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Abstract. Substandard and falsified medicines have severe public health and socioeconomic effects, especially in
low- and middle-income countries. The WHO has emphasized the need for reliable estimates of the prevalence of such
medicines to efficiently respond to this problem. In the present study, we used 601 medicine samples collected in
Cameroon, the DR Congo, and Malawi to assess the rates of substandard and falsified medicines based on different
criteria. Based on the specifications of the U.S. Pharmacopoeia for the amount of the active pharmaceutical ingredients,
the rate of out-of-specificationmedicines was 9.3%. By contrast, this rate ranged from 3.3%up to 35.0% if the tolerance
limits of other pharmacopoeias or recently published medicine quality studies were used. This shows an urgent need for
harmonization. Principal methods to assess the rate of falsifiedmedicines are packaging analysis, chemical analysis, and
authenticity inquiries. In the present study, we carried out an authenticity inquiry for the aforementioned medicine
samples, contacting 126 manufacturers and 42 distributors. Response rates were higher for samples stated to be
manufactured in Asia (52.4%) or Europe (53.8%) than for samplesmanufactured in Africa (27.4%;P< 0.001). One sample
had been identified as falsified by packaging analysis by the local researchers and two additional ones by chemical
analysis. Notably, seven additional falsified samples were identified by the authenticity inquiries. The total rate of falsified
medicines resulted as 1.7%. Considerations are discussed for assessing the rates of “substandard” and “falsified”
medicines in future medicine quality studies.

INTRODUCTION

The spread of substandard and falsified medicines (SF
medicines) has been described as a pandemic,1 and its ex-
tremely severe public health and socioeconomic effects, es-
pecially in low- andmiddle-income countries (LMICs), are well
documented.2 To respond efficiently to this problem, reliable
estimates of the prevalence of SF medicines, for different
geographical regions, different parts of the supply chain, and
different types of medicines, are of essential importance.
However, the current estimates of the prevalence rate of SF
medicines in LMICs differ considerably. From a systematic
review of 100medicine quality studies in the years 2007–2016
(total 48,218 samples), an authoritative review by the WHO2

estimated the combined prevalence of SF medicines as
10.5%onaverage. Similarly, a systematic reviewof 96 studies
up to the year 2017 (total 67,839 samples) by Ozawa et al.3

reported a prevalence of 13.6%. By contrast, a systematic
review of 15 studies up to January 2013 (total 3,931 samples)
by Almuazini et al.4 reported a prevalence of 28.5%, and a
consecutive review by McManus and Naughton,5 using the
same methodology as Almuazini et al.4 and including 33
studies published from January 2013 until December 2018
(total 19,921 samples), reported a prevalence of 25%. Nota-
bly, none of these four reviews was able to state the rate of
falsified medicines separately from the rate of substandard
medicines because the heterogeneity of the methodologies
and definitions used in the reviewed studies did not allow to
aggregate prevalence data for falsified medicines.
Even larger discrepancies can be observed between earlier

reviews or between individualmedicine quality studies. A review
in Lancet Infectious Diseases by Nayyar et al.6 reported that
20% out of 2,297 antimalarials collected in 21 countries of sub-
Saharan Africa were falsified. In contrast, Kaur et al.7 stated that

only 1% of 10,079 samples of antimalarials, collected mostly in
countries of sub-Saharan Africa, were falsified. Equally striking,
Khuluza et al.8 reported the prevalence of substandard anti-
malarials and antibiotics in Malawi to be 11%, while Chikowe
et al.9 reported for the same country and a similar time period a
prevalence of 88% substandard antimalarials.
With such divergent estimates, an effective response to the

problem of SF medicines becomes very difficult. The afore-
mentioned review by the WHO2 therefore emphasized the
urgent need for additional, reliable prevalence estimates
generated with appropriate and comparable methodologies.
Aftermanyyearsof controversy, theWorldHealthAssembly

of 2017 has adopted universally accepted definitions of
“substandard,” “falsified,” and “unregistered/unlicensed”
medical products,2,10 and has thereby laid an indispensable
foundation for the generation of reliable and comparable
prevalence estimates:

1. “Substandard medical products: Also called ‘out of spec-
ification’; these are authorizedmedical products that fail to
meet either their quality standards or their specifications, or
both.”

2. “Falsified medical products: Medical products that
deliberately/fraudulently misrepresent their identity, com-
position, or source.”

According to the WHO, these definitions are mutually ex-
clusive, so a sample can either be classified as “substandard”
or as “falsified”.10

The previously cited wording “Substandard medical prod-
ucts: Also called ‘out of specification’. . .” appears to use the
term “substandard” synonymous with the term “out of spec-
ification.” This may sometimes cause confusion because,
according to the U.S. Food and Drug Administration, out-of-
specification (OOS) results include all test results that fall
outside the relevant specifications or acceptance criteria,11

irrespective of the absence or presence of deliberate intent as
the reason for noncompliance of the investigated product.
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Notably, the cited WHO document adds a footnote to its
definition of substandard medical products: “When the au-
thorized manufacturer deliberately fails to meet these quality
standards or specifications due to misrepresentation of
identity, composition, or source, then the medical product
should be considered ‘falsified’.”10,12

In this study, we use the term “out of specification” for all
medicines for which test results fall outside the relevant
specifications. We use the term “substandard” for those
medicines for which test results fall outside the relevant
specificationsAND forwhich noevidence is available that they
deliberately/fraudulently misrepresent their identity, compo-
sition, or source. Substandard quality may result from short-
comings in the production process, and/or from degradation
after the product has beenmanufactured (see alsoDiscussion
section).
Guidelines for the conduct and the reporting of medicine

quality studies have been published by Newton et al.13 and by
theWHO,14 andasdocumentedbyMcManusandNaughton,5

this led to a noticeable improvement of the quality of such
studies in the recent years.
The present article aims to contribute to a further improve-

ment of the methodology and reporting of medicine quality
studies. We focus on two aspects mentioned in the WHO re-
view2: first, different authors and even different pharmaco-
poeias use different thresholds to distinguish between
“in-specification” and “out-of-specification” medicines. Us-
ing the analytical data of 601 medicine samples which were
recently collected in Cameroon, the DR Congo, and Malawi,
and analyzed in our laboratory,15,16 we here determined the
effect of the use of different thresholds on the resulting prev-
alence rates of OOS medicines. This exercise resulted in
strikingly different rates. Second, we conducted an authen-
ticity inquiry, contacting themanufacturers and distributors of
the aforementioned medicine samples. Unexpectedly, this
increased the number of falsifiedmedicines from three (which
had previously been identified by packaging and chemical
analyses) to a new total of 10 falsified samples. We report
details of the procedures used and the response rates
obtained in this authenticity inquiry. Finally, we present con-
siderations for assessing the rates of “substandard” and
“falsified”medicines in future medicine quality studies.

METHODS

Ethical approval. Ethical approvals and permissions to
conduct the medicine quality studies were obtained from the
responsible authorities in Cameroon, the DR Congo, and
Malawi.15,16

Study design and included medicines. The studies were
designed according to the MEDQUARG guidelines13 and the
WHO guidelines on the conduct of surveys of the quality of
medicines.14 In Cameroon and the DR Congo, seven antibi-
otics and six medicines against noncommunicable diseases
were included (seeFigure 1),with all of them representing solid
oral formulations in dosages for adults. In Malawi, oxytocin
injections and misoprostol tables were sampled. All included
medicines were contained in the essential medicines lists of
the respective countries.15,16

Sample collection. Sample collection took place between
August 2017 and November 2018. Details of the collection
process have been described previously.15,16 For the purpose

of these studies, a “sample” was defined as medical product
of a specific brand and batch, sampled at the same time and
same place.
Chemical analysis, and classification of medicines as

OOS using different tolerance limits. Solid oral formulations
were analyzed for identity, assay (= content of the active phar-
maceutical ingredient [API]) and dissolution at the Pharmaceutical
Institute of Tuebingen University according to the monographs of
the U.S. Pharmacopoeia (USP) 41, except for misoprostol tablets
which were analyzed according to the International Pharmaco-
poeia (Ph. Int.), Seventh Edition (2017) because no USP mono-
graph was available for this product. Oxytocin injections were
analyzed for identity, assay, and pH according to USP 40.15,16

To allow a comparison of the quality of samples from dif-
ferent manufacturers, WHO guidelines14 recommend that in
one medicine quality study, all samples which contain the
same API in the same dosage form should be tested using the
same methods and specifications, irrespective of possibly
different methods and specifications used by the manufac-
turers for the registration of their products. The specifications
of USP 42 (2019), Ph. Int. Ninth Edition (2019) and BP (2020)
were used to calculate the effect of different thresholds on the
rate of OOS medicines in this study. Tolerance limits of USP
40, 41, and 42 are identical for the investigatedmedicines, and
also tolerance limits of the seventh and the ninth edition of Ph.
Int. are identical for misoprostol.
Packaging analysis and authenticity inquiries. The brand

name, batch number, manufacturing date, expiry date, name
of manufacturer and distributor, international nonproprietary
names of the APIs, strength, dosage form, and package size
were recorded. The information statedon the labels andon the
package insert was examined for the presence of irregularities
or possible signs of falsification, such as spelling mistakes.
Requests for authentication were sent to all stated manu-

facturers and distributors, irrespective of the results of pack-
aging analysis and chemical analysis. Websites of these
companies were identified from the labeling or from the
package inserts as well as from the Internet using the search
enginesGoogle (Mountain View,CA),Microsoft Bing (Redmond,
WA), and Baidu (Beijing, China). Manufacturers and distributors
were contacted using the e-mail addresses stated on the
packagingoron their respectivewebsite if possible. If nowebsite
could be found, or if no e-mail addresses were stated there,
e-mail addresses were searched using the aforementioned
search engines. Inquiries were sent by post, if no e-mail address
could be found or obviously none of our e-mail inquiries reached
the recipient, for example, if an error message was received in
response. For 225 of these samples, not only a manufacturer
but also a distributor was stated on the packaging, and both
were contacted. Two samples only stated a distributor, but not
themanufacturer. Sixdistributors are also contained in the list of
manufacturers (Supplemental Table S3), because they acted as
distributors forcertainproducts,andasmanufacturers forothers.
Asstated in the footnotesofSupplemental TablesS3andS4,our
Internet searches revealed that a fewmanufacturers/distributors
stated slightly different versions/abbreviations of their com-
pany’s name on the labels of different collected medicines,
however, with these different versions/abbreviations leading us
to the same website, e-mail, or postal address. Despite the
slightly different versions/abbreviations of the name, the re-
spectivemanufacturers/distributors were considered as a single
company in such cases.
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Thefirstauthenticity inquiriesweresent tothemanufacturersand
distributors of oxytocin andmisoprostol in December 2019, and to
themanufacturers anddistributors of theothermedicines inMarch
2020. If there was no response within six weeks after the first in-
quiry, an e-mail reminder was sent to the same e-mail addresses
which hadbeen contactedpreviously, and in addition, other e-mail
addresses were searched on the Internet and contacted. If the
website of themanufacturer/distributor or another trading platform
offered the option to write a message to that company, an inquiry
was sent in this way. If, despite these reminders, no responsewas
received within 3 months after the first inquiry, the respective
company was classified as a nonresponder. Responses obtained
within 3 months after the first inquiry were evaluated.
The inquiry letter is shown in Supplemental Figure S1. It

provided the brand name, stated manufacturer and distribu-
tor, dosage form and strength, batch number, manufacturing
andexpiry dates, aswell as photos of thepackaging andof the

dosage units (i.e., tablets, capsules, or ampoules). The letter
stated the following questions: “1. Do the batch number and
the manufacturing and expiry dates correspond to your re-
cords? If yes, do the product and packaging shown on the
provided photographs appear to be genuine? 2. To your
knowledge, has the batch been distributed in (country of col-
lection of the respective sample)?” The letter also mentioned
that a publication of the results of this studywas intended, and
that the cooperation of that company would be mentioned
therein. If the manufacturers/distributors requested, further
details were provided on the process and objectives of this
study. However, the results of the chemical analysis of the
respective samples were not stated before the manufacturer/
distributor had responded regarding the authenticity of the
samples.
Statistical evaluations. Statistical evaluations were per-

formed using JMP 15 (SAS GmbH, Heidelberg, Germany).

FIGURE 1. Assay results for 601 medicine samples collected in Cameroon, DR Congo, and Malawi in comparison to the tolerance limits of U.S.
Pharmacopoeia (USP)42,Ph. Int.NinthEditionandBP2020, and toarbitrary tolerance limitsused inpreviousmedicinequality studies (85–115%7,28

and 95–105%17). Except for oxytocin injections, all medicines in this figure represent solid oral formulations (tablets or capsules; see Supplemental
TableS1). All threepharmacopoeias contain separatemonographs for doxycycline tablets anddoxycycline capsules, but the stated tolerance limits
are identical for both formulations. The USP contains separatemonographs for amoxicillin tablets and amoxicillin capsules, but BP contains only a
monograph for amoxicillin capsules. Therefore, amoxicillin capsules and tablets are listed separately here. This figure appears in color at
www.ajtmh.org.
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Significance of differences in the response rate of manufac-
turer anddistributors betweendifferent groupswascalculated
using Pearson’s chi-square test.

RESULTS

Determination of the rate of OOS medicines using dif-
ferent tolerance limits. In our recentmedicine quality studies
in Cameroon, the DRCongo, andMalawi,15,16 601 samples of
15 different medicines had been collected. Thirteen of these
medicines contained a single API each, and two were fixed-
dose combinations of two APIs. Of these 15 medicines, 14
were covered by monographs in the current editions of USP
and BP, and 7 by a monograph in Ph. Int.
As illustrated in Figure 1, the tolerance limits given in the

three pharmacopoeias for assay testing (i.e., for the content of
the API) are markedly different, ranging from 95–105% to
90–120% of the declared content. The numerical values for
these tolerance limits are listed in Supplemental Table S1.
Figure 1 also shows the arbitrary tolerance limits of 85–115%
chosen by Kaur et al.7 for a large study of antimalarials in
various (mostly African) countries published in 2016, and of
95–105% chosen by Antignac et al.17 for a large study of
cardiac medicines in seven African countries published in
2017. Figure 1 also depicts the individual assay results
obtained for each of the 601 samples collected in our
studies. For a few of the investigated medicines, such as
co-trimoxazole (sulfamethoxazole and trimethoprim) or
metformin tablets, the percentage of OOS samples is sim-
ilar, irrespective of which tolerance limits are applied. For
most medicines, however, the choice of the tolerance limits
has a huge influence on the resulting number of OOS
medicines. For example, of the 57 collected samples of
ciprofloxacin tablets, five (8.8%) were OOS using the tol-
erance limits of USP, whereas 43 (75.4%) were OOS using
the tolerance limits of BP. Supplemental Table S2 shows
the rate of OOS medicines for each type of medicine, using
the different mentioned tolerance limits.
The overall rates of OOS samples for all types of medicines

together, calculated using the different mentioned tolerance
limits, are depicted in Figure 2 and in the Supplemental Figure
S2. For exact mathematical comparison, Figure 2 includes
only the results of those 300 samples for which monographs
exist in all three mentioned pharmacopoeias. The rate of OOS

samples resulting from the use of USP and Ph. Int. specifi-
cations is 9.3% and 12.3%, respectively, but it is markedly
higher (22.7%) when the specifications of BP are used. Using
the arbitrary limits of 85–115% chosen by Kaur et al.,7 only
3.3% of the samples result as OOS. In sharp contrast, 35.0%
(i.e., more than 10 times as many!) are OOS if the limits of
95–105%chosen by Antignac et al.17 are used. Supplemental
Figure S2 shows the same comparison including all samples
collected in Cameroon, the DR Congo, and Malawi. The re-
sults are similar to those depicted in Figure 2.
Different pharmacopoeias specify different methods to be

used in quality analysis. For assay testing, results obtained
with thesedifferentmethods are expected tobe similar at least
in most cases.18 By contrast, for the dissolution of an API (i.e.,
in vitro drug release from a solid oral formulation), different
pharmacopoeial methods use different dissolution media and
are well known to yield quite different results, for example, in
the case of rifampicin.19–22 Therefore, we did not attempt to
evaluate the dissolution results which we obtained in our
previous studies15,16 with the tolerance limits of different
pharmacopoeias.
Assessment of the rate of falsified medicines through

packaging analysis. According to WHO guidelines,14 the
packaging of each collected sample, its labeling, and its
package leaflet should be inspected visually for any signs of
being a substandard or falsified product. Checklists for this
purpose have been published23,24 and may allow the identi-
fication of suspicious medicine samples by frontline health
workers even before any chemical analysis is performed.
Among the 601 samples collected in our studies, only onewas
readily identified as probably falsified by our local cooperation
partners in Cameroon based on packaging analysis. It was
stated to represent penicillin V tablets, but contained gross
spelling errors in the labeling.15,25 Further investigation
showed that the stated manufacturer (“Oxford Pharma Co.
Ltd. Belgium”) was a non-existing company, and subsequent
chemical analysis showed that the tablets contained no pen-
icillin V but a small amount of paracetamol.15 Based on these
findings, the WHO classified this product as “falsified” in their
Medical Product Alert N� 4/2017.25

Also, in the leaflet of an oxytocin brand produced in China, a
high number of spelling errors were found. However, spelling
errors in English language are not uncommon for products
from somemanufacturers in non–English-speaking countries,
andwere not considered to indicate a falsifiedmedicine in this
case. Indeed, in the authenticity inquiry (see in the following
text), the distributor confirmed the authenticity of the samples
of this brand. However, of the 38 samples of this brand, six
samples were substandard because they contained only
85.2–86.8%of the declared amount of the API (USP tolerance
limit: 90–110%).16 Further testing also revealed shortcomings
in the stability of this product.26

Assessment of the rate of falsified medicines through
chemical analysis. In addition to the falsified penicillin V
tablets mentioned earlier, chemical analysis of the 601 sam-
ples identified two further samples which did not contain de-
tectableamountsof thestatedAPI.15Onesamplewas labeledas
“Augmentin® GlaxoSmithKline - SmithKline Beecham Pharma-
ceuticals (Worthing, West Sussex, UK), (amoxicillin 500 mg/
clavulanic acid 125 mg tablets),” but contained no detectable
amounts of the active ingredients.15,27 The stated manufacturer
confirmed that this samplewas falsified,and itwassubsequently

FIGURE2. Influenceofdifferent tolerance limits on the rateof out-of-
specification medicines (assay results) calculated for medicine
samples collected in Cameroon, DR Congo, and Malawi (OOS: red;
in-specification: green). The rates of out-of-specification medicines
werecalculatedusing the specificationsofUSP42,Ph. Int.NinthEdition
and BP 2020, and the arbitrary tolerance limits 85–115%7,28 and
95–105%,17 respectively. For this figure, only the assay resultsof the six
investigated medicines for which monographs exist in all three phar-
macopoeiaswerecompared (n=300samples).Supplemental FigureS2
shows a similar comparison including all medicines investigated in the
three countries (n = 601 samples). This figure appears in color at
www.ajtmh.org.
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reported as “falsified” by the WHO in their Medical Prod-
uct Alert N� 2/2018.27 Another sample, sold by an informal
vendor from an opened plastic container, was labeled as
“Metronyl® Metronidazole Tablets B.P., Mac’s Pharmaceuti-
cal Ltd. (Nairobi, Kenya),” but contained a small amount of the
prodrug metronidazole benzoate instead of metronidazole.
The stated manufacturer was informed, but no answer was
received.15

Assessment of the rate of falsified medicines through
authenticity inquiries. Manufacturers and distributors were
asked to confirm the authenticity of the medicine sample,
and to state whether the sample had been distributed to the
country where it had been collected in our studies (see
Methods section). As shown in Figure 3, 582 samples were
included into the authenticity inquiry. These represented
272 different brands (427 different batches). In 12 cases, the
manufacturer or distributor could not be contacted online
and was therefore only contacted by regular mail. Because
of an interruption of the postal services to several African
countries caused by the corona pandemic, three distribu-
tors could not be reached by regular mail, but for each of the
concerned samples, the manufacturer could be contacted.
Supplemental Tables S3 and S4 list all 126 manufacturers

and 42 distributors that have been contacted, with the in-
formation whether or not they responded to our inquiry. An
answer with a statement on authenticity was received for
288 (49.5%) of the samples. For 281 samples, the authen-
ticity was confirmed by the manufacturer and/or the dis-
tributor, whereas seven samples were stated to be falsified.
For 50 of the 288 samples (17.4%), answers were received
both from the manufacturer and from the distributor; in all
these cases, the information from both sources regarding
the authenticity of the sample was in agreement (see
Supplemental Table S5).
Table 1 summarizes the response rates received from dif-

ferent geographical regions. For samples stated to be manu-
factured in Asia, or in Europe and the Americas, response
rates were slightly greater than 50%and therefore higher than
those for samples stated to bemanufactured in Africa (27.4%;
P<0.001). India andChinawere themost frequent countriesof
origin for the medicines collected in our studies, and overall
response rates for samples manufactured in both countries
were similar (53.7% and 50.3%, respectively). It should be
noted, however, that for the samples manufactured in China,
responses were in most cases only received from the dis-
tributors which were predominantly located in Africa and

FIGURE 3. Flowchart of the identification of falsified medicines by authenticity inquiries to manufacturers and distributors. Five extremely
substandard samples of misoprostol16 were excluded, because upon our alert letter, theWHO had suggested that they contact themanufacturers
and distributors.
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Europe, whereas of the 24 Chinese manufacturers, only a
single one responded to our inquiry (Table 1).
We also investigated whether the response rates were re-

lated to the quality of the samples. For the 496 samples which
had been found to comply to the assay and (if applicable)
dissolution specifications of the USP, or of Ph. Int. in case of
misoprostol samples, the response rate obtained was 51.2%.
For the 86 samples which did not comply with pharmacopeial
specifications, the response rate was 39.5%. This difference
just reached statistical significance (P = 0.0456).
Including all the 49 manufacturers and 16 distributors who

responded to our inquiry, the median time between the first
inquiry and the receipt of a response with an authenticity
statement was 16 days (range 0–84 days). Thirty eight (58.5%)
of these manufacturers and distributors responded already to
the first inquiry, whereas in 27 cases (41.5%), a reminder was
required (see Methods sections). Notably, the median time
between reminder and receipt of a response was only 2 days
(range 0–54 days). Supplemental Tables S3 and S4 list all
manufacturers and distributors who were contacted, with the
respective number of days between first contact and re-
sponse, and (if applicable) between reminder and response.
Of the 281 samples for which authenticity was confirmed,

for 165 samples (58.7%), the manufacturer and/or distributor
additionally confirmed that the sample had been distributed to
the country from where it had been collected in our studies.
For 45 samples (16.0%), it was denied that the sample had
been distributed to the respective country, suggesting that
these samples had been further traded to other countries by
the first buyer. For 71 samples (25.3%), this question was not
answered.
Falsified medicines identified by authenticity inquiries.

Three falsified samples had been identified by packaging and
chemical analyses (see aforementioned).15 Seven further
samples (representing fourdifferentbrands)wereonly identified
as falsifications through the authenticity inquiries. Notably, all
seven samples passed chemical analysis for assay and dis-
solution testing according to the USP specifications. These
falsified medicines are shown in Figure 4A–D. One of them
(Figure 4A) had been collected in Cameroon from an informal
vendor and was labeled as “Amoxicillin 500 mg + Clavulanic
acid125mgBP” tablets, statedmanufacturer:MedopharmPvt.
Ltd. (Guduvanchery, India), stated distributor: IDA Foundation
(Amsterdam, The Netherlands). According to the information
received from the stated manufacturer and distributor, the

batch number did not match products of their companies, the
stated shelf life (3 years) was different from that of the genuine
product (2 years), and also the length of the blister pack
(220 mm) did not match that of the genuine product (195 mm)
(see Supplemental Figure S3). Also, some further details in the
labeling (e.g., postal code in the address of the stated manu-
facturer) were stated to be incorrect.
Anothersample (Figure4B)hadalsobeencollected inCameroon

from an informal vendor, in another region of the country. It
was labeled as “CO-TRIMOXAZOLE (sulfamethoxazole & tri-
methoprim)” tablets, batch number I3617, stated manufacturer:
Sprukfield (Lomé, Togo). Notably, three further co-trimoxazole
samples labeledasmanufacturedbySprukfieldhadbeencollected
in our study from church and government health facilities in
Cameroon,15 in these cases showing the batch numbersAT15001
(two samples) and AT15007 (one sample). On our inquiry, Spruk-
field stated that the sample with the batch number I3617 had not
been produced by themandwas falsified,whereas the three other
samples were confirmed to be genuine. The falsified product
showed several differences in comparison to the genuine ones
(Figure 4B): the falsified product was packaged in a slightly shorter
blister pack, the batch number and expiry date were printed rather
than being embossed on the blister, and the artwork of the
Sprukfield logo and the green color used for blister labeling were
different from those of the genuine products. Also, the embossing
of the tablets was different (Figure 4B).
Four samples of “Furosemide 40 mg BP” tablets, stated man-

ufacturer: Micro Labs Ltd. (Hosur, India), stated distributor: IDA
Foundation, had been collected in church health facilities in four
different regionsofCameroon.Packagingandlabelingofallof them
were identical, and all carried the same batch number FRIH0077.
However, two of them showed asmanufacturing and expiry dates
“Dec. 2015/Nov. 2019” (i.e., a shelf life of 4 years), whereas two
others showed “Dec. 2012/Nov. 2018” (i.e., an unusual long shelf
life of 6 years). Figure 4C depicts one of the latter samples. The
manufacturer and the distributor confirmed that a corresponding
product with the same artwork had been supplied to Lagos,
Nigeria,with thenamedbatchnumberandamanufacturingdateof
December 2012, but that the expiry date of that product had been
November2015 (corresponding toashelf lifeof3years).Thestated
manufacturer anddistributor therefore stated that the four samples
we had collected were falsified. As visible in Figure 4C, the part of
the label where batch number, manufacturing, and expiry dates
were printed appears slightly darker than the rest of the label,
suggesting that this information may have been modified.

TABLE 1
Response rates obtained in the authenticity inquiry, listed by geographic region

Samples Manufacturers Distributors*

Number of samples
manufactured in this region

Number (%) of samples with
authenticity statement

Number
contacted

Number (%) of responses with
authenticity statement

Number
contacted

Number (%) of responses with
authenticity statement

Asia (total) 420 220 (52.4) 83 30 (36.1) 9 4 (44.4)
India 257 138 (53.7) 58 28 (48.3) 7 3 (42.9)
China and
Hong Kong

161 81 (50.3) 24 1 (4.2) 1 0

Europe and
Americas

96 51 (53.1) 24 13 (54.2) 16 7 (43.8)

Africa 62 17 (27.4) 19 6 (31.6) 17† 5 (29.4)
Total 582‡ 288 (49.5) 126 49 (38.9) 42† 16 (38.1)
* Distributors were often located in another region than the manufacturers of the respective samples.
†There were 20 distributors from the African continent in this study, but for three of them, representing 14 samples, no e-mail address or contact website was found, and they could not be

contacted by regular mail as postal services were interrupted because of the COVID-19 pandemic. Therefore, only 42 of the 45 distributors represented in this study could be contacted.
‡Five hundred eighty-two sampleswere included into the authenticity inquiry, but for four samples, the country of originwas unknown; for three samples fromCinpharm, it was not statedwhether

they had been manufactured by Cinpharm in Cameroon or by their partner Cipla Ltd. in India; and for one sample, the available packaging only stated the distributor but not the manufacturer.
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Therefore, these four samplesmay have been genuine products in
their genuine packages, but their expiry dates (and in two samples
also their manufacturing dates) apparently had been manipulated
with deliberate/fraudulent intent, turning them into falsified
products.
Another sample (Figure 4D) had been collected in a gov-

ernment health facility in Nord Kivu, the DR Congo, and was
labeled as “Metronidazole Tablets BP 250 mg,” stated man-
ufacturer: Medopharm (Malur, India). On inquiry, the stated
manufacturer confirmed that a product with the same name,
batch number, manufacturing date, and artwork had been
manufactured by them, but that the expiry date of the sample
(“09/19”) did not match with that of the genuine product (“09/
17”). The sample showed a second, small label with a two-
dimensional bar code (Figure 4D), and the manufacturer re-
ported that this encoded the correct expiry date (September
30, 2017), in contrast to the expiry date written in plain text on
the same label (“Sep-2019”). This indicates that, on an oth-
erwise genuine package, the labelingmay have beenmodified
to extend the expiry date by 2 years.
The WHO Rapid Alert System and the national drug regu-

latory authorities were informed about these falsifications.

DISCUSSION

A key aim of the present article is to contribute to an improved
comparability of prevalence data of SF medicines reported in
scientific studies. Figure 2 strikingly illustrates that the calculated
prevalence rates of OOS medicines are extremely dependent on
the choice of the tolerance limits used in the respective study.
From the analytical data obtained for our “real-world” sample

collection of medicines from three LMICs, the calculated rate of
OOS medicine is as low as 3.3% or as high as 35.0%, simply by
choosing different tolerance limits to distinguish “in-specification”
and “out-of-specification” results for thecontentof theAPI.Notably,
these different tolerance limits have been used in recent, large
medicinequality studies,7,17,28 and the results of these studies have
been included into recentsystematic reviews,which thencalculated
overallprevalenceratesofSFmedicinesbyaggregatingnumbersof
“poor-quality”medicines reported in the included studies.3,5

As correctly stated by McManus and Naughton,5 the results of
systematic reviews are only as reliable as the original data towhich
they refer. If the arbitrary choiceof tolerance limits allows the rate of
OOSmedicines in the same study to vary by a factor of more than
10 (as shown in Figure 2), the results of systematic reviews obvi-
ously become unreliable, and, for example, comparisons of the
rates of OOS medicines between different time periods, as
attempted in the systematic review by McManus and Naughton,5

may become meaningless. Given the important public health and
socioeconomic effects of SF medicines, and the importance of
reliable and comparable prevalence data for such medicines, a
harmonization of the tolerance limits used to distinguish compliant
fromOOSproducts in differentmedicine quality studies is urgently
called for, as also concluded from a recent study by the Brazilian
Health Regulatory Agency.29 Figure 2 clearly demonstrates that
arbitrary tolerance limits, suchas85–115%or95–105%,shouldbe
avoided, and pharmacopoeial tolerance limits should be used in-
stead. Indeed, the group of H. Kaur who had used the 85–115%
limits in their citedstudies7,28decided touseUSPtolerance limits in
their later studies.30 The BP uses stricter tolerance limits than USP
and Ph. Int. for many medicines. Both BP and USP state in their
“General Notices” that these tolerance limits allow for analytical

FIGURE 4. Photos of falsifiedmedicines identifiedby authenticity inquiries. (A) Falsified “Amoxicillin 500mg+Clavulanic acid 125mgBP” tablets.
Batch number, shelf life, blister length (shown in Supplemental Figure S2), and further labeling details do not match those of the genuine product,
according to the stated manufacturer and distributor. (B) Falsified (I) and genuine (II) “CO-TRIMOXAZOLE (sulfamethoxazole & trimethoprim)”
tablets. The falsified sample shows an incorrect batch number. Batch number and expiry date are printed rather than being embossed onto the
blister; blister length, artwork, and color of the blister, as well as the embossing of the tablets, do not match those of the genuine product. The
falsified product had been sold without secondary packaging. (C) One of the four falsified “Furosemide 40 mg BP” samples with a manipulated
expiry date (“Nov. 2018”, instead of the genuine expiry date “Nov. 2015”). (D) Falsified “Metronidazole Tablets BP 250 mg” also showing a
manipulated expiry date (“09/19” instead of the genuine expiry date “09/17”). This figure appears in color at www.ajtmh.org.
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errors, for unavoidable variations in manufacturing, and for de-
terioration to an acceptable extent.31,32 To our knowledge, there is
no published informationwhy these tolerance limits differ between
different pharmacopoeias.
In our real-world sample collection, the use of BP specifications

for assay results led to an approximately 2-fold higher number of
OOS medicines than the use of USP or Ph. Int. specifications. As
mentioned in theMethods section,WHOguidelines14 recommend
that in one medicine quality study, all samples which contain the
same API in the same dosage form should be tested using the
same methods and specifications. In our studies, many products
were labeled as manufactured according to USP specifications,
and it would obviously be inappropriate to evaluate these samples
according to the narrower tolerance limits of BP. Therefore, we
suggest touseUSPor thesimilarPh. Int. specifications, rather than
BP specifications, in medicine quality studies involving more than
one country. Obviously, it is desirable that the specifications of
different pharmacopoeias are harmonized as soon as possible, to
create global and uniform public standards for medicines.33–36

For a number ofmedicines, no pharmacopoeial monograph
exists,34 and in these cases, the tolerance limits for medicines
of the same therapeutic classwhich are included in theUSPor
Ph. Int. may be used. For assay, this would result in the use of
tolerance limits of 90–110% in many cases.29 Special con-
siderations may be required for medicines with a narrow
therapeutic index. The tolerance limits stated in the in-house
specifications of the respective manufacturers may also be
considered. However, as mentioned earlier, in one study, all
sampleswhich contain the sameAPI in the same dosage form
should be tested using the same specifications.14

The authoritative review by theWHO2 stated the problem that
most publishedmedicinequality studies only report a pass or fail
result for themedicines samples, rather than reporting the actual
percentage of APIs detected (or dissolved). As illustrated in
Figure 1, much more information can be gained if actual per-
centages for API content, and also dissolution,15 are shown for
each sample, and this also allows much more meaningful
comparisons between different studies.
Several previous medicine quality studies published by the

WHO37,38 have differentiated “substandard” samples into
samples showing “moderate deviations” and “extreme devi-
ations” from pharmacopoeial specifications, with extreme
deviations defined as the content of APIs deviating by more
than 20% from the declared content, and/or the average
dissolution value of tested units of solid oral formulations
falling below the pharmacopoeial Q value minus 25%. Al-
though this classification method is rapidly and universally
applicable, it has the drawback that it does not consider the
different health risksof dosagedeviations frommedicineswith
different therapeutic indices.
Based on the MEDQUARG guidelines by Newton et al.,13

Almuazini et al.4 have developed a 12-point checklist for the
rating of the quality of publishedmedicine quality studies, and
this has been used in several subsequent systematic
reviews.2,3,5,39 We suggest that, in future, this checklist is
expanded by the following two criteria:

1. “Actual percentages are shown for assay and (if applicable)
for dissolution values of each sample.”

2. “Preferentially, USP or Ph. Int. tolerance limits are used to
distinguish in-specification from OOS medicine samples;
the choice of other tolerance limits should be justified.”

Within the present study, we carried out an authenticity in-
quirybycontacting thestatedmanufacturersanddistributorsof
the same medicines. As noted by the WHO,2 only few studies
have reported the authentication of medicine samples using
thismethod, andwe therefore documented theprocedures and
results of this exercise in detail (see Methods and Results
sections). Notably, although packaging and chemical analyses
had identified three (0.5%) of 601 samples as falsified, au-
thentication by manufactures and distributors increased this
number to 10 (1.7%). This clearly shows that authentication is a
powerful tool for medicine quality studies. However, the work-
load for such inquiries is high, both for the researchers and for
the manufacturers and distributors. Furthermore, response
rates are far from complete. Four recent studies by Kimura and
coworkers reported that authenticity responses were received
from the manufacturers for 0%, 8.7%, 9.5%, and 28.8% of the
investigated samples, respectively.40–43 In comparison, the
response rate of 49.5% obtained in the present study is rea-
sonably high, despite interference by the COVID-19 pandemic.
Higher response rateswere reported from two earlier studies of
the Kimura group.44,45

Although the statement of the manufacturer and distributor
is an important piece of evidence in the identification of falsi-
fied medicines, it cannot be taken for granted that this state-
ment reflects the truth in all cases. If a manufacturer doubts
whether his product passed quality testing in the respective
study, he may be tempted to deny its authenticity rather than
risking a published report that his genuine product was found
to be substandard.
Notably, all seven falsified samples identified through the

authenticity inquiry passed chemical analysis for assay and
dissolution without any conspicuous deviations from USP
specifications. Similar observations have been reported by
Kimura and coworkers.44,45 However, this does not mean that
such falsifications are of no concern for patient safety. A med-
icine which misrepresents its source, or which carries an ille-
gallymodified expiry date,must be considered dangerous, as it
may fail specificationswhichhadnot been tested inour studies,
such as limits for chemical and microbial contaminations.
Some researchers have suggested that in medicine quality

studies, it may be sufficient to report a single prevalence rate for
“substandard and falsified medicines” combined together. In
contrast to this suggestion, however, the WHO has defined “sub-
standard” and “falsified”medicines as different categories.2,10 We
believe this was a prudent decision, because very different inter-
ventions are required to respond to the problem of falsified medi-
cines, as compared with the problem of substandard medicines.
Informed decision-making requires knowledge of both prevalence
rates.
In a medicine quality study, the number of “out-of-specifi-

cation” medicines can be determined by laboratory analysis.
“Substandard”medicines are thoseOOSmedicines for which
no evidence is available that they deliberately/fraudulently
misrepresent their identity, composition, or source. By con-
trast, “falsified” medicines are those for which evidence of
such deceit is available, irrespective of whether their analytical
results are “in specification” or “out of specification.” The
present study has shown examples for all these categories. Of
601 medicine samples which we collected in Cameroon, the
DR Congo, and Malawi, 99 (16.5%) have thereby been iden-
tified as substandard based on USP specifications for assay
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and dissolution (or Ph. Int. specifications in case of miso-
prostol tablets), and10 (1.7%)havebeen identifiedas falsified.
These categorizations cannot be free of ambiguity in sci-

entific practice.12 For example, even when a product has
passed visual inspection, chemical analysis, and authenticity
inquiries, it may still be falsified if labeling and chemical
composition of the authentic product have been imitated very
closely. Furthermore, defining criteria by which deliberate/
fraudulent intent should be proven will always be a contro-
versial issue.12 And in case of OOSmedicines, definitive proof
of absence of such intent is virtually impossible.
To harmonize the reporting of “falsified”medicine samples,

also in the absence of authoritative legal proof of deliberate
intent or fraud, it may be considered that medicine quality
studies by academia or NGOs use the term “falsified” in the
following cases:

1. A responsible national or international authority has de-
clared that the medicine is falsified, based on the WHO
definitions.10,46

2. The stated manufacturer has declared that the medicine is
falsified, or that its expiry date or other details of the labeling
have been illegally manipulated.46

3. Packaging analysis gives conclusive evidence for falsifi-
cation, for example, the statedmanufacturer does not exist.

4. The medicine contains no APIs, or an incorrect API instead
of the stated one. (In the very rare event that this mistake
resulted from non-intentional errors in both production and
quality control, the medicine has to be classified as
“substandard”.)

In addition, it may be considered to use the term “probably
falsified” for medicines which contain less than 50% of the
stated amount of the API AND for which there is no evidence
that the lowcontent isdue todegradation (evidencedusually by
the presence of decomposition products). An example for such
a medicine is given by chloroquine tablets which we recently
found in Cameroon and which contained only 21.7% of the
declared amount of the API.47,48 On the other hand, we identi-
fied a brand of misoprostol tablets in Malawi which contained
only 13.1% of the stated amount of the API,16 but HPLC anal-
ysis clearly showed the presence of decomposition products of
misoprostol, and therefore, this product was considered as
“extremely substandard” rather than “probably falsified”.16

We realize that different opinions exist in the scientific com-
munity and within the stakeholders regarding the best possible
categorizationofSFmedicines inscientificstudies.Wehope that
the facts and suggestions presented in this article may help to
stimulate discussions in search of a consensus, and contribute
to the urgently needed harmonization of the methodology and
reporting of future medicine quality studies.
Limitations of this study. Comparability of the results of

medicine quality studies also depends on other factors be-
yond the scope of the present article, such as sampling design
(e.g., random or convenience sampling, overt or mystery
shopping, inclusion or exclusion of informal vendors, and
choice of included medicines), methods of chemical analysis,
and choice of tests included into the investigation (e.g., assay,
dissolution, content uniformity, related compounds, etc.).
This article focuses on the classification of medicines as
“substandard” and “falsified,” but does not reflect on the
classification as “unregistered/unlicensed” which was also

defined by the World Health Assembly of 2017.10,49 Also, this
article focuses only on the APIs, and did not consider quality
issues related to excipients.
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