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ABSTRACT

Key words

Objective. To determine the feasibility of sending dried blood spots (DBS) to an overseas
processing center for the diagnosis of HIV infection in infants in rural Haiti.

Methods. The program took place in the Central Department of Haiti. Children under 18
months of age who were born to an HIV-infected mother or who had a positive HIV antibody
test had blood collected on filter paper. Once dry, specimens were labeled with a unique iden-
tifying number, placed in sealed gas-impermeable envelopes containing a desiccant, stored at
room temperature, and mailed to a commercial laboratory in The Netherlands, where blood was
eluted from the filter paper and analyzed by the Retina™ rainbow HIV-1 RNA assay. Infants
were tested at 1 month of age and again at 4 months of age.

Results. The DBS protocol was easily scaled up. During the study period, 138 infants had
HIV status confirmed,; 15 of them were found to be HIV infected and were enrolled in appro-
priate HIV care, and 123 were confirmed to be HIV uninfected, avoiding unnecessary pro-
phylactic antibiotics and providing reassurance to caregivers.

Conclusion. Central, overseas processing of DBS is a feasible solution for the timely diag-
nosis of HIV infection in infants where local capacity is unavailable. Regional processing cen-
ters for DBS could improve the access of millions of childven in Latin America and the
Caribbean to timely diagnosis of HIV infection.

Blood specimen collection, HIV serodiagnosis, poverty areas, Haiti.

In 2006, an estimated 2.3 million chil-
dren under the age of 15 years were
living with HIV, including 22 000 in the
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Caribbean region alone (1). Globally, death of the child. Because 15% of HIV-

less than 5% of infected children who
need antiretroviral treatment (ART) re-
ceive it (2), in part because of delayed
confirmation of the serostatus in HIV-
exposed infants. Passive transmission
of maternal antibody means that an in-
fant’s HIV antibody test may be posi-
tive until 18 months of age even if the
child is uninfected. This delay in diag-
nosis causes postponement of the initi-
ation of ART, a prolonged period of
concern for the child’s parents or
guardians, unnecessary use of antibi-
otic prophylaxis, and potentially the
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infected children progress to AIDS or
death in the first 12 months of life with-
out appropriate therapy, it is important
to diagnose them and treat the condi-
tion early (3). Recent data suggest that
early (less than 12 weeks of age) com-
mencement of ART in infants with HIV
infection is associated with up to 75%
reduction in early mortality compared
with delayed start (4).

HIV DNA or RNA assays, including
polymerase chain reaction (PCR) and
nucleic acid sequence-based amplifica-
tion (NASBA), offer definitive HIV di-
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agnosis in almost all infants by 3—4
months of age and have been the stan-
dard of care in developed countries for
more than 14 years (5). Studies have
demonstrated the sensitivity and
specificity of these methods for diag-
nosing HIV in exposed infants (6-15).
NASBA and PCR tests have been diffi-
cult to perform in resource-poor set-
tings, however, because processing
each test requires specialized facilities
and materials, highly trained labora-
tory technicians, and dedicated labora-
tory space. Even when these condi-
tions and resources are available in
developing countries, transportation
of blood or plasma is often challenging
because of poor roads or lack of refrig-
eration. Using dried blood spots (DBS)
on filter paper eliminates many con-
cerns about transporting blood sam-
ples because they are not an infectious
risk, do not need refrigeration, and can
be safely sent by mail, allowing for
safe transport to an off-site laboratory
(13). Although potential exists for
degradation of viral RNA during stor-
age (16), particularly for dried plasma
spots (17, 18), a number of studies
have shown the stability of HIV RNA
on whole blood spots dried on filter
paper specimens stored for as long as
weeks to up to 1 year at room temper-
ature (11, 12). This paper describes the
feasibility of using a centralized over-
seas laboratory to test DBS from HIV-
exposed infants in central Haiti as a
model pilot program to improve the
timeliness of HIV diagnosis.

MATERIALS AND METHODS

The pilot program took place in the
Central Department of Haiti, a rural
impoverished area. In this region, the
nongovernmental organization Part-
ners In Health (PIH), in collaboration
with the Ministry of Health, cares for
more than 10000 HIV-positive per-
sons, 3 000 of whom are on ART, and
performs more than 50 000 HIV anti-
body tests per year. With HIV anti-
body testing alone, definitive diagno-
sis of HIV in infants had previously
been delayed until 18 months of age.
This uncertainty often delayed the ini-
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tiation of ART in children who were
HIV positive.

In November 2004, PIH began using
DBS specimens to diagnose HIV infec-
tion in infants. Children under 18
months of age who were either born to
HIV-infected mothers or had a posi-
tive HIV antibody test had blood col-
lected on filter paper by a trained
nurse or laboratory technician using a
heel prick, finger stick, or venipunc-
ture. Once dry, specimens were la-
beled with a unique identifying num-
ber, placed in sealed gas-impermeable
envelopes containing a desiccant,
stored at room temperature, and
mailed to a commercial laboratory in
The Netherlands (Primagen Holding
B.V.). This technique has previously
been reported to be 100% sensitive and
specific for the detection of HIV-1
RNA (19). To minimize viral RNA
degradation during storage, speci-
mens were scheduled to be shipped
every 2 weeks. To our knowledge, no
local or regional laboratory offered
this testing commercially.

At the laboratory in The Nether-
lands, blood was eluted from the filter
paper and analyzed by the Retina™
rainbow HIV-1 RNA assay. The assay
is based on real-time NASBA amplifi-
cation technology and detects and
quantifies HIV-1 RNA of all HIV sub-
types from groups M, N, and O from
50 to 50000000 copies per milliliter
(mL) (20). It requires a specimen vol-
ume of only 200 microliters and has
been used in other settings as a method
of monitoring HIV-1 viral load (20-22).
Sensitivity and specificity of the tech-
nique for detecting viral loads greater
than 500 copies/mL have both been re-
ported as 100%. Once the assays were
performed, coded data were sent elec-
tronically from The Netherlands to a
PIH data manager who matched data
with patient names at the individual
sites in Haiti and forwarded test results
to each site.

Infants were tested for HIV RNA at
1 month of age and again at 4 months
of age. If mothers chose to breast-feed
or presented to the clinic already
breast-feeding, a PCR test was per-
formed 3 months after the last breast
feed. A newborn was considered HIV

infected if two positive tests were ob-
tained according to the protocol. Dis-
cordant results were settled with a
third test and a careful review of the
clinical case. Although ordinarily it is
standard to confirm a positive viro-
logic test on a second specimen, in our
clinical practice infants over 4 months
of age who had been exposed to HIV
and who presented with clinical signs
or symptoms of infection were consid-
ered to have sufficient evidence of in-
fection if one PCR test was positive.
This practice is consistent with World
Health Organization guidelines on
early diagnostic testing for pediatric
HIV (23). Antibody testing was later
used to confirm positive status at 18
months of age, but clinicians did not
wait for the 18-month test results to
initiate antiretroviral therapy if the
single PCR test and clinical evaluation
warranted it. We report results from
the first 138 infants tested prospec-
tively by the DBS method.

RESULTS

Between November 2004 and Janu-
ary 2006, 138 children exposed to HIV
in utero or found to have a positive
HIV antibody test had their HIV status
tested by the protocol described. Me-
dian time from blood collection to the
results reaching the team in Haiti was
1.7 months. Fifteen children were con-
firmed to be HIV positive and 123 were
confirmed to be HIV negative. Among
children who tested positive, HIV sta-
tus was later confirmed by a second
positive PCR test (n = 4), a confirma-
tory antibody test at 18 months of age
(n =7), or other clinical markers of HIV
infection such as opportunistic infec-
tion or low CD4 percentage (1 = 4). The
median age at which HIV status was
confirmed was 7.3 months. See Table 1
for the stratification of tests by HIV sta-
tus and timing of confirmed diagnosis.

In terms of clinical characteristics,
most of the women received ART
(86%) (either single or triple therapy)
(see Table 2); the remaining women
presented to our clinics after delivery
of their infant. Mean antenatal CD4 cell
count before delivery (where available)
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TABLE 1. HIV test results based on DBS method (n = 138), Haiti, November 2004-January

2006
Test results No. %
Positive results
Two positive PCR tests (at 1 month and > 4 months of age) 4 3
One positive PCR test (> 4 months of age) plus confirmatory antibody
> 18 months 7 52
One positive PCR test (> 4 months of age) plus clinical signs/symptoms
of HIV infection 4 32
Negative results
Two negative tests (at 1 month and > 4 months of age) 51 37
One negative test (> 4 months of age) 72 522

a For those infants initially at 4 months of age or after (n = 83), 29 (35%) had a concordant confirmatory PCR test. Among these

83 children, mean age at time of initial test was 8.2 months (range, 4.1 to 17.6 months).

TABLE 2. Clinical characteristics (n = 138),2 Haiti, November 2004-January 2006

Characteristic No. %

Infant HIV status

Positive 15 11

Negative 123 89
Breast-feeding (n = 80)

Yes 14 17

No 66 83
Mother received ARTP during antenatal period (n = 79)

Yes 68 86

Mother antenatal CD4 cell count (n = 65)
Mean (range)

482 (2510 1358)

@ Sample size is 138 unless otherwise indicated due to missing data.
b ART, antiretroviral therapy—single drug or combination triple drug therapy.

was 482 cells per cubic millimeter of
blood (range, 25 to 1 358). Most of the
women did not breast-feed (83%). Pre-
liminary results suggest a low trans-
mission rate among those infants
whose mothers presented for care at
our clinics during pregnancy and who
therefore received full supportive ser-
vices including antenatal ART as well
as supplies, support, and formula al-
lowing them not to breast-feed; these
results will be forthcoming upon anal-
ysis of the entire study cohort.

The 15 HIV-infected children are en-
rolled in chronic HIV care and followed
regularly in clinic; decisions about their
enrollment in ART were based on stan-
dard clinical and laboratory evaluation.
Of the 15 children with HIV, all cases
were the result of perinatal transmis-
sion, and most were born to mothers
who had not benefited from antiretrovi-

ral therapy before delivery. All 123 chil-
dren confirmed to be negative stopped
cotrimoxazole prophylaxis.

DISCUSSION

Our study demonstrates two impor-
tant principles. First, use of a central
overseas processing center is feasible
in rural resource-poor settings that
lack laboratory capacity. The DBS
method has been used in pilot study
settings elsewhere (24-29) and re-
cently national programs in Africa are
beginning to incorporate DBS PCR as a
standard procedure for infant HIV di-
agnosis (30). Batch shipping for cen-
tralized processing was feasible in this
rural field-based study.

Second, use of the DBS test has a
clear clinical advantage over tradi-
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tional antibody tests; 15 children un-
der the age of 18 months in whom the
diagnosis of HIV otherwise would not
have been known were confirmed to
be infected. This diagnosis allowed
initiation of life-saving ART and ag-
gressive treatment of opportunistic
infections, as necessary. Definitive di-
agnosis of HIV also allows for proper
diagnoses of tuberculosis, malnutri-
tion, and other childhood diseases that
often coexist in a patient and may have
presentations similar to those of AIDS
in children. Cotrimoxazole prophy-
laxis was suspended in infants who
were not infected, lessening the risk
of toxicity and reducing their risk of
developing antimicrobial resistance.
Early diagnosis with DBS also allevi-
ated the anxiety of family members
who otherwise would have had to
wait up to 18 months to learn whether
their child was infected.

The average processing time from
blood draw to result was 1.7 months.
This delay was in part because of local
couriers’ concerns that required the
specimens to be hand-carried out of
the country. This restriction has since
been lifted with the authorization of
the Haitian Ministry of Health allow-
ing specimens to be directly shipped
from Haiti to the processing labora-
tory. Further delay was introduced by
shipping to Europe from the Carib-
bean. Even with this delay, however,
the testing method still offered an ad-
vantage over waiting until the 18-
month antibody test. If a regional
Latin American or Caribbean labora-
tory offered the test, a significant de-
crease in time from blood draw to test
result would be possible.

Given limited resources, the cost of
DBS PCR testing is an important con-
sideration. The cost per DBS PCR test
was US$35-50 during the period of the
study. This cost could have been re-
duced if there were higher-volume
testing and also if the testing were pro-
vided by a national or regional referral
laboratory that was not for profit rather
than by a commercial entity. We did
not perform a detailed cost analysis;
however, a study in Botswana demon-
strated that the marginal additional
investment for the cost of DBS HIV
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PCR testing versus antibody testing
could triple the efficacy of prevention-
of-mother-to-child-transmission pro-
grams and offer further societal bene-
fits beyond economic settings (26).
Disadvantages of using the DBS
method included the lag time needed
to train clinical and laboratory staff in
the new procedure; however, the team
in Haiti was easily trained in the simple
technique of spotting the blood on the
filter paper and has provided positive
feedback about the ease of use of the
test. The introduction of off-site testing
also required stringent laboratory
tracking procedures to minimize cleri-
cal errors; however, once these admin-
istrative procedures were put in place
they were used with minimal disrup-
tion to clinic or laboratory work flow.
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Conclusion

Increased emphasis must be placed
on identifying HIV infection in ex-
posed infants in developing countries
earlier than is possible with HIV anti-
body testing. This need is increasingly
compelling as data emerge demon-
strating the benefits of early ART
among infants with HIV infection.
Molecular diagnostic tools for HIV in-
fection are the standard of care in
wealthy countries and should be made
available to resource-poor programs
even when local processing labs are
not available. The DBS method is sen-
sitive and specific, convenient, feasi-
ble, and reliable even in the most ad-
verse circumstances in rural Haiti.
Regional Caribbean or Latin American

REFERENCES

8. Nesheim S, Palumbo P, Sullivan K, Lee F, Vink
P, Abrams E, et al. Quantitative RNA testing
for diagnosis of HIV-infected infants. ] Acquir
Immune Defic Syndr. 2003;32(2):192-5.

9. Rouet F, Sakarovitch C, Msellati P, Elenga N,
Montcho C, Viho I, et al. Pediatric viral
human immunodeficiency virus type 1 RNA
levels, timing of infection, and disease pro-
gression in African HIV-1-infected children.
Pediatrics. 2003;112(4):289.

10. Cassol S, Butcher A, Kinard S, Spadoro], Sy T,
Lapointe N, et al. Rapid screening for early
detection of mother-to-child transmission of
human immunodeficiency virus type 1. J Clin
Microbiol. 1994;32(11):2641-5.

11. Brambilla D, Jennings C, Aldrovandi G, Bre-
mer J, Comeau AM, Cassol SA, et al. Multi-
center evaluation of use of dried blood and
plasma spot specimens in quantitative assays
for human immunodeficiency virus RNA:
measurement, precision, and RNA stability.
] Clin Microbiol. 2003;41(5):1888-93.

12. Fiscus SA, Brambilla D, Grosso L, Schock J,
Cronin M. Quantitation of human immuno-
deficiency virus type 1 RNA in plasma by
using blood dried on filter paper. ] Clin Mi-
crobiol. 1998;36(1):258-60.

13. Comeau AM, Pitt ], Hillyer GV, Landesman S,
Bremer ], Chang BH, et al. Early detection of
human immunodeficiency virus on dried
blood spot specimens: sensitivity across serial
specimens. Women and Infants Transmission
Study Group. ] Pediatr. 1996;129(1):111-8. Er-
ratum: ] Pediatr. 1996;129(3):486.

14. Cassol S, Salas T, Arella M, Neumann P,
Schechter MT, O’Shaughnessy M. Use of
dried blood spot specimens in the detection of

laboratories processing batched ship-
ments of DBS could improve the time-
liness of diagnosis of HIV infection for
thousands of infants in the region. As
with other commercial products such
as ART, volume of consumption and
advocacy by international groups will
ultimately reduce the price of PCR
testing and make this test increasingly
available locally to all who need it.

Acknowledgments. The authors
thank Partners In Health/Zanmi La-
sante staff and patients. This work was
supported in part by the National In-
stitute of Allergy and Infectious Dis-
eases (K23 AI063998 and T32 AI007433
to LCI) and by the Harvard Center for
AIDS Research (P30AI060354).

human immunodeficiency virus type 1 by the
polymerase chain reaction. ] Clin Microbiol.
1991;29(4):667-71.

15. de Baar MP, Timmermans EC, Buitelaar M,
Westrop M, Dekker JT, Soerdjpal A, et al.
Evaluation of the HIV-1 RNA Retina rainbow
assay on plasma and dried blood spots: corre-
lation with the Roche Amplicor HIV-1 moni-
tor v1.5 assay. Antivir Ther. 2003;8(suppl. 1):
S533.

16. Alvarez-Munoz MT, Zaragoza-Rodriguez S,
Rojas-Montes O, Palacios-Saucedo G, Vazquez-
Rosales G, Gomez-Delgado A, et al. High cor-
relation of human immunodeficiency virus
type-1 viral load measured in dried-blood
spot samples and in plasma under different
storage conditions. Arch Med Res. 2005;36(4):
382-6.

17. Cassol S, Gill M], Pilon R, Cormier M, Voigt
RF, Willoughby B, et al. Quantification of
human immunodeficiency virus type 1 RNA
from dried plasma spots collected on filter
paper. ] Clin Microbiol. 1997;35(11):2795-801.

18. Amellal B, Katlama C, Calvez V. Evaluation
of the use of dried spots and of different stor-
age conditions of plasma for HIV-1 RNA
quantification. HIV Med. 2007;8(6):396-400.

19. Johnson C, de Baar M, de Rooij E, Timmer-
mans E, Tebas P. HIV-1 RNA quantification
utilizing Retina rainbow assay with mailed
dried plasma samples versus versant HIV-1
RNA 3.0 assay with freshly frozen plasma.
Rio de Janeiro: 3rd IAS Conference on HIV
Pathogenesis and Treatment; 2005.

20. de Baar MP, van Dooren MW, de Rooij E,
Bakker M, van Gemen B, Goudsmit J, et al.
Single rapid real-time monitored isothermal

Rev Panam Salud Publica/Pan Am | Public Health 24(5), 2008



Ivers et al. ® Dried blood spots for diagnosing HIV in Haitian infants

21.

22.

23.

RNA amplification assay for quantification of
human immunodeficiency virus type 1 iso-
lates from groups M, N, and O. ] Clin Micro-
biol. 2001;39(4):1378-84.

Ayele W, Pollakis G, Abebe A, Fisseha B,
Tegbaru B, Tesfaye G, et al. Development of a
nucleic acid sequence-based amplification
assay that uses gag-based molecular beacons
to distinguish between human immunodefi-
ciency virus type 1 subtype C and C’ infec-
tions in Ethiopia. ] Clin Microbiol. 2004;42(4):
1534-41.

de Baar MP, Timmermans EC, Bakker M, de
Rooij E, van Gemen B, Goudsmit J. One-tube
real-time isothermal amplification assay to
identify and distinguish human immunodefi-
ciency virus type 1 subtypes A, B, and C and
circulating recombinant forms AE and AG.
J Clin Microbiol. 2001;39(5):1895-902.

World Health Organization. Early detection
of HIV infection in infants and children: guid-
ance note on the selection of technology for
the early diagnosis of HIV in infants and chil-
dren. Geneva: WHO; 2007.

Original research

24. Mwaba P, Cassol S, Nunn A, Pilon R, Chintu HIV-1 infection. J Virol Methods. 2005;128
C, Janes M, et al. Whole blood versus plasma (1-2):128-34.
spots for measurement of HIV-1 viral load in 29. Zhang Q, Wang L, Jiang Y, Fang L, Pan P,
HIV-infected African patients. Lancet. 2003; Gong S, et al. Early infant human immunode-
362(9401):2067-8. ficiency virus type 1 detection suitable for re-
25. Mwaba P, Cassol S, Pilon R, Chintu C, Janes source-limited settings with multiple circulat-
M, Nunn A, et al. Use of dried whole blood ing subtypes by use of nested three-monoplex
spots to measure CD4+ lymphocyte counts DNA PCR and dried blood spots. ] Clin Mi-
in HIV-1-infected patients. Lancet. 2003;362 crobiol. 2008;46(2):721-6.
(9394):1459-60. 30. Creek T, Tanuri A, Smith M, Seipone K, Smit
26. Sherman GG, Matsebula TC, Jones SA. Is M, Legwaila K, et al. Early diagnosis of
early HIV testing of infants in poorly re- human immunodeficiency virus in infants
sourced prevention of mother to child trans- using polymerase chain reaction on dried
mission programmes unaffordable? Trop blood spots in Botswana’s national program
Med Int Health. 2005;10(11):1108-13. for prevention of mother-to-child transmis-
27. Sherman GG, Stevens G, Jones SA, Horsfield sion. Pediatr Infect Dis J. 2008;27(1):22-6.

P, Stevens WS. Dried blood spots improve ac-
cess to HIV diagnosis and care for infants in
low-resource settings. ] Acquir Immune Defic
Syndr. 2005;38(5):615-7.

28. Uttayamakul S, Likanonsakul S, Sunthornka-
chit R, Kuntiranont K, Louisirirotchanakul S,
Chaovavanich A, et al. Usage of dried blood
spots for molecular diagnosis and monitoring

Manuscript received on 29 August 2007. Revised version
accepted for publication on 14 May 2008.

RESUMEN

Diagnéstico oportuno del VIH

en nifios haitianos mediante el

procesamiento en el
extranjero de muestras de
sangre seca

Palabras clave

Objetivo. Determinar la factibilidad de enviar muestras de sangre seca (MSS) a un
centro en el extranjero para el diagndstico de la infeccion por el VIH en nifios de zonas
rurales de Haiti.

Meétodos. El programa se realiz6 en el Departamento Central de Haiti. Se tomé una
muestra de sangre en papel de filtro de los nifios menores de 18 meses nacidos de ma-
dres infectadas con el VIH o que tuvieran una prueba positiva de anticuerpos contra
el VIH. Una vez secas, las muestras se etiquetaron con un nimero de identificacién
tnico, se colocaron en sobres sellados impermeable a gases con desecante, se almace-
naron a temperatura ambiente y se enviaron por correo a un laboratorio comercial en
los Paises Bajos, donde se eluy6 la sangre del papel de filtro y se analizé mediante el
sistema Retina™ Rainbow para la deteccién de ARN del VIH-1. Las pruebas se reali-
zaron a los nifios de 1 mes y se repiti6 a los 4 meses de edad.

Resultados. El procedimiento de MSS se llev6 facilmente a una escala mayor. En el
periodo de estudio se confirmé el diagndstico de 138 nifios: 15 de ellos estaban infec-
tados y recibieron los cuidados apropiados; 123 nifios no tenian la infeccién, lo que
evit6 aplicar innecesariamente el tratamiento antibiético profilactico y el personal de
salud sinti6 mayor confianza.

Conclusiones. El procesamiento centralizado de MSS en el extranjero es una solu-
cién factible para el diagnéstico oportuno de la infeccién por el VIH en nifios cuando
no hay capacidad local de diagnéstico. Centros regionales para el procesamiento de
MSS podrian mejorar el acceso de millones de nifios de América Latina y el Caribe al
diagnéstico oportuno de esta infeccién.

Recoleccién de muestras de sangre, serodiagnéstico del sida, areas de pobreza, Haiti.
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