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ABSTRACT Data on availability and cost of anti-tuberculosis (TB) drugs in relation to affordability at
national level are scarce.

We performed a cross-sectional study on availability and cost of anti-TB drugs at major TB-reference
centres in 37 European countries. Costs of standardised treatment regimens used for pan-sensitive TB,
multidrug-resistant (MDR) TB, pre-extensively drug-resistant (XDR) TB, and XDR-TB were compared
using a purchasing power analysis. Affordability was evaluated in relation to monthly national gross
domestic products per capita (GDP).

At least one second-line injectable and either moxifloxacin or levofloxacin were available in all
countries. Linezolid and clofazimine were available in 79% and 46% of the countries, respectively. Drug
cost for XDR-TB was three-times more expensive than those for MDR-TB. The average price of treatment
for pan-sensitive TB represented a maximum of 8.5% of the monthly GDP across countries, while for
standard MDR-TB treatment this was <30% in only six countries and more than 100% in four countries.
Treatment of XDR-TB represented more than 100% of a month’s GDP in all countries where the regimen
was available.

High cost and limited availability of drugs for treatment of drug-resistant TB, particularly beyond
resistance to first-line drugs, are a major impediment to successful TB control in Europe.
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Introduction
There is little empirical evidence on the costs of tuberculosis (TB) treatment globally and in Europe in
particular. Only recently, a systematic review assessed the cost of TB treatment in Europe to build a case
for investment for the development of a new TB vaccine [1]. This review did not present a detailed
description of the cost of drugs, which might differ considerably between countries due to differences in
healthcare and setting-specific funding mechanisms. Whether the costs of drugs are perceived as
affordable will depend for a large part on who is bearing the burden: the patient or the healthcare system.
For the patient, out-of-pocket expenses and indirect costs are a strong driver of healthcare-seeking
behaviour and adherence to treatment [2–4]; whereas, for the healthcare system, drug and service delivery
costs are important considerations. The recent economic recession has shown that financial constraints on
healthcare systems can have detrimental effects on the incidence of infectious disease [5, 6].

To gain information about the costs of TB medication in Europe, we collected data on drug costs at TB
treatment centres, and assessed the availability and affordability of treatment regimens across almost all
European countries.

Methods
TBNET is a network to promote clinically oriented research in the field of TB in Europe, through
collaborative research [7]. Physicians in the network collected data during February–March 2013 through
hospital pharmacies, dispensaries or, where applicable, through national TB programmes.

Prices were translated to the cost of a day’s treatment with the recommended dosage for each drug, as
required in the treatment of a person weighing 70 kg following the guidelines of the World Health
Organization (WHO) and international consensus [8–10]. If prices of separate drugs were not available,
we divided the cost of the fixed-dose combination (FDC) equally over the drugs that were part of the
FDC.

Prices were converted to international dollars (I$) using the purchasing power parity conversion factor
(2012) in the World Bank’s International Comparison Program database 11, facilitating direct comparison
between countries and regimens. An I$ would buy in a specific country the same amount of goods and
services as a US$ would buy in the USA. Prices in Euro are reported for reference only.

Availability was reported as the number and percentage of countries in which individual drugs were
available during the data collection period. We defined preferred and alternative treatment regimens for
drug-sensitive TB, multidrug-resistant (MDR)-TB (resistant to isoniazid and rifampicin), pre-extensively
drug-resistant (XDR)-TB (resistant to at least one fluoroquinolone or a second-line injectable in addition
to isoniazid and rifampicin), and XDR-TB (resistant to at least one fluoroquinolone, second-line injectable,
isoniazid and rifampicin) following international guidelines (table 1).

TABLE 1 Preferred and alternative treatment regimens by resistance pattern

Drug resistance Preference Duration (months) Regimen

Type Pattern

Sensitive None Preferred 2 HRZE
4 HR

MDR Isoniazid and rifampicin Preferred 8 SL-inj, FQ, Pto/Eto, Cs/Trd, E, Z
12 FQ, Pto/Eto, Cs/Trd, E, Z

Alternative 8 SL-inj, FQ, PAS, Cs/Trd, E, Z
12 FQ, PAS, Cs/Trd, E, Z

Pre-XDRinj MDR + resistance against SL-inj Preferred 20 FQ, Pto/Eto, Cs/Trd, Lzd, E, Z
Alternative 20 FQ, PAS, Cs/Trd, Lzd, E, Z

Pre-XDRfq MDR + resistance against FQs Preferred 8 SL-inj, Pto/Eto, Cs/Trd, Lzd, Cfz, E, Z
12 Pto/Eto, Cs/Trd, Lzd, Cfz, E, Z

Alternative 8 SL-inj, PAS, Cs/Trd, Lzd, Cfz, E, Z
12 PAS, Cs/Trd, Lzd, Cfz, E, Z

XDR MDR + resistance against SL-inj + FQs Preferred 20 Pto/Eto, Cs/Trd, Lzd, Cfz, Amx-Clav, Mero, E, Z
Alternative 20 PAS, Cs/Trd, Lzd, Cfz, Amx-Clv, Mero, E, Z

MDR: multidrug-resistant; pre-XDRinj: MDR tuberculosis with additional resistance to second-line injectable; pre-XDRfq: MDR tuberculosis with
aditional resistance to fluoroquinolone; H: isoniazid; R: rifampicin; Z: pyrazinamide; E: ethambutol; SL-inj: second-line injectable; FQ:
fluoroquinolone; Pto/Eto: prothionamide/ethionamide; Cs/Trd: cycloserine/terizidone; PAS: para-aminosalicylic acid; Lzd: linezolid; Cfz:
clofazimine; Amx–Clav: amoxicillin–clavulanic acid; Mero: meropenem.
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Affordability was reported as the percentage of the gross domestic product (GDP) per capita in I$
required to purchase all drugs in the standardised treatment regimen [12]. This indicator was chosen to
provide a reference point (GDP) when assessing how expensive a drug regimen is and comparing it across
countries, with the implication that if it is very expensive, patients/healthcare systems might not be able or
willing to afford it. Given the duration of treatment for MDR-TB and (pre-)XDR-TB extending to over
one year, we assessed affordability for a month’s treatment. For this we divided the total drug cost of each
regime by its duration (20 months for MDR- and (pre-XDR)-TB regimens, 6 months for pan-sensitive TB
regimens), and the GDP by 12, after which we took the ratio of these two estimates to derive the
percentage of a month’s GDP per capita represented by a month of treatment. Analysis was conducted
using STATA 12 (Stata Corp. College Station, TX, USA). Given the nature and approach of the data
collected, formal ethical approval was not required for the study.

Results
All of the current 28 member states of the European Union were included in the analysis, except for
Malta. We also included Serbia, Former Yugoslavic Republic of Macedonia (FYROM) and Montenegro
(candidate member states); as well as Norway, Switzerland, Republic of Moldova, Ukraine, Bosnia and
Herzegovina, Albania and Belarus. The data from Kosovo were excluded because all drugs were reported
to be free-of-charge at the point of use.

Availability
The availability of drugs and regimens surveyed are depicted in figure 1.

All first-line drugs (isoniazid (H), rifampicin (R), pyrazinamide (Z), ethambutol (E)) were available in all
countries surveyed. 17 of the 37 countries indicated the use of FDC in first-line treatment. For only two
countries, we needed to use the cost of FDCs to estimate the cost of individual drugs.

Amikacin was available in all counties except Bulgaria. Capreomycin was available in 22 (59%) countries,
while kanamycin was available in only nine (24%) countries. Moxifloxacin and levofloxacin were available
in 34 (92%) and 32 (86%) countries, respectively. All countries had at least one second-line injectable
(SL-inj) and one fluoroquinolone (FQ) available.

Prothionamide/ethionamide (Pto/Eto) and cycloserine/terizidon (Cs/Trd) are essential in the preferred
treatment regimen for MDR-TB, while para-aminosalicylic acid (PAS) is essential in the alternative
MDR-TB regimen. These drugs were available in 31 (86%), 32 (86%) and 26 (70%) countries, respectively.
Three countries did not have any of these drugs available (Albania, Serbia, Greece), while another two
countries (Bosnia and Herzegovina, Slovakia) had just one of these drugs available. A preferred MDR-TB
regimen (SL-inj+FQ+Pto/Eto+Cs/Trd), was available in 30 (81%) countries. In only one of the remaining

FIGURE 1 Availability of selected
drugs and treatment regimen. HRZE:
isoniazid, rifampicin, pyrazinamide,
ethambutol; SL-inj: second-line
injection; FQ: fluoroquinolone; PAS:
para-aminosalicylic acid; MDR:
multidrug resistant; XDR: extensively
drug resistant.
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seven countries (Luxembourg), an alternative MDR-TB regimen in which PAS substitutes Pto/Eto was
available, leaving six (16%) countries without an adequate MDR-TB regimen.

The diagnosis of pre-XDR-TB is based on either resistance to SL-inj (pre-XDRinj) or FQs (pre-XDRfq) in
addition to MDR-TB. A pre-XDRinj regimen contains linezolid (Lzd), while a pre-XDRfq regimen contains
Lzd and clofazimine (Cfz). Lzd was available in 29 (78%) countries, and Cfz in 17 (46%). Five (14%)
countries had neither of these two drugs available. A preferred pre-XDRinj regimen (FQ+Pto/Eto+Cs/Trd
+Lzd) was available in 24 (65%) of the countries. In just one of the 13 remaining countries (Luxembourg),
an alternative pre-XDRinj regimen (FQ+PAS+Cs/Trd+Lzd) was available. The preferred pre-XDRfq
regimen (SL-inj+Pto/Eto+Cs/Trd+Lzd+Cfz) was available in just 16 (43%), countries, while none of the
countries without such a regimen had the alternative regimen (PAS instead of Pto/Eto).

Treatment of XDR-TB requires the use of preferably meropenem (Mero) and clavulanic acid, the latter
available as amoxicillin–clavulanic acid (Amx–Clav) in Europe [10]. These drugs were available in 28
(76%) and 31 (84%) the countries surveyed, respectively. However a preferred XDR-TB regimen (Pto/Eto
+Cs/Trd+Lzd+Cfz+Amx-Clav+Mero) was available in just 13 (35%) countries, while none of the countries
without this regimen had the alternative regimen that substitutes PAS for Pto/Eto available.

Cost
The average prices of all individual drugs surveyed are reported in table 2 and those for treatment
regimens in table 3.

Prices for first-line drugs were generally higher in North-West European countries than in Eastern or
Southern European countries. The cost of a 6-month treatment regimen of HRZE for pan-sensitive TB
ranged from 94 I$ in the Republic of Moldova to 1165 I$ in Switzerland.

Capreomycin (daily dose 67 I$) was, on average, three-times as expensive as amikacin (daily dose 22 I$),
while the cost of a daily dose of kanamycin was on average just 6 I$. There was no major price difference
for a daily dose of levofloxacin or moxifloxacin, both costing approximately 7 I$. Pto/Eto was on average
one-third of the price of a daily dose of PAS (40 versus 103 I$).

The price of a full 20-months MDR-TB regimen based on Pto/Eto and Cs/Trd was on average 32 000 I$,
but could be as low as 4600 I$ in the Republic of Moldova, and as high as 79 300 I$ in Finland,
depending on the availability of the SL-inj and the FQs. The alternative regimen in which PAS is
substituted for Pto/Eto was on average 14% more expensive.

The preferred pre-XDR-TB regimens were, on average, almost twice as expensive as the preferred
MDR-TB regimen, but this difference could be much larger. In Hungary, the preferred pre-XDRinj

regimen was 182 000 I$ and the preferred pre-XDRfq regimen 207 000 I$, compared with 56 000 I$ for

TABLE 2 Average price per day treatment for individual drugs

Treatment group Drug name (route) Dose mg·day−1 Cost

Euro I$

Mean Min Max Mean Min Max

Group 1 Isoniazid (orally) 300 0.40 0.01 3.12 0.56 0.01 4.52
Rifampicin (orally) 600 0.89 0.09 3.79 1.18 0.25 3.40
Ethambutol (orally) 1200 0.87 0.07 4.72 1.15 0.17 5.76
Pyrazinamide (orally) 2000 0.74 0.06 3.63 1.00 0.14 3.60

Group 2 Streptomycin (i.v./intramuscular) 1000 2.87 0.12 21.96 4.26 0.33 26.78
Amikacin (i.v.) 750 17.76 0.60 131.89 21.49 1.81 141.82

Capreomycin (i.v.) 1000 45.95 2.67 172.55 66.15 4.67 218.42
Kanamycin (i.v.) 1000 2.88 0.17 15.98 5.35 0.52 30.73

Group 3 Levofloxacin (orally) 1000 4.18 0.15 26.88 6.34 0.32 40.21
Moxifloxacin (orally) 400 3.86 1.10 14.06 6.54 1.41 16.63

Group 4 Para-aminosalicylate acid (orally) 12000 15.48 0.32 34.51 25.55 0.79 103.00
Prothionamide/ethionamide (orally) 750 6.36 0.09 23.81 9.43 0.19 39.31

Cycloserine/terizidone (orally) 750 13.33 0.58 39.50 19.02 1.27 57.29
Group 5 Clofazimine (orally) 100 1.60 0.12 4.31 2.38 0.17 9.76

Linezolid (orally) 600 58.66 4.50 108.10 90.23 8.55 244.82
Amoxicillin-clavulanic acid (orally) 1750/250 2.06 0.24 15.67 3.23 0.31 23.04

Meropenem (i.v.) 3000 48.69 14.61 150.79 72.88 17.56 237.34
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the preferred MDR-TB regimen. This is due to the very high price of Lzd in this country. In turn, the
alternative pre-XDR-TB regimens were slightly more expensive than the preferred pre-XDR-TB regimens,
with an increase of 9% and 8% for pre-XDRinj and pre-XDRfq, respectively.

The price of the 20-month preferred XDR-TB regimen (Pto/Eto+Cs/Trd+Lzd+Cfz+Amx-Clav+Mero) was
at the lower end of the spectrum between 75 000 and 90 000 I$ (Finland, France, Germany, Italy, the
Netherlands and Sweden). Compared with these prices, the price in Hungary (329 000 I$), where both Lzd
and Mero are markedly more expensive than in other countries, is a clear outlier. The average price of the
alternative XDR-TB regimen was 7% higher than the preferred XDR-TB regimen.

Affordability
In all countries, the cost of a month’s first-line regimen remained below 8.5% of a month’s GDP in 2012.
In seven countries, the cost was more than 5% of a month’s GDP per capita, of which five were in Eastern
or Southern Europe (Republic of Moldova (5.5%), Slovenia (6.3%), Bosnia and Herzegovina (6.7%), Spain
(6.8%), Albania (8.3%)) and two were in Northern or Western Europe (Finland (5.7%), UK (6.0%)). In
Italy and Luxemburg, the cost of a month’s course first-line regimen was below 1% of a month’s GDP per
capita but for different reasons: in Italy, the price of the first-line regimen was relatively inexpensive, while
Luxemburg has the highest GDP of the countries surveyed.

The percentage of monthly GDP per capita represented by a month’s treatment with the preferred
MDR-TB regimen remained below 30% in just three countries, while for 13 countries it was above 60%, of
which for seven countries above 100% (Ukraine (101%) Slovenia (114%) Finland (124%) Poland (146%)
Czech Republic (147%) Hungary (155%) Montenegro (182%)).

The alternative MDR-TB regimen based on PAS instead of Pto/Eto represented up to 60% of a month’s
GDP per capita in most countries. In eight countries, this percentage was above 100% (Ukraine (103%),
Republic of Moldova (119%), Finland (122%), Slovenia (133%), Czech Republic (137%), Hungary (162%),
FYROM (208%), Montenegro (268%)).

The percentage of a month’s GDP represented by pre-XDR-TB regimens was high for both preferred and
alternative regimens, as well as for both pre-XDRinj and pre-XDRfq regimens. In all four scenarios, the
percentage could be as high as 400%. For the pre-XDRinj regimens, the percentage was below 100% in just
seven and four countries for the preferred and alternative regimens, respectively. This was even less
frequent for pre-XDRfq regimens, where the percentage of a month’s GDP represented by the regimen was
below 100% in five and zero countries for the preferred and alternative regimens, respectively.

A month’s treatment with the preferred 20-month XDR-TB regimen represented more than 100% of a
month’s GDP per capita in all countries where available (n=14). The percentage ranged from 104% in
Norway to 915% in Hungary. For the alternative regimen in which PAS substitutes Pto/Eto, the
represented monthly GDP per capita ranged from 122% in Germany to 934% in Hungary among the nine
countries where such regimen was available.

Figure 2 depicts the availability and affordability of each of the regimens for each of the countries
surveyed. Countries are grouped by annual GDP per capita. It shows that regimens for the treatment of

TABLE 3 Average drug costs per full treatment regimen where available

Resistance Regimen Countries n Cost

Euro I$

Mean Min Max Mean Min Max

Pan-sensitive Preferred 37 334 41 1299 448 93 1164
MDR Preferred 30 23 272 2112 77 354 31 715 4565 79 247
MDR Alternative 23 23 398 3136 72 618 34 656 6781 78 083
Pre-XDRinj Preferred 24 54 523 24 344 96 458 78 047 46 257 181 739

Alternative 19 58 373 18 571 98 271 85 171 35 287 188 517
Pre-XDRfq Preferred 16 67 346 35 507 106 730 88 199 61 261 207 152

Alternative 11 71 506 29 734 104 023 95 275 56 498 213 930
XDR Preferred 14 93 962 56 028 180 237 123 936 75 587 329 104

Alternative 9 90 657 65 031 148 312 124 887 82 317 335 882

MDR: multidrug resistant; pre-XDRinj: MDR tuberculosis with additional resistance to second-line injectable; pre-XDRfq: MDR tuberculosis with
aditional resistance to fluoroquinolone.
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(pre-)XDR-TB are almost exclusively available in countries with a high GDP per capita (>3000 I$). In
some countries with a moderate GDP per capita (1000–3000 I$), these regimens are available but
represent a large part of a month’s GDP. In the four countries with the lowest GDP per capita (<1000 I$),
only pan-sensitive and MDR-TB regimens are available.

Discussion
The results show that a standard first-line drug regimen against TB was available in each of the countries
surveyed, but not adequate regimens for MDR-TB or (pre-)XDR-TB. The limited availability of
second-line drugs corroborates those reported in a survey among five European MDR-TB treatment
centres [13]. Costs and affordability differed markedly between countries, with drug costs for regimens for
MDR-TB and (pre-)XDR-TB representing large parts of a monthly GDP per capita in a considerable
number of countries, and not seldom exceeding 100%. There was a clear trend of increasing drug cost with
regimens against more extensive drug-resistant profiles.

The high drug cost associated with resistance against SL-inj and/or FQs is of concern given the increasing
number of patients with (pre-)XDR-TB in European countries [14]. Reasons for the large differences
observed in drug cost might be related to differences in procurement practices or accessibility to
discounted prices through international donors or organisations. The recent past, in the field of
HIV-treatment, has shown that concerted efforts from appropriate international bodies, politicians and
patient-activists can influence availability and prices for live-saving drugs [15]. There is no reason why
such efforts cannot be repeated for drugs needed to treat drug-resistant TB.

The Global Drug Facility (GDF), in collaboration with the Global Fund and other funding agencies, assists
in the procurement of TB drugs for selected countries, either through grants or direct procurement [16].
This ensures a timely, affordable and quality-assured drug supply. Our analysis included nine countries
that procured drugs with the GDF in 2011 (Republic of Moldova, Romania, Serbia, Belarus, Bulgaria,
Estonia, Bosnia and Herzegovina, Ukraine, FYROM). Drug cost for a preferred MDR-TB regimen
represented in four of these countries below 35% of a month’s GDP per capita while, in three other
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FIGURE 2 Affordability of treatment regimens. GDP: gross domestic product. Square: preferred regimen; circle: alternative
regimen; black: pan-sensitive; green: multidrug resistant; red: extensively drug resistant (XDR); blue: pre-XDRinj TB
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M: medium incidence (15–100 per 100 000 people); L: low incidence (<15 per 100 000 people).
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countries, the percentage was below 65%, indicating the important role that the GDF plays by contributing
to affordable TB control. However, none of these countries reported the availability of drugs needed to
provide a preferred XDR-TB regimen, although Lzd and Cfz are available at GDF. Reasons for this
observation remain unclear.

The study shows that kanamycin is markedly cheaper than other second-line injectable. Kanamycin was
identified as the second-line injectable that had a larger effect on treatment success in the treatment of
MDR-TB compared to capreomycin [17]. It is therefore surprising that only 24% of the countries reported
the availability of this drug. In the same study, Pto/Eto showed a better effect compared with PAS. In our
study, Pto/Eto was also less expensive and regimens including this drug represented less of a month’s GDP
than regimens including PAS.

Recent studies have shown that regimens containing Lzd for the treatment of XDR-TB result in more
rapid culture conversion compared with regimens without Lzd [18, 19]. The main drawback of Lzd is the
high risk of adverse events, although lowering the dose from 600 mg to 300 mg might be beneficial [19]. It
is therefore unfortunate that it is the most expensive group 5 drug and not available in every country.

The affordability indicator was provided as a reference point to how expensive a drug regimen is. The
assessment of actual affordability for a healthcare system depends on a number of factors, including the
actual number of drug-resistant patients in the country, the (TB-related) healthcare expenditure in relation
to GDP, as well as the relevant, nationally chosen willingness-to-pay threshold. We did not attempt to
make such an assessment of affordability or on the willingness-to-pay by national health systems, but
aimed to describe estimates of drug cost for a single month a treatment.

Drug cost is one component of the total cost related to TB-control, but is frequently not reported
separately in studies or health assessments. While it is acknowledged that human resources or
hospitalization costs for TB-treatment can represent a substantial part of the total costs of treatment, our
study shows that the cost for drugs can be very high and increases with more complex treatment regimens.

One potential limitation of our study is the data collection through a survey among single TB-reference
centres in each country. The drug cost refers to those incurred by the treatment centres when obtaining
these drugs from any source available to them, including procurement through national TB programmes
(NTPs) or pharmacies. As drug prices are fixed in most countries, this cost is generalisable for the county.
With TB-reference centres being an integral part of NTPs in most countries, the drug cost incurred by the
centres reflects the prices for the NTPs. The survey approach precluded the report of prices by standardised
volume of active ingredients, although formulation of the drugs in the different countries was comparable.
Beside this, we were able to adhere to the international guidelines on reporting drug prices [20].

Our approach also precludes a clear distinction between brand products and the lowest-priced generic
equivalent. Most likely, our data reflect a mix of these products. Yet, our estimates are within the same
range as presented in earlier studies and reports [21]. Despite these limitations, the approach of using a
well-established consortium with members strategically placed in TB care and control activities, enables us
to report an overview of prices of single drugs and preferred and alternative TB treatment regimens.

Another limitation of our study is the absence of comprehensive information on the price of FDC, which
can be lower than the addition of single drugs. The method to deal with FDC containing pyrazinamide
and/or ethambutol in addition to isoniazid and rifampicin might have under- or over-estimated total dugs
costs for all regimens. However, the relative price of pyrazinamide and ethambutol are so minimal in
comparison with the other drugs combined in the non-pansensitive regimens, that we feel that the effect is
negligible and that the approach is not jeopardising our conclusions.

Treatment of MDR-TB and XDR-TB in Europe is challenging due to fact that adequate regimens are not
available in every country. Where these regimens are available, drug cost can be exorbitant and represent a
substantial amount of GPD per capita. With the availability of new anti-TB drugs like bedaquiline and
delamanid, prices for the treatment of patients with MDR-TB and XDR-TB will increase even further. For
some patients, the current cost of those new drugs for a single day of therapy exceeds the cost of drugs for
a complete course of standard 6-month treatment regimen for patients with pan-drug susceptible TB.
There is a need for consorted efforts from pharmaceutical companies, politicians and patient-activists to
make vital drugs for treatment of drug-resistant TB available and affordable in every single country.
Preventing MDR-TB and XDR-TB in the first place is a priority for every TB-control programme.
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