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Abstract
Background: Over the past years, numerous countries worldwide have 
conducted investigations into HIV drug resistance (HIVDR) using methods 
recommended by the World Health Organization (WHO) [1]. In 2017, 
WHO launched a global action plan on HIV drug resistance, outlining 
strategies for prevention, monitoring, and response to HIV drug resistance 
in order to achieve the goal of controlling and ultimately ending the HIV 
pandemic by 2030 [2, 3].

Objective: To evaluate the effectiveness of various diagnostic kits used in 
genetic testing to detect HIV drug-resistant mutations on dried blood spot 
(DBS) samples in Vietnam.

Method: 56 research articles were selected following PRISMA guidelines 
for the study.

Results: Globally, four types of diagnostic kits—Trugene, Viroseq, 
ATCC, and In-house nested PCR—are employed for genetic sequencing 
to identify drug-resistant mutations on DBS samples [4, 5]. With 
advantages such as ease of implementation, small sample volume (100 
ul/drop), cost-effectiveness, convenience in sample transportation at room 
temperature, and reduced risk of cross-contamination, DBS has gradually 
replaced plasma samples in general molecular biological tests and genetic 
sequencing tests in particular [6].

Conclusion: The In-house nested RT-PCR technique can be used for 
testing HIV drug-resistant mutations on DBS samples with HIV viral 
loads greater than 1000 copies/ml in Vietnam, as an alternative to plasma 
samples [7].

Keywords: HIV drug resistance mutation test, DNA sequensing, DBS 
sample, In-housed nested RT-PCR

Introduction
Worldwide, dried blood spot (DBS) samples have been extensively 

studied for early diagnosis in children under 18 months suspected of HIV 
infection [8, 9], measuring HIV viral load  (9-19) and identifying drug-
resistant HIV mutation genotypes [11, 20-45]. However, DBS contains both 
pre-viral DNA and cell RNA, which can lead to false positives, particularly in 
cases of plasma samples with very low viral loads or undetectable. Therefore, 
the World Health Organization (WHO) recommends cautious consideration 
when using DBS for viral load testing [11, 19]. In addition, the WHO has 
collaborated with reputable testing laboratories to develop, confirm, and 
standardize methods for detecting drug-resistant HIV mutations from DBS 
samples [15].
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In Vietnam, the method of collecting samples on dried 
blood spot papers is widely applied in medical practice 
for diagnosing infectious diseases, metabolic disorders, 
hereditary conditions, and more in newborns and young 
children due to its advantages in terms of time, convenience 
in sampling, preservation, and sample transportation. It has 
also been used for early diagnosis of HIV infection in children 
under 18 months since 2009 [46], measuring HIV viral load 
from DBS samples since 2016 [47-50] and conducting 
genetic sequencing studies on DBS samples compared to 
plasma samples to identify drug-resistant HIV mutations 
since 2012 [51].

Testing for HIV-1 drug resistance mutations is an 
essential part of WHO's global drug resistance evaluation 
and prevention strategy [52, 53]. Plasma samples are always 
considered the gold standard for identifying the HIV drug 
resistance genotype. However, the use of plasma samples 
faces many challenges in terms of personnel and equipment 
needed to preserve the samples, especially in impoverished 
rural areas, remote and isolated regions, particularly in low- 
and middle-income countries. Therefore, dried blood spot 
(DBS) samples have been and are being used as a replacement 
for plasma samples in determining the HIV drug resistance 
genotype. The DBS sampling technique is simple, with a 
small sample volume (100ul/drop), can be stored at room 
temperature, has minimal cross-contamination, is easy to 
transport, requires no special laboratory handling, and can be 
used for routine clinical or surveillance purposes [54]. Mặc dù 
có những ưu điểm như vậy nhưng DBS vẫn có một số nhược 
điểm, trước hết là độ nhạy của Despite these advantages, DBS 
has some limitations, primarily the sensitivity of the viral 
RNA amplification process is less than with plasma samples 
due to the smaller volume. Additionally, for patients with a 
low viral load, the genotype results from DBS samples may 
not accurately reflect the current drug resistance mutations, 
so it is recommended to use plasma samples for testing in 
these cases. The virus's RNA in DBS can degrade if the DBS 
gets moist or is stored at room temperature for an extended 
period (> 14 days), it should be kept in a deep freezer (-70°C) 
immediately after the sample dried and before testing with 
this case. Thus, our research aims to compile and evaluate 
the efficacy of various HIV drug resistance mutation testing 
products on DBS samples compared to traditional plasma 
samples. This would allow for the selection of appropriate 
testing kits for detecting HIV drug resistance mutations in 
DBS samples in mountainous areas, remote regions, borders, 
islands, and other areas in Vietnam where the conditions for 
using other plasma samples are not met.

Method
We conducted a search for open-access articles on 

databases including PubMed, Scopus, Web of Science, and 
Google Scholar from 2006 to the present using the keywords: 
Drug resistance mutation testing; HIV gene sequencing 

assays; HIV testing by dried blood spot (DBS); HIV testing 
on plasma samples. A total of 5,150 articles were found for 
these keywords. After filtering based on criteria that combined 
HIV drug resistance mutation testing on dried blood spot 
samples and plasma samples, we selected 56 relevant reports 
for analysis in this study. The protocol for this assessment 
follows the PRISMA guidelines.

Results
Evaluation of HIV drug resistance mutation testing 
products on DBS samples

Since 2004, following the recommendation of WHO, low 
and middle-income countries have optimized techniques and 
implemented dried blood spot (DBS) samples in HIV drug 
resistance mutation testing. By 2020, four main products 
were used worldwide (Table 2)  [10, 12-14, 20-25, 27-29, 
35-39].

The results in Table 1 indicate that there are four main
products used globally for HIV drug resistance mutation 
testing: TruGene, ViroSeq™, ATCC kit, and In-house nested 
RT-PCR. These products are designed to sequence the Pol 
gene region, encoding the amino acid substitutions known 
to cause ARV drug resistance[7]. The products TruGene, 
ViroSeq™, and ATCC kit (Thermo Fisher) are commercial 
offerings, of which TruGene is no longer available in the 
market due to its outdated equipment. Given that countries 
with high HIV rates are predominantly poor, the cost of these 
products is a significant concern. Therefore, to align with 
economic conditions, the In-house nested RT-PCR technique 
has been researched and widely applied for gene sequencing 
to detect HIV drug resistance mutations [10, 12-14, 20-22, 
25-28, 35-38]. Out of the 18 studies listed in the table, 15
utilized the In-house nested RT-PCR technique. In Vietnam,
DBS samples are stored at room temperature for 2 to 4
weeks and then preserved at -20°C until testing. Treatment
failure samples are selected for sequencing to detect HIV
drug resistance using the In-house nested RT-PCR method
provided by the French National Agency for Research on
AIDS and Viral Hepatitis (ANRS) [10].

Effectiveness assessment of DBS samples compared 
to plasma samples

For DBS samples, in order to have a foundation for 
widespread and convenient deployment in the field, experts 
have conducted several tests to study the stability of DBS 
samples when stored at different temperatures. According to 
the WHO summary in 2020, 8 studies have been carried out 
(Table 3) [7].

Research results from Table 2 indicate that the sample 
remains stable when stored at room temperature, or at 4°C 
for up to 2 weeks, or at -20°C for 2-3 years, or at -30°C and 
-70°C for extended periods. Based on these studies, the WHO
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No. Publications Lab Techniques Size of amplified 
gene Storage conditions Sample characteristics

1 Bertagnolio et al. (20) In-house nested RT-PCR RT: 700 bp 37°C; 85% humidity; 3 
months

Subjects untreated in Mexico, 
subtype B

2 Buckton et al. (21) In-house nested RT-PCR protease: 758 bp 
RT: 805 bp -20°C Clinic patient from UK, 

subtypes A, C, CRF02

3 Garrido et al. (22) In-house nested RT-PCR: 
RT và gp41fragments RT: 726 bp 4°C; no desiccant bag Treated patient from Angola, 

multiple subtypes

4 Hallack et al. (23) TruGene 1.3 kb -20°C Treated and untreated patients 
in the US, subtype B

5 Masciotra et al. (24) ViroSeq™ 1.8 kb -20°C; 18-26 weeks Most treated, subtype B

6 McNulty et al. (25) In-house nested RT-PCR 1 kb -20°C; 2-3 years Untreated, subtype from 
Cameroon, subtype A, CRF02

7 Steegen et al. (27) In-house nested RT-PCR protease: 458 bp 
RT: 646 bp -20°C

Treated and untreated patients 
in Kenya, subtypes A, C, D, 

CRF16

8 Youngpairoj et al. (28) ViroSeq™ or in-house 
nested RT-PCR 1.8 kb hoặc 1 kb 4°C; 1 year Treatment-experienced 

patients, subtype B

9 Ziemniak et al. (29) In-house nested RT-PCR RT: 663 bp Normal temperature; 5 
months

Treated and untreated patients 
in the US, subtype B

10 Zhou et al. (35) In-house nested RT-PCR 1084 bp
Normal temperature; 5 

months (Nigeria) or -70°C 
(Vietnam)

Treated and untreated patients 
in Nigeria and Vietnam

11 Yang et al. (36) In-house nested RT-PCR 1062 bp -20°C or -70°C
Treated and untreated patients 

in China, Malawi and the 
Republic of Tanzania

12 Monleau et al. (10) In-house nested RT-PCR 
(ANRS)

protease: 507 bp 
RT: 798 bp

Room temperature; 2-4 
weeks; -20°C, 16-38 days

Treated patients are from 
Burkina Faso, Cameroon, 

Senegal, Thailand, Togo and 
Vietnam

13 Inzaule et al. (12) In-house nested RT-PCR 
(CDC Hoa Kỳ) 1084 bp -30˚C HIV-1 infected mothers and 

children in Kenya (Kisumu)

14 Bronze et al. (13) In-house nested RT-PCR RT: 591 bp -20°C; 13-21 months People with HIV-1 in South 
Africa

15 Aitken et al. (14) In-house nested RT-PCR RT: 591 bp No information People with HIV-1 in South 
Africa

16 Monleau et al. (37) In-house nested RT-PCR RT: 798 bp
Normal temperature 

(+20°C) or (+37°C); high 
humidity

The patient was infected with 
HIV-1 in France

17 Salimo et al. (38) In-house nested RT-PCR 1084 bp -80°C HIV-infected children younger 
than 2 years old

18 Zhang et al. (39) ATCC kitb 1084 bp Normal temperature; < 2 
weeks then put in -80oC

Adults and children treated 
in Kenya and the Republic of 

Tanzania

Table 1: Global studies on HIV gene testing techniques using dried blood spot (DBS)
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 5.150 publications were 
identified through 
searches of PubMed, 
Scopus, Web of Science, 
and Google Scholar 
databases. 

4.792 articles were rejected 
prior to screening due to: 
repetition; no English or 
Vietnamese language 
available; summary only; 
unavailable; unrelated topics; 
other reasons..

358 studies were screened 189 articles were excluded 

169 studies were selected 94 articles unusable 

75 studies were evaluated 
for eligibility. 

Studies were excluded because 
they did not meet the combined 
criteria for HIV drug resistance 
mutation testing on dried blood 
drops and plasma samples; 
Inappropriate study design. 

56 records were included 
in this review. 
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Figure 1: Flow chart for determination of selected studies

has provided guidelines for transporting DBS samples [7]. 
In Vietnam, following the success of the research on DBS 
samples [47-49], the Ministry of Health issued Decision 
1112/QĐ-BYT providing guidelines for conducting HIV load 
testing in monitoring and treating HIV/AIDS. Specifically, 
in Annex 3B, the procedure for sampling, storing, packing, 
and transporting DBS samples for HIV load testing was 
stipulated, similar to the WHO's procedure as below [55].

Research indicates that DBS sampling is simple, 
manpower-efficient, labor-saving, and convenient for 
transportation. It can be transported at normal temperatures 
without a complicated cold chain like plasma sample storage. 
Moreover, it also doesn't break and cause cross-contamination. 
From a review of 18 studies worldwide on gene sequencing 
tests to detect HIV drug resistance mutations, eight studies 
did not compare mutation locations between DBS samples 
and plasma samples but were conducted directly on HIV-
positive DBS samples [13, 21, 22, 27, 29, 36, 37, 39]. The 
remaining ten studies compared mutation locations between 
DBS samples and plasma samples, as shown in Table 4 [10, 
12, 14, 20, 23-25, 28, 35, 36, 38]. 

Results in Table 3 indicate that, depending on the specific 

product and chemicals used, the sensitivity in detecting 
mutations varies at different HIV viral load thresholds. All 
studies reported results that for samples with a viral load > 
1.000 copies/ml, the amplification success rate is higher 
than for those with a viral load < 1.000 copies/ml (>70%). 
Consequently, the WHO has recommended that for DBS 
samples, the minimum viral load threshold should be 1000 
copies/ml (with the viral load value taken from measurements 
on plasma samples) for sequencing tests to detect HIV 
drug resistance mutations [7]. In Vietnam, the threshold 
for treatment failure in HIV is set at ≥ 1.000 copies/ml, as 
stipulated in professional guidelines and legal documents 
[55].

Table 4 shows that in 10 studies comparing the similarity 
in sequencing success rates between DBS samples and plasma 
samples, the results are equivalent, averaging about 97%. 
This provides a basis for underdeveloped countries to widely 
implement HIV molecular biological testing. In Vietnam, 
there are two studies comparing the genetic sequencing results 
between DBS and plasma. One by Monleau et al reported a 
78% similarity in mutation positions [10]. Meanwhile, the 
study by Zhou et al showed a similarity rate of up to 98.9% in 
mutation positions [35].
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No. Publications Storage conditions Moisture-proof 
package Results

1 Bertagnolio et al. [20] 3 months at +37°C and 85% 
humidity Yes Good amplification rate (90%)

2 McNulty et al. [25]
6 years at -30°C; 5 years 

at normal temperature and 
-70°C;  2-3 years at -20°C

Yes
Samples are completely damaged at room 

temperature; stable at -30°C and -70°C; 
Recommended storage for 2-3 years at -20°C.

3 Nelson et al. [31] 3-6 years at normal
temperature Yes Average amplification success rate (69%); 1 log 

difference for viral load.

4 Garcia-Lema et al. [32] 1-16 weeks at +37oC high
humidity; -20oC Yes DBS is stable at +37oC for 1-2 weeks and -20oC for a 

long time

5 Monleau et al. [37]
1-2 months at normal

temperature and +37°C; high 
humidity

Yes
11/12 amplified DBS samples were stored at room 

temperature for 1 or 2 months; 10/12 samples or 7/12 
samples at +37°C.

6 Parry et al. [42] 2-4 weeks at normal
temperature Yes

There was no sign of a decrease in amplification rates 
for samples at room temperature: for 2 weeks (93%) 

compared to frozen or plasma samples (97-98%); 
decreased slightly at 4 weeks (89%).

7 Wallis et al. [43] 3 months at normal 
temperature, +4°C and -20°C Yes

Some samples decreased in amplification when 
stored at room temperature compared to the same 

sample stored at +4°C and -20°C

8 Aitken et al. [44] 4 weeks at -20°C and +30°C Yes
Stable at -20°C and +30°C (viral load > 10.000 

copies/ml) for 2 weeks; Slightly reduced at 2 weeks, 
+30°C (viral load: 1.000 copies/ml).

Table 2: Stability of DBS samples at various temperatures

At DBS sample collection 
point: store samples at 
room temperature <14 
days 

In the laboratory: conduct 
the experiment or store it 
at -20°C or below -80°C 

Long-term sample storage 
point: at -20°C or lower  
-80°C, possibly the same
sample collection site if 
facilities are suitable. 

Transport at room temperature 

Transport at room temperature Transport with dry ice 

Figure 2: Diagram of transporting DBS samples according to WHO recommendations
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No. Studies Number of 
samples Viral load (copy/ml) Amplification success rate on DBS sample

1 Buckton et al. [21] 12 80 to 115.300 Protease: 83% RT: 100%

2 Garrido et al. [22] 77 1.000 to 850.000 RT: 30%; gp41: 43%

3 Steegen et al. [27] 29 55 to >100.000 96% either protein region or RT region, 89.7% both 
gene regions, viral load (>100 copies/ml): 100%

4 Ziemniak et al. [29] 9 <50 to 94.600 (average: 17.792) Total: 94%, viral load (193 copies/ml): 100%

5 Yang et al. [36] 171 70 samples: <400 to 367.875 
(average: 8.021) Total: 87.1%; 70 samples: 94%

6 Bronze et al. [13] 41 270 to 15.519.576 76% for viral loads >5.000 copies/ml; 15% for viral 
loads <5000 copies/ml.

7 Monleau et al. [37] 12 1.380 to 263.000 100%

8 Zhang et al. [39] 499 >1.000 92%; ~82% for viral loads 1.000-5.000 copies/ml

Table 3: Amplification success rate with HIV-positive DBS sample

No. Studies Number of 
samples Viral load (copy/ml) Amplification success rate on 

DBS sample
% sequence homology 
compared to plasma

1 Bertagnolio et al. [20] 103 No testing 90.1% either protein region or RT 
region;  78.2% both gene regions. 99%

2 Hallack et al. [23] 33 1.178 to 414.212 
(average: 11.666)

Total: 78.8%; viral load >60.000 
copies/ml: 90.5%; viral load 
<60.000 copies/ml: 58.3%

99.30%

3 Masciotra et al. [24] 60 78 to 676.694 (average: 
9.135)

Total: 83%, viral load >2000 
copies/ml: 100%; viral load <2000 

copies/ml: 54%
98.80%

4 McNulty et al. [25] 40 665 to 645.256 (average: 
23.715

Total: 92%; viral load >10.000 
copies/ml: 100%; viral load 

<10.000 copies/ml: 73%
98.50%

5 Youngpairoj et al. [28] 40 518 to 676.694 (average: 
13.680)

ViroSeq™: 57.5%; 
In-house: 95% 94.50%

6 Zhou et al. [35] 98 Nigeria: 150 to 436.500 
(average: 9.332)

Nigeria: 96.1%; Nigeria: 98.8%;

Vietnam: 95.8% Vietnam: 98.9%

7 Monleau et al. [10] 124 ≥ 1.000 plasma samples 77% 78%

8 Inzaule et al. [12] 68 >10.000: n = 44;
1000-10.000: n = 13

>10.000 copies/ml: 100%;
99.50%

1.000 - 10.000 copies/ml: 54%

9 Aitken et al. [14] 25 1020 to 449.000 84% 97%

10 Salimo et al. [38] 238 Mostly >100.000 98.70% 99.50%

Table 4: Comparison of gene sequencing between DBS samples and plasma samples
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Discussion
Results in Table 2 showed three utilized commercial 

products TruGene, ViroSeq™, and the ATCC kit (Thermo 
Fisher). The remaining 15 studies used the In-house nested 
RT-PCR technique. These studies were primarily conducted 
in poorer, underdeveloped countries such as Africa, Vietnam, 
Thailand, etc. With a high number of HIV-infected individuals 
and low economic status, especially in African regions, there 
is a scarcity of medical manpower and equipment. Thus, 
using commercial products to detect HIV drug resistance is 
costly and challenging. Hence, implementing drug resistance 
mutation testing using the In-house nested RT-PCR technique 
is more fitting for these underdeveloped countries' realities 
[10, 12-14, 23, 27, 35, 36, 39].

Plasma samples have always been considered the gold 
standard in HIV molecular biological tests. However, since 
2009, the world has researched the use of dried blood spots 
(DBS) for early diagnostic testing of HIV in children under 
18 months using PCR technology. WHO recommended its 
use in countries with high HIV prevalence such as Africa, 
Vietnam, Thailand, etc [8, 46]. Manufacturers like Abbott, 
Roche, and others have since developed commercial kits 
to expand its use for HIV viral load testing and resistance 
mutation detection in DBS samples. Yet, implementing DBS 
for viral load testing and seeking resistance mutations in 
HIV has faced challenges, especially for samples with low 
viral loads of <1000 copies/ml [35]. In the study by Zhou 
et al., there was a focus on optimizing genotypic testing 
using the low-cost In-house technique to monitor and track 
HIV drug resistance in underdeveloped countries with high 
HIV prevalence such as Africa, Vietnam, Thailand, etc [35]. 
Additionally, the research also explored the application of 
DBS samples in drug resistance testing as an alternative to 
plasma samples. The study of Zhou et al. had indicated [35]. 

The optimized In-house testing method demonstrated 
high sensitivity suitable for various HIV-1 subtypes such 
as M and CRF groups were carried out on both plasma and 
DBS samples collected from six countries with high HIV 
prevalence, namely Cameroon, Malawi, Nigeria, Zambia, 
Thailand, and Vietnam. This In-house testing, when compared 
with commercial kits like ViroSeq™ and Trugene, yielded 
equivalent results, with respective accuracies of 99.3%, 
99.6%, and 99.1%. Moreover, the research team estimated 
that the reagent cost per test for the In-house method is 40 
USD, compared to 213.20 USD for Trugene and 172.86 USD 
for ViroSeq™. Hence, both in terms of technical sensitivity 
and economy, the In-house nested PCR technique can be 
widely implemented for HIV drug resistance testing in 
underdeveloped countries for patients suspected of treatment 
failure with viral loads >1000 copies/ml.

On the other hand, the study successfully compared the 
results of genotypic sequencing to identify drug resistance 

mutations between DBS samples and plasma samples. The 
HIV genotypic sequencing results on 18 out of 26 DBS 
samples compared to their corresponding plasma samples 
collected from virologically failing patients in Nigeria and 
69 out of 72 DBS samples compared to their corresponding 
plasma samples collected from patients suspected of treatment 
failure in Vietnam were identical in terms of drug resistance 
mutation points. Notably, the 18 DBS samples from Nigeria 
were stored at room temperature for an average of 85 days 
before being transferred to the laboratory. Additionally, two 
external quality control DBS PT samples, whether shipped 
frozen or at ambient temperature, resulted in successful 
amplification and genotypic sequencing, except for one 
sample with the lowest HIV load (<1.000 copies/ml) that was 
transported at ambient temperature. These results suggest that 
the optimized In-house nested PCR test has high sensitivity in 
determining the genotype for both plasma and DBS samples. 
Hence, the study indicates that DBS samples remain stable 
even when stored at room temperature for extended periods. 
However, they need to be meticulously packaged and stored 
in an air-conditioned room with low humidity (possibly with 
the aid of a dehumidifier) to ensure better sample quality. 
Proper packaging and storage of DBS are crucial factors to 
guarantee successful genotyping results. The research also 
suggests that for samples with low viral loads, the packaging 
and transportation must be even stricter to maintain sample 
quality. In cases where the DBS sample cannot be amplified, 
it is imperative to use plasma samples.

Another study by Zhang et al. indicated that DBS samples 
have advantages such as not requiring expensive equipment, 
easy for training, not necessitating cold chain storage, and 
not contaminating the surrounding environment, etc (39). 
The study also estimated that the cost of transporting DBS 
samples is about 250 USD depending on the country, while 
the estimated cost of using plasma samples is approximately 
5,000 USD. Furthermore, the use of the ATCC kit (essentially 
a commercialized version of the In-house nested RT-PCR 
by Thermo Fisher) also reduces the cost of determining the 
HIV drug resistance genotype. Other HIV drug resistance 
genotyping products available in the market cost around 200 
USD per test at the time of the study, while the cost of testing 
with the ATCC kit is about 60 USD per test. For 500 samples 
genotyped for HIV, just the cost of the drug resistance testing 
kit alone saves 50.000 USD. Based on these credible research 
results, WHO has recommended that developing countries 
like Vietnam use the In-house nested RT-PCR technique on 
DBS samples for HIV drug resistance mutation testing, as per 
the WHO 2020 guidelines [7].

Conclusion
The In-house test ensures efficiency and cost savings 

in identifying drug-resistant HIV genotypes compared to 
commercial kits. DBS samples are cost-effective, easy to 
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