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Purpose: Sputum culture conversion to negative is an indicator of good interim treatment
outcome. Pastoralist community has lesser access to healthcare services. This study aimed to
compare the time to culture conversion (TTSCC) between the pastoral and non-pastoral
settings and identify its determinants among drug-resistant pulmonary TB patients.
Patients and Methods: Four hundred forty-seven drug-resistant pulmonary TB patients were
included from selected hospitals of southeastern Oromia, Ethiopia. Kaplan—Meier model using the
Log rank test was fit to compute and compare median TTSCC between study participants from the
pastoral and non-pastoral settings. The Cox proportional hazard model was fit to identify factors
associated with the TTSCC. Adjusted hazard ratio (AHR) with a 95% confidence interval (CI) was
used to report the strength of association. Statistical significance was declared at p < 0.05.
Results: The study participants’ median age (interquartile range) was 29 (24-36) years. The
overall median TTSCC among the current study participants was 67 (95% CI, 64-70) days. It
was significantly different for patients from the pastoral and non-pastoral settings (p-value
<0.001). The median TTSCC for patients from pastoral and non-pastoral settings was 101
(95% CI, 81-121) and 63 (95% CI, 61-64) days. To mention few determinants, patients from
the pastoral setting had a 69% lower chance [HR = 0.31 (95% CI 0.24-0.41)] of shorter
TTSCC than patients from the non-pastoral setting. Furthermore, patients with baseline body
mass index greater than 18.5Kg/M? had a 35% higher chance of shorter TTSCC [HR = 1.35
(95% CI 1.07-1.71)] compared to their counterparts.

Conclusion: The median TTSCC among the study participants from pastoral was longer
than those from non-pastoral setting. The pastoral setting, under-nutrition, previous exposure
to anti-TB drugs and drug regimen categories were among the notable determinants of the
TTSCC among our study participants. Hence, due attention should be given to patients with
these determinants during the treatment.
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Plain Language Summary

Tuberculosis (TB) remained one of the top ten killer diseases in the world. It is the first cause
of death due to a single infectious disease in the world in 2019. Development of drug-
resistant strains of the bacterium that causes TB threatened the success gained in controlling
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the disease. These drug-resistant bacterial strains cause a form of
the disease, which is challenging to treat and requires more toxic
medications taken over longer period than those taken for the non
drug resistant TB. Sputum culture conversion to negative during
treatment of patients with TB of the lungs is good news to the
patients and the community.

This study aimed to determine the average time for sputum
culture conversion among drug-resistant pulmonary TB patients
and to identify issues determining this time. To attain these
objectives, authors analyzed records of 447 patients obtained
from hospitals found in southeastern Oromia region of
Ethiopia. Applying appropriate data analysis methods, we came
up with useful evidences, which are described as follows.

The average time to sputum culture conversion among the
study participants was longer than two months in overall patients
and three months in patients from pastoral setting. This long time
means that patients continue shading infective resistant bacteria
for months, even after starting the treatment. This shading, in
turn, results in sustained transmission of the infection in the
community. The pastoral setting, educational status, under-
nutrition, previous exposure to anti TB drugs, and drug regimen
categories were among our study participants’ significant factors
contributing to the average time.

Therefore, we believe that disseminating these results using
possible means will inform concerned stakeholders, including
community members, to pay due attention to patients with the
determinants of the time to sputum culture conversion during the
treatment and beyond to prevent and control the disease in the
reality.

Introduction

Drug-resistant tuberculosis (DR TB) is an infectious dis-
ease caused by anti-tuberculosis drug resistant strains of
Mycobacterium Tuberculosis bacteria.! Drug-resistant TB
has different These
resistance when the bacterium is resistant to only one anti-

classifications. include mono-
TB drug; poly resistance when the bacterium is resistant to
more than one anti-TB drugs but not for isoniazid and
rifampicin at the same time. If the bacterium is resistant to
both isoniazid and rifampicin, it becomes MDR TB.
Furthermore, the bacterium can be resistant to any of the
fluoroquinolones and at least one of the three second-line
injectable drugs (capreomycin, kanamycin and amikacin)
in addition to multi-drug resistance. In that case, the dis-
ease caused by such a bacterium is labeled as extensively
drug-resistant TB (XDR-TB).' Development of DR TB
became a challenge in the fight against the disease in the
world in general and in TB high burden and developing
countries in particular.® It is difficult to treat DR TB than
drug-susceptible TB and presents a significant challenge

for patients, healthcare workers and healthcare services.’
The increase in the burden and incidence of DR TB
threatens global progress towards the targets set by the
End TB Strategy of the World Health Organization
(WHO).*?

Tuberculosis remained one of the top 10 causes of
death worldwide and the leading cause of death from
a single infectious agent. In 2019, about 10 million inci-
dents of all forms of TB cases were estimated, and
7.1 million were reported.” In the same year, over
500,000 incident MDR-TB or rifampicin-resistant TB
(RR-TB) was estimated globally, of which slightly higher
than 206,000 cases were reported.” Based on the estimated
absolute number of cases, Ethiopia is among the top 20
high TB, TB/HIV and MDR-TB burden countries.”
Estimated rate of TB incidence in Ethiopia in 2019 was
140 cases per 100,000 population, and the estimated num-
ber of incident cases was 157,000 with an uncertainty
range between 110,000 and 211,000 cases.” In Ethiopia,
0.71% of new and 12% of previously treated TB cases
were estimated to be infected with MDR/RR-TB bacter-
ium. In 2019, estimated incident cases of TB were 1400 in
the country, of which 579 (41.4%) were reported in
the year.>

Guidelines for diagnosis and treatment of MDR/RR-TB
are progressively changing based on updated recommenda-
tions. Patients included in this study were diagnosed using
Xpert MTB/RIF assay, a rapid molecular test to identify the
development of resistance to rifampicin.®” Once RR-TB is
specified, the patient starts the MDR/ RR-TB treatment, and
the sample is sent for other drugs susceptibility tests such as
first-line line-probe assay and baseline culture." Treatment
of MDR/RR-TB is different from drug-susceptible TB cases
in terms of the drug regimen composition, length of the
treatment duration and the drug toxicity.® Timely conver-
sion of sputum culture among pulmonary TB patients is
good news for the patients and essential for the community.
This important indicator of treatment outcome is affected by
different
determinants.’'* Sputum culture is said to be converted to

factors, including various socio-economic
negative when two consecutive cultures, taken at least 30
days apart, are found to be negative and no reversion to
positive is reported. In such a case, the specimen collection
date of the first negative culture is used as the conversion
date.®

Evidence indicates that TB treatment outcome is
affected by social determinants.'> "> Pastoralist commu-

nity setting is distinct from the non-pastoral community
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setting in terms of livelihood and access to health care.'®
In this setting, the community moves from place to place
in search of pasture on a water for livestock; hence access
to healthcare services is limited. In the pastoralist commu-
nity setting, TB patients face multifaceted challenges that
can affect their treatment outcome.'!” Nonetheless, evi-
dence addressing disparities in TB treatment outcome in
general and in the time to sputum culture conversion in
particular among TB patients from pastoral and non-
pastoral community setting is at least not readily available.
Therefore, this study was planned to compare the TTSCC
between the two livelihood settings (pastoral and non-
pastoral) and to identify determinants of TTSCC among
the study participants in the Oromia regional state of
Ethiopia.

Materials and Methods
Study Area, Period, Design and

Population

The study was conducted in selected health facilities in the
southeastern part of the Oromia regional state in Ethiopia.
The facilities were purposefully selected from two distinct
livelihood settings, namely the pastoral and non-pastoral
settings. A retrospective cohort study design, involving
MDR/RR-TB patients enrolled in the selected health facil-
ities over four years (January, 2015 to December, 2019)
was used. Sample size was calculated using a computer
program designed to determine the sample size for survi-
val analysis, the power and sample size calculator version
3.1.2.1%%

The sample size was calculated based on two para-
meters, time to event (sputum culture conversion) and
estimated hazard ratio (HR). Common assumptions of
confidence level and power, such as 95% confidence inter-
val for the HR and 80% power, were considered for the
sample size calculation. The ratio of patients from the
non-pastoral community to those from the pastoral com-
munity was 1.5. To calculate sample size using a time-to-
event parameter, we considered an accrual interval of 48
months and additional follow-up after the accrual interval
of two months. Previous study indicates that the median
survival time on the control treatment, non-pastoral set-
ting, in this case, was two months.?* Considering the
expected delay of three weeks among the pastoral setting
patients in time to sputum culture conversion compared to
those from the non-pastoral setting, 134 and 201 (a total of
435) patients were required from the pastoral and non-

pastoral settings, respectively. As we used existing data,
we included all available records that met the inclusion
criteria from both locations, increasing the sample size to
447 (177 from the pastoral and 270 from the non-pastoral
setting).

Inclusion and Exclusion Criteria

Inclusion criteria: People with sputum culture positive DR
TB at the beginning of the treatment and 15 years or older
were included.

Exclusion criteria: Study participants diagnosed with
pulmonary DR TB who meet the above inclusion criteria
but reside in zonal towns of the pastoral setting were
excluded. These patients were excluded because their
inclusion may mask the effect of pastoral scenes on the
TTSCC. Furthermore, patients enrolled before the past
four years were excluded because MDR/RR-TB manage-
ment was limited to the country’s center.

Study Variables (Dependent and
Independent Variables)

Time to sputum culture conversion was the dependent
variable. Socio-demographic variables and clinical charac-
teristics are independent variables. Patients’ livelihood
setting as dichotomized into the pastoral and non-pastoral
setting is the main exposure variable.

Data Collection Tool and Procedure

The data extraction tool was designed to include all vari-
ables indicated in the national MDR/RR-TB management
guidelines.™® The tool was used to extract data from
patients’ logbooks and clinical monitoring charts by
trained data collectors.

Data Quality Assurance

The principal investigator closely supervised the data col-
lectors during data collection. Filled data extraction tools
were checked for consistency and against original patient
records, logbook and patient monitoring charts. Data was
entered into Epi-Info version seven and exported to statis-
tical package and service solutions (SPSS) version 26

computer application software for analysis.?'~>

Data Analysis

Data were analyzed using SPSS computer application soft-
ware. Descriptive analysis was made to characterize the
study participants. The Kaplan-Meier model and the Log
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rank test were fit to compare median TTSCC between
study participants from the pastoral and non-pastoral set-
tings. The Cox proportional hazard model was fit to con-
trol the effect of confounders. First, the binary Cox
proportional hazard regression model was fit to assess
the association of individual variables with the TTSCC.
Then, all variables with a p-value less than 0.25 in the
bivariate analysis were selected for the final or multivari-
able Cox proportional hazard regression model.

Proportionality of hazard was checked using the log
minus the graphical log method. We assumed indepen-
dence of survival time between the compared groups of
study participants and no change in the independent vari-
ables for most variables. The assumption of non-
differential censoring between compared groups was
checked by comparing the censored and non-censored
observations.

The hazard ratio with its 95% confidence interval
(CI) was used to report the strength of association
between the independent and dependent variables. We
used a P-value of less than 0.05 to report a statistically
significant association between the dependent and inde-
pendent variables.

Results

Medical records of 447 MDR/RR-TB patients, of which
177 (39.6%) were from pastoral settings, were included in
this analysis. The study participants’ median age (inter-
quartile range-IQR) was 29 (24-36) years. Males
accounted for about 59% and 264 (59.1%) of the study
participants were married. Majority of the study partici-
pants, 309 (69.2%), had no formal education or attended
just primary school. Furthermore, 187 (41.8%) of the
study participants were farmers or housewives.

With respect to clinical characteristics of the study
participants, majority of them, 382 (85.5%), were RR —
TB patients, which may be due to the inaccessibility of
drug susceptibility tests for other drugs. A significant pro-
portion of patients, 298 (66.6%), had a previous treatment
history with first-line anti TB drugs and 159 (37.1%) of
the study participants had BMI of less than 18.5 Kg/
Squ.M.

Of the total study participants, 406 (90.8%) had their
sputum culture converted to negative during the period
included in this study. Among those who had their sputum
culture converted 117 (28.8%), 159 (39.2%), and 57
(12.8%) converted in the first two months, third month
and fourth month, respectively. Nearly 10% (40 patients)

remained sputum culture-positive beyond six months of
treatment. The overall median TTSCC among the study
participants was 67 (95% CI, 64-70) days. The TTSCC
was significantly different for patients from the pastoral
and non-pastoral settings (Log rank test p-value was
<0.001). The median times to sputum culture conversion
for the pastoral and non-pastoral setting were 101 (95%
CI, 81-121) and 63 (95% CI, 61-64) days, respectively
(Figure 1).

Of the variables categorized under the socio-
demographic characteristics, educational status, occu-
pation and livelihood setting came out to be indepen-
dently associated with TTSCC adjusted for all other
variables in the table (Table 1). Patients from the
pastoral setting had 69% lower hazard [HR = 0.31
(95% CI 0.24-0.41)] of timely sputum conversion to
negative compared to patients from the non-pastoral
community setting.

From the variables categorized under clinical charac-
teristics of the study participants and modeled together as
shown above (Table 2), baseline body mass index (BMI)
of the patients, treatment registration group and composi-
tion of drug regimens given during the intensive and con-
tinuation phase of the treatment were independent
determinants of TTSCC. Patients with a good baseline
BMI, 18.5Kg/M2, had a 35% higher hazard of timely
sputum culture conversion; [HR = 1.35 (95% CI 1.07-
1.71)] compared to those with a lower baseline BMI
(Table 2).

Discussion

In this study, two sets of essential evidences were pro-
duced. The first result is the median TTSCC to negative,
for the overall study participants and as disaggregated
by setting, among MDR/RR pulmonary TB patients.
The second is identification of determinants of the
TTSCC. The median TTSCC to negative among the
study participants was more than two months; that is
67 days. Various previous studies reported different
median TTSCC. Our with
a median time reported by a couple of studies.?****

result was consistent
Yet, some of the previous studies have reported shorter
median TTSCC.'*?>%7 Studies reporting shorter median
time are from better off settings compared to our study
setting and this difference in setting may explain the
observed difference in the median time.There are also
many studies reporting longer TTSCC than the time

reported in this study.''%?® These differences in the
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Figure | Comparison of the median time (days) to sputum culture between patients from the pastoral and non-pastoral setting, southeastern Oromia, Ethiopia, 2021.

TTSCC could be attributed to various determinants that
may vary from a setting to another. These variations
support the significant difference in the TTSCC in dif-
ferent livelihood settings of the same region we reported
in this study.

Despite the variability in TTSCC, the implication of
long time with unconverted sputum in pulmonary TB
patients is more important given the treatment approach
in Ethiopia. In Ethiopia, patients with MDR/RR-TB start
anti TB treatment in treatment initiation centers located
in major hospitals, and the treatment follows up and
refilling is given in peripheral health facilities as out-
patient services in treatment follow-up centers. That
means patients live in the community. If the bacterium
is not cleared from the patient, transmission of resistant
Mycobacterium strains continues in the community. As
depicted in this study, TTSCC among the patients from
the pastoral community settings, was significantly longer
than patients from the agrarian setting. In the pastoral
community setting, living conditions and access to
healthcare facilities are poor compared to the non-
pastoral setting'®'” The difference in livelihood condi-
tion and access to health care can be the reason for
longer TTSCT among patients from the former setting.
This implies that infection transmission is maintained in
such a community, which can negatively affect achieve-
ment the goals set for the TB prevention and control
program.

The second set of evidence produced in this study was
determinants of the time to culture conversion. Low BMI,
treatment registration group and regimen categories dur-
ing the intensive and continuation phase were identified
as independent determinants of the TTSCC. Low BMI
(less than 18.5kg/sq.m) was associated with prolonged
TTSCC. This result is consistent with reports from sev-
eral studies. Many studies reported results which were
similar in the direction of association with our study
result except slight differences in the strength of the
association.”*?*** 3% Under-nutrition is more common
in the pastoral community, and this could have contrib-
uted to the significant difference in the TTSCC between
the pastoral and non-pastoral settings in this study.
Patients who had a history of first-line anti-TB treatment
failure had shorter TTSCC time in this study than those
categorized as new to anti TB treatment. Consistent with
this, patients with previous treatment history
with second-line anti TB drugs showed shorter TTSCC,
although not statistically significant in the final model.
Other researchers have also reported faster time to the
sputum culture conversion among those patients,”” Two
possible justifications can be mentioned for these results.
First, patients with history of treatment failure and diag-
nosed with resistant bacterial strain might have learned
from their previous mistakes and have adhered to the
current treatment. Second, the reference category might
not be new to the treatment, particularly in the pastoral
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Table | Association of the Socio-Demographic Characteristics with the TTSCC Among MDR/RR-TB Patients in Southeastern

Oromia, Ethiopia, 2021

Variables Number Percent CHR (95% CI) AHR (95% CI)
Age category

Less than 15 years 15 3.36 1.00 1.00

15-30 years 272 60.85 1.14 (0.62-2.09) 0.82 (0.42—-1.56)

3145 years 100 2237 1.09 (0.58-2.04) 0.98 (0.50-1.93)

46 or older 60 13.42 1.37 (0.71-2.65) 1.40 (0.68-2.90)
Residence

Urban 231 51.68 1.00 1.00

Rural 216 48.32 0.69 (0.57-0.85) 1.12 (0.88-1.44)
Marital status

Single 147 32.89 1.00 1.00

Married 264 59.06 0.87 (0.70-1.08) 0.86 (0.68—1.08)

Divorced 32 7.16 2.12 (1.42-3.17) 1.35 (0.87-2.08)

Widowed 4 0.89 2.45 (0.90-6.66) 1.69 (0.61-4.66)
Educational status

No formal education 171 38.26 1.00 1.00

Primary 138 30.87 1.24 (0.98-1.58) 1.18 (0.89-1.57)

Secondary 103 23.04 1.68 (1.29-2.18) 1.48 (1.08-2.03)*

College and above 35 7.83 1.62 (1.11-2.38) 1.47 (0.92-2.33)
Occupation

Farmer/House wife 187 41.83 1.00 1.00

Employed (gov't/self) 134 29.98 2.24 (1.74-2.87) 1.36 (0.96—1.93)

Merchant/daily laborer/Student 126 28.19 2.39 (1.86-3.08) 1.63 (1.20-2.22)**
Livelihood setting

Pastoral 177 39.60 0.29 (0.23-0.37) 0.31 (0.24-0.41)**+*

Non-pastoral 270 60.40 1.00 1.00

Notes: *p-value <0.05; **P-value <0.01; ***p-value <0.001.

community where self-prescribing drugs, including anti-
biotics, are common. In the pastoral community, drugs
are available for sale even in open markets and ordinary
commodity shops. It is also possible to get potent anti-
biotics such as free rifampicin which people use as treat-
ment for sexually transmitted infection in such settings.
Therefore, those patients who reported not to have any
history of previous treatment with anti TB could have
such exposure and this can in turn mask the association
under discussion.

The other notable result of this study was an associa-
tion of various drug regimens with the TTSCC. Intensive
phase drug regimens containing kanamycin were asso-
ciated with prolonged time, while regimen containing
amikacin was associated with shorter time to the sputum
culture conversion. This result is consistent with another
in-country study.”® These two drugs are from the same
family of aminoglycosides, but they may have different
effects that need further investigation into why the
reported difference

existed. Bedaquiline containing

regimen was associated with shorter TTSCC except
when the regimen includes kanamycin.

Other variables such as older age, sex, diabetes mellitus
and history of smoking were reported to be associated with the

912233031 Byt researchers

TTSCC, prolonging the time.
reported conflicting results on the association of HIV status
and history of alcohol abuse with the sputum -culture
conversion.”***”** In our study, none of these variables
were associated with the outcome of interest. This could be
due to the difference in study setting as ours mainly involves

rural residents than urban dwellers.

Conclusion

The TTSCC among MDR/RR pulmonary TB patients was
longer than two months in the overall study participants and
lengthier than three months in patients from the pastoral
setting. This is longer than the expected time given pulmon-
ary TB and the ambulatory model of the treatment. The
pastoral setting, educational status, undernutrition, previous
exposure to anti TB drugs and drug regimen categories were
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Table 2 Association of Clinical Characteristics with the TTSCC Among MDR/RR-TB Patients in Southeastern Oromia, Ethiopia, 2021

Variables Number Percent COR (95% CI) COR (95% CI)
Body mass index (BMI)

Less than 18.5 Kg/SqM 159 37.15 1.00 1.00

18.5 or higher Kg/SqM 269 62.85 1.12 (0.91-1.39) 1.35 (1.07-1.71)*
Resistance type

RR 382 85.46 1.64 (1.25-2.15) 1.26 (0.89-1.79)

MDR 65 14.54 1.00 1.00
Treatment registration Group

New 149 3333 1.00 1.00

Relapse 119 26.62 1.07 (0.83-1.39) 1.01 (0.76—1.33)

After failure 179 40.04 1.88 (1.48-2.38) 1.40 (1.06—1.84)*
Comorbid disease condition

No 381 85.23 1.00 1.00

Yes 66 14.77 0.75 (0.57-1.00) 0.91 (0.67-1.23)
Previously treated with second-line anti TB drug

No 410 91.72 1.00 1.00

Yes 37 8.28 2.38 (1.67-3.38) 1.43 (0.89-2.28)
Intensive phase drug regimen

Cm,Lfx,Cs,Pto(Eto),Z 188 42.06 1.00 1.00

Cm,Lfx,Eto,CS,Z 173 38.70 0.38 (0.30-0.48) 0.33 (0.25-0.45)

H,E,Z,AM,Mfx,Pto 13 291 1.33 (0.76-2.34) 3.12 (1.36-7.14)**

H,E,Z,Km,Mfx,Pto,Cfx 37 8.28 0.34 (0.23-0.49) 0.55 (0.28-1.08)

Z,Km,Mfx,PAS,Bdq,Cfz 36 8.05 0.39 (0.23-0.67) 0.23 (0.12-0.45)***
Continuation phase drug regimen

E,Z,Mfx,Cfx 50 .19 1.00 1.00

Lfx,CS,Bdq,Cfx,Lzd 22 4.92 2.94 (1.70-5.08) 2.48 (1.22-5.07)*

Lfx,CS,Eto,Z,B6 368 82.33 1.29 (0.94-1.76) 1.88 (0.97-3.64)

Z,Mfx,PAS,Cfz,LZD 7 1.57 2.99 (1.34-6.71) | 6.45 (2.45-16.96)***

Notes: *p-value <0.05; **P-value <0.01; ***p-value <0.0.

among the significant determinants of the TTSCC among our
study participants. Therefore, pastoral community setting
requires context TB prevention and control approach.

Abbreviations

Am, Amikacin; Bdq, Bedaquiline; Cm, Capreomycin; Cfz,
E, Ethambutol; Eto,
Ethionamide; Km, Kanamycin; Lfx, Levofloxacin; Lzd,

Clofazimine; Cs, Cycloserine;

Linezolid; Mfx, Moxifloxacin; PAS, Para-aminosalicylic
acid; Pto, Protionamide; Z, Pyrazinamide.
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