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SEROLOGIC AND GENETIC CHARACTERIZATION OF
PLASMODIUM VIVAY FROM WHOLE BLOOD-IMPREGNATED
FILTER PAPER DISCS
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Abstract, The presence i the New World of a vanant strain ol Flasmeditn weay
(VK 247) contaiming o unigue circumsporozoite (C8) repeal domain wis determined by the
detection of antibodies 1w the variant CS protein and by genetic analysis of the C8 gene
from field solates. Whole blood specmens were collected on Dlter paper rom patients
infected with vy in Mexico and Peru, Plasmodim vivar DNA was eluted rom lilter
paper samples and the CS gene was amplified by the polymernse chain reaction (PCR) and
analveed for the presence of VE247 or VE210 DNA by oligoprobe hvbndization, Sera
¢luted from a companion filter paper sample were screencd for antibodies reactive with
the predominant and vemant repeat peptides by engyme-linked immunosorbent assays
(ELISA) and with sporozoites by the immunofluorescent anttbody (1TFA) test, All 24 patients
were positive by PCR and oligoprobe hvbndization for either VE210 (16 of 24), VK247
(3 of 24}, or both {5 of 24), Mixed infections were common (5 of 7} in Peru, but were not
observed in the Mexican isolates (0 of 171 All three VE 247 infections from Mexico occurred
in residents of the foethills above Tapachula (P = 0.02). OF patients with smear-positive
F.ovivax infection, 42% (10 of 24) had detecable anubodies eluted from dried blood dots
tiat were reactive with the OS5 protein by IFA or ELISA. These findings establish the
widespread distribution of the £, vivax vanant CS protein in the New World and indicate
that dned blood filler paper samples represent a valuable source of matenal for the serologic
and molecular analyvsis of plasmodial infections.

The predominant surface or CiIrcumMsporozoite
(CS) protein of malaria sporozoiies is a major
target for the development of an effective vac-
cine. In Plasmiodivm vivax, the main focus of
recombinant vaceine development has been on
the central immunodominant repeat reglon
(GDRAADGOPAYL which was believed 1o be
nvarianl within this species.” Recently. & stmain
of P vivax (YK247) from western Thailand has
been descnbed with a vanant repeat domiain
(ANGAGNOPG) that is not recognized by any
of the-available CS monocipnal antibodies.* The
prevalence of infection and worldwide disin-
bution of this vanant will have implications for
the efficacy of carrent vaccines based on the pre-
dominant repeal domain,' A rapid and stmple
method 10 determune the extent of infection of
VE247 would be of great value,  Seroepide-
mialoe studies demonstrating antibodies against
the predominant and vanant CS repeats by both
immunofluprescent antibody (1FA) and enzvme-
linked immunosorbent assavs (ELTSA) have been

reported as one approach to determine the dis-
tribution of this P vivax variant,? We recently
described an altermative approach based on ge-
nenc analyvsis of the C8 gene that was amplified
from whole blood-impregnated filter paper sam-
ples by the polvmerase chain reaction (PCR)" In
order 1o assess the usefulness of these approaches
fier the characterization of P. vivax infections, we
compared the serologic detection of VK247 and
VK210 infection by IFA and ELISA with that
of U8 gene amplification and aligoprabe hybrid-
tration from whole blood—impregnated filter pa-
per samples.

BMATERIALS ANIY METHODS

Study papulation

Two geographically separate locations were
chosen for analysis of C8 vanation in the New
World., All study subjects were résidents of these
regions, One study site was in Tapachula, Mexico
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located near the Gumemalan border. and the
otherwasin Lima, Peru. Patenis presenting with
£vvay malaria o the Centro de Investigicion
de Paludismo in Tapachula or referred to the
Maval Medical Research Institute Detachment
in Lima between September 1990 and February
1991 were eligible for entry into the study. Dur-
g thisperiod, 17 individuals from the Mexican
site and seven (rom the Peruvian site were an-
ilveed, These coses represented consecutive pa-
tients studied, and they were not selected from
o lwrger study population. Subjects from the
Moexican site ressded in either a coastal MegIOn Or
in the neighboring foathills, Cases from Peru in-
cluded infections acquired in both coastal and
Jungle regions of Peru.

Spectmen handiing

Blood (20 ul) was collected by fingerprick or
by venipunciure from subyects with smear-pos-
Wive £ ovivay malara and from healthy controls,
and bloted in wriplicate onto Whatman (Hills-
boro, OR) 3M chromatography paper Filter pa-
por samiples were air dried, individually placed
in plastic bags, and shipped by regular air mail
lal room temperature) to the Walter Reed Army
Institute of Research (WRAIR), Samples were
processed within 1-3 months of arrival at
WRAIR, One filter paper sample from each case
was cluted a1 4°C overnight in 400 xl of phos-
phate-buifered saline with 0. 5% boiled casein and
1% Tween 20057 These 1:20 dilutions were
stored at —20°C until assaved by ELISA and IFA.

A second filter paper sample from each case
was processed for enzymatic amplification of the
U5 gene as previously described.! Eneflv, sach
sample was excised and added 1o 180 ul ofa 5%
weight/volume [wiv] Chelex-100 (Bio-Rad,
Richmond, CA) solution that was preheated to
100°C. Flasmodiian vivay DMNA was released
[rom the filier paper by vorexing (30 sec) and
boiling {100 min). The samples were centrifluged
{12000 = g for 1.5 min} and the supernatant
was removed and centrifuged again. The super-
natant was then stored at 4°C, for up 1o four
months, until amplified by PCR. Both the se-
relogic and the amplification analvsis was por-
formed 1o a blinded fashion.

Tadirect immunoffuorescence assay

Plasrrcediem vivay sporozoites of the predom-
inant (VK210) €8 protein stram were produced
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for TIFA by membrane feeding Aropheles ste-
Phens mosguitoes on blood from a splenectom-
tzed chimpanzee (Pan troglodytes) infected with
the Salvador | isolate, Varant (VK 247) 08 [Hr-
len strun sporoeostes were produced by feeding
liboratory-rearcd An dires mosquitoes on in-
fected Thit men, as described by Rogenbwers and
others, ! Salivary gland sporozoites were [Hri=
cessed und 1FAS were conducted as deseribed by
Wirte and others,” using fluorescein-lubeled anti-
hurman Igh (heavy and light chain) secondiry
antibody. The limited wvailability ol variant spo-
rozostes permitied the testing of anly selected
SUrUm exiracls: Strumn=specific mouse monoclo-
nal antibadies (R, A, Winte and athers, unpuhb-
lished data) reacted only with the homaologous
sporozoite, as did Thai positive control sera,

Enzyme-linked tmntunosarbent avsay

The ELISAS for detection of anti-C% antibody
were conducted as described by Wirte and oth-
ers.” The capture antigens used were the £ vivay
recombinant C8 protein vaccine NSIV 20, which
contains the predominant CS protein repeat
(GDRAADGOPA),,, and a synthetic peptide of
the varant repeat TANGAGNOPG), that was
glutaraldehyde-conjugated to boiled casein.
Samples were analyzed in triplicate and all ¢x-
periments were repeated,

Amplification of the €5 gene

The DNA released from the flrer paper sam-
ples was subjected 1o amplification in a thermal
cycler (Perkin Elmer Cetus, Norwalk, CT). Five
microliters of supernatant from cach processed
sample was added 1o an amplification mixture
(30 md KCL L0 mM Tris, pH 8.0, 0.01% [wv]
gelatin, 3 mM MgCl,, 400 oM dNTPs, and 2.5
units of Amplitag [Perkin Elmer Cerns]) con-
taining the oligonucleotide primers (50 proles
each} PV5 and PVE (Table Lyeomplimentary to
the conserved regions [ and 17 of the £, vfvaxy CS
gene’ The reaction muxture was initially demi-
tured at 95°C lor 5 mmn, followed by 45 cveles
ofamplification (94°C for 3 sec, 17°C for 30 sec,
and 72%C for I min). Positive and negative bload
samples were included with each amplification
assay. Duplicate samples were analveed and all
expenments were repeated. To prevent cross-
contamination, separite pieces of equipment and
rooms were wsed For the preparation of samples
and the handling of amplificd products:
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Slot-Mlot and ofigoprobe hvbedsarion

Ten microliters of each PCR reaction mixture
were fractionied clectrophoreetically on a 0.8%
agarose gel, and the amplified products were vi-
sualized under ultraviolet (UV) hight after stun-

ing with ethidium bromide. Ten microhiters of

cach PCR reaction mixiure wias slot-hlotted
triplcate onte a nvlon membrane according 1o
the manufaeturer's (Schleicher & Schuell, Keene,
NH}instructions, and cross-linked with UV light
using theawo-link mode on o Stratalinker (Stra-
tagene, Lo Jolla, CA) The DNA fragments on
the membrane were hvbndized with * Peend-la-
beled internal oligoprobes VR0 and VKI4T
{Table 1) which are comphmentary 1o the pre-
dominam and variant form, respectively, of the
Fowvay O8 gene® The membranes were washed
with 2= S85C (1 = S85C =015 M Natland 0,015
M sodium citrate) at room emperature, and with
0. 1= S8C conwmining 1% sodium dodecyl sulfate
at 50°C. The membranes were then cxposed 1o
radiographic flm with intensifving screens for 2—
14 e —80°C.

RESLULTS

Crenetic amalyss of the O8 geae from P, vivax
rsoliates

I all 24 cases of P vwrax infection analyred
from Mexico and Peru, the CS gene was suc-
cessfully amplified from filter paper samples. All
patients studied were probe positive for VE210,
V247, or both (Table 2 and Figure 1). The
parasiternias, as determined from stained smears,
ranged from 1.60010 13, 280/mm? in Mexicoand
from 79 to 37.920/mm" in Peru {Table 2.

Five of the seven cases (71%) from Peru were
mixed infections, with both VK210 and V247
wdentified by olipoprobing the amplified CS gene.
In two cases. only the VK210 DNA was iden-
tified. When compared with cases of VK210 #
vivax infection, there were no associations noted
between the presence of VK247 DNA and the
level of parasitemia, age or sex of the subjects,
the area of acquisition ol inféction, unigue symp-
tomatology, or the presence of unuesual mor-
phology on stamed smears.

In contrast 1o Peruvian isolates. all cases from
Mixico were pure infections. Three of 17 cases
(18%) were positive with the VK247 probe and
the remaining 14 {82%) were positive only with
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Sequaesces of Plasmaodium vivas prieers aned ofigo.
freodes

Primese o

peobe Sevpueroe
Primers
Vs FATOCHAAT TOAATANGOT -
CGAAACAACT. Y
PYé SWOCAGOOOATOCACAGGTT A

CACTGOAT -3
Cigonuclootide probes
VR0 FELCCAGUAGOTUATAGAGO ALY
V247 b A GOCAATOAACC AL
GAGCAAATOC Y

the VK210 5 probe. All three infections with
VK247 oceurred in restdents of the (bothills (3
ol 6 versus O of L1 P = 0,029, by Fisher's exact
two-tailed test). Infections with VE 247 occurred
in o vounger age group than that observed with
VE2I0 (mean 1] years versus 24.5 yearsy, Asin
cases from Peru, no unusual svmptoms or dis-
unchive morphology on semined smears was re-
poried for VE 247 infecnons from Mexico, Nane
of the eight negatnive control blood samples was
posttive for either VE210 or VK247,

Circumsparozoie protein anithody responses (n
P. vivax-inficred patients

An ELISA was used 1o sereen sera eluted from
filter paper samples for rcactivity with the pre-
dominant (VK2 10} and variamt (VK 247) CS ep-
mopes, Overall, 35% (6 of 17) of the Mexican
sera and 37% (4 of 7) of the Peruvian sera reacted
with either the VK210 or the YE247 repeat do-
mains. In patients with VK210 DNA detecied
by PCR. 43% (9 of 21) had detectable antibody
responses (o the predominant C8 repeat domain.
In contrast, only 13% (| of 8) patients infected
with the vanant strain of P, vivax had antibodies
reactive with the VE247 vanant peplide,

In all cases examined, there was agreement
between POR/oligoprobe hybrdization results
and serofogic data. OF the nine patients with an-
tibodies reactive with VE210 polvpeptide, all
had VKII0 DNA identified by the PCR/oligo-
probe. Similarly., in the one individual with sera
reactive with the varmant peptide, VK247 DNA
was amplificd from the filter paper sample.

Most sera (7 of 100 that reacted with the vari-
ant or the predominant repeat proteins in the
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TanLe 2

Swimtimary of genelic analyviis (polveterase chatn regction {PUR oligaprabn gl and sevologie responses (enz e
firked fmtmumasorbemt wwsqy [ELISAS and immuncfluorescent aafehody [IFAS feve) i Plasmodianm vivis

tfectiony froim the New Weorld

ELIH A~ IFar Prnilse|
Pafairtomus SENTLL =

Ptieans e sen Lastiaiioin {pranirs ma's Wik R i VR VEIIn WE VRN WM
Croup 1 Mexion

M1 LIYMY Foothalls L% T 0,135 .00 MNT +

M2 Fuoothills = 104§ 0,09 a0l i

(SRR ETHE o Const Q0HH) 1.0 (R MNT |

M (B Cioast NDY 02 104 i’ |

WS {10/M) Cloast ND 0,00 0.01 N1 |

MG Foothalls | 3,280 003 L0000 (AN |

M7 (45M) Cevant 2.0 0.2 .01 o |

ME L3N] Foothills 2,100 0,03 X |

MY (220 Copst 4, 5(H) 0,03 2 NT i

LS RELRR B Copsy 16040 o 0,640 T i

ML) Footlills 5. 760 0.10 W] NT I

M2 [1W Coast = 10§ 0.06 0.00 MT . -

M3 (9:M) Foisthills G, M0 .00 067 EL i

M4 {2MF) Const I 480 0,06 iz - NT t

M 1S {3917 Cunst - 10§ .19 0L(H) 3 N .

5 R T Coast 2600 0.02 .00 N I

MITUOM) Coust 2,800 0.23 0,05 vl s =
Ciroup 2 Peru

Pl {26/ M} Jungle 11,769 o4 0,02 MT B +-

P2 {19M) Junple i7.920 (LR e 0.02 NT - I

P3 (22/M) Jungle 6,316 0.71 0,04 +3 + -

P (55/M) o 14,400 0, 7% .00 + | + '

P5 (32/M) Jungle 79 022 D00 = +

P& (21/M) Jungle 20,000 0.10 0.00 = v a1

PT{21:M) Junple | 6,000 0.18 0.03 - — - +
Positive controls (n = 210} =20 - +4 - b —
Positive controls (n = 247) S =20 — +2 +

*Omeical onaity values ur 314 ne (00, ) for |20 dilunons of wrg
antigen eontaiming wells — CH2 i wells withoo sntgem), 4 poitive EL

chuted from filser paipeer ddiscy. Reuls &re the Tooan oet abaon bapee (00 in
154 imnderlined) way defimed as 2. ned absorbance =013

T ¥atues for 1:20 dilutnns of serd clioted from flaer peper discs. Flosissmce keveis e gradod Fom negative () bo 4 -, with segative values

warrespendong b background luoresconos and 3+
4 Hybedusation resshs were praded sfier s §2hr cxpossns
§ = B irphariies o premelsce per |00 o immeriion fell
THI} = nidl detcormined;

ELISA also gave a positive fluorescence with ho-
mologous £, vivay vanant or predominant spo-
rozoites, respectively (Table 2.

DISCUSSION

The determination of genctic heterogeneity
within plasmodial isolates and the characteriza-
tion of immune responses in infected individuals
are important tools in understanding the com-
plex relationship between host and parasite. and
in facilitating the development of effective vac-
cines against malana. The results of the present
study indicate that dried blood filter paper spec-

e spaenae aniform docomoende inet the entive spardealie, T = nat tesced

imens are a practical source of material for both
serologic and molecular analysis of £ wivay in-
fections.

Using enzymatic amplification ol £, vivax DNA
refeased from filter paper samples, we observed
several interesting findings. First, we report here
for the first time the detection of the VK247
varant in Mexico, supporting previous ohser-
vations that the VK247 variant of £ wver is
present in the New World " Second, P weax
infections in Peru were frequently mixed, with
both the predominant and the variant forms
present simultaneously, Tn five of seven cases
studied. patients had both VK247 and VK210
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Froure 1. Representative results of a polvimerase
chain reaction/oligoprobe hyhndization for the pre-
dominant {(YEZ100 and varant (VE247) circumspo-
rozeite Tepeal domains, The autoradiograph shows a
slot-hlot of Plasmaodivem vivay DNA that was eluted
and amplihed rom doed blood filler paper samples:
Patient numbers are indicated on the nght side of the
figure, Patients: 1=14 are from the regon around Ta-
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DNA tdentified in a single Alter paper sumple,
In contrast. mixed VE2ZIOVE2AT infections
wire not observed in Mexico. While the reasons
for these gerographic differences are not clear, it
t5 interesting 1o speculate that a lower prevalence
of wfection in Mexico may reduce the oppor-
tunity for vectors to acquire and transmit mixed
infectuons, The presence of YE247 in Mexico
and Peru suggests that o voaecine based on the
predominant repeat domain may select for the
variant, particularly in patients with mixed in-
fections: Finally, a significant association wias
noted between VE247T infection and residence
i the foothills near Tapachuln, Mexico, Three
of six infections aegquired 1n the foothills were
cavsed by VK247, In conteast, none of 1] in-
fected residents of the coastal region hid VK247
DNA detected. hifferent vectors have been as-
sociated with Povivex transmission in the coastal
areas LAnopheles albimanns) versus the foothills
{An. pyeudopunctipennis). Studies are underway
to explore the intriguing possibilicy that the vari-
ant form of P, viviy mav be preferentially trans-
mutted by An, prewdoprncnipennsin the foothlls
in this region of Mexico,

Analternative method to determine the global
distribution of VK247 infections 1s to demon-
strate humoral responses 1o the varnant OS5 pro-
tein in sem from P ovivav-endemic areas, The
availability and ease of awtomation of ELISAs
makes them an ideal screening techmigue for this
purpose. However, we found, as bave others,™ "
that the ELISA 5 melatively insensitive in the
detecnion of infection with the vanant form of
Fovivax, Only 42% of pavents with smear-pos-
itive P vivax infections had detectable antibod-
ies 1o the CS protein, and only one of eight {13%)
of VEK247-infected individuals, as determined by
5 gene amplification, had antbodies o the
vanant peptide. The sensitivity ol the ELISA in
this study might have been improved by-the caol-
lection and analvsis of paired serum samples,
However, ina recent study by Brownand others,”
only 62% (16 of 26) of patients who were smear-
positive for & vivax had deteciable antibodies
against the O3 protein, even when multiple sera
samples were examined. In addition, the speci-

—

pachula, Mexico, Patenis 2, %, and [ 3. who are [ram
the Toothills, kad only VK247 DNA dentified. Other
Mexican patients were infected with the VE2 10 st
of P.ovivay,
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ficity of 1the ELISA using the variant peptide is
uncertain. Cochrane and others' recently re-
ported that 7% (18 of 256) of sera from the Bra-
wilian Amazon reacted with the varnant CS repeat
by ELISA. However, 72% (13 of 18) of the sera
samples cross-reacted with P2 beaseliamon or P
malfariae. Preabsorbing the sera with & bras-
Mo repeat peptde completely abohished
reactivity with the vanant P owvay sporosoites,
In this study, as in others,” " 1TFA results gen-
erally paralleled those of the ELISA, but iis sen-
sitivity was even lower, Clearly, problems with
specificity and requirements for multiple patient
sampling for improved sensitivity limats the use
of serologic detectuion alone for the characteriz-
tion of O8 vanants i held studies,

In contrast to the ELISA and IFA, we found
that PCR amplification of plasmodial DNA from
filter paper was a sensitive method in character-
wzing curcent and maxed P ovivax infecticns, All
24 smear-positive patients were positive by PCR
oligéprobe hyvbndization analysis, In addition,
the use of Ailier paper samples made the collee-
ton and transportation of held samples practical,
eliminatung ihe need for refrigeration, special
shipping requirements, and lowenng the biolog-
ical harzard associated with shipping blood prod-
LS.

Although serologic detection of P. wivax from
filer paper samples was not optimal, the ability
o perform serologic and genetic analysis from
thie same casily collected and transporied sam-
ples representsa unigue opporiunity o examine
the immune responses of individuals to their in-
vading parasite strain{s). For P. falciparom, se-
rologic analysis of patients infected with wild
isolates is frequently performed against long-term
cultured strains, While this allows some degres
af standardization, laboratory isclates raised
withoul immune pressure may bear littfle rela-
tionship to wild-tvpe strains. In addivion. many
laboratory strains are cloned isolates, whereas we
have recently shown that paticnis are frequently
infected with mixed populations of parasites.™ "
Similarly, genetic analysis of cultured isolates may
be misleading. Deletions of important genes such
as the evicadherence ligand for CD36 may be
lostin cultured isolatesof P falaparem. ' ' The
inabilily 10 maintain P vivax in long-term cul-
ture makes 165 analysis even maore difficult, The
ability 10 use filter paper samples for both anti-
body and PCR analysis provides an opportunity
to address these issues. I1is now possible to char-
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actenze the parasie strain{s) of an individual in
light of their pre-existing immune status, This
could have particular importance in the evalu-
atisn of breakthroughs postimmunization with
plasmaodial vaceine candidate antigens, Dried
blood Olter paper samples are a practical method
1o determine whether vacoine fmilure 1% second-
ary to nfection with new vanants; or is due o
suboptimal immune responses (o the vaceine nt
the nme of infection. This evaluation iscurrently
possible only through tedious procedures for ex-
tracting plasmodial DNA from whole blood,
which are not ideal for lorge-scale epidemiologiv
stucies,

In summary. o this study we compared the
usefulness of ELISAL IFA, and enzyvmatic am-
plification for the detection of VE 247 and V21D
miecton in the New World, Using whole blaod
flter paper samples from 24 anfected panents,
only U5 gene amplification and oligoprobe hy-
bridization were sufficiently sensitive to allow
characterization of all isolates. Although the
ELISA and TFA were less sensitive, the ability
1o determine humoral responses from the same
samples used for genetic analvsis is clearly ad-
vantageous amnd may help define the complex re-
lationsinp between parasite and host immune
TESPONSes,
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