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Abstract

Introduction: Diagnosis of HIV infection in infants is difficult due to the presence of maternal antibodies; only 
nucleic acid assays are very helpful in early detection. Filter papers are especially useful for blood collection 
in resource-poor settings with limited access to diagnostic facilities. Materials & Methods: DBS samples 
were collected from the infants born to HIV seropositive mothers who had received single dose nevirapine at 
onset of labor. The samples were directly spotted onto the Whatman 903 cards from heel, big toe or finger 
prick depending on the age of the infants. A total of 766 infant samples were collected on dried blood spots 
(DBS) and transported to the Department of Experimental Medicine (DEM), Chennai, for testing from different 
government hospitals of rural and urban parts of Tamil Nadu, South India. According to National AIDS Control 
Organization’s (NACO) protocol DNA was extracted from all these DBS and PCR was performed using the 
Roche kit version 1.5. Results: Fifteen infants were found to be HIV positive and 751 were HIV negative; 
all these 15 positive infants and 49 negative infants who were in the age group between 10 and 18 months 
were repeated with another DBS and compared with whole blood. The DBS results were concordant with 
the whole blood method and the sensitivity and specificity were 100%.
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INTRODUCTION
Most HIV infection in children results from mother-
to-child transmission (MTCT) of HIV, which 
can occur during pregnancy, labor and delivery, 
or the breast-feeding period. Despite the great 
advances that have been made in developing and 
implementing effective interventions to prevent HIV 
transmission from infected mothers to their infants, 
almost 2,000 infants in resource-poor countries are 
infected with HIV every day through MTCT.[1] Early 
diagnosis of human immunodeficiency virus type 1  

(HIV-1) infection in infants born to HIV-1-
seropositive mothers has proved difficult with 
conventional antibody tests.[2]The diagnosis of HIV 
infection among young infants now relies exclusively 
on virologic assays because serologic assays lack 
adequate sensitivity and specificity in differentiating 
maternal-derived versus infant-derived antibodies. 
Virologic assays are also helpful to confirm infection 
in patients with an advanced stage of disease who 
have inadequate specific antibody production.[3] In 
1989, Science selected the polymerase chain reaction 
(PCR) as the major scientific development of the 
year.[4]

OBJECTIVE
The purpose of the study was to identify the HIV-1 
status of the infants using DBS. The infants were 
born to HIV seropositive mothers who had received 
single dose nevirapine at the onset of labor. The 
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mothers brought their infants for HIV testing to 
various government hospitals in Tamil Nadu, South 
India. All these infants received nevirapine syrup 
within 72 hours of age. 

MATERIALS AND METHODS
This study was conducted in all the government 
Hospitals of rural and urban parts of the Tamil 
Nadu, South India. All the infants enrolled were 
received Single dose Nevirapine. The DBS samples 
were collected between October 2007 and September 
2008 (11 months) after completion of Training 
of Trainers (TOT) program to all the Health Care 
Workers for the collection of DBS from the infants. 
Informed Consent for testing was obtained from 
infant’s Parent/guardian. An inclusion criterion was 
HIV seropositive mother’s infants only and all the 
infant’s mothers received Single dose Nevirapine at 
the onset of labor.

According to NACO there are specific 
recommendations for sites from where specimens 
are to be collected from the infants: up to 4 months: 
heel prick, 4+ to 10 months: big toe and 10+ to 18 
months: 3rd or 4th finger prick.

A total of 766 infant samples were collected from 
skin prick and coated onto filter paper (Whatman 
No. 903). The spotted filter papers were allowed to 
dry for at least 4 hours at room temperature and 
placed in individual zip locked bags containing a 
silica desiccant. All these samples were transported 
to Department of Experimental Medicine(DEM), 
The Tamil Nadu Dr. MGR Medical University, 
Chennai, Tamil Nadu. The Positive infant samples 
were repeated with another DBS and whole blood 
collected in EDTA vaccutainer tubes. 

DNA extraction from DBS
One single spot of DBS was taken by 6 mm punches 
and was washed with 500 µl of Rnase free water 
(Invitrogen) for 3 times by vortexing for 10 seconds 
and centrifugation at a minimum speed. After 
removing the red-tinged liquid the DBS was treated 
in a 100 µl of 10% Chelax-100 resin (Biotechnology 
Grade, BioRad, Belgium) with this add a Roche 
internal control (IC) for each test 3.3 µl and kept 
it for 56ºC (dry heat block) for 3 hours and 100ºC 
(water bath) for 10 minutes. The extracted DNA 
was removed and stored at −20ºC for further PCR 
amplification using Roche Amplicor HIV-1 DNA Test, 
version 1.5.[12]

DNA extraction from whole blood
In a screw caped tube 1.0 ml of blood wash was 

added and 500 µl of whole blood was added with 
this, incubated for 5 minutes at room temperature, 
and the tubes were centrifuged for 3 minutes at 
a maximum speed; the supernatant was slowly 
removed and again 1.0 ml of blood wash was 
added. The steps were repeated for 3 times. Working 
extraction reagent was prepared and Roche internal 
control (IC) was added with this; 200 µl of working 
reagent was added into all the tubes which contain 
the pellets. The tubes were incubated at 60ºC for 30 
minutes and 100ºC for 30 minutes. After incubation 
the tubes were vortexed and centrifuged and 50 µl of 
the DNA was used for PCR amplification.

PCR amplification
Master mix was prepared by adding 100 µl of HIV-1 
Mn2+ to HIV-1 MMX vial. 

A total of 50 µl of the master mix was added into 
all the tubes and with this 50 µl of extracted DNA 
was added along the positive and negative controls. 
The reaction conditions for the program were HOLD 
Program: 2 minutes 50ºC, CYCLE Program (5 cycles): 
10 seconds 95ºC, 10 seconds 52ºC, 10 seconds 72ºC, 
CYCLE Program (35 cycles): 10 seconds 90ºC, 10 
seconds 55ºC, 10 seconds 72ºC, HOLD Program: 15 
minutes 72ºC.

After amplification 100 µl of denaturation solution 
(DN) was added into all tubes, it should not be kept 
for more than 2 hours at room temperature.

Detection
A total of 100 µl of HIV-1 hybridization buffer 
is added to the micro well plate (MWP) and 
simultaneously 100 µl of the same buffer should be 
added to the internal control micro well plate (CT 
MWP). A total of 25 µl of amplicons is added to the 
appropriate wells of the MWP and CT MWP. Plates 
are covered and incubated for 1 hour at 37ºC. The 
plates are washed with a wash buffer 5 times and 
dried with paper towels. One hundred microliters of 
Avidin–Horse radish peroxide conjugate (AV–HRP) is 
added to each well and incubated for 15 minutes at 
37ºC. After incubation the plates are washed with a 
wash buffer 5 times and are dried with paper towels. 
One hundred microliters of working substrate is 
added to the wells and kept for 10 minutes in dark. 
Finally 100 µl of stop solution is added and the 
absorbance is measured at 450 nm. 

RESULTS
Results of HIV-1 DNA PCR using DBS 
This study was carried out over a period of 11 
months from October 2007 and September 2008. 
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According to the Roche Amplicorkit ,the whole 
blood has to be processed within 4 days of 
collection. This is difficult in our settings as the 
sample has to come from long distance to the testing 
centre (DEM). Thereforein this study we found it 
easy to perform the qualitative HIV-1 DNA PCR test 
with DBS than with whole blood. 

The elution with Chelex-100 should eliminate 
the potential PCRinhibitors, since Chelex is a 
cation-chelating resin: the positivelycharged ions 
are captured by the resin, whereas the DNA, 
negativelycharged, remains free in the solution.[13]

The DBS format greatly facilitates the logistics of 
sample collection, processing, and shipping for 
limited resource settings. Whole blood saved as DBS 
can be transported or mailed to reference laboratories 
without refrigeration and has low biohazard risk.[14] 
Whole-blood can easily be coated on the filter paper 
from heel stick or finger punctures in infants; thus 
avoiding the use of syringes and vaccutainer tubes. 
Blood coated on filter paper lyses the cells and binds 
the DNA. Therefore, the sample centrifugation and 
extraction procedures are reduced. Dried blood on 
filter paper appears biologically stableand can be 
stored at room temperature. It can be transported 
easily and therefore it is convenient to use the DBS 
in resource-limited settings.[15]

The small amount of blood required, theease of 
collection, storage, and transport of samples, and 
thelow cost of the test make this assay ideal for  
HIV-1 testing ofinfants in the field or where 
resources arelimited.[16]

Dried blood specimens areideal for the diagnosis 
and evaluation of HIV-1 infection ininfants in  
resource-limited regions; however, previous 
reportshave shown a decline in the ability to detect 
HIV-1 antibodiesin samples stored under hot, humid 
conditions.[17]

Although HIV-1 DNA is stable in whole blood samples 
stored ina refrigerator for up to 10 days, testing 
of whole bloodcollected on filter paper offers an 
opportunity to simplifysample collection and the 
transport of specimens to laboratoriesfor diagnostic 
testing.[18] In conclusion using DBS as a sample source 
is the best method to perform the diagnosis of HIV 
infection in infants born to HIV seropositive mothers. 
Blood collection is easy for the phlebotomist and other 
healthcare workers; a little formal training is enough 
for them. A small quantity of blood, i.e., 50 µl, is 
enough to make a dried blood spot (DBS) whereas for 
the whole blood 500 µl is required to perform the test. 

A total of 766 samples were tested for qualitative 
HIV-1 DNA PCR. Fourteen samples were found to be 
HIV positive and 752 samples were found to be HIV 
negative, but 2 sample results were equivocal, i.e., 
inconclusive – the OD reading of one sample was 
0.259 and of other was 0.734; these 2 samples were 
retested using the same DBS and with another DBS 
samples. One was found to be positive and another 
was negative consistent with the reference standards 
in all cases.

After the repeated testing of equivocal samples the 
total number of positive samples was 15 (1.95%) and 
of negative samples was 751 (98.04%).

Results of HIV-1 DNA PCR using whole blood
Whole blood samples were collected in EDTA tubes 
from 48 negative infants by DBS whose age range 
was between 10 months and 18 months including 
14 HIV-positive samples and 2 equivocal samples. A 
total of 64 samples were tested by whole blood using 
a Roche kit. Fifteen samples were positive which 
were already tested positivebyDBS and 49 negative 
samples were negative. 

The sensitivity was 100% and the specificity was 
100% when DBS was compared with the whole 
blood. Table 1 shows the results of DBS and whole 
blood. 

DISCUSSION
In this 11-month study period a total of 766 DBS 
were received to perform the diagnosis of HIV-1 
infection in infants by a DNA PCR test. Fifteen 
infants were found to be positive for HIV-1 infection 
and 751 infants were found to be negative by DBS.

Whole blood of all the 15 positive samples and 49 
negative samples of the infants between 10 and 18 
months of age group was also tested for HIV-1 DNA 
PCR and both the results were concordant.

Many centers continue to follow up children beyond 
4--6 months of age to confirm the loss of maternal 
antibody, which usually occurs between 9 and 15 
months of age. A positive DNA PCR at any time 
requires a repeat test on a second blood sample as 
soon as possible for confirmation. Two positive DNA 
PCRs at any time confirm infection. 

Table 1: Results of dried blood spots and 
whole blood
Sample Total Positive Negative
Dried blood spots 766 15 (1.95%) 751 (98.04%)
Whole blood 64 15 49
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The positive infants are referred to the ART centers 
if they are less than 18 months of age. Future 
studies should be done of the dried blood spots with 
different types of filter papers with different volumes 
of the samples. 
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