictlly. 

A ntigens ext fron P. knowlesi by Klig-icted 
leti8 ili d by lia ntiI: ve shown broad generic 

react ivity whe lised in the ('' test. Antigens 
prelparted frn tille srlti, of 1'. knoi/csi-infected 

ionkeys gui ve less interspetcivs reactivity thait a 

pjlasiItitli.Il at igili ]tr I t lti, l.2-
"l'tidir-'i' hs hee preprilaerl teli:itim (f 

The thermostalbility if mahria antigens has 
not often been commente(l upon. Most prep

ations haive apj arntitly been rather stable. 
lodorovic's aintigen is stale for several ntonths 
at 4'C. IFA test antigens are generally stored 
as dry smtears at -70'( ' atnd remaini usable for 
I year ir more. ( li crude extract if P. knowlesi 
pllasnodia Iias been vert labile; storage tit -70°C 
has bieen essential. This lability suggests that 

reactions contime ill tile Idiluted preplrat ion 

til result ill tlteraitilt otf the effective :tntigens. 
Tlte levelopmlent of lIeser'ativespcri is 

it -it :itiget fto actite itifvtions with Inecessary. 
P. lnlinarci iii 'liic'ks. - 11, t ihe Itlue lteX-
.tggliztiitiot (TI.A) tlest, the :ittigell has shown 
geteric' 	 t.t. i-rvii v. Aint igelis from 1'. gal-
imautttim ilfectii . reaclci wilI :utnisellin to 

P. (lalliwtremn, I'. I'yrlti, 1'. knouelcsi, 1. 
mntlariac, 1'. fahtimurtit, :tdi . itiax. 

'1h use of solubl :tnligeits ill the (F, 1II.\, 
and TLA te.sts NIs Ietit assiciat ed with Imore 
cross-react ions thi have been founl with 
paralsitized tells ia iggtlutination tests. The dry 
siilear of par' ,itized blood as used in the IF.A 
test has Ir(o'i(h' :Il iiitu(.rrldiate degree tf 
Ciuss-reactivit v. ('lse altentionito tite stage of 
tle develoing pal':sit I las alliwed ts to obtain 
flnltigetis tlatt ire commontloit I) illay species of 

Plasmodiumi. 'Ihe t'iit igeIs 1tmy be st11ilt1lralI 
elenttits, netiolites or strettlits if i1:rttsitic 
origin, or i t ered host vlth elnts. The aintigens 

are iipplarently released iilotle i)lSlllk .]tell 
tle ituerozoites tre liberated. The act'ivity ill 
votig ring slages is greatly redluced. 

The llA lest offers certain advantages in 

thesertlogiclingnosisof malariat. It relyires little 
time per lest:a technician working witlh seisitized 
cells (:1ll t itrate over 400 sirtitil smtples per day. 

This may lie furter imljr-' v ttile ise ofp I 
alitluiialied tchillitles. Ilie 'tiligei requirement 

of lA is certuil 'y much hightlr Iban that of 
the IFA test, biut it litilizes Ipl'asiotli:i that 
infect sinuians. Elacht itttke.y cal provide slif
ficient antigen for 3,8110 coinlet e titrations, 

' iiiore tlianl 10,000 sc.etig tests. These 

Charlcteristics itake possile the use of tie IliA 
test ill sttldiisof tle seroeliideiihgy of ituularia. 

SUMMARY 

All indirect Itellligglittinlitit (111A) test for 

malaria was evialuated. Anltigei was Iprelared 
frtil mature schizolts of Phismodium knou,lesi 

h arvested frotmtlile Ilood of Ihel rtestlS monkey. 
The plustnodia were freed frm red blood cells 
with distilled wvtter and then disrul)ted in a 

http:pjlasiItitli.Il
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French pressure cell. A 2% NaCI extract of the 
disrupted plasnodia was used to sensitize 
human,group () tainned erythrocytes. 

test detected Iitilody fithrs ofThis li1A 
1:16 or greater ii 98% of slide-proved CaSeS of 

tnalaria, tld illless thatn frolil ier'-II'; of ser'lltt 

Sons Withouit a history of malaria. The major 

problems it this techliqule included h'Varvesling 

the correct stage of plastnodia for alitigell, ising 

the Frlienc pressure cell,and storing the laile 

disrupted prepariation. ('ontol of these varillbhls 
Iussible a test that calt detect antibodynhas mitde 


against a spectrilm of plasmiii that infect,

primates, with iiiunIIi eXl(indiivreoffiidigenl. 
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