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Abstract
Introduction: A one of the step towards achieving TB related targets is to ensure early and quality diagnosis of TB in national laboratories.
WHO recommends that all national reference laboratories in TB burden countries strive to reach accreditation by 2025, based on
ISO15189:2012 quality management system standard. To identify gaps, progress and evaluated the evolution in implementation QMS we
performed a formal assessment of the national TB reference laboratory of Armenia, as well as estimates the specific quality indicators of NRL
activity.
Methodology: This is retrospective study cross-sectional study using laboratory data from the National TB Reference Laboratory in Armenia.
Quality Management System assessments was conducted twice a year, using TB SLMTA assessment checklist. The sputum rejection and
culture rates for quality indicators are calculated and assessed monthly.
Results: Compared to the baseline in 2016, there was a quality improvement reflecting the progress from zero to a “one star” in 2018. Areas
that reached half of the target score included document and records, management review and responsibilities, evaluation and audits. Sections
as “client management and customer service” and “evaluation and audits” stagnated in terms of progress. In terms of NRL performace, all
indicators improved except for culture positivity in smear negative tuberculosis.
Conclusion: Although a quality management system was introduced in the NRL there is now an urgent need to develop and implement an
adapted roadmap for Armenia. This will be vital to hasten the much-needed pace towards accreditation.
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Introduction
The Sustainable Development Goals (SDGs),
adopted in September 2015, and the World Health
Organization (WHO) End TB (tuberculosis) Strategy,
have a common goal with respect to TB to end the
Global TB Epidemic [1,2] An integral component is the
90-(90)-90 TB diagnostic and treatment targets [3,4] diagnose and treat at least 90% of all people with TB;
diagnose and treat at least (90%) of the key populations
with TB; achieve at least 90% treatment success for all
people diagnosed with TB [4].
A first step towards achieving these TB related
targets is to ensure early and quality diagnosis of TB in
national laboratories [5]. This would also foster rational
TB treatments and build confidence of health workers,
and the community in the TB control program.

In order to achieve high quality TB diagnosis, WHO
recommends that all national reference laboratories in
TB burden countries strive to reach accreditation by
2025 and have provided the appropriate tools [6].
Since 2016, Armenia has been making efforts
towards improving the quality of its national TB
reference laboratory (TB NRL). This was done through
introduction of the TB Strengthening Laboratory
Quality Management Toward Accreditation (TB
SLMTA) [7]. This process allows clinical and public
health laboratories to develop and document the ability
to detect, identify, and promptly report TB in clinical
specimens [8]. TB SLMTA includes a Quality
Management System (QMS). The QMS uses a five-star
tiered approach based on on-site audits of laboratory
operating procedures, practices and performance. A
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given laboratory could score between “no stars (0-150
point)” to a maximum of “five-stars (261-275 points)”.
To receive recognition and accreditation to
international standards, laboratories need to achieve a
five-star status. Points determine the star level and are
based on a checklist containing 12 sections with each
section having target points (Table 1).
Anecdotal evidence suggests that since the
introduction of TB SLMTA, there have been
improvements in laboratory performance, however this
is yet to be formally assessed. Studies from Africa [9]
and the Caribbean [10] have shown improvements in
laboratory performance after introducing laboratory
quality control measures. A PUBMED search revealed
no such studies from East Europe or the Central Asian
region which are high TB burden countries.
Furthermore, in Armenia, we included additional
general (sputum rejection rates) and culture quality
indicators which were not covered in previous studies.
A formal assessment of these laboratory performance
parameters would help identify gaps and orient the way
forwards towards achieving the desired laboratory
quality by 2020.
In the TB NRL of Armenia, we thus assessed the
evolution of a) the QMS score (points) in relation to TB
SLMTA targets and b) sputum specimen rejection rates
and specific quality indicators for culture.
Methodology
Study design
This is a retrospective cross-sectional study using
routine reference laboratory data.
Study Setting
Armenian Highland is mountainous region of
Southeastern Europe. The population of Armenia is

J Infect Dev Ctries 2019; 13(5S):010S-015S.

about three million. There are 10 regions with diverse
geographical features (plains, valleys, hills and high
mountains) in which there are both urban and rural
areas.
Armenia is among the 18 high priority countries
fighting TB in the WHO European region [11].
Strengthening Laboratory Quality Management
Toward Accreditation
The TB NRL in Armenia was built in 2001 and it is
the only laboratory that performs culture and LPA
molecular testing. TB specimens are collected from TB
diagnostic sites and transported by a vehicle dedicated
for this purpose on a scheduled base to the reference
laboratory (once or twice a week). Feedbacks on the
results are provided by telephone, e-mail or other means
best suited to the clinical sites. All health facilities were
trained on sputum collection and transportation
procedures.
TB SLMTA was introduced in 2016 in the TB NRL.
Laboratory staff was mentored on the TB SLMTA
process by an experienced mentor, QMS assessments
are conducted twice a year while sputum rejection and
culture rates quality indicators are assessed monthly.
For general TB laboratory indicators (sputum rejection
and culture indicators) the reference was the WHO
guidelines for providing technical support to TB
laboratories in low- and middle-income countries [12].
The TB NRL is under annual External Quality
Assurance (EQA) program related to drug susceptibility
testing, which is leaded and supported by the Borstel
Supranational Reference Laboratory (SRL). For the rest
of 5 years, the EQA program approves the high level of
the concordance (100% for the first line drugs and 99100% for the second line drugs) of the NRL DST
results.

Table1. TB Laboratory Quality Management Systems checklist for Strengthening Laboratory Management Toward Accreditation.
Section
Total Points
Section 1: Documents & Records
28
Section 2: Management Reviews
14
Section 3: Organization & Personnel
22
Section 4: Client Management & Customer Service
10
Section 5: Equipment
35
Section 6: Evaluation and Audits
15
Section 7: Purchasing & Inventory
24
Section 8: Process Control
32
Section 9: Information Management
21
Section 10: Identification of No Conformities, Corrective and Preventive Actions
19
Section 11: Occurrence/Incident Management & Process Improvement
12
Section 12: Facilities and Biosafety
43
TOTAL SCORE
275
No Stars
1 Star
2 Stars
3 Stars
4 Stars
5 Stars
(0–150pts)
(151–177pts)
(178–205pts)
(206–232pts)
(233–260pts)
(261–275pts)
< 55%
55–64%
65–74%
75–84%
85–94%
≥ 95%
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Study site and population
The study site was the TB NRL located in Abovyan
city. QMS data and TB laboratories indicators was
collected in TB NRL. Sputum, urine and other
specimens arrived at the reference laboratory from all
regions of Armenia.
Study period
The study period on evolution of QMS was from
2016 to early 2018 while that on sputum rejection and
culture quality involved the period 2015-2017.
Data collection and sources
Laboratory data related to the study objectives were
sourced from the reference laboratory registers. The TB
SLMTA checklist was used to collect QMS data and
this was done by a dedicated and trained quality control
assessment officer. Data was entered into a calculation
sheet (Microsoft excel) and validated by a laboratory
manager. Data of laboratory specimens were entered
into a dedicated data base “Health Information System
of Armenia” that links clinical and laboratory data and
is accessible to clinical and laboratory managers. This
data was entered from registers and cross-checked with
laboratory doctors and a laboratory manager.
Ethics approval
Permission for the study was obtained from the
National TB control center and ethics approval was
obtained from the center for medical genetics and
primary health care, institutional review board,
Yerevan, Armenia. As the study used aggregated data,
the issue of informed consent did not apply.
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Results
Quality management points and stars for the reference
laboratory (2016 -2018)
Table 2 shows the trend in achieving desired quality
management points and stars. Compared to the baseline
in 2016, there was an overall increase of 39 points (from
137 in 2016 to 176 in 2018) reflecting progress from
zero to a “one star” in 2018. Areas that only reached ≤
50% of the target score included document and records,
management review and management responsibilities,
evaluation and audits. Some sections completely
stagnated in terms of progress comparing the baseline
in 2016 with achieved targets in 2018. These included
“client management and customer service” and
“evaluation and audits”.
Sputum specimen rejection rates and specific quality
indicators for culture (2015-2017)
There was a progressive improvement in sputum
rejection with the proportion of rejected sputum
specimens dropping progressively from 6.6% in 2015
to 2.9% in 2017 (Table 3). However, in terms of culture
indicators for Mycobacterium Tuberculosis Complex
(MTBC), all indicators improved between 2015 and
2017 except for culture positivity in smear negative TB.
Culture
positivity
for
non-tuberculosis
mycobacteria (NTM) varied between 2015 and 2017
but since there are no WHO thresholds we were unable
to assess this parameter against any desired standards.
Discussion
This is the first study from the Eastern Europe and
Central Asia region that has assessed progress of a TB

Table 2. Quality management points and stars for the national tuberculosis reference laboratory, Armenia (2016 -2018).
QMS target points achieved by year a
Allocated
QMS variables
2016
2017
2018
target points
N (%)
N (%)
N (%)
Document and records
28
9 (32)
13 (46)
14 (50)
Management review and management responsibilities
14
3 (21)
4 (29)
4 (29)
Organization and personnel
22
5 (23)
11 (50)
15 (68)
Client management & customer service
10
6 (60)
6 (60)
6 (60)
Equipment
35
19 (54)
20 (57)
20 (57)
Evaluation and audits
15
1 (7)
1 (7)
1 (7)
Purchasing and inventory
24
20 (83)
23 (96)
23 (96)
Process control
32
22 (69)
21 (66)
21 (66)
Information management
21
15 (71)
17 (81)
17 (81)
Identification of non-conformities, corrective and preventive
19
3 (16)
5 (26)
11 (58)
action
Occurrence management and process improvement
12
6 (50)
8 (67)
8 (67)
Facilities and biosafety
43
28 (65)
35 (81)
36 (84)
275
137
164
176
Total points
0
1
1
Starsb
a

The baseline for a QMSs scores is 2016; b A range of 261-275 points is considered as 5 star.
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NRL towards achieving desired international
accreditation. It shows that after introducing a
foundation for quality control in 2016, the pace of
progress until 2018 has been much slower than desired.
Of the 12 areas in the QMS check list, three areas
showed ≤ 50 % progress to achieving targets while in
two, there was complete stagnation.
These findings herald a red flag and is a call for
urgent action to enhance the pace of progress so that
Armenia can achieve the WHO recommendations of
achieving laboratory accreditation by 2020. The current
pace of having achieved one star after two years implies
that it will take more time than WHO recommendation
to achieve the desired five-star laboratory status.
The strengths of the study are that data stemmed
from the only national TB NRL in Armenia and is thus
representative of the national situation; we used the
standardized and validated TB SLMTA check list
allowing harmonized comparisons of progress by year;
and we adhered to STROBE guidelines for the reporting
of observational studies [13] The main study limitation
was that we did not know the exact reasons for the slow
overall progress and complete stagnation in some
specific areas. The apathy merits specific programmatic
investigation including qualitative research at the
laboratory level.
The study findings have a number of policy and
practice implications. First, laboratory areas with 50%
or lower progress to achieving desired targets included
“document and records, management review and
management responsibilities as well as evaluation and
audits”. All these areas are labor-intensive but staffing
has remained static. Despite of having supervision and
support from the TB laboratory network manager, one
of the other limitation factor is that the routine quality
management responsibilities were assigned to a
microbiologist who only started work towards the end
of 2016 (October) in NRL as well as she also have to
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share common work with quality management. This
delayed the take-off of the QMS on an operational level.
In terms of data entry and record keeping, there was
even a reduction in numbers of the two available staff one left the service and another went on maternity
leave. The duties of these individuals were simply
added to the existing responsibilities of already busy
laboratory staff. The logical way forward would be a
formal assessment of overall health staffing needs in
each of the 12 sections of the laboratory, address the
staffing gaps and ensure that this is reviewed and finetuned on a yearly basis.
Second, the two areas that made “zero progress”
since 2016 included “client management and customer
service” and “evaluation and audits”. These gaps are
important pointers towards the lack of formal and
objective assessments of progress in laboratory activity.
From a laboratory perspective, the lack of evaluations
would translate into “reduced or no formal feedback”
on laboratory staff performance which may lead to staff
demotivation. From a health facility perspective, lack of
assessments of “client management and customer
service” may hinder overall health worker confidence
in the activities of the reference laboratory. A
laboratory quality manager who is not overloaded with
routine laboratory activity may be needed to make
progress in these two areas of stagnation.
Third, there was a progressive improvement in
sputum rejection rates which is a favorable finding
indicating improvements in sputum collection and
transport. This is likely to be the fruit of trainings and
the introduction of standard operating procedures. It
may serve as an example for other areas that are lagging
behind. Studies from Kenya [14], Ethiopia [15] and the
African region [9] have highlighted the critical role of
mentorship, onsite and offsite coaching and training
activities for making rapid progress towards
accreditation. The presence of strategic and corrective

Table 3. Sputum rejection rate and culture quality indicators for the national tuberculosis reference laboratory, Armenia (2015 -2017).
QMS target points achieved by year
WHO targets
Indicators
in %b
2015
2016
2017
General quality
<1
6.6
6.6
2.9
Sputum rejection rate
a
Quality indicators for culture
15-20
6.8
9.7
10.8
Culture positive for MTBC and NTM
Culture positive for MTBC
10-15
6.5
9.2
9.6
AFB smear positive that were culture positive for MTBC
95-98
75.6
82.7
93.8
AFB smear negative that were culture positive for MTBC
20-30
2.8
4.4
4.0
Culture positive for NTM
NA
0.3
0.5
1.2
AFB smear positive that were culture positive for NTM
NA
2.3
2.1
1.3
AFB smear negative that were culture positive for NTM
NA
0.2
0.4
1.2
Contamination rate
8-10
2.1
6.2
9.2
a

Number and proportion of diagnostic specimens (new and relapse); b Culture on liquid media.
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work plans has shown to catalyze progress towards TB
SLMTA targets in Kenya and this could also be
considered in Armenia [14].
Finally, although culture positivity for NTM varied
between 2015 and 2017, we had no thresholds to assess
this parameter against any desired standards. Guidance
by WHO in proposing thresholds in this domain is
needed.

Funding
The program was funded by the Special Programme for
Research and Training in Tropical Diseases at the World
Health Organization (TDR) and supported by implementing
partners.

Conclusion
The introduction of quality management measures
in the national TB reference laboratory is laudable but
there is now an urgent need to develop and implement
an adapted road map for Armenia. This will be vital to
hasten the much-needed pace towards accreditation.
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