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Tuberculosis mortality and drug resistance =

among patients under TB treatment
before and during COVID-19 in Burundi: a case-
control study

Arnaud Iradukunda'?’, Fentabil Getnet® and Emmanuel Nene Odjidja*

Abstract

Background The coronavirus SARS-CoV-2 (COVID-19) experience has underscored the consequences of inequalities
in health and access to health services across and within countries. Vulnerable population groups have been dis-
proportionately exposed to certain diseases such as tuberculosis (TB) due to service interruptions. The current study
aimed to assess TB related mortality and risk of drug resistance during the COVID-19 Pandemic in Burundi.

Methods We conducted an incident case—control study on 362 TB patients, with 181 multidrug resistant TB (MDR-
TB) patients and 181 drug susceptible TB (DS-TB) patients. These patients under TB treatment between July 11,
2018, and November 11,2022 (18 months before and 18 months during COVID-19). Baseline and drug susceptibility
status data were captured at treatment initiation. Mortality during treatment follow-up TB mortality was compared
between categories of drug susceptibility, period (before vs during COVID-19) and regimen phase. A multivariate
logistic regression was used to show the predictive risk factors. K-Fold cross-validation was used to evaluate the final
model.

Results A half of TB patients was under 40 years old, with majority of them being unemployed, malnourished

and lacking food support during TB treatment. Most of them lived in precarious conditions with limited access

to healthcare services. The overall TB-related mortality was 16.0% (95% Cl: 12.5%- 20.3%) with 15.5% (95%Cl: 10.7%-
21.8%) in MDR-TB patients and 16.6% (95% Cl: 11.6%-22.9%) in DS-TB patients. Stratified by the period, TB related
mortality was 15.3% (95%Cl: 11.79%-20.9%) before the COVID-19 pandemic and 17.1% (95%C 11.5%-24.6%) dur-

ing the COVID-19 pandemic. More than a half of deaths in TB patients occurred during intensive phase of treatment.
The risk of MDR-TB was significantly higher (p <0.05) among patients undergoing treatment during the pandemic,
those with a low education level, living in rural areas, unemployed, using public transportation, or living in over-
crowded households (big family size,a small number of rooms). Additionally, patients with history of TB, previous
treatment failure, and close contact with MDR-TB patients were more likely to have MDR-TB. The likelihood of MDR-TB
further increased with the cumulative presence of these risk factors on the same TB patient.

Conclusion TB mortality increased during the COVID-19 pandemic, particularly among MDR-TB patients. The odds
of MDR-TB encompass a range of socio demographic and clinical factors particularly among economically dis-
advantaged patients. These findings underscore the need for targeted equity-driven interventions in high-risked
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populations, especially in the context of emerging outbreaks, in order accelerate TB elimination goals. Additional
investigation on TB related mortality should focus on the intensive phase of treatment, which aligns with the 2025
World Health Organization consolidated guidelines on TB diagnosis and control.

Keywords Tuberculosis, Multidrug resistance, Risk factors, Mortality, Covid-19, Burundi

Evidence before the study

Research context

Several key factors characterized Tuberculosis (TB)
-related mortality and multidrug-resistant TB (MDR-TB)
risk during the COVID-19 pandemic. Burundi as many
low-income countries (LICs) has been grappling with a
high burden of TB infection for years. The incidence of
MDR-TB, where TB bacteria become resistant to at least
Isoniazid and Rifampicin drugs, has been a growing pub-
lic health concern.

TB control efforts have never been sufficient to address
the existing TB burden effectively. Prior studies con-
ducted in the sub-Saharan region highlighted gaps in
TB control programs, healthcare seeking and treatment
adherence issues, challenges in diagnosing drug-resistant
TB, and the need for improved healthcare infrastructure
and resources. The emergence of the COVID-19 pan-
demic caused multifaceted social and economic chal-
lenges including health and health services. The impact
of the pandemic would be more significant in TB where
Immune response to COVID-19 would trigger reactiva-
tion of latent TB and interruptions of TB control services
would affect directly observed treatment-short course
(DOTS).

By comparing TB data before and during the COVID-
19 pandemic, the study will shed light on how COVID-19
might have affected TB burden in affected communities
particularly on increased risks of TB related mortality
and drug resistance. This insight is crucial for under-
standing the broader impact of the pandemic on major
public health problems such as TB and MDR-TB. This
study intended to investigate the changes in TB mortal-
ity and MDR-TB risk patterns attributable to disruptions
in essential healthcare services, challenges in accessing
treatment. This analysis will provide valuable informa-
tion on TB related mortality and key factors influencing
MDR-TB in Burundi, important for supporting the 2025
WHO consolidated guidelines on critical components of
TB diagnosis and control.

Background

Tuberculosis (TB) remains a major public health concern
in the World [1]. In 2023, TB likely regained its position
as the leading cause of death from a single infectious
agent worldwide, after being surpassed by COVID-19 for

three consecutive years [2]. TB caused 10.6 million new
illnesses and 16% case fatality rate in 2022 globally, the
highest figure since World Health organization (WHO)
commenced global TB monitoring in 1995 [3, 4]. This
made TB as the world’s leading cause of mortality from
a single infectious agent only next to the coronavirus dis-
ease (COVID-19) [5]. More than 80% of TB caseloads
occurred in Low and Middle Income Countries (LMICs)
[6] in which Southeast Asia and Africa contributed to
44% and 24% of the global TB burden, respectively [4].

COVID-19 pandemic has exacerbated the pre-existing
challenges associated with TB, particularly in vulnerable
population groups, by increasing transmissions, disrup-
tions in TB services and altered pathophysiologic con-
ditions [7]. Based on the immunological mechanisms
involved, COVID-19 and TB have a shared immune
response dysregulation [8, 9]; both attack primarily the
lungs and interfere with host immunity, and transmit
mainly via aerosols and droplets from infectious patients
[10]. Co-infection presents a dual risk as it worsens
COVID-19 severity and facilitate TB disease progression
[8], increasing vulnerability in co-infected patients [8,
11]. Furthermore, COVID-19 pandemic increased health
inequities and disparities in in access to health services
[12-14]. The economic decline and associated factors,
such as income instability, food insecurity, and hous-
ing challenges post-pandemic, have created conditions
that facilitate the spread of TB, which was yet a leading
cause of mortality in resource-limited settings [15]. The
COVID-19 impact was expected to increase extreme
poverty, driving an additional 20 million people into
extreme poverty [16, 17].

Efforts to end the TB epidemic have faced multiple
challenges [18]. High rates of undetected and untreated
TB cases [19], and rising of multi-drug resistant tuber-
culosis (MDR-TB) [20], and the recent lack of pandemic
preparedness held back years of progress towards WHO’s
targets [21-24]. Burundi delayed to introduce global pub-
lic health measures and vaccine in the national COVID-
19 response plans [25]. Early in the pandemic, measures
such as 14-day quarantine for incoming travelers were
introduced in 2019, but broader public restrictions,
including limits on gatherings, were not implemented
[26, 27]. During most of 2021, Burundi delayed COVID-
19 vaccine distribution, prioritizing prevention over vac-
cination, citing high recovery rates. Mass vaccination
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only began in October 2021 with the arrival of 500,000
Sinopharm doses from China [28].

The limited public health response during the COVID-19
pandemic has significantly disrupted TB services, adversely
affecting treatment outcomes and potentially accelerating,
TB diagnosis and treatment delay, latent TB reactivation
and the emergence of drug resistance [16, 29]. Prior to the
pandemic, retrospective studies using routine TB surveil-
lance data in Kenya had already demonstrated an elevated
risk of mortality within the first two months of treatment
initiation [30-32].Similarly, additional findings highlighted
increased mortality during the intensive treatment phase
among patients with multidrug-resistant TB (MDR-TB)
[33]. The most recent WHO Global TB Report corrobo-
rates these findings, documenting early treatment-phase
mortality in several high TB-burden countries [34].

To support the national efforts to End TB by 2035
and to better mitigate future pandemics, it is essential
to assess the impact of COVID-19 on TB and MDR-TB.
To best of our knowledge, the extent to which COVID-
19 affected the TB program in Burundi, particularly TB
related mortality and MDR-TB risk, was not well under-
stood and documented. Moreover, it is also useful to
investigate other underlying drivers of TB mortality and
MDR-TB to inform the provision TB treatment ser-
vices [35].Therefore, the current study aimed to assess
TB related mortality and multidrug resistance rates
during the COVID-19 pandemic in comparison with
pre-COVID-19 period in Burundi. Other risk factors of
MDR-TB and their interactions were also examined.

Methods and materials

Study settings

A total of 308 health facilities provides TB treatment in
Burundi according to the national guideline and 170 of
them provide smear microscopy services. This study was
conducted at Centre Anti-Tuberculeux de Bujumbura (the
main centre for the treatment of DS-TB) and Kibumbu
Sanatorium which is the sole centre for treatment of MDR-
TB in the country [36]. Kimbumbu Sanatorium national
reference laboratory is a centre for culture and TB drug
susceptibility testing services. The two centres were chosen
based on their geographic representation (urban, rural) and
their specialization in TB management in Burundi.

Study design and population

This was an incident case—control study conducted
between June 11, 2018 and November 11, 2022, which
was split into 18 months before COVID-19 and 18
months during COVID-19 at the COVID-19 pandemic
declaration on March 11, 2020 [37]. Cases were bacte-
riologically confirmed MDR-TB patients diagnosed at
CATB and referred to Kibumbu for MDR-TB treatment
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during the study period. Gene-Xpert MTB/RIF tests are
used to bacteriologically confirm MDR-TB, and since
isoniazid resistance test was not available in Burundi,
all rifampicin-resistant patients were considered as
MDR-TB patients and treated with second-line drugs
for MDR-TB. Controls were bacteriologically confirmed
and drug susceptible TB (DS-TB) patients who were on
the first-line TB treatment at CATB during the study
period. Patients treated during the COVID-19 pandemic
(March 11, 2020, to November 11, 2022) were considered
as exposed to COVID-19 and its consequences while TB
patients treated during the pre-pandemic period (July
11, 2018, to March 11, 2020) were considered as non-
exposed to COVID-19.

All pulmonary TB patients aged 15-years-old and
above and who attended and followed at CATB during
the study period were included and recruited into cases.
Controls selection was based on drug resistance status.
However, patients with TB involving meninges or bones
and joints were excluded from the study since it takes 12
months to treat such forms of TB. Furthermore, patients
admitted to TB treatment before COVID-19 and contin-
ued to be on treatment during the COVID-19 Pandemic
period were excluded from the study as this might blur
the comparison between the two periods. All patients
included were selected at CATB.

Controls were selected using a risk set sampling
method. With the risk set sampling, the odds ratio pro-
vides a good risk ratio regardless of the frequency of out-
come because the controls provide an accurate estimate
of the distribution in source population. The minimal
sample size of 181 cases was calculated with a ratio of one
case to one control [38]. Therefore, a total of 362 patients
(181 cases and 181 controls) were included in the study.

Data collection

Data were retrieved from medical records using a form
prepared for this purpose based on the review of litera-
ture and TB recording formats in Burundi. Systematic
studies have shown wide variability of risk factors for TB
related death across settings as well as different method-
ological approaches to assess risk factors have been used
[39]. At TB treatment centers, baseline data are captured
and thereafter, patients are followed up during routine
clinic visits for controls or hospitalization for cases dur-
ing treatment period in Burundi. Data on patients under
TB treatment between June 11, 2018, and November 11,
2022, was collected from January 23,2023 to May 2023.
We extracted data on socio-demographic and clinical
characteristics; TB diagnosis, treatment and follow-up;
treatment outcomes, and comorbid conditions. Addi-
tional information on routine follow-up of MDR-TB
patients related to their status during 2 two first months
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of treatment and treatment outcomes at the end of rou-
tine follow-up were collected.

Measurement

Multidrug resistance

As the isoniazid resistance test is not available in
Burundi, all rifampicin-resistant patients were consid-
ered MDR-TB patients. Patients were labelled as ‘Yes’ if
resistant to rifampicin and ‘No’ otherwise.

Mortality

Since there was cause of death assignment, all deaths of
TB patients while on treatment for TB were considered
as TB related mortality. Death was labelled as ‘Yes’ if
a TB patient died during TB treatment period and ‘No’
otherwise.

Period

The official COVID-19 declaration by WHO as pan-
demic was set as reference [40]. The pre-COVID-19 was
18 months before the declaration. The COVID-19 period
was 18 months after declaration.

Statistical analysis

Descriptive analyses were done to summarize TB related

mortality and other explanatory variables. To compare
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proportions of TB related mortality, we used the Z-test.
Both univariate and multivariate logistic regressions were
used to identify factors associated with MDR-TB occur-
rence. The Wald test from univariate logistic regression
and p-value cut-off point of 0.25 were used to determine
the significance of independent variables on the MDR-TB
[41, 42]. Univariate analysis do not capture the poten-
tial significant contribution of the combination weakly
associated factors on the outcome [43].A high cut off
of point (p< 0.25) was therefore used in order to adjust
potential confounding effects [44].We used the backward
method and the Bayesian Information Criterion (BIC) to
select variables for the final model. Odds ratio with their
95% confidence intervals (CI) were used to estimate the
risk and statistical significance was determined at a low
p-value(p < 0.005). Multicollinearity between factors was
assessed using the Generalised Variance Inflation Factor
(GVIF) [45].

The relevance to make prediction of the final model was
assessed using the Pearson residuals test. The Receiving
Operating Characteristics (ROC) and Area Under Curve
(AUC) were used to respectively evaluate the discrimi-
natory performance and predictive power of the model
[46, 47]. Thus, the AUC was calculated to validate the
performance of the model using a bootstrapping proce-
dure with 2000 replications. We finally used the machine

39.8

Normal Food support No Yes

MW Total(n) mTotal(%)

Fig. 1 Profile of TB patients
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Table 1 Socio-demographic characteristics of DS-TB and MDR-TB patients in Burundi between July 2018 and November 2022

Characteristics Number Percentage DS-TB(n=181) MDR-TB(n=181)
Socio-demographics conditions N=362 % N % N %
Period
Before COVID-19 222 613 122 674 100 552
During COVID-19 140 387 59 326 81 448
Sex
Female 100 276 46 254 54 29.8
Male 262 724 135 74.6 127 70.2
Age (in years) 40 +£149 [15-86]
Pregnancy
No 94 26.0 42 232 52 287
Yes 6 1.7 4 22 2 1.1
Occupation
Employed 25 6.9 13 7.2 12 6.6
Unemployed 337 93.1 168 928 169 934
Marital Status
Married 136 376 66 36.5 70 38.7
Not-married 226 624 115 63.5 1M1 613
Origin
Burundian 359 99.2 178 983 181 100.0
DRC 3 0.83 3 1.7 0 0.0
Residence
Rural 93 257 32 17.7 61 337
Urban 269 743 149 823 120 66.3

Living conditions
Tobacco smoking

No 282 779 162 89.5 120 66.3

Yes 80 22.1 19 10.5 61 337
Alcohol consumption

No 286 790 162 89.5 124 685

Yes 76 21.0 19 10.5 57 31.5
Diabetes

No 346 95.6 178 983 168 92.8

Yes 16 44 3 1.7 13 7.2
Nutritional status

Moderate malnutrition 129 356 69 38.1 60 331

Normal 144 39.8 74 40.9 70 38.7

Severe malnutrition 89 24.6 38 21.0 51 282
Food support

No 350 96.7 181 100.0 169 934

Yes 12 33 0 0 12 6.6
Prior incarceration

No 343 94.8 177 97.8 166 91.7

Yes 19 53 4 22 15 83
Collective residence

No 325 89.8 172 95.0 153 84.5

Yes 37 10.2 9 5.0 28 155
Household size
<6 273 754 158 873 115 63.5

>6 89 246 23 12.7 66 36.5
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Table 1 (continued)
Characteristics Number Percentage DS-TB(n=181) MDR-TB(n=181)
Socio-demographics conditions N=362 % N % N %
Person by room
1 25 6.9 4 22 21 11.6
2 168 464 99 54.7 69 381
3 136 376 63 34.8 73 40.3
4 28 7.7 13 72 15 83
5 5 14 2 1.1 3 1.7
Distance home-HF
<3km 232 64.1 108 59.7 124 68.5
3-10km 3 08 0 0 3 1.7
> 10km 51 14.1 21 11.6 30 16.6
Unestimated 76 21.0 52 28.7 24 133
Public transport
No 180 49.7 102 564 78 431
Yes 182 50.3 79 43.6 103 569

learning approach, the K-Fold cross-validation method,
to validate our prediction model [48, 49]. We used the C
statistic to calibrate our model, which gives the probabil-
ity that a randomly selected subject who experienced the
outcome will have a higher predicted probability of hav-
ing the outcome occur than a randomly selected subject
who did not experience the outcome. Data analysis was
done using R Studio 4.4.1 version.

Results

Sociodemographic and clinical characteristics

The median age of TB patient was 40 years old. Most
of them were unemployed (93.1%). Malnutrition was
observed in 60.2% of patients and 96.7% of patients
didn’t have food support (Fig. 1). Moreover, 62.7% were
with less than three rooms in their household (Table 1).
Reported TB cases were higher before COVID-19 com-
pared to COVID-19 period. The figure below shows the
profile of TB patients.

A third of MDR-TB cases occurred during COVID-19,
and MDR-TB was observed among male patients (70.2%),
unemployed patients (93.4%), patients using public trans-
port (56.9%) and patients living in shared room (88.4%).
Additionally, MDR-TB was present among patients with
malnutrition (61.3%) and without food support (93.4%).
The table below shows socio-demographic and living
conditions of both TB patients.

Most of the TB patients, both MDR and DS TB, did not
have hospitalization history (78.7%), TB history (79.0%),
MDR-TB history (92.5%), history of treatment failure
(89.2%), MDR-TB close contact (84.5%), clinical instabil-
ity at the initiation of treatment (55.5%) (Table 2). More

than a third of patients were HIV-TB coinfected. Most
MDR-TB patients were TB patients with delays to TB
diagnosis (88.9%). The table below shows the clinical con-
ditions of patients.

TB related mortality

The overall TB related mortality was 16.0% (95% CL:
12.5%- 20.3%); 15.5% (CL:10.7%—21.8%) among MDR-
TB patients and 16.6% (95% CIL:11.6%—22.97%) among
DS-TB patients. Of the total 58 deaths, 24 patients died
during COVID-19 while 34 died before COVID-19.
Nearly three-fourths of deaths (70.1%) occurred during
the first two months of treatment (Table 2). More than a
half (51.2%) of death among MDR-TB patients occurred
also during the first two months of treatment. TB related
mortality increased, not significantly, from 15.3% before
COVID-19 to 17.1% during the COVID-19 pandemic.
Before COVID-19, most of deaths (67.7%) were from
DS-TB patients while during COVID-19 most of deaths
(70.8%) occurred among MDR-TB patients (Fig. 2). The
MDR-TB related mortality significantly increased dur-
ing COVID-19 compared to pre-COVID-19 period (p=
0.001). The figure below shows the TB related mortal-
ity between July 2018 and November 2022 in Burundi
(Table 3).

Factors associated with multi-drug resistance tuberculosis
The table below shows the results from bivariate and
multivariate analysis.

After adjustment of factors using multivariable logis-
tic regression analysis, twelve factors were found to be
significantly associated with the MDR-TB occurrence
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Table 2 Clinical conditions of patients
Conditions Number Percentage DS-TB(n=181) MDR-TB(n=181)
Clinical N % N % N %
Hospitalization history

No 285 78.7 143 79.0 142 43.6

Yes 77 213 38 21.0 39 116
Tuberculosis history

No 286 79.0 162 89.5 124 494

Yes 76 21.0 19 10.5 57 58
MDR-TB history

No 335 925 181 100.0 154 552

Yes 27 75 0 0.0 27 0.0
Failure history

No 323 89.2 163 90.1 160 498

Yes 39 10.8 18 9.9 21 55
After the first line TT

No 332 91.7 181 100.0 151 55.2

Yes 30 83 0 0.0 30 0.0
After the second line TT

No 359 99.2 181 100.0 178 552

Yes 3 0.8 0 0.0 3 0.0
Regularity TT

No 320 884 163 90.1 157 49.8

Yes 42 1.6 18 99 24 55
PTB close contact

No 287 793 162 89.5 125 494

Yes 75 20.7 19 10.5 56 58
MDR-TB Close contact

No 306 845 176 972 130 537

Yes 56 155 5 2.8 51 15
Visits before TBDX 0

1 57 15.8 39 21.5 18 119

2 118 326 56 309 62 17.1

3 108 29.8 48 265 60 14.7

4 32 8.8 12 6.6 20 3.7

5 23 6.4 13 7.2 10 4.0

6 15 4.1 9 50 6 27

10 9 25 4 22 5 12
Clinical condition at T3 initiation

Stable 201 555 108 59.7 93 330

Unstable 161 445 73 403 88 223
TB Type

EPTB 30 83 15 83 15 46

PTB 332 91.7 166 91.7 166 50.7
Site of EPTB

Abdominal 1 03 0.0 1 0.0

Lymph nodes 10 28 39 3 2.1

Pleural Effusion 19 53 44 11 24
Treatment supporter

No 175 483 81 44.8 94 24.7

Yes 187 516 100 552 87 305
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Table 2 (continued)
Conditions Number Percentage DS-TB(n=181) MDR-TB(n=181)
Clinical N % N % N %
HIV status
Negative 235 64.9 121 66.9 114 369
Positive 127 35.1 60 331 67 183
CPT intake
Yes 127 100% 60 33.1 67 183
ART_intake 0.0 0.0
Yes 122 33.7 58 320 64 17.7
ART regimen
ABC/3 TC/EFV 1 03 0 0.0 1 0.0
AZT/3TC/ATV 1 03 1 06 0 03
AZT/3TC/EFV 2 0.6 1 06 1 03
TDF/3TC/ATV 4 1.1 2 1.1 2 06
TLD 89 24.6 40 22.1 49 12.2
TLE 28 7.7 16 8.8 12 49
Treatment outcome (death) 0.0 0.0
Yes 58 16.1 30 16.6 28 9.2
No 304 84.0 150 829 154 45.8
Time to death (in days)
Early mortality [< 60 days] 43 70.1 21 488 22 512
Late mortality [> 60 days] 15 299 9 60.0 6 40.0

(Table 4).These factors were the COVID-19 period (aOR:
1.8, 95% CI: 1.02-3.3), low educational level (primary
or less) (aOR: 3.9, 95% CI: 1.5-10.9), rural residence
(aOR: 4.1, 95% CI: 1.9-9.0), unemployment (aOR: 4.5,
1.9-11.8), more than six household’s members (5.8, 95%
CI: 2.9,11.9), more than two member in the room, public
transport (aOR: 2.219, 95% CI: 1.21-4.15), MDR-TB close
contact (aOR: 31.54, 95% CI: 11.49-105.84), tobacco con-
sumption (aOR: 10.22, 95% CI: 4.86-22.75), comorbidity
with diabetes (aOR: 11.67, 95% CI: 2.67, 68.59) and late
diagnostic (aOR: 2.262, 96% CI: 1.04, 5.14). The table
below shows the final model resulting from a multivariate
model selected using the Bayesian Information Criterion-
based backward and parsimony principal methods. The
table below shows the final.

Discussion
Globally, the TB mortality and the growing threat of
MDR-TB constitute a major public health challenge.
Given the unprecedented disruptions of COVID-19, we
need to understand how the pandemic held back Burundi
progress towards WHO'’s targets to End TB. This study
sought to investigate TB related mortality and MDR risk
in the context of COVID-19 pandemic in Burundi.

The TB-related mortality varied from DS-TB patients
to MDR-TB patients, and from the pre-COVID-19 pan-
demic period to COVID-19 pandemic period. MDR-TB

related mortality significantly increased during COVID-
19 period. Factors such as low education level, high
household size, high number of room members, public
transport, rural residence, tobacco smoking, MDR-TB
close contact, COVID-19 pandemic, occupation, delay in
TB diagnostic, collective residence and diabetes underly-
ing condition were found to be significantly associated
with MDR-TB infection occurrence.

During COVID-19, the overall TB related mortal-
ity did not significantly increased [50]. These findings
are consistent with recent study conducted in Indo-
nesia, which similarly reported no significant rise in
all-cause mortality compared to the pre-pandemic
[51]. This could be due to the decrease in reported TB
cases observed during COVID-19 [50, 52]. Indeed, the
impact of COVID-19 was projected to cause 9-year set-
back in TB detection [53, 54].

Despite these variations, the COVID-19 pandemic
adversely affected the national tuberculosis programs
globally, including in Burundi [51, 55, 56]. In Burundi,
MDR-TB -related mortality significantly increased
during COVID-19 pandemic period. The risk of MDR-
TB was also higher during COVID-19 pandemic than
before. These findings are consistent with other studies
reporting that COVID-19 significantly contributed to
the increased TB morbidity and TB-related mortality
[51, 57, 58]. A recent scoping review further highlighted
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Fig. 2 TB related mortality between July 2018 and November 2022 in Burundi

that the COVID-19 pandemic has increased MDR-TB
incidence in LMICs [59].

This could be due to the reduction of TB treatment
coverage observed during COVID-19 in countries with
low health-system capacity, such as Burundi [51]. Addi-
tionally, factors such as COVID-19 airborne trans-
mission, absence of COVID-19 screening in MDR-TB
patients before hospitalization, healthcare workers
and families members, and absence of sufficient res-
piratory isolation rooms in low resources settings such
as Burundi, with only 1 MDR-TB referral hospital for
MDR-TB management, may increase the within hospi-
tal COVID-19 spread and MDR-TB patients vulnerabil-
ity [60]. Although this study did not specifically focus
on MDR-TB and COVID-19 coinfection, recent studies
that COVID-19 symptoms, such as nausea and vomiting,
may challenge MDR-TB treatment adherence [61, 62].

Patients with lower educational levels, living in rural
areas, living in collective residences, being unemployed,
living in high-sized households, high number of people (>
2) by room were more likely to have TB in general. They
were more likely to develop MDR infections. All these
factors are key indicators of low socio-economic status,

which has consistently been associated with TB risk in
priors studies [59, 63]. Another study conducted in Leso-
tho similarly showed that TB disproportionally affects
people with low socioeconomic status [15]. Likewise,
studies conducted East Shoa, Ethiopia highlighted the
association between rural residency and increased MDR-
TB risk [64]. The high proportion of rural residents, lim-
ited access to TB services, socioeconomic disparities and
the low level of awareness regarding adherence to first-
line TB treatment in rural communities may contribute
to the burden of MDR-TB [64].

Unemployed individuals and low-income earners were
reported to be more likely to develop MDR-TB than
employed and high-income earners [65]. Previous stud-
ies conducted in the mining communities of Marerani in
Tanzania [66], as well as a recent systematic review and
meta-analysis conducted in LMICs identified a strong
association between MDR-TB and low socio-economic
status, particularly during COVID-19 pandemic [59].

Close contact with individuals diagnosed with
MDR-TB was another important predictor of MDR-
TB infection, a finding consistent with findings from
recent studies in the Democratic Republic of Congo
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Table 3 Bivariate and multivariable logistic regression analysis of patients with tuberculosis

Models Bivariate models Multivariate Model

Conditions N OR 95% Cl p aOR 95% Cl p

Socio-demographic

Period

Before C19 222 Ref Ref

During C19 140 1.67 [1.09,2.57] 0.018 1.83 [1.01,3.40] 0.051
Education level

University 34 Ref Ref

Primary or less 219 2.06 [0.99, 4.50] 0.059 3930 [1.38,12.03] 0.013

Secondary 109 1.74 [0.79,3.95] 0.176 2457 [0.83,07.72] 0112
Residence

Rural 93 Ref Ref

Urban 269 237 [1.46, 3.90] < 0.001 413 [1.88,09.46] 0.001

Living conditions
Prior incarceration

No 343 Ref Ref

Yes 19 3.99 [1.42,14.24] 0016 2.01 [0.38,13.47] 0.406
Collective residence

No 325 Ref Ref

Yes 37 349 [1.66,8.07] 0.002 233 [0.83,6.89] 0115
Occupation1

Empoyed 53 Ref Ref

Unemployed 309 294 [1.58,5.72] < 0.001 431 [1.71,11.75] 0.003
Household size
<6 273 Ref Ref
>6 89 3.94 [2.35,6.83] < 0.001 6.31 [3.13,13.32] < 0.001
Persons by room

1-2 194 Ref Ref

3+ 168 1.34 [0.88,2.02] 0171 1.86 [0.94,3.77] 0.080
Public transport

No 180 Ref Ref

Yes 182 1.70 [1.13,2.59] 0012 2.14 [1.12,4.16] 0.023
Clinical conditions N OR 95% Cl p aOR 95% Cl p
TB history

No 286 Ref Ref

Yes 76 392 [2.25,7.08] <0.001 219 [0.02,264.9] 0.746
PTB close contact

No 287 Ref Ref

Yes 75 372 [2.14,6.73] < 0.001 051 [0.01,34.44] 0.764
MDR-TB close contact

No 306 Ref Ref

Yes 56 13.81 [5.88,40.55] < 0.001 36.07 [12.58,1269] <0.001
Tobacco smoking

No 282 Ref Ref

Yes 80 433 [2.51,7.81] <0.001 3.88 [0.25,114.79] 0.356
Alcohol

No 286 Ref Ref

Yes 76 392 [2.25,7.08] <0.001 1.26 [0.12,10.89] 0.835
Diabetes

No 346 Ref Ref
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Table 3 (continued)
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Models Bivariate models Multivariate Model
Conditions N OR 95% ClI p aOR 95% Cl p

Yes 16 4.59 (1.45,20.28] 0.019 12.97 [2.64,84.15] 0.003
Nutritional status

Normal 144 Ref Ref

M.malnutrition 129 0.74 [0.21,2.42] 0616 136 [0.26, 6.66] 0.706

S.malnutrition 89 1.07 [0.69, 1.65] 0.761 0.68 [0.35,1.32] 0.256
Irregularity to T3

No 297 Ref Ref

Yes 65 3.82 [2.19, 6.90] <0.001 221 [0.61,8.26] 0.229
Visits before TB Dx

1 57 Ref Ref

2+ 315 249 [1.39,4.63] < 0.001 1.33 (0.73,2.44] 0355
Clinical condition at treatment start

Stable 201 Ref Ref

Unstable 161 1.40 [0.92,2.13] 0.113 141 [0.75,2.67] 0.049
Treatment/supporter

Yes 187 Ref Ref

No 175 1.34 [0.88,2.02] 0172 2.28 [1.02,5.28] < 0.001
HIV Status

Negative 235 Ref Ref

Positive 127 392 [2.25,7.08] < 0.001 - - -

(DRC) and India [67, 68]. Household transmission of
drug-resistant TB was found to have increased during
the pandemic in LMICs, potentially due to prolonged
household exposure during lockdowns and limited
access to TB services [59].

Tobacco smoking was also found to be significantly
associated with MDR-TB infection. This finding is con-
sistent with previous studies conducted in China, India,
and Southern Ethiopia which highlighted a significant
association between tobacco smoking and MDR-TB [69—
71]. The association between tobacco smoking and MDR-
TB in the context of COVID-19 pandemic has been well
documented,particularly in low-income countries [72,
73, 59], and smoking has been shown to impair host
immunity, thereby increasing susceptibility to infection
and disease progression [74, 75].

Diabetes emerged as another important risk factor
for MDR-TB.Patients with diabetes were more likely to
develop MDR-TB infection than patients without diabe-
tes, a trend also reported in recent studies conducted in
Pakistan, China, and other LMICs [59, 76, 77]. Diabetes
has been associated with increased TB severity, relapse
rates, and drug resistance [78, 79]. The exacerbated
chemo resistance due immune response and clinical dete-
rioration among diabetic TB patients may explain the
increased risk [79]. Another reason should be the poly-
morphism variation of glutathione-S-transferase genes

among patients. Deletions or variations in these genes
have been linked to impaired response to anti-TB therapy
and reduced treatment efficacy [80].

Furthermore, patients with more than one healthcare
visit before receiving a TB diagnosis were more likely to
develop MDR-TB infection than those diagnosed during
their first consultation. This indirectly suggests a poten-
tial delay in TB diagnosis, a known risk factor to drug
resistance. Similar findings from two studies conducted
in India showed that the delay in referral for the diagno-
sis as well as in the initiation of anti-TB treatment were
significantly associated with TB drug resistance [75, 81].

The current study successfully achieved its primary
objective of assessing TB-related mortality and MDR-
TB risks in the context of the COVID-19 pandemic in
Burundi. Findings contribute to the evolving understand-
ing of the indirect effects of COVID-19 pandemic on TB
and MDR-TB control and highlight critical socioeco-
nomic and health system challenges. They also provide
important recommendations to the stakeholders as well
as the Burundian government to strengthen TB program
and pandemic preparedness, supporting the broader
Global efforts to End TB by 2035.

This study has some restrictions on TB/MDR-TB and
COVID-19 co-infection data availability. It excludes
patients who did not seek treatment or were unable
to access healthcare services during the pandemic. It
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Table 4 Final model
Factors N=362 aOR 95% CI P
Period

Before COVID-19 222 Ref [aOR =1]

During COVID-19 140 1.82 [1.02,3.28] 0.044
Education level

University 34 Ref [aOR =1]

Primary or less 219 3.86 [1.45,10.97] 0.009

Secondary 109 2.39 [0.85,7.11] 0.106
Residence

Rural 93 Ref [aOR=1] Ref

Urban 269 4.1 [1.94,9.02] <0.001
Collective residence

No 325 Ref [aOR=1] Ref

Yes 37 217 [0.81,6.09] 0.129
Occupation

Employed 53 Ref [aOR =1]

Unemployed 309 454 [1.89,11.85] 0.001
Household size
<6 273 Ref [aOR =1]
>6 89 576 [2.92,11.88] < 0.001
Persons by room

1-2 25 Ref [aOR =1]

3+ 168 1.869 [0.97, 3.66] 0.063
Public transport

No 180 Ref [aOR =1]

Yes 182 2.22 [1.21,4.15] 0.011
MDR-TB close contact

No 306 Ref [aOR =1]

Yes 56 31.54 [11.49,105.84] < 0.001
Tobacco smoking

No 282 Ref [aOR =1]

Yes 80 10.22 [4.86,22.75] <0.001
Diabetes

No 346 Ref [aOR =1]

Yes 16 11.67 [2.67,68.59] 0.002
Visits before TB Dx

1 57 Ref [aOR =1]

2+ 315 226 [1.04,5.14] 0.045

doesn’t include TB patients in others health facility
across the country. While the study identifies several fac-
tors associated with MDR-TB risk, there may be addi-
tional confounding variables that were not considered or
controlled for in the analysis such as access to healthcare
and healthcare infrastructure. Wealth index, which could
impact the outcomes, and opinions of patients and staff
were not explicitly addressed in the Study.

A mixed methods study involving a small sample of
TB clinic staff and/or patients could provide valuable
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insights into the challenges faced in accessing health-
care services during the pandemic. This supple-
mentary qualitative data could help clarify potential
reasons behind increased mortality, case numbers,
and MDR-TB incidences. Given the similarity in the
demographic profiles of patients before and during the
pandemic, the qualitative data could tease out differ-
ences that were not apparent in the quantitative analy-
sis. In addition, support network at household and
community levels as well as health literacy should be
considered.

Future research should also investigate early TB-related
mortality during the intensive phase of treatment, as well
as use of new technologies for MDR-TB risk prediction
during routine follow-up [82].

Policy implication

Findings from this study feed into Burundian context
findings and can inform public health policies and
interventions for pandemic preparedness. Understand-
ing how the pandemic affected TB control efforts can
help in development of strategies to mitigate the impact
of future health crises on existing TB program. Public
health intervention should focus on intensive phase of
treatment and identified risk factors, particularly socio-
economic determinants, as well as on practical recom-
mendations by teaching household members about the
prevention of two infectious diseases. Priority of TB
prevention should focus on development of new TB
vaccines as recommended by all governments at the
United Nations General assembly High Level meet-
ing in New York in September 2023 [83]. Focus should
also be on support network, health literacy, as well as
person-centered, equity-oriented approach to ending
tuberculosis in a post-COVID-19 world [56]. Contin-
ued support for TB program should be essential to sus-
tain progress, prevent further setbacks, and protect the
most vulnerable populations.

Conclusion

TB-related mortality as well as MDR-TB infection
risk increased during COVID-19. They were observed
particularly among patients with a low socio-eco-
nomic status. Indeed, MDR-TB risk factors include
socio-demographics, living, clinical, and therapeutic
conditions.

This situation raises a cause for concern, especially in
this context where there exists an equally high burden of
communicable and no communicable diseases including
malnutrition in Burundi. A holistic approach focused on
these identified factors could go a long way in a TB-free
environment in the understudied areas in Burundi.
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Abbreviations

COVID-19 Coronas Virus Disease 19

8B Tuberculosis

MDR-TB Multidrug-Resistance Tuberculosis
LICs Low-Income Countries

LMICs Low and Middle-Income Countries
WHO World Health Organization

DS-TB Drug Susceptible Tuberculosis
CATB Centre anti tuberculeux de Bujumbura
DRC Democratic Republic of Congo
MTB Mycobacterium tuberculosis

RIF Rifampicin

VIF Variance Inflation Factors

BIC Bayesian Information Criterion
Before C19  Before COVID-19

@] Confidence Interval

GVIF Generalized Variance Information Factor
ROC Receiving Operating Characteristics
AUC Area Under curve

DRC Democratic Republic of Congo
CPT Chemoprophylaxis treatment

PTB Pulmonary Tuberculosis

HIV Human Immunodeficiency Virus
ART Anti-Retroviral Treatment

TLD Tenofovir-Lamivudine -Dolutegravir
aOR Adjusted Odds Ratio

OR Odds Ratio

Ref Reference

IRB Institutional Review Board
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