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ABSTRACT
Introduction: In 2017 the rate of tuberculosis (TB) in Armenia according to the 

national surveillance system was 28 per 100 000 population, yet the number 

estimated by WHO was 36 per 100 000 population. The aim of the study was 

therefore to assess the underreporting of TB cases in Armenia in 2017.

Methodology: A retrospective inventory study was conducted by comparing 

TB cases reported electronically to the National Tuberculosis Program 

(NTP) via the national TB database e-TB Manager to 1) those recorded in 

two additional electronic national databases: the TB reference laboratory 

database and TB hospital database, 2) paper-based registers from Basic 

Management Units. The rate of underreporting was calculated as the number 

of TB patients not reported in the e-TB manager over the sum of both reported 

and unreported cases.

Results: Of 760 TB cases identified in TB  -laboratory and TB- hospital 

databases, 691 TB cases were known to the e-TB Manager, meaning there 

were 69 cases not officially reported. The overall rate of underreporting 

was therefore 7.6%, although this rate was higher in certain populations 

including prisoners and Armenian citizens that are not permanently resident 

in the country.

Conclusion: While the underreporting rate for new and relapse TB cases in 

Armenia at 7.6% could be further be reduced, this rate, at under ten percent is 

considered acceptable as per WHO guidelines.
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BACKGROUND
The World Health Organization (WHO) estimates that every 
year more than 3 million tuberculosis (TB) cases are missed 
by national TB surveillance systems. In 2017 the best global 
estimate for TB incidence was 10 million (range 9–11 million) 
TB cases or 133 per 100 000 population, as reported by WHO, 
with 3.6 million cases of these not officially reported (1). 
Hence, WHO has highlighted case detection and reporting as 
one of the most important components in the fight against TB 
in order to achieve the global TB targets. National tuberculosis 
programmes (NTPs) should use data collected through routine 
surveillance to directly measure TB incidence and thereby 
track progress towards achieving the End TB Strategy target of 
a 90% reduction in TB incidence rates by 2035 (2).

In 2017 the rate of TB in Armenia according to the national 
surveillance system was 28 per 100 000 population, yet the 
number estimated by WHO was 36 (range 27–45) per 100 000 
population, which would suggest a detection rate of 78.6% (3, 4). 
Based on these differences, an inventory was conducted in 
Armenia with the aim of assessing the presence and extent of 
underreporting of TB cases in 2017.

METHODS AND MATERIALS
This retrospective inventory study of both new and relapse 
diagnosed TB cases in 2017 was carried out in its entirety 
from 5 February to 4 April 2019 in line with recommended 
methodology for inventory studies (4).

mailto:eduard.kabasakalyan@gmail.com


477

ТОМ 5  |  ВЫПУСК 4  |  ДЕКАБРЬ 2019 Г.  |  369–613ПАНОРАМА ОБЩЕСТВЕННОГО ЗДРАВООХРАНЕНИЯ

UNDERREPORTING OF DIAGNOSED TUBERCULOSIS CASES TO THE NATIONAL SURVEILLANCE SYSTEM IN ARMENIA IN 2017

GENERAL SETTING
Armenia is an upper-middle-income country situated in the 
region of South Caucasus in Eurasia, bordered by Turkey to 
the west and Georgia to the north, with a population of around 
3 million and a density of 101 inhabitants per km2.

STUDY SETTING
National TB Programme: In Armenia, the Ministry of Health 
has a fundamental responsibility for TB control in the country 
and exercises power through the central unit of the NTP  – 
the National Tuberculosis Centre for TB Control (NTCC). 
Interventions for TB control are provided via a  network of 
specialized institutions and primary health care services. The 
diagnosis and treatment of TB are free of charge to all TB 
patients. The diagnosis and management of TB as well as case 
definitions, recording and reporting are in accordance with 
WHO guidelines (5).

TB SURVEILLANCE SYSTEM.
The registration of TB cases is in accordance with the 
Methodological Guidelines for Tuberculosis Management 
in Armenia (6). The TB surveillance system comprises both 
paper-based systems of recording and reporting and an 
electronic Internet-based system for TB surveillance and 
case management (e-TB Manager). Each case of presumptive 
TB is registered in the TB-15 paper-registry at the TB basic 
management unit (BMU) level. Conformation of a TB diagnosis 
is also recorded in the TB-15. All TB data are recorded on 
a paper individual TB treatment card (TB-01) and entered by 
hand at BNUs into a paper TB register (TB-03). Then, all TB 
data are entered into the e-TB Manager at BMU and national 
levels, which are validated by monitoring and evaluation staff 
from NTCC. The e-TB Manager is a nationwide database based 
on individual data and is the unique reporting system in the 
country; that from which the official statistics are collected. 
In addition, information on all hospitalized TB patients is 
also recorded in the electronic TB Hospital Database, which is 
available at the NTCC level.

Furthermore, TB-related laboratory data is recorded on 
a  TB national laboratory electronic database entitled Health 
Information System in Armenia (HISAM) as well as on paper-
based TB laboratory registers (TB-04) at the BMU level. The 
HISAM, which is only accessible from the National Reference 
Laboratory (NRL), contains the results of biological specimen 
TB examinations including those of microscopy, rapid 
molecular testing with GeneXpert MTB/RIF, culture (liquid 
and solid), Drug Susceptibility Testing and Line Probe Assay 
(LPA) for the whole country. Laboratories located at the BMUs 
do not have access to HISAM and use paper-based registers 

(TB-04) for the laboratory results of presumptive TB cases. If 
medical providers outside of the NTP (for example a doctor at 
a private clinic) are presented with a presumptive TB case, they 
are required to refer the patient to the NTCC for consultation 
and confirmation of the TB diagnosis.

STUDY DESIGN, DATA COLLECTION 
AND ANALYSIS
In total, 35 (58%) of 60 BMUs were selected across Armenia 
(Table 1) using sampling based on geographical distribution, 
the presence of TB laboratory services and TB inpatient 
departments.

TB cases were defined as active TB cases detected and 
notified to the national TB register (notification), as well as 
not detected (under-detection) and detected but not notified 
(under-reported) cases of active TB. The total number of 
under-reported tuberculosis cases was estimated on the basis 
of the cross-validated distribution of the observed cases over 
the Notification, Laboratory and Hospital registers (7). This 
excludes former TB patients reporting for annual check-ups in 
TB hospitals. Standard TB case definitions for new and relapse 
patients were in line with WHO guidelines (5).

For this study, all Armenian TB-related records from January 
01 to December 31, 2017 were selected, comprising exports 
from the electronic national databases (e-TB Manager, TB 
Hospital Database and HISAM) and information from paper-
based registers at the BMUs (TB-15, TB-03 and TB-04). For the 
purpose of this study we formed a TB-laboratory database by 
combining information from the TB-04 registers in peripheral 
laboratories with that found in HISAM.

Duplicate entries in each individual register, laboratory 
contamination records and non-TB mycobacteria were 
excluded from our study. Three sources (TB-03, TB-04, 
HISAM) were used for cross-validation to exclude false-
positive TB cases detected by microscopy. None of the sources 
use standardised unique identifiers, such as a patient’s national 
identity number, although both HISAM and e-TB Manager 
independently assign each patient an identification number. 
For conducting the study, an identifier based on the name, 
surname, age, sex, address, name of facility that requested the 
examination of a biological specimen for TB) was formed and 
use for cross-referencing.

RECORD-LINKAGE
Probabilistic record-linkage is the process of accurately 
identifying whether two or more records relate to the same 
individual in the absence of unique, exact and reliable 
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individual identifiers (such as a national identity number) and 
was used to consolidate our four different databases/ registries 
(e-TB manager, TB-laboratory database, TB hospital database 
and the TB-03) into one central database. In this study, the 
record-linkage was performed by Microsoft Excel software 
tools and manually by visually comparing records after 
concluding that none of the software products recommended 
for record-linkage supported the ability to analyze data in the 
non-Roman alphabet.

There were three stages of the record-linkage process: 
pre-processing, the selection of matching variables and 
a  manual review. The pre-processing stage involved the 
removal of leading, trailing or internal unnecessary blanks, 
standardization of date formats, standardization of terms, 
and standardization of the order of elements. Then, name, 
surname, age and sex were used for the selection of matching 
variables. The patient’s address variable and the name of the 
facility that requested the biological specimen examination for 
TB variable were not chosen as matching variables at this stage 
but used at the manual verification stage to later link uncertain 
pairs. The final manual review stage consists of manually 
looking over any uncertain linkages and then classifying them 
as matches or non-matches. In this final stage a combination 
of intuition and an intrinsic knowledge of the frequency of 
names and addresses in the population was used in order to 
decide whether records related to the same person, even if they 
contained slight variations or missing information.

Underreporting was assessed by comparing the number of 
TB cases reported in the national TB database e-TB Manager 
and therefore reported to the NTP, with the number of cases 
recorded in the above-mentioned sources. More precisely, the 
number of cases not found in e-TB Manager was divided by 
the total number of diagnosed TB cases (the sum of all cases 
identified through the different registers and databases) (4)

Statistical analysis: An online calculator (access point https://
www.medcalc.org/calc/) was used to apply the Pearson’s chi-
square test (χ2) or the two-tailed Fisher’s Exact Test to compare 
categorical variables and odds ratios (OR) [confidence interval 
(CI): 95%], Statistical significance was set at P <0.05.

RESULTS
The Armenian NTP, based on the e-TB Manager database, 
reported 841 new or relapse TB cases in 2017. It is this number, 
which was reported to WHO through the WHO TB data 
collection system (8).

Out of the 841 TB cases reported, 691 (82.2%) cases were cross-
checked and matched between the three other national electronic 
databases (TB-laboratory, TB-hospital, e-TB Manager), with 
150 cases found only in the e-TB Manager database.

To identify whether these remaining 150 cases were likely to be 
present in the paper-based TB-03 registers, we visited 35 pre-
selected BMUs, which covered 71.6% of the general population 
(1 945 500 people). A total of 609 of the 841 (72.4%) total TB 
cases were found in the registries of the 35 BMUs out of a total 
of 60 nationwide. A total of 108 of the 150 (72.4%) remaining 
cases were found in paper registries. Based on the percentage 
comparison of population, total TB cases and these remaining 
cases (Yates corrected 99.9±0.12%) the error in assuming the 
remaining 42 cases can be found in the TB-03 registries of the 
remaining BMUs, which serve a  total population of 771 680 
people (28.4%) did not exceed 1%.

The e-TB manager, TB-laboratory database and TB-hospital 
database contained 691, 614 and 591 TB cases found in at 
least one of the other databases, respectively. Cross-checking 
between the three databases found that when:

1) the 591 TB cases from the TB-hospital database were 
cross-checked with the e-TB Manager cases, 574 cases 
matched and 17 were not matched.

2) the 614 TB cases from the TB-laboratory database were 
cross-checked with the e-TB Manager cases, 562 cases 
matched and 52 were not matched.

3) the 691 new and relapses TB cases exported from 
e-TB Manager were cross-checked with both the TB-
laboratory database and TB-hospital database cases, 622 
matched but 69 were not matched.

This means that 69 cases of diagnosed TB cases were not 
registered in the e-TB manager and therefore not reported to 
the NTP (Fig. 1).

A comparative analysis of the 760 cases within the 3 databases 
(691 matched and 69 unmatched cases), showed that the 
52 cases in the e-TB manager but not in the TB-laboratory 
database made up 6.8% of the total number of cases (760), and 
the 17 cases in the e-TB manager but not in the TB-hospital 
database made up 2.2% of the 760 cases. (Fig. 2). Of the 760 TB 
cases, 612 (80.5%) were men and 148 (19.5%) were women, with 
an average age of 42.2 years, ranging between 2 and 89 years 
old. There were 21 (2.8%) children under 14 years old.

Comparative analysis of the reported (691) and non-
reported  (69) TB cases found in the databases enabled 

https://www.medcalc.org/calc/
https://www.medcalc.org/calc/
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the demographic and regional characteristics of the non-
reported cases to be identified (Tables 1 and 2). There were no 
statistically significant differences in the sex or age of patients, 
but differences were observed between the regions in which 
the medical facilities were located. Percent of underreporting 
of TB cases varied from 0% to 33% by region. In Yerevan, the 
underreporting of TB cases was at 5% [95% CI 2-8%]. The 
worst levels in the country were 25% [95% CI 1-50] among 
non-permanent resident Armenian citizens and 33.3% [95% 
CI 3-64] among prisoners (p=0.027 and p=0.012 respectively) 
(Table 3).

Based on the above, the level of underreporting of TB cases 
in Armenia in 2017 was 7.6%, calculated as the number of 
diagnosed cases not reported to NTP (69) over the total 
number of TB cases (841 reported + 69 unreported).

DISCUSSION
This is the first time that a TB inventory study, has been carried 
out in Armenia, based on the WHO guidelines. The study 
identified the rate of TB underreporting to be at 7.6% in the 
country in 2017. With approximately one in every thirteen 
TB cases unknown to the NTP, the TB burden of Armenia is 
indeed higher than reported. This is an important public health 
concern, as unreported patients may not appropriately treated, 
thus continuing to transmit TB in the community. Complete 
reporting of TB disease is essential to ensure proper patient care, 
timely public health response, and accurate evaluation of trends.

Despite this, the overall underreporting level in Armenia, 
as identified by this study is at less than 10%, which has 
previously been classified as admissible by WHO (4). Studies 
in other countries have found significantly higher levels 
of TB underreporting. In Greece, studies point to a  TB 
underreporting level of around 48% based on records from 
three major hospitals in the country (9), while in Italy TB 
underreporting has been estimated as high as 69.4% (10).

Levels of underreporting were found to be significantly higher 
in this study among patients who were Armenian citizens 
but did not permanently reside in the country and among 
prisoners. Additional research is needed to understand why 
these groups are more likely to be excluded from the TB 
surveillance system.

The identified rate of underreporting in our study, does have 
to be placed in the context of the study limitations however. 
First, paper registries in the BMUs were not checked for all 

cases not to be found in the e-TB or other databases. This 
inventory study does not include data on the detection of TB 
cases in private laboratories or how many of these are actually 
registered to the NTP despite this being a  requirement. 
Furthermore, Armenia has a  procedure for recording all 
deaths, including those relating to TB, through an electronic 
case-based database. It would have been informative to include 
this database in the study, but at the time of data collection it 
was not yet complete for 2017.

Overall, this study demonstrates that even in a  country 
with a well-organized system of TB control, the processes of 
record-linkage and cross-validation can improve the reporting 
accuracy of TB cases. The findings also underscore the need to 
scrutinize all registers relating to TB.
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TABLE 1. LIST OF MEDICAL FACILITIES THAT WERE VISITED DURING THE INVENTORY STUDY, ARMENIA, 2017

Name of medical facility Region (Marz) Type of health-care providers Laboratory methods performed 
(level of laboratory)

Population

Yerevan TB Dispensary Yerevan TB inpatient department Microscopy and Xpert (II)

Arshakunyac Polyclinic Yerevan Basic management unit Microscopy and Xpert (II) 136 000

Surb Grigor Lusavorich MC Yerevan Basic management unit Microscopy (I) 155 000

Yerevan Polyclinic N 12 Yerevan Basic management unit Microscopy (I) 44 000

Yerevan Polyclinic N 17 Yerevan Basic management unit N/A 90 000

Yerevan Polyclinic N 19 Yerevan Basic management unit Microscopy (I) 147 000

Yerevan Polyclinic N 20 Yerevan Basic management unit Microscopy (I) 72 000

Central Hospital of Detainees (Prison 
service)

Yerevan TB inpatient department Microscopy and Xpert (II) 4 500

Artashat MC Ararat Basic management unit Microscopy and Xpert (II) 73 000

Masis MC Ararat Basic management unit N/A 68 000

Vedi MC Ararat Basic management unit N/A 51 000

Ejmiatsin MC Armavir Basic management unit Microscopy and Xpert (II) 130 000

Armavir MC Armavir Basic management unit Microscopy (I) 92 000

Sevan MC Gegharkunik Basic management unit 37 000

Gavar MC Gegharkunik Basic management unit Microscopy (I) 54 000

Martuni MC Gegharkunik Basic management unit Microscopy and Xpert (II) 87 000

Vardenis Polyclinic Gegharkunik Basic management unit 41 000

Chambarak HC Gegharkunik Basic management unit 10 000

Vanadzor Infection Hospital Lori TB inpatient department Microscopy and Xpert (II)

Vanadzor Polyclinic N1 Lori Basic management unit 43 000

Vanadzor Polyclinic N5 Lori Basic management unit 21 000

Spitak MC Lori Basic management unit 35 000

Alaverdi MC Lori Basic management unit 46 000

National TB Control Centre Kotayk TB inpatient department Microscopy, Xpert, LPA, culture and 
DST (III)

National TB Control Centre,TB 
microscopy laboratory

Kotayk Laboratory Microscopy and Xpert (II)

Abovyan MC Kotayk Basic management unit Microscopy (I) (closed) 104 000

Hrazdan MC Kotayk Basic management unit Microscopy and Xpert (II) 57 000

Gyumri Infection Hospital Shirak TB inpatient department Microscopy and Xpert (II)

Gyumri Polyclinic after Enrico Mattei Shirak Basic management unit N/A 22 000

Gyumri Polyclinic N2 Shirak Basic management unit N/A 22 000

International Red Cross Polyclinic Shirak Basic management unit N/A 24 000

Family MC after V. Abajyan Shirak Basic management unit N/A 18 000

Artik MC Shirak Basic management unit Microscopy (I) 46 000

Sisian MC Syunik Basic management unit N/A 18 000

Goris MC Syunik Basic management unit Microscopy and Xpert (II) 38 000

Kapan MC Syunik Basic management unit Microscopy and Xpert (II) 45 000

Yeghegnadzor MC Vayots Dzor Basic management unit Microscopy (I) 15 000

Ijevan MC Tavush Basic management unit N/A 42 000

Berd MC Tavush Basic management unit Microscopy (I) 29 000

Noyemberyan MC Tavush Basic management unit Microscopy (I) 29 000

DST; drug susceptibility testing, LPA; line probe assay, MC; medical center, N/A; no laboratory, Xpert; Genexpert MTB/RIF, TB; tuberculosis. (I); first level peripheral 
laboratory with microscopy facilities, (II); second level regional laboratory with microscopy and Genexpert MTB/RIF; (III); third level National Reference laboratory
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TABLE 2. DISTRIBUTION OF THE REPORTED AND NON-REPORTED TB CASES THROUGH E-TB MANAGER, BY AGE 
GROUP AND SEX N (%), ARMENIA, 2017

Characteristics Matched cases (n=691) Non-Matched cases (n=69) OR [CI:95%] P-Value

Sex Male 553 (80.0) 59 (85.5) 1.47 [0.73-2.95] 0.273

Female 138 (20.0) 10 (14.5) 0.68 [0.34-1.36]

Age

(7 groups), years

0-14 20 (2.9) 1 (1.5) 0.49 [0.07-3.73] 0.712*

15-24 104 (15.0) 6 (8.7) 0.54 [0.23-1.27] 0.153

25-34 134 (19.4) 19 (27.5) 1.58 [0.90-2.77] 0.108

35-44 117 (16.9) 5 (7.3) 0.38 [0.15-0.97] 0.037

45-54 122 (17.7) 16 (23.2) 1.41 [0.78-2.55] 0.256

55-64 125 (18.1) 15 (21.7) 1.26 [0.69-2.30] 0.456

65+ 69 (10.0) 7 (10.1) 1.02 [0.45-2.31] 0.966

Age

(2 groups), years

≤ 44 375 (54.3) 31 (44.9) 0.69 [0.42-1.13] 0.138

≥45 316 (45.7) 38 (55.1) 1.45 [0.88-2.39]

OR [CI:95%] - Odds Ratio [95% Confidence intervals] Non-Matched cases to Matched cases; P value - Pearson chi-square Test (* Two - tailed Fisher Exact Test was used).

TABLE 3. DISTRIBUTION OF THE REGISTERED AND NON-REGISTERED TB CASES THROUGH E-TB MANAGER, BY 
REGIONS N (%) ARMENIA, 2017

Region (Marz) Matched cases 
(n=691)

Non-Matched 
cases (n=69)

% of underreporting 
of TB cases

95% CI (%)

Yerevan 245 13 5.0% 2-8

Aragatsotn 26 5 16.1% 3-29

Ararat 67 7 9.5% 3-16

Armavir 59 8 11.9% 4-20

Gegharkunik 42 5 10.6% 2-19

Lori 44 3 6.4% 1-13

Kotayk 71 7 9.0% 3-15

Shirak 53 9 14.5% 6-23

Syunik 31 4 11.4% 1-22

Vayots Dzor 9 0 0.0% 0-19

Tavush 29 2 6.5% 2-15

Non-permanent resident Armenian citizens* 9 3 25.0% 1-50

Prisoners 6 3 33.3% 3-64

*Armenian citizens that do not permanently reside in the country
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FIG. 1. NUMBER OF MATCHED AND NON-MATCHED TUBERCULOSIS CASES AMONG APPLIED DATA SOURCES, 
ARMENIA, 2017

DB; database, e-TB Manager; the national case-based database for management of tuberculosis patients, Hospital DB; database from the inpatient department 
National Tuberculosis Control Centre, Lab DB; the tuberculosis electronic database from national laboratory named ‘Health Information System in Armenia’ (HISAM) 
combined with information from the paper-based TB laboratory registers (TB-04) from the peripheral laboratories at the BMUs level, TB; tuberculosis, TB03; register 
for tuberculosis patients at the Basic Management Units.

Hospital 
DB

Lab DB

e-TB 
Manager

e-TB 
Manager

TB03

Number of new and relapsed 
cases in the e-TB Manager and 

reported by the NTP in 2017

841 TB cases

691 TB cases were 
matched between 
the e-TB database 

and the two  
additional  
databases

150 TB cases were 
matched between 

regional paper-based 
TB registers and  

e-TB Manager

69 cases were not reported

FIG. 2. CROSS-CHECKING TB CASES BETWEEN DATABASES, 760 CASES

DB; database, e-TB Manager; the national case-based database for management of tuberculosis patients, DB TB Hospital; database from inpatient department 
National Tuberculosis Control Centre, DB TB Laboratory; tuberculosis electronic database from national laboratory named ‘Health Information System in Armenia’ 
(HISAM) supplied with information from paper-based TB laboratory registers (TB-04) from the peripheral laboratories at the BMUs level; TB; tuberculosis. The 
numbers in the overlapped circles shows the number of patients matched between the databases, with the number in the centre of each circle showing total TB 
cases reported in each database.

Matched cases = 691 Non-matched cases = 69
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DB e-TB Manager
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12447
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