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SUMMARY

SETTING—In 2009, the World Health Organization (WHO) conducted a survey of the quality of
four anti-tuberculosis drugs in the former Soviet Union countries. Kazakhstan had the highest
proportion of substandard drugs.

OBJECTIVE—To assess the quality of anti-tuberculosis drugs used in Kazakhstan in 2014.

DESIGN—TFourteen anti-tuberculosis drugs from the Almaty Interdistrict TB Dispensary were
randomly selected and screened for quality using Global Pharma Health Fund Minilab™ testing.
First, the product and packaging were physically inspected to determine whether tablets/capsules
were intact (i.e., whether they contained the full amount of the drug, and whether the packaging
was genuine). Second, the tablets/capsules were dissolved in water to test whether they could be
adequately absorbed by the body. Finally, semi-quantitive analyses were undertaken using thin-
layer chromatography to verify the presence and concentration of the active pharmaceutical
ingredient and to detect impurities.

RESULTS—We discovered no counterfeit medicines. However, 163 (19%) of the 854 anti-
tuberculosis drugs sampled failed at least one of the three tests. These samples were found among
24/50 (48%) batches of 14 anti-tuberculosis drugs.

CONCLUSION—Our study identified a high proportion of poor-quality first- and second-line
anti-tuberculosis drugs. Use of these medicines may lead to treatment failure and the development
of drug resistance. Confirmatory testing should be performed to determine if they should be
removed from the market.
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In a review carried out in 2007, substandard and counterfeit anti-tuberculosis drugs with an
inadequate amount of the active pharmaceutical ingredient (API), reduced bioavailability,
toxic impurities or incorrect labelling were identified in 28 countries.? The use of such drugs
could lead to adverse outcomes of tuberculosis (TB) treatment, treatment failure and the
development of drug resistance.2~# This is of particular concern in the newly independent
states (NIS) of the former Soviet Union, where counterfeit medicines (excluding anti-
tuberculosis drugs) constitute 20% of all drugs on the market, and where the highest global
rates of drug-resistant TB occur.?

In 2009, the World Health Organization (WHO) conducted a survey of the quality of four
anti-tuberculosis drugs in selected NIS countries using methods described in the
International and US pharmacopoeias.® Kazakhstan had the highest proportion of
substandard drugs (23.3%), with a particularly high failure rate for rifampicin (RMP)
produced in Kazakhstan.®

In 2014, Kazakhstan remained among the 10 countries that accounted for over 80% of the
global number of cases of multidrug-resistant TB (MDR-TB, defined as TB resistant to at
least isoniazid [INH] and RMP), with a prevalence of MDR-TB of 25% in newly treated and
55% in previously treated TB patients.’

We conducted a follow-up assessment of the quality of anti-tuberculosis drugs procured
through the national budget and used in TB hospitals in Almaty, Kazakhstan. The study was
performed with the National Center of Tuberculosis Problems (NCTP) Kazakhstan, Almaty,
in collaboration with the Global Fund and the Centers for Disease Control and Prevention in
Central Asia (CDC/CAR).

METHODS

Minilab system

During February—March 2014, drug quality was screened using the Global Pharma Health
Fund (GPHF) Minilab™ test kit (Darmstadt, Germany). The kit contains the necessary
testing apparatus, reagents and authentic reference standards of over 80 drugs on the WHO
Essential Medicines list.

Three-stage screening

The GPHF-Minilab kit was used to screen the quality of study samples by conducting three
tests.® The first test was physical inspection of the solid dosage forms (shape, size and
colour), which were compared with the reference standard drugs, and of the packaging to
judge manufacturing quality and detect counterfeits. The second test was disintegration of
the uncoated, normal-release, solid dosage forms to determine if they dissolved into soft
fragments with no palpable core within 30 min, a prerequisite of drug release and
appropriate absorption.® The final test was semi-quantitative analysis by thin-layer
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chromatography (TLC), i.e., chemical analyses of the presence and relative concentration of
the API and impurities in each sample. TLC was performed on both solid and liquid dosage
forms. Details of testing are described in the Appendix.*

The number of samples used for testing was dependent upon which of the three types of
screening was being assessed.8 If each batch underwent comprehensive testing (liquids were
not subjected to disintegration testing), 6-10 dosage units/batch were used for visual
inspection, 6 units/batch were used for the disintegration test and 2 units/batch were used for
TLC testing. If a physical defect was found in a product, a second investigator examined the
product and an agreement was reached. If at least one sample from a batch failed to pass the
disintegration test, testing was repeated with six samples and the results of the retested
samples were considered definitive. A group of samples was considered to have failed the
disintegration test if all six tablets/capsules in the batch failed to disintegrate in water within
30 min.

TLC testing was performed in duplicate; in case of discrepancies, the results with the lower
amount of APl were considered definitive. TLC testing involved two steps: the first step was
performed to determine the presence of the appropriate drug and the second to determine the
concentration of the drug. The first step also helped determine whether the extent to which
the TLC could travel was equivalent to that of the reference standard drug: a discrepancy of
>5% (retention factor error) indicated a non-identical chemical composition. The second
step of the test was used to ascertain the drug concentration by determining the intensity of
the analyte on the gel; a sample with content < 80%o0f the APl was considered to have failed
the drug concentration assessment.

Testing was performed at the Kazakhstan Ministry of Health (MOH) Central Reference
Laboratory within the State Enterprise Scientific and Practical Centre for Epidemiological
Inspection and Monitoring, Almaty.®

Ethical approval

The Kazakhstan MOH provided permission to conduct the study. The Ethics Committee of
the CDC, Atlanta, GA, USA, determined that this was a study to ascertain the proficiency of
a laboratory test.10

Sampling procedure

Government purchase and supply of anti-tuberculosis drugs to NCPT pharmacy warehouses
in Kazakhstan is centralised for subsequent nationwide use in TB dispensaries or
polyclinics. The sale of first- and second-line anti-tuberculosis drugs in pharmacies is
prohibited by decree.}! All anti-tuberculosis drugs are made available to patients at TB
dispensaries or polyclinics by a single wholesale company, SK Pharmaceuticals, which is
run by the MOH.8

*The appendix is available in the online version of this article, at http://www.ingentaconnect.com/content/iuatld/ijtld/
2017/00000021/00000010/art00018
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Drugs assessed in this survey were registered with the National Drug Regulatory Authorities
in Kazakhstan, were within their expiry date, were not WHO-prequalified and were
randomly collected from the pharmacy warehouse of the Almaty Interdistrict TB
Dispensary, which distributes anti-tuberculosis drugs to five district TB dispensaries and 39
polyclinics in Almaty.

To calculate the sample size, a list of all anti-tuberculosis drugs available at the Almaty
Interdistrict TB Dispensary pharmacy warehouse was obtained from the NCPT. All anti-
tuberculosis drugs procured through the national budget and for which we had reference
standard drugs in the GPHF-Minilab kit were selected (Table 1). Sampling followed
standard operational procedures (SOPs) developed by the US Pharmacopeia Drug Quality
and Information Program and GPHF, and were specific to the medicine, its source and the
size of the batch (Appendix).8:12 A “batch’ was defined as a particular production run by a
company carrying an identification number. A “study sample’ was defined as a medicine
with identical® 1) API (ethambutol [EMB], RMP, etc.); 2) brand; 3) dosage form (tablets,
capsules, solutions for injections); 4) dose (200 mg, 50 mg/ml, etc.); 5) manufacturer (e.g.,
Lupin, Mumbai, India, etc.); and 6) serial/batch number (FEL 107A, 50212, etc.).

As recommended by the SOP, 50 dosage forms (e.g., tablets) of a single medicine were
drawn from 10 containers taken from batches that included up to 500 containers (e.g.,
bottles) per batch.8 For batches of the remaining anti-tuberculosis drugs for which there
were >500 containers/batch in the warehouse, 60 dosage forms were randomly sampled
from 20 containers.

We collected 2779 study samples from 50 batches of 14 anti-tuberculosis drugs. Samples
were collected in February 2014 and stored at room temperature (15-25°C), low humidity
(<65%) and away from sunlight.13 Testing with the GPHF-Minilab kit was completed 30
days after collection.

Study definitions

Anti-tuberculosis drugs that failed at least one of the three GPHF-Minilab screening tests
were considered ‘poor quality’. A “‘substandard drug’ is a pharmaceutical term for a
medicine that does not comply with quality standards or specifications.}4 ‘Counterfeit
products’ is a category of substandard medicines that ‘deliberately do not conform with
intellectual property rights or which violate trademark law’.1> Counterfeit products typically
have the wrong or insufficient API (often no API) or have fake packaging.1*

Statistical analysis

RESULTS

Statistical analyses were performed using Epi Info™ v3.5.4 (US CDC).

Of the 2779 study samples of the 14 brands of anti-tuberculosis drugs, 854 (31%) were
screened. The remaining 1925 (69%) samples were retained for possible confirmatory
quality-control testing and manufacturer investigations.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Nabirova et al.

Page 5

Of the 330 samples of 12 anti-tuberculosis drugs inspected physically (two medicines were
not in solid form), 37 (11%) samples from 3/7 manufacturers failed the inspection test (Table
2). Of 14 batches of INH and RMP manufactured in Kazakhstan (PhC Romat, Pavlodar) 9
batches failed; of 3 batches of EMB manufactured in India (Macleods Pharmaceuticals,
Mumbai) 2 batches failed; and of 7 batches of pyrazinamide (PZA) manufactured in India
(Lupin), 2 batches failed. Of these 24 batches, 13 had physically damaged tablets/capsules,
such as chips, which comprised an estimated 10-40% of the size of the tablet. An additional
three batches of RMP (50212, 3013, 30212) from PhC Romat did not have the required
registration information on the packaging, and differed in colour from the remaining batches
of RMP.

Of the 312 samples of 12 solid-form anti-tuberculosis drugs from 43 batches tested for
disintegration, 90 (29%) samples of EMB (one batch from Lupin and three batches from
Macleods), ethionamide (ETH) (one batch from Lupin) and ofloxacin (OFX) (one batch
from Global Pharm, Almaty) failed the disintegration test in the required <30 min, taking as
long as 58 min to disintegrate. In each case, all tablets tested in six batches of medicines
from these manufacturers failed the disintegration test, suggesting a systematic problem
(Table 3). The reference drugs, with analogous APl and doses, disintegrated in water within
11-22 min.

TLC testing was performed on 50 batches of 14 anti-tuberculosis drugs in solid and liquid
forms to confirm the authenticity of the API (retention factor error < 5%) in all samples (7=
212). However, 36 (17%) samples in 9 batches of EMB (Lupin), RMP (PhC Romat) and
kanamycin (KM) (Santo, Shymkent, Kazakhstan) contained <80% of the API (Table 4,
Appendix Figure).

Overall, 163/854 (19%) samples failed at least one of the three GPHF-Minilab tests (Table
5). The most frequent reason for failure was poor disintegration (90/163, 55%), followed by
failure on physical inspection (37/163, 23%) and failure on TLC analyses (36/163, 22%).

DISCUSSION

Eight of the first- and second-line anti-tuberculosis drugs used for treatment in Almaty,
procured through the national budget for use throughout Kazakhstan and manufactured in
Kazakhstan and India, failed our basic quality-control requirements. We detected no
counterfeit drugs, suggesting that there is active regulation of pharmaceuticals in Kazakhstan
even if the quality control of the regulated drugs is not optimal. Our findings can be
extrapolated to anti-tuberculosis drugs used in other regions of the country.

We believe our work is valid, as samples were randomly selected for testing and sampling
was not biased. All technical work was performed by trained analysts following GPHF-
Minilab guidelines. We consulted experts from the US Pharmacopeia (Rockville, MD, USA)
before the start of the study, and received guidance throughout the study from GPHF-
Minilab experts. Medicine Quality Assessment Reporting Guidelines on the reporting of
drug quality were followed.16
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The GPHF-Minilab is an effective, simple, cost-effective and rapid tool for the identification
of substandard medicines, and an excellent screening tool for many medicines.217-20 Not all
aspects of the tool, however, have equivalent sensitivity and specificity, and the GPHF-
Minilab is best thought of as a tool for the detection of gross product failures. In particular,
disintegration, although an important forerunner to dissolution (and subsequent
bioavailability), may not accurately predict the bioavailability of all drugs or forms, notably
RMP. According to the semi-quantitative TLC component of GPHF-Minilab,21:22 drugs with
at least 80% of the API would pass the test. Given that +10%variations in TLC readings can
be seen with the naked eye, medicines with 70-80% of the API that otherwise meet quality
standards could be acceptable.?1:23:24 However, as TLC may mistakenly identify a form as
having too little or sufficient API, reader experience is important for accurate
interpretation.24 Conversely, the detection of breakdown products of the API by TLC due to,
for example, incorrect storage, can lend confidence to an interpretation of too little drug.
GPHF-Minilab screening is thus useful only for identifying gross quality failures, and is not
an indicator of adequate product quality, as some products would require further testing with
independent pharmacopoeia-based tests (if possible): we recommend this approach.

Our assessment has implications for policy and practice. First, failure in the tests can be due
to poor manufacturing practices, counterfeiting or poor storage conditions. There was no
evidence of counterfeiting, as no products with poor packaging or lack of API were found.
All the drugs evaluated were made by approved manufacturers and had passed assessment
by the National Center for Medicines, Medical Devices and Medical Equipment Expertise
before acceptance for use in Kazakhstan. We therefore assumed that discrepancies between
our GPHF-Minilab screening and the initial testing of these anti-tuberculosis drugs upon
registration were due to poor manufacturing practices, leading to variations in drug quality
over time, or poor storage conditions.

The stability of any medicine for the duration of its claimed shelf-life can be ensured under
1) appropriate manufacturing conditions and 2) subsequent storage at the correct
temperature and humidity. We cannot comment on the first point, as we do not have
information on the manufacturing practices of the different manufacturers. Some
deterioration in the quality of the medicines may have occurred during distribution from the
manufacturer to the health facilities. The pharmacy warehouse where the samples were
collected in January 2014 was not heated (outdoor temperatures in Almaty range from about
30°C in the summer to —15°C in the winter), although anti-tuberculosis drugs are required to
be stored at room temperature (15-25°C).13 Studies have shown that the stability of anti-
tuberculosis drugs in tropical environments can withstand high external humidity. 12526
However, the humidity trapped during manufacturing and packaging may lead to accelerated
degradation, a situation that can be aggravated by the wide temperature differences between
day and night in Almaty.2’

Second, substandard medications can harm patients. Although we identified no counterfeit
medication other than RMP lacking registration information, defective tablets of INH, RMP,
EMB and PZA indicate non-compliance with good manufacturing practices and can deliver
less than the required amount of medication. Tablets of EMB, ETH and OFX that failed to
disintegrate within the appropriate time limit are unlikely to release the drug in the body
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within the appropriate time, which would likely affect absorption and lead to lower blood
levels of the drug than required. Products containing <100% of the API as tested using TLC
will deliver less than the purported amounts of the drug.

The results of our study are consistent with the findings of the 2009 WHO survey of anti-
tuberculosis drugs in the NIS, which found substandard forms of RMP and OFX among the
four drugs tested and marketed in Kazakhstan (RMP, INH, KM and OFX).6 We also found
additional drugs of substandard quality.

Anti-tuberculosis drugs in Kazakhstan should be of high quality. The National Drug
Authority should ensure that standards are met, and approval of drugs that are pre-qualified
by the WHO is one way of achieving this aim. Post-marketing surveillance should also be
considered to ensure that the drugs remain of high quality; periodic use of the Minilab kit
could therefore be useful. The cost of the Minilab kit is around US$5000, and one kit was
needed for our study. Given the current budget of US$21 million in Kazakhstan for the
procurement of anti-tuberculosis drugs, such an investment, if it can detect substandard
drugs, would be a wise one. Manufacturers who continually fail quality-control assessments
should be banned from participating in national tenders.2 Nevertheless, even high-quality
drugs can deteriorate under poor storage conditions, and the storage conditions of the
pharmacy warehouses need to be monitored in Kazakhstan.

In conclusion, poor-quality anti-tuberculosis drugs may lead to treatment failure and the
development of drug resistance. Confirmation of our results, including the use of high-
performance liquid chromatography,?22:28 js required to ensure fairness to manufacturers
and to evaluate the true utility of the Minilab system. The use of poor-quality drugs should
be prohibited.
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APPENDIX

The GPHF-Minilab™ system evaluates three aspects of drug quality. Details of the
evaluation procedures are presented below.

Physical inspection

For the physical inspection, 6-10 samples were drawn from each batch of anti-tuberculosis
drug and assessed based on 24 visual criteria. These criteria were: packaging (labelling,
presence of serial and license numbers, etc.); examination of the sample for physical defects
(fractures, fissures, chips, abrasion, stickiness, etc.); examination of the sample for other
characteristics (appropriate closing of the shells, uniformity of size and colour in a single
product batch, presence of dirty spots, foreign particles or dents, etc.).

Inspection was performed in broad daylight using sterile gloves and spatulas. If a sample
failed the physical inspection by one of the researchers, it was re-examined by two other
researchers to verify the result. If a sample failed to meet at least 1 of the 24 testing criteria
by all researchers, it was considered to have failed.

Disintegration test

A disintegration test was performed by immersing anti-tuberculosis drugs in warm distilled
water (35-39°C) using an apparatus operated to raise and lower the bottle with the immersed
drug at a constant frequency of 29-32 cycles/min, per US Pharmacopeia guidelines (http://
www.pharmacopeia.cn/v29240/usp29nf24s0_c701h.html Accessed August 2017).

All tested anti-tuberculosis products are labeled as “quick-release’, and were supposed to
disintegrate in water in <30 min (i.e., until the tablet/capsule became a soft mass or
dissolved completely).

Before testing the study samples, we performed quality control by disintegrating the GPHF-
Minilab reference standard drugs containing the active pharmaceutical ingredient (API) and
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Page 10

doses analogous to the study samples in warm distilled water. After the reference standards
disintegrated in <30 min, the disintegration test was performed on six samples per batch of
the anti-tuberculosis products studied.

B

FigureA.
Chromatoplates observed in the thin-layer chromatography assessment of rifampicin

samples. A) Lane 1 from the left=upper working limit representing 100% of the total drug;
lane 2 from the left = poor-quality drug product with <80% of the drug; lane 3 from the left
= good-quality drug product; lane 4 on the right=lower working limit representing 80% of
the total drug. B) As above for a rifampicin sample from a different batch.
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Table A

Sampling scheme for batch assessment

Page 11

A

If the number of items in the batch consists of <100 containers, for example,
patient packs or boxes, then the minimum number of items to be tested is 10%
or four containers, whichever is greater. Draw from the total number of
containers and sample =50 tablets or capsules.

If the number of items in the batch consists of >100 but <500 containers, for
example, patient packs or boxes, then the minimum number of items to be
tested is 10 containers. Draw from the total number of containers and sample
250 tablets or capsules.

If the number of items in the batch consists of >500 containers, for example,
patient packs or boxes, the minimum number of items to be tested are 2% or 20
containers, whichever is less. Draw from the total number of containers and
sample =50 tablets or capsules.

1 container per batch delivered.
Draw 50 tablets as sample

2 containers per batch delivered.
Draw 25 tablets from each
container

10 containers per batch
delivered. Sample 4 containers
and draw 13 tablets from each
container

40 containers per batch
delivered. Sample 4 containers
only and draw 13 tablets from
each item

50 containers per batch
delivered. Sample 5 containers
equivalent to 10% and draw 10
tablets from each container

97 containers per batch
delivered. Sample 10 containers
(about equivalent to 10%) and
draw 5 tablets only from each
container

150 containers per batch
delivered. Sample 10 containers
and draw 5 tablets from each
container

375 containers per batch
delivered. Sample 10 containers
and draw 5 tablets from each
container

490 containers per batch
delivered. Sample 10 containers
and draw 5 tablets from each
container

540 containers per batch
delivered. Sample 11 containers
(about 2%) and draw 5 tablets
from each container

800 containers per batch
delivered. Sample 16 containers
(precisely 2%) and draw 3
tablets from each container

1000 containers per batch
delivered. Sample 20 containers
and draw 3 tablets from each
container

2000 containers per batch
delivered. Sample 20 containers
and draw 3 tablets from each
container

9000 containers per batch
delivered. Sample 20 containers
and draw 3 tablets from each
container

A group of samples was considered to have ‘passed’ the test if all six tablets/capsules
disintegrated. If at least one tablet/capsule did not disintegrate within 30 min, the test was
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repeated. If the second test had one or more units of samples that did not disintegrate, the
sample was considered to have failed the test.

Chemical analyses: thin-layer chromatography

The GPHF-Minilab thin-layer chromatography (TLC) test identifies the API qualitatively by
comparing the distance of travel (retention factor [Rf] value) between the sample spot and
reference standard spot on the same plate. If the Rf of the reference standard and the study
sample are identical, the medicines have the same chemical composition. The API was also
identified by estimating the Rf error:

Rf(reference) — Rf(sample)

100%
Ri(reference) X 100%

Rf error=

If the Rf error is < 5%, the sample can be considered to have passed the test.
If the Rf error is > 5% but <10%, the sample was considered ‘suspicious’.
If the Rf error is = 10%, the sample is considered to have failed the test.

Semi-quantitative proof of the API concentration is performed visually by observing the
colour, size and intensity of the sample and two reference standard spots, one containing
80% and one 100% of the API concentration; this shows if the sample falls below, or
between, 80% and 100% of the declared concentration.

A sample that demonstrated content that was 80-100% of the API was considered to have
passed the test. A sample that demonstrated content of <80% of the APl was considered to
have failed the test.

Quality control of TLC analyses was performed prior to testing of the study samples by
TLC-testing the reference standards of the selected anti-tuberculosis drugs. Duplicate TLC
tests of the study samples (two samples per test and batch of the anti-tuberculosis drug) were
then performed, and the Rf from both tests compared. The results of the second analysis
were considered final.

GPHF-Minilab sampling procedures?

The amount of samples to be drawn and the costs of sampling and workload of testing can
be streamlined and minimised following statistical quality-control methods to be found, for
example, in the standard handbooks of the International Standards Organization or batch
analysis guidelines in pharmacopoeias for sterility testing. Taking these rules into account,
sampling should take place in accordance with the schedule in Table A. In our study, the
sample size was, on average, 50 tablets or capsules per batch. This covered the maximum
requirement of 24 tablets/capsules per examination with the GPHF-Minilab and a minimum
of 26 tablets/capsules kept aside for further confirmatory testing.
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Anti-tuberculosis drugs assessed for quality using GPHF-Minilab™ screening (7= 14)

Table 1

Generic name Brand name Domsge Name of manufacturer
Isoniazid Isoniazid 100 phc Romat™
Rifampicin Rifampicin 150  phc Romat™
Ethambutol Ecox 400 Macleods”

Ethambutol Combutol 400 | ypin”

Rifampicin Rifampicin-Fereiné 150  Brinsalov-AS
Pyrazinamide Pyzina 500 upin’

Ethionamide Ethide 250 Lypin”

Prothionamide Prothionamide 250 Lupin 7

Cycloserine Cycloserine 250 Global Pharm?
Ofloxacin Oflox 200 Global Pharm ¥
Kanamycin Kanamycin sulfate$ 1000 santo#

Levofoxacin Levofloxacin 250 chimfarm#
Moxifloxacin Floxsafe 400 MSN Laboratories ™™
Amoxicillin, clavulanic acid ~ Miclav 625  Unichem Laboratories ¥

*

Pavlodar, Kazakhstan.
1, . .

Mumbai, India.
'tLiquid forms.
§Moscow, Russia.
”Almaty, Kazakhstan.

#
Shymkent, Kazakhstan.

*Kk
Telangana, India.

GPHF = Global Pharma Health Fund.
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