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ABSTRACT

Objectives Substandard and falsified (SF) antiretrovirals
(ARVs) risk poor outcomes and drug resistance, potentially
affecting millions of people in need of treatment and
prevention. We assessed the available evidence on SF
ARV and related medical devices to discuss their potential
public health impact.

Methods Searches were conducted in Embase, PubMed,
Google, Google Scholar, Web of Science and websites
with interest in ARV quality in English and French up to 30
November 2021. Publications reporting on the prevalence
of SF ARV were assessed in a quantitative analysis using
the Medicine Quality Assessment Reporting Guidelines
(MEDQUARG).

Results We included 205 publications on SF ARV and

11 on SF medical devices. Nineteen prevalence surveys
of SF ARV, published between 2003 and 2021, were
included, with no surveys relevant to SF medical devices.
The prevalence survey sample size ranged from 3 to
2630 samples (median (Q1-Q3): 16.0 (10.5-44.5); 3
(15.8%) used random outlet sampling methods. Of the
3713 samples included in the prevalence surveys, 1.4%
(n=51) failed at least one test. Efavirenz, nevirapine and
lamivudine-nevirapine-stavudine combination were the
most surveyed ARV with failure frequencies of 3.6%
(7193), 2.6% (5/192) and 2.8% (5/177), respectively. The
median (Q1%—-Q3%) concordance with the MEDQUARG
criteria was 42.3% (34.6%-55.8%).

Conclusion These results suggest that there are few data
in the public domain of the quality of ARV in supply chains;
the proportion of SF ARV is relatively low in comparison to
other classes of essential medicines. Even a low proportion
of the ARV supply chain being poor quality could make a
large difference in the HIV/AIDS international landscape.
The 95-95-95 target for 2026 and other international
targets could be greatly hampered if even 1% of the
millions of people taking ARV (for both prevention and
prophylaxis) receive medicines that do not meet quality
standards. More surveillance of SF ARV is needed to
ensure issues are detected.

INTRODUCTION

Antiretrovirals (ARVs) are primarily used for
the treatment and prevention of infection by
the human immunodeficiency virus (HIV).!
According to the WHO, approximately
38.4million people were living with HIV at

1,2,3

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Substandard and falsified (SF) antiretrovirals (ARVs)
lead to negative health impacts for patients with
HIV infection, including poor patients outcomes and
economic losses. They also likely to have global
public health impact engendering drug resistance.
However, data on SF ARV are scattered without glob-
al understanding of their epidemiology and impact.

WHAT THIS STUDY ADDS

= In the 19 studies, we identified that aimed to un-
derstand their epidemiology, 1.4% of the 3713 ARV
samples failed at least one quality test.

= However, this estimate is not generalisable globally
due to major gaps in the evidence, with geograph-
ical disparities and survey methodology issues.
Prevalence surveys mainly included ARV samples
collected in Africa and we found no publicly available
evidence for almost 90% of national states.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings suggest that SF ARV are a public health
issue as even a low proportion of the ARV supply
chain being poor quality could make a large dif-
ference for the millions of patients who take them
globally.

= More research with robust methodology and report-
ing is required to provide more precise estimates of
the extent of the problem, where and what the prob-
lems are and the potential impact of SF ARV on drug
resistance and patient outcome, to better inform in-

terventions and policy.

the end of 2021% and by July 2022, the HIV/
AIDS had caused 40.1million deaths glob-
ally.? Approximately 850 children became
infected with HIV and approximately 310
children died each day in 2021 from AIDS-
related causes.”

Globally, 75% of HIV-infected people were
receiving antiretroviral therapy (ART) at
the end of 2021.* * With no cure or vaccine
currently available, access to quality ART
is crucial to control the infection and help
prevent transmission. The WHO estimated
that between 2000 and 2019 ARV saved
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15.3 million lives and reduced the percentage of new HIV
infections by 39% and HIV-related deaths by 51%.°

HIV drug resistance (HIVDR) affects the efficacy of
ART, resulting in increased HIV-associated morbidity
and mortality and transmission. According to surveys
conducted in 10 countries in sub-Saharan Africa (2012—
2020), nearly one-half of infants born to mothers infected
with HIV presented with HIVDR to one or more non-
nucleoside reverse transcriptase inhibitors (NNRTIs),
one of the key classes of medicines for treatment and
prevention of HIV transmission.®” Minimising the spread
of HIVDR is critical to ensure long-term efficacy and
durability of ARV.

The global ARV drugs market value exceeded US$
24.7billion in 2018.% Projections suggest that it will be
US$ 22.5billion by 2024.

Substandard (due to within factory or supply chain
errors) and falsified (due to fraud) (substandard and
falsified, SF) medical products of all therapeutic classes
have been found in many countries.”'” The WHO esti-
mated that around 10.5% of medical products are SF
in L/MIC, with an estimated US%30.5billion financial
loss."! A variety of defects have been found in SF medi-
cines. They may contain one or several unexpected toxic
active ingredients, too low or too high amounts of the
expected active ingredients, they may contain none of
the expected active ingredient(s) and they may also fail
to dissolve properly, hence preventing the active ingredi-
ent(s) from reaching the blood stream, thus losing their
efficacy. Hence, SF represent a serious public health
problem. They also have a significant impact on clin-
ical practice and the economy, and they generate loss of
confidence in healthcare professionals and healthcare
systems.!" Antibiotics and antimalarials are the most
studied classes of medicines.'”™ A recent systematic
review of the scientific literature showed that 17.4% of
the 13555 antibiotics tested for quality failed at least one
quality test."” In another systematic review, 15.4% of the
3414 medicines used for cardiovascular diseases failed
at least one quality test.'” In both reviews, samples were
mainly collected from low-income and middle-income
countries and the number of samples tested per country
was relatively small compared with the amount of medi-
cines used globally. There is little scientific evidence
publicly available on the quality of medicines available
in high-income countries but the number and types of
recalls by regulatory authorities show that these countries
are not immune.'**

Good quality ARVs are vital in the management of
HIV infection and AIDS. The high number of people
affected, the cost, the length of treatment and impaired
access raise the risk of ARV falsification. Cases of SF ARV
have been identified over the past decades and ARV
are often quoted as medicines with common/recurring
quality issues.”’** However, as far as, we are aware there
is no clear understanding on the epidemiology of SF
ARV globally. This systematic review was conducted with
the key objective to summarise the available evidence on

ARV medicines quality globally, to discuss their potential
impact for patients and society.

METHODS

Search strategy

Search terms relevant to pharmaceutical quality (eg,
‘falsified’, ‘substandard’) were combined with search
terms relevant to ARV and HIV/AIDS (online supple-
mental file 1). Systematic searches were conducted in
Embase, PubMed, Google, Google Scholar and Web of
Science in English and French up to 30 November 2021.
The search terms were adapted for searches in MRA
websites, and other websites with interest in medicines
quality in English and French (online supplemental file
2). The articles from the first 20 pages of Google search
results were screened for eligibility. Titles and abstracts
were first screened and full texts of the identified articles
were then assessed for eligibility. A manual search of the
reference lists of the included articles was performed.
Articles identified in previous systematic reviews by our
group that included ARV medicines but not captured in
our searches were also included.

Eligibility criteria

Scientific articles and grey literature in English or French
assessing or discussing the quality of ARV medicines
were included. Articles containing scientific data on
the prevalence of ARV medicines quality were the most
relevant publications for this review. Other scientific
articles included studies describing new tests or valida-
tion of innovative techniques to determine the quality of
medicines in which ARV medicine samples were used to
validate the technique, equivalence studies and quality
control analyses. We also included reports of seizures,
recalls, alerts by the MRAs or pharmaceutical compa-
nies and patients describing adverse reactions where the
quality of the medicine was suspected to be the cause.
The different types of study included in this review are
described in online supplemental file 3.

We excluded data from publications describing the
development/validation of analysis technique(s) for
quality assessment of ARV medicines without sufficient
information on the samples used and publications on the
quality of herbal/mineral/animal part remedies claimed
to treat HIV/AIDS.

We included medical devices for the diagnosis of HIV.

Key definitions

Following the 2017 WHO definitions, falsified medicines
are those that ‘deliberately/fraudulently misrepresent
their identity, composition or source’.”” Substandard
medicines are ‘authorised medical products that fail to
meet either their quality standards or their specifications,
or both’.* This may result from negligence/errors during
the manufacturing process or degradation through dete-
rioration because of inappropriate storage/transport in
the supply chain. There is inadequate evidence to distin-
guish poor quality medicines resulting from errors during
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the manufacturing process from subsequent degradation
in the supply chain due to heat and humidity.

Pharmaceutical analysis relies on compendial tests
described in pharmacopoeial monographs. For finished
medicines, monographs commonly include the identi-
fication and quantification of Active Pharmaceutical
Ingredient (API) content (using sophisticated stan-
dardised techniques such as liquid chromatography
coupled with various detectors), dissolution testing,
detection of specific levels of predetermined impu-
rities/related substances, uniformity of dosage units
and additional attributes depending on the formu-
lation of the product (eg, tablet friability). In many
studies included in this review, not all pharmacopoeial
analyses were conducted and also a variety of non-
pharmacopoeial assays were used, for example, for
investigating specific contaminants or unstated APIs.
Assay details were not always provided making it diffi-
cult to standardise the definition of a ‘failed sample’.
Consequently, we define a failed sample as one for
which at least one quality analysis test performed by
the investigators gave a fail result, irrespective of the
number and type of assays used.

As it is not possible to reliably classify a medicine as
substandard or falsified without packaging analysis, prod-
ucts without packaging authentication that failed at least
one quality test (ie, the results are outside the acceptable
limits of the chosen specifications reference, either phar-
macopoeia monograph or in-house specifications) are
defined as ‘substandard or falsified’ (SorF).'* However,
all samples that contained incorrect or no API were
assumed to be falsified, although there is a (limited) risk
of misclassification of such samples as falsified when they
are substandard, due to gross manufacturing errors.

As in previous systematic reviews by our group,' ' *
we define ‘failure frequency’ (FF) as the proportion of
samples included in a prevalence survey that failed at
least one quality test described in the report. We define a
‘data point’ as a specific location where medicines were
collected for quality analysis, at a given time and for a
given study. For medicines purchased online the location
where the samples were received was extracted.

Data collection

Data were manually extracted into the ‘Online Medi-
cine Quality Data Manager’, an online data entry tool
developed by the Infectious Diseases Data Observatory
(IDDO) Informatics and the Lao-Oxford-Mahosot-
Wellcome Trust Research Unit Medicine Quality team.
Publication type (eg, report, original research article),
year of publication, sampling type, location (country and
city, where available) and type of outlet where samples
were collected, the total number of samples collected,
API/API combination name, number of samples failing
medicine quality test(s), quality defect and the tech-
niques that were used to analyse samples were entered in
the online tool.

Data analysis

FlySpeed SQL Query (V.3.5.4.2) was used to extract
data from the online database and Microsoft Excel 2013
was used for data analysis. Qualitative variables were
expressed as numbers and percentages (n (%)). Quan-
titative variables were expressed as median with first and
third quartiles (Q1 and Q3, respectively).

Quality of studies assessment: Medicine Quality Assessment
Reporting Guidelines

The methodology and reporting of prevalence surveys
were evaluated using the Medicine Quality Assessment
Reporting Guidelines (MEDQUARG). MEDQUARG is a
checklist of 26 items that should be included in reports of
medicine quality surveys.27 All criteria had to be fulfilled
for each item to be awarded one point. Prevalence
surveys were assessed independently by two reviewers
with a third person resolving any disagreement. Only
the prevalence surveys published as original articles in
scientific journals, following the Introduction/Methods/
Results/Discussion section or similar style and published
as reports or PhD thesis, were assessed.

This review was registered in the International Prospec-
tive Register for Systematic Review (PROSPERO, Regis-
tration No: CRD42016039531) and is reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (online supplemental file
4).

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Overall literature on ARV medicines quality

After duplicates removal, 21462 out of 25880 publica-
tions gathered through electronic searches were screened
by title and abstract (figure 1).

In total, 216 publications were included in this review,
of which more than half were original research arti-
cles (57.9% (n=125)) and 13.9% (n=30) were lay press
(figure 2). Most original research articles (89.6%,
112/125) were published in peerreviewed journals.
The number of publications related to ARV medicines
quality per year was low between 1990 and 2003, reached
a peak in 2016 (n=28 publications) and then decreased
(figure 2).

Of the 216 publications, 205 were on ARV medicines
quality and eleven on the quality of medical devices
used in HIV. Of the 205 publications on ARV quality,
76 (37.1%) described the quality of ARV medicines in a
specific location at a specific time with a total of 455 data
points, and 129 (62.9%) did not contain data point infor-
mation. No publication on medical devices for HIV diag-
nosis contained data on their quality in a specific location
at a specific time. Out of 76 publications with data
points, 19 (25.0%) were prevalence studies, 15 (19.7%)
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Records excluded

(n=21.215)

Full-text articles excluded (n=107)
- Other language (n= 10)

- Herbal medicines (n=1)

- Lack of information/ambiguity/

discrepancies regarding the quality of
assessed products (n=70)

Figure 1
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PRISMA flow chart of the selection process of the publications on antiretroviral medicines quality. PRISMA,

Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

analytical technique development/validation, 8 (10.5%)
routine quality control analysis, 4 (5.3%) equivalence
studies, 1 (1.3%) bioavailability study and the data from
the United States Pharmacopoeia's (USP) Medicines
Quality Database were also included as one publication
(1.3%) (online supplemental file 5). Others were recall/
warning/alerts (n=16), seizures (n=7) and case reports
(n=5) published in newspapers or medicines regulatory
authorities websites.

A total of 4898 samples were collected and tested for
quality, mainly in prevalence surveys (n=3713, 75.8%)
and routine MRA quality control analysis (n=766, 15.6%).
Of all samples, 59 (1.2%) failed at least one quality test.
Of the failing samples, 54 (91.5%) were classified as SorF
because no packaging analysis to assess the authenticity
of the samples had been performed, 5 (8.5%) were
substandard and no samples were classified as falsified.

All data are mapped and can be downloaded on the
IDDO Medicine Quality Surveyor system (https://www.
iddo.org/mqsurveyor/#antiretrovirals).

Prevalence surveys
Nineteen prevalence surveys published between 2003
and 2021 were included. Overall 3713 samples of 22

different APIs or combinations of APIs were collected
in 21 countries (168 data points) on 4 continents. The
sample size per study ranged from 3 to 2630 samples
with a median (Q1-Q3) of 16.0 (10.5-44.5) samples per
prevalence survey. The overall FF in prevalence surveys
was 1.4% (51/3,713). Of the failing samples, 47 (92.2%)
were classified as SorF, 4 (7.8%) were substandard and no
samples were classified as falsified.

Three prevalence surveys used random sampling to
select the outlets to be included (FF 2.1%, 9/419), 14
used convenience sampling only (FF 1.2%, 38/3,247), 1
used mixed random and convenience sampling designs
(FF 0.0%, 0/42), and the sampling strategy was not
described in one survey (FF 80.0%, 4/5) (online supple-
mental file 6).

We found no publicly available evidence for 174/195
(89.2%) of national states. About three-fourths (75.8%,
n=2813/3713) of samples in prevalence surveys
were collected from low-income countries, 18.7%
(n=695/3,713) and 0.1% (n=37/3,713) were collected in
middle-income and high-income countries, respectively
(table 1). One hundred and sixty-eight samples (4.5%)
were part of a large multicountry study but the FF were
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Figure 2 Number of publications per type and year of publication. (Note: publications published up to the 30 November 2021

only were included).

not broken down by country. Over 90% (3675/3713) of
samples included in prevalence surveys were procured
in Africa and Asia, representing 97.0% (3603/3713) and
1.9% (72/3713) of all the samples, respectively.

The FF was the highest in the Americas (11.8%, 2/17),
followed by Europe (9.5%, 2/21), but the total number
of samples tested was low. The FF was 1.2% (45/3603) in
Africa and 2.8% (2/72) in Asia. The highest number of
samples was collected in Tanzania (n=2707), with an FF
of 0.9% (24/2707).

The proportion of samples of Efavirenz collected in
prevalence surveys was the highest (5.2%, 193/3713)
with FF=3.6% (7/193), followed by nevirapine (5.2%,
192/3713) with FF=2.6% (5/192) and lamivudine-
nevirapine-stavudine combination (3.8%, 177/3713)
with FF=2.8% (5/177), respectively (table 2).

The FF of samples of ritonavir was the highest (100.0%,
2/2), followed by that of indinavir (42.9%, 6/14) but
only few samples were tested.

Most of samples collected in prevalence surveys were
tested for more than one quality attributes (93.8%,
3483/3713). Fourteen samples (1.4%, 14/1034) failed
the API content test and 8 samples (1.3%, 8/616) failed
the dissolution test. No sample (0.0%, 0/495) failed
impurity/contaminant/related substances tests (online
supplemental file 7).

Six samples out of 3256 (0.2 %) failed visual inspection
of sample units (shape/colour uniformity, presence of
contamination etc) and/or non-comparative packaging
analysis (check of the availability of specific information

and in some cases the conformity to packaging and label-
ling requirements with reference to MRA guidelines) in
prevalence surveys. Of 14 samples that failed API content
tests, 50.0% (7/14) contained lower API amount than
stated, 42.9% (6/14) higher APT amount and for 1 sample
(7.1 %, 1/14) there was not enough information in the
publication to determine whether it contained higher
or lower amounts of API. Twelve out of 19 studies used
High-Performance Liquid Chromatography (HPLC)
methods (coupled with various detectors) for analysing
API content (79.6%, 823/1034 samples).

The USP was the most commonly used (in 13/19
studies), followed by the British Pharmacopoeia and the
International Pharmacopoeia (in 5 and 4 studies, respec-
tively) (online supplemental file 6).

The highest FF was observed in samples collected from
private pharmacies (28.0%, 7/25), followed by hospital/
health centres (19.0%, 8/98), websites (7.7%, 2/26) and
other government outlets (6.3%, 1/16) (online supple-
mental file 8). In total, 1302 samples were collected in
multiple types of facilities with an FF of 2.2% (29,/1302)
but results of the quality tests were not given by outlet
type. In additional, 2200 samples included in one study
were collected in Tanzanian ports of entry with FF 0.0%
(0/2200). For 21 samples, there was no information on
the health facility where the samples were collected.

For the majority of the samples (93.3% (3464/3713))
included in prevalence surveys, there were no details
on the stated manufacturer, or no breakdown of the
samples by country of origin of the manufacturer (online
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Table 1 Failure frequency by continent/country in prevalence surveys
Continent Income Country No of publications No of data points Failure frequency % (n/N)
Americas 11.8 (2/17)
HIC USA 1 6 12.5 (2/16)
UMIC Jamaica 1 1 0.0 (0/1)
Europe 9.5 (2/21)
HIC Lithuania 2 40.0 (2/5)
HIC UK 1 3 0.0 (0/16)
Asia 2.8 (2/72)
uUMIC China 1 3 33.3 (1/3)
LMIC Cambodia 1 1 14.3 (1/7)
LMIC India 1 7 0.0 (0/17)
UMIC Thailand 1 3 0.0 (0/3)
Unknown Unknown* 1 8 0.0 (0/42)
Africa 1.2 (45/3603)
LIC Ethiopia 1 4 25.0 (1/4)
LMIC Senegal 2 9 14.5 (8/55)
UMIC South Africa 3 9 9.1 (1/11)
LMIC Nigeria 2 11 5.7 (4/70)
LIC DR Congo 2 11 3.9 (2/51)
LMIC Zambia 5) 17 3.1 (2/65)
LMIC Cameroon 2 11 1.4 (1/69)
LIC Tanzania 3 23 0.9 (24/2707)
Unknown Unknownt 1 1 0.8 (1/126)
LMIC Kenya 8 26 0.3 (1/394)
LIC Uganda 2 9 0.0 (0/51)
Total 19 168 1.4 (51/3713)

Because of the limited number of samples tested for quality in the studies included in this review, the figures should not be interpreted as representative of the
prevalence of specific SF antiretroviral medicines (please refer to the discussion section of the current paper for more details).

*Multicountry study (Thailand and Vietnam) with no break down of the results by country.

TMulticountry study (Burkina Faso, Democratic Republic of the Congo, Nigeria, Rwanda and Zambia in Africa) with no break down of the results by country
DR Congo, Democratic Republic of the Congo; HIC, high-income country; LIC, low-income country; LMIC, lower-middle-income country; SF, substandard and

falsified; UMIC, upper-middle-income country.

supplemental file 9). The FF of the samples stated as
made by Asian manufacturers (6.4%, 238/3713), was
of 3.8% (9/238). The FF of samples stated as made by
American manufacturers was the highest (14.3%, 1/7).

The median (Q1%-Q3%) concordance with
MEDQUARG items of 15 prevalence surveys that met the
inclusion criteria for appraisal using MEDQUARG was
42.3% (34.6%-55.8%) (figure 3, online supplemental
file 10).

Quality of studies assessment

Although 10 surveys were reported after the publica-
tion of the MEDQUARG in 2009, none stated that the
MEDQUARG guidelines were followed to report the
findings. Three (20.0%) studies reported how the
sample collectors presented to the seller (whether covert
shopper, and what the sampler said/asked the seller) and
4 (26.7%) outlined the sampling design with sufficient
details (online supplemental file 10). Only 40.0% (6/15)
of the studies provided definitions on the quality of medi-
cines or recognised the WHO definition. In 33.3% (5/15)

of the surveys, the samples were clearly categorised as
genuine, falsified or substandard or another equivalent
terminology (or an explanation of the reason why this
was not done); 33.3% (5/15) stated whether medicines
were registered with the government in the location(s)
sampled. Sixty per cent (10/15) of the studies reported
with sufficient details the relationship between packaging
and chemistry results. The MRA of the sampled coun-
try(ies) was either involved in the study (a representative
of the MRA being an author in the paper) or was stated to
be informed of its findings in four studies (26.7%).

Seizures, recalls, case reports

Twenty-eight publications describing recalls/warning/
alerts (n=16), seizures (n=7) and case reports (n=5) of SF
ARV medicines were found during our searches (online
supplemental file 11). Recalls of products of 14 APIs/
combinations due to dissolution failure, API content
or impurity/contaminant were found. In addition, 10
recalls/warning/alerts and seizures of HIV diagnostic test
kit and HIV viral load for diagnostic test were identified
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Table 2 Failure frequency by API/API combination in prevalence survey

API/API combination

Ritonavir

Indinavir

Lopinavir-ritonavir
Lamivudine-zidovudine-nevirapine
Stavudine

o

Efavirenz
Lamivudine-nevirapine-stavudine

N

Nevirapine

Zidovudine

Lamivudine

Lamivudine-zidovudine
Antiretroviral-unspecified

Abacavir

Abacavir-lamivudine

Amprenavir

Didanosin
Efavirenz-lamivudine-tenofovir disiproxil
Emtricitabine-efavirenz-tenofovir disiproxil
Emtricitabine-tenofovir disoproxil
Lamivudine-stavudine

Saquinavir

Tenofovir disoproxil

Tenofovir disoproxil-lamivudine

Total

QAo lwalANd NS aalNdMOoN 2N AN

9

No of publications

No of data points  Failure frequency % (n/N)

2 100.0 (2/2)
6 42.9 (6/14)
5 18.2 (8/44)
3 8.2 (7/85)
13 4.2 (4/96)
23 3.6 (7/193)
14 2.8 (5/177)
24 2.6 (5/192)
18 1.9 (2/103)
18 1.5 (2/132)
11 1.5 (2/134)
2 0.0 (1/2,325)
3 0.0 (0/33)
1 0.0 (0/1)

1 0.0 (0/1)

4 0.0 (0/20)
1 0.0 (0/29)
2 0.0 (0/28)
4 0.0 (0/30)
5 0.0 (0/43)
2 0.0 (0/2)

5 0.0 (0/25)
1 0.0 (0/3)
168 1.4 (51/3713)

Because of the limited number of samples tested for quality in the studies included in this review, the figures should not be interpreted as
representative of the prevalence of specific SF antiretroviral medicines (please refer to the discussion section of the current paper for more

details).
API, active pharmaceutical ingredient; SF, substandard and falsified.

(online supplemental file 12). Those include the substi-
tution of 140 000 HIV rapid diagnostic test (RDT) Kkits
by urinary pregnancy tests or resale of just-past expiry
kits in India, and recall of one million of HIV testing
kits in Kenya out of concern that they give false negative
results.”

Other publications included in our review are listed in
online supplemental file 13.

DISCUSSION

We synthesised the publicly available evidence on the
quality of ARV medicines from different publicy acces-
sible sources. Overall, 1.4% of 3713 ARV samples
collected in 21 countries failed at least 1 quality test in
the 19 prevalence studies. The limited sample sizes of
the studies impede interpretation of the results. Drawing
conclusions on the impact of SF ARV for patients and
the community is also rendered difficult by the limited
reporting of the findings in the various prevalence

surveys, and often by the bias generated by their limited
methodology, as described by others.* *!

The observed FF in this review is lower than the 4.2%
(43/1,018) failure rate described in a recent review of the
literature of studies conducted between 2007 and 2016
by the WHO."" One recent study may result in underesti-
mating the FE.* In this study, from which more than half
of the samples (2630 samples) described in the current
review originated, 2200 samples collected at ports of
entry in Tanzania over 4 years passed the Global Pharma
Health Fund(GPHF)-Minilab initial screening tests,
which included simple visual inspection of dosage units,
API identification by thin-layer chromatography and
disintegration tests. These 2200 samples were not further
tested by reference testing in the laboratory. However,
the same report describes that 10% samples of samples
collected in other health structures that passed GPHF-
Minilab screening were further tested using laboratory
reference testing, resulting in an FF of 3%. Though the
GPHF-Minilab has shown good performances to identify
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Djobet etal, 2017 T  57,7%
WHO, 2017 I 42 3%
Kamangu et al 2017 I 33,5%
Sapsirisavat et al, 2016 T 57,7%
Wanget al, 2015 I 42,3%
Krech etal, 2014 TN 38,5%
Chigunta et al, 2013 T 53, 8%
NASCOP, 2012 I 46,2 %

8%

Sarretal, 2008 IS 3 1%

Chambuso et al, 2006 TN 26,9%
Penzak et al, 2004 IEEEEEE———— ?3,1%

0% 20%

Musoke et al, 2008 I 38 5% MEDQUARG publication, 2009

WHO, 2007 .  57,7%

40% 60% 80% 100%
MEDQUARG concordance

Figure 3 Percentage of concordance of the 15 prevalence surveys with the 26 items included in MEDQUARG checklist.
MEDQUARG, Medicine Quality Assessment Reporting Guidelines.

falsified samples containing none of the stated API, its
sensitivity to identify substandard medicines containing
lower or higher amounts of API is much lower.”® If the
same 3% FF was applied to the 2200 samples collected in
ports, the FF in this review would have been more than
double (3.1% (117/3713)).

SF ‘HIV/hepatitis medicines’ represented 43/1500
(2.9%) of rapid alerts of reports to the Global Surveil-
lance and Monitoring System between 2013 and 2017.°
Although ARVs are often quoted as one of the most
affected products, together with other anti-infectives, the
FF for ARV estimated here falls below that of other classes
of medicines described in previous systematic reviews
using the same methodology, such as for antibiotics (FF
of 17.4% (2357/13 555)) and cardiovascular medicines
(FF of 15.4% (525/3414))."* 15 In those reviews, samples
were frequently procured in private sector’s facilities
such as retail pharmacies, unlike in the current review in
which an FF of 28.0% was observed in samples collected
from private retail pharmacies, but only 25 samples were
collected. ARV are often procured in LMIC within public
or NGO vertical programmes which often follow strin-
gent quality assurance systems and procure only WHO-
prequalified medicines. However, in 2011 in Kenya
nurses identified a falsified version of the ARV Zidol-
am-N, a WHO prequalified product, in Médecins Sans
Frontieres supplies relabelled fraudulently to extend its
expiry date.**

The most common quality defects observed in prev-
alence surveys were lower or higher API content than
stated on the label, failed dissolution tests (either too
rapid or too slow), and impurity/contaminant/related
substances tests. API in higher concentrations than

expected risks not only poor outcomes to patients, but
also lack of adherence through more frequent side
effects. Using ARV medicines with too low API content
and/or poor dissolution may lead to treatment failure,
prolonged illness or death, and risks engendering the
spread of drug resistant pathogens, although, as far as we
are aware, the link between SF ARV and the emergence
and spread of resistance has not been demonstrated.”

We found no publicly available evidence for almost
90% of national states, and for 17 of the 30 countries
that bear 89% of the new HIV infections,36 which indi-
cates an important lack of oversight of the risks. We
found no study on the quality of dolutegravir, though
this might be due to its only recent recommendation for
use by the WHO (in combination with two NNRTIs) for
newly diagnosed HIV patients.”” We also found limited
information on tenofovir-based oral combinations
recommended in 2015 by the WHO for pre-exposure
prophylaxis (PrEP).”® An increasing number of coun-
tries are including self-testing of HIV in their national
policies. Cases of SF RDTs show the importance of
postmarket surveillance of diagnostic kits. However, no
studies trying to better understand the extent of quality
issues of RDTs were identified.

Due to convenience, increasing accessibility to,
perceived economical and confidential advantages of the
internet, especially in the context of HIV/AIDS associ-
ated stigma and discriminations, online purchase of ARV
is likely to increase. This may be particularly relevant
to people searching for oral PrEP when at high risk of
infection. In 2020, 130 countries had adopted the WHO
recommendations on oral PrEP in national guidelines.”’
Only two prevalence studies described the quality of ARV
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purchased on the internet, with too few samples collected
to comment on the results.**!

Limitations
Searches were conducted only in English and French,
risking the exclusion of articles, for example in Latin
America, and we identified recalls/seizures/case reports
mainly from searches in a limited number of MRA’s
websites and other websites interested in medicine
quality. Unpublished postmarketing surveillance results
from other MRAs and the pharmaceutical industry were
not captured. Most studies were of small sample size and
used convenient sampling which risk bias. The quality of
reporting of prevalence surveys was poor as reflected by
the low MEDQUARG scores. The quality of samples was
assessed by different pharmacopoeia references. In most
prevalence surveys, we found limited information on
stated country of manufacture and more than one-third
of the samples were collected in one study in different
outlets but no details on the quality of the samples by type
of outlet were given. We, thus, did not perform further
analysis that could lead to misleading interpretation.
The diversity of and the often poor methodology and
reporting of the studies renders the findings of system-
atic reviews of medicine quality difficult to interpret and
extrapolate,” *' though we believe it is the best method
to summarise the current evidence on the quality of
different classes of medicines.

Recommendations
There are clear gaps in the understanding of the epide-
miology of SF ARV and related diagnostic tests. Initiatives
such as the Distributed Pharmaceutical Analysis Labo-
ratory (DPAL), a collaboration established between 30
academic institutions around the world to determine
the quality of medicines collected from partner organ-
isations in L/MICs, may facilitate better understanding
of the epidemiology of SF medicines and other medical
products.”” Although packaging analysis is difficult, espe-
cially in obtaining voucher samples, it is vital to allow the
objective distinction between substandard and falsified
products. That 92.2% of failing samples were classified
as SorF is a major impediment for deciding on policy as
interventions to counter substandard and falsified differ.
Key current global public health aims are the 95-95-95
target of the Sustainable Development Goals by 2026 and
to end AIDS by 2030.*° ** Diagnosing 95% and achieving
viral suppression in 95% of all HIV-positive individuals
risks failure even if only 1% of the ARV/RDT available
on the market do not fulfil their roles because they
are poor quality. With millions of people being treated
or using ARV for the prevention of HIV, even a small
proportion of poor quality ARV with impaired efficacy
or increased toxicity will greatly endanger the lives of
millions, not only those treated, but also those who may
be infected as a result of transmission from people using
SF ARV. A related issue is concern about the quality of
condoms, with many incidents and seizures of tons of

falsified condoms with holes,“‘47 but the extent of the
problem is also unknown. Gaps in the scientific evidence
impede development of objective action plans on how
best to secure the supply chains for ARV, RDT and other
medical devices such as condoms. With the current goals
set by international actors to scale up community based
approaches for both treatment and prevention, such
as community drug distribution, safeguards to ensure
quality ARV and RDT will be crucial. More efforts also
need to be put into controlling the quality of medicines
available on the internet.

Shortages of good quality ARV create opportunities for
substandard and falsified ARV medicines to reach supply
chains. Shortages are exacerbated during the COVID-19
pandemic, as land, sea and air transport services shut
down. People had difficulties to access ARV because
of travel restrictions, disruptions in health services
within countries and worsening of the economic situa-
tion because of the pandemic.”® Better preparedness is
needed for the next pandemic, for medical products to
treat the pandemic’s causing agent and for other medical
products vital to millions such as ARV.

In view of the limitations described above, prevalence
surveys with robust survey methodology adequate sample
sizes, and better reporting of findings, in wider geograph-
ical regions including HIC and online sales are needed
for a more comprehensive epidemiological information
on the quality of ARV medicines. This would allow exam-
ination of trends over time and the impact of SF ARV on
humans and their economy.

CONCLUSION

Even a small proportion of SF ARV is unacceptable,
as it may result in a myriad of HIV positive people not
receiving the correct treatment, risking poor outcomes
and resistance, and those using ARV as prophylaxis
unknowingly being unprotected against infection. These
results cannot represent an exact prevalence of poor
quality ARV drugs globally but are a warning sign. The
methodological limitations do not allow exptrapolation
that 1.4% of ARV globally are SF. There is clearly a risk
and more data on the epidemiology of SF ARV, facilita-
tion of packaging analysis and optimisation of devices
for their screening of SF products in supply chains are
needed.
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