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Abstract

Background
Tuberculosis (TB) is one of the ten leading causes of death in infectious diseases and one of the ten
leading causes of death in the world. For any TB control program, a reliable surveillance is essential. In
order to assess the status of the Surveillance, the quality of the record and the completeness of reporting
should be assessed. The purpose of this study was to investigate the completeness of smear positive
pulmonary tuberculosis reporting in Ahvaz of Iran.

Methods
The study was conducted through a Three-source Capture recapture method by collecting laboratory,
hospital, and physician reporting data - including introducing patients to health centers and reviewing
drug and laboratory prescriptions. Data analysis was performed using linear logarithm model in Rcapture
package R software.

Results
In total, 134 new cases of smear-positive pulmonary tuberculosis were reported through three sources
During 2016. The completeness of reporting the disease was estimated 87.5% and the incidence rate was
estimated to be 11.8 / 100,000. Completeness of reporting of laboratory, hospital and physician
resources were 79%, 30% and 16.3%, respectively.

Conclusion
The present study showed the necessity of evaluating the quality, completeness and linkage between
data. Linking between data sources can improve the accuracy and completeness of TB Surveillance.

Background
Tuberculosis is the most common cause of death from single-factor infectious diseases and one of the
ten leading causes of death in the world (1, 2). Imperfect understanding of TB epidemiology is one of the
most ways for Tuberculosis (TB) control (2). Surveillance of infectious diseases as well as tuberculosis is
most important for public health (3, 4). In the context of the Stop TB strategy, is vital national surveillance
systems (5).

It is estimated that in 2018 around 10 million people worldwide - incidence of 130/100000 - will be
affected, of which only 7 million are reported and there are 3 million differences between incidence and
reporting (6). According to the 2019 report of the World Health Organization, the incidence of tuberculosis
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in Iran was estimated at 14/100,000 for 2018, While 11/100,000 have been registered and reported in the
same year (6). Underreporting is an important issue in the Surveillance for communicable diseases (7),
which leads to underestimation of the burden of disease and can make disease control di�cult (8). Post-
2015 strategies by the World Health Organization emphasize the importance of universal access and
enhance the effectiveness of the TB Surveillance to minimize underreporting(9). In addition, complete
reporting of tuberculosis patients and subsequent timely treatment plays an important role in disease
control(7). In this regard, in order to properly interpret the status of tuberculosis and its trends, the quality
of disease registration and reporting should be assessed (3). There are several ways to evaluate the
completeness of reporting, such as the Capture recapture method (10). The World Health Organization
uses this method to estimate the incidence of tuberculosis in some countries(11). In addition, numerous
studies have evaluated the completeness of reporting tuberculosis by Capture recapture method over a
speci�c period in speci�c geographical areas (12). A study of the Greek city of Athens in 2016 by Albarz
Pavon et al (13), a study of Baleric Iceland in 2010–2012 by Gimens et al (14), a study in Iraq in 2011 by
Huseynova (15) In 2010 by Bassili et al in Yemen (16), Dunbar et al in 2007 in South Africa (17) and in
study of 2001 in Liverpool, England by Tocque (18) Completeness of reporting tuberculosis was
investigated using three-source Capture recapture method. The purpose of this study was to investigate
the completeness of smear positive pulmonary tuberculosis reporting in Ahvaz during 2016.

Methods
Type of study

This cross-sectional study was conducted in the geographical area of Ahvaz city in Khuzestan province
of Iran in year 2016. The present study is a study investigate the completeness of smear positive
pulmonary tuberculosis reporting during 2016. The diagnosis of pulmonary TB patients in Ahvaz was
based on the Peoples of Ahvaz diagnostic criteria for TB. The population of individuals diagnosed with
Mycobacterium tuberculosis sputum specimen were enrolled in the study.

Description of study area

Ahvaz with 1.2 million inhabitants approximately, an area of 63,238 km2, is the one of the largest
metropolitan’s city in the Iran and Middle East. Ahvaz is located in in southwest of Iran. Ahvaz is the
capital Khuzestan province (19, 20). Location of the Ahvaz in southwest of Iran is presented in �gure 1.

Data sources

Three sources were used to select patients to be included in the study.

Laboratory: Individuals diagnosed with Mycobacterium tuberculosis sputum specimen were included in
the study. The data of these patients were collected from central laboratories of East and West health
centers of Ahvaz and private laboratories throughout the city. The data were collected from central
laboratories of East and West health centers of Ahvaz and private laboratories throughout the city.
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Hospital: Patients admitted to public and private hospitals in Ahwaz city with diagnosis of TB positive.
The information of these patients was extracted through hospital information system.

Physician reporting: The possibility of using more sources of information, such as prescription drugs, etc.
can help in obtaining a more accurate assessment of the incidence in the community (21). To gather
information from this source, both physician reporting in the form of patient referrals to health centers in
the city and pharmaceutical and laboratory prescriptions were considered. In the study of the drug
prescription, the condition of inclusion in the study was the prescription of complete drug administration
for the treatment of the disease. In the laboratory version, all the copies that requested Acid-Fast Bacillus
(AFB) or Polymerase Chain Reaction (PCR) testing were also examined. The list of people who had been
asked for a test was obtained from the insurer organizations. For 643 people a test was requested in
Ahvaz. All medications prescribed for the treatment of patients were also reviewed. There were 664
prescriptions for tuberculosis medication, but none contained two or more drugs. In all three sources the
inclusion criteria for entering the study were a positive test response to Mycobacterium tuberculosis and
newness of the patient.

Communication between data

At �rst, each source item was individually imported into Excel 2018 software. Then duplicates in each
source were identi�ed and deleted. Patients' information was merged to �nd commonality between the
three lists. Patients' characteristics including name, surname, father's name, national code and city of
residence were considered. By sorting the patients in different order (surname, �rst name, father's name,
national code, and residence), using the Sort command and comparing each case with those recorded in
another source, commonalities were identi�ed.

Capture recapture analysis

The study was conducted using three sources Capture-Recapture method. This method estimates the
total number of expected cases based on the number of unregistered cases (7). Data analysis was
performed using linear logarithm model in Rcapture package R software. To estimate the number of
individuals not recorded in any of the three sources, eight different linear logarithm models were �tted to
the available data, and the frequency was estimated using each of these models. The linear logarithm
model takes into account the dependence and heterogeneity of the resources in the calculation and is
very robust when there are multiple sources (22) . Logarithmic test of likelihood ratio ( ), degree of
freedom, Akaike information criterion (AIC) and Bayesian information criterion (BIC) are used to check the
�t of the models to the available data and to select the best model. AIC and BIC are tested by Likelihood
ratio tests and lower values indicate better �t (22). The most common criterion for selecting the
appropriate model is AIC (23). In cases where the sample size is low, the other two indices, in particular
BIC, give better results (22) .

Results
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After comparing cases in three sources and eliminating common duplicates between sources - counting
once in common - a total of 134 new smear positive pulmonary TB cases were recorded in three sources
in 2016. The laboratory source recorded 121 cases, the hospital source 46 cases and the physician
reporting source 25 cases. The distribution of the disease cases in three sources and the common cases
is shown in Fig. 2.

Of these, 106 were male (79.1%) and 28 were female (20.9%), with a male to female ratio of 3.7. The
highest age group was in the age group of 25–44 years with 50.7%, followed by the age group of 45–
64 years with 20.8%. 97.9% were urban and 2.1% lived in rural areas. Table 1 shows the demographic
characteristics of patients recorded by three sources.

Table 1
Comparison of demographic data of patients

from three sources of smear positive
pulmonary tuberculosis registry in 2016

Basic information Number Percentage

Gender Male 106 79.1

Female 28 20.9

Age 15> 0 0

15–24 18 13.5

25–44 68 50.7

45–65 28 20.8

65< 20 15

Three-source analysis was performed using linear logarithm model in R software, the results of which are
presented in Table 2. In the present study, the BIC statistic was used to select a model that �ts the data
better, and a model that included independent effect between hospital source, laboratory and physician
reporting.
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Table 2
Information of linear logarithm models �tted to smear positive pulmonary TB data in 2016.

Model InfoFit Df BIC AIC Estimate the total
number of cases

95%
con�dence
interval

Completeness of
reporting in
percentage

L.H.R ok 3 59 47 153 142–164 87.5

LR.H ok 2 61 46 145 139–151 92.4

LH.LR.HR Warning 0 62 42 135 - -

HR.L ok 2 62 48 151 144–158 88.7

LR.HR ok 1 63 46 143 137–149 93.7

LH.R ok 2 64 49 155 143–167 86.4

LH.LR ok 1 64 47 139 134–144 96.4

LH.HR ok 1 67 50 151 140–162 88.7

L (Lab), H (Hospital), R (Physician Reporting), Info�t (Indicates the presence or absence of a model
error(, (Degree of freedom) DF, (Bayesian Information Criterion) BIC

According to this model, the number of smear-positive pulmonary TB cases not recorded in any of the
sources was estimated to be 19. As a result, the total number of smear-positive pulmonary tuberculosis
cases was estimated to be 153 (134–142) in 2016. Accordingly, the Completeness of reporting rate of
smear-positive pulmonary tuberculosis for all three sources was 87.5% and for each of the laboratory
sources with 121 cases, the hospital with 46 cases and the physician reporting source with 25 cases were
estimated to be 79%, 30% and 16.3%, respectively. Using linear logarithmic model, the incidence of
disease in 2016 was estimated to be 11.8 / 100,000. A comparison between the frequency and incidence
of disease in Surveillance data, data collected in the present study and linear log estimation is presented
in Table 3.

Table 3
Comparison between frequency and incidence of smear positive pulmonary

tuberculosis in Ahvaz

  Frequency of TB Disease per 100,000 people

Surveillance data 128 9.8

The data of the present study 134 10.3

Linear logarithm estimation 153 11.8

Discussion
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The strategy to end tuberculosis by 2030 pursues goals such as a 90% reduction in mortality and an 80%
reduction in disease incidence(24). To achieve these goals, diagnosis and treatment of patients has an
important role to play, which also requires an optimal Surveillance (21). In routine smear positive
pulmonary tuberculosis surveillance system in the study area in 2016, the incidence rate was 9.8 /
100,000, but in the present study after collecting data from three sources and eliminating duplicates, the
incidence rate was 10.3/100,000 people. The number of differences in cases were 6 patients, and after
the study it was found that 4 (66%) of these patients were not included in the TB treatment system
because they had died in the early days of diagnosis and treatment in the hospital. This point has been
mentioned in a number of studies(25). This can have an impact on the indicators of the Surveillance, 3%
in reducing the success rate of treatment and equally in increasing Mortality rate from disease. Using the
linear logarithm model - a model that includes the independent effect of each source - the number of
cases not recorded in any of the sources was estimated to be 19, which is consistent with the results of
the Dunbar et al. Study in South Africa(17). Based on the results of this study, the completeness of
reporting smear positive pulmonary tuberculosis in Ahvaz city using the data of three sources of hospital,
laboratory and physician reporting was 87.5%, which is similar to the results of studies in France and
Romania (12, 26) And the World Health Organization's Executive Task Force on Tuberculosis Control,
which provides for the detection of at least 70% of Positive smear tuberculosis cases(17). The highest
percentage of completeness of reporting (79%) was related to laboratory data, which was consistent with
Vanina Guernier's study in France, Cojocaru study in Romania, and Ibarz-Pavon study in Greece(12, 13,
26).

According to a 2016 World Health Organization report, the estimated incidence of all forms of
tuberculosis in Iran is estimated at 16 per one hundred thousand (27)and Therefore, considering the ratio
between different forms of tuberculosis, the incidence estimated by this organization is lower than the
rate calculated in this study. It should be noted, however, that this estimate is for the entire population of
Iran, while the incidence and prevalence of tuberculosis is high in the marginal areas of Iran including
Khuzestan province (28). The assumptions of Capture recapture studies, such as population closure, the
possibility of �nding commonality between sources, the independence of resources from each other, and
the dependence of the catch on the speci�city of the individuals at the time of these studies should be
considered (17). In this study, due to the use of Excel software and sort data by name, surname and
national code and manual review of all records, the default breach is that it is limited to �nd commonality
between resources. The study also included a population closure assumption and included only patients
who resided in the study area, but because this city is the center of the province, some patients may have
mentioned their relatives’ address at the time of hospitalization and so were included in the study. The
default breach of catch dependency regarding individuals’ characteristics is limited due to the widespread
use of primary health care at the county level and the free diagnosis and treatment of tuberculosis.

In Capture recapture studies, by including the interaction between different sources, the effect of
dependence (positive or negative) between the sources can be taken into account in the estimates and
the bias due to the lack of default independence of resources can be largely eliminated (29).
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In this study, the elimination of duplicates prevented overestimation and since only those with laboratory
con�rmation were included in the study, the accurate default of diagnosis was considered and no false
positives remained in the data.

Gong et al in 2015 studied the treatment adherence among sputum smear-positive pulmonary
tuberculosis patients in Xinjiang, China (30). They result showed that among 8289 patients, 3827 men
(84.4% of male patients) and 3220 women (85.7% of female patients) had good adherence during
treatment follow-up. 1242 patients (15.0%) did not complete regular follow-up. 332 (4.0%) patients lost
contact (30).

In another study, Smit et al estimate the completeness of noti�cation of incident tuberculosis cases in the
Netherlands (3). They reported that between 1499 tuberculosis patients which were identi�ed, of whom
1298 were noti�ed, resulting in an observed under-noti�cation of 13·4% (3). Also, prediction by Log-linear
capture–recapture analysis initially a total number of 2053 (95% CI 1871–2443) tuberculosis cases (3).
Huseynova et al in Iraq studied on tuberculosis burden and reporting in resource-limited countries (15).
Based on result this study A total of 1985 TB cases registered 1677 patients (observed completeness
84%). They investigated total number of TB cases was 2460 (95%CI 2381–2553), with identi�ed TB
cases representing 81% (95%CI 69–89) (15). Huseynova et al administrated that TB surveillance needs to
be strengthened to reduce under-reporting.

In Egypt by Bassili et al evaluation of tuberculosis case detection rate in resource-limited countries (5).
According result this study CDR of NTP surveillance and completeness of case ascertainment after
record linkage was respectively 55% (95%CI 46–68) and 62% (95%CI 52–77). They stated that sputum
smear-positive TB cases, these proportions were 66% (95%CI 55–75) and 72% (95%CI 60–82),
respectively (5).

In the three-source capture analysis, data collected from each source should be more than 15% of the
total catch and have su�cient overlap(17). In the present study, data from laboratory, hospital, and
physician reporting sources dedicated 90%, 34%, and 18% of all cases of disease, respectively to
themselves. The highest overlap was between the laboratory and hospital sources and the lowest overlap
was between hospital source and physician reporting which were inconsistent with the results of the
study by Dunbar et al(17). It is suggested to report the disease from the hospital and laboratory level
using electronic systems in order to eliminate the challenge of not registering patients in the TB treatment
system and in view of strengthening the approach of electronic medical records in recent years. In
addition, the cases of tuberculosis admitted to hospital can be seasonally extracted and compared with
reported cases by examining the hospital registration system. Continuous evaluation of the disease care
system using the, capture recapture method is also recommended.

Limitations
This study did not cover cultural factors and economic patient information. One of the main limitation in
this study was discussed only the factors that in�uence compliance for TB.
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Conclusion
In this study we investigated the capture - recapture based study on the completeness of smear positive
pulmonary tuberculosis reporting in Ahvaz city during 2016. The results of this study indicate that under-
reporting of smear positive tuberculosis cases in Ahvaz is about 12.4%, while 3.9% of the cases with
positive smear pulmonary TB observed in this study, which also had laboratory con�rmation, were not
reported, so the under-reporting would be 16.3%. Therefore, and reduce mortality by improving patient
treatment compliance and improve the cure rate of the smear-positive population it is necessary. The
relevant medical departments should strengthen the supervision and intervention of the TB treatment
process, strengthen TB-related basic knowledge propaganda, raise awareness of TB patients, and give
�nancial and policy support to farmers and herdsmen in remote areas to improve anti-TB treatment
adherence.
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Figure 1

Geographical map of the site study (Ahvaz in southwest of Iran)
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Figure 2

Distribution of smear positive pulmonary tuberculosis cases in Ahvaz city in 2016


