<@, L International Journal of Otolaryngology and Head & Neck Surgery, 2023, 12, 411-425
0.0
@Y¢’ Scientific . . y
‘ ’ Research https://www.scirp.org/journal/ijohns
9% Publishing ISSN Online: 2168-5460
* ISSN Print: 2168-5452

Determinants of the Sensorineural Hearing
Loss in Patients with Multidrug-Resistant
Tuberculosis in Kinshasa (Democratic Republic
of the Congo): A Prospective Cohort Study

Mireille Avilaw Mpwate!, Eddy Mampuya Mbambu?, Gabriel Mabuaka Lema?,

Christian Nzanza Matanda?l, Dominique Mayuku Mupepez?, Michel Kayomo Kaswas3,

Murielle Luengiladio Aloni3, Nicole Muzutie Anshambi4, Fabrice Mankangu Matuta?,

Luc Losenga Lukasu?, Serge Katya Mpwates, Pierre Zalagile Akilimali?,

Innocent Murhula Kashongwe$, Zacharie Munogolo Kashongwes$, Jean Marie Ntumba Kayembes3,
Richard Nzanza Matanda?!*

'Department of Otorhinolaryngology, University Hospital of Kinshasa, Kinshasa 11, University of Kinshasa, Kinshasa,
Democratic Republic of The Congo

Division of Cardiology, Department of Internal Medicine, University Hospital of Kinshasa, Kinshasa 11, University of Kinshasa,
Kinshasa, Democratic Republic of The Congo

*National Tuberculosis Control Program in Democratic Republic of The Congo, Kinshasa, Democratic Republic of The Congo
“Provincial Coordination for The Fight against Tuberculosis, Kinshasa, Democratic Republic of The Congo
5Multidrug-Resistant Tuberculosis Unit, “Centre d’Excellence Damien”, Damien Foundation, Kinshasa,

Democratic Republic of The Congo

6Department of Anatomy-Pathology, University Hospital of Kinshasa, Kinshasa 11, University of Kinshasa, Kinshasa,
Democratic Republic of The Congo

’Kinshasa School of Public Health, Faculty of Medicine, University of Kinshasa, Kinshasa, Democratic Republic of The Congo
8Pneumology Unit, Department of Internal Medicine, University Hospital of Kinshasa, Kinshasa 11, University of Kinshasa,
Kinshasa, Democratic Republic of The Congo

Email: *rmatandal4@gmail.com

How to cite this paper: Mpwate, M.A.,,  Abstract

Mbambu, E.M., Lema, G.M., Matanda, C.N.,

Mupepe, D.M., Kaswa, M.K., Aloni, ML,  Background: The onset of the hearing loss is a major challenge during the
Anshambi, N.M,, Matuta, F.M,, Lukasu, LL.,  treatment of multidrug-resistant tuberculosis (MDR-TB). Aminoglycoside-
Mpwate, S.K., Akilimali, P.Z., Kashongwe,  based regimens, to a lesser extent based on bedaquiline, induce ototoxic sen-
I.M., Kashongwe, Z.M., Kayembe, J.M.N.
and Matanda, R.N. (2023) Determinants of
the Sensorineural Hearing Loss in Patients
with Multidrug-Resistant Tuberculosis in ~ SOUICES. Objective: This study aimed to assess the determinants of the hear-
Kinshasa (Democratic Republic of the Con-  ing loss in patients with MDR-TB. Methods: This prospective multicenter
g0): A Prospective Cohort Study. Inferna-  cohort study included 337 patients with MDR-TB. It was performed in Kin-
tional Journal of Otolaryngology and Head
& Neck Surgery, 12, 411-425.
https://doi.org/10.4236/ijohns.2023.126045

sorineural hearing loss. Research on risk factors is essential to enable high-risk
individuals to benefit from preventive measures in settings with limited re-

shasa (Democratic Republic of the Congo) between January 2020 and January
2021. Sociodemographic, clinical, biological, therapeutic, and audiometric data

were exported and analyzed using Stata 17 and MedCalc. The fixed-effect li-
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near regression panel model was used to assess the degree of the hearing loss
over time according to the following covariates: therapeutic regimen (ami-
noglycosides, bedaquiline, or alternate), stage of chronic kidney disease (CKD),
age at inclusion, body mass index, serum albumin level, HIV status, alcohol
intake, hypertension, and hemoglobin level. The Hausman test was used to
select between fixed- and random-effect estimators. The threshold for sta-
tistical significance was set at p < 0.05. Result: A total of 236 patients (70%)
received an aminoglycoside-based regimen, 61 (18%) received a bedaqui-
line-based regimen, and 40 (12%) received aminoglycosides relayed by be-
daquiline. The frequency of the hearing loss increased from 62% to 96.3%
within six months for all therapeutic regimens. The Hearing loss worsened,
with moderate (72.4%) and profound (16%) deafness being predominant.
An Exposure to the treatment for more than one month (/5 coeff: 27.695, Se:
0.793, p < 0.001), AG-based regimen, age > 40 years (S coeff: 6.102, Se:
1.779, p < 0.001), hypoalbuminemia (S coeff: 5.610, Se: 1.682, p = 0.001),
and an eGFR < 60 mL/min/1.73m’ (S coeff: 6.730, Se: 2.70, p = 0.013) were
the independent risk factors associated with the hearing loss in patients
with MDR-TB. Conclusions: The Hearing loss was more prevalent and
worsened during the treatment of the patients with MDR-TB. An Exposure
for more than one month, AG-based regimens, advanced age, hypoalbumi-
nemia, and CKD have emerged as the main determinants of the worsening
of the hearing loss.
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1. Introduction

Multidrug-resistant tuberculosis (MDR-TB) is a major public health concern in
developing countries such as the Democratic Republic of the Congo (DRC) [1]
[2] [3]. Aminoglycoside (AG)-based regimens were used for a long time in the
management of MDR-TB before being replaced with bedaquiline (BDQ) because
of its ototoxic effects [2] [3] [4] [5]. However, a study conducted by our team
revealed that the sensorineural hearing loss was frequent and worsened during
the treatment with both therapeutic regimens, although it was more marked
with the AG-based regimen. The mean degree of the hearing loss was signifi-
cantly greater in the AG group [AG (60.5 dB) vs BDQ (44 dB); p < 0.001]. The
double difference was also significant, with a greater increase in the hearing loss
in the AG group (diff-in-diff 18.3; p < 0.001) [6]. This observation suggested that
other risk factors could contribute to the occurrence of the hearing impairment
in patients with MDR-TB.

In low- and middle-income countries with limited resources, the World Health
Organization has requested public health measures and clinical interventions

implemented across the life course, a systematic screening for the detection of
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the hearing loss, and the rational use of medicines to prevent ototoxic deafness
[7] [8]. This strategy requires the identification of high-risk individuals and the
major risk factors [7] [8]. Therefore, we aimed to assess the determinants of the
sensorineural hearing loss during the treatment of the patients with MDR-TB in
Kinshasa, DRC.

2. Methods
2.1. Study Design and Participant Sampling

This prospective multicenter cohort study was conducted between January 2020
and January 2021 at 42 centers for the screening and the treatment of MDR-TB
in Kinshasa (DRC). The study population consisted of the patients with MDR-
TB receiving AG and/or the BDQ-based regimens “under directly observed
treatment” (DOT). Patients with MDR-TB (diagnosed by molecular methods
such as Xpert MTB/RIFR or Genotype MTBR-plusR), aged > 14 years with a
normal otoscopy examination, and who signed an informed consent form were

enrolled in this study. Pregnant women were excluded from this study.

2.2. Data Collection

Sociodemographic (age, sex, education, and marital status) and clinical (hypoa-
cusis, tinnitus, dizziness, hypertension, diabetes, tobacco and alcohol use, HIV
status, and MDR-TB therapeutic regimen) data were obtained through inter-
views and a review of the patient files. Anthropometric variables (height, weight,
body mass index [BMI]) and the blood pressure were measured during the
physical examination. Laboratory variables (serum creatinine, serum albumin,
glucose, and hemoglobin) were obtained from the patient registers.

The hypertension was defined as a systolic blood pressure > 140 mmHg or a
diastolic blood pressure > 90 mmHg or the use of antihypertensive drugs [9].
Diabetes mellitus was defined as a fasting serum glucose > 126 mg/dL or the use
of antidiabetic medication [10]. Underweight was defined as BMI < 18.5 kg/m’
[11]. An excessive alcohol use was defined as more than two standards drink for
men and one for women [12]. Smoking was retained for anyone who smoked at
least one cigarette/day for > 5 years or weaned for < 5 years [13]. Anemia was
defined as the hemoglobin (Hb) level < 12.0 g/dL in women and < 13.0 g/dL in
men [14]. Hypoalbuminemia was defined as a serum albumin level < 35 g/L [15].
The estimated glomerular filtration rate (eGFR) was calculated using the Mod-
ification of Diet in Renal Disease (MDRD) formula. Chronic kidney disease
(CKD) was defined as an eGFR < 60 mL/min/1.73m? [16].

The Liminal-tone audiometry was used to determine the degree of the hearing
loss. This was performed using a shoebox brand audiometer. It is an audiometry
software incorporated in an iPad, which does not require a soundproof cabin.
The examiner sends sounds of different frequencies (from 250 Hz to 8000 Hz)
and intensities (from fies —5 dB to 90 dB). At the end of the examination, the

automatic tracing and the average values indicating the degree of the hearing
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appears on the electronic tablet. The follow up considered audiometric data col-
lected at 1 (M1), 3 (M3), 6 months, and more (=M6). Deafness was defined as
hearing loss > 21 dB (1). The degree of the hearing loss was classified according
to the Pujol and Dubreuil scale [17]: mild (21 - 40 dB), moderate (41 - 60 dB),
severe (61 - 80 dB), or profound (=81 dB).

2.3. Statistical Analysis

The data were encoded using Microsoft Excel 2013, constituted in the database
after verification of its consistency, and exported and analyzed using Stata 17
and MedCalc. Descriptive statistical data are presented in tables and figures with
the percentages for the qualitative variables. Quantitative variables are expressed
as mean + standard deviation (SD) when the distribution was normal. Pearson’s
Chi-square or Fisher’s exact tests, as appropriate, were used to compare propor-
tions. The fixed-effect linear regression panel model was used to assess the de-
gree of the hearing loss over time according to the following covariates: thera-
peutic regimen (AGs, BDQ, or alternate), stage of CKD, age, BMI, serum albu-
min level, HIV status, alcohol intake, hypertension, and hemoglobin level. The
Hausman test was used to select between fixed- and random-effect estimators.

The threshold for statistical significance was set at p < 0.05.

2.4. Ethics Approval

The study protocol was approved by the Ethics Committee of the Kinshasa
School of Public Health. All rules of confidentiality complied with the principles
of the Declaration of Helsinki. All participants included in the study or their

guardians (for participants aged < 18 years) provided written informed consent.

3. Results
3.1. General Characteristics of the Study Participants

This study enrolled 397 patients with MDR-TB (Figure 1). Among these, 60 were
excluded because they were absent during the interviews and/or the audiometry
testing. Thus, 337 participants were selected and 674 ears were examined, of
which 592 were retained for the final analyzes. Eighty-two ears (12.2%) were ex-
cluded due to a pathological eardrum.

As shown in Table 1, the mean patient age was 35.1 + 14.2 years. More than
six of the ten participants were male (63.2%), and the same proportion were sin-
gle (62.6%). Almost half of the patients were aged between 20 and 34 years
(44.2%). Less than half had completed a bachelor’s degree (42.1%).

3.2. Clinical and Paraclinical Characteristics of Participants

Table 2 indicates that three of the ten patients (32.6%) complained of tinnitus.
Just over a quarter of the participants used tobacco products (27.3%), 38.6%
consumed alcohol, and 8% had TB-HIV coinfection. More than six of the ten
patients were underweight. Most patients were anemic (84.8%), and almost half
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397 TB-MR Enrolled

337 TB-MR selected

674 ears examined

60 patients absent at
interview/Audiometry

592 ears retained for Liminal
pure tone audiometry

Figure 1. Flow chart of patients with MDR-TB.

82 excluded ears
Pathological eardrums

Table 1. Sociodemographic characteristics of the study participants.

n %
Age (mean * SD) 35.1+14.2
Age group
<20 years 39 11.6
20 - 34 years 149 44.2
35 - 49 years 102 30.3
=50 years 47 13.9
Sex
Male 213 63.2
Female 124 36.8
Marital status
Single 211 62.6
Married 98 29.1
Widowed/Divorced 28 8.3
Education
None/Primary 19 5.6
Unfinished high school 176 52.2
Bachelor degree/University 142 42.1
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Table 2. Clinical and paraclinical data.

n %
Symptoms
Tinnitus 110 32.6
Hypoacusis 81 24
Dizziness 44 13.1
Medical history
Alcohol intake 130 38.6
smoking 92 27.3
HIV/AIDS 27 8
Hypertension 7 2
Underweight 219 65
Paraclinic
Anemia 286 84.8
Hypoalbuminemia 160 47.4
Chronic kidney disease 79 234

(47.4%) had hypoalbuminemia.

Regarding the therapeutic regimen, 236 patients (70%) received only an
AG-based regimen, 61 (18%) received only BDQ, and 40 (12%) received AG fol-
lowed by BDQ (Figure 2).

m Received aminoglycosides
only

H Received bedaquiline only

236, 70%

 Received aminoglycosides
followed by bedaquiline

Figure 2. Distribution of patients based on the therapeutic regimen.

3.3. Audiometric Data

Figure 3 shows the evolution of the hearing loss frequency and the severity in
liminal audiometry performed at 1 and > 6 months. This frequency increased
from 62% to 96.3% within six months for all therapeutic regimens, and mod-

erate (72.4%) and profound (16%) deafness were the most prevalent.
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Figure 3. Frequency and degree of the hearing loss.

There was a significant difference of the degree of the hearing loss between the
three groups (p < 0.001). In fact, the worsening of the hearing loss was more
marked in the patients on the AG-based regimen than in the other two groups.
The patients on the BDQ-based regimen had less hearing impairment than the
other groups (Figure 4).

Received Aminoglycosides only

o 4 Received Aminoglycosides then Bedaquiline

Received Bedaquiline only

Degree of hearing loss
0

o |
™
p <0.001
o |
N T T T
First month Third month Sixth month

Follow-up time (in month)

Figure 4. Hearing loss by the therapeutic regimen.

3.4. Determinants of the Hearing Loss

Table 3 shows the results of a multivariate analysis used to determine the risk
factors of the onset and the worsening of the hearing loss in the patients with
MDR-TB.
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Table 3. Determinants of hearing loss in patients with MDR-TB.

P Coefficient Standard error ~ p-value

Duration of treatment

First month ref
Third month 11.706 0.793 <0.001
Sixth month 27.695 0.794 <0.001

Therapeutic regimen

Only aminoglycosides ref

Only bedaquiline -2.169 2.689 0.420

Received aminoglycosides followed

by bedaquiline —6.843 2.550 0.007
Age

<40 years ref

240 years 6.102 1.779 <0.001
Sex

Female ref

Male -0.507 1.855 0.785
Body mass index

>18.5 ref

<18.5 1.989 1.631 0.223
Alcohol intake

No ref

Yes 2.469 1.879 0.189
Hypertension

No ref

Yes -1.866 4.412 0.672
Hemoglobin

Normal

Anemia —-1.008 2.214 0.649
Albumin

Normal

Hypoalbuminemia 5.610 1.682 0.001
HIV status

Negative ref

Positive —1.435 2.618 0.583
CKD

Stage I ref

Stage II -1.993 1.891 0.292

Stage IIT and over 6.730 2.710 0.013
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A multivariate logistic regression analysis revealed that the exposure to the
treatment for more than one month, AG-based regimen, age > 40 years, hy-
poalbuminemia, and an eGFR < 60 ml/min/1.72m’ were identified as the main
determinants of the hearing loss among the patients with MDR-TB. After ad-
justment, the duration of exposure, the age, the therapeutic regimen, the serum
albumin level as well as the renal function were identified as determinants of the
worsening of the hearing loss. Indeed, patients who were at stage 3 or beyond in
the staging of CKD (according to MDRD) had a seven-fold worsening of the
hearing loss (S coeff: 6.730, Se: 2.710, p = 0.013) compared with those were at
stage I. The Hearing impairment worsened six-fold in the older patients (=40
years) (B coeff: 6.102, Se: 1.779, p < 0.001) and those with hypoalbuminemia (8
coeff: 5.610, Se: 1.682, p = 0.001) compared to young and those with normal se-
rum albumin level. Naturally, the hearing loss worsened with the duration of
exposure to the treatment. Examinations at three and six months showed a 12-(8
coeff: 11.706, Se: 0.793, p < 0.001) and 28-fold (p coeff: 27.695, Se: 0.794, p <
0.001) increased hearing deterioration respectively, compared with the first ex-
amination. The Patients who received AG experienced a worsening of their
hearing deficit compared to the patients who received BDQ only or AG followed
by BDQ. The degree of the hearing loss decreased by seven in the patients who
started with AG and then continued with bedaquiline (S coeff: —6.843, Se: 2.550,
p = 0.007).

4. Discussion

This study aimed to assess the determinants of the hearing loss among the pa-
tients with MDR-TB in 42 centers for the screening and the treatment of MDR-
TB in Kinshasa (DRC). Salient points in the results were the worsening of the
hearing loss during the treatment with both therapeutic regimens, much more
marked with the AG-based regimen. The exposure to the treatment for more
than one month, the AG-based regimen, age > 40 years, hypoalbuminemia, and
an eGFR < 60 mL/min/1.73m’ emerged as determinants of the hearing loss among
the patients with MDR-TB.

4.1. Clinical and Audiometric Data

This study observed a young male patient with MDR-TB (35.1 years) who com-
plained of tinnitus associated with hypoacusis and, to a lesser degree, dizziness
for all therapeutic regimens. Our findings are consistent with the previous re-
ports from Kinshasa (DRC) and Africa [6] [8] [18] [19] [20]. Other studies have
reported hypoacusis as the main symptom [2] [4]. However, it is important to
note that the interviews with the patients were carried out in the first month of
the treatment, which makes tinnitus a warning sign that is often neglected in the
hearing loss. It is consensually accepted that tinnitus is caused due to the peri-
pheral hearing loss in most cases [21]. In addition, vestibular and cochlear func-

tions are affected by the AG- and BDQ-based regimens, but more markedly by
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the AG. This hearing loss is generally insidious and gradual, and may progress
for several weeks or even a year after the treatment has been stopped. It has been
shown that the vestibular damage can be compensated, whereas cochlear lesions
are permanently disabling [6] [13] [22] [23] [24].

Our results indicated that two-thirds of the patients had malnutrition with a
history of smoking, alcoholism, and TB-HIV coinfection. Our findings are con-
sistent with previous studies that reported that tobacco, alcohol, undernutrition,
and HIV are risk factors associated with TB due to a reduced immunity [25]-[31].
HIV is also a risk factor for the sensorineural hearing loss (21% - 49% of cases)
because of its tropism for the auditory nerve [32].

Data from this study indicated that the hearing loss frequency increased within
six months for all the therapeutic regimens, with a significantly greater worsening
in the group receiving the AG-based regimen. Patients on the BDQ-based regi-
men had less hearing impairment than the other groups. This observation is in

line with the previous reports in Kinshasa [2] [3] [6].

4.2. Determinants of Hearing Loss

The exposure to the treatment for more than one month, the AG-based regimen,
age > 40 years, hypoalbuminemia, and CKD were identified as the main deter-
minants of the hearing loss among the patients with MDR-TB. These data are
consistent with those reported in the literature [4] [6] [22]. Naturally, the hear-
ing loss worsened during the treatment (AG and BDQ-based regimens), as dem-
onstrated by the deterioration of the hearing at the 6" month follow-up com-
pared to the first examination. However, ototoxic effects are more pronounced
in AG-based regimens [4] [6] [22]. The degree of the hearing loss increases with
a reduced kidney function. Patients who were at stage 3 or above in the CKD
staging system (according to the MDRD) had a high hearing loss. It is the same
for patients aged > 40 years compared to young patients, as well as for those on
an AG-based regimen compared to those who received BDQ. Several studies
have established that the sensory cells of the inner ear in the elder patients have a
low recovery capacity due to the precarious vascularization [23] [33] [34]. De-
creased GFR and hypoalbuminemia observed in our patients with MDR-TB re-
duced the urinary excretion of drugs and promoted a large unbound fraction,
which intensified the adverse effects [6] [35] [36]. It has been reported that in
case of malnutrition, hypoalbuminemia leads to fluid stasis in the interstitium of
the hair cells of the inner ear worsening AG ototoxicity because they are wa-
ter-soluble. The ototoxicity is also exacerbated by the overproduction of reactive
oxygen species via oxidative stress [37] [38] [39].

In this study, a positive HIV serology and a BMI < 18.5 kg/m’ were not asso-
ciated with the hearing loss in the patients with MDR-TB, although HIV mani-
fests tropism for the auditory nerve and the ototoxicity exacerbated by antiretro-
viral drugs [40]. Some authors have demonstrated that a BMI of < 18.5 kg/m’

before the initiation of the treatment and a positive HIV serology are strongly
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associated with the ototoxicity of AG [41]. In contrast, other studies did not find
any association between sex, age, the duration of the treatment, or the total dose
of AG and the hearing loss [42]. This disparity in the results can be explained by
different methodological approaches, and some authors suggest the existence of
a genetic predisposition through the A1555G mutation in the 12s ribosomal
RNA gene of the mitochondrial DNA, which would confer a higher risk of the
AG-induced hearing loss [43] [44] [45] [46].

This study had some limitations. The small sample size and the lack of the
dosages of serum concentrations of the AG and BDQ may have weakened the
power of our observations. The degree of the hearing loss in the patients at the

beginning of the treatment was unknown.

5. Conclusion

The sensorineural hearing loss is common and increases during the treatment of
the patients with MDR-TB. Audiometric evaluations and the follow-up planning
are essential for the management of these patients. It should focus on the older
patients, and those who are HIV-positive, undernourished, and have an im-

paired kidney function.

Acknowledgements

We are grateful to the National program and provincial coordination of the fight
against tuberculosis, DRC. We thank the patients for participating in this study.
We would also like to thank the Managers of the centers for the screening and
the treatment of MDR-TB in Kinshasa (DRC). We would like to thank Editage
(https://www.editage.com/) for English language editing. Lastly, we are grateful

to the members of the Centre d’Excellence Damien.

Contribution of the Authors

Study design: Mireille A. Mpwate, Zacharie M. Kashogwe, Pierre Z. Akilimali
and Richard N. Matanda; data collection: Mireille A. Mpwate, Gabriel M. Lema,
Eddy M. Mbambu, Christian N. Matanda, Dominique M. Mupepe, Innocent M.
Kashogwe, Michel K. Kaswa, Nicole M. Anshambi, Luc L. Lukasu, Murielle L.
Aloni, Fabrice M. Matuta and Serge K. Mpwate; data analysis and interpretation:
Mireille A. Mpwate, Pierre Z. Akilimali, Dominique M. Mupepe, Zacharie M.
Kashogwe, Richard N. Matanda, Innocent M. Kashogwe, Michel K. Kaswa, Ni-
cole M. Anshambi and Luc L. Lukasu; draft writing and manuscript revision:
Mireille A. Mpwate, Pierre Z. Akilimali, Dominique M. Mupepe and Richard N.
Matanda. All the authors have read and approved the final version of this ma-

nuscript.

Conflicts of Interest

The authors declare no conflict of interest.

DOI: 10.4236/ijohns.2023.126045

421 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.126045
https://www.editage.com/

M. A. Mpwate et al.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

World Health Organization (2019) Global Tuberculosis Report 2019. Geneva.
https://www.who.int/publications/i/item/9789241565714

Kashongwe, I., Anshambi, N, Maingowa, N, Aloni, M, Kaswa, M, Kayembe, J.M, et
al. (2020) Use of Bedaquiline as Replacement for Aminoglycosides in the Shorter
Regimen for Multidrug-Resistant Tuberculosis Patients with Hearing Loss: A Re-
port of 39 Cases in Kinshasa, Democratic Republic of the Congo. Journal of Pul-
monary & Respiratory Medicine, 10, 1-6.

Kashongwe, 1., Mbulula, L., Mawete, F., Anshambi, N., Maingowa, N., Kaswa, M., et
al. (2020) Implementing a Short Regimen for Multidrug-Resistant Tuberculosis in
Kinshasa, Democratic Republic of Congo: A Cohort Study 2014-2017. Journal of
Tuberculosis Research, 8, 111-126. https://doi.org/10.4236/jtr.2020.83010

Trébbucq, A., Schwoelbel, V. and Kashogwe, Z. (2018) Treatment Outcome with a
Short Multidrug-Resistant Tuberculosis Regimen in Nine African Countries. 7he
International Journal of Tuberculosis and Lung Disease, 22, 17-25.
https://doi.org/10.5588/ijtld.17.0498

World Health Organization (2020 WHO Consolidated Guidelines on Tuberculosis:
Module 4: Treatment: Drug-Resistant Tuberculosis Treatment.
https://iris.who.int/bitstream/handle/10665/332397/9789240007048

Mpwate, M., Mbambu, E., Matanda, C., Lema, G., Kaswa, M., Aloni, M., et al
(2023) Sensorineural Hearing Loss in Multidrug-Resistant Tuberculosis Patients in
Kinshasa (Democratic Republic of Congo): Prospective Cohort Study of Therapeu-
tic Regimen with Aminoglycoside versus Bedaquiline. Journal of Tuberculosis Re-
search, 11, 109-119. https://doi.org/10.4236/jtr.2023.113011

World Health Organization (2023) Deafness and Hearing Loss.
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss

Chadha, S., Kamenov, K. and Cieza, A. (2021) The World Report on Hearing, 2021.
Bull World Health Organ, 99, 242-242A.

Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A., Izzo, J.L.,
et al. (2003) Seventh Report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure. Hypertension, 42, 1206-1252

Alberti, K.G., Eckel, R.H., Grundy, S.M., Zimmet, P.Z., Cleeman, ].I., Donato, K.A.,
et al. (2009) Harmonizing the Metabolic Syndrome. Circulation, 120, 1640-1645.

World health Organization (2015) Obesity and Overweight.
https://www.who.int/fr/news-room/fact-sheets/detail/obesity-and-overweight

Babor, T.F, Higgins-Biddle, J.C, Saunders, J.B. and Monteiro M.G. (2001) AUDIT:
The Alcohol Use Disorders Identification Test: Guidelines for Use in Primary Care.
2nd Edidtion, 40 p. https://www.paho.org/sites/default/files/Auditmanual ENG.pdf

Orth, S.R., Stockmann, A., Conradt, C., Ritz, E., Ferro, M., Kreusser, W., et al.
(1998) Smoking as a Risk Factor for End-Stage Renal Failure in Men with Primary
Renal Disease. Kidney International, 54, 926-931.

World Health Organization. (2011) Haemoglobin Concentrations for the Diagnosis
of Anaemia and Assessment of Severity.
https://www.who.int/publications/i/itetm/WHO-NMH-NHD-MNM-11.1

Oster, H.S., Dolev, Y., Kehat, O., Weis-Meilik, A. and Mittelman, M. (2022) Serum
Hypoalbuminemia Is a Long-Term Prognostic Marker in Medical Hospitalized Pa-
tients, Irrespective of the Underlying Disease. Journal of Clinical Medicine, 11, Ar-
ticle 1207. https://doi.org/10.3390/jcm11051207

DOI: 10.4236/ijohns.2023.126045

422 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.126045
https://www.who.int/publications/i/item/9789241565714
https://doi.org/10.4236/jtr.2020.83010
https://doi.org/10.5588/ijtld.17.0498
https://iris.who.int/bitstream/handle/10665/332397/9789240007048
https://doi.org/10.4236/jtr.2023.113011
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/fr/news-room/fact-sheets/detail/obesity-and-overweight
https://www.paho.org/sites/default/files/Auditmanual_ENG.pdf
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-11.1
https://doi.org/10.3390/jcm11051207

M. A. Mpwate et al.

(16]

(17]
(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

KDIGO. (2013) Clinical Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease. Kidney International Supplements, 3, 1-160.

Pujol, R., Debreuil, C.H. (1998) Les troubles d’audition chez 'adulte. SIMEP, p. 43.

Kashongwe, 1., Mbulula, L., Mawete, F., Anshambi, N., Maingowa, N., Kaswa, M., et
al. (2020) Implementing a Short Regimen for Multidrug-Resistant Tuberculosis in
Kinshasa, Democratic Republic of Congo: A Cohort Study 2014-2017. Journal of
Tuberculosis Research, 8, 111-126. https://doi.org/10.4236/jtr.2020.83010

Hong, H., Dowdy, D.W., Dooley, K.E., Francis, H.-W., Budhathoki, C., Han, H.R,, et
al. (2020) Aminoglycoside-Induced Hearing Loss among Patients Being Treated for
Drug-Resistant Tuberculosis in South Africa: A Prediction Model. Clinical Infec-
tious Diseases, 70, 917-924. https://doi.org/10.1093/cid/ciz289

Sogebi, O.A., Adefuye, B.O., Adebola, S.0., Oladeji, S.M. and Adedeji, T.O. (2017)
Clinical Predictors of Aminoglycoside-Induced Ototoxicity in Drug-Resistant Tu-

berculosis Patients on Intensive Therapy. AurisNasus Larynx, 44, 404-410.
https://doi.org/10.1016/j.anl.2016.10.005
Henry, J.A., Roberts, L.E., Caspary, D.M., Theodoroff, S.M. and Salvi, R.J. (2014)

Underlying Mechanisms of Tinnitus: Review and Clinical Implications. Journal of
the American Academy of Audiology, 25, 5-22. https://doi.org/10.3766/jaaa.25.1.2

Fassad, M.R., Desouky, L.M., Asal, S. and Abdalla, E.M. (2014) Screening for the
Mitochondrial A1555G Mutation among Egyptian Patients with Non-Syndromic,
Sensorineural Hearing Loss. International Journal of Molecular Epidemiology and
Genetics, 5, 200-204.

Sturdy, A., Goodman, A., José, R.J., Loyse, A,. O’'Donoghue, M., Kon, O.M,, et al
(2011) Multidrug-Resistant Tuberculosis (MDR-TB) Treatment in the UK: A Study
of Injectable Use and Toxicity in Practice. Journal of Antimicrobial Chemotherapy,
66, 1815-1820. https://doi.org/10.1093/jac/dkr221

Duggal, P. and Sarkar, M. (2007) Audiologic Monitoring of Multi-Drug Resistant
Tuberculosis Patients on Aminoglycoside Treatment with Long Term Follow-Up.
BMC Ear, Nose and Throat Disorders, 7, Article No. 5.
https://doi.org/10.1186/1472-6815-7-5

Soh, A.Z., Chee, CB.E., Wang, Y.T., Yuan, ].M. and Koh, W.P. (2017) Alcohol
Drinking and Cigarette Smoking in Relation to Risk of Active Tuberculosis: Pros-
pective Cohort Study. BMJ Open Respiratory Research, 4, e000247.
https://doi.org/10.1136/bmjresp-2017-000247

Simou, E., Britton, J. and Leonardi-Bee, J. (2018) Alcohol Consumption and Risk of
Tuberculosis: A Systematic Review and Meta-Analysis. The International Journal of
Tuberculosis and Lung Disease, 22, 1277-1285. https://doi.org/10.5588/ijtld.18.0092

Cormier, M., Schwartzman, K., N’Diaye, D.S., Boone, C.E., Dos Santos, A.M., Gas-
par, J., et al. (2019) Proximate Determinants of Tuberculosis in Indigenous Peoples
Worldwide: A Systematic Review. Lancet Glob Health, 7, ¢68-¢80.
https://doi.org/10.1016/52214-109X(18)30435-2

Silva, D.R., Mufioz-Torrico, M., Duarte, R., Galvao, T., Bonini, E.H., Arbex, E.E., et
al. (2018) Risk Factors for Tuberculosis: Diabetes, Smoking, Alcohol Use, and the
Use of Other Drugs. Jornal Brasileiro de Pneumologia, 44, 145-152.
https://doi.org/10.1590/s1806-37562017000000443

Lampalo, M., Juki¢, I, Bingulac-Popovi¢, J., Stani¢, H.S., Barisi¢, B. and Popovi¢-Grle,
S. (2019) The Role of Cigarette Smoking and Alcohol Consumption in Pulmonary
Tuberculosis Development and Recurrence. Acta Clinica Croatica, 58, 590-594.
https://doi.org/10.20471/acc.2019.58.04.04

DOI: 10.4236/ijohns.2023.126045

423 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.126045
https://doi.org/10.4236/jtr.2020.83010
https://doi.org/10.1093/cid/ciz289
https://doi.org/10.1016/j.anl.2016.10.005
https://doi.org/10.3766/jaaa.25.1.2
https://doi.org/10.1093/jac/dkr221
https://doi.org/10.1186/1472-6815-7-5
https://doi.org/10.1136/bmjresp-2017-000247
https://doi.org/10.5588/ijtld.18.0092
https://doi.org/10.1016/S2214-109X(18)30435-2
https://doi.org/10.1590/s1806-37562017000000443
https://doi.org/10.20471/acc.2019.58.04.04

M. A. Mpwate et al.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

[43]

(44]

Wessels, J., Walsh, C.M. and Nel, M. (2019) Smoking Habits and Alcohol Use of
Patients with Tuberculosis at Standerton Tuberculosis Specialised Hospital, Mpu-
malanga, South Africa. Health SA Gesondheid, 24, al146.
https://doi.org/10.4102/hsag.v24i0.1146

Patra, J., Jha, P., Rehm, J. and Suraweera, W. (2014) Tobacco Smoking, Alcohol
Drinking, Diabetes, Low Body Mass Index and the Risk of Self-Reported Symptoms
of Active Tuberculosis: Individual Participant Data (IPD) Meta-Analyses of 72,684
Individuals in 14 High Tuberculosis Burden Countries. PLOS ONE, 9, €96433.
https://doi.org/10.1371/journal.pone.0096433

Torre, P., Hoffman, H.J., Springer, G., Cox, C., Young, M.A., Margolick, ].B., et al
(2015) Hearing Loss among HIV-Seropositive and HIV-Seronegative Men and Wom-
en. JAMA Otolaryngology- Head & Neck Surgery, 141, 202-210.
https://doi.org/10.1001/jamaoto.2014.3302

Al-Malky, G., Dawson, S.J., Sirimanna, T., Bagkeris, E. and Suri, R. (2015) High-
Frequency Audiometry Reveals High Prevalence of Aminoglycoside Ototoxicity in
Children with Cystic Fibrosis. Journal of Cystic Fibrosis, 14, 248-254.
https://doi.org/10.1016/j.jcf.2014.07.009

Ahmed, R.M., Hannigan, I.P., MacDougall, H.G., Chan, R.C. and Halmagyi, G.M.
(2012) Gentamicin Ototoxicity: A 23-Year Selected Case Series of 103 Patients. 7he
Medical Journal of Australia, 196, 701-704. https://doi.org/10.5694/mjal1.10850

Gonzalez, L.S. and Spencer, J.P. (1998) Aminoglycosides: A Practical Review. Amer-
Iican Family Physician, 58, 1811-1820.

Pai, M.P., Nafziger, A.N. and Bertino, J.S. (2011) Simplified Estimation of Aminog-
lycoside Pharmacokinetics in Underweight and Obese Adult Patients. Antimicrobial
Agents and Chemotherapy, 55, 4006-4011. https://doi.org/10.1128/AAC.00174-11

Emmett, S.D., Schmitz, J., Karna, S.L., Khatry, S.K., Wu, L., LeClerg, S.C., et al
(2018) Early Childhood Undernutrition Increases Risk of Hearing Loss in Young
Adulthood in Rural Nepal. The American Journal of Clinical Nutrition, 107, 268-277.
https://doi.org/10.1093/ajcn/ngx022

Guthrie, O.W. (2008) Aminoglycoside Induced Ototoxicity. Toxicology, 249, 91-96.
https://doi.org/10.1016/j.t0x.2008.04.015

Lesniak, W., Pecoraro, V.L. and Schacht, J. (2005) Ternary Complexes of Gentami-
cin with Iron and Lipid Catalyze Formation of Reactive Oxygen Species. Chemical
Research in Toxicology, 18, 357-364. https://doi.org/10.1021/tx0496946

Minhas, R.S., Iyengar, D.A., Thakur, J.S. and Azad, R.K. (2018) Effect of HIV and
Antiretroviral Treatment on Auditory Functions. International Archives of Otor-
hinolaryngology, 22, 378-381. https://doi.org/10.1055/s-0038-1639594

Harris, T., Bardien, S., Schaaf, H.S., Petersen, L., De Jong, G. and Fagan, J.J. (2012)
Aminoglycoside-Induced Hearing Loss in HIV-Positive and HIV-Negative Multi-
drug-Resistant Tuberculosis Patients. South African Medical Journal, 102, 363-366.
https://doi.org/10.7196/SAM].4964

de Jager, P. and van Altena, R. (2002) Hearing Loss and Nephrotoxicity in Long-
Term Aminoglycoside Treatment in Patients with Tuberculosis. The International
Journal of Tuberculosis and Lung Disease, 6, 622-627.

Prezant, T.R., Agapian, J.V., Bohlman, M.C., Bu, X., Oztas, S., Qiu, W.Q., et al
(1993) Mitochondrial Ribosomal RNA Mutation Associated with Both Antibiot-
ic-Induced and Non-Syndromic Deafness. Nature Genetics, 4, 289-294.
https://doi.org/10.1038/ng0793-289

Estivill, X., Govea, N., Barcel9, E., Badenas, C., Romero, E., Moral, L., et al (1998)

DOI: 10.4236/ijohns.2023.126045

424 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.126045
https://doi.org/10.4102/hsag.v24i0.1146
https://doi.org/10.1371/journal.pone.0096433
https://doi.org/10.1001/jamaoto.2014.3302
https://doi.org/10.1016/j.jcf.2014.07.009
https://doi.org/10.5694/mja11.10850
https://doi.org/10.1128/AAC.00174-11
https://doi.org/10.1093/ajcn/nqx022
https://doi.org/10.1016/j.tox.2008.04.015
https://doi.org/10.1021/tx0496946
https://doi.org/10.1055/s-0038-1639594
https://doi.org/10.7196/SAMJ.4964
https://doi.org/10.1038/ng0793-289

M. A. Mpwate et al.

Familial Progressive Sensorineural Deafness Is Mainly Due to the mtDNA A1555G
Mutation and Is Enhanced by Treatment of Aminoglycosides. American Journal of
Human Genetics, 62, 27-35. https://doi.org/10.1086/301676

[45] Fischel-Ghodsian, N., Prezant, T.R., Bu, X. and Oztas, S. (1993) Mitochondrial Ri-
bosomal RNA Gene Mutation in a Patient with Sporadic Aminoglycoside Ototoxic-
ity. American Journal of Otolaryngology, 14, 399-403.
https://doi.org/10.1016/0196-0709(93)90113-L

[46] Hutchin, T., Haworth, I., Higashi, K., Fischel-Ghodsian, N., Stoneking, M., Saha, N.,
et al. (1993) A Molecular Basis for Human Hypersensitivity to Aminoglycoside An-
tibiotics. Nucleic Acids Research, 21, 4174-4179.
https://doi.org/10.1093/nar/21.18.4174

DOI: 10.4236/ijohns.2023.126045 425 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.126045
https://doi.org/10.1086/301676
https://doi.org/10.1016/0196-0709(93)90113-L
https://doi.org/10.1093/nar/21.18.4174

	Determinants of the Sensorineural Hearing Loss in Patients with Multidrug-Resistant Tuberculosis in Kinshasa (Democratic Republic of the Congo): A Prospective Cohort Study
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Study Design and Participant Sampling
	2.2. Data Collection
	2.3. Statistical Analysis
	2.4. Ethics Approval

	3. Results
	3.1. General Characteristics of the Study Participants 
	3.2. Clinical and Paraclinical Characteristics of Participants
	3.3. Audiometric Data
	3.4. Determinants of the Hearing Loss

	4. Discussion
	4.1. Clinical and Audiometric Data
	4.2. Determinants of Hearing Loss

	5. Conclusion
	Acknowledgements
	Contribution of the Authors 
	Conflicts of Interest
	References

