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Background.  US guidelines recommend genotype testing at human immunodeficiency virus (HIV) diagnosis (“baseline gen-
otype”) to detect transmitted drug resistance (TDR) to nonnucleoside reverse transcriptase inhibitors (NNRTIs), nucleoside re-
verse transcriptase inhibitors (NRTIs), and protease inhibitors. With integrase strand inhibitor (INSTI)-based regimens now 
recommended as first-line antiretroviral therapy (ART), the of baseline genotypes is uncertain.

Methods.  We used the Cost-effectiveness of Preventing AIDS Complications model to examine the clinical impact and cost-ef-
fectiveness of baseline genotype compared to no baseline genotype for people starting ART with dolutegravir (DTG) and an NRTI pair. 
For people with no TDR (83.8%), baseline genotype does not alter regimen selection. Among people with transmitted NRTI resist-
ance (5.8%), baseline genotype guides NRTI selection and informs subsequent ART after adverse events (DTG AEs, 14%). Among 
people with transmitted NNRTI resistance (7.2%), baseline genotype influences care only for people with DTG AEs switching to 
NNRTI-based regimens. The 48-week virologic suppression varied (40%–92%) depending on TDR. Costs included $320/geno-
type and $2500–$3000/month for ART.

Results.  Compared to no baseline genotype, baseline genotype resulted in <1 additional undiscounted quality-adjusted life-day 
(QALD), cost an additional $500/person, and was not cost-effective (incremental cost-effectiveness ratio: $420 000/quality-adjusted 
life-year). In univariate sensitivity analysis, clinical benefits of baseline genotype never exceeded 5 QALDs for all newly diagnosed 
people with HIV. Baseline genotype was cost-effective at current TDR prevalence only under unlikely conditions, eg, DTG-based 
regimens achieving ≤50% suppression of transmitted NRTI resistance.

Conclusions.  With INSTI-based first-line regimens in the United States, baseline genotype offers minimal clinical benefit and is 
not cost-effective.

Keywords.  HIV; cost-effectiveness; drug resistance; genotype.

Guidelines from the US Department of Health and Human 
Services (DHHS) and the International AIDS Society USA 
(IAS–USA) recommend standard genotype resistance testing 
for people newly diagnosed with human immunodeficiency 
virus (HIV) [1, 2]. Standard genotype results are used to 
evaluate resistance to the nucleoside reverse transcriptase in-
hibitor (NRTI), nonnucleoside reverse transcriptase inhib-
itor (NNRTI), and protease inhibitor (PI) drug classes [3]. 
Resistance to integrase strand inhibitors (INSTIs) is evaluated 

with a separate INSTI-resistance test that is not routinely 
recommended prior to antiretroviral therapy (ART) initiation 
[1, 2] and is not cost-effective for routine screening [4].

Standard genotype at HIV diagnosis (“baseline genotype”) 
has 2 primary functions: to guide selection of initial ART, 
thereby optimizing viral suppression from the outset, and to 
establish a baseline resistance profile that can help in the se-
lection of subsequent ART regimens, if changes are needed 
due to drug toxicity during viral suppression [1, 2]. When 
DHHS guidelines initially endorsed baseline genotype in 2006, 
NNRTI- and PI-based regimens were recommended as first-
line ART [5]. In that context, a baseline genotype that identifies 
NRTI, NNRTI, and PI resistance mutations minimizes the use 
of inactive regimens [6, 7], although a Cochrane review found 
no eligible studies that evaluated the clinical benefit of baseline 
genotype [8]. Baseline genotype was shown to be cost-effective 
in that ART era if the prevalence of transmitted NNRTI resist-
ance (NNRTI-R) was ≥1.5% [9].
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Current United States treatment guidelines recommend an 
INSTI with an NRTI pair as first-line ART for most people with 
HIV (PWH) [1, 2]. Therefore, at ART initiation, baseline gen-
otype now guides only the initial choice of NRTI pair given 
transmitted NRTI resistance (NRTI-R). This choice may not be 
critical, as limited data suggest that regimens that include an 
NRTI pair and a later-generation INSTI, such as dolutegravir 
(DTG) or bictegravir (BIC), remain effective in the setting of 
most transmitted NRTI-R mutations [10–12]. The activity of 
DTG or BIC plus NRTIs is uncertain in the setting of high-level 
NRTI-R (ie, both K65R and M184V/I), but these mutations are 
rarely transmitted in the United States [13–16].

PIs and NNRTIs are seldom prescribed as first-line ART in the 
United States, so baseline genotype results about transmitted PI 
resistance (PI-R) and NNRTI-R rarely affect initial regimen se-
lection. However, baseline genotype may influence subsequent 
ART choice for people who switch from first-line INSTI-based 
ART to NNRTI- or PI-based ART due to adverse events (AEs). 
Under these circumstances, individuals are frequently virolog-
ically suppressed, so a genotype prior to regimen switch is in-
feasible. For these individuals, NNRTI- or PI-based regimens 
might not suppress transmitted NRTI-, NNRTI-, or PI-resistant 
virus [16, 17].

With the evolution of HIV treatment, uncertainty sur-
rounding the role of baseline genotype has grown. We examined 
the clinical and economic impact of baseline genotype for 
people newly diagnosed with HIV in the United States.

METHODS

Analytic Overview

The Cost-effectiveness of Preventing AIDS Complications 
(CEPAC) model is a validated microsimulation model of HIV 
disease, clinical care, and costs [18, 19].The model simulates 
individuals throughout their lifetimes, tracking health outcomes 
and care costs [20].

We used CEPAC to compare 2 strategies at HIV diagnosis: 
no baseline genotype and baseline genotype. We modeled a co-
hort of adults newly diagnosed with HIV and starting ART in 
the United States, including 4 mutually exclusive subgroups: 
no transmitted drug resistance (no TDR, 83.8% of the cohort), 
transmitted NRTI-R (5.8%), transmitted NNRTI-R (7.2%), and 
transmitted PI-R (3.2%) [15]. We assumed no transmitted re-
sistance to INSTIs [2, 21]. We selected input parameters that 
were most favorable to baseline genotype and varied them in 
sensitivity analysis.

We used a health sector perspective and discounted outcomes 
at 3%/year [22]. Model outcomes for all PWH, weighted by each 
of the subgroups, included life expectancy in quality-adjusted 
life-years (QALYs), lifetime HIV-related care costs (2018 USD), 
and incremental cost-effectiveness ratios (ICERs) expressed in 
dollars per QALY gained. We considered strategies with ICERs 

below $100 000/QALY to be cost-effective [22, 23]. To detail the 
clinical impact of baseline genotype for affected individuals, we 
reported clinical outcomes by subgroup; however, we did not 
assess cost-effectiveness by subgroup because these subgroups 
cannot be identified in the absence of a standard genotype.

Strategies and Model Structure

In both strategies, all simulated individuals start a first-line 
DTG-based regimen. In no baseline genotype, individuals ini-
tiate this regimen without knowledge of TDR; in baseline geno-
type, genotype results guide selection of the NRTI pair. In both 
strategies, upon virologic failure, standard and INSTI (if appro-
priate) genotype resistance tests are performed to guide selec-
tion of subsequent ART regimens. Individuals with resistant 
virus experience worsening immunosuppression, an increased 
risk of opportunistic infection and death, and associated costs; 
as per guidelines, people switch to a regimen with 3 active drugs 
within 3 months of observed treatment failure (“time to switch”) 
[1, 2]. Those who experience AEs on the DTG-based regimen 
(DTG AEs) require regimen switch without viremia, so a geno-
type cannot be obtained. With no baseline genotype, individuals 
with severe DTG AEs switch regimens empirically, which may 
result in treatment with an ineffective regimen. With baseline 
genotype, the baseline resistance profile informs selection of the 
next regimen.

US guidelines do not outline a specific sequence of ART 
regimens after first-line INSTI-based ART [1, 2], so we modeled 
a regimen sequence to maximize the clinical impact of unde-
tected TDR by including an NNRTI-based regimen as second-
line therapy. For people with no TDR (Figure 1A), baseline 
genotype does not alter the choice or effectiveness of any ART 
regimen. For the NRTI-R subgroup (Figure 1B), the effective-
ness of both the first-line DTG-based regimen and subsequent 
rilpivirine (RPV)-based regimen are reduced in no baseline 
genotype due to undiagnosed NRTI-R, leading to increased 
virologic failure. With baseline genotype, individuals with 
transmitted NRTI-R are always prescribed fully active regimens. 
For the NNRTI-R subgroup (Figure 1C), the effectiveness of the 
DTG-based regimen is unchanged in no baseline genotype, but 
individuals with DTG AEs switch to an RPV-based regimen 
with reduced effectiveness and increased virologic failure. With 
baseline genotype, individuals with transmitted NNRTI-R avoid 
treatment with RPV, switching instead to a darunavir/ritonavir 
(DRV/r)-based regimen. For the PI-R subgroup (Figure 1D), 
care is identical between strategies. The initial DTG-based reg-
imen is fully active, and individuals with DTG AEs switch to 
a fully active RPV-based regimen. Upon observed treatment 
failure with RPV-based therapy, individuals switch to a second 
INSTI-based regimen rather than ineffective PI-based treat-
ment because all individuals in both strategies have a genotype 
when prompted by treatment failure. Given that transmitted 
PI-R would influence the clinical value of baseline genotype only 
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Figure 1.  A comparison of no baseline genotype and baseline genotype strategies for people newly diagnosed with human immunodeficiency virus (HIV). The figure 
indicates all treatment variations for adults in the United States with newly diagnosed HIV, including individuals with no TDR, NNRTI-R, NRTI-R, or PI-R. A, For people with 
no TDR, care is identical between strategies: individuals initiate a DTG-based regimen, switch to an RPV-based regimen in case of DTG adverse events (AEs), and switch 
to a DRV/r-based regimen if virologic resistance is diagnosed while on a DTG- or RPV-based regimen. B, For the NRTI-R subgroup, care differs between strategies. With no 
baseline genotype, first-line DTG-based antiretroviral therapy efficacy is reduced due to undetected NRTI-R. The larger red arrows reflect higher likelihood of virologic failure 
due to reduced efficacy given TDR. With DTG AEs, the efficacy of the subsequent RPV-based regimen is also reduced due to still undetected NRTI-R. With baseline genotype, 
TDR is diagnosed, so clinical outcomes are the same as those in no TDR. The asterisk in the no baseline genotype panel indicates that those who fail a DTG-based regimen 
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with PI-based treatment after DTG AEs, we investigated this 
scenario for the PI-R subgroup (Supplementary Figure 1).

Input Parameters
Cohort Characteristics
Simulated individuals represent adults at HIV diagnosis in the 
United States; mean age 35 years; 81% men; mean initial CD4 
count 346/μL (Table 1) [24, 25]. Prevalence of TDR is 5.8% 
for NRTI-R, 7.2% for NNRTI-R, and 3.2% for PI-R [15].

HIV Care and ART Efficacy
Simulated individuals initiate ART and are monitored for 
virologic failure according to current DHHS/IAS–USA 
guidelines, with viral load testing at quarterly clinic visits [1, 
2]. Without TDR, the probabilities of virologic suppression 
(HIV RNA <50 copies/mL) at 12 months are 92% (DTG-based 
regimen) and 83% (RPV or DRV/r-based regimens) (Table 1)  
[27, 30, 31]. For an individual with undiagnosed NRTI-R, 
we assumed a worst-case scenario (ie, all transmitted NRTI-
resistant mutations are “high-level,” leading to complete inac-
tivity of the NRTI pair). We estimated a reduced probability 
of virologic suppression at 12 months in the no baseline geno-
type strategy: 82% (DTG-based regimen) [28] and 57% (RPV-
based regimen) [29]. For those with undiagnosed NNRTI-R, 
we estimated 40% suppression on an RPV-based regimen at 
12 months in no baseline genotype.

Adverse Events
Of those on DTG-based regimens, 14% experience AEs, in-
cluding sleep disturbance, gastrointestinal discomfort, weight 
gain, and psychiatric symptoms sufficiently severe to prompt 
regimen switch [32, 37], on average 4 months after DTG initia-
tion (Table 1) [32, 33].

Costs
Each standard genotype cost $320 and HIV RNA tests cost 
$110 (Table 1) [34]. Routine HIV care costs range from $300 
to $1200/month, depending on CD4 count [38]. DTG- and 
DRV/r-based regimens cost $3000/month, while RPV-based 
regimens cost $2500/month [36].

Sensitivity Analyses

To assess the influence of changes in key model inputs, we 
performed univariate sensitivity analyses on clinical and 
cost parameters, including the prevalence of different TDR 

and rates of virologic failure. We examined the impact of 
lower barriers to resistance in earlier-generation INSTIs (eg, 
raltegravir) by reducing the effectiveness of INSTI-based 
regimens. In the base case, we assumed that no clinically rel-
evant NRTI-R emerged due to the use of inactive RPV-based 
regimens. To investigate the potential for selecting clinically 
significant “emergent NRTI-R,” we conducted univariate sen-
sitivity analysis on the effectiveness of a DRV/r-based regimen 
for individuals in the NNRTI-R subgroup who are treated 
with an inactive RPV-based regimen after DTG AEs in no 
baseline genotype. We simultaneously varied the most influen-
tial parameters on cost-effectiveness outcomes in multivariate 
sensitivity analysis.

RESULTS

Base Case

For all PWH, the no baseline genotype strategy resulted in 27.959 
undiscounted QALYs, which increased to 27.962 QALYs with 
baseline genotype, a gain of <1 undiscounted quality-adjusted 
life-day (QALD; Table 2). Discounted per-person lifetime costs 
were $620 200 and $620 700 for no baseline genotype and base-
line genotype. Baseline genotype was not cost-effective compared 
to no baseline genotype (ICER, $420 000/QALY).

We projected undiscounted clinical outcomes for the 4 TDR 
subgroups. With no TDR, undiscounted life expectancy was 
identical between strategies (27.962 QALYs). With NRTI-R, 
clinical outcomes were worse with the no baseline genotype 
strategy (27.926 QALYs); baseline genotype resulted in a gain 
of 13 QALDs. No baseline genotype resulted in 27.960 QALYs 
in people with NNRTI-R, and <1 QALD was gained with base-
line genotype. The undiscounted life expectancy was identical 
between strategies (27.962 QALYs) with PI-R.

Sensitivity Analyses
Univariate Sensitivity Analysis
The maximum clinical impact was 5 QALDs among all PWH, 
even at extreme values of parameter estimates. Differences in 
clinical outcomes were greatest with increasing prevalence 
of transmitted NRTI-R, reduced suppression of transmitted 
NRTI-R with a DTG-based regimen, or longer time to switch 
(Figure 2A).

The impact of key parameters on clinical outcomes was 
greater for the TDR subgroups, but the difference between 
strategies remained limited. Within the NRTI-R subgroup 

due to undetected NRTI-R will be resuppressed on a DTG-based regimen with an NRTI pair to which they are susceptible. C, For the NNRTI-R subgroup, care differs only for 
individuals who experience DTG AEs. With no baseline genotype, individuals with DTG AEs switch empirically to an RPV-based regimen and are less likely to suppress. If 
not suppressed, individuals are evaluated with genotype and switched to a DRV/r-based regimen. In the baseline genotype strategy, transmitted NNRTI-R is identified at HIV 
diagnosis, and individuals switch directly to a DRV/r-based regimen after DTG AEs. D, For the PI-R subgroup, care is identical between strategies: individuals start on a DTG-
based regimen and move to an RPV-based regimen in case of DTG AEs or in case of virologic failure with resistance on a DTG-based regimen. If individuals fail the RPV-based 
regimen due to resistance, they switch to a different INSTI-based regimen given diagnosis of transmitted PI-R on genotype at the time of failing the RPV-based regimen. 
Abbreviations: DRV/r, ritonavir-boosted darunavir; DTG, dolutegravir; INSTI, integrase strand inhibitor; NNRTI-R, nonnucleoside reverse transcriptase inhibitors resistance; 
NRTI-R, nucleoside reverse transcriptase inhibitors resistance; PI-R, protease inhibitors resistance; RPV, rilpivirine; TDR, transmitted drug resistance.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
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(Figure 2B), the most influential parameter was suppression 
of transmitted NRTI-R with a DTG-based regimen; when only 
40% of individuals with transmitted NRTI-R achieved virologic 
suppression with a DTG-based regimen, baseline genotype 
resulted in a gain of 66 QALDs compared to no baseline geno-
type. Within the NNRTI-R subgroup (Figure 2C), the maximum 
gain with baseline genotype (9 QALDs) occurred when those in 
the no baseline genotype strategy experienced poor likelihood of 
suppression (40%) on third-line DRV/r-based regimens due to 
emergent NRTI-R.

Cost-effectiveness Thresholds
For all PWH, baseline genotype was not cost-effective compared 
to no baseline genotype except in extreme scenarios—≤50% of 
individuals with transmitted NRTI-R suppressed on a DTG-
based regimen, prevalence of transmitted NRTI-R ≥14%, ≥18-
month time to switch, or ≤22% of individuals with emergent 
NRTI-R suppressed on DRV/r-based regimens. Baseline gen-
otype was not cost-effective even at $0 per baseline genotype 
because the cost savings did not outweigh lower costs of no 
baseline genotype due to increased use of relatively less costly 
RPV-based regimens. Increasing costs of the RPV-based reg-
imen resulted in lower ICERs for baseline genotype; however, 
even when the RPV-based regimen cost the same as DTG and 
DRV/r regimens ($3000/month), baseline genotype was not cost 
effective (ICER, $260 000/QALY) (Supplementary Figure 2).

Multivariate Sensitivity Analysis
We varied suppression of transmitted NRTI-R with a DTG-based 
regimen (50%–90%) [28, 39] and prevalence of transmitted 
NRTI-R (3.4%–8.1%) [13, 15] (Supplementary Figure 4), as well 
as time to switch (3–12 months; Figure 3). At base case NRTI-R 
prevalence, baseline genotype was cost-effective if ≤50% of 

individuals with NRTI-R suppressed on a DTG-based regimen 
(Figure 3B). At the highest reported prevalence of NRTI-R in 
the United States (8.1%), baseline genotype became cost-ef-
fective only if ≤60% of individuals with NRTI-R suppressed 
on DTG-based regimens or if time to switch was ≥6  months 
(Figure 3C).

Alternative Sequence of ART Regimens
To assess the impact of treatment variation for people with 
transmitted PI-R, we examined an alternative pathway with a 
DRV/r-based regimen as second-line therapy. At 60% suppres-
sion of PI-R with a DRV/r-based regimen, baseline genotype 
added <1 QALD for the PI-R subgroup and was not cost-ef-
fective compared to no baseline genotype (Supplementary Table 
1). Even at 20% suppression of PI-R, baseline genotype still pro-
vided the PI-R subgroup <1 additional QALD (Supplementary 
Figure 3).

DISCUSSION

In this modeling analysis of the current INSTI treatment 
era, we found that obtaining a standard genotype at the time 
of HIV diagnosis had minimal clinical impact and was not 
cost-effective. A  baseline genotype offered no clinical ben-
efit to most people newly diagnosed with HIV. Those with 
transmitted drug resistance accrued little lifetime benefit and 
comprised only 6.8% of all those newly diagnosed—5.8% 
with NRTI-R plus 1% with transmitted NNRTI-R who also 
experience DTG AEs. We projected an average population 
benefit of <1 QALD. This benefit is far less than that of other 
HIV interventions in the United States, such as expanded 
HIV testing, improved engagement in care, and preexposure 
prophylaxis [18, 40].

Table 2.  Base Case Results for an Analysis of Baseline Genotype Compared to No Baseline Genotype at Human Immunodeficiency Virus Diagnosis

Cohort Strategy

Undiscounted Discounted

QALYs ∆ QALDsa QALYs ∆ QALYs Cost ($) ∆ ($)

Incremental 
Cost-effectiveness 

Ratio ($/QALY)

All people with human 
immunodeficiency virus

No baseline genotype 27.959 <1 16.152 620 200

Baseline genotype 27.962 16.153 0.001 620 700 500 420 000

Subgroup         

No transmitted drug 
resistance (83.8%)

No baseline genotype 27.962 … … … … …

Baseline genotype 27.962 0 … … … … …

Nucleoside reverse 
transcriptase inhibitors 
resistance (5.8%)

No baseline genotype 27.926 … … … … …

Baseline genotype 27.962 13 … …

Nonnucleoside reverse 
transcriptase inhibitors 
resistance (7.2%)

No baseline genotype 27.960 … … … … …

Baseline genotype 27.962 <1 … … … … …

Protease inhibitors 
resistance (3.2%)

No baseline genotype 27.962 … … … … …

Baseline genotype 27.962 0 … … … … …

Abbreviations: QALY, quality-adjusted life-years; QALDs, quality-adjusted life-days.
aDifferences in life expectancy between the 2 strategies are small, so we report these differences in QALDs.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz372#supplementary-data
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These findings contrast with those from a 2005 CEPAC 
model-based analysis in which baseline genotype led to an 
undiscounted clinical benefit of 1 quality-adjusted life-month 
and was cost-effective in the United States (ICER, $23  900/
QALY) [9]. Substantial advances in HIV therapy have changed 
the value of baseline resistance testing. New generations of 
ART are more potent, better tolerated, and more active against 

resistant virus [1, 2]. When efavirenz was widely used in first-
line regimens, a baseline genotype that demonstrated NNRTI-R 
helped clinicians avoid selecting treatment with a high likeli-
hood of failure, thereby avoiding more complex, more costly, 
and less effective regimens. By contrast, with INSTI-based first-
line regimens that include DTG and BIC, high-level transmitted 
NRTI-R that reduces treatment efficacy is exceedingly rare [10]; 

Figure 2.  Tornado diagrams of univariate sensitivity analyses for the clinical outcomes of baseline genotype compared to no baseline genotype among people newly 
diagnosed with human immunodeficiency virus. These 3 tornado diagrams show the difference in undiscounted QALDs between baseline genotype and no baseline genotype. 
A, All newly diagnosed PWH in the United States. B, The NRTI-R subgroup. C, The NNRTI-R subgroup. Input parameters are displayed on the y-axis; base case values are 
listed in parentheses. Following the semicolon, the input value that results in the smallest undiscounted ∆ QALDs is listed before the hyphen, and the input that results in 
the largest undiscounted ∆ QALDs is listed after the hyphen. Base case results are demonstrated by the vertical line. Abbreviations: DRV/r, ritonavir-boosted darunavir; DTG, 
dolutegravir; N/A, not applicable; NNRTI-R, nonnucleoside reverse transcriptase inhibitors resistance; NRTI-R, nucleoside reverse transcriptase inhibitors resistance; PWH, 
people with human immunodeficiency virus; QALDs, quality-adjusted life-days; RPV, rilpivirine; TDR, transmitted drug resistance.
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our model-based results suggest that baseline genotype is fa-
vored only when the prevalence of high-level NRTI-R is ≥14%. 
In addition, because guidelines recommend routine viral load 
testing, virologic failure is generally detected quickly for people 
who remain in care, and clinicians can then perform geno-
type testing to identify drug resistance [1, 2]. Thus, even when 
people with undiagnosed transmitted resistance start a par-
tially active regimen, the duration of virologic failure should 
be limited. Last, more treatment options are now available, so 

durable virologic suppression can typically be achieved even 
after virologic failure to a given regimen.

Although we selected input parameters to favor the baseline 
genotype strategy, we still found that it had minimal clinical im-
pact and was not cost-effective. We assumed that all transmitted 
NRTI mutations were clinically significant, although data sug-
gest that most NRTI mutations do not affect virologic suppres-
sion in INSTI-based regimens [10–13]. Similarly, we estimated 
that individuals with transmitted NRTI-R would be far less 

Figure 3.  Baseline genotype is cost-effective compared to no baseline genotype only at high prevalence of transmitted drug resistance, low likelihood of suppressing 
NRTI-R virus with DTG-based regimen, and prolonged time to switch. On the horizontal axis, we varied the number of months individuals were observed on a failing anti-
retroviral therapy regimen before switching to a new regimen (3–12 months). On the vertical axis, we varied the likelihood of suppressing transmitted NRTI-R with a DTG-
based regimen (50%–90%). Each panel represents a different prevalence of transmitted NRTI-R virus, as follows: 3.4% (A), base case 5.8% (B), and 8.1% (C). The white X 
indicates the base case in (B). Baseline genotype was cost-effective compared to no baseline genotype at the base case transmitted NRTI-R only when DTG-based regimen 
suppression was ≤50% with NRTI-R or when DTG-based regimen suppression was ≤70% and individuals spent at least 6 months observed on the failing regimen before 
switching to a new regimen. Abbreviations: DTG, dolutegravir; ICER, incremental cost-effectiveness ratio; NRTI-R, nucleoside reverse transcriptase inhibitors resistance; 
QALY, quality-adjusted life-years.



Cost-effectiveness of Baseline Genotype in the US  •  cid  2020:70  (1 April)  •  1361

likely to achieve virologic suppression with DTG- or RPV-
based regimens than has been commonly reported [10–13, 41, 
42]. Although one study of 11 adults with transmitted NRTI-R 
reported 50% efficacy of an INSTI-based regimen [39], even 
DTG monotherapy studies have shown >85% suppression at 
12  months [28]. For individuals with NNRTI-R, we assumed 
much lower virologic suppression with RPV-based regimens 
(40%) than has been reported for other NNRTIs (66%) [43]. 
Notably, the newly approved NNRTI doravirine, with its dis-
tinctive resistance profile, is likely to be more effective than 
RPV in suppressing NNRTI-R; its use would further reduce the 
clinical impact of baseline genotype [44, 45]. Finally, the most 
serious concern for people with NNRTI-R is that spending 
time on a partially active RPV-based regimen might select for 
emergent NRTI-R that decreases the efficacy of subsequent 
therapy. In an extreme scenario where adults with transmitted 
NNRTI-R treated with an RPV-based regimen had only a 40% 
chance of suppressing on subsequent regimens (compared to 
74% suppression reported for DRV/r monotherapy) [46, 47], we 
projected a gain of just 9 QALDs.

While obtaining a baseline genotype offers little clinical ben-
efit for individual patients, collecting resistance data at the pop-
ulation level could offer public health benefits. The US Centers 
for Disease Control and Prevention and local jurisdictions have 
used baseline genotype results for molecular surveillance to de-
tect and respond to transmission clusters and track trends in 
transmitted drug resistance [48, 49]. Given limited individual 
benefit, genotype testing should perhaps be financed expressly 
for this purpose, rather than by people with HIV and payers.

This analysis has several limitations. We modeled the value of 
obtaining a resistance genotype at diagnosis given current US 
treatment guidelines, which recommend 2 NRTIs and 1 INSTI as 
first-line therapy. Treatment options are continuously evolving, 
and we did not model the possible value of this strategy in the 
setting of long-acting injectable ART, 2-drug regimens, or other 
nascent HIV therapies [50–52]. We also did not model the use 
of more costly archive genotype testing for suppressed patients; 
the rare occurrence of transmitted resistance to the second-gen-
eration INSTIs, DTG and BIC [53]; transmitted multidrug re-
sistance; or the potential for increased HIV transmissions due 
to undiagnosed resistance. This analysis is limited in scope to 
the United States; the conclusions may differ in settings with 
different resistance considerations, HIV treatment policies, and 
costs, such as low- and middle-income countries that are rolling 
out DTG-based regimens but may have relatively higher preva-
lence of transmitted high-level NRTI-R [54].

In conclusion, for people starting DTG-based regimens in 
the United States, obtaining a baseline genotype offers min-
imal clinical benefit; a similar conclusion is likely for BIC-based 
regimens [55]. Baseline genotypes provide no benefit to most 
adults with a new HIV diagnosis and only a very small increase 
in projected survival to those who do benefit. This analysis 

projects a mean gain of <1 QALD among all people starting 
ART. At $320/test, this results in an ICER of $420 000/QALY, 
which offers poor value relative to other HIV interventions [18, 
19, 40]. Given currently recommended HIV treatment regimens 
in the United States, a resistance genotype at HIV diagnosis is 
not cost-effective; inclusion of this test in baseline evaluation of 
adults newly diagnosed with HIV should be reconsidered.
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