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ABSTRACT HIV-1 drug resistance remains a global challenge, yet access to testing is
limited, particularly in resource-limited settings. We examined feasibility and limitations
of genotyping using dried filter analytes in treatment-experienced Kenyan youth with
HIV. Youth infected with HIV perinatally were enrolled in 2016–2018 at the Academic
Model Providing Access to Healthcare in Eldoret, western Kenya. Samples were shipped
in real-time at ambient temperature to the US, and those with viral load (VL).1,000
copies/mL were tested based on convenience. Dried blood spots genotyping was
attempted when unsuccessful from Hemaspots. Multiple logistic regression was used to
examine predictors of genotyping success. Samples from 49 participants (median age
15 years, 43% female, median CD4 496 cells/mL [18%], median 8 years on therapy, me-
dian VL 11,827 copies/mL) were shipped after median 7 days from collection, arrived in
20 shipments after median 5 days, and extracted after median 2 days (1 day for sam-
ples processed on arrival; and 42 days for frozen Hemaspots). Overall, 29/49 (59%) sam-
ples with VL . 1,000 copies/mL and 25/32 (78%) with VL . 5,000 copies/mL were gen-
otyped by either Hemaspots or DBS. Successful genotyping was associated with higher
Hemaspot volume and higher VL. Real-life HIV-1 drug resistance testing from dried filter
analytes is feasible, even in settings with constrained resources. Findings, particularly
relevant where resistance testing is limited for clinical care, raise awareness to imple-
mentation practicability of this guidelines-recommended test in care of more individu-
als and populations. Further optimization of filter analytes is needed to overcome
related challenges.

IMPORTANCE In this manuscript we use dried filter analytes shipped from Kenya to the
US in real time, to demonstrate the real-life feasibility of conducting HIV drug resist-
ance testing in a vulnerable population of young children and adolescents with HIV in
a resource limited setting. Such testing, which is recommended in resource-rich set-
tings, is unavailable in most resource limited settings for individual clinical care. We
show that real-life HIV drug resistance testing from dried filter analytes is feasible, even
in settings with constrained resources. These findings raise awareness to the impor-
tance of HIV drug resistance for individual care, even in such settings, and emphasize
the implementation practicability of this guidelines-recommended test.
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HIV drug resistance (DR) challenges sustainable antiretroviral therapy (ART) (1, 2).
Treatment failure and DR are common in perinatally infected children and adoles-

cents with HIV (CAWH), due to limited ART options and adherence challenges (3). The
gold standard for DR testing is plasma, due to high accuracy and yield (2). However,
plasma requires stringent storage conditions to maintain sample integrity, limiting fea-
sibility and affordability (4).

Dried filter analytes (DFAs) like dried blood spots (DBS) can be stored and shipped
at ambient temperatures, are considered plasma-equivalent, and are used for DR sur-
veillance in resource limited settings (RLS) (5–11). Limited data exist on their use for
clinical settings. Hemaspots, a newer DFA, hold larger volume (up to 200 mL), and
importantly, combine an absorbent paper and desiccant within a plastic cartridge, pre-
venting the need for separate drying (12, 13).

To address limited DR testing access in RLS, our objective was to establish the
proof-of-concept feasibility for the primary outcome of successfully obtaining a
sequence from any DFA in treatment-experienced Kenyan CAWH. Accomplishing this
process in settings with limited infrastructure could support using this sequence for
DR interpretation and improving the care of this and other vulnerable populations.

RESULTS

Of 65 participants with VL . 1,000cmL who had Hemaspot and/or DBS prepared,
49 had both analytes, and were shipped. In those 49, median age was 15 years, 43%
were female, with median CD4 496 cells/mL (18%), and median 8 years on ART. The me-
dian VL was 11,827cmL and 32/49 (65%) had VL . 5,000cmL. Fig. 1 and Table S1 dem-
onstrate flow and characteristics of the 20 shipments (49 samples), of which six (21
samples) were immediately frozen.

Overall, 29/49 (59%) samples with VL. 1,000cmL and 25/32 (78%) with VL. 5,000cmL
were successfully genotyped from any DFA (Tables S1, S2; Fig. S1). Genotypes were
obtained from 14/45 (31%) Hemaspots, all 14 with VL . 5,000cmL (14/32 with
VL . 5,000cmL, 44%). The 12 100 mL Hemaspots had median VL 2,432cmL, including
only five with VL . 5,000cmL. The 37 200 mL Hemaspots had median VL 16,844cmL,
including 20/24 handled immediately with VL . 5,000cmL, and 7/9 frozen with
VL .5,000cmL (Table S2). A larger (nonsignificant) percentage of frozen Hemaspots
were successfully genotyped versus those processed immediately (56% versus 38%;
Fisher exact P-value = 0.422). Similarly, among 27 samples with VL . 5,000cmL, 5/7
(71%) frozen and 9/20 (45%) processed immediately were successfully genotyped
(Fisher exact P-value = 0.385).

The 35 participants for whom Hemaspot genotyping was unsuccessful or not
attempted had median VL 5,291cmL, 18/35 with .5,000cmL. Overall, 15/35 (43%), and
11/18 (61%) with VL. 5,000cmL were successfully genotyped from DBS.

Genotyping from 100 mL Hemaspots (all frozen) was less successful than from 200 mL
Hemaspots (0/12 versus 14/33, Fisher exact P = 0.009), as well as from those prepared
with 200 mL Hemaspots that were frozen (0/12 versus 5/9, Fisher Exact P = 0.04). In multi-
ple logistic regression analysis, obtaining a genotype from either DFA was associated
with higher VL. Hemaspot genotyping success was associated with higher VL and shorter
time in transit. DBS genotyping success was also associated with higher VL (Table 1). See
Supplemental Material for additional results.

DISCUSSION

Several informative observations can be made from this study. First, individualized
DR testing in RLS is feasible and the median collection-to-extraction time of 14 days for
nonfrozen samples is reasonable for clinical management even in developed settings,
comparing favorably to an attempt in South African adults using whole blood and a
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laboratory-adjacent clinic (14). Although using DFAs creates additional challenges (as
below) it improves feasibility for RLS, even without nearby capacity.

Second, using both DFAs, genotyping success of 59% (VL . 1,000cmL) or 78%
(VL. 5,000cmL), though low, are within the range of reports using DBS in not fully con-
trolled settings (8, 13, 15–17). The apparent improved success of DBS over Hemaspot
(DBS yielded genotypes when Hemaspots failed) should be interpreted cautiously, since
repeating Hemaspots genotyping, not performed here, could have been successful.
Importantly, the circumvention of separate Hemaspot drying, mandatory for DBS, justi-
fies their continued consideration, particularly where drying may be challenging.

Third, increased genotyping success was associated with higher VL, a known con-
cept for DFAs (8, 9, 13, 18). This observation is further supported by the better geno-
typing success observed with high-volume Hemaspots. This VL limitation remains a
challenge, even with the existing higher (VL . 1,000cmL) World Health Organization
definition of treatment failure. Benefits from handling DFAs without refrigeration are
countered by potential sample degradation in uncontrollable conditions and use of an
in-house genotyping method (19).

Fourth, longer transit time was associated with less successful Hemaspot genotyp-
ing, but not DBS. This observation, extending reports in more controlled settings (11,
19), is likely related to increased nucleic-acid degradation with time, but perhaps also
to larger Hemaspot volume and the ‘built-in’ desiccant resulting in insufficient drying,
compared to DBS; a speculation that should be investigated. It does suggest potential
benefit from shortening any step in sampling-to-extraction. An important way to reach
this goal, beyond attempts to improve process logistics, is to build local DR testing
capacity, as done by the World Health Organization (20).

Limitations of this study, which mandate interpretation caution, include small sample

FIG 1 This flow diagram describes the flow and characteristics of the shipped samples according to
sample preparation, and Hemaspot volume, genotype attempt and processing timing. All DBS were
frozen and all failed Hemaspot genotyping was attempted from DBS.

TABLE 1 Genotyping success by analyte from multiple logistic regression analysesa,b

Covariate 200 mL hemaspot genotype (n = 32c) DBS genotype (n = 34) Hemaspot or DBS Genotype (n = 48)
Per 1 log10 VL unit higher 7.01 (1.48, 33.24) P = 0.014 5.72 (1.32, 24.71) P = 0.020 11.14 (2.60, 47.66) P = 0.001
Per day longer between collection and ship 0.92 (0.73, 1.15) P = 0.454 0.94 (0.80, 1.10) P = 0.410 0.90 (0.78, 1.05) P = 0.170
Per day longer between ship and receive 0.25 (0.06, 0.99) P = 0.049 0.92 (0.31, 2.79) P = 0.885 0.69 (0.26, 1.81) P = 0.447
Frozen versus processed upon arrival 1.64 (0.18, 14.84) P = 0.660 2.37 (0.28, 19.72) P = 0.425 1.48 (0.26, 8.33) P = 0.655
aOne lost-then-found sample that was 22 days in transit was removed from analyses.
bAll values are odds ratios (95% Confidence Intervals).
cFour samples that were not attempted by Hemaspot were removed from analyses. VL, viral load.
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size, heterogenous parameters that could influence genotyping, no use of skin pricks,
and lack of DFA validation. However, this study was not designed as validation, but rather
proof-of-concept to demonstrate feasibility of real-life transcontinent DFA DR testing.

In summary, despite complexity and divergence in analytes (Hemaspots/DBS), stor-
age temperature (frozen/not), Hemaspot volume (100/200 mL) and VLs, we demon-
strate real-life feasibility of HIV DR testing from DFAs in RLS, which could be used to
inform clinical care. Findings are particularly important for vulnerable populations like
ART-experienced CAWH, as they mature into adulthood with accumulated DR (21). This
feasibility should continue to raise awareness of the need to implement this guide-
lines-recommended test for more individuals. Optimization of low-cost, easy-to-use
DFAs should continue, with focus on capacity building, technology transfer, alleviating
logistics, and improvement of analytes.

MATERIALS ANDMETHODS
Perinatally infected CAWH at the Academic Model Providing Access to Healthcare (AMPATH) in

Eldoret, western Kenya were enrolled in 2016–2018 (22, 23). Blood was collected at four clinics: one cen-
tral, adjacent to the laboratory; and three rural, average 40 miles away. Upon collection, blood was trans-
ferred within 4–6 h to the laboratory, where DFAs were prepared. DBS (Whatman 903; Fisher Scientific)
were prepared by pipetting 50–75 mL blood onto each spot, drying overnight, and placing in a Bitran
bag with humidity-indicating desiccants. Hemaspots were prepared by pipetting 100 or 200 mL blood
on the device and closing the lid per manufacturers’ protocol (12). Both DFAs were at ambient tempera-
ture until courier-shipped at ambient temperature to the US, occurring every 2 weeks.

Upon arrival, if feasible considering time constraints, Hemaspots with VL . 1,000cmL were left at ambi-
ent temperature and attempted for genotyping within 1 day. If not feasible, samples were frozen at 280°C
and attempted for genotyping when convenient. DBS were stored at 280°C and attempted if Hemaspot
genotyping was unsuccessful. The last four samples with VL , 5,000cmL were genotyped from DBS only,
since Hemaspot success for such samples was low.

Proportions and exact 95% confidence intervals (CIs) were calculated for three outcomes: Hemaspot ge-
notype success, DBS genotype success among Hemaspot genotype failures, and genotype success by either
DFA, defined as overall genotyping success.

Multiple logistic regression was used to examine predictors of genotyping success. Generalized addi-
tive models (GAMs) were used to examine relationships between continuous predictors and log odds of
genotype success. Analyses were performed in R version 4.0.2 (P-value , 0.05 considered significant)
(24). See Supplemental Material for additional methods.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.1 MB

ACKNOWLEDGMENTS
We acknowledge and thank the children and adolescents who participated in this

research as well as their caregivers, care providers, and all current and past members of our
research teams. The study was supported by the US National Institutes of Health Grant
numbers R01 AI120792, K24 AI134359, and P30 AI042853 and by partial funding from The
College of Wooster APEX Fellowship for A. DeLong. The funders had no role in study design,
data collection and interpretation, or the decision to submit the work for publication.

REFERENCES
1. DHHS. Guidelines for the use of antiretroviral agents in HIV-1 infected

adults and adolescents. https://clinicalinfo.hiv.gov/en/guidelines/adult-and
-adolescent-arv/whats-new-guidelines. Accessed Sepember 10, 2021.

2. World Health Organization. Global action plan on HIV drug resistance
2017–2021. http://who.int/hiv/pub/drugresistance/hivdr-action-plan-2017
-2021/en/. Accessed September 10, 2021.

3. Penazzato M, Gnanashanmugam D, Rojo P, Lallemant M, Lewis LL, Rocchi F,
Saint Raymond A, Ford N, Hazra R, Giaquinto C, Belew Y, Gibb DM, Abrams
EJ, Paediatric Antiretroviral Working Group. 2017. Optimizing research to
speed up availability of pediatric antiretroviral drugs and formulations. Clin
Infect Dis 64:1597–1603. https://doi.org/10.1093/cid/cix194.

4. Singh D, Dhummakupt A, Siems L, Persaud D. 2017. Alternative sample
types for HIV-1 antiretroviral drug resistance testing. J Infect Dis 216:
S834–S837. https://doi.org/10.1093/infdis/jix386.

5. Rottinghaus EK, Ugbena R, Diallo K, Bassey O, Azeez A, Devos J, Zhang
G, Aberle-Grasse J, Nkengasong J, Yang C. 2012. Dried blood spot speci-
mens are a suitable alternative sample type for HIV-1 viral load mea-
surement and drug resistance genotyping in patients receiving first-
line antiretroviral therapy. Clin Infect Dis 54:1187–1195. https://doi.org/
10.1093/cid/cis015.

6. Yang C, McNulty A, Diallo K, Zhang J, Titanji B, Kassim S, Wadonda-Kabondo
N, Aberle-Grasse J, Kibuka T, Ndumbe PM, Vedapuri S, Zhou Z, Chilima B,
Nkengasong JN. 2010. Development and application of a broadly sensitive
dried-blood-spot-based genotyping assay for global surveillance of HIV-1
drug resistance. J Clin Microbiol 48:3158–3164. https://doi.org/10.1128/JCM
.00564-10.

7. Aitken SC, Bronze M, Wallis CL, Stuyver L, Steegen K, Balinda S, Kityo C,
Stevens W, Rinke de Wit TF, Schuurman R. 2013. A pragmatic approach to

Real-Life HIV Resistance Testing in Kenyan Children Microbiology Spectrum

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.02675-21 4

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

25
 O

ct
ob

er
 2

02
2 

by
 4

1.
89

.1
65

.7
.

https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines
http://who.int/hiv/pub/drugresistance/hivdr-action-plan-2017-2021/en/
http://who.int/hiv/pub/drugresistance/hivdr-action-plan-2017-2021/en/
https://doi.org/10.1093/cid/cix194
https://doi.org/10.1093/infdis/jix386
https://doi.org/10.1093/cid/cis015
https://doi.org/10.1093/cid/cis015
https://doi.org/10.1128/JCM.00564-10
https://doi.org/10.1128/JCM.00564-10
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02675-21


HIV-1 drug resistance determination in resource-limited settings by use
of a novel genotyping assay targeting the reverse transcriptase-encoding
region only. J Clin Microbiol 51:1757–1761. https://doi.org/10.1128/JCM
.00118-13.

8. Masciotra S, Garrido C, Youngpairoj AS, McNulty A, Zahonero N, Corral A,
Heneine W, de Mendoza C, Garcia-Lerma JG. 2007. High concordance
between HIV-1 drug resistance genotypes generated from plasma and
dried blood spots in antiretroviral-experienced patients. AIDS 21:
2503–2511. https://doi.org/10.1097/QAD.0b013e3281c618db.

9. Zhang G, DeVos J, Medina-Moreno S, Wagar N, Diallo K, Beard RS, Zheng
DP, Mwachari C, Riwa C, Jullu B, Wangari NE, Kibona MS, Ng'Ang AL, Raizes
E, Yang C. 2018. Utilization of dried blood spot specimens can expedite
nationwide surveillance of HIV drug resistance in resource-limited settings.
PLoS One 13:e0203296. https://doi.org/10.1371/journal.pone.0203296.

10. Parry CM, Parkin N, Diallo K, Mwebaza S, Batamwita R, DeVos J, Bbosa N,
Lyagoba F, Magambo B, Jordan MR, Downing R, Zhang G, Kaleebu P,
Yang C, Bertagnolio S. 2014. Field study of dried blood spot specimens
for HIV-1 drug resistance genotyping. J Clin Microbiol 52:2868–2875.
https://doi.org/10.1128/JCM.00544-14.

11. Aitken SC, Wallis CL, Stevens W, de Wit TR, Schuurman R. 2015. Stability of
HIV-1 nucleic acids in dried blood spot samples for HIV-1 drug resistance
genotyping. PLoS One 10:e0131541. https://doi.org/10.1371/journal.pone
.0131541.

12. Hemaspot blood colletion device. The next generation in dried blood spot
sample collection. https://www.spotonsciences.com/. Accessed September
10 2021.

13. Brooks K, DeLong A, Balamane M, Schreier L, Orido M, Chepkenja M,
Kemboi E, D'Antuono M, Chan PA, Emonyi W, Diero L, Coetzer M, Kantor
R. 2016. HemaSpot, a novel blood storage device for HIV-1 Drug resist-
ance testing. J Clin Microbiol 54:223–225. https://doi.org/10.1128/JCM
.02853-15.

14. AMPATH. The Academic Model Providing Access to Healthcare. http://
www.ampathkenya.org/. Accessed September 10, 2021.

15. Nyandiko W, Holland S, Vreeman R, DeLong AK, Manne A, Novitsky V, Sang
F, Ashimosi C, Ngeresa A, Chory A, Aluoch J, Orido M, Jepkemboi E, Sam SS,
Caliendo AM, Ayaya S, Hogan JW, Kantor R, for the Resistance in a Pediatric
Cohort (RESPECT) Study. 2022. Resistance in a pediatric cohort S. 2022. HIV-1
treatment failure, drug resistance and clinical outcomes in perinatally-
infected children and adolescents failing 1st-Line antiretroviral therapy in

western Kenya. J Acquir Immune Defic Syndr 89:231–239. https://doi.org/10
.1097/QAI.0000000000002850.

16. The R project for statistical computing. http://www.R-project.org/. Accessed
September 10, 2021.

17. Lessells RJ, Stott KE, Manasa J, Naidu KK, Skingsley A, Rossouw T, de Oliveira
T, Southern African T, Resistance N, Southern African Treatment and Resist-
ance Network (SATuRN). 2014. Implementing antiretroviral resistance test-
ing in a primary health care HIV treatment programme in rural KwaZulu-Na-
tal, South Africa: early experiences, achievements and challenges. BMC
Health Serv Res 14:116. https://doi.org/10.1186/1472-6963-14-116.

18. Boillot F, Serrano L, Muwonga J, Kabuayi JP, Kambale A, Mutaka F,
Fujiwara PI, Decosas J, Peeters M, Delaporte E. 2016. Implementation and
operational research: programmatic feasibility of dried blood spots for
the virological follow-up of patients on antiretroviral treatment in Nord
Kivu, Democratic Republic of the Congo. J Acquir Immune Defic Syndr 71:
e9-15–15. https://doi.org/10.1097/QAI.0000000000000844.

19. McNulty A, Jennings C, Bennett D, Fitzgibbon J, Bremer JW, Ussery M,
Kalish ML, Heneine W, García-Lerma JG. 2007. Evaluation of dried blood
spots for human immunodeficiency virus type 1 drug resistance testing. J
Clin Microbiol 45:517–521. https://doi.org/10.1128/JCM.02016-06.

20. Monleau M, Aghokeng AF, Eymard-Duvernay S, Dagnra A, Kania D, Ngo-
Giang-Huong N, Toure-Kane C, Truong LX, Chaix ML, Delaporte E, Ayouba
A, Peeters M, Group AS, ANRS 12235 Study Group. 2014. Field evaluation
of dried blood spots for routine HIV-1 viral load and drug resistance moni-
toring in patients receiving antiretroviral therapy in Africa and Asia. J Clin
Microbiol 52:578–586. https://doi.org/10.1128/JCM.02860-13.

21. Parkin NT. 2014. Measurement of HIV-1 viral load for drug resistance sur-
veillance using dried blood spots: literature review and modeling of con-
tribution of DNA and RNA. AIDS Rev 16:160–171.

22. Garcia-Lerma JG, McNulty A, Jennings C, Huang D, Heneine W, Bremer JW.
2009. Rapid decline in the efficiency of HIV drug resistance genotyping
from dried blood spots (DBS) and dried plasma spots (DPS) stored at 37
degrees C and high humidity. J Antimicrob Chemother 64:33–36. https://
doi.org/10.1093/jac/dkp150.

23. World Health Organization. HIV RESNET. https://www.who.int/groups/
who-hivresnet. Accessed September 10, 2021.

24. Vreeman RC, Rakhmanina NY, Nyandiko WM, Puthanakit T, Kantor R.
2021. Are we there yet? 40 years of successes and challenges for children
and adolescents living with HIV. J Int AIDS Soc 24:e25759. https://doi.org/
10.1002/jia2.25759.

Real-Life HIV Resistance Testing in Kenyan Children Microbiology Spectrum

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.02675-21 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

25
 O

ct
ob

er
 2

02
2 

by
 4

1.
89

.1
65

.7
.

https://doi.org/10.1128/JCM.00118-13
https://doi.org/10.1128/JCM.00118-13
https://doi.org/10.1097/QAD.0b013e3281c618db
https://doi.org/10.1371/journal.pone.0203296
https://doi.org/10.1128/JCM.00544-14
https://doi.org/10.1371/journal.pone.0131541
https://doi.org/10.1371/journal.pone.0131541
https://www.spotonsciences.com/
https://doi.org/10.1128/JCM.02853-15
https://doi.org/10.1128/JCM.02853-15
http://www.ampathkenya.org/
http://www.ampathkenya.org/
https://doi.org/10.1097/QAI.0000000000002850
https://doi.org/10.1097/QAI.0000000000002850
http://www.R-project.org/
https://doi.org/10.1186/1472-6963-14-116
https://doi.org/10.1097/QAI.0000000000000844
https://doi.org/10.1128/JCM.02016-06
https://doi.org/10.1128/JCM.02860-13
https://doi.org/10.1093/jac/dkp150
https://doi.org/10.1093/jac/dkp150
https://www.who.int/groups/who-hivresnet
https://www.who.int/groups/who-hivresnet
https://doi.org/10.1002/jia2.25759
https://doi.org/10.1002/jia2.25759
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02675-21

	RESULTS
	DISCUSSION
	MATERIALS AND METHODS
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

