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ABSTRACT  Testing for latent tuberculosis infection (LTBI) in HIV-infected persons in low tuberculosis
(TB) incidence areas is often recommended. Using contemporary, clinical data, we report the yield and
cost-effectiveness of testing all HIV attendees, two current UK strategies and no LTBI testing.

Economic modelling was performed utilising 10-year follow up data from a large HIV clinical cohort.
Outcomes were numbers of cases of active TB and incremental cost per quality-adjusted life year (QALY)
gained.

Between 2000 and 2010, 256 people were treated for TB/HIV co-infection. 72 (28%) occurred
>3 months after HIV diagnosis and may have been prevented by LTBI testing. Between 2000 and 2005,
the incremental cost per QALY gained for the British HIV Association (BHIVA) and UK National
Institute of Care Excellence (NICE) strategies, and testing all clinic attendees was €6270, €6998 and €33
473, respectively. These rose to €9332, €32564 and €74067, respectively, between 2005 and 2010.
Probabilistic sensitivity analysis suggested that at a threshold of €24000 per additional QALY, the most
cost-effective strategies would be NICE or testing all in 2000-2005 and BHIVA during 2005-2010.

Both UK testing regimens missed cases but are cost-effective compared with no testing. Using recent
data, they all became more expensive, suggesting that alternative or more targeted TB testing strategies
must be considered.
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Introduction

The increased risk of developing active tuberculosis (TB) attributable to HIV in low TB incidence
countries is estimated to be around 40-times that of background rates [1, 2]. Preventive treatment of latent
TB infection (LTBI) with 6-9 months of isoniazid reduces the risk of re-activation by around two-thirds,
though may result in adverse events and drug-drug interactions [2, 3]. The incidence of active TB in the
UK is not declining at the same rate as in other western European nations, and HIV co-infection likely
contributes to this [4]. Given the high risk of reactivation, treatment of individuals with latent TB
infection is also important for TB elimination in Europe [5-9]. Hence, testing and treatment for LTBI in
people living with HIV has been recommended by many European national guideline bodies, the British
HIV Association (BHIVA), the UK National Institute for Health and Care Excellence (NICE) and the
European AIDS Clinical Society (EACS) [5, 10-12]. The UK guidelines were both published in 2011, but
their testing protocols differ.

Risk factors for developing active TB disease in the UK include blood CD4 count <500 cells-uL™" and
being of black African ethnicity [13]. Many European countries test all HIV clinic attendees, either with a
tuberculin skin test (TST) or interferon-y release assays (IGRA). NICE recommends more targeted testing
for LTBI in all individuals with HIV infection and blood CD4 count <500 cells-uL~". Because of the
discordance between the TST and IGRA in those with low CD4 cell counts, they suggest using both IGRA
and TST if the CD4 is <200 cells-pL_l; and IGRA with or without concurrent TST between 200 and
500 cells-uL~". BHIVA guidance advises testing with IGRA alone depending on country of origin, blood
CD4 count and duration of anti-retroviral therapy (ART), then treating all those with a positive IGRA
(fig. 1). These strategies have not previously been compared for cost-effectiveness.

Sustained ART appears to reduce progression to active TB by up to two-thirds [14]. Therefore, as the use
of ART becomes more widespread, the risk of reactivation in HIV-infected people with LTBI is likely to
fall. In addition, HIV population demographics in the UK are changing [15], with less migration from
areas of higher HIV and TB prevalence. This may also impact on rates of TB.

Health economic assessments frequently guide national planning and policy. Their predictive accuracy
depends on their ability to model factors that contribute to future need and may change over time. Here,
we compare the utility and cost-effectiveness of testing all HIV clinic attendees with a single IGRA, and
the NICE and BHIVA latent TB testing strategies using HIV clinic data obtained during two consecutive
time periods: 2000-2005 and 2005-2010. These were selected as the use of ART was increasing and
national HIV demographics changing in our low TB incidence region. The analysis used incremental cost
per case averted (ICCA - the extra cost required by one strategy compared to another to avert one case of
active tuberculosis) and incremental cost per quality-adjusted life year (QALY) gained.

Methods

Setting

The Royal Free Hospital (London, UK) provides care for a large HIV infected, stable population. Around
one-third of patients treated here originate from sub-Saharan Africa. The background prevalence of HIV
in London is 525 per 100000 adults aged 16-59 years [16]; the incidence of active TB local to the hospital
is 36.8 per 100000 [17].

All patients attending our HIV service from 2000 to 2010 were included, other than those with a TB
diagnosis before, or within 3 months of, their HIV diagnosis. Three months was selected to ensure that all
subjects under follow up would have adequate time to be assessed for LTBI prior to any subsequent
diagnosis of active TB.

Data source

The Royal Free Hospital HIV Database contains information prospectively gathered from all patients
receiving care. Between 2000 and 2010, testing and treatment for latent TB was not performed routinely in
people with HIV infection. We modelled BHIVA and NICE strategies using clinical and demographic data
from 2000-2005 and 2005-2010 to assess the costs and benefits compared with no testing, with each other
and testing all patients with a single IGRA. Costs were measured in terms of testing for LTBI, preventive
treatment and treating active TB cases. Benefits were measured in terms of prevented active TB cases and
QALY. We calculated the cost-effectiveness of each strategy using incremental cost per QALY gained and
ICCA. In the 2000-2005 model, all patients eligible for testing under BHIVA or NICE guidance were
tested based on the first CD4 count in 2000. Those not eligible at this time would be followed at each
subsequent CD4 count (as a surrogate for an HIV clinic appointment, usually every 3-6 months) and
would be tested as soon as they satisfied the relevant guideline criteria (fig. 1). CD4 follow-up continued
until the end of December 2004 and cases of TB recorded. The same analysis was performed using 2005-
2010 data.
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FIGURE 1 Testing algorithms for no testing, National Institute for Health and Care Excellence (NICE) strategy, British HIV Association (BHIVA) strategy, and testing all clinic attendees. Data from
2000-2005 [10, 11]. Blood CD4 cell counts are presented as cells-uL™". TB: tuberculosis; IGRA: interferon-y release assay; TST: tuberculin skin test; ART: anti-retroviral therapy.
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Model structure and assumptions

We assumed the following: all HIV-positive patients would be eligible except those excluded because of a
diagnosis of active TB before or within 3 months of HIV diagnosis; initial testing would occur in 87% of
those eligible [18]; subjects were tested on one occasion, but 3% would have indeterminate IGRA results,
leading to one repeat test [19]; TST/IGRA positivity rates were estimated to be 13% in subjects originating
from a country in sub-Saharan Africa, 10% from middle TB incidence countries and 3% from low TB
incidence countries [18]; sensitivity of an IGRA was 91% [20]; uptake of latent TB preventive treatment
was 87% with 62% effectiveness using six months of isoniazid [3, 18]; and QALY reductions for active and
latent TB were —0.676 and —0.007 respectively, using previously published estimates for this age group
with active TB disease (see section A in the online supplementary material) [11].

Costs were measured using an English National Health Service perspective in 2011/2012 UK£ (with an
exchange rate of €1=£0.83). We measured the costs of IGRA, TST, six months treatment with isoniazid and
treatment for active TB. The cost of ART in subjects with TB/HIV coinfection who had no other indication
for starting ART was not included. Unit costs were based on published sources and local hospital charges
(table sl in section A of the online supplementary material). The time horizon was lifelong, although TB
follow-up data were available for 5 years. Costs and benefits were discounted at 3.5% per year [21].

Cost-effectiveness

Cost-effectiveness was measured in terms of the ICCA and the incremental cost per QALY gained over
each 5-year period; and calculated separately for the time periods (2000-2005, 2005-2010). We conducted
incremental analyses of the BHIVA strategy versus no testing, NICE versus BHIVA strategies and testing all
attendees versus NICE. The cost-effectiveness ratios were calculated as the difference in costs between the
two comparators divided by the difference in outcomes (active TB cases, QALYs).

Sensitivity analysis

We undertook univariate and multivariate deterministic sensitivity analyses; and varied costs for IGRA,
TST, plus treatment of latent and active TB to reflect the additional expense of increased TB-related
morbidity, isoniazid-induced hepatotoxicity or TB drug resistance. We varied the uptake of testing,
sensitivity of IGRA, uptake and effectiveness of isoniazid preventive therapy using published data. The
effectiveness varied between 40% (an estimate of protection given non-optimal adherence) and 100% (a
figure approached in studies in high-resource, low TB incidence areas) [18, 22]. The impact on quality of
life was varied for LTBI preventive treatment and active TB treatment. Multivariate most-costly and
least-costly scenarios were also considered (section A in the online supplementary material).

We also used a probabilistic sensitivity analysis (PSA) with 10000 Monte Carlo simulations of the model.
From this, we computed uncertainty ranges for point estimates of cost-effectiveness and cost-effectiveness
acceptability curves, showing the probability that each option was cost-effective for different cost-effectiveness
thresholds. The PSA accounted simultaneously for uncertainty in uptake, IGRA sensitivity, incidence of TB,
detection rate of each strategy, costs and quality of life years lost for TB infection. The distributions and
parameter values used are given in section A in the online supplementary material (table s1).

Ethical approval was previously granted for prospective data extraction from clinical notes.

Results
The Royal Free HIV clinic cohort consisted of 1136 individuals in 2000, 2025 in 2005 and 2461 in 2010.
689 (61%) were on ART consisting of three drugs in 2000, 1505 (74%) in 2005 and 2119 (86%) in 2010.

Cases of active tuberculosis with HIV infection

Between 2000 and 2010, there were 256 cases of tuberculosis with HIV co-infection at this centre. 72
(28%) had a TB diagnosis >3 months after their HIV diagnosis. Of these, 38 (53%) had culture confirmed
TB, sensitive to all first line anti-tuberculosis drugs, one of isoniazid resistant TB and one of multidrug
resistant TB.

Cases not prevented by testing guidelines

Both BHIVA and NICE strategies would not have tested all people that would later develop active
tuberculosis. Compared with BHIVA, NICE’s broader criteria predicted more cases consistently (fig. 1),
although costs were higher. Five of the six cases not tested by NICE were already taking ART or had
interrupted ART. Two of the six were UK born. 22 of the 31 cases not eligible using BHIVA criteria were
UK born, and 28 were using ART or had interrupted ART when diagnosed with active TB.
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Comparative cost effectiveness: 2000-2005 and 2005-2010

Between 2000 and 2005, 37 patients known to be HIV positive and undergoing care at the Royal Free
Hospital developed active tuberculosis. Using BHIVA criteria, 1147 subjects would be tested over 5 years
and 12 of 37 (32.4%; 95% CI 18.0-49.8%), who later developed tuberculosis would not have been tested.
Using the NICE testing model, 1752 subjects would have been tested, including 34 of the 37 patients with
TB disease (8.1% not tested; 95% CI 1.7-21.9%). Allowing for 87% uptake of testing, the cost of testing all
eligible subjects over 5 years, plus treating those with latent tuberculosis as well as the active TB cases
missed by testing, would be €378713, €395825 and €419928 using BHIVA and NICE guidance and
testing all clinic attendees respectively (table 1). These equate to an extra €171 (BHIVA), €179 (NICE),
€190 (all) in costs for each person attending the HIV clinic. Compared with no testing, 6.4 QALYs would
be gained with BHIVA guidance, 8.9 with NICE and 9.6 testing all. Comparing BHIVA to no testing,
NICE to BHIVA, and all to NICE, the incremental cost-effectiveness ratios were €6270 (95% uncertainty
range €3482-€7864), €6998 (€4130-€18813) and €33 473 (€6895-€164519) respectively (table 2).

Using 2005-2010 data, 35 patients developed tuberculosis. Using BHIVA criteria, 1240 subjects would be
tested and 11/35 (31.4%; 95% CI 17.4-49.4) who later developed TB would not have been tested. Using
NICE guidance, 2228 subjects would have been tested including 30/35 subjects with subsequent TB (14.3%
not tested, 95% CI 5.4-31.1%). Discounted QALYs gained by testing were 6.4 with BHIVA, 8.2 with NICE
and 8.8 testing all and the incremental costs per QALY gained (95% uncertainty range) were €9332
(€5396-€11958), €32564 (€25066-€66251) and €74067 (€19625-€665734) (table 2).

Sensitivity analysis

LTBI testing became more cost effective as the cost of an IGRA fell, the uptake or effectiveness of
LTBI-preventive treatment increased, or the cost of treatment for active tuberculosis rose. The IGRA
indeterminate rate made little difference. If an IGRA cost €30, LTBI-preventive treatment was 98%
effective, or treatment of one case of active TB increased to €14 000, testing for LTBI between 2000 and
2005 using any strategy became cost saving compared with no testing.

The cost effectiveness acceptability curves, derived from the probabilistic sensitivity analysis, are shown in figures
2 and 3 for the time periods 2000-2005 and 2005-2010, respectively. These indicate that if a health service were
willing to pay an extra €24000 (£20000) for an additional QALY [21], the NICE strategy would most probably
be best value between 2000 and 2005, and the BHIVA strategy between 2005 and 2010 (figures 2 and 3).

Discussion

Principal findings

At an incremental cost per QALY gained cost-effectiveness threshold of €24 000-€36 000, testing and treating
latent tuberculosis in people with HIV (using ART in the majority of cases) appears to be cost-effective with

TABLE 1 Costs of no testing, testing using BHIVA, testing using NICE strategies and testing all clinic attendees

No testing BHIVA testing NICE testing
2000-2005 2005-2010 2000-2005 2005-2010 2000-2005 2005-2010 2000-2005 2005-2010

Testing all

Total cases of active TB under
testing strategy n

Total cost of testing for LTBI

Average cost per patient of
testing for LTBI

Total cost of preventive
treatment

Average cost per patient of
preventive treatment

Total cost of remaining
active cases

Average cost per patient of
remaining active cases

Total cost

Average cost per patient of
entire strategy

37 35 26 24 23 21 21 20
€0 €0 €74006 €80007 €121234 €149328 €142528 €187242
€0 €0 €34 €28 €55 €51 €65 €65
€0 €0 €63482 €76 471 €68317 €92899 €82778 €115631
€0 €0 €29 €26 €31 €32 €37 €40
€338313 €320026 €241225 €222938 €206 273 €195753 €194 622 €184102
€153 €110 €109 €77 €93 €67 €88 €63
€338313 €320026 €378713 €379416 €395825 €437979 €419928 €486 975
€153 €110 €171 €131 €179 €151 €190 €168

Data from 2000-2005 (n=2209) and 2005-2010 (n=2902). BHIVA: British HIV Association; NICE: National Institute for Health and Care
Excellence; LTBI: latent tuberculosis infection.
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TABLE 2 Comparative testing comparing BHIVA strategy to no testing, NICE strategy to BHIVA strategy and testing all attendees to NICE

BHIVA versus no testing

NICE versus BHIVA

Al versus NICE

2000-2005 2005-2010 2000-2005 2005-2010 2000-2005 2005-2010
Difference in costs
Cost of testing €74006 €80007 €47228 €41835 €21294 €37914
Cost of preventive treatment €63482 €76 471 €4836 €16428 €14460 €22732
Cost of treating active TB —€97088 —€97088 —€34952 —€27185 —€11651 —€11651

Total cost (95% uncertainty
range)
Extra cost per patient in clinic
Difference in outcomes
discounted at 3.5% per year
(95% uncertainty ranges)
Cases of active TB prevented
QALYs gained
Cost effectiveness, discounted
at 3.5% per year
(95% uncertainty ranges)
Incremental cost per case
prevented
Incremental cost per
QALY gained

€40400 (€10245-€106741)  €59389 (€16000-€156 057)

€18.29 €20.47
10 (7.5-15) 10 (7.6-14)
6.44 (1.8-12.5) 6.36 (2.0-12.1)

€3997 (€1329-€7395) €5875 (€2049-€10981)

€6270 (€3482-€7864) €9332 (€5396-€11958)

€17112 (€5323-€63871)  €58564 (€21768-€152475)

€7.75 €20.18
4 (3.3-4.3) 3(2.4-3.4)
2.45(1.3-3.¢) 1.80 (1-2.4)

€4550 (€1760-€17 695) €19888 (€9958-€52746)

€6998 (€4130-€18813) €32564 (€25066-€66251)

€24104 (€4667-€65032)  €48996 (€14351-€118383)

€10.91 €16.88
1(0.6-1.8) 1(0.6-1.8)
0.72 (0.5-0.8) 0.66 (0.5-0.9)

€19803 (€2619-€91518) €40241 (€7797-€176378)

€33473 (€6895-€164519)  €74067 (€19 625-€665734)

BHIVA: British HIV Association; NICE: National Institute for Health and Care Excellence; TB: tuberculosis; QALY: quality adjusted life year.
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FIGURE 2 Cost effectiveness acceptability curves for No testing, British HIV Association (BHIVA) and National Institute
for Health and Care Excellence (NICE) algorithms and testing all clinic attendees, 2000-2005. Using the probabilistic
sensitivity analysis from 2000 to 2005 data, there is a 68% probability that the NICE strategy will be cost-effective where the
health service is willing to pay a maximum of €24000 (£20000) per quality-adjusted life year (QALY) gained (first vertical
dashed line).

respect to no testing in a low TB incidence, high-resource setting [21]. Of the strategies compared, testing
based on NICE criteria was the most cost-effective option using 2000-2005 data at a cost-effectiveness
threshold of €24000 per QALY and testing all clinic attendees at €36000 per QALY (fig. 2). Between 2005
and 2010, the BHIVA strategy was the most likely cost-effective option at a threshold of €24 000 and NICE at
€36000. Testing all clinic attendees became considerably less cost effective in this time period (fig. 3). This
change may have resulted from altering UK HIV demographics (e.g. as there were proportionally fewer
HIV-infected individuals in the UK from TB-endemic countries) or from an increase in ART usage, which
would reduce the risk of progression from LTBI to active TB [15, 23]. For example, one-third of our clinic
population now have a CD4 cell count <500 cells-ul. ™" (unpublished data). If these changes continue and are
representative of other low TB incidence settings, testing may become much less cost effective in future
irrespective of the strategy selected.
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FIGURE 3 Cost effectiveness acceptability curves for No testing, British HIV Association (BHIVA) and National
Institute for Health and Care Excellence (NICE) algorithms and testing all clinic attendees, 2005-2010. Using the
probabilistic sensitivity analysis from 2005 to 2010 data, there is a 97% probability that the BHIVA strategy will be
cost-effective where the health service is willing to pay a maximum of €24000 (£20000) per QALY gained (first vertical
dashed line) and 58% probability that the NICE strategy will be cost-effective at maximum €36000 (£30000) per
quality-adjusted life year (QALY) gained (second vertical dashed line).
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It is important to note that even with optimal implementation, our data also indicate that these testing
strategies would prevent only around one-quarter of recorded cases of active tuberculosis; as the majority
of patients with HIV co-infection are of unknown HIV status when they present with TB and are then
subsequently diagnosed with HIV. This is consistent with national reports [23]. These patients tend to
access HIV care late, have a lower blood CD4 count and higher disease associated morbidity and hence
treatment costs [23]. Hence, a more effective strategy may involve community-based HIV testing, and
then, if positive, subsequent assessment for TB.

Limitations, criticisms and assumptions

Our study has several limitations. We sought to assess the cost-effectiveness of testing and treating for
LTBI, yet it is not a prospective, controlled trial comparing isoniazid preventive therapy and placebo in
people living with HIV and a positive TST or IGRA. Most cost-effectiveness evaluations seek to predict
what will happen in the future, and thus guide healthcare policy. Here we report the impact of testing now
and over the last 10 years. By using real world data from two 5-year analyses, we can compare external
influences on the utility and cost-benefits of testing. We believe that this is important, as our findings
suggest that the drivers of cost-effectiveness are changing rapidly; hence, modelling analyses that predict
future trends without acknowledging and measuring this variation may be inaccurate. Our study does not
imply that the effects of ART and isoniazid preventive treatment only last for 5 years; and these will likely
be of considerable benefit for longer in this setting.

A number of assumptions are contained within our model. Costings use the available literature for TB
cases without HIV co-infection, even though some studies suggest that there is an increased morbidity and
mortality and a higher rate of adverse events and drug-drug interactions associated with HIV [24, 25].
This may drive up treatment costs and decrease quality of life in those with active tuberculosis, which
further justifies systematic LTBI testing. HIV care in resource-rich areas involves regular follow up and
laboratory testing. Preventive treatment for opportunistic infection (such as Pnreumocystis or
toxoplasmosis) is an established concept in this setting, and we might expect LTBI testing and treatment
to be easier to implement in people already receiving HIV care than in new arrivals or TB contacts. A
further advantage of treating LTBI would be to prevent onward TB transmission, although the cost-utility
of this has not been included in our model.

The costs of hepatotoxicity related to preventive TB treatment and active TB treatment have not been
specifically determined, though were included within the sensitivity analysis. In our model, an IGRA cost
of €72 (£60), the hospital list price for a T-Spot.TB test (Oxford Immunotec, Oxford, UK), was used.
Actual costs for this assay may be less and could also fall using the QuantiFERON Gold In-Tube (Qiagen,
Venlo, The Netherlands). It is not clear if the two tests have equivalent sensitivity or indeterminate result
rates in this population [26-28].

QALY reductions from TB cases without HIV coinfection were used. This is supported by recent work
showing a similar loss in quality of life measured by EQ-5D in those with active drug-sensitive TB with or
without HIV coinfection [29]. Our analysis has been from a clinical perspective and has only used the
potential costs and health status in those subjects tested. We have not included potential cases prevented
in contacts and their costs, either pecuniary or in quality of life. From a public health position, the
appropriateness of a €24000-36000 per QALY or €15000-23000 per case averted ceiling could be
questioned.

Implementation

Given the very high risk of progression to active disease, treating LTBI in HIV seems an obvious strategy
to reduce TB incidence. Previous studies have reported difficulties in implementation, both at a clinic and
patient level. In the Swiss Cohort Study, a programme to treat latent TB resulted in only 37% of HIV
patients with a positive TST receiving a full course of such therapy. In part, this was due to physicians’
poor adherence to the recommendation [22]. In those that were given preventive treatment, however, there
were no subsequent cases of active TB, a finding that has been mirrored in more recent studies from
Western Europe [18, 30]. Our assumptions of uptake and LTBI treatment completion are based on
contemporary studies from London [18]; however, by using results from a meta-analysis on TST-positive
HIV-infected individuals, comparing LTBI treatment against placebo, we may have underestimated the
efficacy of LTBI treatment in people with a positive IGRA (as modelled here) and hence the
cost-effectiveness of testing [3, 18]. As technologies to detect LTBI improve, the potential for a test with a
better positive predictive value for the development of active TB would further reduce the costs and
morbidity associated with LTBI treatment.
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Conclusion

Data from this study show that testing for tuberculosis infection in those with a known HIV diagnosis
seems cost-effective using either NICE or BHIVA strategies, both of which were published in 2011 and
draws on data from 1996 to 2006. Using our clinic data from 2000 to 2005, the NICE strategy is simple,
less likely to miss cases and cheaper to implement than universal testing. This has reduced the
cost-effectiveness of testing. Checking for latent TB in known HIV-infected persons cannot impact on the
majority of cases of TB-HIV co-infection who are diagnosed with both conditions simultaneously. This
argues for more population-based HIV testing, with subsequent TB risk assessment and treatment if found
to be infected [23].

Our work indicates that a prospective, health economic study of TB testing in HIV infected subjects living
in resource rich, low TB incidence countries is warranted.
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