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Background: Sputum culture conversion status is a cardinal index of treatment response and patient outcome for MDR TB patients 
on longer anti-TB drugs. But, there is limited information on time to sputum culture conversion of MDR TB patients on a longer anti- 
TB treatment regimen. Therefore, this study aimed to evaluate time to sputum culture conversion and its predictors among MDR TB 
patients in Tigray, Northern Ethiopia.
Methods: A retrospective cohort study was conducted from January 2017 through September 2020 among MDR TB patients in 
Tigray, Northern Ethiopia. Demographic and clinical characteristics including bacteriological data were extracted from the TB 
registration book and electronic database in Tigray Health Research Institute. Statistical analysis was performed using SPSS version 
25. The time to initial sputum culture conversion was analyzed using the Kaplan–Meier method. Bivariate and multivariate Cox 
proportional hazards regression analyses were used to identify predictors for culture conversions. P <0.05 was considered statistically 
significant.
Results: A total of 294 eligible study participants with a median age of 30 years (IQR: 22.75–40) were included. The participants 
were followed for a total of 1066.7 person months. Sputum culture conversion was achieved in 269 (91%) of the study participants. 
The median time of sputum culture conversion was 64 days (IQR: 49–86). In our multivariate model, HIV-positive (aHR=1.529, 95% 
CI: 1.096–2.132, P=0.012), patients new to anti-TB treatment (aHR=2.093, 95% CI: 1.100–3.982, P=0.024) and baseline AFB smear 
grading of +1 (aHR=1.982, 95% CI: 1.428–2.750, P=0.001) significantly affected time to initial sputum culture conversion.
Conclusion: The median time of culture conversion was 64 days. Moreover, the majority of the study participants achieved culture 
conversion within the first six months of treatment commencement, which supports predefined standard treatment durations.
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Background
Tuberculosis (TB) is one of the leading causes of death from a single infectious agent, higher even than HIV/AIDS.1,2 

Approximately 4000 people die from TB and nearly 30,000 people fall ill daily.1 Globally, 10 million cases of TB were 
reported in 2019.1,3 According to the World Health Organization (WHO), the largest numbers of new TB cases were 
reported in the Southeast Asian region (44%), followed by theAfrican region (25%) and the Western Pacific region 
(18%).1 This data emphasized the need to tackle achieving the global target set by 2030 for a 90% reduction in the 
number of TB deaths and an 80% reduction in the TB incidence rate.1

Without treatment, the mortality rate from TB is high.1,3 An estimated 70% of individuals with sputum smear-positive 
pulmonary TB die within 10 years of being diagnosed, if left untreated.1 Different stakeholders, including respective high 
burden countries, are working very hard on TB elimination and decreasing emerging drug resistant-TB; however, 
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multidrug-resistant (MDR) TB remains a public health concern and a health security threat globally.3–5 About 3.3% of 
new cases and 18% of previously treated cases were reported with MDR/RR TB in 2020.2,3 Of the patients on MDR TB 
treatment, about 57% were successfully treated worldwide.2,3

Multidrug resistant TB patients require two phases of treatment: the intensive phase, which suggests 8 months of 
treatment follow up, and the continuous phase, which can last up to 20 months until treatment completion.1,2,6,7 

Moreover, shifting MDR TB patients on an anti-TB treatment regimen from intensive phase to the continuation phase 
is based on bacteriological status of patients’ sputum culture.7,8 Multidrug-resistant TB treatment management includes 
long-term drug regimens, expensive and toxic regimens or creating potential adverse drug reactions; patients are also 
prone to drug-resistant infections.2,6,9,10 Appropriate monitoring of responses to anti-TB treatment is vital to ensure all 
patients are responding to the prescribed treatment and achieving favorable treatment outcomes.6

Sputum culture is regularly checked during entire treatment period to measure prognostic treatment outcome.6,9,11–13 

Based on World Health Organization guidelines, culture conversion testing is preferable within the first six months of 
treatment for MDR TB patients.4,12 The duration may also extended up to 9 months at the intensive phase for individuals 
with no culture conversion despite receiving treatment.14–17 Delayed or lack of culture conversion indicates poor 
treatment response, and indicates the persistent possibility of MTB bacilli transmission from the patient to other 
people.15 One study indicated the optimum time for sputum culture conversion to be between four and six months to 
predict prognostic treatment outcome.18 However, other studies demonstrated that patients with identified risk 
factors remained culture positive even during prolonged anti-TB treatment.14,16,18–20 So far there are studies on time 
to culture conversion, however the conversion rate and contributing factors significantly vary among findings.10,18,19,21,22 

The information available on these studies is also controversial.6,17,23,24 To our knowledge, there is no previous finding 
regarding this study in the region. Therefore, this study was intended to determine the time to sputum culture conversion, 
and related factors among MDR TB patients in Tigray, Northern Ethiopia.

Materials and Methods
Study Design, Setting and Participants
A retrospective cohort study was conducted from January 2017 to September 2020 in Tigray region, which is located in 
Northern Ethiopia. The region has seven administrative zones, one special zone, 52 districts and 799 kebeles. Tigray has 
an estimated total population of 5.1 million people, over an area of 50,078.64 square kilometers.25 The health system of 
the region includes 2 specialized referral hospitals, 15 general hospitals, 22 primary hospitals, 218 health centers, 710 
health posts, one research institute and 500 private health facilities, which are serving the population of Tigray and 
neighboring regions of Afar and Amhara. The region has seven treatment initiation centers (TIC) for MDR TB patients. 
Moreover, Tigray Health Research Institute (THRI) is serving as a reference laboratory for MDR TB TICs in the region, 
including neighboring areas for further bacteriological MDR TB confirmation and treatment follow-up monitoring. As 
part of routine care, regular sputum specimens are collected from MDR/RR TB or presumptive MDR TB patients in TIC, 
and transported to THRI for culture and further drug susceptibility tests (DSTs) to monitor treatment outcome during 
their entire treatment follow up. Routine sputum culture is performed monthly for the first six months of treatment, and 
every other month up to treatment completion in Tigray Health Research Institute. MDR/RR TB patients who were 
bacteriologically confirmed at the commencement of treatment and enrolled on a longer anti-TB drug regimen, and had 
taken treatment for at least two months from January 2017 through September 2020 were included in the study.

Sampling Technique
All bacteriological confirmed MDR TB patients who had a baseline culture positive result and enrolled on a longer anti- 
TB treatment regimen and have received treatment for at least two months following an initial sputum culture positive 
result during the study period were included in the study. Patients who had incomplete data, and culture positive MDR 
TB patients followed for less than two months and those with a culture negative result at baseline were excluded. 
Moreover, patients diagnosed with MDR TB but who did not start treatment were excluded.
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Data Collection Procedure
Demographic characteristics like sex and age, and clinical characteristics of HIV status, history of previous treatment 
category and history of anti-TB regimen receipt were collected. Bacteriological data for a baseline sputum smear and 
culture status, baseline smear grading, and follow-up culture results were also extracted from TB registration book and 
electronic database in Tigray Health Research Institute. Individuals who did not experience culture conversion were 
censored earlier than their last culture date or treatment outcome date. Time to sputum culture conversion was defined as 
the time from commencement of treatment to at least two consecutive negative culture results 30 days apart after 
treatment initiation.12 New to anti-TB treatment was indicated for patients who had no prior anti-TB treatment uptake or 
who had history of anti-TB treatment receipt of less than one month, whereas previously treated cases were defined as 
patients who have ever taken anti-TB treatment for one month or more. Moreover, sputum smear grading was collected 
based on the number of AFB (acid fast bacilli) observed and reported; negative indicated no AFB/100 high power field 
(HPF), actual (1-9/100 HPF), 1+ (10-99AFB/100HPF), 2+ (1-9AFB/HPF), and 3+ (> 9AFB/HPF).

Statistical Analysis
Descriptive statistics and time to initial sputum culture conversion were calculated using SPSS version 25. Time to initial 
sputum culture conversion was analyzed using Kaplan–Meier method. Patients whose sputum cultures did not convert 
before the last follow up were censored. Moreover, MDR TB patients who stopped treatment while culture positive, and 
study time completion before culture conversion were censored. Survival times across the strata were evaluated with log 
rank test. Bivariate and multivariate Cox proportional hazards regression analyses were used to identify predictors 
of culture conversion. Time of entry into the cohort was the date of diagnosis for bacteriological confirmed MDR TB 
within the study period, with at least two sputum culture follow-up results, and exit time was the date of collecting the 
first negative culture result.12 The adjusted hazard ratio (AHR), with its respective 95% confidence interval (CI), was 
reported to show the strength of association. Confounding factors and interactions were assessed in multivariate models. 
P <0.05 was considered statistically significant.

Results
Demographic and Clinical Characteristics
This study included a total of 294 MDR TB patients. Most of the participants were male 174 (59%). The median age of 
the study participants was 30 years (IQR: 22.75–40). Of the study participants, 280 had known HIV status. Of these, 54 
(18%) were positive for HIV infection. Regarding treatment history with anti-TB drugs, 95 (32%) of the participants 
were new to anti-TB drugs and 199 (68%) had prior history of anti-TB drugs receipt (Table 1). Majority of the study 
participants 150 (65%) had prior first-line anti-TB drug treatment uptake. Of the study participants, 243 (83%) were 
positive for baseline AFB smear status (Table 1).

Time to Sputum Culture Conversion
Sputum culture conversion was achieved in 269 (91%) of the study participants. Twenty-five (9%) of the participants did 
not convert to culture negative: 4 treatment failures, 10 defaulters (lost to follow up), and 11 who did not convert to 
culture negative by the end of the study period. The participants were followed for a total of 1066.7 person months 
(88.9 person years). Amongst the participants with sputum culture conversion, 276 (94%) had shown a culture conver-
sion within the first six months of treatment initiation. The median time to initial sputum culture conversion was 64 days 
(interquartile range (IQR): 49–86). The median times to initial sputum culture conversion in HIV-positive and -negative 
MDR TB patients were 55 days (IQR: 44–82) and 65 days (IQR: 51–90), respectively. Individuals new to anti-TB 
treatment had shown a median time of 55 days (IQR: 40–72) time to initial sputum culture conversion. MDR TB patients 
who had previously received anti-TB treatment receipt showed a median time of 69 days (IQR: 52–96) time to initial 
sputum culture conversion. The median time to sputum culture conversion of patients who had a baseline AFB smear 
grading of +1 was 55 days (IQR: 40–70).
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The Kaplan–Meier survival curve showed faster and steeper time to initial sputum culture conversion within the first 
4 months of treatment commencement, and there was little change thereafter (Figure 1). The cumulative probability of 
survival on time to initial sputum culture conversion was 0.85 at the end of one month, 0.59 at two months, 0.24 at 3 
months, 0.19 at 4 months, 0.08 at six months and 0.02 at the end of 8 months (Figure 1).

Predictors of Time to Sputum Culture Conversion
Being in the younger age groups, HIV-positive, new to anti-TB treatment, and having a baseline AFB smear grading of actual, 
+1, and +2 were predictors of time to initial sputum culture conversion in bivariate analysis (Table 2). In the multivariate 
model, being HIV-positive (aHR=1.529, 95% CI: 1.096–2.132, P=0.012), new to anti-TB treatment (aHR=2.093, 95% CI: 
1.100–3.982, P=0.024) and having a baseline AFB smear grading of +1 (aHR=1.982, 95% CI: 1.428–2.750, P=0.001) were 
significantly associated with time to initial sputum culture conversion (Table 2). Patients new to anti-TB treatment were twice 
as likely to experience a shorter time to initial sputum culture conversion compared to patients who had history of anti-TB 

Table 1 Demographic and Clinical Characteristics of the Study 
Participants

Characteristics, N=243 Frequency, N (%)

Sex

Female 120(41)

Male 174(59)

Age

<25 78(27)

25–34 94(32)

35–44 60(20)

≥45 62(21)

HIV status

Negative 240(82)

Positive 54(18)

Treatment history

New MDR TB cases 95(32)

Previously treated MDR TB cases 199(68)

History of previous treatment category

Unknown 9(5)

Previously treated with first-line drugs 150(75)

Previously treated with second-line drugs 40(20)

Baseline AFB smear grading

Scanty 20(8)

+1 60(25)

+2 89(37)

+3 74(30)
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drugs uptake. MDR TB patients with a baseline AFB smear grading of +1 were twice as likely to experience decreased time 
to initial sputum culture conversion compared with those individuals with a baseline AFB smear grade of +3. The time to 
initial sputum culture conversion was also shorter among individuals whose baseline AFB smear grading of scanty and +2, 
although no significant association was observed. HIV-positive MDR TB patients were 1.5 times more likely to experience 
decreased time to initial sputum culture conversion compared with those who were HIV-negative (Table 2).

The log rank test showed statistically significant survival distribution between HIV-positive and HIV-negative MDR 
TB patients: X2(2)=5.989, P=0.014 (Figure 2). The observed sputum culture conversion time was also rapid among HIV- 
positive individuals compared with those who were HIV-negative (Figure 2).

Discussion
Time to sputum culture conversion following treatment commencement is a key index of treatment success in patients 
who are on long-term anti-TB drug regimen follow up. This study emphasized the optimum time to initial sputum culture 
conversion of MDR TB patients on a prolonged anti-TB treatment regimen whose baseline sputum culture results were 
positive. The median age of the study participants was 30 years. This is consistent with other, similar studies.22,26 Of the 
study participants, 18% were co-infected with HIV. Most of the study participants (68%) had been previously treated 
with anti-TB drugs. This finding is comparable with other studies.18,22,26

The study participants were followed for a total of 1066.7 person months. Sputum culture conversion was achieved in 
91% of the study participants who were under follow up during the study period. The median time to initial culture 
conversion was 64 days. This is in line with other findings.10,27–29 However, the median time to sputum culture 
conversion was shorter compared with other studies.19,20,26,30 The variation time to culture conversion is related to the 
way the outcome variable is defined, as the time to culture conversion is considered by two consecutive negative culture 
results, 30 days apart.6,12 But other studies may consider a period beyond this cut off value, and others may have taken 

Figure 1 Kaplan–Meier survival plot of time to initial sputum culture conversion.
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Table 2 Bivariate and Multivariate Cox Proportional Hazard Regression Analysis of Determinants of Time to Sputum Culture Conversion Among MDR TB Patients

Characteristics, N= 294 Total, N (%) Sputum Culture Conversion cHR P-value aHR P.value

Censored (25) Event (269) cHR (95% CI) aHR (95% C.I)

N (%) N (%)

Sex

Female 120(41) 12(10) 108(90) 1.064(0.830–1.364) 0.625

Male 174(63) 13(7) 161(93) 1

Age

<25 78(27) 6(7.7) 72(92.3) 1.244(0.876–1.765) 0.19#

25–34 94(32) 11(11.7) 83(88.3) 1.065(0.759–1.495) 0.716

35–44 60(20) 2(3.3) 58(96.7) 1.084(0.750–1.567) 0.669

≥45 62(21) 6(9.7) 56(90.3) 1

HIV status

Negative 54(18) 6(11) 48(88.9 1 1

Positive 240(82) 19(8) 221(92 1.472(1.073–2.018) 0.016# 1.529(1.096–2.132) 0.012*

Treatment history

New MDR TB cases 95(32) 9(9.5) 86(90.5) 2.010(1.071–3.774) 0.030# 2.093(1.100–3.982) 0.024*

Previously treated MDR TB cases 199(68) 16(0.8) 183(92) 1 1

History of previous treatment category

Unknown 9(5) 1(11) 8(89) 1.202(0.788–1.831) 0.393

Previously treated with first-line drugs 150(75) 9(6) 141(94) 0.940(0.689–1.284) 0.699

Previously treated with second-line drugs 40(20) 2(5) 38(95) 1

Baseline AFB smear grading

Scanty 20(8) 3(15) 17(85) 1.492(0.923–2.412) 0.103# 1.639(0.998–2.690) 0.051

+1 60(25) 5(8) 55(92) 1.897(1.370–2.627) 0.000# 1.982(1.428–2.750) 0.001*

+2 89(37) 7(8) 82(92) 1.242(0.927–1.665) 0.147# 1.330(0.987–1.791) 0.061

+3 74(30) 3(4) 71(96) 1 1

Notes: #Statistically significant at P-value <0.2; *Statistically significant at P-value <0.05.
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the first initial sputum culture conversion.19,20,23 The median time to initial sputum culture conversion was decreased 
among HIV co-infected individuals compared to those who were HIV-negative. This is similar to other previous 
studies.26,31 Rapid time to sputum culture conversion is essential for treatment success and thus to decrease the 
transmission of the disease from the patient to other people.

Moreover, the majority (94%) of the study participants attained initial sputum culture conversion within the first six 
months of effective treatment. This finding is consistent with other studies.10,18,22,28 The Kaplan–Meier curve indicated 
rapid and steeper time to initial sputum culture conversion within the first 4 months of treatment commencement, and 
little change thereafter. Likewise, the cumulative probability of survival on time to initial sputum culture conversion was 
0.85 at one month, 0.59 at two months, 0.19 at 4 months, 0.08 at six months and 0.02 at the end of 8 months. This is 
comparable with other findings.22,28 This shows that there is little change in survival time to initial sputum culture 
conversion after six months, which supports the treatment duration recommended by WHO.11,12 Though this needs 
a further well-designed prospective study, the possible reason for the lower conversion rate later is that the patient may be 
immune compromised and less likely to experience culture conversion on any drug regimen. Other studies found that 
patients identified with indicators of severe diseases experienced delayed time to culture conversion even on longer anti- 
TB drug regimens.19,20 Lack of sputum culture conversion at the end of the stated months by the programmer following 
anti-TB treatment implies continuous transmission of the infection to the community, particularly in those following poor 
infection prevention control practices.

Figure 2 Time to initial sputum culture conversion comparisons by HIV status.
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Rapid time to culture conversion is the main indicator of treatment efficacy in patients following longer anti-TB 
treatment regimens. In our study, being new to anti-TB drugs and HIV-positive and having a baseline AFB smear grading 
were identified as possible factors affecting time to initial sputum culture conversion. Patients new to anti-TB treatment 
showed shorter time to initial sputum culture conversion compared to patients who had history of anti-TB drug receipt. This 
is consistent with other studies.19,28 Moreover, research findings show that patients retreated with anti-TB drugs have high 
risk of poor treatment outcome compared to individuals with less exposure to prior anti-TB drugs.32–34 Likewise, 
a systematic review suggested patients with no prior anti-TB treatment receipt showed successful treatment 
outcomes compared to patients with previous anti-TB drug receipt.35 A WHO report revealed that previously treated TB 
patients are more likely to be identified with poor treatment outcomes and a high risk of drug resistant acquisition when 
retreated with ant-TB drugs compared to new TB cases. This emphasized that greater culture conversion is attained among 
new TB cases than in previously treated TB cases, as culture conversion is the key indicator of successful treatment 
outcome.2,3,6,12

MDR TB patients whose baseline AFB smear grading of +1 showed decreased time to initial sputum culture 
conversion compared with those individuals with a baseline AFB smear grading of +3 or high bacillary density. This 
implied that individuals with lower bacillary density on their smear experienced rapid smear conversion and earlier 
clearance of the infection, with a short intensive period after treatment initiation. Likewise, sputum culture conversion 
time is decreased as the bacillary load on their sputum smear decreases. This is comparable with other findings.19,36,37 On 
the other hand, other studies indicated that patients diagnosed with a high bacillary load before treatment initiation had 
a reduced possibility of culture conversion and experienced a prolonged time to culture conversion, with a longer 
isolation period after treatment commencement.22,36,38–40 These findings emphasize the importance of prompt detection 
and receipt of appropriate treatment for MDR TB patients.

MDR TB patients with HIV infection showed rapid time to initial sputum culture conversion compared with HIV- 
negative individuals. This finding may be attributed to the pauci-bacillary state of TB and HIV coinfection, with a lower 
amount of bacilli per milliliter of sputum sample in HIV-infected patients.41 This is consistent with previous findings.26,28 

The survival distribution between patients with and without HIV was also statistically significant (log rank, P=0.014). 
A possible explanation for early culture conversion among HIV-infected patients may be the fully integrated MDR-TB 
/HIV care they receive, notably in high burden settings that prioritize ART initiation, continuous follow up and patient 
management. In contrast to our finding, one study showed that HIV co-infected individuals experience significantly 
longer time to culture conversion compared with HIV-negative individuals.19 On the other hand, other studies have not 
found any significant difference in time to culture conversion between those with HIV infection and those 
without.27,30,31,42 To clear up these contradictory findings, a controlled prospective interventional study is needed. This 
study is not without limitations, mainly that it was unable to determine the rate of and time to sputum culture conversion 
because the study design is retrospective and failed to identify such a pattern. Moreover, the culture conversion time was 
not directly related to treatment outcome status due to data scarcity.

Conclusions
The median time to initial culture conversion of MDR TB is slightly lower than the WHO three-month guideline for 
drug-resistant TB. The study participants in large part achieved culture conversion within the first six months of treatment 
commencement. However, rapid and steeper times to culture conversion were observed within the first four months of 
treatment initiation. HIV co-infected individuals, patients with less exposure to prior anti-TB drugs and individuals with 
fewer baseline bacilli on their smear experienced shorter times to initial sputum culture conversion.

Data Sharing Statement
All data supporting the findings of this study are available from Tigray Health Research Institute. Moreover, the data are available 
from Tigray Health Research Institute’s Institutional Review Board (IRB) via institutional.review.board.thri.@gmail.com upon 
reasonable request.
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IRB). Likewise, a permission letter was obtained from Tigray Health Research Institute. This study has no direct contact 
with patients or patient samples, as all data used are available on Tigray Health Research Institute’s database from routine 
sputum smears and culture follow-up activities. The study was also conducted in compliance with Helsinki Declaration 
(www.wma.net/en/30publications/10policies/b3/).
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This study was conducted in accordance with institutional ethical standards and with the 1964 Helsinki Declaration. Each 
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