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Abstract. Malaria antibody detection is valuable in providing retrospective confirmation of an attack of malaria.
Blood bank screening is another area were malaria serology is potentially useful. In the present study, we tested the
presence of antibodies to Plasmodium falciparum in sera from blood bank donors of non-endemic and malaria-
endemic areas of Venezuela. Sera from 1,000 blood donors were tested by an indirect immunofluorescent antibody
(IFA) assay and an 1gG-ELISA for the presence of malaria antibodies using a synchronized in vitro-cultured Vene-
zuelan isolate of P. falciparum as the antigen source. A selected group of positive and negative sera (n = 100) was
also tested by a dot-IgG-ELISA. Positive results (reciprocal titer = 40) were found in 0.8% and 3.8% of blood donors
when tested by the IFA assay and in 0.8% and 2% (optical density = 0.2) when tested by the IgG-ELISA in Caracas
(non-endemic area) and Bolivar City (endemic area), respectively. The presence of anti-malarial antibodies in some
sera from non-endemic areas such as Caracas reflects the increased potential risk of post-transfusional malaria in
those areas due to the mobility of the blood donors. The data obtained indicate the need to implement new blood
donor policy in blood banks in developing areas. Our results also indicate that the IFA assay is the most reliable test

to use in malaria serodiagnosis.

The long-standing concern about transfusion-transmitted
hepatitis and the intense response to potential human im-
munodeficiency virus (HIV) infection by transfusion have
overshadowed the fact that other diseases spread by trans-
fusion of blood components.t? Transfusion-transmitted ma-
laria was first reported in 1911,% and all four Plasmodium
species that cause human malaria (P. falciparum, P. vivax,
P. ovale, and P. malariae) may be transmitted by blood
transfusion.* Moreover, al blood components, including red
blood cells, platelet concentrates, white blood cells, cryo-
precipitates, and fresh plasma, can transmit malaria. The fact
that malarial parasites can survive in red blood cells at re-
frigerator temperatures (2—6°C) for days or weeks lead to the
original exclusion of all blood donors who could represent
a potential risk.®

Malariais still one of the most prevalent parasitic diseas-
es, particularly in tropica and subtropical undeveloped
countries.®” In Venezuela, malaria transmission became a
minor health problem after a successful eradication program
in the 1950s, which included massive antimalarial drug ad-
ministration, environmental sanitary measures, and intensive
indoor spraying program with residual insecticides.® How-
ever, an increasing number of new malaria cases associated
with an augmented transmission rate has been detected be-
tween 1969 and 1974 and after 1983.8 Uncontrolled gold
mining in Bolivar State (located in southern Venezuela) has
been one of the principal inciting factors. Thus, 67% of the
diagnosed new cases nationwide have been generated in this
area (Venezuelan Ministry of Heath 1988-1997, unpub-
lished data). Therefore, blood banks in Venezuela face the
problem of transfusion-transmitted malaria. Moreover, in-
creases in international exchanges and migration from en-
demic areas enhances the possibility that blood donors might
have been in contact with malaria parasites.®

The prevention of transfusion-transmitted malaria relies
primarily on the exclusion of asymptomatic carriers of Plas-
modium sp. parasites by means of accurate donor histories
of potential exposure to areas where malaria is endemic. In
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addition, laboratory diagnosis using Giemsa-stained blood
smears is commonly used for detection of Plasmodium sp.
Unfortunately, this technique is time-consuming and may be
unsuitable for routine screening of blood donors. Thus, pre-
vention of blood-transmitted malaria is in need of standard-
ized, suitable, and fast serologic identification of circulating
malarial antigens and antimalarial antibodies!® that may be
applied in both blood banks and ambulatory patient care
facilities in heavily infected areas.

Therefore, we designed a research protocol in which blood
bank donors from malaria non-endemic and endemic areas
in Venezuela were studied for the presence of antibodies to
P. falciparum using serologic techniques®'* such as an
ELISA,%11 a dot-ELISA,*® and an indirect immunofluores-
cent antibody (IFA) test using a Venezuelan isolate of P.
falciparum adapted to in vitro culture conditions.*®

MATERIALS AND METHODS

Serum samples. Four groups of Venezuelan sera were
collected. All seraincluded in this study were obtained from
volunteers who provided informed consent in accordance
with the Ethical Committee on Human Research of the In-
stitute of Immunology, School of Medicine, Central Univer-
sity (Caracas, Venezuela). The first group included 500 sera
from the University Hospital Blood Bank in Caracas (non-
endemic area for malaria). The second group included 500
sera from the Blood Bank of the Ruiz Paez Hospital in Bo-
livar City, Bolivar State (highly endemic area for malaria).
Blood donors were mostly males (90%) between 18 and 45
years of age and had norma results on a physical exami-
nation and negative serologic test results for syphilis, viral
hepatitis, HIV infection, and Chagas disease (analyzed by
conventional serologic techniques). The third group included
27 patients with a thick blood film diagnosis of P. falcipa-
rum and/or P. vivax malaria. In addition, a fourth group of
sera from patients with leishmaniasis, schistosomiasis, try-
panosomiasis (T. cruz) was included as a control. Freshly
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collected sera were aliquoted and stored at —20°C until test-
ed.

Antigen preparation. A Venezuelan P. falciparum strain
isolated at the Venezuelan Amazonian Research Center
(Puerto Ayacucho, Amazonas, Venezuela) was maintained
in our laboratory using RPMI 1640 medium supplemented
with 10% human serum, under reduced oxygen tension, ac-
cording to the methods of Trager and Jensen.*> Synchronous
cultures were produced by treatment with 5% sorbitol,*¢ and
schizont infected red blood cells were obtained and concen-
trated by gelatin flotation.'” Mature schizonts from synchro-
nous cultures at a parasitemia of approximately 4% (25%
hematocrit) were used for the IFA test. A soluble antigen
preparation for the ELISA and dot-ELISA techniques was
obtained as follows: a 95% enriched culture of young schiz-
onts (30—33 hr) was diluted to 40% with RPMI 1640 me-
dium without human serum (wash medium) and immediately
resuspended in a mixture of protease inhibitors (Sigma, St.
Louis, MO): 0.12 mM N-tosyl-L-lysyl chloromethylketone,
0.25 mM N-tosyl-L-phenylalanyl chloromethylketone, 2 mM
phenylmethylsulfonyl fluoride, 0.23 U/mg of aprotinin, 50
pg/ml of chymostatin, 50 pg/ml of leupeptin, and 1 mM
EDTA. After gently mixing, 2% Triton X-100 was added to
the final mixture, followed by ultracentrifugation at 100,000
X g at 4°C for 45 min. The supernatant was removed, and
aliquots were stored at —70°C or in liquid nitrogen. Unin-
fected O+ red blood cells were treated under similar con-
ditions and used as a negative control. Western blots'8%° us-
ing a positive immune serum from a P. falciparum-infected
adult showed several polypeptides bands with apparent mo-
lecular weight ranging from 30 kD to 195 kD. In contrast,
no polypeptide bands were observed when normal human
serum or uninfected O+ red blood cells were used.

Enzyme-linked immunosor bent assay. The ELISA was
performed using a soluble antigen preparation obtained as
described previously.'* Affinity-purified, goat anti-human
IgG (Fc fragment) conjugated to alkaline phosphatase and
goat anti-human IgM (. chain specific) conjugated to alka-
line phosphatase (Atlantic Antibodies Scarborough, ME)
were used at a 1:1,000 dilution. After addition of the sub-
strate (4-nitrophenylphosphate in diethanolamine buffer;
Sigma), the absorbance was read at 415 nm in an ELISA
plate reader (Molecular Devices, Palo Alto, CA). A positive
reference serum with confirmed P. falciparum infection and
a negative reference serum from a donor never exposed to
malaria were used for antigen titration. A 1:6,400 antigen
dilution (50 ng of protein/well) gave a strong reading (an
optical density [OD] > 1.0 at 415 nm) with the positive
serum and a low reading (OD < 0.1) with the negative se-
rum. The latter was used at a 1:200 dilution in this assay.

Dot-EL I SA. The dot-ELISA was performed as previously
reported*® with minor modifications. Antigen disks were pre-
pared by dotting 1 pl of soluble P. falciparum antigen on
nitrocellulose strips (Bio-Rad Laboratories, Hercules, CA).
Nonspecific sites were blocked with phosphate-buffered sa-
line (PBS) containing 2% gelatin and 0.1% Tween 20. Strips
were incubated with two-fold serial dilutions of tested sera
and washed three times with PBS-Tween 20. A second im-
mune reaction was performed by adding a 1:1,000 dilution
of affinity-purified goat anti-human 1gG (Fc fragment spe-
cific) conjugated to alkaline phosphatase for 30 min at room

temperature with agitation. After washing three times with
PBS and once with distilled water, a freshly prepared sub-
strate solution (Protoblot Immunaoblotting System Human,
P3910; Promega, Madison, WI) was added. Color developed
within 15 min and positive reactions appeared as clearly de-
fined blue-purple dots.

To standardize the dot-ELISA, several antigens concentra-
tions (50 ng—300 wg) were tested against increasing serum
dilutions (1:50—1:60,000). The optimal antigen amount to
dot on the nitrocellulose strips was found to be 100 ng at an
optimal serum dilution of 1:500.

Indirect immunofluorescent antibody assay. Malarial
antibody levels were also measured using the IFA meth-
0d.*20 Commercially produced fluorescein-labeled goat anti-
human immunoglobulins (G, M, A, D, and E) were used to
detect bound malarial antibodies, and fluorescence was ex-
amined by ultraviolet microscopy.

Statistical analysis. Means and standard deviations were
estimated for those variables with a normal distribution. Me-
dian, 75th, and 25th percentiles were estimated for those
variables without a normal distribution. The gold standard
for the operative characteristics of each test was the Giemsa-
stained thick blood film.?2 Two by two tables were used
to calculate the sensitivity, specificity, and the positive [sen-
sitivity/(1 — specificity)] and negative [(1 — sensitivity)/
specificity] likelihoods. Likewise, a receiver operator char-
acteristic curve (ROC) comparing different cut-off points
was constructed. The Spearman rank correlation coefficient
and its 95% confidence interval (two-tailed test) was used
to measure the reliability of the ELISA. The Pearson cor-
relation coefficient was also calculated for the different tech-
niques.

RESULTS

Sensitivity, specificity, and reliability of the performed
tests. The presence of antibodies to P. falciparum was in-
vestigated in sera from non-endemic (Caracas, n = 500) and
endemic (Bolivar City, n = 500) areas. The IFA test median
values expressed as reciprocal titer were 20 in both blood
banks (ranges = Caracas 10-640 and Bolivar City = 10—
320). The mean = SD values for the IgG-ELISA and IgM-
ELISA for sera from Caracas were 0.075 = 0.040 and 0.245
+ 0.119 OD units, respectively, while the values for sera
from Bolivar City were 0.072 = 0.053 and 0.250 = 0.112
OD units, respectively.

Several cut-off points were considered for each of the as-
says (Table 1) and the positive and negative likelihoods were
calculated. Subsequently, an ROC curve was established for
each test. As shown in Figure 1, the IFA assay was shown
be the best test for screening, which at the cut-off point
associated with a reciprocal titer of 40, had a specificity of
0.99 and a sensitivity of 0.80, followed by the IgG-ELISA,
which at a cut-off point of 0.18, showed a specificity of 0.98
and a sensitivity of 0.68.

In addition, 50 sera that were positive by at least one of
these methods (IFA assay or 1gG-ELISA) and 50 negative
sera (from the non-endemic area) were analyzed for the pres-
ence of antibodies to P. falciparum by the dot-1gG-ELISA.
The median reciprocal titer for the dot-IgG-ELISA for the
entire group (n = 100) was 500 (25th percentile = 500, 75th
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TaBLE 1
Likelihood values for the performed tests

Likelihood*

Test Cut-off point Positive Negative
IFAT 20 22.0 0.13
40 80.0 0.20
1gG ELISAt 0.10 4.6 0.10
0.13 10.9 0.26
0.15 34.0 0.33
0.18 34.0 0.33
IgM ELISAT 0.250 2.0 0.21
0.300 29 0.28
0.400 10.4 0.51
0.480 8.8 0.59
Dot-ELISAT 500 4.1 0.36
1,000 8.1 0.38

* Positive = sensitivity/(1 — specificity). Negative = (1 — sensitivity)/specificity.
TIFA = indirect immunofluorescent antibody (test). Reciprocal titer (dilution).
+ Optical density at 415 nm.

percentile = 2,000). The median reciprocal titer for sera
from Caracas (n = 50) was 500 (25th percentile = 500, 75th
percentile = 500).

Significant correlations were observed when comparisons
were made between the IFA test and the IgG-ELISA (n =
1,000) (r = 0.609, 95% confidence interval [Cl] = 0.568—
0.648, P < 0.05) and the dot-1gG-ELISA and the IgG-
ELISA (n = 98) (r = 0.687, 95% Cl = 0.201-0.842, P <
0.01). A nonsignificant correlation was observed between
the dot-1gG-ELISA and the IFA test. To determine the reli-
ability of the ELISA, a sample of 54 sera were retested and
the following results were obtained: 1gG-ELISA (r = 0.987,
95% CI = 0.97-0.99, P < 0.0001); IgM-ELISA (r = 0.969,
95% Cl = 0.95-0.98, P < 0.0001).

Presence of antibodies to P. falciparum in blood bank
donors. Once the cut-off values for the techniques used were
established, we determined the presence of antibodies to P.
falciparum in blood bank sera from Caracas and Bolivar
City. As shown in Table 2, specific antibodies were detected
in 0.8% (n = 4) of the Caracas blood donors by the IFA test
and the IgG-ELISA. In Bolivar City, 3.8% (n = 19) and 2%
(n = 10) of the sera showed specific antibodies by both
techniques, respectively.

Presence of antibodies to P. falciparum in malaria-in-
fected patients. Patients with a diagnosis of malaria (n =
27; P. falciparum n = 15 and P. vivax n = 12) were inves-
tigated for the presence of antibodies to P. falciparum by
the three described techniques. The median titer was 640
(reciprocal titer range = 20-5,120) for the IFA test and
10,000 (reciprocal titer range = 500-80,000) for the dot-
1gG-ELISA. The mean = SD value for the IgG-ELISA was
0.42 = 0.41 OD units. A strong correlation was found be-
tween the 1gG-ELISA and the dot-1gG-ELISA (r = 0.911),
while a slight correlation was observed between the I FA test
and the dot-1gG-ELISA.

Comparison between Western blot analysis and sero-
logic antibody detection. Serum samples from negative and
positive blood donors as well as P. falciparum- and/or P.
vivax-infected patients and sera from patients with different
parasitic infections were analyzed by Western blot. As
shown in Figure 2, polypeptide bands with molecular
weights ranging between 27 kD and 195 kD were observed
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Ficure 1. Receiver operator characteristic curves of the tech-
niques used. Each point represents the relationship between the true-
positive rate (sensitivity) and false-positive rate (1 — specificity).
The best test is the one located at the top of the figure. The best
cut-off point is the one located nearest to the top left of the respec-
tive curve. a, indirect immunofluorescent assay; b, 1IgG-ELISA; c,
IgM-ELISA; d, dot-ELISA).

in the sera of positive blood donors (Caracas and Bolivar
City) and in P. falciparum- and P. vivax-infected patients.
As expected, high levels of antibodies to P. falciparum were
also found in the corresponding samples by the three de-
scribed techniques, as shown in Table 3. In contrast, no poly-
peptide bands were observed in normal blood donor serum
or in serum from patients with three other parasitic infec-
tions.

DISCUSSION

Malaria is a devastating and uncontrolled disease and
among the most prevalent parasitic infections in both tropi-
cal and subtropical underdeveloped countries. Although ma-
laria in Venezuela was nearly eradicated in the early 1950s2
increasing poverty, uncontrolled gold and mineral exploita-
tion, and dissemination into the country of malaria cases
from neighboring countries have resulted in a progressive
re-establishment of this disease in the last 15 years.

Transmission of malaria by blood or blood products re-

TABLE 2

Presence of anti-Plasmodium falciparum antibodies in areas of Ven-
ezuela non-endemic and endemic for malaria

Caracas Bolivar City
(Non-endemic) (Endemic)
(n = 500) (n = 500)
IFA* 0.8% 3.8%
IgG ELISAT 0.8% 2%

* IFA = indirect immunofluorescent antibody (test). Positive values >40 (reciprocal titer).
T Positive values >0.2 optical density units.
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FIGURe 2. Western blot analysis of sera from the study groups.
Soluble Plasmodium falciparum antigens (5 png) were separated by
sodium dodecyl sulfate—polyacrylamide gel electrophoresis and
transferred to nitrocellulose. The filters were probed with the follow-
ing: lane 1, normal human serum; 2, Caracas blood donor’s positive
serum; 3, Bolivar City blood donor’s positive serum; 4—6, P. vivax-
infected patient’s sera; 7-9, P. falciparum-infected patient’s sera; 10,
Trypanosoma cruzi pooled infected patient’s sera; 11, Schistosoma
mansoni—infected patient’s serum; 12, Leishmania donovani—infect-
ed patient’'s serum. The positions of molecular weight markers are
indicated on the right: myosin (200 kD), phosphorylase B (97 kD),
bovine serum albumin (68 kD), ovalbumin (43 kD), and « chymo-
trypsinogen (26 kD).

mains a real risk in most countries with this disease. Since
blood donors are not routinely screened for malaria infec-
tion, the true incidence of post-transfusional malaria is un-
clear. Prevention of malaria by blood transfusion depends
largely on the awareness of asymptomatic carriers previously
exposed to the disease. The blood donor may have a discrete
infection of 1-2 parasites/ml that cannot be detected by or-
dinary microscopy, yet a recipient of one unit of this blood
would receive approximately half a million parasites.®

Estimation of the rate of risk of transfusion-transmitted
malaria has been done in both developed and underdevel-
oped countries. Such comparative rates are much lower in
developed countries (0.22 cases per million units of blood
in the United Kingdom,?* 0.25 cases per million units of
blood in the United States,?> 1-2 cases per million units of
blood in France?) compared with 79 cases per million units
of whole blood drawn in a non-endemic country such as
Kuwait.?6 The presence of antibodies to P. falciparum de-
tected by the ELISA was observed in 8.6 per thousand units
of blood at the Hospital Militar Central in Bogota, Colom-
bia.?” Three cases of transfusion-induced malaria were con-
firmed during the same study.

The availability of molecular biological techniques for
parasitologic diagnosis has already produced important im-
provements in detection of malaria parasites and is likely to
have a major role in studies of malaria epidemiolgy.®* DNA
or RNA probes, as well as radioimmunoassays for antigen
detection with improved sensitivity, may be valuable tools
for malaria diagnosis. However, these techniques are not cur-
rently available for massive screenings such as for blood

TABLE 3
Anti-Plasmodium falciparum antibody titers in sera analyzed by
Western blot
19G Dot

Lane no.* IFATE ELISA§ ELISAT
1. Seronegative blood donor 10 0.07 <500
2. Seropositive blood donor| 640 0.380 5,000
3. Seropositive blood donor# 340 0.575 10,000
4. P. vivax patient’s serum 640 0.258 5,000
5. P. vivax patient’s serum 2,560 0.505 40,000
6. P. vivax patient’s serum 80 0.117 <500
7. P.falciparum patient’'sserum 5,120 0.980 40,000
8. P. falciparum patient'sserum 1,280 0.184 10,000
9. P. falciparum patient’'s serum 10,240 1.175 80,000

10. Trypanosoma cruzi pooled
sera 10 0.180 <500

11. Schistosoma mansoni pa-
tient’s serum 20 0.107 <500

12. Leishmania donovani pa-
tient’s serum 10 0.071 <500

* Asin Figure 2.

TI1FA = indirect immunofluorescent antibody (test).
+ Reciprocal titer.

§ Absorbance at 415 nm.

1 Caracas.

# Bolivar City.

bank donors. The most sensitive way to confirm a diagnosis
of malaria is still thick or thin blood films examined by a
competent specialist.’® Likewise, in malaria serodiagnosis
the most widely used technique is the IFA test. In fact, sSim-
plicity and satisfactory sensitivity are the main advantages
of the IFA test. This test shows positive results as early as
aday or two after parasitemia appears and decreases rapidly
after treatment. Moreover, the test results become negative
3-6 months after the infection. However, this test also has
disadvantages: it cannot be automated, which limits the num-
ber of sera that can be studied daily, readings can be influ-
enced by subjectivity for weak positive results, and a fluo-
rescent microscope is required.

Among other serologic techniques, the ELISA appears
most promising due to its high sensitivity, which depends
mainly on the purity of the reagents used. Furthermore, it
can be automated. However, the range and limits of the
ELISA are not well known, mainly because of the different
types of soluble antigens used worldwide and geographic
strain variability.

The present study is the first that attempted to detect P.
falciparum carriers in the blood banks of Venezuela using
serologic techniques as a preliminary step in prevention of
post-transfusional malaria. In our investigations, we included
a Venezuelan P. falciparum strain as a source of antigen to
detect circulating antibodies to Plasmodium by an ELI1SA1128
and dot-EL1SA*® and compared their performance against an
IFA technique.l#20

Sera were collected from blood banks located in areas of
Venezuela with low (Caracas) and high (Bolivar State) ma-
larial endemicity. Donors screening complied with the stan-
dards recommended by the American Association of Blood
Banks.?® Antibodies to P. falciparum were detected by the
IFA test in 0.8% and 3.8% of the Caracas and Bolivar City
blood donors, respectively. Similar results (0.8% in Caracas
and 2% in Bolivar City) were observed with the IgG-ELISA.
The presence of specific antibodies in 2% of the donors in
Bolivar State represents a considerable risk of post-transfu-
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sional malaria. Moreover, a 0.8% positive rate for the donors
from a non-endemic area such as Caracas is surprising and
reflects the mobility of the blood donors, the increasing risk
of post-transfusional malaria in non-endemic areas, and the
imminent need to measure the risk of transfusion-transmitted
malaria in Venezuela or any other country.

Our results indicate that the IFA test is best for screening
purposes.’®* As previously mentioned, this test at a recip-
rocal titer of 40 showed a specificity of 0.99 and a sensitivity
of 0.80. The IgG-ELISA may be useful at two different cut-
off points: one for screening (OD = 0.10) and another for
diagnosis (OD = 0.2). However, among donors in the en-
demic area, an IgG-ELISA OD of 0.2 detected only 0.2%
of the seropositive samples compared with 3.8% detected by
the IFA test. These differences could be quite significant in
a large population of donors. Conversely, both the IgM-
ELISA and the dot-1lgG-ELISA are not useful for diagnosis
or for screening (Table 2) because of their calculated like-
lihoods at different cut-off points.

To confirm the specificity of the antibodies detected, se-
lected sera were studied by Western blot. Sera of blood do-
nors with confirmed antimalarial antibodies detected by the
IFA test, IgG-ELISA, and dot-IgG-ELISA showed polypep-
tide bands in he presence of the P. falciparum antigenic
preparation.®® Similar bands (27-195 kD) were aso detected
in patients infected with either P. falciparum or P. vivax,
indicating cross-reactivity that could be considered as an ad-
vantage since the purpose of donor screening is to detect all
types of malaria parasites. In Bolivar State, the prevalence
of P. vivax is higher than that of P. falciparum (62.3% ver-
sus 37.6%) and the patients could have had mixed infections
at the time of the diagnosis. No cross-reactivity was ob-
served when sera from patients infected with T. cruz, Schis-
tosoma mansoni, or Leishmania donovani were analyzed.

In conclusion, the combination of a screening process
such as the one we established and an adequate medical
history would represent an advance in transfusion safety,
especially for patients with a compromised immune system
or post-surgical patients in whom a transfusion-transmitted
malaria could be fatal.’® The establishment of standard
guidelines for each technique is rather difficult and depends
on the complexities of each situation. However, blood banks
will continue to face the challenge of finding an acceptable
balance between the limitation of transfusion-transmitted
malaria and the assurance on an adequate supply of high-
quality blood.® The inclusion of antigen detection® as part
of the screening process for donated blood in the near future
will hopefully reduce the risk of transfusion-transmitted dis-
eases such as malaria.
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