
Silvia Bertagnolio, et al.: Dried Blood Spots for HIV-1 Drug Resistance and Viral Load Testing

195

Dried blood spots for HIV-1 Drug Resistance and Viral Load 
Testing: A Review of Current Knowledge and WHO Efforts 
for Global HIV Drug Resistance Surveillance
Silvia Bertagnolio1, Neil T. Parkin2, Michael Jordan1,3, James Brooks4 and J. Gerardo García-Lerma5

1World Health Organization, Geneva, Switzerland; 2Data First Consulting, Inc., Menlo Park, CA, USA; 3Tufts University School of Medicine, 
Boston, USA; 4National HIV and Retrovirology Laboratories, Public Health Agency of Canada, Ottawa, Ontario, Canada; 5Laboratory Branch, 
Division of HIV/AIDS Prevention, Centers for Disease Control, Atlanta, GA, USA

AIDS Rev. 2010;12:195-208

Correspondence to:
Silvia Bertagnolio

20 Avenue Appia 

CH-1211 Geneva 27, Switzerland

E-mail: bertagnolios@who.int

Abstract

HIV-1 drug resistance genotyping is an essential component of the World Health Organization global HIV 
Drug Resistance (HIVDR) prevention and assessment strategy. Plasma is considered to be the most 
appropriate specimen type for HIV-1 drug resistance genotyping. However, use of plasma may not be 
feasible in rural, remote areas in resource-limited settings since its preparation and storage requires 
personnel and laboratory infrastructure that is often lacking. An alternative specimen type for HIVDR 
genotyping is dried blood spots (DBS). DBS can be made from blood drawn for routine clinical or 
surveillance purposes without special laboratory processing. The filter paper used is relatively inexpensive, 
easily obtained and stored, and although procedures for making DBS must be followed precisely, the 
training required is less intensive than that required for plasma separation. HIV nucleic acids are generally 
stable over long periods of time and freezing is not required unless storage over two weeks is planned. 
In addition, DBS are more easily transported than plasma because they can be shipped as non-hazardous 
materials using regular mail or courier services. Many studies have reported the successful genotyping 
of HIV-1 from DBS and some have shown a high genotypic concordance with plasma genotypes despite 
potential DNA interferences. During the past few years DBS have started to be widely used for HIV-1 drug 
resistance testing, and an increased number of reports from resource-limited areas have indicated DBS 
as the preferred specimen type for transmitted HIV-1 drug resistance surveillance where plasma collection 
is not feasible. The World Health Organization has brought together a group of experts (WHO HIVResNet 
DBS working group) to review current data on DBS preparation, storage, and transport conditions, and 
provide a reference protocol, which is also summarized in this article. (AIDS Rev. 2010;12:195-208)
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Introduction

As of December 2002, UNAIDS reported that only 
300,000 people infected with HIV in resource-limited 
countries of the five to seven million in need had ac-
cess to antiretroviral therapy (ART), with an overall 5% 

coverage1. In 2003, the World Health Organization (WHO), 
UNAIDS, and partners launched the “3 by 5” initiative 
which galvanized the unprecedented expansion of ART 
in low- and middle-income countries. Currently, the HIV 
epidemic disproportionately affects resource-limited set-
tings2. Over the past five years, through funding sources 
that include government programs, the Global Fund to 
fight AIDS, Tuberculosis, and Malaria, and the U.S. Pres-
ident’s Emergency Plan for AIDS Relief, over four million 
individuals have been started on ART. At the end of 2007, 
three million people in low- and middle-income countries 
had access to HIV treatment, increasing to more than four 
million at the end of 2008. However, despite considerable 
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progress and the achievement of near universal access 
to therapy for those in need in several low- and middle-
income countries, 2008 estimates suggest that 58% of 
patients in immediate need still do not receive ART2.

WHO strategy for HIV drug resistance 
prevention and assessment  
in resource-limited settings

WHO advocates a public health approach for the 
management of HIV in resource-limited settings3. In this 
context, while routine HIV drug resistance (HIVDR) test-
ing for individual clinical monitoring is not recommended 
until capacity is expanded to provide more basic diag-
nostic and clinical tests to support HIV diagnosis and 
treatment, WHO strongly supports the use of HIVDR 
testing to assess the burden of transmitted and acquired 
resistance at the population level in countries scaling up 
ART3,4. The consequences of HIVDR include suboptimal 
response and more rapid virologic failure of patients on 
first-line regimens, increased direct and indirect health 
costs associated with the need to start more costly sec-
ond-line treatments, the spread of resistant strains of 
HIV, and the potential impact on pre- and postexposure 
antiretroviral prophylaxis, topical microbicides, or regi-
mens to prevent mother-to-child transmission (PMTCT).

As access to ART expands, the emergence of some 
degree of HIV drug resistance is inevitable even if ap-
propriate regimens are provided and optimal adherence 
to therapy is supported. The error-prone nature of HIV 
replication, its high mutation rate in the presence of 
drug selective pressure, viral recombination, and the 
need for lifelong treatment can all contribute to drug 
resistance emergence. However, the emergence and 
transmission of HIVDR can be minimized through pub-
lic health action at the clinical, country, regional, and 
global level. Improving quality of care by ensuring 
appropriate prescribing practices, minimizing the 
number of patients lost to follow up, ensuring drug 
supply continuity, and supporting patient adherence to 
ART can minimize the risk of HIVDR emergence.

Global estimates of the burden of transmitted and 
acquired HIVDR are difficult to gather due to the hetero-
geneity of laboratory and epidemiological methodolo-
gies across studies in different countries. The lack of 
standardization makes interpretation of results difficult, 
and the application of this information towards public 
health action particularly challenging. As a key contribu-
tion to the global HIV response, WHO is leading the 
global effort to assess and minimize HIVDR, with the 
overall goal of promoting the long-term effectiveness of 

the available first- and second-line regimens, improving 
quality of care, and optimizing treatment program effi-
ciency. To achieve this ambitious goal, WHO has created 
HIVResNet, a network of over 50 institutions, laboratories, 
clinicians, epidemiologists, and HIVDR experts with the 
function to advise and support WHO through the develop-
ment of standardized tools, training, technical assistance, 
laboratory quality assurance, analysis of results, and rec-
ommendations for guidelines and public health action.

Together with its partners, WHO has developed and 
is promoting the implementation of the global HIVDR 
prevention and assessment strategy4. The strategy 
relies upon implementation of standardized method-
ologies to evaluate the emergence and transmission of 
HIVDR, both in adult and pediatric populations, as well 
as the regular evaluation of HIVDR early warning indi-
cators, which are site and programmatic factors poten-
tially associated with HIVDR emergence. In countries 
adopting and implementing the global HIVDR strategy, 
the evidence generated through HIVDR assessment is 
being used to make important, positive public health 
action to improve ART programs.

WHO/HIVResNet global HIVDR prevention and as-
sessment strategy includes eight key elements, which 
have been described in detail elsewhere (http://www.
who.int/hiv/topics/drugresistance/en/)4. Two of these 
elements require HIVDR laboratory testing.

The first element monitors HIVDR emerging during 
treatment and is commonly referred to as HIVDR moni
toring survey. This survey utilizes a minimum resource, 
prospective, clinic-based approach for monitoring the 
emergence of HIVDR during the first 12 months of treat-
ment, and for identifying factors associated with failure of 
viral suppression and HIVDR emergence5. HIVDR moni-
toring surveys include resistance testing before initiation 
of ART and one year thereafter (or before switching to a 
second-line regimen). The survey should be integrated 
into routine national assessments of ART programs and 
is designed to use remnant specimens (plasma or dried 
blood spots [DBS]) collected for routine testing. The 
data generated promote efforts to minimize the emer-
gence of HIVDR at a population level by implementing 
positive site/programmatic adjustments as needed.

A second key element of WHO/HIVResNet global HIVDR 
prevention and assessment strategy is the surveillance of 
transmitted drug resistance in untreated, recently infected 
populations. The surveillance targets individuals infected 
with HIV-1 within the past 3-5 years who remain ART-naive 
(aged < 25 years and at first pregnancy, if female) and/or, 
when available, have laboratory evidence of recent infec-
tion or seroconversion, have no previous positive HIV test, 
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a CD4 cell count above 500 cells/μl, and the first risk-de-
fining event within the past three years. The survey targets 
specific geographical areas within each country where 
ART has been widespread for 3-5 years and where HIVDR 
is most likely to emerge first6. The survey is called the 
HIVDR threshold survey because results categorize trans-
mitted resistance to relevant antiretroviral drugs and drug 
classes as above or below two thresholds: 5 and 15%7.

The threshold survey is, whenever possible, embedded 
into regularly performed serosurveys to estimate HIV 
prevalence, which are already in place in most resource-
limited settings. Generally, consecutive HIV-seropositive 
diagnostic specimens (plasma, sera, or DBS) from HIV 
serosurveillance performed in antenatal clinics, voluntary 
counseling and testing centers or other HIV diagnostic 
settings are used, along with information collected rou-
tinely at these sites. The results of threshold surveys 
contribute to ART policy decisions, including ART regi-
mens and HIV prophylaxis guidelines.

Dried blood spots for genotypic  
drug resistance testing 

Resistance to antiretroviral  drugs can be determined 
phenotypically in cell culture-based assays, and geno-
typically by examining the HIV coding regions corre-
sponding to the target(s) of the drug(s) of interest (for 
this review, limited to reverse transcriptase and pro-
tease)8,9. Genotypic drug resistance testing by sequence 
analysis is widely used for clinical and surveillance pur-
poses by laboratories in developed countries, and is 
the technique recommended by WHO for HIVDR surveil-
lance and monitoring surveys. Genotyping is performed 
using either commercial kits (primarily ViroSeq™ or 
TRUGENE®) or in-house developed assays.

Because the majority of HIV-1 infections occur in low- 
and middle-income countries, and the availability of ART 
has expanded greatly in recent years, the need to perform 
population-based surveys to assess HIVDR calls for sim-
plified, field-friendly methods for specimen collection, 
storage, and transport. Plasma is considered to be the 
most appropriate specimen type for HIVDR genotyping; 
however, its use may not be feasible in rural, remote ar-
eas in resource-limited settings, since its preparation and 
storage requires personnel and laboratory infrastructure 
that is often lacking. Alternative specimen types for HIVDR 
genotyping include DBS, dried serum spots (DSS), and 
dried plasma spots (DPS). DBS can be made from 
blood drawn for routine clinical or surveillance purposes 
without special laboratory processing. Given the com-
parative advantage of collecting DBS compared to DPS 
and DSS, DBS will be the focus of this review (Fig. 1).

The filter paper used for DBS collection is easily ob-
tained and stored, and although procedures for making 
DBS must be followed precisely, the training required is 
less intensive than that required for plasma separation. 
HIV nucleic acids on DBS are stable over long periods 
at ambient temperature and freezing is not required 
unless longer storage is planned. Finally, in resource-
limited settings, DBS are more easily transported than 
plasma because they can be shipped as non-hazard-
ous material using regular mail or courier services.

Despite the potential advantages of DBS as a method 
of specimen collection, there are some disadvantages, 
the foremost being reduced sensitivity of viral RNA am-
plification because of small input volumes and impaired 
nucleic acid extraction as well as nucleic acid degrada-
tion under extreme environmental storage conditions. Ad-
ditionally, in specimens with low viral loads, proviral DNA 
from peripheral blood mononuclear cells (PBMC) may 
contribute a significant proportion of information to geno-
typing results. Thus, in some patients with low viral loads, 
genotyping results from DBS specimens may not reflect 
the current status of replicating viruses circulating in the 
patient’s plasma accurately. Finally, the variability around 
methods for DBS collection, transportation, and manipu-
lation may make interpretation of results challenging.

Recommendations for dried blood  
spot-based HIV drug resistance 
genotyping from WHO HIVResNet  
Dried blood spots Working Group

Because of the need to develop standard methods 
for DBS collection, transport, and manipulation as part 
of the wider global effort to scale up HIVDR assessment 
and prevention strategies in resource-limited settings, 
WHO has brought together a sub-group of WHO/HIV 

Figure 1. Whatman 903 Filter Paper with dried blood spots.
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ResNet (WHO HIVResNet DBS Working Group), a panel 
of international laboratory experts on DBS, with the 
objective to review available data and develop, validate, 
and standardize methods for HIVDR genotyping from 
DBS. WHO and the HIVResNet DBS Working Group has 
recently developed a protocol for DBS preparation, han-
dling, and testing, with the ultimate goal to improve the 
efficiency and standardization of DBS testing and finally 
the overall quality of HIVDR survey data. A full description 
of WHO protocol for DBS collection, storage, and trans-
port is available on WHO website at (http://www.who.int/
hiv/topics/drugresistance/laboratory/en/index.html).This 
guidance document is regularly updated as needed, 
based on new data and other developments in the field.

Methods for HIV drug resistance 
genotyping from dried blood spots

Successful amplification of HIV from DBS is directly 
linked to the use of proper and adequate specimen 
collection, drying, packaging, storage, transport, and 
nucleic acid extraction techniques.

Collection and drying

Most published studies have employed similar collection 
methods and used Whatman 903 filter paper (Whatman, 
Maidstone, UK)10. DBS are prepared using whole blood, 
either obtained by venipuncture or finger prick with a range 
of 50-100 µl of whole blood placed on a minimum of 3-5 
circles on the filter paper. Drying times generally range 
from one hour to overnight, with the majority of studies 
drying overnight at 25 °C. One study reported a drying 

time of 18-24 hours11. Generally, best results were ob-
tained when DBS were left to dry for at least four hours 
(though preferably overnight) in a suspended horizontal 
position (on a drying rack, if available), or laid flat on a 
clean paper towel in a biohazard safety cabinet. In gen-
eral, available data support the need for complete drying 
of DBS prior to packaging for short or long-term storage.

Packaging and short- and long-term storage

Correct packaging and storage of DBS are critical 
elements ensuring successful amplification. A number 
of different methodologies for performing HIVDR geno-
typing using DBS (or DSS), including some comparisons 
of various storage conditions, have been developed and 
reported in the literature12-25 (Table 1). Studies have used 
various packaging techniques, primarily placing individual 
DBS specimens into low gas-permeable sealed bags with 
or without silica desiccant. Few studies have reported 
on or have assessed the effect of short-term storage 
conditions (time between DBS collection and testing or 
freezing) on the success of HIV amplification and even 
fewer have documented humidity conditions. For those 
reporting short-term storage conditions, the conditions 
tested varied widely: 22-28 °C for up to six weeks26, ambi-
ent temperature for 48 hours22, 35.8 °C with 73% humid-
ity for 1-6 days27, 100% humidity for eight and 15 days28, 
or 100% humidity at –20 °C or at 37 °C for one, two, eight, 
and 16 weeks15 (Table 1). With some exceptions12, DBS 
stored under conditions of high temperature and high 
humidity demonstrate impaired amplification efficiency. 
In one study29, DBS stored at 37 °C and > 90% humidity 
for two weeks showed a reduced amplification success 

Table 1. Summary of studies investigating impact of DBS storage conditions on HIV-1 drug resistance genotyping

Storage conditions tested

Study Time Temperature/Humidity Desiccant Outcomes

Garcia-Lerma15 1 to 16 weeks 37 °C/high humidity,  
–20 °C

Yes DBS stable at 37 °C only for 1-2 weeks.  
–20 °C recommended for long-term storage; 
–20 °C superior for short and long term.

Buckton13 3 months –20 °C, 4 °C, 20 °C Yes HIV DNA PCR only. No observed degradation 
in HIV DNA during 3-month study period.

Bertagnolio12 3 months 37 °C/85% humidity Yes Good amplification rate (90%)
McNulty19 6 years

5 years
2-3 years

–30 °C
Ambient temperature  
and –70 °C, –20 °C

Yes Complete degradation at ambient 
temperature; stable at –30 °C and –70 °C; 
–20 °C recommended for long-term storage

Nelson21 3 to 6 years Ambient temperature Yes Moderately successful amplification rate 
(69%); 1 log drop in viral load

Wallis30 3 months Ambient temperature,  
4 °C, –20 °C

Yes Some reduction in amplification rate at 
ambient temperature vs. 4 °C or –20 °C

DBS: dried blood spots; PCR: polymerase chain reaction.
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(n = 8; 38%) compared to DBS stored at either –20°C or 
4 °C (p-value = 0.077 and 0.026 for 37 °C and 37 °C 
and humidity > 90%, respectively, compared to plasma; 
Fisher’s exact test). Storage at 37 °C with low humidity 
(< 20%) was determined to be less detrimental than the 
same temperature with > 90% humidity at all time points. 
The results of one study suggest that short-term storage 
of samples at either 4 °C or –20 °C is preferable30.

Several studies report the success of amplification and 
genotyping from DBS after longer storage times and 
variable conditions: three months at 37 °C and 85% 
humidity12, 18-26 weeks at –20 °C18, 2-3 years at –20 °C 
or six years at –30 °C19, one year at 4 °C24, and up to 
4.9 months at ambient temperature25. All studies reported 
use of desiccant. Following one year of storage at 4 °C 
Youngpairoj, et al. observed a 95% amplification rate 
using an in-house assay, but only a 58% amplification 
rate using ViroSeq™24. As discussed below, the different 
amplification efficiencies seen by these two methods 
might reflect assay vulnerability to nucleic acid degrada-
tion that occurs under suboptimal temperatures, humid-
ity, or both. McNulty, et al. found no amplification from 
DBS stored for five years at room temperature, further 
emphasizing the need for appropriate storage condi-
tions19. Overall, these studies demonstrate failure of am-
plification resulting from lack of humidity control and high-
light the importance of drying DBS prior to storage in 
zip-lock plastic bags containing 2-3 silica desiccant packs 
to remove residual moisture along with one humidity in-
dicator card. The use of desiccant packs appears more 
appropriate as free desiccant material should not come 
into direct contact with the DBS. As UV light can also 
damage nucleic acids, DBS should be kept in the dark.

Available studies indicate that DBS should be trans-
ferred at –20 °C or lower temperatures as soon as pos-
sible; however, when this is not possible they can be 
kept and/or transported at ambient temperature for up 
to 14 days after collection. After this time, DBS must be 
either processed for genotyping or frozen at –20 °C or 
below. If genotyping cannot be performed within 14 days 
from the date of collection, DBS should be transported to 
a central facility where there is a constant electricity supply 
and a –70 °C freezer. In settings where –70 °C freezers 
are not available, non-frost free –20 °C freezers can also 
be used for long-term storage (at least up to two years).

Transport

The transport of specimens from the point of collection 
and initial processing to the laboratory performing HIV 
genotypic testing is challenging in most of the remote 

rural areas in low-resource countries. A number of 
recent studies report shipping at 25 °C16,28, while others 
report shipping on dry ice18,24. Overall, published data 
suggest that if specimens have been stored at –20 °C 
or lower, it is considered best practice to ship them on 
dry ice to the place of genotyping to avoid unnecessary 
cycles of thawing and re-freezing. In settings where dry 
ice is not available, DBS should be removed from the 
freezer and be allowed to thoroughly equilibrate to room 
temperature for a minimum of 30 minutes prior to opening 
the bag. After equilibrating, the outer bag should be 
opened and the desiccants contained in each of the 
small plastic bags replaced with fresh desiccant for 
shipping. The equilibrated DBS should be placed in a 
new plastic bag containing humidity indicator and des-
iccant and shipped at room temperature to reduce the 
danger of increased humidity exposure. If the DBS have 
been stored at ambient temperature, they can be 
transported without refrigeration for up to 14 days after 
collection. After this time, DBS must be either processed 
for genotyping or frozen at –20 °C or below. However, 
available data suggest that the total time at ambient 
temperature should be minimized.

Nucleic acid extraction, polymerase  
chain reaction amplification,  
and drug resistance genotyping

The efficient extraction of HIV-1 nucleic acids from 
DBS is considered critical for drug resistance testing, 
given the limited amount of RNA and DNA that can be 
retrieved from spots that are usually prepared with only 
50-100 µl of blood. The use of quality-controlled reagents 
is also essential since most genotypic assays amplify 
large pol fragments that may be particularly sensitive to 
degradation. Many commercial methods are now available 
to extract HIV-1 RNA from plasma and may potentially be 
used for DBS. Information regarding the performance of 
these methods is mostly limited to the Nuclisens® (bio-
Mérieux, USA) assay. Modifications of the protocol that 
include a nucleic acid elution step under gentle rotation 
in different volumes of lysis buffer (2 or 9 ml) and for 
different periods of time (2-17 hours) and temperatures 
(ambient or 4 °C) have all resulted in high amplification 
success rates16-19,31,32. High amplification efficiencies 
have also been seen using other commercial or in-house 
methods that extract RNA and/or DNA12,13,23,25,29. It is 
important to note, however, that most available methods 
extract total HIV nucleic acids and that the presence of 
cell-associated DNA may potentially increase amplification 
efficiencies from DBS18,19,25.
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Studies on the efficiency of drug resistance genotyping 
from DBS have been generally encouraging. Only three 
studies have evaluated the effectiveness of commercial-
ly available genotypic assays (Table 2). In one study 
using the TRUGENE® HIV-1 Genotyping kit, complete 
pol genotypes were obtained in 19 of 21 DBS speci-
mens with plasma viral load higher than 6,000 copies/
ml17. Of the 12 specimens with viral loads between 
1,000 and 6,000 copies/ml, only seven were successfully 

genotyped. However, improved genotyping efficiencies 
from low viral load specimens (1,000-6,000 copies/ml) 
were possible by extracting nucleic acids from two 
spots17. Similar findings have been reported using the 
ViroSeq™ HIV-1 genotyping system. Using this method, 
50 of 60 DBS specimens tested were successfully 
genotyped, including all the specimens collected from 
patients with plasma virus loads greater than 2,000 cop-
ies/ml and 12 of the 22 specimens with viral loads less 

Table 2. Summary of studies related to HIV-1 drug resistance genotyping from DBS

Study Genotyping 
method(s)

Amplicon 
size

Storage 
conditions

Sample 
characteristics

Tested
(n)

Viral load of 
tested samples 
(copies/ml)

Amplification 
success rate*

Sequence 
concordance 
vs. plasma†

Masciotra18 ViroSeq™ 1.8 kb –20 °C,  
18-26 weeks 

Mostly treatment 
experienced,  
subtype B

  60 78 to 676,694  
(median: 9,135)

Overall: 83% 
VL > 2,000: 100% 
VL < 2,000: 54%

98.8%

Youngpairoj24 ViroSeq™ or 
in-house 
nested 
RT-PCR

1.8 kb  
or 1 kb

4 °C,  
1 year

Treatment 
experienced,  
subtype B

  40 518 to 676,694 
(median: 13,680)

ViroSeq™: 57.5% 
In-house: 95%

94.5% (drug 
resistance 
mutations, 
DBS/in house 
vs. plasma/
ViroSeq®)

McNulty19 In-house 
nested 
RT-PCR

1 kb –20 °C,  
2-3 years

Untreated, 
subtypes from 
Cameroon, 
subtypes A, 
CRF02

  40 665 to 645,256 
(median: 23,715)

Overall: 92% 
VL > 10,000: 100% 
VL < 10,000: 73%

98.5%

Ziemniak25 In-house 
nested 
RT-PCR

RT: 663 bp Ambient,  
0-5 months

Treated and 
untreated patients 
from the USA, 
subtype B

    9 < 50 to 94,600 
(median: 17,792)

Overall: 94% 
VL ≥ 193: 100%

Not assessed

Bertagnolio12 In house 
nested 
RT-PCR

RT: 700 bp 37 °C, 85% 
humidity,  
3 months

Untreated 
subjects from 
Mexico, subtype B

103 Not all tested 90.1% either PR or 
RT region; 78.2% 
for both regions

99.9% (in 
samples with 
resistance 
mutations)

Hallack17 TRUGENE® 1.3 kb –20 °C Treated and 
untreated patients 
from the USA, 
subtype B

  33 1,178 to 414,212 
(median: 11,666)

Overall: 78.8% 
VL > 6,000: 90.5% 
VL < 6,000: 58.3%

99.3%

Garrido16 In-house 
nested 
RT-PCR: RT 
and gp41 
fragments

RT: 726 bp 4 °C, no 
desiccant

Treated patients 
from Angola; 
many subtypes

  77 1,000 to 850,000 RT: 30% 
gp41: 43% 

Not assessed

Steegen23 In-house 
nested 
RT-PCR

PR: 458 bp 
RT: 646 bp

–20 °C Treated and 
untreated patients 
from Kenya; 
subtypes A, C, D, 
CRF16

  29 55 to > 100,000 96.6% either PR or 
RT region; 89.7% 
for both regions;  
VL > 100: 100%

Not assessed

Buckton13 In-house 
nested 
RT-PCR

PR: 758 bp 
RT: 805 bp

–20 °C Clinic patients 
from the UK; 
subtypes A, B, C, 
CRF02

  12 80 to 115,300 
(median 10,950)

PR: 83% 
RT: 100%

Not assessed

VL: viral load; DBS: dried blood spots; RT: reverse transcriptase; PCR: polymerase chain reaction; PR: protease; bp: base pair.
*It is likely that the quality of field-collected DBS is substantially inferior to that of lab-collected DBS (which are often used in comparison studies) and especially plasma, 
with respect to amplification success rates. 
†mean nucleotide sequence identity, unless otherwise noted.
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than 2,000 copies/ml. This study also found that nucleic 
acid extraction from two 50 µl spots improved the geno-
typic efficiency in specimens with low (< 2,000 copies/
ml) plasma viremia18. Higher sensitivity of genotyping 
may be particularly critical for routine use of DBS for 
drug resistance monitoring in treated individuals. It is 
important to note, however, that the high amplification 
success rates seen by both commercial assays were 
obtained using DBS prepared and stored under opti-
mal conditions. Under less ideal conditions, the perfor-
mance of these assays may be reduced since they 
both rely on the amplification of large (1.3 or 1.8 kb) 
pol fragments that may be particularly sensitive to 
degradation. The impact of DBS storage conditions on 
the performance of the ViroSeq™ assay was evident in 
a recent study that noted a low (38.6%) amplification 
efficiency in samples stored in a non-frost freezer for 
long periods of time without desiccant changes33. A 
second study noted reduced amplification efficiency 
with ViroSeq™ assay upon storage of DBS at 4 °C for 
one year24. A close examination of the amplification 
signals in agarose gels was certainly suggestive of 
some RNA degradation in the specimens stored at 
4 °C compared to parallel specimens stored at –20 °C. 
In both studies, the low genotyping efficiency by the 
ViroSeq™ assay was circumvented by using an in-
house method that amplified a smaller fragment in a 
nested-PCR protocol24,33. High amplification efficien-
cies have been also reported using other in-house 
assays that amplify shorter (0.5-1 kb) or separate 
reverse transcriptase (RT) and protease fragments 
from both RNA and DNA12,13,19,23,25,31,32. In one of 
these studies, RT or protease sequences from 93 of 
103 specimens (90%) were successfully generated 
upon storage for three months under challenging con-
ditions (37 °C and 85% humidity)12. Another study 
showed the efficient genotyping of both RT and pro-
tease in 11/12 specimens with plasma viral loads 
between 50 and 115,300 copies/ml13.

The presence of PBMC in DBS has raised questions 
regarding the amplification of cell-associated DNA se-
quences and their contribution to the high amplification 
success rates observed in many studies. As expected, 
a relatively high frequency of amplification of proviral 
DNA sequences from DBS has been noted using se-
lective DNA PCR amplification18,19,25. Amplifications of 
proviral DNA sequences might explain the successful 
genotyping observed in DBS with low (< 400 copies/ml) 
plasma viremia, although DNA amplification has been 
more frequently observed among specimens with higher 
plasma viral loads18,25.

Equivalence of viral load  
in plasma versus dried blood spots

The preservation of nucleic acid in a desiccated form 
means that DBS can serve as the substrate for a number 
of nucleic acid-based HIV tests. Recent reviews have 
summarized studies on viral load testing on DBS10. In 
addition, Stevens, et al.34 have reviewed viral load test-
ing in resource-limited settings and highlighted the role 
of DBS as a sample collection strategy. From the litera-
ture, there is little doubt that viral load testing can be 
performed on DBS. However, key issues remain regard-
ing the limits of detection, the durability of results during 
storage, and the lack of standardization of methodology.

More than 10 publications on DBS and viral load have 
become available since the review by Hamers, et al. was 
published10. Regardless of the specific focus of the stud-
ies, most of the papers explored lower limits of detection, 
usually defined as the threshold at which the number of 
false negatives is reduced to an acceptable level. Most 
recent reports confirm that the lower limit of detection for 
viral load on DBS appears to be in the 3-4 log10 copies/ml 
range. A paper by Mbida, et al. reported a lower limit of 
detection of 3 logs, based on consistency of plasma 
and DBS results in the 3-4 log10 range35. However, a 
close examination of the data shows that only one of the 
16 specimens had a viral load that fell within this range. 
Similarly, Andreotti, et al. reports a 96.4% sensitivity with 
the Roche COBAS® TaqMan® assay, with a lower limit of 
detection of 3 log10 copies/ml based on analysis of speci
mens that fall in the 3-4 log10 range, although the distribu-
tion of viral load values was not fully described36. A more 
detailed study described the actual lower limit of detection 
as 3.72 log10 copies/ml37. Lower limit of detection cut-offs 
of 3 and 3.72 logs are quite different from a monitoring 
perspective as they represent viral load values of 1,000 
and 5,000 copies/ml. Claims of enhanced sensitivity to 
748 copies/ml, using the Generic HIV Charge Virale assay 
(Biocentric, Bandol, France) were not supported as 25% 
of the specimens in the 3-4 log10 copies/ml range were 
not detected38. Thus, it appears that current methods for 
viral load testing on DBS have a practical lower limit of 
detection of 5,000 copies/ml and remain 2 logs less 
sensitive than commercial plasma viral load assays.

The specificity of viral load testing on DBS is also 
influenced by the overall plasma viral load. In general, 
most studies describe DBS viral load as being lower 
than plasma viral load when comparing mean values 
derived from each specimen type. However, a few 
studies using different methods have noted higher viral 
load values from DBS compared to plasma, particularly 
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at low plasma viremias. These observations are likely 
reflecting proviral DNA contributions that may be more 
apparent at low viral load values20,39-41. While some theo-
retical considerations should be given to viral load assays 
that are specific for RNA (nucleic acid sequence-based 
amplification, or NASBA) as a way to improve specific-
ity42,43, DNA contributions from DBS may not be an 
issue above 5,000 copies/ml, which is the practical 
lower limit of detection for viral load assays for DBS.

A study by Monleau, et al. using viral load and geno-
typic testing from DBS has suggested that viral load test-
ing from DBS may be less affected by storage conditions 
than genotype testing20. One possible explanation is the 
short intact target sequences (150 bp) that are generally 
amplified in viral load assays compared to the relatively 
long (> 600 bp) pol fragments that are amplified for 
HIVDR testing. While there is likely a correlation between 
the quantity of the virus on the DBS and stability44, this is 
more pronounced for DPS than DBS35. Further studies 
support the notion that viral load testing on DBS may be 
successfully performed on specimens with viral load 
> 5,000 copies/ml properly stored at room temperature for 
9-12 weeks35,39,40. However, as the readout from viral load 
testing is not binary as it is for genotyping, care must be 
taken in evaluating a quantitative assay where the speci-
men is subject to ongoing degradation. Thus, if specimens 
are to be analyzed at some future date in the context 
of research, then rapid storage at –20 °C or –70 °C is 
recommended, again with appropriate validation.

Meaningful comparisons among studies of viral load 
tests on DBS are confounded not only by the different 
tests, but also by the nucleic acid extraction techniques 
employed. Andreotti, et al. reported a higher correlation 
between plasma and DBS viral load with the COBAS® 
assay when the Nuclisens® extraction method was used36. 
Significant differences in the performance of extraction 
methods were demonstrated for viral load testing, with the 
Nuclisens® and Abbott sample preparation methods 
proving to be more efficient than the Quiagen QIAamp® 
or Roche High Pure Kit20. To further complicate matters, 
Wan, et al. published a recent report43 identifying the 
contribution of proviral DNA to virus load detected in 
plasma by the Roche Amplicor COBAS® assay when 
collected in PPT tubes. Since high efficiency nucleic acid 
extraction kits such as Nuclisens® rely on total nucleic 
acid extraction, proviral DNA will inevitable contribute to 
DBS viral load assays. Further studies are needed to more 
precisely define the operating characteristics of a spe-
cific viral load assay with a given RNA extraction method. 
Cross-platform comparisons of viral load on DBS may 
prove to be challenging from the perspective of absolute 

quantification. Instead, consideration should be given to 
defining viral breakthrough thresholds for each platform.

Deriving a consensus for viral load testing on DBS is 
extremely complex due to the lack of consistency 
among studies. Most studies on viral load testing on 
DBS use commercial assays developed for plasma 
viral load testing. Recent in-house assays designed for 
viral load testing on DBS and open source real-time 
assays such as the Generic HIV Charge Virale45 have 
not yet been properly validated. Additionally, there are 
either integrated, external commercial or in-house ex-
traction methods that can be used for each assay. 
Further complexity is added by inconsistencies in 
specimen collection (phlebotomized blood or directly 
spotted onto cards), number of spots used in the ex-
traction, and corrections for hematocrit values.

Concordance between genotype  
data generated using plasma  
and dried blood spots

While many studies have now reported the successful 
genotyping of HIV-1 from DBS, only a few have compared 
DBS genotypes with those derived from plasma12,16-19,24,25,31 
(Table 2). A comparison of RT and protease sequences 
generated using the ViroSeq™ assay in plasma and DBS 
collected from 40 highly antiretroviral-experienced per-
sons showed a high concordance in resistance muta-
tions. Of the 316 resistance mutations found in plasma 
sequences, 306 were also found in sequences from DBS. 
Most discrepancies were due to mixtures or unusual 
amino acid changes, and in only two cases were caused 
by major protease or RT mutations18. Interestingly, most 
of the mutations found on DBS were also detected in 
plasma sequences, although some mutations were ex-
clusively found in the DBS. A similarly high (96.4%) 
concordance in genotypic interpretations using the Viro-
Seq™ assay was noted in a more recent study33. High 
concordance between plasma and DBS genotypes was 
also found in 26 antiretroviral-treated patients genotyped 
using the TRUGENE® method; all 58 resistance-associ-
ated mutations detected in plasma were also detected 
in the corresponding DBS17. Similar high correlations 
have also been noted in studies done in small numbers 
of treatment-naive, newly diagnosed persons using in-
house methods, although the number of resistance-as-
sociated mutations detected in plasma or DBS was 
minimal in most cases12,19,25 (Table 2). In one of these 
studies, replicate amplifications from DBS specimens 
with detectable resistance-associated mutations consis-
tently confirmed the genotypes observed in plasma12.
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The amplification of proviral DNA from DBS has 
raised questions regarding the potential interference of 
archived pol sequences in the genotypic profiles 
generated from DBS. However, it is important to note 
that none of the studies mentioned above have quantified 
the exact contribution of proviral DNA to the overall 
recovery rate and population-based sequences gener-
ated from DBS18,19,25. Potential DNA interferences might 
also differ according to disease stage, level of CD4 cell 
counts, and treatment characteristics of the population 
due to the different dynamics of emergence and persis-
tence of resistance mutations in plasma and PBMC46-48. 
For instance, patients who fail treatment tend to have 
more detectable mutations in plasma sequences than 
in PBMC, particularly at lower virus loads. In these 
patients, mutations are generally detected first in plas-
ma then in PBMC, with delays of up to one year49. The 
opposite usually occurs in patients undergoing treat-
ment interruptions who typically have more detectable 
mutations in PBMC49-53. In contrast, drug resistance 
genotypes from plasma and PBMC are generally com-
parable in treatment-naive persons with unknown dura-
tion of infection54. While available studies have shown 
a high genotypic concordance with plasma genotypes 
despite potential DNA interferences, larger studies with 
more patients with diverse treatment characteristics 
are necessary to fully understand the correlation between 
resistance genotypes generated from plasma and 
DBS. It will also be important to compare genotypic 
concordance using more sensitive tools that detect 
minority resistant variants, since DNA amplifications 
from DBS might better detect archived, fossil records 
of past antiretroviral treatment.

Application in the field: HIV-1 drug 
resistance surveys in resource-limited 
countries using dried blood spot-based 
HIV drug resistance genotyping

Dried blood spots have now been widely used for 
HIVDR testing and an increasing number of reports 
from resource-limited settings have indicated DBS as 
the preferred specimen type for transmitted HIVDR 
surveillance where plasma collection is not feasible. In 
Tanzania for the 2005 HIVDR surveillance, 60 DBS 
were collected from antenatal care sites. DBS speci-
mens were dried overnight at each survey site and 
shipped to a central laboratory the day following speci
men collection for storage. Fifty of the 60 specimens 
(83%) were successfully amplified using RT PCR31. In 
Malawi, a similar HIVDR surveillance was conducted 

in 2006. DBS were prepared from residual blood sam-
ples from antenatal clinic attendees receiving PMTCT 
services in Lilongwe city. Of the 59 samples collected, 
54 (92%) were successfully amplified, indicating good 
specimen quality and processing32. In China, DBS 
were collected from HIV-1 newly diagnosed patients in 
the Shandong Province in 2009. Of the 53 DBS collected, 
88.7% were successfully amplified55. Iran performed a 
pilot surveillance of transmitted HIVDR covering 19 of 
the 60 Risk Behavior Consultation Centers (RBCC) in the 
country. In particular, all ten centers in Tehran and nine 
RBCC from nine provinces were selected for the project. 
Eligible participants included women and men who 
were less than 25 years old and testing HIV positive 
for the first time, with no history of ART. Each DBS card 
was packed in gas impermeable zip-lock bags with 
two desiccant packs and one humidity indicator card 
and stored in a refrigerator at 4-8 °C before shipping 
to the CDC lab in Tehran. The DBS were transported 
to the CDC lab in Tehran by a rapid post service or by 
hand. All specimens received at the national CDC lab 
were immediately placed in a freezer at –20 °C and 
then shipped overseas on dry ice to the genotyping 
laboratory. Seventy-three DBS were collected, with 
39 (53%) specimens yielding sequence from both pro-
tease and at least part of RT56. In Mexico City, DBS 
were prospectively collected from newly diagnosed, 
treatment-naive, HIV-positive subjects to conduct a 
pilot HIVDR surveillance. Whole blood was spotted 
onto filter cards, air dried at ambient temperature, and 
stored with desiccant at 37 °C and 85% humidity for 
three months. Of the 103 DBS specimens collected, 
90.1% could be amplified in either the region of HIV 
protease or the region of RT12.

Many more countries have just completed or are in 
the process to complete their HIVDR surveys using 
DBS. The HIVDR survey results reported above show 
how amplification success rates varies widely (from 
53 to 92%) from one survey to another, depending on 
DBS preparation, storage, and manipulation conditions.

Recommendations for the use of dried 
blood spots in the context  
of WHO HIV drug resistance surveys

The design of WHO HIVDR surveys in drug-naive 
(transmission) and treated (monitoring) surveys is 
described in detail elsewhere5,6. In situations where 
plasma cannot be processed and stored under appro-
priate conditions, DBS may be collected for transmission 
surveys and before ART initiation at the sentinel site for 
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HIVDR monitoring surveys, since most patients will 
have relatively high viral loads. The main outcome of 
WHO-recommended HIVDR monitoring surveys in 
treated populations is “HIVDR prevention” at 12 months 
after ART initiation. Because the definition for “failure 
of HIVDR prevention” is a viral load > 1,000 copies/ml 
in plasma and because if incompletely suppressed, 
treatment-experienced patients are more likely to have 
circulating viral loads of < 10,000 copies/ml compared 
to treatment-naive patients, DBS should not be used 
as a specimen type at the 12-month endpoint in 
monitoring surveys, as a proportion of viral loads are 
expected to be below the limit of amplification sensitivity 
of most DBS-based genotyping assays. In these settings, 
plasma is the preferable specimen type for resistance 
testing.

WHO HIV drug resistance laboratory 
network: Accreditation process  
and quality assurance

Although many laboratories are experienced in geno-
typing, and several of them also have considerable 
experience with DBS, the variety of methods employed 
and the lack of comparable performance standards 
limit the production of comparable and reliable results. 
Existing networks have made attempts to standardize 
practices and procedures, but there is still a need to 
develop a common approach for quality control and 
quality assurance. In resource-limited settings, the lack 
of infrastructure and the costs associated with geno-
typic testing limit the resources that can be directed 
towards these important areas. Nevertheless, a number 
of laboratories performing genotyping have been set 
up in resource-limited settings and have well-established 
collaborations with several centers of excellence in 
Europe or North America.

WHO has developed a global network of national, 
regional, and specialized laboratories accredited to 
perform HIVDR testing using a common set of WHO 
standard and performance indicators. Moreover, 
WHO has developed recommendations of acceptable 
methods for collection, handling, shipment, and storage 
of specimens in field conditions and has established a 
quality control and external quality assurance (EQA) 
system for network laboratories57. Accreditation (using 
plasma or DBS specimens) provides documentation 
that the laboratory has the capacity to detect, identify, 
and promptly submit quality HIVDR genotyping sequence 
data. The accreditation process further provides a 
learning opportunity, a mechanism for identifying 

resource and training needs, a measure of progress, 
and a link to WHO HIVResNet Lab Network. Additional 
details regarding WHO laboratory accreditation can be 
found on WHO website at http://www.who.int/hiv/topics/
drugresistance/laboratory/en/index.html.

In order to obtain WHO accreditation as a national 
drug resistance laboratory for DBS testing, a laboratory 
must fulfill minimal criteria, including being already 
accredited by WHO for performance of HIVDR geno-
typing from plasma57, at least one year of experience 
in DBS-based genotyping and at least 100 DBS 
specimens successfully amplified, successful testing 
of a WHO-recognized proficiency panel consisting of 
DBS specimens, and successful validation of a DBS-
based, in-house assay for genotyping using WHO 
standardized criteria.

Given the diversity of methods across countries and 
labs, it is also essential to establish uniform standards 
for DBS testing as more and more countries are using 
DBS for their HIVDR surveys. WHO and HIVResNet is 
taking a multifaceted approach to address this need, 
including the production and regular updating of WHO 
guidance for DBS testing by WHO HIVResNet DBS 
Working Group (see above), the implementation of 
EQA panels consisting of DBS specimens, and the 
standardization of DBS-based assay validation.

External quality assurance programs are a key 
component that helps to ensure the quality of laboratory 
results. Studies done by experienced genotyping 
laboratories have shown that the quality of data can 
vary significantly between laboratories58-64. Factors that 
contribute to the quality of the results include the type 
of assay/kit used, the level of experience of the technician 
performing the analysis, the extent of heterogeneity 
(mixtures) in the sequences, and the viral subtype 
present in the clinical sample. Results from sequential 
rounds of proficiency testing indicate that over time, 
the quality of genotyping data can increase65. The use 
of EQA and proficiency testing helps to monitor and 
control this variability, and therefore DBS-based EQA 
panels are needed, and will be based on the successful 
plasma-based EQA program already in place, which 
is described below.

Since 2007, labs applying for WHO accreditation 
have been required to test a blinded proficiency panel 
of five plasma specimens prepared by the Virology 
Quality Assurance program (VQA)59 according to WHO/
HIVResNet specifications. Sequence results are ana-
lyzed for overall concordance with a consensus derived 
from all participating labs, as well as specifically at 
positions associated with drug resistance66. Positions 
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where at least 80% of labs did not report the same base 
are excluded from the analysis. Three plasma-based 
proficiency panels were developed in collaboration 
with the VQA and NIH and sent to 58 network members 
or candidate laboratories in Europe, North America, 
Asia, Africa, and the Caribbean during 2007-2009. In 
general, the performance of the participating labs was 
good, with mean sequence identity vs. consensus in 
the range of 98.5-100%64. The majority of discrepancies 
were due to only one nucleotide being reported at a 
position containing a mixture of two or more nucleotides 
in the consensus; however, many of these discrepancies 
did not result in a change in the encoded amino acid. 
Specimens with the most mixtures at resistance-asso-
ciated positions had the lowest mean sequence identity 
scores. Based on comparison of chromatogram data 
from several labs, it was concluded that subjectivity in 
base-calling and PCR amplification bias (“founder 
effect”) can contribute to lower reproducibility when 
mixtures are present64.

For DBS-based genotyping, well-characterized 
specimens will be used to prepare a large number of 
DBS cards under optimal conditions. Initially, specimens 
will be shipped on dry ice or at ambient temperature 
in parallel in order to assess whether shipping conditions 
impact genotyping assay performance. Otherwise, the 

DBS EQA program will resemble that described above 
for plasma. The first results of this study are expected 
in early 2011.

Laboratories performing HIVDR genotyping using 
DBS in the context of WHO HIVDR surveys should use 
a standardized methodology that has been validated 
according to WHO/HIVResNet guidance. The minimum 
required components of a validation of an in-house 
genotyping assay are outlined in Box 1. This list of 
requirements is predicated on the assumption that the 
DBS-based assay shares the same post-RNA extraction 
procedures as an existing and validated plasma-based 
assay. The primary concerns to be addressed during 
the DBS validation are amplification sensitivity, repro-
ducibility of the sequence produced, representation of 
mixed species (especially at viral loads that are close to 
the amplification sensitivity limit), and contamination.

Careful selection of the specimens used for assay 
validation is crucial and will also partly determine 
the validation acceptance criteria, which should be 
established in advance of the laboratory testing. The 
specimens should be well characterized in advance 
and be representative of those expected to be en-
countered during routine lab operations and in the 
performance of WHO surveys with respect to resis-
tance and subtypes. The results should be compared 

Box 1. The minimum required components of a validation of an in-house genotyping assay

Precision
Assessment of sequence similarity, including mixtures, by repeated testing of the same sample in the same test run. 
Recommended design: ≥ 5 replicates of ≥ 3 different samples representing multiple subtypes and resistance patterns. 
Sequences from each replicate are compared to others from the same specimen and the number of discrepancies quantified.

Reproducibility
Assessment of sequence similarity, including mixtures, by repeated testing of the same sample across multiple test runs, and 
including potential sources of variability such as operator, critical reagent lot number, key pieces of equipment, and time (e.g. 
over 2 weeks or more). Recommended design: ≥ 5 replicates of ≥ 3 different samples representing multiple subtypes and 
resistance patterns. May be supplemented by duplicate testing of a larger number of specimens (e.g. 10-20). Sequences from 
each replicate are compared to others from the same specimen and the number of discrepancies quantified.

Amplification sensitivity
Assessment of minimum required copy number (usually reported as equivalent number of RNA copies per ml in plasma) for 
reproducible amplification and sequencing. Include HIV-negative controls interspersed with the positive specimens. Two 
general design approaches, which are not mutually exclusive, are as follows:
– � Serial dilution of a specimen with high viral load in an appropriate diluent (for DBS, whole blood from an  

HIV-negative donor) to achieve a range of viral copy number followed by replicate testing of each dilution. Amplification 
sensitivity may be defined as the viral load at which a majority of amplification reactions are successful.

– � Testing of a large number (> 50) of samples over a wide range of copy number, concentrated in the range of the 
anticipated sensitivity limit; amplification sensitivity may be defined as the percentage of samples that can be amplified 
within a defined range (e.g. 95% positive for samples with viral load between 1,000 and 4,000 copies/ml).

Linearity
Assessment of sequence similarity, including mixtures, by testing a known sample over a range of input copy number 
including the amplification sensitivity limit.
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at the nucleotide and amino acid level. Specimens with 
an unusually high number of mixed bases (e.g. > 2% 
mixtures) should be avoided, or acceptance criteria 
made less stringent to accommodate the expectation 
of additional variability between replicates due to 
subjectivity of base-calling and differences in repre-
sentation of multiple variants through RT-PCR.

To obtain a thorough understanding of the performance 
characteristics of DBS-based genotyping assays, WHO 
HIVResNet DBS Working Group has coordinated the 
production of a standardized panel of DBS specimens 
that has been used for validation and comparison of 
several different in-house genotyping assays in expe-
rienced laboratories. Results from this validation panel 
will be used to revise the recommended procedures if 
required, and will be presented elsewhere.

Areas for future research

There are many areas that require additional opera-
tional and field-based research to further inform optimal 
procedures related to the use of DBS for HIVDR geno-
typing and viral load testing. Important areas include 
a comprehensive analysis of different storage and 
shipping conditions using specimens collected under 
field conditions in resource-limited settings. It is also 
essential to explore potential differences between 
results obtained from DBS prepared from anti-coagu-
lated blood or directly from skin puncture. Such studies 
should evaluate the impact of the variability in volume 
associated with direct spotting from finger prick, po-
tential RNA degradation due to RNases present in skin, 
and the effect of anticoagulant agents67,68. The known 
contribution of proviral DNA to the genotypes obtained 
from DBS also reiterates the need to better understand 
potential differences in resistance genotypes between 
plasma and DBS in populations with diverse treatment 
characteristics. Lastly, special emphasis should be 
given to developing methods that improve amplifica-
tion efficiencies from DBS as well as to identify re-
agents that may help to stabilize HIV nucleic acids on 
filter paper. These two areas may help to minimize the 
impact of suboptimal storage conditions on the effi-
ciency of genotyping and viral load testing from DBS.

As viral load testing is intrinsically a quantitative assay, 
one of the key differences between this and genotyping 
is that the production of a result is not always a measure 
of success. It is the value of the result in viral load 
testing that is so important. Thus, there is a critical need 
for a DBS viral load quality assurance program. Given 
the variables of number of spots, storage conditions, 

extraction methods, viral load assays, and data inter-
pretation, a global performance measure is required to 
begin to validate and compare assay results. Generation 
of additional data from these types of studies will allow 
recommendations such as those described in this 
article to be strengthened and expanded.

Conclusions

Over the last several years considerable effort has 
been directed towards understanding the strengths 
and limitations of using DBS for HIVDR genotyping and 
viral load determination. Available evidence supports 
the use of DBS in most cases, as long as viral loads 
are high and standardized procedures for collection, 
preparation, storage, shipping, and processing are 
followed. With additional research, training, quality 
assurance programs, and capacity building, DBS may 
eventually become the specimen type of choice for 
resource-limited settings.
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