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Management of multi drug resistant tuberculosis (MDR-TB) patients remains a challenge in the control 
of tuberculosis worldwide. MDR-TB patients require long term treatment with drugs that cause various 
adverse effects especially ototoxicity associated with aminoglycoside. Current treatment guidelines still 
include aminoglycosides use especially in developing countries. However, there is dearth of 
information regarding ototoxic effects of MDR-TB treatment in Nigeria. This study explored the 
prevalence of ototoxicity and associated factors among MDR-TB patients during the intensive phase of 
treatment. A retrospective review of records of 383 MDR-TB patients admitted at two specialist 
treatment centers in South West Nigeria from 2012-2017 was conducted. Using a structured proforma, 
socio demographic characteristics and clinical history were extracted. Ototoxicity was assessed as any 
abnormality reported from a pure tone audiometry. Discrete data were summarized with frequencies, 
proportions while bivariate analysis was done using chi square test to identify associated factors. 
Multivariate analysis was performed to identify independent predictors of ototoxic effects. All statistical 
significance was set at 5%. Out of the 383 records extracted, only 143(37.3%) had audiometry 
performed. Of these 143 MDR-TB patients, mean age was 36.2 ± 11.3 years and prevalence of any 
ototoxic effect was 72.7 %. This was higher in older age groups, females and those underweight. 
(p>0.05) Patients who did not sputum convert at the end of treatment and HIV co infected had higher 
proportions with ototoxic effects (p < 0.05). However, on multivariate analysis only age remained a 
significant independent predictor of ototoxic effect (AOR: 8.7; 95% CI: 1.4-52.2). Adverse effects are 
main deterrents to compliance and completion of long term treatment regimen. High rates of ototoxic 
effects as seen in this study could affect successful management of MDR-TB patients. Auditory 
monitoring and rehabilitation should be recommended for MDR-TB patients even after completion of 
the intensive phase of treatment. 
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INTRODUCTION  
 
Multidrug-resistant   tuberculosis   (MDR-TB)   caused  by  Mycobacterium  tuberculosis  strains  resistant  to at least 
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isoniazid and rifampicin – has emerged as a growing 
public health concern that jeopardizes the progress made 
in tuberculosis care and control worldwide due to 
complexities in diagnosis,  high treatment failure and cost 
of treatment (WHO, 2016). Management of multi drug 
resistant tuberculosis (MDR-TB) patients remains a 
challenge in the control of tuberculosis  worldwide. MDR-
TB patients require long term treatment with drugs that 
cause various adverse effects especially ototoxicity 
associated with aminoglycoside.   

Fluoro-quinolones and aminoglycosides constitute the 
core of all recommended MDR-TB regimens. Current 
treatment guidelines still include aminoglycosides use 
especially in developing countries as aminoglycosides 
are very cheap and accessible injectable anti tuberculous 
drugs (WHO, 2016). Aminoglycosides are very effective 
anti -bacterial agents especially for mycobacterium 
species. The common aminoglycosides used in the 
management of multi drug resistant tuberculosis are 
Amikacin, Kanamycin and Capreomycin. Amikacin is a 
known semi-synthetic aminoglycoside that shows 
excellent activity against Mycobacterium tuberculosis and 
atypical mycobacteria and has been used in the 
treatment of disseminated atypical Mycobacterium 
infection in HIV/AIDS patients (Black et al., 1976; Fausti 
et al., 1992). Kanamycin is also very effective but more 
toxic to the ear but useful in patients with resistant to 
more commonly used drugs while capreomycin despite 
its proven value in the treatment of drug resistant or 
treatment failure tuberculosis, it is equally toxic as most 
aminoglycosides. However, these injectable agents have 
significant side effects in the form of progressive 
irreversible ototoxicity and usually reversible 
nephrotoxicity (Vakulenko and Mobashery, 2003). 
Ototoxicity is defined as: ‘the tendency of certain 
therapeutic agents and other chemical substances to 
cause functional impairment and cellular degeneration of 
the tissues of the inner ear, and especially of the end-
organs and neurons of the cochlear and vestibular 
divisions of the eight cranial nerve (Hawkins, 1976). 

Aminoglycoside ototoxicity is the pharmacological 
adverse reaction affecting the inner ear or auditory nerve, 
characterized by cochlear or vestibular dysfunction and is 
recognized by a distinctive pattern of hearing loss starting 
in the high frequency range (4000–8000 Hz) with lower 
frequencies being affected only  later (Duggal and 
Sarkar, 2007; Ganesan et al., 2018). 

Various studies have reported different levels of 
ototoxicity of these agents across high burden TB 
countries. A study in India, reported prevalence of 18% 
among     hospitalized   multidrug   resistant   tuberculosis  
 

 
 
 
 
patients with low socio economic status and co 
morbidities like diabetes and hypertension being 
associated with hearing loss(Sharma et al., 2016). Similar 
findings were also seen in another study in Netherlands 
where hearing loss was found in 18% of patients, with 
patients on kanamycin based regimen having the higher 
proportion with ototoxicity (de Jager  and van Altena, 
2002) . 

However, higher proportions have been reported from 
African studies. A study carried out in Botswana revealed 
a relatively high prevalence of hearing loss of 62 % 
though majority had good treatment outcome. "Findings 
from this study also showed that longer amikacin duration 
and higher dosage per weight per month were associated 
with development of hearing loss (Modongo et al., 2014). 
Ototoxicity was also documented as 57% in a study in 
Cape Town and this was found to be significantly higher 
in HIV positive patients as compared to HIV negative 
patients. 

One of the few studies conducted among multi drug 
resistant tuberculosis patients admitted for intensive 
phase management in a treatment center in Nigeria 
revealed that 22.9% were confirmed to have ototoxicity 
by audiometric criteria. Others even reported higher 
prevalence of ototoxicity of 50% in South East Nigeria 
(Ibekwe and Nwosu, 2016). Ototoxicity has been found to 
be associated with age, BMI on admission and retroviral 
positivity (Sogebi et al., 2017). Another study carried out 
to explore the pattern of adverse events experienced by 
patients admitted across 9 multi drug resistant centers in 
Nigeria showed that ototoxicity was the third leading 
adverse effects following gastrointestinal and 
neurological disorders experienced by these patients. 
However, Ototoxicity was found to be the most severe 
and debilitating among these patients (Avong et al., 
2015).  

However, there is still dearth of information regarding 
ototoxic effects of MDR-TB treatment in specific locations 
in Nigeria. This study investigated the prevalence of 
ototoxicity and associated factors among hospitalized 
MDR-TB patients during the intensive phase of treatment 
in South Western Nigeria. 
 
 
MATERIALS AND METHODS 
 

This study was conducted in Oyo State. Oyo State has two out of 
Nigeria. A retrospective review of records of multi-drug resistant 
Oyo State has two out of th five active multi-drug resistant treatment 
centers in South Western Nigeria tuberculosis patients admitted at 
the two specialist treatment centers in Oyo State between 2012 – 
2017 was carried out. A semi-structured abstraction form was 
developed  to  extract  information  from  the    patient   clinical   and 
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Table 1. Prevalence and Pattern of Ototoxic Effect of drugs among multi drug resistant 
tuberculosis at the end of intensive phase of treatment at specialist treatment centers in 
Oyo State, South Western Nigeria. 
 

Characteristics Frequency Percentage 

Ototoxicity   
Yes 104 72.7 
No  39 27.3 
Total 143 100.0 
   

Severity of Ototoxicity*   
Mild 64 61.6 
Moderate 27 26.0 
Severe 13 12.4 
   

Laterality of Ototoxicity*   
Unilateral 30 29.8 
Bilateral 74 70.2 
   

Aminoglycoside Used*   
Amikacin 5 4.8 
Kanamycin  60 57.7 
Not documented 39 37.5 

 

*n=104. 
 
 
 
laboratory records. The form contained 3 sections which include 
socio demographic characteristics, past history of tuberculosis 
including drug regimen and clinical/laboratory characteristics. Two 
trained research assistants abstracted information from these 
records over a period of 8 weeks. Primary outcome variable in this 
study was ototoxicity. Due to the nature of this study, ototoxicity 
was assessed as any abnormality reported from a pure tone 
audiometry (PTA) based on the American Speech-Language-
Hearing Association (ASHA). Those that had any form of 
abnormality were regarded has having ototoxicity. In addition, 
based on the pattern of result on the PTA, patients were further 
classified in mild, moderate and severe hearing loss. In addition, 
treatment outcome was documented in this study and was 
classified as favourable (patients that were discharged to Directly 
Observed Treatment (DOTs) centers) and unfavourable (patients 
who died or discharged against medical advice. A total of 383 
records were retrieved from the two specialist centers in Oyo State. 
However, not all patients had pure tone audiometry performed on 
them and these were excluded from analysis.  

Data were entered using Microsoft Excel and analyzed using 
STATA v 14.1. Descriptive Statistics such as frequencies, 
proportions and relevant summary indices were obtained for socio- 
demographic variables, previous TB history while bivariate analysis 
was done using chi-square test to identify factors associated with 
ototoxic effect or not among MDR-TB/HIV co infected or non co 
infected patients. Independent predictors of ototoxicity were 
identified by fitting a binary logistic regression model. All statistical 
significance was set at 5%. Ethical approval for this study was 
obtained from the Oyo State Ministry of Health and verbal approval 
from the Medical Director of the specialist center. 
 
 

RESULTS 
 
One    hundred    and   forty-three    multi-drug    resistant  

tuberculosis with a mean age of 36.2 ± 11.2 years were 
included in this study. Majority of the patients were aged 
between 25-44 years (66.3%) and males (62.2%). 
However, a slightly higher proportion were underweight 
(51%) and 14.7% were co- infected with HIV. About 
ninety percent had ever been previously treated for 
tuberculosis with majority of them failing first line 6 
months’ regimen. Sputum AFB was also found to be 
positive in 73.9% of the patients. Following interpretation 
of the pure tone audiometry results, prevalence of 
ototoxicity was found to be 72.7% in these groups of 
patients. However, majority of the patients affected had 
mild sensorineural hearing loss (61.1%) and had both 
ears affected (72.2%) (Table 1). 

Table 2 shows that the prevalence of ototoxicity 
increased with age as patients aged 45years and above 
had the highest proportion (86.7%). Females also had a 
higher proportion of patients with ototoxic effects (81.5%) 
as compared to males (67.4%) and patients in the 
extremes of weight had higher proportions with ototoxic 
effects (underweight (78.0%) and overweight (75.0%); 
however all these were not statistically significant (p >    
0.05). HIV positive patients had a significantly higher 
proportion of patients with ototoxic effect (95.2 %) as 
compared to 68.9 % among those who were HIV 
negative (Figure 1). In addition, about 90% of the patients 
who did not sputum convert at the end of the intensive 
phase had some form of ototoxic effect (p < 0.05). 

On multivariate analysis after controlling for possible 
confounders,  age  remained  a  significantly independent  
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Table 2. Selected characteristics associated with development of Ototoxicity among multidrug resistant tuberculosis 
patients at the end of intensive phase of treatment at specialist treatment centers in Oyo State, South Western Nigeria. 
 

Variable 
Ototoxic effect   

Yes No Total χ2 p-value 

Age      
Less than 24 11(61.1) 7(38.9) 18(12.6)   
25-34 34(70.8) 14(29.2) 48(33.5)   
35-44 33(70.2) 14(29.8) 47(32.8) 4.4 0.22 
45 years and above 26(86.7) 4(13.3) 30(20.9)   
      

Sex      
Female 44(81.5) 10(18.5) 54(37.8) 3.3 0.06 
Male 60(67.4) 29(32.6) 89(62.2)   
      

Category of MDR TB       
New 14(77.8) 4(22.2) 18(12.6)   
Fail 6 month Regimen 82(75.2) 27(24.8) 109(76.2)   
Relapse 5(45.5) 6(54.5) 11(7.7) 5.10 0.16 
Default 3(60.0) 2(40.0) 5(3.5)   
Total 104(72.7) 39(27.3) 143(100.0)   
      

AFB Baseline      
Positive 74(72.5) 28(27.5) 102(73.9)   
Negative 26(72.2) 10((27.8) 36(26.1) 0.00 0.97 
Total 100(72.5) 38(27.5) 138(100)   
      

Conversion at end of 1st phase      
Yes 69(66.3) 35(33.7) 104(77.0)   
No 28(90.3) 3(9.7) 31(23.0) 6.78 0.00 
Total  97(71.9) 38(28.1) 135(100)   
      

Body Mass Index      
Underweight 46(78.0) 13(22.0) 59(50.9)   
Normal 34(64.2) 19(35.8) 53(45.7) 2.64 0.26 
Overweight 3(75.0) 1(25.0) 4(3.4)   
Total  83(71.6) 33(28.4) 116(100.0)   
      

HIV      
Positive 20(95.2) 1(4.8) 21(14.7)   
Negative 84(68.9) 38(31.1) 122(85.3) 6.28 0.01 

 
 
 
predictor of ototoxicity among multi drug resistant 
patients as those aged 45 years and above were 8.7 
times more likely to develop ototoxicity (OR: 8.7; 95% CI 
2.5-29.6). Although the model also shows patients who 
did not sputum convert at the end of the intensive phase 
were 4.1% more likely to develop ototoxicity it was 
marginally insignificant (OR: 4.1; 0.8-20.8) (Table 3). In 
terms of treatment outcome, the presence of ototoxicity 
did not have any statistically significant effect on the 
treatment   outcome;   however    patients    with    severe 

sensorineural hearing loss had a higher proportion with 
unfavourable treatment outcomes (42.9%) as compared 
with those with mild hearing loss (19.7%) as shown in 
(Table 4).  
 
 
DISCUSSSION 
 
Adverse effects continually remain a challenge to long 
term use of  second  line anti tuberculosis drugs. Findings  
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Figure 1. Proportion of multidrug resistant tuberculosis patients experiencing ototoxicity by HIV status. 

 
 
 

Table 3. Independent predictors of Ototoxic Effect among multi drug resistant tuberculosis at the end of intensive phase of treatment at 
specialist treatment centers in Oyo State, South Western Nigeria.  
 

Predictor 
Unadjusted odds 

ratio 
95% CI P-value 

Adjusted odds 
ratio 

 
95% CI 

P-value 

Age       
15-24 1   1   
25-34 1.75 0.5-5.5 0.33 3.08 0.99-9.5 0.05 
35-44 1.65 0.5-5.2 0.39 3.00 0.96-9.4 0.06 
>45 4.55 1.09-18.9 0.03 8.7 2.5-29.6 <0.001 
       
Sex        
Female 1      
Male 2.12 0.9-4.81 0.07    
       
AFB at baseline       
Positive 1   1   
Negative 0.98 0.4-2.3 0.97 0.85 0.42-2.00 0.84 
       
Ever been treated for tuberculosis 
Yes 1   1   
No 0.73 0.2-2.3 0.60 0.96 0.40-2.32 0.93 
       
HIV status       
Reactive 1   1   
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Table 3. Cont’d 
 

Non-Reactive 0.11 0.01-0.8 0.03 0.69 0.22-1.74 0.44 
       
BMI       
Underweight 1   1   
Normal 0.50 0.22-1.1 0.10 0.57 0.29-1.13 0.11 
Overweight 0.84 0.08-8.8 0.89 1.27 0.20-7.75 0.79 
       
Sputum conversion at the end of treatment 
Yes 1   1   
No 4.73 1.3-16.6 0.01 4.1 0.82-20.8 0.08 

 
 
 

Table 4. Effect of Ototoxicity on treatment outcome of multi drug resistant tuberculosis patients at the end of 
intensive phase of treatment at specialist treatment centers in Oyo State, South Western Nigeria. 
 

Variable 
Treatment Outcome 

Favourable Unfavourable Total χ2 p-value 

Ototoxic Effect(n=143)      
Yes 79(76.0) 25(24.0) 104(72.7)   
No  27(69.2) 12(30.8) 39(27.3) 0.67 0.41 
      
Severity of Ototoxic Effect(n=104)      
Mild 50(79.4) 13(20.6) 63(61.2)   
Moderate 20(74.1) 7(25.9) 27(26.2) 1.91 0.38 
Severe 8(61.5) 5(38.5) 13(12.6)   
      
Laterality of Ototoxicity(n=104)      
Unilateral 19(63.3) 11(36.7) 30(29.1)   
Bilateral 59(80.8) 14(19.2) 74(70.9) 3.53 0.06 

 
 
 
from this study show majority of the patients admitted into 
these specialist sites had some level of ototoxicity. The 
high prevalence of 72.7% was however similar to findings 
from studies done among these group of patients in 
countries like Botswana and South Africa (Modongo et 
al., 2014). Though, these values were much higher 
compared to studies conducted in Europe and Asia 
(Torun et al., 2005; Sturdy et al., 2011; Yang et al., 
2017). So also, this study reported a much higher 
prevalence of ototoxicity compared to a study conducted 
in Nigeria by Sogebi et al. This disparity could be due to 
the method of assessing ototoxicity and the relatively 
smaller study population. 

This study also revealed that there was an association 
between HIV and development of ototoxic effects which 
is in consonance with most studies that have explored 
the ototoxic effect of aminoglycosides in multi- drug 
resistant tuberculosis patients (Harris et al., 2012; 
Schnippel et al., 2016). A systematic review of  studies  in 

sub Saharan Africa also shows an increased relative risk 
among HIV co infected patients (Hong et al., 2018). 
Nevertheless, following further analysis this association 
disappeared emphasizing Modongo et al. (2014) 
argument that HIV on its own cannot predict ototoxicity 
suggesting that there are other underlying factors 
including anti-retroviral drugs in itself which could account 
for the effect on hearing. Furthermore, prior studies that 
reported lower prevalence of ototoxicity were conducted 
in settings with low prevalence of HIV buttressing the 
effect of anti-retroviral drugs being a predictor of 
worsening adverse events.  

Moreover, increasing age was found to be 
independently associated with ototoxicity in this group of 
people which is in line with findings from most studies 
(Modongo et al., 2014; Sogebi et al., 2017). This is 
probably consistent because vestibular functions decline 
with increasing age. Further findings from this study 
suggest  that   sputum   conversion   at   the   end   of  the  



 

 

 
 
 
 
intensive phase could be used as a proxy of detecting 
some adverse effects of drugs. Though not significant 
after adjusting other variables, patients who did not 
sputum convert had a higher proportion with ototoxicity. 
Most studies have reported on sputum conversion as a 
predictor of treatment outcome and not on associations 
with adverse events (Kurbatova et al., 2015). This could 
be explored further and help in the addressing reversible 
adverse effects of multidrug resistant therapy before they 
become permanent. 

Considering the treatment outcome of these patients, 
successful treatment outcome was reported in this study 
despite the high prevalence of ototoxic effects. These 
findings are also similar to previous studies. This shows 
that multidrug resistant tuberculosis programs might be 
recording high success rates and set targets might have 
been met in some countries; a lot of debilitating effects 
which linger on in life are being caused by these 
treatments. Patients who survive multi drug resistant 
tuberculosis might in future not be able to compete with 
their peers and thus leading to productive years lost. 
Researchers need to shift focus on not just achieving 
good treatment outcomes but measuring the long-term 
disease burden following treatment of tuberculosis.  
 
 
Conclusion 
 
High prevalence of ototoxicity exists among multi drug 
resistant tuberculosis patients following intensive phase 
of treatment. Increasing age is a major factor for the 
development of ototoxicity among these groups of 
people. Caution needs to be taken in managing and 
monitoring of older patients on multi drug resistant 
tuberculosis. 
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