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Background: Tuberculosis (TB) remains one of the top health problems in Ethiopia, and over one-third of estimated TB cases remain
undetected. This study examined the magnitude and factors of missed opportunities for TB investigation at public health facilities in
Northwest Ethiopia.
Methods: A facility-based cross-sectional study was conducted among 412 adult patients with TB symptoms from 34 randomly
selected public health facilities. Data on socio-demographics, TB symptoms, and clinical status were collected by an exit interview.
A patient was considered missed for TB investigation if he/she had at least one symptom suggestive of TB but did not receive
a sputum smear and/or x-ray evaluation to rule out TB. We computed descriptive and analytical statistics using SPSS version 26.
A negative binomial regression analysis was used to identify factors associated with missed opportunities for TB investigation.
Statistical significance was determined at a p-value less than 0.05.
Results: A total of 412 presumptive TB patients, 235 (57%) females and 247 (60%) rural dwellers were interviewed. The mean age of
respondents was 35 ± 8 years and 228 (55.3%) were from health centers. Over two-thirds, 284 (69%) were new patients, 62 (15%)
were HIV positive and 78 (19%) had diabetes mellitus (DM). Fifty patients with symptoms suggestive of TB did not receive sputum
evaluation services. Inability to read and write, having DM, having normal body mass index and facility type they visited were
significant factors to missing opportunities to get TB investigations.
Conclusion: A significant number of patients with symptoms suggestive of TB were missed for sputum evaluation to rule out TB.
Education level, comorbidity, nutritional status and type of facility patients attended were factors of missing opportunities for TB
investigation. Thus, improving quality of TB diagnosis, screening TB among all types of patients, and paying attention to screen
illiterate people are crucial to avoid missing potential TB cases.
Keywords: TB, missed investigation, factors, patients, public health facilities, Ethiopia

Introduction
Tuberculosis (TB) is the second leading cause of death from a single infectious agent next to COVID-19.1 In 2020, there
were about 9.9 million estimated new TB cases and 1.514 million TB deaths globally.1 About 4.1 million estimated new
TB cases were missed in 2020.1 Poor and low socioeconomic countries accounted for the greatest burden of TB cases,
where African countries accounted for 25% of the global TB incidence, which could be attributed to high comorbidities
(HIV and diabetes mellitus),2–4 limited access and poor quality of healthcare services,1,5–8 poverty and population
crowdedness.9–11
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One of the key strategies for global TB prevention and control programs is the timely detection and treatment of
detected TB cases.11,12 However, the global and national TB case detection performances fall short of the expected
TB case detection target.1,13,14 Because of this and other factors, one-third of global estimated TB cases are
missed.11,12 This is possibly related to low TB case notification performance due to (poor accessibility and quality
of TB services, limited health worker skills, patient delay and limited TB program budget),2,6,11–13 and under-
reporting of detected TB cases.11,14,15 Missed TB cases result in having long infectious period, high TB disease
complications, delayed treatment, death and high catastrophic costs for families.11–16 As a result, improving the
performance of low TB case notification becomes one of the primary gears of the End TB Strategy, which aims to
eliminate TB burdens by 2030/5.1,11,15

Ethiopia’s TB situation is similar to that of other developing countries. Despite several anti-TB interventions, Ethiopia
is one of the 14 countries with high TB, TB-HIV and multi-drug resistant TB countries.12 The leading contributor to this
burden is poor TB case notification performance,2 which results in missing over a third of estimated new infectious TB
cases.2,17 Previous studies have reported the presence of more undetected TB cases for a variety of reasons, including
poor TB service quality,2,15,17 limited access to TB diagnostic services,2,13 patient and facility delays for TB services,9,13

impaired active TB case finding practices, 2 missing potential TB cases at health facilities (at different departments and
laboratory).15,17

For example, a study from Southern Ethiopia discovered that 334 (41.6%) of patients with TB symptoms did not
receive sputum microscopic service to rule out Active TB infection.17 Another Ethiopian study also reported a high
number of missed TB cases among admitted patients with other diseases.15

The Amhara region is one of the highest TB burden regions in Ethiopia with 61% TB case detection performance,17

falling short of the national TB case detection target of 75%2 and the 2030/5 targets of the end-TB program.18 The
burden and the effectiveness of TB control program vary by zone and district. For example, East Gojjam Zone, one of the
15 zones in the Amhara Region, accounted for 13% of the regional TB burden and had the lowest TB case detection
performance of any zone in the region (46%).19 Although there have been recent studies on the magnitude and
geographic distribution of TB cases, as well as the barriers to TB case detection in the East Gojjam Zone, little is
known about the contribution of missing opportunities for TB investigation.

As a result, the purpose of this study was to determine the magnitude of missing TB diagnostic tests in patients with
suggestive TB symptoms and associated factors at public health facilities in the East Gojjam Zone of Northwest Ethiopia.
The study is essential for improving decision-making among TB control programmers in order to improve the quality and
performance of TB services. It can also be important literature in TB prevention and control.

Methods
Study Design and Settings
From January to April 2020, a multicenter facility-based cross-sectional study was conducted on 412 adults aged 18
and up who presented with symptoms suggestive of TB according to WHO criteria.19 The research was carried out
in the East Gojjam Zone, one of the 15 zones that comprise the Amhara Regional State in Northwest Ethiopia. In
2019, the zone’s estimated population is 2,740,625 people, with approximately 85% of them living in rural areas.
The zone spans 14,010 km2 and is divided into 19 administrative woredas (a third-level administrative hierarchy in
Ethiopia). At the time of data collection, it had 517 public health facilities (406 health posts, 102 health centers, and
nine hospitals). TB prevention and control activities are carried out in accordance with the national and WHO TB
diagnosis and treatment manuals.19 Sputum smear microscopy is the primary TB diagnostic tool in all health
facilities, and X-ray service is only available in hospitals as a backup TB diagnostic tool. All patients receive
free TB diagnosis and treatment.16 Because health posts only provide TB prevention and treatment follow-up,19 only
health centers (HCs) and hospitals are included in this study (Figure 1).
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Source and Study Population
The source population for this study was all patients visiting 34 randomly selected public health facilities to seek
healthcare services. The study population consisted of all patients aged 18 and up who visited the outpatient (OPD), anti-
retroviral treatment (ART), and maternal and child health (MCH) units of those health facilities. Patients who had at least
one symptom suggestive of TB according to WHO18 and Ethiopian national TB diagnosis and treatment criteria16 (cough
for 2 weeks or more, night sweats, unexplained weight loss, fever for more than 2 weeks, fatigue, loss of appetite, and
bloody sputum) were included in the study. Furthermore, for people on ART, we included patients with any duration of
cough because HIV is a risk factor for Active TB infection due to a decline in human immune status.12 Patients who
already gave sputum/chest X-ray for TB examination were excluded from the study. Accordingly, a patient who had at
least one symptom suggestive of TB but did not receive sputum and/or x-ray evaluation to rule out TB was considered
a missed opportunity for TB investigation.

Sample Size Determination and Sampling Procedure
The sample size (412) was calculated by Epi Info version 7 using a 95% confidence interval (CI), a 5% margin of error,
a 42% proportion of patients with symptoms suggestive of TB, but not ruled out for TB17 and a 10% non-response rate.
Due to time and resource constraints, we only used 30% of the 102 health centers and nine hospitals as study sites. As
a result, we used a lottery to select 31 health centers and three hospitals. Then, all patients over the age of 18 from 34
health facilities with symptoms suggestive of TB were included in the study (Figure 1).

Data Collection
An exit interview was conducted by six trained data collectors (nurses and health officers) and three master-holder public
health practitioners (supervisors). A structured questionnaire administered by an interviewer was used to collect data on
demographics, TB symptoms, and other clinical data relevant to TB. Participants in the study were also asked if they had
requested sputum and/or x-ray examination by healthcare workers for TB diagnosis during that visit. If sputum microscopy
and/or x-ray were not requested, they were referred back to OPD for appropriate TB investigations. Because there was no
access to culture and GeneXpert services during data collection, patients with suggestive TB symptoms were evaluated by
sputum smear microscopy and chest X-ray. The diagnostic test procedures were carried out based on the Ethiopian National
TB Diagnosis Guidelines adapted from the WHO TB Diagnosis Guidelines19,20 (Figure 2).

Proportional allocation & Random selection

Adult patients screened as they exit 
from OPD, ART and MCH of 34

health facilities (N= 4,120)

412 patients with symptoms 
suggestive of TB

3,698 patients did not 
have symptoms 

suggestive of TB

102 health centers & 9 hospitals 

422 patients with symptoms 
suggestive of TB

Not interested to 
participate (n=10)

31 health centers & 3 hospitals 

Figure 1 Diagram of sampling flow for missed opportunities of PTB cases in East Gojjam Zone, 2020.
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Quality Control
The questionnaire was pretested in public health facilities with similar settings but not on study sites. Following two days
of training, data collectors and supervisors participated in data collection. The data collector was closely supervised and
supported by the principal investigator and supervisors. Data completeness and consistency were checked daily, with
possible feedback to data collectors.

Data Analysis
Statistical Analysis for Social Sciences (SPSS) version 26 was used to enter, clean, and analyze the data. Various
descriptive statistics, such as means and medians for continuous variables and frequencies and percentages for
categorical variables, were computed. The proportion of missed opportunities for TB investigation was calculated by
dividing the number of patients with TB symptoms who did not receive sputum and/or x-ray evaluations to rule out
TB by the total number of patients with TB symptoms. Since the outcome variable was the number of missed
opportunities for TB investigation (count data), we first proposed a Poisson regression analysis. The assumption
checking step, on the other hand, revealed that the data were over-dispersed, with a deviation to the degree of
freedom ratio of greater than one. As a result, we used bivariate and multivariable negative binomial regression
analysis to find factors linked to the missed TB research opportunity, and control confounding effects, respectively.
Steps with the lowest Akaike’s Information Criteria and Bayesian Information Criteria values were followed
throughout the data analysis. As a result, a negative binomial regression analysis was carried out by selecting
a “custom tab” from the model window type. We utilized a negative binomial model from the “Distribution”
options, log from the connection function, and the “Estimate values” button in this stage. The statistical significance
was determined at p-values <0.05, and the association was described using an adjusted incidence rate ratio (AIRR)
at a 95% confidence interval (CI) (Table 1).

Figure 2 Ethiopian national diagnostic algorithms for patients with presumptive TB, 2020.
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Ethical Considerations
The study was conducted according to the principles of the Declaration of Helsinki and fulfilled the Ethiopian National
Health Research and Ethics Guideline. The ethical review committee of Bahir Dar University’s College of Medicine and
Health Sciences approved the study protocol and gave ethical clearance (Protocol No: 091/18-04). The Amhara Regional
Health Bureau and the East Gojjam Zone Health Department both sent letters of support. Prior to data collection,
managers of district health offices and health facilities were contacted and informed. All study participants provided
informed consent, and participation was entirely voluntary. Data confidentiality was ensured by removing personal
identifiers from the data and restricting it with a password. All patients who tested positive for TB were referred to TB
clinics for anti-TB treatment monitoring and HIV screening. Families of TB positive cases were advised to visit health
facilities to check their TB status.

Table 1 Factors Associated with Missing to Get TB Diagnostics in East Gojjam Zone, Northwest Ethiopia, 2020 (N = 412)

Parameter Missed Opportunities CIRR 95% CI for Exp (B) AIRR 95% CI for Exp (B) p-value

Yes (n =
50)

No (n =
362)

Age in years
≤ 35 15 129 0.80 (0.44−1.46) 0.64 (0.34–1.21) 0.160
> 35 35 233 1 1

Sex

Male 26 151 1.42 (0.83–2.51) 1.44 (0.81–2.55) 0.21
Female 24 211 1 1

Residence
Rural 31 216 1.12 (0.62–1.93) 1.04 (0.56–1.88) 0.920
Urban 19 146 1 1

Education level

Cannot read and
write

34 126 3.35 (1.85–6.10) 3.10 (1.66–5.78) 0.001

Can read and write 16 236 1 1

Occupation

Employed 17 123 1.14 (0.56−1.81) 1.10 (0.59–2.04) 0.770
Non employed 33 239 1 1

DM status
Positive 22 56 3.36 (1.93–5.90) 2.82 (1.58–5.02) 0.001
Negative 28 306 1 1

BMI

< 18.5 7 133 0.32 (0.14−0.70) 0.42 (0.19–0.85) 0.023
≥ 18.5 43 229 1 1

Facility type patient
Health center 39 188 2.90 (1.62–6.50) 2.10 (1.40–4.21) 0.003
Hospital 11 174 1 1

Unit of TB patient

OPD 32 207 1.38 (0.58–3.31) 1.55 (0.64–3.74) 0.331
MCH 13 106 1.12 (0.42–2.97) 1.21 (0.45–3. 23) 0.715

ART 5 49 1 1

Abbreviations: CIRR, crude incidence rate ratio; AIRR, adjusted incidence rate ratio.
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Results
Characteristics of the Respondents
From a total of 4120 screened adult patients who visited 33 public health facilities, 412 (10%) had symptoms suggestive
of TB and were included in the analysis with a 100% response rate (Figure 1). The average age was 35 ± 8 SD years, and
235 (57%) were females. Over half of the patients, 239 (58%) were from the outpatient department. Significant number
of patients interviewed; 247 (60%), 252 (61%), and 272 (66%) were from rural areas, not able to read and write and
unemployed, respectively (Table 2).

Missed Opportunities for TB Investigation
Out of the 412 patients interviewed, 50 (12%) did not have a sputum and/or x-ray evaluation to rule out TB. Over half,
211 (51%), of the interviewed patients had coughing that lasted for more than two weeks. The proportion of missed TB
cases among re-screened patients was 8 (1.90%); six TB cases were detected by sputum smear microscopy and two by
chest x-ray (Table 2).

Factors Associated with Missed Opportunities for TB Investigation
According to a multivariable negative binomial regression analysis, patients who cannot read and write were three times
more likely to be missed for TB diagnostic tests than patients who can read and write; AIRR = 3.10, 95% CI = 1.66–5.78.

Table 2 Socio-Demographic Characteristics of Patients with Symptoms Suggestive of PTB in East Gojjam Zone, Northwest
Ethiopia, 2020

Variable Response Category Frequency Percent (%)

Age in years ≤ 35 277 67.0
≥ 35 135 33.0

Sex Male 177 43.0

Female 235 57.0
Residence Rural 247 60.0

Urban 165 40.0

Education status Cannot read and write 160 39.0
Can read and write 252 61.0

Occupation Employed 140 34.0

Not employed 272 66.0
Patient unit OPD 239 58.0

ART 119 29.0

MCH 54 13.0
Type of facility Public health center 228 55.0

Public hospital 184 45.0

Signs and symptoms Cough ≥ 2 weeks 211 51.0
Night sweating 102 25.0

Weight loss 57 14.0

Poor appetite 42 10.0
Had previous TB history Yes 62 15.0

No 350 85.0
HIV sera status Positive 62 15.0

Negative 350 85.0

Diabetes status Positive 78 19.0
Negative 334 81.0

Missed opportunity for TB investigation Yes 50 12.0

No 362 88.0
TB result among re-screend Positive 8 1.90

Negative 404 98.1
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Diabetes mellitus (DM) patients were more than twice as likely as control patients to miss TB diagnostic tests; AIRR =
2.82, 95% CI = 1.58–5.02. Similarly, patients who visited health centers were twice as likely as patients who visited
hospitals to be missed for TB diagnostic tests; AIRR = 2.10, 95% CI = 1.40–4.21. Patients with less than 18.5 BMI were
58% less likely to miss TB diagnostic tests than patients with greater than or equal to 18.5 BMI; AIRR = 0.42, 95% CI =
0.19–0.85 (Table 1).

Discussion
Early identification and treatment of infectious TB cases is a primary strategy for TB control programs worldwide.2,11,14

As a result, improving the performance of TB case detection (both active and passive) is critical for reducing TB
transmission and burdens.11,14,21 Taking this concept into consideration, this study attempted to assess the quality of
facility-based TB case detection activity by estimating the number of patients who had suggestive of TB symptoms but
were missed for TB diagnostic tests to rule out TB infection. According to the findings of this study, 50 (12.14%) of
patients with at least one TB symptom did not receive TB diagnostic services. This implies that health facilities are
missing a significant number of potential TB casesas a result of weak TB case finding processes. This could be attributed
to low healthcare worker knowledge and skills in TB investigation,2,15,21 no or limited TB diagnostic services,5,9,17,21 low
patient knowledge of TB symptoms,2,17,22 limited refreshment training for healthcare workers2,6,16 and patient load in
each working unit.2,21,22 Moreover, giving more emphasis to COVID-19 that has nearly similar symptoms to TB,
particularly coughing, might have contributed to missing to offer TB diagnostic tests for patients coming with coughing
for a certain duration.23,24

This finding was found to be lower than evidence from the Southern7,17 and Eastern10 parts of Ethiopia, where
41.6%, 39% and 35.2% of patients with suggestive of TB symptoms did not receive TB diagnostic tests to rule out
TB infection, respectively. Similarly, this finding was lower than study findings from other countries, which reported
56%,14 16%, 33.5%25 and 75%26 missed opportunities for TB diagnostic tests. This disparity may be due to
differences in study periods that are directly related to TB control program interventions. The most important
point to note here is that, despite being smaller in size than previous studies, there are still significant gaps in
these health facilities’ TB case-finding practices that require timely action to improve the performance of TB case-
finding activities there.

Based on our rescreening process, eight patients tested positive for TB in their sputum evaluation due to gaps in the
current TB case finding strategy. This occasion increased the transmission and burdens of TB. This figure is slightly
lower than findings from the previous Ethiopian studies, which included 11 TB cases from the Kaffa zone,17 10 TB cases
from Oromiya region hospitals,15 and 11 TB cases from systematic and meta-analysis studies.27 Similarly, it is lower than
findings from Ghana28 that reported 27 missed TB cases from 410 TB suspects and 95 TB cases among 543 TB
suspected patients in South Africa.29 The difference in sputum sample evaluation could be due to the fact that previous
studies used GeneXpert, which has higher sensitivity to detect TB cases than sputum smear evaluation.

According to the negative binomial regression analysis, variables such as being unable to read and write, being a DM
patient, and attending a health center had positive associations with failing to obtain TB investigation tests. Having
a lower BMI, on the other hand, was inversely related to the likelihood of missing TB investigation tests.

Patients with no education were three times more likely to be missed for sputum smear and/or chest X-ray services to
rule out active TB infection than patients who could read and write. This could be due to patients’ lack of understanding
and inability to describe TB symptoms they experienced. This is due to the fact that illiterate patients are unable to easily
search for the literature and understand the messages.

Similarly, the type of health facility was found to be statistically significant in terms of missed opportunities for TB
diagnostic tests. The likelihood of being missed for Active TB infection investigation was twice as high among patients
who went to health centers as it was among patients who went to hospitals. This is also supported by findings from
previous studies.2,21,25,28 This is due to the availability of relatively better TB diagnostic tests, experienced staff
(physicians and laboratory technologies), and less interrupted electric power in hospitals than in health centers in
developing countries, including Ethiopia.2,17,21,26 According to previous studies, a better facility has a direct relationship
with better TB case finding performance.5,6,26
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Moreover, comorbidity infection was associated with a missed opportunity to obtain TB diagnostic tests. In contrast
to previous study findings that reported a positive association between diabetes and active TB infection,3,30 the likelihood
of missing TB diagnostic tests was three times higher in DM patients compared to counterpart patients. This is not to say
that there is no scientific link between TB and DM,2,3,9,22 but our goal is to examine healthcare workers’ practices in
offering TB diagnostic tests to patients with symptoms suggestive of TB infection. The reason for this association could
be related to healthcare workers paying less attention to comorbidity investigations among patients. They may simply
accept symptoms and investigations of DM that mask symptoms of TB, resulting in less attention to TB.

Furthermore, patients with a BMI of less than 18.5 were 58% less likely to miss TB diagnostic tests than patients with
a BMI greater than or equal to 18.5. Previous research15,31 found an inverse relationship between BMI and TB infection.
Low BMI may result in active TB infection due to immune declination, and TB may result in poor dietary intake and thus
low BMI.31 Additionally, weight loss and loss of appetite are two suggestive symptoms of Active TB infection.14 Hence,
health workers working at OPD, MCH and ART rooms might suspect patients with lower BMI for TB since they are
most susceptible to acquiring TB infection.

Despite its strengths and best efforts to maintain its quality, this study has some limitations that may have
a minor impact on the quantity and quality of research findings. This was a cross-sectional study that did not
demonstrate causality. Because the study was conducted among patients visiting health facilities, it may not
accurately represent the magnitude at the community level (difficulty of generalizing). In addition, when compared
to GeneXpert and culture, using only sputum smear microscopy and X-ray diagnostics to rule out Active TB
infection has low sensitivity, resulting in missed detection of potential TB cases. Moreover, recall bias among
patients on identifying types of TB symptoms might increase the chance of missing TB cases at OPD and during our
re-screening process.

Conclusion and Recommendations
This study found a significant number of missed opportunities for TB diagnostic tests as well as significant infectious TB
cases during the rescreening process. According to this study, being illiterate, having diabetes, being undernourished, and
seeking healthcare services from health centers rather than hospitals were statistically significant factors in missed
opportunities for TB diagnostic tests among patients with at least one suggestive of TB symptom recommended by the
WHO (Figure 3). Improving healthcare workers’ skills in TB diagnosis and treatment through in-service training and
making TB diagnosis and treatment guidelines available in each unit is critical for improving the performance of passive
TB case-finding practices. Conducting TB screening among patients with other diseases, such as HIV, diabetes, and
malnutrition, as well as paying special attention to illiterate people while conducting a clinical diagnosis, is critical for
improving TB case-finding performance. Furthermore, a community-based mixed study is recommended to better
estimate missed opportunities for TB diagnosis using advanced diagnostic tests and to investigate barriers that result
in the missed of potential TB cases.

412 of 4120 patients had suggestive 
of TB symptoms and interviewed if 
they received TB diagnostic services       

4120 Patients from outpatient, maternal 
health and ART units were screened if 
they have suggestive TB symptoms         

Eight of 50 patients became TB positive 
(6 by sputum smear microscopy & 2 X-
rays findings) and linked to TB clinics 
for anti-TB treatment follow up     

50 patients suggestive of TB 
symptoms did not receive TB 
diagnostic tests & sent back for 
TB diagnostic tests to rule out TB         

412 patients interviewed for factors of missed opportunity for TB diagnostic 
tests. Education level, comorbidity with DM, BMI and type of facility were 
factors associated with missed opportunity of TB diagnostic tests. 

Figure 3 Graphic abstract of missed opportunity for TB diagnostic Tests in Ethiopia, 2020.
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AIRR, adjusted incidence rate ratio; ART, anti-retroviral treatment; BMI, body mass index; CI, confidence interval; DM,
diabetes mellitus; HCs, health centers; HIV, human immune deficiency virus; TB, tuberculosis; MCH, maternal and child
health; OPD, out-patient department; SD, standard deviation; SPSS, Statistical Package for Social Science; WHO, World
Health Organization.
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