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Abstract

Introduction The health dangers of medicines of unknown
identity (MUIs) [loose pharmaceutical units repackaged in
individual bags without labelling of their identity] have
been suspected in L/MICs. Using visual and analytical
tools to identify MUIs, we investigated the frequency of,
and factors associated with, adverse drug reaction (ADR)-
related hospitalizations in a central hospital in Vientiane
Capital, Lao People’s Democratic Republic (PDR).
Methods All unplanned admissions, except for acute
trauma and intentional overdose, were prospectively
recorded during a 7-week period in 2013, leading to
include 453 adults hospitalized for >24 h. The patients or
their relatives were interviewed to complete the study
questionnaire. MUIs suspected of being involved in
ADR(s) were identified through comparison of visual
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characteristics of tablets/capsules with that of reference
medicines (photograph tool), and by proton nuclear mag-
netic resonance and mass spectrometry analyses. Factors
associated with ADRs were identified by multivariate
logistic regression.

Results The frequency of hospitalizations related to an
ADR was 5.1% (23/453, 95% confidence interval [CI]
3.1-7.1). Forty-eight (12.8%) patients used MUI(s) in the
last 2 weeks preceding hospitalization. They were more
likely to be hospitalized because of an ADR (adjusted odds
ratio 4.5, 95% CI 1.7-11.5) than patients using medicines
of known identity. MUIs were mainly involved in bleeding
gastroduodenal ulcers. The photograph tool led to the
misidentifications because of look-alike pharmaceutical
units in the medicines photograph collection.

Conclusion According to the results of this study, there is a
need to ensure appropriate labelling of medicines at dis-
pensing and to provide well-suited tools to identify MUIs
in clinical settings to improve drug safety and patients’ care
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in developing countries with limited capacities for drug
analysis.

Key Points

Our study, conducted at a central hospital of a lower
middle income country (Laos) showed that 5.1% of
hospitalizations are related to an adverse reaction.

The study also highlighted that the use of loose
pharmaceutical units repackaged in individual bags
without labelling of their identity was associated
with drug-related morbidity and is detrimental for
patient care.

These findings suggest that evidence-based measures
to reduce the mislabelling of medicines by medicine
providers and systems (e.g. an international imprint
coding of medicines) to identify active
pharmaceutical ingredients in medicines are
required.

1 Introduction

Identification of strategies for detecting and preventing
adverse reactions due to drugs and medication errors is one
of the WHO global priority areas for patient safety research
[1]. An adverse drug reaction (ADR) represents “a
response to a medicinal product which is noxious and
unintended, that arises from the use of the product within
or outside the terms of the marketing authorization” (in-
cluding off-label use, overdose, misuse, abuse and medi-
cation errors) or from occupational exposure, as defined by
the European Medicines Agency [2, 3]. In low- and mid-
dle-income countries (L/MICs), there is relatively little
drug safety research, and this is impaired by factors such as
the lack of databases on exposure to medicinal products
and on medical data during hospitalization.

Unclear labelling of medicines, or even no labelling (i.e.
when patients purchase loose tablets or capsules repack-
aged in individual bags without any labelling as to identity
or dose), have been identified in many L/MICs in South-
East Asia, Africa, Latin America and the Caribbean [4—17].
In some developed countries, such as the US, medicines are
commonly dispensed after repackaging of dosage units
from initial bulk packaging. Although variability in the
content of instruction and warning on the containers after
repackaging has been observed, labels are present [18].
However, prescription medicines packaged loosely without
affixed labels have been obtained from international online
pharmacies [19, 20]. In South-East Asia, plastic bags
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containing mixed unidentified tablets are sold by shops
without staff with medical or pharmaceutical training. In
the late 1990s, Stenson et al. observed that almost half of
the medicines sold in community pharmacies of the Lao
People’s Democratic Republic (Lao PDR, Laos) bore no
label and that in 26% of cases, medicines were mixed in the
same package, known as ‘yaa chud’, literally ‘combination
medicine’ [21] (Fig. 1).

This practice is also observed in adjacent Thailand and
Cambodia [11, 22, 23]. Dispensing unlabelled solid oral
dosage forms of medicines is still common practice, as
shown in a ‘mystery shopper’ survey conducted in five
provinces of Laos in 2012, in which 10.1% of the 158
medicines bought for malaria treatment were sold as loose
tablets with no label or written information [24].

These dispensing malpractices are an important public
health issue that has been neglected, with few data to
inform policy. Potential consequences of such poor dis-
pensing practices are inadequate adherence of patients, if
the dosage, time and mode of administration are not written
on the plastic bags, and accelerated degradation of the
active pharmaceutical ingredients (API) if the medicines
are kept for long periods in unsealed plastic bags. An
important potential consequence is the risk of ADRs.
Analysis of the content of yaa chud tablets/capsules sold in
the early 2000s on the Thailand—Myanmar border, to a
buyer asking for medicines to treat fever in his pregnant
wife. showed that, in addition to not being efficacious to
treat malaria, they may be harmful during pregnancy [22].

For serious ADRs leading to hospitalization, lack of
knowledge of medicines used by patients impairs patients’
care for both the treatment of the ADR and subsequent
prescriptions. In order to characterize the role of medicines
of unknown identity (MUIs) in ADR-related hospitaliza-
tions, we investigated the frequency of, and factors asso-
ciated with, hospitalizations due to ADRs in Mahosot

Fig. 1 ‘Yaa chud’ sold in Laos, 2013
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Hospital, Vientiane Capital. We achieved this aim by
determining the provisional identity of active pharmaceu-
tical ingredients in unknown tablets/capsules suspected to
be involved in ADR-related hospitalizations, first from
their visual characteristics, in comparison with that of
medicines sold in Laos, and then by formal physico-
chemical analysis.

2 Methods
2.1 Study Settings and Population

This cross-sectional study with prospective inclusion of
patients was conducted at Mahosot Hospital, Vientiane,
Lao PDR, a 450-bed adult and child primary tertiary care
teaching hospital. A sample size of 456 patients was ini-
tially estimated as necessary to detect a frequency of
medication-related hospital admissions of 5%, with a 95%
confidence interval (CI) of 3.0-7.0%, based on interna-
tional systematic reviews [25, 26]. The study was con-
ducted over a 7-week period in February—June 2013.

All consecutive adults (>16 years of age) who presented
to the adult medical emergency department during week-
days, and who were admitted for 1 day or more (unplanned
admissions) to a hospital ward (medical, surgical and
intensive care wards), were eligible for enrollment if they
gave oral, informed consent. Patients hospitalized for
trauma and intentional overdoses of medicines were not
included.

2.2 Data Collection

Each patient, or their relatives, was interviewed within
48 h of admission by a Lao medical doctor, trained to
complete the study questionnaire developed for the purpose
of this study, with a pharmacovigilance pharmacist. The
questionnaire was developed in French and the questions
were asked in the Lao language by the Lao medical doctor,
who is fluent in French. The 40-questions questionnaire
included sociodemographic, medical history and medica-
tion exposure data (see electronic supplementary material
1). It was tested with 39 patients enrolled in a feasibility
study, to assess understanding and ease of completion. The
respondents to the feasibility study were asked to tell if all
the words were understood. A few minor corrections were
made to the original questionnaire.

A detailed prehospital medication exposure history for
the 2 weeks preceding admission was taken through open-
ended questions to record the name, dosage, place of pro-
curement, if the medicine was obtained through self-med-
ication, and the start and end dates of taking the
medication. The respondents were asked to show any

medicines, prescriptions, health record booklets and/or
referral letters. To minimize information bias, a question-
naire adapted from Roulet et al. [27] was used to record
self-medication history. Yaa chud use was also recorded.
Medication was considered as chronic use if taken for >3
months. Medicines were classified on the basis of the
Anatomical Therapeutic Chemical classification index
[28].

Patients were followed during the hospitalization and
charts were reviewed again following discharge. Patients
were subsequently contacted through telephone to ensure
data completeness.

2.3 Outcome Measures

A list of trigger events, adapted from Rozich et al. [29] and
Mehta et al. [30], was used during the initial screening of
ADRs (see electronic supplementary material 2). The
investigators did not know when an ADR was involved in
the hospitalization. Whether the patients were admitted
because of an ADR was first assessed by the Lao medical
doctor and the pharmacovigilance specialist during the
collection of the data on medication use, medical history,
and history of the current condition.

Some unknown medicines used prior to hospitalization
were suspected to be involved in ADR-related hospital-
izations, based on chronology, reason of use and hospital
diagnosis. After identification of API(s) for these unknown
medicines, each initially suspected ADR was reviewed and
causality assessment was performed, using the WHO cri-
teria, by three pharmacovigilance specialists until consen-
sus was reached [31]. Unassessable cases were excluded
from the study. Only ADRs assessed as possible, probable
and certain were included in the analysis.

The classification of symptoms and signs of ADRs was
based on WHO Adverse Reaction Terminology (WHO
ART) [31].

2.4 Identification of Unknown Medicines

We defined an MUI as one for which the name of the brand
or active pharmaceutical ingredient(s) was not written on
the primary package, and that could not be identified by
any other means at the time of the interview (prescription,
record booklet, patients statements ...).

MUIs suspected of being involved in an ADR-related
hospitalization were provisionally identified using a visual
identification tool (a photograph tool). This tool relied on
the visual comparison of the features of the tablet/capsule
with those of 494 known unambiguously labelled medici-
nes collected from private community pharmacies in
Vientiane Capital. One sample of all solid oral dosage
forms (tablets and capsules) of medicines belonging to the
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following classes, chosen as most commonly involved in
ADRs [25, 26, 32], was bought to create the collection:
antidiabetic, anti-infective, cardiovascular, antithrombotic,
analgesic, anti-inflammatory medicines and medicines for
central nervous system disorders. Identifications were
performed using photographs of the reference pharmaceu-
tical units by three health workers—two pharmacists (NS
and NM) and one medical doctor (CS)—without confer-
ring. Whenever possible, samples of the MUIs were col-
lected by the research team and proton magnetic nuclear
resonance (lH NMR)-mass spectrometry (MS), when
needed, was conducted.

2.5 Statistical Analysis

Data were entered into an MS Access Database 2010 (Mi-
crosoft Corporation, Redmond, WA, USA) created specifi-
cally for the study. Qualitative variables were expressed in
numbers and percentages [n (%)] and compared between
patients with or without ADR-related hospitalization using
Chi-square tests or Fisher’s exact tests, as appropriate.
Quantitative variables were expressed as mean + 95% ClI,
or median and first and third quartiles (Q1-Q3), and were
compared between the two groups using ¢ tests or Wilcoxon—
Mann—Whitney tests, as appropriate.

A backward logistic regression model was performed to
assess factors associated with ADR-related hospitaliza-
tions. All variables associated with ADRs with a p value
<0.20 on univariate analysis were entered into a multi-
variate logistic regression model, in addition to age and
sex, factors commonly associated with ADR-related hos-
pitalizations [26]. The goodness-of-fit of the final model
was assessed using the Hosmer and Lemeshow test. The
results are presented as odds ratio (OR) and adjusted ORs
(aOR) and their 95% CIs. Only ADRs assessed as possible,
probable and certain were included in the analysis.

Data analysis was carried out using SAS 9.3 software
(SAS Institute, Cary, NC, USA). The level of significance
was set at 0.05 (two-sided).

3 Results

3.1 Prevalence of Adverse Drug Reaction (ADR)-
Related Hospitalizations in the Study Population

During the study period, 2426 adult patients of the 3529
patients visiting the emergency ward presented to the acute
medical care department; 483 who were admitted for
>24 h provided consent and were included. Thirty cases
were excluded from the study, 13 of which were
unassessable cases of suspected ADRs, with a lack of
information on the medication exposure (n = 10) or the
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medical history (n = 3). The remaining 17 cases were not
suspected as ADRs but were excluded because of a lack of
information on the medication exposure (n = 14) or med-
ical history (n = 3). Sufficient information regarding
medication and/or medical history was obtained for 453
patients (94%) (Fig. 2).

The 453 patients were mainly hospitalized in the
departments of infectious diseases (29.8%), gastroenterol-
ogy (29.4%) and cardiology (13.5%). The remaining
patients were hospitalized in the pneumology (11.3%),
intensive care unit (6.8%), psychiatry (4.4%), international
clinic (2.0%), surgery (1.5%) and gynaecology/obstetrics
(1.3%) departments. The most frequent diagnoses at dis-
charge were dengue fever (n = 55, 12.1%), acute respira-
tory diseases (n = 34, 7.5%), cancers (n = 32, 7.1%),
hypertension (n = 28, 6.2%) and gastric disorders (n = 26,
5.7%). Of the 453 hospitalizations, 23 were initially sus-
pected as ADR-related, giving a frequency of 5.1% (95%
CI 3.1-7.1) during the study period.

3.2 Identification of Medicines of Unknown Identity
(MUISs) as Factors Associated with ADR-Related
Hospitalizations

Factors associated with ADR-related hospitalizations were
investigated in the 376 (83.0%) patients who used at least
one medicine during the 2 weeks preceding hospitaliza-
tion; 17 admissions were judged as being related to an
ADR with known medicines, and six additional ADR-re-
lated hospitalizations from MUIs were identified using the
visual tool and/or "H NMR (Fig. 3; Table 1).

The 376 patients used 1488 medicines (median 3.0
medicines per patient, interquartile range [IQR] 2.0-6.0).

Overall, 126 MUIs were used by 48 (12.8%) patients in
the 2 weeks preceding hospitalization, 30 (23.8%) of which
were suspected, during the initial screening, to be impli-
cated in ADRs in six patients, based on the chronology and
symptomatology. Identification of these 30 MUIs was
performed by a photograph identification tool specifically
developed for this study and checked by 'H NMR/MS for
27 MUIs that were obtained from the patients. The three
MUIs identified by the photograph tool only, without
chemical analysis, contained ibuprofen (one MUI used by a
patient presenting with duodenal ulcer haemorrhage) or
paracetamol (two MUIs used by patients with an ADR
related to the use of medicines of known identity).

Active pharmaceutical ingredients identified by 'H
NMR and/or the photograph tool were mainly vitamins
(n = 6, 20.7%), antibiotics (n = 4, 13.8%; B-lactam n = 2,
macrolide n = 1, tetracycline n = 1), nonsteroidal anti-in-
flammatory drugs [NSAIDs] (n = 4, 13.8 %), paracetamol
monotherapies (n = 2, 6.9%) and paracetamol combination
medicines (n = 1, 3.4%), proton pump inhibitors (n = 2,
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Total emergency visits
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Fig. 2 Participant flowchart. *Patients who left the emergency
department hospitalization ward (did not want to be hospitalized or
decided to go to another health facility). **Information regarding

Excluded N=30 **

medication and/or medical history was insufficient or contradictory
and could not be supplemented or verified

Fig. 3 Description of the
included patients according to
ADR-related hospitalizations

with MUIs or medicines of

Patients included
N=453

known identity. ADR adverse
drug reaction, MUIs medicines
of unknown identity

No medicines used during the 2
weeks preceding hospital
admission N=77

I
ADR-related hospital
admissions involving
medicines of known

identity
N=17

7.7%) and cardiovascular diseases medicines (n = 2, 7.7%;
digoxin n = 1 and heptaminol n = 1) [see electronic sup-
plementary material 3 and 4].

The photograph tool led to the misidentification of 3 of
14 medicines (21.4%), with at least one dual match in the
collection because of look-alike pharmaceutical units in the
medicine photograph collection. Colchicine was falsely
identified instead of acetylsalicylic acid (judged as impli-
cated in one hospital admission); tetracycline instead of
cloxacillin, and codeine-sulfogaiacol-Grindelia combina-
tion instead of a dextromethorphan-chlorpheniramine
combination.

Excipients only were detected by 'H NMR in one unit
that could not be identified by the photograph tool, and
excipients plus an unknown macromolecular ingredient
were detected in another.

Eleven identified (37.9%) MUIs were found in six ADR-
related hospitalizations. For each of these cases, at least
one MUI was judged to be involved in the hospitalization.

ADR-related admissions
defined after identification of
MUI(s) by the visual tool

1
Non ADR-related
hospital admissions
N=353
and/or NMR
N=6

Patients hospitalized as a result of an ADR had used
more medicines (median 7.0 [IQR 3.0-9.0] medicines per
patient vs. 3.0 [IQR 2.0-5.0] medicines per patient;
p <0.001) and at least one MUI (n = 8 [34.8%)] vs.
n =40 [11.3%]; p < 0.01) than patients hospitalized for
other reasons (Table 1). Two patients hospitalized because
of an ADR and five patients hospitalized for other reasons
had taken yaa chud (8.7 vs. 1.4%, p = 0.06).

Table 2 presents the results of the univariate and
multivariate logistic regressions. The number of medici-
nes used in the 2 weeks preceding the hospitalization was
not included in the multivariate model because of the
strong collinearity of this variable with the use of MUI
Indeed, patients who used MUI(s) used significantly more
medicines than those who took medicines of known
identity (median 6.0 [IQR 3.0-8.0] medicines per patient
versus 3.0 [IQR 1.0-5.0] medicines per patient;
p < 0.001). The results of the multivariate model suggest
that the use of an MUI was independently associated with

A\ Adis



814

C. Caillet et al.

Table 1 Demographic and clinical characteristics of patients (N = 376)

Characteristics Non ADR-related ADR-related All admissions p value
admissions [n = 353]) admissions [n = 23] [N = 376]

Age, years [mean (95% CI)] 49.3 (47.1-51.5) 54.5 (47.1-61.9) 49.6 (47.4-51.7) 0.22

Sex, Female 181 (51.3) 15 (65.2) 196 (52.1) 0.19

District” 0.32

Urban 200 (56.7) 17 (73.9) 217 (57.7)

Peri-urban 67 (19.0) 2 (8.7) 69 (18.4)

Rural 10 (2.8) 1 (4.3) 11 (2.9)

Remote 76 (21.5) 3 (13.0) 79 (21.0)
Hospitalization in intensive care unit 20 (5.7) 3 (13.0) 23 (6.1) 0.16
Length of stay, days [median (Q1-Q3)] 4.0 (2.0-6.0) 4.0 (2.0-6.0) 4.0 (2.0-6.0) 0.68
Number of comorbid conditions 0.43

0 188 (53.3) 10 (43.5) 198 (52.7)

>1 164 (46.5) 13 (56.5) 177 (47.1)

Tobacco use” 55 (15.6) 2 (8.7) 57 (15.2) 0.60
Alcoholconsumptionb 30 (8.5) 14.3) 31 (8.2) 0.74
Creatinineclearance®, mL/min 0.12

>60 14 (4.0) 1(4.3) 15 (4.0)

<60 41 (11.6) 6 (26.1) 47 (12.5)

ND 321 (90.9) 16 (69.6) 337 (89.6)

Death during hospitalization, regardless of cause 4 (1.1) 1(4.3) 5(1.3) 0.27

Medications used in the last 2 weeks preceding 3.0 (2.0-5.0) 7.0 (3.0-9.0) 3.0 (2.0-6.0) <0.001
hospitalization [median (Q1-Q3)]

Use of at least one MUI in the last 2 weeks preceding 40 (11.3) 8 (34.8) 48 (12.8) <0.01
hospitalization

Yaa chud use 5.4 2 (8.7) 7(1.9) 0.06

Use of at least one medicine obtained through self- 83 (23.5) 6 (26.1) 89 (23.7) 0.83
medication

Use of at least one traditional medicine 60 (17) 6 (26.1) 66 (17.6) 0.26

Data are expressed as n (%) unless otherwise specified

CI confidence interval, Q1 first quartile, O3 third quartile, ADR adverse drug reaction, MUI medicines of unknown identity, ND not determined

? Distance in travel time (by car) from provincial capital [33]: <1 h (urban), 1-2 h (peri-urban), 2-3 h (rural), >3 h (remote)

® At least once a day
¢ Estimated using the Cockroft-Gault formula

ADR-related hospitalizations [aOR 4.5, 95% CI
1.7-11.5).

Patients exposed to MUI(s) were older than those who
used medicines of known identity only (mean 55.5 [95% CI
48.8-61.3] years of age vs. 48.8 [95% CI 46.5-51.0] years
of age; p = 0.03) (Table 3) and MUIs were more fre-
quently purchased in private clinics and less frequently in
public hospitals than medicines of known identity (48.4%
vs. 9.0% [p < 0.001] and 34.1% vs. 73.9% [p < 0.001],
respectively) (Table 4).

3.3 Characteristics of Cases of ADR-Related
Hospitalizations

Electronic supplementary material 5 summarizes the 23
patients with ADR-related hospitalizations. Ten (43.5%)
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cases of ADRs were classified as probable, and 13 (56.5%)
were classified as possible.

Four cases (numbers 1, 2, 3, 4) of drug-induced ulcer
were caused by MUIs. Among them, ibuprofen 600 mg
was dispensed to patient number 1 in a private clinic after
the first symptom of gastrointestinal haemorrhage appeared
(melena); one yaa chud containing two different NSAIDs
(diclofenac and piroxicam) was taken by a 65-year-old
patient (number 2) and one yaa chud containing acetyl-
salicylic acid (81 mg) and prednisone (5 mg) was taken
three times per day by a 68-year-old patient (number 3).
Six drug-induced ulcers involved medicine(s) of known
identity (NSAIDs, including acetylsalicylic acid). In two of
these cases, the culprit medicines were administered after
(patient number 7) or continued (patient number 9) after
the first symptoms (melena). In one case (patient number
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Table 2 Factors associated Univariate analysis Multivariate analysis
with adverse drug reaction-
related hospitalizations in the OR (95% CI) p value aOR (95% CI) p value
backward logistic regression
model Age group, years
>65 vs. <65 1.5 (0.6-3.7) 0.36 1.3 (0.5-3.2) 0.58
Sex
Female vs. male 1.8 (0.7-4.3) 0.20 2.0 (0.8-5.1) 0.12
Use of MUI
Yes vs. no 4.2 (1.7-10.5) <0.01 4.5 (1.7-11.5) <0.01
District® 0.38
Peri-urban vs. urban 0.4 (0.1-1.6)
Rural vs. urban 1.2 (0.1-9.7)
Remote vs. urban 0.5 (0.1-1.6)
Number of comorbid conditions
>1vs. 0 1.5 (0.6-3.5) 0.60
Tobacco use”
Yes vs. no 0.5 (0.1-2.2) 0.38
Alcohol consumptionb
Yes vs. no 0.5 (0.1-3.7) 0.48
Number of modern medications used
>5 vs. <5 6.3 (2.6-15.4) <0.001
Use of at least one traditional medicine
Yes vs. no 1.7 (0.7-4.6) 0.27

Use of at least one medicine obtained through self-medication

Yes vs. no

1.1 (0.4-3.0) 0.79

OR odds ratio, CI confidence interval, aOR adjusted odds ratio, MUI medicine of unknown identity

? Distance in travel time (by car) from provincial capital [33]: <1 h (urban), 1-2 h (peri-urban), 2-3 h

(rural), >3 h (remote)

" At least once a day

10), the NSAID was obtained through self-medication and
taken in the same time as another prescribed NSAID
(ibuprofen). Patient number 11 was dispensed two
NSAIDs, including a high dose of piroxicam (60 mg/day)
for arthralgia in a hospital.

Hypoglycemia induced by oral antidiabetics was
responsible for hospitalization in three patients (numbers
13, 14, 15), of which one MUI, identified as glibenclamide,
taken in high doses (20 mg/day), induced a hypoglycemic
coma. One case of hypokalemia involved three different
hypokalemiant medicines, of which one potassium chela-
tive agent was prescribed, whereas the kaliemia of the
patient was within normal range (patient number 16). One
patient (number 19) developed a severe rash within 1 h
following the intake of four MUIs, subsequently identified
as clarithromycin, cephalexin and a combination of thi-
amine-pyridoxine.

One tablet could not be identified by either the pho-
tograph tool or NMR/MS. A 17-year-old patient (number
22) developed an acute hepatitis following the intake of
four different brand medicines containing paracetamol in a
short period of time, of which three were procured by a

friend to treat fever and one was dispensed in a hospital
after the jaundice occurred.

3.4 Visual Characteristics of Tablets and Capsules
in Private Pharmacies

Of the 494 medicines bought in community pharmacies for
the implementation of the photograph tool, 215
tablets/capsules (43.5%) did not bear any imprint. Among
these unimprinted medicines, 127 (59.1%) had at least one
look-alike unit in the collection. Moreover, 7.8% of the 281
imprinted medicines also had look-alike units in the col-
lection (Table 5; Fig. 4). In all cases the imprints repre-
sented the name of the manufacturer.

4 Discussion
We investigated the frequency of, and factors associated
with, adult hospitalizations due to ADRs in Mahosot

Hospital, Vientiane Capital. We also aimed to characterize
the role of MUIs in ADR-related hospitalizations, an aim
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Table 3 Characteristics of patients taking medicines of unknown identity versus patients taking medicines of known identity only

Characteristics Patients using medicines of Patients using medicines of All patients [N = 376] p value
known identity [n = 328] unknown identity [n = 48]
Age, years [mean (95% CI)] 48.8 (46.5-51.0) 55.5 (48.8-61.3) 49.6 (47.5-51.7) 0.03
Sex, Female 176 (53.7) 20 (41.7) 196 (52.1) 0.13
District” 0.63
Urban 188 (57.3) 29 (60.4) 217 (57.7)
Peri-urban 63 (19.2) 6 (12.5) 69 (18.4)
Rural 9 (2.7) 2 (4.2) 11 (2.9)
Remote 68 (20.7) 11 (22.9) 79 (21.0)
Hospitalization in intensive care 21 (6.4) 242 23 (6.1) 0.75
unit
Length of stay, days [median (Q1- 4.0 (2.0-6.0) 4.0 (3.0-6.0) 4.0 (2.0-6.0) 0.39
Q3)]
Number of comorbid conditions 0.32
0 177 (54.0) 21 (43.8) 198 (52.7)
>1 150 (45.7) 27 (56.3) 177 (47.1)
Tobacco use” 46 (14.0) 11 (22.9) 57 (15.2) 0.30
Alcohol Consumptionb 24 (7.3) 7 (14.6) 31 (8.2) 0.22
Creatinineclearance®, mL/min 0.31
>60 13 (4.0) 2 (4.2) 15 (4.0)
<60 38 (11.6) 9 (18.8) 47 (12.5)
ND 277 (84.5) 37 (77.1) 314 (83.5)
Death during hospitalization, 4 (1.2) 1(2.1) 5(1.3) 0.50
regardless of cause
Number of medications used 3.0 (1.0-5.0) 6.0 (3.0-8.0)3.0 (2.0-6.0) <0.001
[median (Q1-Q3)]
Use of at least one traditional 53 (16.2) 13 (27.1) 66 (17.6) 0.07
medicine
Use of at least one medicine 78 (23.8) 11 (22.9) 89 (23.7) 0.35

obtained through self-medication

Data are expressed as n (%) unless otherwise specified, ND not determined

CI confidence interval, Q1 first quartile, Q3 third quartile

% Average distance (by car) to provincial capital [33]: <1 h (urban), 1-2 h (peri-urban), 2-3 h (rural), >3 h (remote)

° At least once a day

¢ Estimated using the Cockroft-Gault formula

that was achieved by determining the provisional identity
of active pharmaceutical ingredients in unknown
tablets/capsules suspected of being involved in ADR-re-
lated hospitalizations, first from their visual characteristics
(in comparison with that of medicines sold in Laos), and
then by formal physicochemical analysis. With a frequency
of 5.1% during the survey period, this study demonstrates
that ADRs substantially contribute to adult hospitalizations
in Mahosot Hospital. Visual identification of MUI(s) at the
time of hospitalization, coupled with a physicochemical
analysis of active ingredients, allowed us to determine that
one-fourth of ADR-related hospitalizations involved the
use of MUI(s). Using MUI(s) was identified as a risk factor
of ADR-related hospitalization.
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As far as we are aware, only two studies have investi-
gated the frequency of ADR-related hospitalizations in
adults in L/MICs using similar definitions as in our study;
however, these were in upper- to middle-income econo-
mies (e.g. Malaysia and South Africa) and reported higher
frequencies (8.4 and 9.9%) than in the present work
[30, 34].

This study has several limitations. Several reasons could
have led to an underestimation of the frequency of ADR-
related hospitalization in the present study. First, docu-
menting pharmaceutical and medical histories was mainly
based on patient data. Sociocultural issues relating to dif-
ficult subjects in Laos (for example HIV and tuberculosis)
might have impaired the collection of information. It was
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Table 4 Characteristics of medicines of unknown identity versus medicines of known identity
Medicines of known identity Medicines of unknown identity All medicines p value
[n = 1362] [n = 126] [N = 1488]
Place of procurement <0.001
Community 176 (12.9) 17 (13.5) 193 (13.0)
pharmacies
Public hospital 1006 (73.9) 43 (34.1) 1049 (70.5)
Health center 17 (1.2) 2 (1.6) 19 (1.3)
Private clinic 122 (9.0) 61 (48.4) 183 (12.3)
Others 41 (3.0) 3(24) 44 (3.0)
Chronic use 0.12
Yes 263 (19.3) 18 (14.3) 281 (18.9)
No 1054 (77.4) 105 (83.3) 1159 (77.9)

Data are expressed as n (%)

Table 5 Description of imprinted look-alike ambiguous pharmaceutical units in the medicines collection

Description of the unit

Active ingredient, dose (Brand name)

White round tablet (diameter 9 mm) with engraved figure ‘2’ in a foursquare

on one side

White round tablet (diameter 13 mm) with engraved figure 2’ in a
foursquare on one side

Yellow round tablet (diameter 13 mm) with engraved figure 2’ in a
foursquare on one side

White round tablet (diameter 13 mm) with engraved ‘KPN’ in a circle on

one side

White round tablet with engraved ‘KPN’ in a circle on one side

White oblong tablet with engraved ‘SPM’ on one side

White oblong tablet with engraved ‘SPM’ on one side

Red-pink oblong tablet with engraved ‘CDP’ on one side

Blue and red capsule with engraved ‘T/P’

Propranolol, 40 mg (Cardilol®)

Griseofulvin, 125 mg (Grisoline®)

Phenobarbital, 100 mg (Phenobarbital®)

Prednisolone, 5 mg (Prednisolone®)

Albendazole, 200 mg (Albendazole®)

Paracetamol, 500 mg (Paracetamol®)

Sulfadoxine 500 mg, pyrimethamine 25 mg (Tancida®)
Chlorpropamide, 250 mg (Diabeta®)

Paracetamol 500 mg, chlorpheniramine 2 mg, phenylephrine 10
mg (Deewad®)

Niclosamide, 500 mg (Tomesal®)
Paracetamol, 500 mg (Noparin®)
Paracetamol, 500 mg (Para®)
Mebendazole, 100 mg (Roben-2%)
Sulfamethoxazole 400 mg, trimethoprim 80 mg (Strim-side®)
Acyclovir, 200 mg (Acyvir®)
Spiramycin 1,500,000 IU (Infecin®)
Spiramycin 3,000,000 IU (Infecin®)
Ciprofloxacin, 500 mg (Sepratis®)
Mefenamicacid, 500 mg (Dofemina1®)
Erythromycin, 500 mg (Erythro®)
Piroxicam, 20 mg (Pradong®)
Piroxicam, 20 mg (Butacinon forte®)

difficult to trace pharmaceutical and medical histories as
Lao patients often seek care from multiple providers for a
single illness [35, 36]. However, patient recall bias was
minimized by using an adapted questionnaire to collect
medication history [27] and by retrieving information from
record booklets whenever possible, although information
appeared to be very limited. In addition, the number of
ADR-related  hospitalizations ~may  have  been

underestimated as hospitalizations due to trauma were not
evaluated, potentially excluding medicine-related falls and
resulting fractures commonly observed in older people
treated by psychotropic, cardiovascular and hypoglycemic
medicines [37]. Our study was conducted in a single ter-
tiary hospital of Laos, and, as such, careful considerations
should be taken to generalize our findings to different
health structures and to other parts of the country.
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As observed in other studies in L/MICs, NSAIDs were
the medicines most frequently involved in ADRs [38, 39].
However, cardiovascular medicines, anticancer
chemotherapy and antithrombotics were less frequently
involved than in other studies, mostly conducted in high-
income and upper- to middle-income countries [25, 26, 40].
In Laos, the therapeutic coverage of cardiovascular dis-
eases is not known, but the low rate of ADR to cardio-
vascular medicines observed here could be related to low
use, as observed in other L/MICs [41]. This is likely to be
the case for anticancer medicines as cancer treatment
within Laos is extremely limited [42]. More than 10% of
patients hospitalized in the study period who had taken
MUI(s) in the prior 2 weeks preceding the hospitalization
developed serious ADRs. Patients who used MUIs also
used more medicines than patients using known medicines
only, and thus had a higher risk of developing ADRs [26].
In addition, dispensing errors of medicines could have been
involved in ADRs, but the design of this study did not
allow the investigation of this. Besides increasing the risk
of developing ADR-related hospitalizations, using
MUI(s) impairs patients’ care, especially in health struc-
tures with limited capacities for toxicological or chemical
analysis. For example, in our study, a patient developed
extensive allergic reaction after taking four different MUTISs.
Given the risk of severe allergy in case of rechallenge of
the culprit medicine or related substances, knowing their
identity is essential for subsequent rational prescribing. For
another patient, not knowing which antidiabetic medication
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Fig. 4 Imprinted look-alike pharmaceutical units containing a phenobarbital and b prednisolone, and ¢ acyclovir and d spiramycin

(and its strength) was involved in the hypoglycemic coma
impaired the tailoring of discharge diabetes treatment.
More than one-tenth of the MUIs identified by "H NMR
and/or the photograph tool were antibiotics. Not knowing
the antibiotic taken prior to admission impairs the choice of
appropriate antibiotics by hospital professionals. In addi-
tion, inappropriate and subtherapeutic antibiotic use is of
particular concern for antimicrobial resistance. This issue
has already been raised in a recent study in Laos [24], in
which low doses of antibiotics were found in seven of nine
yaa chud samples. Measures to ensure medicine labelling at
the time of dispensing are required.

A high illiteracy rate and the fact that many medicines
are bought by pharmacies in bulk and are not relabelled,
were mentioned as reasons for inadequate labelling prac-
tices by medicines sellers in private pharmacies in Laos in
2000 [43]. Further investigations are needed to understand
the reasons for this risky practice in other health facilities,
given that half of the MUIs in our study were provided by
health professionals in private clinics, and one-third in
public structures.

The Lao regulation stipulates that unlabelled medicines
or medicines with unclear labelling should be prohibited.
Labels should clearly indicate the name, the dosage, and
how to use the medicine. In addition, the mixing of dif-
ferent medicines in the same packaging is prohibited. As
the violation of this regulation may be difficult to spot
during exposed routine inspections, we suggest that cover
inspections by drug inspectors are enhanced.
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Identification of solid dosage forms based on their visual
characteristics was suggested in the US in the 1960s,
encouraged by the American Medical Association [44], and
online tools are available in various countries such as
Canada, the US, Vietnam and Thailand [45-48]. Almost
half of the medicines bought in community pharmacies for
the purpose of this study did not bear any imprint, with half
of these unimprinted medicines having look-alike units in
the collection. Moreover, a substantial minority of the
imprinted medicines also had look-alike units. In our study,
the misidentifications of MUIs by the photograph tool
because of look-alike medicines, questions the global
utility of these tools in routine, especially for the identifi-
cation of unimprinted units. However, in the presence of
unknown imprinted medicine, it could be useful as a rapid
screening tool, and active pharmaceutical ingredient-
specific identification by physicochemical techniques such
as thin-layer chromatography should be performed (e.g.
with the Global Pharma Health Fund Minilab) [49]. Other
devices, such as handheld devices using Raman or near-
infrared instrumentation [50], or MS and low-field NMR
technologies [51, 52], although more costly, would be of
great utility in clinical settings while medicines continue to
be unlabelled. However, in L/MICs, such physicochemical
identification techniques cannot be implemented easily in
health structures and are usually not affordable.

Trademark imprints on tablets or capsules are clearly
insufficient for pill identification, and, rather than investing
in complicated and expensive chemistry, it would be more
preferable if a global standardized imprint identification
coding system for tablets/capsules was introduced, as dis-
cussed in the early 2010s [53]. Harmonized, internationally
accepted coding systems exist for other small products,
such as the colour codes to identify electrical resistors [54],
but still nothing is in place for pharmaceuticals. A sus-
tainable comprehensive and easily available database of
these codes would allow patients and health professionals
to rapidly identify the active pharmaceutical ingredi-
ent(s) in medicines and abolish MUI. The WHO leads the
International Nonproprietary Names system and we sug-
gest that this should be expanded to an international
pharmaceutical identity coding system [55].

5 Conclusion

The results of this cross-sectional study performed in a
teaching hospital of Lao PDR highlighted that exposure to
medicines not sold in their original packaging and without
written identity is a factor associated with a higher risk of
ADR-related hospitalizations. The majority of unimprinted
tablets/capsules collected during this study had at least one
look-alike unit in the collection of medicines collected for

identification of the medicines through their visual aspect.
Therefore, visual identification of the collected medicines
was not sufficient and a physicochemical analysis was
required.

The hazardous consequences of practices of use of
MUIs must be investigated, particularly in developing
countries where capacities for drug analysis are limited.
Although any pharmaceutical identity coding system
would not substitute the need for improvement in good
dispensing practices, it is time for patient protection
through research for an international unambiguous phar-
maceutical unit imprinting.
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