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Abstract

Background

Delays in diagnosis and treatment of tuberculosis (TB) increases severity of illness and con-

tinued transmission of TB in the community. Understanding the magnitude and factors asso-

ciated with total delay is imperative to expedite case detection and treatment of TB. The aim

of this study was to determine the length and analyze factors associated with total delay.

Methods

Analytic cross-sectional study was conducted in Jimma Zone, Southwest Ethiopia. All newly

diagnosed TB patients > 15 years of age were included from randomly selected eight dis-

tricts and one town in the study area. A structured questionnaire was applied to collect

socio-demographic and clinical data. The median total delay was used to dichotomize the

sample into delayed and non-delayed patient categories. Logistic regression analysis was

used to analyse the association between independent and outcome variables. A p-value <
0.05 were considered statistically significant.

Results

A total of 1,161 patients were included in this study. The median total delay was 35 days.

Patients who had swelling or wound in the neck region were more likely to be delayed than

their counterpart [adjusted odds ratio (AOR) = 3.02, 95% confidence interval (CI): 1.62,

5.62]. Women were more likely to experience longer total delay (AOR = 1.46, 95% CI:1.00,

2.14) compared to men. Patients who had poor knowledge of TB were more likely to be

delayed compared to those who had good knowledge (AOR = 3.92, 95% CI: 2.65, 5.80).
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Conclusion

The present study showed long total delay in diagnosis and treatment of TB. Targeted inter-

ventions that enhance TB knowledge and practice, expedite early suspect identification,

referral and management of all forms of TB is imperative to reduce total delay in diagnosis

and treatment of TB.

1. Introduction

Tuberculosis (TB) is a major cause of illness in low-resource countries. It is among the top 10

causes of death, and has been the leading cause of death from a single infectious agent in recent

years [1, 2]. There were an estimated 10.0 million TB cases, and 1.5 million deaths due to TB

in 2020 [3]. The 30 high TB burden countries are responsible for the majority (86%) of the esti-

mated incident TB cases [2].

Ethiopia is among the high TB burden countries [3]. TB is a major public health problem

and one of the leading infectious diseases in Ethiopia. There were an estimated 140 new inci-

dent TB cases per 100,000 population in 2020 and TB mortality rate of 19 per 100,000 popula-

tions in 2019 in Ethiopia [4]. Ethiopia accounts for 90,000 (3%) of annually missed TB cases

worldwide [2, 5]. A recent national case detection rate of all forms of TB was 76 percent, which

is below the target of World Health Organization [3, 6]. One of the contributing factors for

low case detection is the delay in diagnosis and treatment of TB. Delay in diagnosis and treat-

ment is commonly divided into three components (patients’ delay, health system’s delay and

total delay). While patient delay refers to the delay period from onset of the major TB symp-

toms to first visit to a medical provider, health system delay encompasses the delay period

from first visit to a medical provider to first start of anti-TB treatment. Total delay is defined as

the delay period from start of major TB symptoms to first start of anti-TB treatment. Delay in

TB diagnosis and treatment remains a major problem of TB control program generally in low

and middle income countries [7] particularly in Ethiopia [8, 9]. Patients’ health care seeking

delay differs among different regions of Ethiopia [10, 11].

Prompt diagnosis and treatment is crucial for efficient TB control program performance

and achieving the End TB targets. The target set for the End TB Strategy for the year 2035

include: 1) reduction of TB mortality by 95%, 2) decreasing TB incidence by 90% (i.e com-

pared to the baseline of 2015), and 3) to certify that no family is suffered with TB related cata-

strophic costs [12]. The End TB Strategy targets can only be realized if diagnosis, treatment,

and preventive services for TB are delivered based on the context of universal health coverage,

which implies that all people with TB should be early detected and properly treated [2, 5].

Delayed diagnosis and treatment of TB cases has major role in the transmission of the disease

in the community in most high TB burden countries. Early diagnosis and proper treatment of

TB will reduce severity of illness, prevent transmission, increase cure rate, and prevent the

development of drug-resistant TB [2, 13].

Various studies have been conducted on delays in diagnosis and treatment of TB in differ-

ent parts of the world [14–21]. A systematic review and meta-analysis conducted in low- and

middle-income countries showed that the median total delay ranged from 30 in Zimbabwe

and Vietnam to 366.5 days in Afghanistan [7]. Another systematic review and meta-analysis

conducted in Ethiopia revealed that the median diagnostic of 45days. The prevalence of diag-

nostic delay in Ethiopia ranged from 9.57% in Addis Ababa city and 68.84% in Somali region

[22]. Various factors that are associated with diagnostic and treatment delay were identified in
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earlier studies in Ethiopia and elsewhere. Some of these factors included poor knowledge

about TB [23], patient first visit to lower level facilities [21], long distance to health facility

[19], low level of income [23], being female [19, 24], being illiterate [15, 22], perceived TB

stigma [25], rural residence [19, 22], having extra-pulmonary TB [14, 22, 26], having smear

negative pulmonary TB [26], self-treatment [21, 23, 26], being HIV negative [22, 23], absence

of chest pain and presence of haemoptysis [17] etc.

Although various studies were conducted in Ethiopia and elsewhere to assess TB diagnostic

and treatment delay, there is limited study to date that has been conducted to assess the length

and associated factors of total delay in diagnosis and treatment of TB in Jimma Zone, Ethiopia.

The length of total delay and associated factors may vary according to the local setting, includ-

ing the socio-demographic and economic condition of the population in the study area [10,

11]. Understanding the contribution of these factors is important to propose targeted interven-

tions to address diagnostic and treatment delay at the local setting. Therefore, the aim of the

present study was to determine the length and analyze factors associated with total delay in

Jimma Zone, Ethiopia.

2. Materials and methods

2.1. Study setting and design

Analytic cross-sectional study was conducted among all forms of TB patients who started

treatment from September 2016 to October 2017. The study was conducted in Jimma Zone,

Oromia Region, Southwest Ethiopia. Jimma Zone is located 354 kilometres from Addis Ababa,

the capital city of Ethiopia, with a total area of 199,316.18 square kilometres [Jimma Zone

health office, 2016]. According to 2017 projected population census, Jimma Zone had an esti-

mated population of 3,261,371, of which 49.9% were women [27]. In 2016, the Zone had 17

districts and two town administrations. A total of seven public hospitals (five were primary,

one general and one specialized); 120 health centres, and 494 health posts were registered in

the study area during the study period. The hospitals and health centres have been providing

TB diagnostic and treatment services. Health extension workers at health posts have been ren-

dering TB treatment services, screening and referring of TB suspects to the nearest health facil-

ities for confirmatory testing. Non-governmental health facilities such as the Catholic mission

and several private clinics were also providing TB diagnostic and treatment services. In 2016, a

total of 3,008 all forms of TB patients were identified in Jimma Zone. Among these, 1,468

patients were bacteriologically confirmed pulmonary TB cases [Jimma Zone health office,

2016; Jimma town health office, 2016].

2.2. Study population and sampling

A total of 1,161 newly diagnosed TB patients were included from sampled districts’ public

health facilities and health posts. Patients whose age was less than 15 years, who could not

respond to the interview questions and critically ill patients were excluded from the study.

Eight districts and one town administration were selected from the 17 districts and two town

administrations by using a simple random sampling method. Subsequently, all TB DOTS sites

in the sampled districts and a town administration were covered by the study.

This study is part of a PhD project. It follows a recently published sub-study that compared

community- versus facility-based DOTS in a cohort study that enrolled a total of 1,161 study

participants [28]. We included all of the 1,161 study participants in the current study. How-

ever, in order to address the research objective in the current study, a total sample of 422 calcu-

lated using formula for estimating single proportion could have been enough (i.e. considering

50% proportion of delay of more than one month at 95% confidence interval and a margin
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error of 5%). The inclusion of the 1,161 study participants in the current study is advantageous

as it provides more than adequate representative population to address the research questions.

The sample size was proportionally allocated to the selected public health facilities based on

the previous one year’s (before the study’s start) patient flow. The study participants were con-

secutively included until the required sample size was achieved [Fig 1].

2.3. Data collection and analysis

A structured questionnaire was developed based on the national and WHO’s guidelines; and

previous studies [29–34]. The questionnaire was translated to the local language (Afan

Oromo) by a professional whose mother tongue is the local language. It was checked and peer

reviewed for any inconsistencies between the translated version and the original English ver-

sion of the questions. The translated version of the questionnaire was re-translated to English

by another professional who fluently spoke and wrote the local language. Then, it was pre-

tested to check for the clarity and applicability of the questionnaire for the context of the study

area. Based on the findings of the pre-test, modifications such as clarifying statements were

Fig 1. Schematic presentation of sampling procedure for TB patients, Jimma Zone, 2017.

https://doi.org/10.1371/journal.pone.0281546.g001
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made. We recruited experienced data collectors and supervisors and they were provided with

the required training on the data collection and supervision techniques. The whole process of

data collection was supervised by the principal investigator. The study participants were con-

secutively enrolled starting from September 2016 to October 2017. They were all interviewed

during the enrolment time. Clinical data such as HIV status, main mode of TB diagnosis, TB

classification were collected by a checklist attached to the questionnaire from TB register.

The collected data were checked for completeness and consistency, coded and entered into

the EpiData entry client software, version 4.4.3.1. Then, the data were exported to the statistical

package for social sciences software (SPSS) version 21 for analysis. Descriptive statistics were

computed for the variables. To assess TB knowledge, a score of one was given for the correct

responses and a score of zero was given for wrong responses. Then the total knowledge score

and median score were computed. Those with a total score of less than the median value were

categorized as having poor knowledge, while those who scored greater than or equal to the

median value were classified as having good TB knowledge. Likewise, the total perceived

stigma and median scores were determined. Those with a total score of less than the median

value were classified as not having perceived stigma, whereas those who scored greater than or

equal to the median value were categorized as having perceived stigma.

The median total delay was used to categorize the sample into delayed and non-delayed

patient groups. To analyse the association of independent variables with the dependent vari-

able, we used binary logistic regression analysis. First, bivariable analysis was performed for

each independent variable against the respective outcome variable and crude odds ratio

(COR) was calculated. Multivariable analysis was conducted comprising candidate variables in

the bivariable analysis that scored a p-value of< 0.25 with a backward stepwise method.

Besides, the respective adjusted odds ratios (AOR) and 95% confidence intervals (CI) were

computed. A p-value < 0.05 was considered statistically significant.

2.4. Operational definitions

Patient delay: the time from onset of symptoms (cough) until first visit to a medical provider.

Health system delay: the time between the first visit to a medical provider and the first start

of anti-TB treatment.

Total delay: the period between onset of TB symptoms and the first start of anti-TB treat-

ment (the sum of patient delay and health system delay).

Delayed: operationally defined as delayed if the period between the onset of TB symptoms

and first start of anti-TB treatment is more than the calculated median total delay (> 35 days).

Community based DOTS: TB treatment offered at a health post or patient’s residence by a

HEW or a trained TB treatment supporter.

Facility based DOTS: TB treatment offered at public health facility (health center or hospi-

tal) by a trained health care provider.

Medical provider/ formal health care provider: include hospitals, health centres, health

posts, private clinics, and drug retail outlets.

Non formal-health care providers: traditional healers or herbalists, religious healers.

2.4.1. TB diagnosis. The national guideline for TB, and DR-TB was followed to diagnosis

and treat TB [5]. Health care providers identify, triage and examine individuals who present

with persistent cough of two or more weeks (any duration for HIV positive), fever for more

than two weeks, night sweats, and weight loss of more than 1.5 kg per month. TB diagnosis is

made with proper investigations using one or more of the following methods: mycobacterio-

logcal examination, chest x-ray, and cytological/histopathology (analysis of body parts/fluids)

examinations. Acid-fast-bacilli (AFB) smear microscopy is the most common method used for
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TB diagnosis and follow up of treatment response. A patient is diagnosed as a pulmonary posi-

tive TB case, when he/she has at least one positive result on AFB microscopy, or when his/ her

Xpert MTB/RIF test result is positive for mycobacteria. A patient is diagnosed as a pulmonary

negative TB case when he/she has signs and symptoms suggestive of TB with at least two nega-

tive result on AFB smear microscopy, and secondly, when his/her Xpert MTB/RIF test results

detects mycobacterium and a decision to treat with a full course of anti-TB drugs is made. The

decision is made based on suggestive findings from supporting laboratory tests and with the

aid of proper clinical examination [5].

2.5. Ethical considerations

Ethical clearance was sought from the Regional Committee for Medical Research Ethics (REK

Øst), Norway with reference number of 2015/2124 REK sør-øst B. Ethical approval was also

obtained from the Institutional Review Board of Jimma University, Ethiopia with reference

number of RPGC/389/2016. Permission was granted from Oromia regional health bureau,

Ethiopia with reference number of BEFO/ABTF/1-8/2026 and Jimma zone health office, Ethi-

opia with reference number of WEFBJ/ 0-11/8060/08. Written (for literate) and oral (for illiter-

ate) informed consent was secured from the study participants before starting the data

collection. For minors (15 – 17years), assent was obtained from the study participants and

consent was secured from their parents or guardians.

2.6. Inclusivity in global research

Additional information regarding the ethical, cultural and scientific considerations specific to

inclusivity in global research is included in the S3 Text.

3. Results

3.1. Characteristics of the study participants

In this study, we assessed the length of total delay and associated factors among TB patients in

Jimma Zone, Ethiopia. Accordingly, a total of 1,161 patients participated in this study: 774

(66.7%) under FB-DOTS, 387(33.3%) under CB-DOTS) were included. Of these, 51.2% were

male, 65.9% were married, and 39.5% were illiterate. The mean (± SD) age for the study partic-

ipants was 32.2 (±14.41) years, with a range of 15 to 90 years. Nearly half (46.9%) of the

patients were 25–44 years of age. Of the total study participants, 63.7% were farmers by occu-

pation, 51.7% were rural residents, and 48.8% were smear-positive pulmonary TB patients

(Table 1).

3.2. Study districts and time to reach the nearest medical provider

A majority (18.9%) of the study participants were from goma district. The mean (± SD) time

taken to reach the nearest medical provider was 32.86 (±28.52) minutes, ranging from two to

180 minutes (Table 2).

3.3. Patients’ first visit to medical providers

A total of 708 (60.98%) patients visited other medical providers (health posts and private clin-

ics) before visiting the current health facility where they got their TB diagnosis and initiated

anti-TB treatment. Of these, a majority (169) of the patients who first visited private clinic

were not delayed. On the contrary, most (45) of the patients who visited health posts were

delayed (Fig 2).
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Table 1. Socio-demographic and clinical characteristics of the study participants in Jimma Zone, 2017 (N = 1,161).

Variables Frequency Percent (%)

Sex Male 594 51.2

Female 567 48.8

Age in year 15–24 365 31.4

25–44 544 46.9

45–64 202 17.4

�65 50 4.3

Mean ± SD (32.22±14.41); Minimum 15; Maximum 90; Median 30 (IQR 22, 40)

Marital status Single 330 28.4

Married 765 66.1

Divorced 30 2.6

Widowed 34 2.9

Educational level Illiterate 459 39.5

Read and write only 98 8.4

Primary school 396 34.1

Secondary school 132 11.4

College/University 76 6.5

Occupation Farmer 739 63.7

Merchant 74 6.4

Government or NGO employee 58 5.0

Daily laborer 88 7.6

Housewife 19 1.6

Student 142 12.2

Unemployed 41 3.5

Religion Orthodox Christian 160 13.8

Muslim 939 80.8

Protestant 61 5.3

Catholic 1 0.1

Residence Urban 561 48.3

Rural 600 51.7

Source of household income Farming 769 66.2

Monthly salary 59 5.1

Private/ trading 78 6.7

Daily payment 82 7.1

Family/relative 152 13.1

Prefer not to answer 21 1.8

Monthly household income in ETB � 1000 584 50.3

1001–2500 388 33.4

2501–3500 41 3.5

> 3500 90 7.8

Do not have regular income 58 5.0

Previous contact with TB patient Yes 118 10.2

No 807 69.5

Don’t know /not sure 236 20.3

Cigarette smoking Yes 71 6.1

No 1090 93.9

Variables Frequency Percent (%)

(Continued)
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3.4. Patient delay and total delay

The median patient delay (time from onset of symptoms until first visit to a medical provider)

was 30 days [interquartile rang (IQR): 17.5, 60 days]. Whereas, the median total delay was 35

days (IQR: 25, 67 days). The total delay ranged from 4 to 732 days (Table 3).

Table 1. (Continued)

Variables Frequency Percent (%)

Drink alcohol Yes 93 8.0

No 1068 92.0

Khat chewing Yes 599 51.6

No 562 48.4

Previous Rx for TB Yes 33 2.8

No 1128 97.2

History of diabetes mellitus Yes 12 1.0

No 1149 99.0

Main source of information about TB Health care providers 914 78.7

TV/Radio 172 14.8

Family/relative 53 4.6

Others 22 1.9

Type of DOTS Facility-based 774 66.7

Community-based 387 33.3

TB classification Smear-positive pulmonary TB 567 48.8

Smear-negative pulmonary TB 251 21.6

Extra pulmonary TB 343 29.5

Main mode of TB diagnosis Bacteriological 592 51.0

Histopathology/ Biopsy 226 19.5

Radiological 301 25.9

Clinical clues 42 3.6

HIV status Reactive 38 3.3

Non-reactive 1040 89.6

Unknown 83 7.1

https://doi.org/10.1371/journal.pone.0281546.t001

Table 2. Districts and time to reach the nearest medical provider of the study participants at Jimma Zone, 2017 (N = 1,161).

Variables Frequency Percent (%)

District / town administration Goma 220 18.9

Jimma 157 13.5

Kersa 122 10.5

Limu kosa 144 12.4

Mana 97 8.4

Omo nada 102 8.8

Seka chokorsa 120 10.3

Sokoru 108 9.3

Tiro afeta 91 7.8

Time to reach nearest medical provider in minutes � 30 792 68.2

31–60 278 23.9

> 60 91 7.9

Mean ± SD (32.86±28.52); Minimum 2; Maximum 180; Median 25 (IQR 15, 45)

https://doi.org/10.1371/journal.pone.0281546.t002

PLOS ONE Total delay and associated factors among tuberculosis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0281546 February 9, 2023 8 / 20

https://doi.org/10.1371/journal.pone.0281546.t001
https://doi.org/10.1371/journal.pone.0281546.t002
https://doi.org/10.1371/journal.pone.0281546


3.5. Determinants of total delay

The median total delay was 35(IQR 25, 67 days) days, and for more than half (586) of the

patients, the total delay was > 35 days. Variables such as occupation, source of household

income, being a smoker, alcohol use, khat chewing, HIV status, TB classification, chest pain,

and weight loss were removed from the final model even if these were statistically significant

during the bivariate analysis. In the multivariate analysis, patients who had poor knowledge

about TB were about four times more likely to be delayed than patients who had good knowl-

edge about TB (AOR = 3.92, 95% CI: 2.65, 5.80). Those patients who had swelling or wound in

the neck region were three times more likely to be delayed than their counterpart

(AOR = 3.02, 95% CI: 1.62, 5.62). Patients who attended college or university were 72% less

likely to be delayed than those patients who did not read and write (AOR = 0.28, 95% CI: 0.10,

0.81). Female patients were about 1.5 times more likely to be delayed than their counterparts

(AOR = 1.46, 95% CI: 1.00, 2.14). Patients who had a monthly household income of 1001–

2500 ETB had increased total delay compared to patients who earned > 3500 ETB

Fig 2. Medical provider first visited for the symptoms with patient delay status at Jimma Zone, 2017.

https://doi.org/10.1371/journal.pone.0281546.g002

Table 3. Patient, health system and total delays for the study participants in Jimma Zone, 2017.

Variable Median IQR Minimum Maximum

Duration from onset of symptoms until first visit to a medical provider in days 30.00 17.5, 60 2 730

Duration from first visit to a medical provider until diagnosis of TB in days 3.00 2, 9 1 365

Duration from diagnoses of TB until treatment started in days 1.00 1, 2 1 90

Total time taken from start of TB symptoms until start of treatment 35.00 25, 67 4 732

https://doi.org/10.1371/journal.pone.0281546.t003
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(AOR = 15.75, 95% CI: 2.92, 84.91). Those patients who traveled 30 or less minutes to reach

the nearest medical provider were 53% less likely to be delayed than those patients who trav-

eled more than 60 minutes (AOR = 0.47, 95% CI: 0.23, 0.94). Patients under CB-DOTS were

about 1.5 times more likely to be delayed than their counterparts (AOR = 1.53, 95% CI: 1.02,

2.29). Patients who had no limitation of their day-to-day activity were less likely to be delayed

than those patients who had high limitation of their day-to-day activity (AOR = 0.09, 95% CI:

0.01, 0.89) (Table 4).

4. Discussion

In this study, we assessed the length and associated factors of total delay among TB patients. A

systematic review and meta-analysis conducted in low- and middle-income countries reported

that the median total delay ranged from 30 to 366.5 days [7]. We observed a median total delay

of 35 days which is similar to the study done in Addis Ababa, Ethiopia [35], but lower than the

findings reported from earlier studies conducted in different Regions of Ethiopia [23, 25, 36–

38]. The shorter total delay observed in the present study may be related to several reasons:

these may include improved access to TB diagnostic and treatment facilities through decen-

tralization of health services to the community, and health extension workers’ contribution in

identifying suspected TB cases and referring them to health centers for smear microscopy test

[39].

Even though the observed total delay in our study was relatively lower compared to earlier

study findings in Ethiopia, it is still long delay given the need for immediate diagnosis and

treatment initiation for TB patients. In a recent qualitative study conducted in the study area,

different barriers were identified that may have implications for increased total delay. Among

these were shortage of resources including basic infrastructure and limited TB diagnostic ser-

vices; and delays in the diagnostic process at the health facilities [40]. Solving these barriers

through targeted interventions is crucial to reduce the observed relatively long total delay.

Long delays in diagnosis and treatment initiation increase the severity and complications of

disease that may result in unfavorable treatment outcome [37, 41]. It also increases the risk of

developing drug resistant TB which leads to treatment failure, high mortality rates, and high

transmission rate of drug resistant TB [42, 43]. These findings emphasize the importance of

early diagnosis and prompt treatment of TB. Conversely, the observed median total delay in

the current study is higher than the study findings in other parts of Ethiopia that reported 23

days and 33 days [8, 9]. This discrepancy might be because of differences in the study settings

i.e. socio-economic status, study population, access to TB diagnostic facilities, and utilization

of health care services among the population.

The analysis of socio-demographic, economic, and clinical factors revealed significant asso-

ciations with increased total delay. In line with our study, low level of education [7, 25, 36, 38],

long distance [19, 36], and poor knowledge about TB [23, 36, 37] were identified as predictors

of total delay in former studies in Ethiopia and elsewhere. Our findings underscored that edu-

cational level is an important determinant of total delay. A former study in Ethiopia revealed

that individuals with a higher level of education had better knowledge about TB compared to

those who did not read and write [44]. Our study showed that the educational level of the

patients may not be directly associated with the delay but do significantly affect the knowledge

level of the study participants. A study from the Gambia showed an association of educational

level with knowledge, attitude and health-seeking behavior regarding TB [45]. Another study

from Malaysia reported that TB education program at school was an effective intervention for

improvement in the mean score of knowledge, preventive practice, and perceived stigma

about TB [46]. In addition, a study conducted in Ethiopia indicated that there was association
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Table 4. Determinents of total delay among the study partcipants at Jimma Zone, 2017.

Variables Total delay, No (%) COR (95% CI) AOR (95% CI) P-

values
Not delayed� 35 days

(median)

Delayed> 35 days

(median)

Sex Male 297 (51.7) 297 (50.7) 1 1

Female 278 (48.3) 289 (49.3) 0.96 [0.76,1.21] 1.46 [1.00,2.14] 0.050

Age groups in years 15–24 185 (32.2) 180 (30.7) 1 1

25–44 269 (46.8) 275 (46.9) 0.60 [0.33,1.09] 0.59 [0.20,1.72] 0.331

45–64 102 (17.7) 100 (17.1) 0.63 [0.35,1.14] 0.53 [0.19,1.47] 0.220

� 65 19 (3.3) 31 (5.3) 0.60 [0.32,1.13] 0.49 [0.17,1.39] 0.181

Educational level Illiterate 177 (30.8) 282 (48.1) 1 1

Read and write only 63 (11.0) 35 (6.1) 1.97 [1.21,3.21] 0.74 [0.25,2.19] 0.590

Primary school 212 (36.9) 184 (31.4) 0.69 [0.37,1.27] 0.41 [0.13,1.27] 0.122

Secondary school 81 (14.1) 51 (8.7) 1.07 [0.66,1.76] 0.36 [0.13,1.02] 0.053

College/University 42 (7.3) 34 (5.8) 0.78 [0.44,1.38] 0.28 [0.10,0.81] 0.019

Occupation Farmer 365 (63.5) 374 (63.8) 1 1

Merchant 37 (6.4) 37 (6.3) 0.48 [0.24,0.93] 0.84 [0.18,3.97] 0.820

Go/NGO employee 33 (5.7) 25 (4.3) 0.46 [0.21,1.03] 0.38 [0.02,7.29] 0.523

Daily labourer 33 (5.7) 55 (9.4) 0.35 [0.15,0.81] 1.351

[0.07,27.31]

0.845

House wife 7 (1.2) 12 (2.0) 0.77 [0.35,1.69] 0.56 [0.05,6.78] 0.652

Student 87 (15.1) 55 (9.4) 0.80 [0.25,2.49] 1.44

[0.19,10.69]

0.722

Unemployed 13 (2.3) 28 (4.8) 0.29 [0.14,0.62] 0.61 [0.16,

2.27]

0.457

Source of Household income Farming 380 (66.1) 389 (66.4) 1 1

Monthly salary 36 (6.3) 23 (3.9) 6.14

[1.80,21.02]

0.17 [0.02,1.54] 0.114

Private/trading 40 (7.1) 38 (6.5) 3.83

[1.01,14.49]

0.14 [0.01,1.54] 0.107

Daily payment 28 (4.9) 54 (9.2) 5.70

[1.55,20.92]

0.37 [0.04,3.58] 0.387

Family/relative 73 (12.7) 79 (13.5) 11.57

[3.14,42.66]

0.50 [0.05,4.95] 0.552

Prefer not to answer 18 (3.1) 3 (0.5) 6.49

[1.84,22.96]

0.39 [0.05,3.31] 0.389

Monthly Household income in ETB � 1000 301 (52.3) 283 (48.3) 5.88

[2.74,12.61]

9.51

[1.82,49.72]

0.008

1001–2500 162 (28.2) 226 (38.6) 8.72

[4.02,18.89]

15.75

[2.92,84.91]

0.001

2501–3500 23 (4.0) 18 (3.1) 4.89

[1.86,12.88]

6.92

[1.03,46.58]

0.047

> 3500 39 (6.8) 51 (8.7) 1 1

No regular income 50 (8.7) 8 (1.4) 8.17

[3.48,19.22]

13.29

[2.27,77.65]

0.004

Time to reach nearest medical

provider in minute

� 30 391 (68.0) 401 (68.4) 0.77[0.49,1.19] 0.47[0.23,0.94] 0.034

31–60 145(25.2) 133(22.7) 0.69[0.43,1.12] 0.68[0.31,1.46] 0.317

> 60 39(6.8) 52(8.9) 1 1

Cigarette smoking Yes 25 (4.3) 46 (7.8) 1.87 [1.14,3.09] 1.22 [0.54,2.75] 0.627

No 550 (95.7) 540 (92.2) 1 1

Alcohol use Yes 36 (6.3) 57 (9.7) 1.61[1.05,2.49] 1.01 [0.49,2.08] 0.985

No 539 (93.7) 529 (90.3) 1 1

(Continued)
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between educational level and knowledge about TB in which having good knowledge of TB led

to a more positive attitude and better practice in relation to TB prevention and control [47].

This was supported by findings from a qualitative meta-synthesis conducted in Nigeria which

reported that low education level and poor knowledge about TB were major barriers to TB

diagnosis and treatment [20]. Compared to the uneducated persons, individuals with better

educational level are more likely to have access to better economic situation which consecu-

tively improves their access to health information and care [8, 44]. Moreover, the level of their

knowledge about TB influence their perceptions about TB and change their health care-seek-

ing behaviour [8, 44].

We observed a strong association between having swelling or wound in the neck region

and long total delay. Cervical TB lymphadenitis is one of the most common manifestations of

Table 4. (Continued)

Khat chewing Yes 320 (55.7) 279 (47.6) 0.72 [0.58,0.91] 0.83 [0.56,1.24] 0.356

No 255 (44.3) 307(52.4) 1 1

HIV status Reactive 20 (3.5) 18 (3.1) 1 1

Non-reactive 525 (91.3) 515 (87.9) 0.51[0.23,1.11] 0.98 [0.28,3.45] 0.970

Unknown 30 (5.2) 53 (9.0) 0.56 [0.35,0.88] 0.96 [0.47,1.98] 0.917

Current illness status No limitation of day-to-day

activity

362 (63.0) 229 (39.1) 0.25 [0.05,1.31] 0.09 [0.01,0.89] 0.040

Slight limitation 211(36.7) 352(60.0) 0.67 [0.13,3.47] 0.22 [0.02,2.12] 0.189

High limitation 2(0.3) 5(0.9) 1 1

Variables Total delay, No (%) COR (95% CI) AOR (95% CI) P-

valuesNot delayed� 35 days

(median)

Delayed> 35 days

(median)

Type of DOTS Facility-based 360 (62.6) 414 (70.6) 1 1

Community-based 215 (37.4) 172 (29.4) 1.44 [1.13,1.84] 1.53 [1.02,2.29] 0.041

TB classification Smear-positive PTB 306 (53.2) 221 (44.5) 1 1

Smear-negative PTB 131(22.8) 120 (20.5) 0.57 [0.44,0.75] 0.78 [0.48,1.26] 0.309

Extra PTB 138(24.0) 205(35.0) 0.62 [0.44,0.86] 1.07 [0.64,1.79] 0.798

Medical provider first visited for

symptoms

Health post 7 (2.0) 45 (12.4) 1 1

Health center 111(32.1) 128 (35.4) 3.21

[0.49,20.96]

2.23

[0.25,19.50]

0.470

Hospital 57 (16.5) 75 (20.7) 0.58 [0.10,3.21] 0.79 [0.12,5.86] 0.814

Private clinic 169 (48.8) 110(30.4) 0.66 [0.12,3.72] 0.49 [0.07,3.77] 0.499

Other 2 (0.6) 4 (1.1) 0.33 [0.06,1.81] 0.39 [0.05,2.89] 0.356

Chest pain Yes 395 (68.7) 328 (56.0) 1 1

No 180 (31.3) 258 (44.0) 0.58 [0.46,0.74] 0.75 [0.50,1.13] 0.172

Haemoptysis Yes 83 (14.4) 75 (12.8) 0.87 [0.62,1.22] 1.24 [0.68,2.27] 0.479

No 492 (85.6) 511 (87.2) 1 1

Weight loss (10%) Yes 372 (64.7) 345 (58.9) 0.78 [0.62,0.99] 1.28 [0.86,1.91] 0.217

No 203 (35.3) 241(41.1) 1 1

Swelling or wound around neck

region

Yes 42 (7.3) 106(18.1) 2.80[1.92,4.09] 3.02 [1.62,5.62] < 0.001

No 533 (92.7) 480(81.9) 1 1

Knowledge about TB Poor 130 (22.6) 333 (56.8) 4.51[3.49,5.81] 3.92 [2.65,5.80] < 0.001

Good 445 (77.4) 253 (43.2) 1 1

Perceived to be stigmatized No 183 (31.8) 183 (31.2) 0.97 [0.76,1.25] 1.40 [0.89,2.20] 0.143

Yes 392 (68.2) 403 (68.8) 1 1

AOR = adjusted odds ratio; COR = crude odds ratio; CI = confidence interval. 1 = Reference group

https://doi.org/10.1371/journal.pone.0281546.t004
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extra-pulmonary TB which contributes to diagnostic delay. The common sign and symptom is

a chronic, painless swelling in the neck region (no other remarkable symptom). Thus, the diag-

nosis of this type of TB requires a high index of suspicion and use of different diagnostic meth-

ods. Practically, it is not possible to apply all diagnostic procedures for all symptomatic

patients. In this regard, ruling out for other causes of neck mass could contribute to diagnostic

delay. Because of the absence of culture and pathology services in most health centers in Ethio-

pia including the study area, it is difficult to early diagnose such type of TB [48, 49]. A study

from Zanzibar showed that from all patients with long total delay (> 6 months), a majority

(90%) were patients with TB lymphadenitis [50]. Extra-pulmonary TB cases are seldom infec-

tious as they are considered to have less contribution in TB transmission. However, delay in

starting treatment for the patients may result in disseminated TB and increased mortality [49,

50]. As peripheral health care facilities in the study area do not have the capacity to diagnose

extra-pulmonary TB cases, it is important to develop diagnostic algorithms for timely referral

of presumptive extra-pulmonary TB patients. Therefore, training is essential for the health

extension workers so that they can screen TB lymphadenitis suspects in the community for

prompt referral to the next level of health care for better diagnosis and treatment [51].

Our study revealed that women were more likely to have long total delay compared to men.

This finding is consistent with former studies conducted in Ethiopia and elsewhere [36, 52,

53]. Economic status, cultural beliefs, and perceived stigma are barriers of early care seeking

for most female patients [54]. In terms of cultural beliefs, women in Ethiopia give priority for

their family than themselves, have main responsibility for children care, have less decision

making power, and worries about preserving modesty might affect their health care seeking

behavior [55]. Previous study revealed that women were more likely to suffer from TB stigma

compared to men [56]. Women in high burden countries like Ethiopia experienced long delays

in TB diagnosis and treatment because of challenges related to TB services [57]. Most women

faced problems in accessing TB service because of resource limitations, power imbalances, and

poor knowledge about TB [57]. Women who have less access to quality healthcare, and delayed

to seek formal health care were prone to long delays [54]. This may partly be related to the fact

that women have the main responsibility for domestic tasks and care for their family members,

especially children and elders. Women often lack economic independence, have less time and

are less empowered compared to men in regards to care for themselves [36]. Therefore, it is

important to recognize sex differences in individual’s TB care-seeking. Targeted interventions

that enhance women empowerment are required to improve poor health outcomes among

women. Socio-economic support interventions could change their health seeking behaviour,

improve adherence and treatment outcome for TB patients who are women [58, 59]. In addi-

tion, gender-based health education and behavioural change communication (BCC) interven-

tions focusing on early health seeking counselling are required to reduce the burden of TB

among women. BCC strategies are efficient, effective, sustainable and acceptable because mes-

sages can tailored to gender- or age-based target groups [60, 61].

Monthly household income was another determinant variable that was significantly associ-

ated with total delay. This finding is in line with previous study results from Ethiopia [8, 62,

63] and Pakistan [18]. This could be due to the fact that individuals who did not have adequate

monthly income could not be able to seek health care early because of several reasons such as

unaffordable medical costs and transport expenses [8, 63]. Therefore, they are likely to be

prone to delayed diagnosis and treatment start. In resource limited settings like Ethiopia

where there are several traditional practices and low access to quality health service, patients

commonly seek health care from informal medical providers, as a result the patients might get

traditional treatment that could delay them from timely seeking medical care from formal

medical providers. TB diagnosis and treatment services in Ethiopia is given for free, money is
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mostly needed for covering costs for transportation, accommodation and food for the patient.

Individuals who have low level of income may need to work long hours, as a result they may

not have time to early seek health care when they get ill. Patients with inadequate income are

more likely to visit formal-health care provider only when they become critically ill [8, 63]. A

systematic review conducted in high TB burden settings reported that livelihood, work, and

family were given priority which led them to have a long delay in health care-seeking [57].

This finding shows the importance of improving the socio-economic condition of the popula-

tion for effective TB control. As per the Sustainable Development Goals (SDG), the world is

committed to end poverty by 2030 [64, 65]. According to a recent World Bank report, the pov-

erty rate in Ethiopia fell from 44 percent in 2000 to 21 percent in 2018 [66, 67]. If this trend

continues, the contribution of poverty to TB disease and transmission may be significantly

reduced in Ethiopia including the study area.

Time taken to reach the nearest medical provider was associated with total delay. Long dis-

tance traveling to reach the nearest health facility was also reported in previous studies con-

ducted in Ethiopia and other countries as barrier to individuals’ health-seeking behavior

which leads to lengthening of patient’s delay [17, 68–72]. A recent qualitative study from the

study area identified that long distance traveling to get TB diagnostic services was a barrier for

most TB patients from the rural settings [40]. This could also be related with patients who

were under FB-DOTS travel longer distance and more delayed than those patients under

FB-DOTS.

Our study showed that patients under CB-DOTS were more likely to be delayed than those

patients under FB-DOTS. This could be due to the fact that patients under CB-DOTS were

rural residents and most of patients under FB-DOTS were urban residents. Rural residence

was reported as independent predictor of delay in a systematic review conducted in Ethiopia

[11]. One of the reasons might be that rural residents had poor access to health information

and TB diagnostic and treatment facilities compared to urban residents. This might be due to

the scarcity of formal health care providers in rural area of Ethiopia. Thus, patients from rural

areas might take long chains of care-seeking through informal health care providers [57, 73]. A

previous study from Southwest Ethiopia revealed that proportion of households sought care

from formal health care providers was lower among rural compared to urban households [74].

Moreover, rural residents lack regular health information about the disease and do not seek

health care early compared to the urban residents [10, 11]. In addition, rural residency makes

it hard to travel to diagnostic and treatment facilities due to absence of road or distance (as

long distance travelling discourages initiation of tuberculosis treatment) [10, 11].

This study has strengths and limitations. The strength of the study is that we included a rel-

atively larger sample size compared to sample sizes used in other similar studies in Ethiopia.

Thus, it provides more than adequate representative population to address the research ques-

tions. With regards to potential limitations, the study was only carried out in government

health facilities; hence the findings cannot be generalized to all TB patients in the study area.

There are also several private health care facilities and non-formal health care providers

whereby TB patients may seek health care for their symptoms. Moreover, the present study

focused on adult TB patients aged> 15 years who were treated at public health facilities; there-

fore, the results among other age groups and in other similar settings during the study period

might be different. In addition, the reported duration of symptoms and first visit for treatment

seeking is based on patients’ ability to recall and interpretation of their symptoms. Since

patients might not exactly remember the exact date of start of their symptoms and first visit to

a medical provider, it is subject to a recall bias. However, we have tried to reduce the recall bias

by using different techniques such as using local calendars linking to major religious and
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national days to explain their perceived date of onset of TB symptoms and first visit to a medi-

cal provider.

5. Conclusion

The present study showed long total delay (the median total delay of 35 days) in diagnosis and

treatment start for TB patients in the study area. The study also revealed important factors

associated with total delay. Poor knowledge of TB, swelling or wound around the neck region,

being women and low level of education were identified as factors associated with total delay.

Several interventions are required to reduce the observed length of total delay. Efficient imple-

mentation strategies for early case detection and treatment initiation should be practiced to

shorten total delay. Among others, well-crafted IEC and BCC strategies on TB need to be

designed to increase awareness and health service utilization among the population in the

study area. Swelling or wound around the neck region in a TB patient may be linked to TB

lymphadenitis or disseminated TB. The health care facilities at peripheral level in the study

area do not have the capacity to diagnose TB lymphadenitis cases. Thus, it is important to

develop diagnostic algorithms for timely detection and referral of presumptive TB lymphade-

nitis patients to the nearest medical providers with the capacity to diagnose TB lymphadenitis.

Then, the delay period among this group of patients is shortened and prompt treatment is ini-

tiated on time.
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60. López-alcalde J, Stallings E, Nunes SC, Chávez AF, Daheron M, Cosp XB, et al. Consideration of sex

and gender in Cochrane reviews of interventions for preventing healthcare-associated infections: a

methodology study. BMC Health Services Research. 2019; 19. https://doi.org/10.1186/s12913-019-

4001-9 PMID: 30876452

61. Ngigi S, Busolo DN. Behaviour Change Communication in Health Promotion: Appropriate Behaviour

Change Communication in Health Promotion: Appropriate Practices and Promising Approaches. Inter-

national Journal of Innovative Research and Development �. 2018; 7. https://doi.org/10.24940/ijird/

2018/v7/i9/SEP18027

62. Wondawek TM, Ali MM. Delay in treatment seeking and associated factors among suspected pulmo-

nary tuberculosis patients in public health facilities of Adama town, eastern Ethiopia. BMC Public

Health. 2019; 19. https://doi.org/10.1186/s12889-019-7886-7 PMID: 31727034

63. Bogale S, Diro E, Shiferaw AM, Yenit MK. Factors associated with the length of delay with tuberculosis

diagnosis and treatment among adult tuberculosis patients attending at public health facilities in. BMC

infectious diseases. 2017; 17: 1–10. https://doi.org/10.1186/s12879-017-2240-0 PMID: 28193183

64. Tulder R Van, Rodrigues SB. The UN ‘ s Sustainable Development Goals: Can multinational enterprises

lead the Decade of Action? Journal of International Business Policy. 2021; 2021. https://doi.org/10.

1057/s42214-020-00095-1

65. GBD 2017 SDG Collaborators. Measuring progress from 1990 to 2017 and projecting attainment to

2030 of the health-related Sustainable Development Goals for 195 countries and territories: a system-

atic analysis for the Global Burden of Disease Study 2017. Lancet. 2018; 392: 2091–2138. https://doi.

org/10.1016/S0140-6736(18)32281-5 PMID: 30496107

66. World Bank. Poverty Overview: Development news resaerch data [Internet]. 2021 [cited 26 Dec 2021].

Available: https://www.worldbank.org/en/topic/poverty/overview#1

67. Thelwell K. SUCCESSFUL DEVELOPMENT: REDUCING POVERTY IN ETHIOPIA [Internet]. 2019

[cited 26 Dec 2021]. Available: https://borgenproject.org/tag/poverty-in-ethiopia/

68. Huong NT, Vree M, Duong BD, Khanh VT, Loan VT, Co N V., et al. Delays in the diagnosis and treat-

ment of tuberculosis patients in Vietnam: A cross-sectional study. BMC Public Health. 2007; 7: 1–8.

https://doi.org/10.1186/1471-2458-7-110 PMID: 17567521

69. Fluegge K, Malone LL, Nsereko M, Okware B, Wejse C, Kisingo H, et al. Impact of geographic distance

on appraisal delay for active TB treatment seeking in Uganda: A network analysis of the Kawempe

Community Health Cohort Study. BMC Public Health. 2018; 18. https://doi.org/10.1186/s12889-018-

5648-6 PMID: 29940918

70. Ukwaja KN, Alobu I, Nweke CO, Onyenwe EC. Healthcare-seeking behavior, treatment delays and its

determinants among pulmonary tuberculosis patients in rural Nigeria: A cross-sectional study. BMC

health services research. 2013; 13: 1–9. https://doi.org/10.1186/1472-6963-13-25 PMID: 23327613

71. Mesfin MM, Newell JN, Walley JD, Gessessew A, Madeley RJ. Delayed consultation among pulmonary

tuberculosis patients: A cross sectional study of 10 DOTS districts of Ethiopia. BMC Public Health.

2009; 9: 1–10. https://doi.org/10.1186/1471-2458-9-53 PMID: 19203378

72. Getnet F, Hashi A, Mohamud S, Mowlid H, Klinkenberg E. Low contribution of health extension workers

in identification of persons with presumptive pulmonary tuberculosis in Ethiopian Somali Region pasto-

ralists. BMC Health Services Research. 2017; 17: 1–9. https://doi.org/10.1186/s12913-017-2133-3

PMID: 28284193

73. Alene M, Assemie MA, Yismaw L, Gedif G, Ketema DB. Patient delay in the diagnosis of tuberculosis in

Ethiopia: a systematic review and meta-analysis. BMC Infectious Diseases. 2020; 20. https://doi.org/

10.1186/s12879-020-05524-3 PMID: 33109110

74. Begashaw B, Tessema F, Gesesew HA. Health Care Seeking Behavior in Southwest Ethiopia. PLoS

ONE. 2016; 11: e0161014. https://doi.org/10.1371/journal.pone.0161014 PMID: 27626804

PLOS ONE Total delay and associated factors among tuberculosis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0281546 February 9, 2023 19 / 20

https://doi.org/10.1186/s12931-021-01841-6
http://www.ncbi.nlm.nih.gov/pubmed/34556113
https://doi.org/10.1371/journal.pone.0154095
https://doi.org/10.1371/journal.pone.0154095
http://www.ncbi.nlm.nih.gov/pubmed/27123848
https://doi.org/10.3389/fpsyg.2016.01664
http://www.ncbi.nlm.nih.gov/pubmed/27833578
https://doi.org/10.1186/s12913-019-4001-9
https://doi.org/10.1186/s12913-019-4001-9
http://www.ncbi.nlm.nih.gov/pubmed/30876452
https://doi.org/10.24940/ijird/2018/v7/i9/SEP18027
https://doi.org/10.24940/ijird/2018/v7/i9/SEP18027
https://doi.org/10.1186/s12889-019-7886-7
http://www.ncbi.nlm.nih.gov/pubmed/31727034
https://doi.org/10.1186/s12879-017-2240-0
http://www.ncbi.nlm.nih.gov/pubmed/28193183
https://doi.org/10.1057/s42214-020-00095-1
https://doi.org/10.1057/s42214-020-00095-1
https://doi.org/10.1016/S0140-6736(18)32281-5
https://doi.org/10.1016/S0140-6736(18)32281-5
http://www.ncbi.nlm.nih.gov/pubmed/30496107
https://www.worldbank.org/en/topic/poverty/overview#1
https://borgenproject.org/tag/poverty-in-ethiopia/
https://doi.org/10.1186/1471-2458-7-110
http://www.ncbi.nlm.nih.gov/pubmed/17567521
https://doi.org/10.1186/s12889-018-5648-6
https://doi.org/10.1186/s12889-018-5648-6
http://www.ncbi.nlm.nih.gov/pubmed/29940918
https://doi.org/10.1186/1472-6963-13-25
http://www.ncbi.nlm.nih.gov/pubmed/23327613
https://doi.org/10.1186/1471-2458-9-53
http://www.ncbi.nlm.nih.gov/pubmed/19203378
https://doi.org/10.1186/s12913-017-2133-3
http://www.ncbi.nlm.nih.gov/pubmed/28284193
https://doi.org/10.1186/s12879-020-05524-3
https://doi.org/10.1186/s12879-020-05524-3
http://www.ncbi.nlm.nih.gov/pubmed/33109110
https://doi.org/10.1371/journal.pone.0161014
http://www.ncbi.nlm.nih.gov/pubmed/27626804
https://doi.org/10.1371/journal.pone.0281546


PLOS ONE Total delay and associated factors among tuberculosis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0281546 February 9, 2023 20 / 20

https://doi.org/10.1371/journal.pone.0281546

