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ABSTRACT

Introduction: Tuberculosis is the disease with the second highest incidence rate and causes the highest mortality 
rate among communicable diseases in Ethiopia. Recurrent disease is an essential issue in survival analysis: where the 
same event is observed on the same subject (patient) more than once. Recurrence of TB is still a major problem in 
high burden countries, where there is lack of resources and no special attention is being given to this issue. The rate 
of recurrence is highly variable and has been estimated to range from 4.9% to 47%. 

Methods: The data for this study was extracted from 338 Tuberculosis patients’ during monthly follow-up period 
(2010-2016). Descriptive statistics such as frequency table was used to summarize the data. Log-Normal frailty model 
were used in determining the risk factors associated with time to recurrence of Tuberculosis disease.

Results: Recurrence of tuberculosis was highest (21.3%) among patients in the age group 26-40 years. Out of 338 
subjects, 62.2% of tuberculosis human immune deficiency virus Positive and 78.4% of the patients were alcohol 
drinker. The results of shared log-normal frailty indicate that  initial body weight (P ≤ 0.05, CI = (1.02, 1.05), past 
medical  history (P ≤ 0.05, CI (1.60-4.44), TB category (P ≤ 0.05, CI:(1.36 - 3.76), residence(P ≤ 0.05, CI: (1.37-2.90), 
HIV status (P ≤ 0.05, CI: (0.48-0.96), alcohol use (P ≤ 0.05,  CI: (0.32-0.76), localization of TB (P ≤ 0.05, CI: (0.44-
1.01) were the most prognostic factors for the recurrence of tuberculosis.

Conclusion: The author concludes that Patients with risky behaviours, such as alcohol consumption and risky clinical 
factors, such as positive HIV status or previous family history, have a higher recurrence. Therefore, considerable 
attention should be given to those significant explanatory variables in order to reduce recurrence of Tuberculosis.
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ABBREVIATIONS 

DOTS = Directly Observed Treatment, Short-course

FMOH = Federal Ministry of Health

HIV = Human Immunodeficiency Virus

IP = Intensive Phase LOWESS = Locally Weighted Polynomial 
Regression

MDR = Multi-Drug Resistant

NTLCP = National Tuberculosis and Leprosy Control Program

TB=Tuberculosis

WHO=World Health Organization,

AFB=Acid Fast Bacilli

AIC=Akaikie in formation criterion,

AG=Andersen-Gill

PWP=Prentic-Williams-Peterson

REH=Rifampicin Ethambutol Hisoniazid

EH=Ethambutol Hisoniazid

RH=Rifampicin Hisoniazid

CPT=Co-trimoxazole Preventive Therapy

HSDP=Health Sector Development Program

NTLCP=National Tuberculosis Leprosy Control Program

LCV= Likelihood Cross-Validation.
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INTRODUCTION

Tuberculosis is an infectious disease caused by Mycobacterium 
tuberculosis. Tuberculosis is a contagious airborne disease that 
commonly attacks the lungs; but it affects any part of the body, 
from the bloodstream to the brain. The disease has become rare 
in high-income countries, but still a major public health problem 
in low-and middle-income countries. Tuberculosis causes ill-health 
in millions of people each year, and in 2015 was one of the top 10 
causes of death worldwide, ranking above HIV/AIDS as one of the 
leading causes of death from an infectious disease. This is despite 
the fact that with a timely diagnosis and correct treatment, most 
people who develop TB can be cured [1].

TB can affect any tissue or organ but most commonly it affects 
the lungs. As a result, TB has diverse clinical manifestations. 
Transmission is broadly classified into pulmonary TB (85% of 
the cases) and extra-pulmonary tuberculosis that accounts for the 
remaining 15%. Pulmonary tuberculosis is classified into smear-
positive pulmonary tuberculosis that accounts for 75-80% of all 
pulmonary tuberculosis and smear-negative pulmonary tuberculosis 
that accounts for about 20-25% of all pulmonary tuberculosis cases. 
Detection of the bacterium by a direct microscope from sputum 
has been the main way for the diagnosis of tuberculosis. However, 
smear-positive synonyms (ordered by estimated frequency) of noun 
rate among HIV-positive tuberculosis affected roles have markedly 
decreased and thus the most expensive and time taking gene expert 
technique is used for the diagnosis of tuberculosis [2]. Recurrence 
of TB is still a major problem in high burden countries, where 
there is lack of resources and no special attention is being given to 
this issue. The rate of recurrence is highly variable and has been 
estimated to range from 4.9% to 47% 

In 2010, recurrence TB contributes 3.1% of the total notification 
TB cases. From 1995 up to 2010, a TB-infected patient in Ethiopia 
has increased from 343 to 4,898 cases. In this interval the estimated 
proportion of new and recurrence cases that have MDR-TB were 
1.6% and 12% respectively [3]. Surveillance data suggest that the 
recurrence regime is successful in about 70% of the patients but 
the retrospective study that has evaluated the regimen’s efficacy 
showed variable discussion responses with success rates ranging 
from 26% to 92%.  Rapid diagnosis of mycobacterium infections 
is essential to provide appropriate antimicrobial therapy and in 
the case of Mycobacterium tuberculosis, to implement effective 
infection control or hospital interference. Tuberculosis was the 
disease with the second highest incidence rate and caused the 
highest mortality rate among communicable diseases in Ethiopia 
[4-10]. Therefore, the study was conducted on recurrence of TB 
patients and to identify related factors.

METHODS

Study area description

The investigation was conducted in Robe Hospital, Bale Zone, 
Oromia Region, Ethiopia. According to the 2015 census, the 
population is 49,398. Data from this study were extracted from a 
total of 338 TB patients. Each patient was identified by a unique 
medical registration card code, and the information needed for 
our study was extracted from follow-up history at Robe Hospital. 
All patients diagnosed with tuberculosis at Bale Robe Hospital 
were administered DOT in accordance with the guidelines of the 
national tuberculosis and leprosy management program (NTLCP).

DATA COLLECTION METHOD

Data collection procedure

In this study, the authors used secondary data from the TB 
registration book of the hospital. The book contained basic 
information such as patient’s age, sex, residence, weight, category 
of TB, HIV status, educational level, alcohol used, smoking habits, 
localization of TB, family history of TB, past medical history, 
history of previous treatment, marital status, treatment started 
date, treatment stopped date and treatment outcome.

Data extraction was conducted by nurse’s workings at the TB 
clinic of the hospital. One day grooming was given for all data 
collectors about how to fill the structured data collecting sheet. The 
hospital’s register was used to retrieve data on tuberculosis disease 
and patient's initial date of entry to follow-up. During the sample 
distribution process, the hospital’s record logbook also was used in 
parliamentary procedure to select the patients. Data ingathering 
was carried out during November 15, 2017 to March 28, 2017. 

Data Structure for Modeling Recurrence of TB Disease

The sample carefully checked the data of three tuberculosis 
patients and confirmed the time to recurrence of the first, second, 
and second times in tuberculosis patients. The duration of each 
subject in the study was defined as the time from enrolment to the 
end of the study or the time until subject supplementation was lost 
or withdrawn. No tuberculosis recurrence must be before or after 
the tuberculosis-free period, except at the end of the study period 
in case of deviation.

Subjects with multiple events are counted as multiple entities for 
analysis purposes. For example, subjects 3, 3 times were considered. 
The first row starts the follow-up at time 0 and ends at 9 months. 
According to the fact that the subject has been at risk for 9 months. 
The second line shows the patient's risk of another event of interest 
resumed at 26 months after the previous event postponed entry at 
35 months and ended at 42 months.

The third line shows that the risk that the previous event of interest 
was postpone into the 70th month and ended in the 76th month 
restarted in the 28th month after the same analysis in themes one 
and two. Shows the data structure representation of the time to 
relapse model by the follow-up history and calendar time scale for 
three patients.

Data Analysis

The collected data input to Excel and analysed with Statistical 
software R version 3.5. In this study, an extension of the original 
Cox model provided for analysis of recurrence event data, and 
the researchers make the following assumptions: In the case of 
data that cut off in the middle of the right. The lognormal frailty 
model at the 5% significance level determines the relationship and 
intensity between the explanatory and outcome variables.

Shared Lognormal Frailty Model

The popularity of the log-regular flail model stems primarily 
from its link with the hybrid model. The standard assumption 
here is that the random effect is normally distributed. The use of 
lognormal distributions in the flail model stems from the link with 
generalized mixed models with the standard assumption that the 
random effect wj follows a normal distribution with mean zero 
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variance σ2. The corresponding log-normative flail model given by 
the equation:
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Therefore, this model indicates that σ2 represents the variance of 
the random effect w = ln(Z). Also, the expectation of the Frailty 
variable is usually no 1, even though the lognormal model random 
effect w has an expectation of zero.

RESULTS

Descriptive statistics results

Descriptive statistics presented, out of 338 patients, 56.8% 
experienced recurrence and the remaining 43.2% discontinued. 
In this study, recurrence of tuberculosis started at 0, and the 
maximum was 3 times. The results show that the rate of recurrence 
is greater in male patients, 23.7% and 19.5% than that in females. 
Of all subjects included in this study, 62.2% found to be HIV-
positive, while 37.8% of patients with tuberculosis were negative. 
The highest 30.5% of recurrence was 12.7% in HIV-positive 
tuberculosis patients than in HIV-negative tuberculosis patients. 
Based on the total subjects incorporated into this study, 78.4% 
of patients were drinkers, whereas 21.6% were non-drinkers. The 
recurrence of the disease was higher among drinkers and 36.4% 
than those who did not drink (6.8%). The sample data also made it 
clear that 84.9% were smokers and 15.1% were non-smokers. The 
recurrence in non-smokers was 7.4%, less than in smokers 35.8%.

Analysis of Log-Normal Frailty Model

A Semi parametric random effect frailty model suitable to adequately 
explain the dependency between un observed heterogeneity with 
the patient. In this model, we assumed that the time to recurrence 
of TB follows the Cox proportional hazards model with the 
condition of some unobserved senility random variables. Multiple 
recurrences in each individual share a common senility random 
variable to explain within their individual correlations.

Shared Lognormal Frailty Model Results

Performs univariate analysis based on the shared log-normal 
Frailty Model. Except covariate gender, all confirmed as factors, 

noting that they affected the time to relapse of tuberculosis at a 
0.25% significance level. In addition, all covariates were included 
in multiple covariate analyses to display the effects of Tb relapse 
factors collectively. The results obtained in Table 1 show that the 
variance of the senile term sigma is significantly different from 0, 
which means that there is heterogeneity between subjects described 
as unobserved covariates.

This can be estimated using the modified Wald test = Wm(σ) = 
0.117174 / 0.015844 = 7.4 > 1.64. This is significant for the usual 
one-sided test threshold. The modified Wald test (Wm) is a test 
of the significance of the variance of the distribution of variable 
effects occurring at the boundaries of the parameter space. For zero 
variance (σ = 0), it indicates that the weak component does not 
contribute to the model. Frailty item, the test hypothesis of the 
variance term is given by H0: σ2 = 0 or H0: θ = 0 versus H1: σ2> 
0 or H1: θ > 0. Since the vulnerability entry was significant, the 
same patient can be estimated as   = 0.1. The initial body weight 
of patients with tuberculosis was 1.041, controlled for all other 
covariates (including weakness), and was statistically significant (P 
≤ 0.05, CI = (1.02, 1.05). The recurrence in patients with unit (1 
kg) tuberculosis increased by 4%. Controlling other covariates, the 
risk of past TB history with the same level of aging and the risk of 
recurrence in patients with a history of TB was 2.670-fold higher 
than in patients without a history of TB.  When rural and urban 
areas are compared to the same level of frailty and adjusted for other 
covariates, the risk of rural areas is 1.992 times that of urban areas 
(P ≤ 0.05, CI (1.37, 2.90) statistically significant. This indicates that 
the recurrence of the disease in rural patients increased 0.992 times 
compared to urban areas.

Concordance Probability for recurrence of TB

A commonly used measure of strength in the   proportional hazard 
model is its discriminating power. This is an indicator used to 
describe high-risk and low-risk patients. In this study, the authors 
met the corresponding probability of concordance, which is used 
to separately calculate the discriminating power and predictive 
accuracy of the lognormal vulnerability model tuberculosis patient 
data. These probabilities are evaluated like the probabilities of 
the parameters of the regression model, so only the distribution 
of the factors is not asymptotically biased. As shown in Table 
2, the discriminating power of the log-normal flail model was 
provided. Based on the results of the concordance probabilities of 
the shared logarithmic normal flail model, the estimated and true 
probabilities of survival were consistent with a probability of 0.865 
if two respondents experienced the first recurrence with equal 

Variable name Category Coef Exp(Coef) SECoef(HIH) Z-value P-value 95% CI

Past medical history Yes 0.98 2.67 0.26 3.78 p ≤ 0.05 1.60-4.44

Weight 0.04 1.04 0.01 4.32 p ≤ 0.05 1.02-1.06

TB category II 0.82 2.27 0.26 3.16 p  ≤  0.05 1.36-3.76

Residence Rural 0.689 1.99 0.19 3.58 p  ≤  0.05 1.37-2.90

HIV status Positive -0.39 0.68 0.18 -2.20 p  ≤ 0.05 0.48-0.96

Alcohol used Drinker -0.709 0.49 0.22 -3.16 p  ≤  0.05 0.32-0.76

Localization of TB Pulmonary -0.43 1.54 0.22 2.01 p  ≤  0.05 0.44-1.01

Frailty parameter, sigma square= 0.1172 SE(HIH) = 0.016, P-value = p  ≤  0.05

Penalized marginal log-likelihood=-871.231
Convergence Criteria: Parameters 7.31e-06 likelihood = 0.00 gradient = 5.21e-08

LCV= The approximate likelihood cross-validation criterion in the semi parametrical case  1.52044

Table 1: Multiple Covariate Analysis of Shared Log-Normal Frailty Model.
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probabilities. This means that the lognormal senility model has a 
high discriminatory power at the first recurrence.

According to the results of the shared lognormal frailty model 
shown in Table 3, the initial weight, category of TB, localization 
of tuberculosis, HIV status, alcohol use, past medical history, and 
place of residence were identified as important risk factors for time 
to recurrence in tuberculosis patients. The findings of this model 
(including frailty section w) show that for every 1 kg increase in the 
initial body weight of tuberculosis patients, an increase of 0.044 
kg. The risk ratio for category II tuberculosis is 2.265 times that 
of category I, meaning a recurrence rate. The rate of tuberculosis 
increased by 2.265 over that of category I. The remaining risk and 
confidence intervals have similar interpretations.

DISCUSSION

The purpose of the study was to know the factors associated with 
time to recurrence in TB patients, based on data collected from 
Bale Robe Hospital. In this study, the method considered to 
analyze the recurrence rate of tuberculosis patients is the Shared 
Log Normal frailty model. The results of this model show larger 
parameter estimates and standard error. 

That is, the standard error for Shared Log Normal was 0.016. 
Also, a test of the significance of frailty terms shows that there 
are unobserved variations between patients. Repeated incidents 
from the same patient share a common weakness. The estimated 
intra-cluster correlation between patient observations is 0.1 for a 
shared log normal frailty model. This model is the optimal model 
for tuberculosis and data recurrence rates. This study provides 
information about the outcome of treatment for tuberculosis 
recurrence in Addis Ababa in relation to HIV status, and also 
provides specific associations between several predictors as a result 
of treatment for tuberculosis recurrence.

In a study conducted in South Africa to evaluate the explanation 
for the recurrence of pulmonary tuberculosis, a risk factor for 
failed treatment outcomes was unemployed patients aged 46 years 
or older who neglected treatment. Recurrence has been reported 
in the literature, and the main factors for incomplete treatment are 
drug resistance and lowering of drug-dose adherence. The study 
was higher in the recurrent tuberculosis category (42.6%). This 
result is lower than the study carried out in Addis Ababa Ethiopia 

(46.1%) and in Southern Ethiopia (50%). This high ratio may 
be due to a higher frequency of drug resistance tuberculosis. In 
Ethiopia, in Ethiopia, 12% of the redemption cases and most of 
the disease of renewed infection from rural areas have appreciated, 
the TB treatment is at least at least Six months, and it is difficult to 
visit this treatment for these patients as this incomplete treatment 
appears.  

CONCLUSION

The main goal of this study was to determine the recurrence of 
TB disease and associated significant risk factors in Robe general 
hospital from September, 2010 to September, 2016. The study 
suggests, at a 5% level of significance, that recurrence of the disease 
is highly affected by alcohol consumption, HIV status, previous 
history of tuberculosis, type of tuberculosis, place of residence, and 
location of tuberculosis based on the results of shared log-normal 
frailty models. Patients with risky behaviours, such as drinking, as 
well as risky clinical factors, such as positive HIV status or previous 
family history, have a higher recurrence.
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