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Background: Since its launch as a standardized treatment for multidrug-resistant tuberculosis (MDR-TB) in Ethiopia in April 2018, 
the safety profile of the shorter injectable regimen under a programmatic setting has not been well studied. Thus, this study aimed to 
assess the status of adverse events in patients treated with a shorter injectable regimen in Ethiopia.
Methods: This is a retrospective cohort study. Data were collected using a structured data abstraction form and analyzed using SPSS, 
version 25, both descriptively and analytically. Logistic regression was conducted to assess predictors, and Kaplan–Meier analysis was 
used to examine the time to AEs and survival experiences.
Results: Of 256 patients, 245 (95.7%) were eligible for the study. Of 245, 107 (43.7%) patients experienced at least one AE. In total, 
276 AE cases were observed out of which the most common were nausea/vomiting (20.3%), dyspepsia (18.1%), and ototoxicity 
(11.6%). Of 276 AEs, approximately 49 (17.8%) were serious. AEs led to drug discontinuation, dose modification, and regimen 
change in 29 (27%), 15 (14%) and 10 (9.3%) patients, respectively. Only 19.2% of 276 the overall AEs and 22.6% of 62 AE of special 
interest (AESI) were reported to the National Pharmacovigilance Center.
Conclusion: Although the observed extent of AEs associated with the shorter regimen (SR) seemed to be moderate, it significantly 
influenced the treatment schemes and patient conditions. Reporting of AEs was low, irrespective of their severity and AESI. Therefore, 
strengthening the implementation of active drug safety monitoring and management is required.
Keywords: adverse events, adverse event of special interest, drug resistant tuberculosis, injectable, serious adverse event and shorter 
regimen

Introduction
Treatment of drug-resistant tuberculosis (DR-TB) is more difficult than that of drug-susceptible TB. Among the challenges in DR- 
TB therapy, regimen-related safety issues are a major concern.1 The management of DR-TB requires a longer duration and 
concurrent use of multiple second- and first-line drugs.2 As a result, DR-TB regimens are known to cause excessive adverse events 
(AEs).3,4 Worldwide meta-analysis revealed that 57.3% of multi-drug resistant TB (MDR-TB) patients experienced at least one 
kind of AE,5 and the figure was higher in HIV prevalence settings (83%).6 The AEs in the MDR-TB regimen were reported to be 
associated with discontinuation and loss to follow-up (LTFU), which further markedly reduces the treatment success rate.7

The most commonly reported MDR-TB regimens associated AEs were vomiting, ototoxicity, hyperglycemia, 
hepatotoxicity, arthralgia, gastritis, skin rash, neuropathy, optic neuritis and nephrotoxicity.8 Being HIV positive,6,9,10 

old age,10,11 previous TB treatment,12 diabetes mellitus10 and anemia13 were identified as significant predictors of AEs.
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The use of an injectable shorter regimen (SR) was recommended by the WHO in 2016 with some evidence from 
observational studies.2 Despite some studies having reported the effectiveness of SR in treating MDR-TB,2,14 there is 
uncertainty regarding its safety. Although a decreased burden of AEs was anticipated with a reduced duration of SR,15 

later studies reported higher AEs with the regimen (89.2%).16 In fact, slightly higher rates of AEs were reported with SR 
compared to longer regimen (LR) in a randomized clinical trial.17 Moreover, evidence on the safety and outcomes of SR 
in young patients and HIV co-infection was inadequate. Recently, slightly more AE in children,8 more serious adverse 
events (SAEs), and deaths in HIV patients on SR than in those on LR17 were reported. Furthermore, the time to AEs and 
SAEs has not been well studied.18

Ethiopia introduced the use of a standardized injectable SR in April 2018 as standard regimen for the treatment of 
MDR-TB. However, the status of AEs associated with this regimen has not been formally studied. Thus, this study aimed 
to assess the type, magnitude, determinants, and consequences of AEs among MDR-TB patients during treatment with 
standardized injectable SR.

Methods
Study Area
The present study was conducted in Ethiopia. Ethiopia implemented a standardized injectable SR for MDR-TB treatment 
in April 2018. Out of 62 treatment initiation centers (TICs) in Ethiopia, eight potential TICs were selected based on the 
number of patients recruited. The total number of patients enrolled on SR in Ethiopia was estimated to 460 as obtained 
from unpublished Ministry of Health data. Thus, more than half, 256 (55.7%), of patients received SR were enrolled at 
the selected TICs. Therefore, the study was conducted at the Adama Hospital Medical College (Gada TIC), ALERT 
Hospital, Boru Meda Hospital, Gondar University Hospital, Hosaena Hospital, Shanen Gibe Hospital, Tulu Bollo 
Hospital, and Yirgalem Hospital.

Study Design
This was a multicenter, hospital-based, self-control retrospective cohort study. The records of all MDR-TB patients who 
had been enrolled in SR at selected sites from April 2018 to March 2020 were reviewed to evaluate AEs that occurred 
during treatment with a standardized SR of MDR-TB.

Study Participants and Selection Criteria
All the patients diagnosed with MDR-TB and treated with injectable SR (9–12 months) in selected TICs during the study 
period were included in the study population. MDR TB is defined as tuberculosis caused by organisms that are resistant 
to isoniazid and rifampicin, the two most powerful anti-TB drugs.19 The injectable SR refers to a course of treatment for 
MDR-TB lasting 9–12 months, which is largely standardized,20 and is composed of high-dose moxifloxacin/gatifloxacin, 
clofazimine, pyrazinamide and ethambutol throughout, supplemented by kanamycin, prothionamide, and high-dose 
isoniazid in the intensive phase for 4 months.21

In Ethiopia, to confirm the drug resistance status of TB, drug susceptibility testing (DST) is required. Gene expert 
(Xpert) is used for the detection of MTB and Rifampicin-resistant TB directly from the sputum, while Line Probe Assay 
(LPA) is a rapid DST technique that uses molecular technology to test resistance to other first-line TB drugs as well as 
resistance to fluoroquinolone and injectable core second-line TB drugs. In addition, clinical and laboratory safety 
monitoring parameters are conducted on a regular schedule during the follow-up period to ensure patient safety and 
know treatment progress.22

Therefore, diagnosis and monitoring of patients during the course of treatment was considered during patient 
selection. Accordingly, patients whose MDR-TB positive status was confirmed by Xpert or LPA were included. 
Clinical parameters, such as audiometry, visual acuity, ECG, liver function tests, electrolyte tests, and assessment/follow- 
up of AEs, were also used to select patients to differentiate underlying diseases from possible drug-related AEs. Patients 
with MDR-TB with complete medical records of relevant clinical information at baseline and during treatment were 
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included in the study, while those with incomplete relevant data that could significantly influence the findings, thereby 
limiting the adequacy of the results for inferential analysis, were excluded.

Sample Size and Sampling Techniques
Overall, 256 MDR-TB patients enrolled in injectable SR treatment during the study period at the study TICs. All patients 
who fulfilled the inclusion criteria for the selected health facilities were included in the study. Accordingly, 245 of the 
256 patients were selected for this study, while 11 patients who did not meet the inclusion criteria were excluded.

Study Variables
Adverse event status like magnitudes, types, impact and reporting of AEs were the dependent variables in this study. The 
independent variables included socio-demographic variables, behavioral characteristics, and clinical data at baseline and 
prior use of first- and second-line TB drugs.

As part of management, any treatment is report-able to the National Pharmacovigilance Center (NPC) by all 
healthcare givers.23 Serious adverse events (SAEs) are those leads to death or a life-threatening experience, to 
hospitalization or prolongation of hospitalization, to persistent or significant disability, or to a congenital anomaly; or 
AEs that require an intervention to prevent such an outcome from happening are included.24 Adverse Events of special 
interest (AESIs) is defined as an AE documented to have occurred during clinical trials and for which the monitoring 
program is specifically sensitized to report regardless of its seriousness, severity or causal relationship to the TB 
treatment.24 Those clinically important events need to be reported to NPC within defined timelines. Accordingly, 
SAEs are report-able within 24 hours while AESIs should be reported with 48 hours.23

All health care professionals including physicians, dentists, health officers, nurses, pharmacy professionals, and 
community health workers should report AEs to regional/national PV center.

Data Collection and Management
Data were collected from patients’ medical records using a data abstraction form, which was adopted from the national 
registration logbook and patient treatment card. The form included socio-demographic information, medical history at 
baseline and follow-up, and adverse events. Data collection was conducted by trained and experienced nurses working in 
MDR-TB units and coordinated by the MDR-TB head. The principal investigator strictly supervised the data-collection 
process to ensure the reality, completeness, and consistency of the completed forms.

Data Analysis
SPSS version 25 was used for the data entry and analysis. Descriptive statistics were computed to obtain the summary 
results. Normality was checked for continuous variables using the Shapiro–Wilk test and plotting (histogram and line 
plot) to determine the type of statistics to be used for analysis. Accordingly, age and time to AEs were not normally 
distributed. Therefore, the median and interquartile range (IQR) were used to describe the central tendency. The severity 
of AEs during treatment with a shorter MDR-TB regimen was assessed using Hartwig’s Severity Assessment Scale. 
Severity describes the extent to which AEs influence patients’ daily lives. Hartwig et al categorized ADRs into seven 
levels of severity. Levels 1 and 2 are mild; Levels 3 and 4 are moderate; and Levels 5, 6, and 7 are classified as severe.25

Logistic regression analysis was used to identify the predictors of drug-related AEs. Outcome variables were 
compared with independent variables using bivariate and multivariable analyses to assess associated factors. 
A stepwise method was used to test the fitness of the model. The unadjusted (crude) and adjusted odds ratios (OR), 
together with their corresponding 95% confidence intervals, were computed, and the significance of the association was 
considered at p ≤ 0.05. Moreover, the Kaplan–Meier survival method was used to plot time to events (AEs) and examine 
survival experiences among different categories. Survival data were analyzed using the survival probability and hazard 
ratios.
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Results
Baseline Characteristics
The median age of the patients was 27. More than half (129, 52.7%) of the patients were female. Of the total patients, 25 
(10.2%) were khat chewers, 18 (7.3%) drank alcohol, and five (2%) were smokers. Most patients had no previous TB 
history (91, 37.1%). Approximately 15.5% of the patients had underlying diseases (Table 1).

Adverse Events During Treatment with Injectable Shorter Regimen
Of the 245 patients included in the study, 107 (43.7%) experienced at least one AE during the treatment course. As per 
the site of the study, a higher proportion of patients treated at ALERT Hospital 47 (87.0%) experienced AE, while there 
was no record of AE for patients who were treated at Boru Meda Hospital (Table 2).

The most frequent AEs were nausea and vomiting. Of the 276 AEs, nausea and vomiting accounted for 20.3%, followed by 
dyspepsia (18.1%), ototoxicity (11.6%), tinnitus (8.7%), loss of appetite (8.3%), and others as shown in Figure 1. Eight (8) 
AEs (darkness/discoloration of the body, dysuria, hand pain, nasal congestion, other electronic imbalances, peripheral 
neuropathy, respiratory distress, and thyroid mass) with a frequency of one were categorized as others (Figure 1).

Table 1 Socio-Demographic and Clinical Data of MDR-TB Patients Treated with SR in 
Ethiopia

Variables Category Frequency (n) Percentage (%)

Age ≤30 173 (70.6)

31–50 57 23.3
>50 15 (6.1)

IQR/median 12 (27)

Sex Female 129 (52.7)
Male 116 (47.3)

Body mass index (BMI) Lower 156 (63.7)

Normal 84 (34.3)
Higher 5 (2.0)

Mean of BMI 17.5

History of substance use Alcohol drinkers 18 (7.3)
Khat chewers 25 (10.2)

Tobacco user 5 (2.0)

No sub-users 183 (74.7)
m* 14 (5.7)

History of MDR TB New 91 (37.1)

Relapse 69 (28.2)
Lost follow-up 2 (0.8)

After failure with FLD 81 (33.1)

After failure with SLD 2 (0.8)
Resistance type RR TB 237 (96.7)

MDR TB 8 (3.3)

Comorbidity (including HIV) HIV 33 (13.5)
DM 6 (2.5)

Cancer 1 (0.4)

Anemia 1 (0.4)
Injectable in the regimen Amikacin 29 (11.8)

Kanamycin 216 (88.2)

Baseline audiometry Normal 228 (93.1)
Abnormal 10 (4.1)

m* 7 (2.8)

Abbreviations: DM, diabetes mellitus; FDL, first-line drugs; IQR, interquartile range; m*, missing value; MDR-TB, 
multidrug-resistant tuberculosis; RR-TB, rifampicin resistant tuberculosis; SLD, second line drugs; SR, shorter regimen.
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Severity and Seriousness of Adverse Events
The severity of AEs during treatment with SR of MDR-TB was assessed using Hartwig’s severity assessment scale. 
Accordingly, the majority (238, 86.2%) of the AEs were identified as mild. The remaining patients were classified as 
moderate (26, 9.4%) or severe (12, 4.4%) (Table 3).

Based on the definition of serious AEs, of 276 AEs, approximately 49 (17.8%) were evaluated as serious. Of the 49 
serious AEs, 47 (89.8%) resulted in prolonged hospitalization, six (12.2%) led to permanent harm (hearing loss/ 
deafness), and one (2.0%) was associated with death (Table 4).

Management Undertaken and Consequences of Adverse Events
The occurrence of drug-related AEs has compelled healthcare workers to implement various interventions. As obtained 
from the patients’ charts, to manage AEs, temporary suspected drug discontinuation, dose modification, and regimen 

Table 2 Adverse Event Magnitude per Hospitals

Treatment Initiation Centers Number of Patients 
Included in Study (N)

Adverse Events Per 
Site, n (%)

Adama Hospital Medical College 31 18 (58.1)

ALERT Comprehensive Hospital 54 47 (87.0)

Boru Meda General Hospital 31 –
Gondar University Hospital 25 12 (48.0)

Hosaena referral Hospital 22 9 (40.9)

Shenen Gibe General Hospital 26 13 (50.0)
Tulu Bollo General Hospital 23 5 (21.7)

Yirgalem General Hospital 33 3 (9.1)
Total 245 107 (43.7)

Figure 1 Frequencies distribution of AE types during treatment with shorter MDR-TB regimen.
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change were performed in at least 29 (27%), 15 (14%), and 10 (9.3%) of the 107 patients with AEs, respectively. Of 10 
regimen changes, majority 6 (60%) were linked to injectable drug-induced ototoxicity.

From 276 AE cases, 166 (60.9%) necessitated additional medication (antidotes), 61 (22.1%) resulted in dose 
modification, temporal discontinuation, or a change in medication, 16.3% of AEs resulted in hospitalization and 6 
(2.2%) led to permanent hearing loss. Of the 32 ototoxicity cases, 18.8% resulted in permanent hearing loss (Table 5).

Complementary to AE management, only 53 (19.2%) patients were reported to the National Pharmacovigilance Center. 
AE reporting was also evaluated based on AEs of special interest. Of the 62 AEs of interest, only 14 (22.6%) were reported: 
ototoxicity (25%), blurred vision (optic) (33.3%), hepatotoxicity (20%), and QT prolongation (33.3%) (Table 5).

Factors Affecting Occurrence of Adverse Events
Factors associated with AE occurrence were assessed using bivariate and multivariable binary logistic regression 
analyses. Overall, comorbidity, resistance type, first exposure to TB treatment, and relapse were significantly associated 
with the occurrence of AEs during treatment with the shorter MDR-TB regimen. The probability of encountering AEs 
increased more than 2.5 folds in patients with other diseases (2.535 [1.156–5.559]). Compared with RR patients, those 
with MDR-type resistance were more likely (nine times) to experience AEs (9.673 [1.077–86.838]). Similarly, being new 
to TB treatment doubled the probability of experiencing AEs (2.397 [1.250–4.595]) (Table 6).

Table 3 Hartwig’s Adverse Event Severity Assessment Scale

Level 
of AEs

Description of Level of AEs No. of 
AEs

Severity

n, % Description

Level 1 An AE occurred but required no change in treatment with the suspected drug 208 238 (86.2%) Mild
Level 2 The AE required suspected drug be held, discontinued or changed. No antidote was 

required. No increase in length of stay (LOS)

30

Level 3 Any level 2 AE required antidote or other treatment but no increase in LOS 13 26 (9.4%) Moderate
Level 4 Any Level 3 AE which increases LOS by at least 1 day. OR The AE was the reason for the 

admission

13

Level 5 Any Level 4 AE requires intensive medical care 5 12 (4.4%) Severe

Level 6 The AE caused permanent harm to the patient 6
Level 7 The AE either directly or indirectly led to the death of the patient 1

Notes: Mild = Levels 1 and 2; moderate = Levels 3 and 4; severe = Levels 5, 6 and 7. 
Abbreviations: AE, adverse events; LOS, length of stay.

Table 4 Evaluation of Seriousness of Adverse Events

Adverse Events Serious AEs Description

Vomiting 10 10 of them caused hospitalization, of which one died

Gastritis 9 All resulted in hospitalization

Ototoxicity 7 Hospitalization and 6 of them caused permanent deafness
Hepatotoxicity 5 Life threatening and 4 hospitalizations

QT prolongation 3 Life threatening and 2 hospitalizations

Hypokalemia 2 Life threatening and 1 hospitalization
Psychosis 2 Hospitalization

Anemia 2 Hospitalization

Others 9 Each either caused/prolonged hospitalization

Total 49
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Table 5 Action Undertaken in Response to or Consequences of Adverse Events

Types of Adverse 
Effects

Frequency of 
AE (n)

Management Action (n) Consequences of AEs (n)

Drug Stopped/ 
Changed

Anti-Dote 
Given

Reported to 
NPC

Hospitalized Due 
to AEs

Intensive 
Care

Permanent 
Harm

Patient 
Died

Nausea/vomiting 56 10 48 15 10 2 1

Dyspepsia/gastritis 50 7 47 6 9 1

Ototoxicity 32 27 8 8 7 6

Tinnitus 24 10 1 7 1

Appetite loss 23 14 1

Arthralgia 15 1 8 3 1

Skin rash/itching 13 11 2 1

Blurred vision 12 1 3 4 1

Headache/ fever 11 5 2

Hepatotoxicity 5 1 4 1 4 1

Psychosis 4 1 4 2

Insomnia 4 1

Anxiety 3 2

Anemia 3 3 2

QT prolongation 3 2 1 2 1

Fatigue 3 2 1 1

Syncope 3 2

Hypokalemia 2 2 1

Dizziness 2

Others 8 1 7 4 3

Total (n, %) 276 (100) 61 (22.1) 166 (60.9) 53 (19.2) 46 (16.3) 5 (1.8) 6 2.2) 1 (0.4)

Abbreviations: AE, adverse events; NPC, National Pharmacovigilance Center.

Table 6 Bivariate and Multivariable Analysis of Risk Factors for the Occurrence of AEs During 
Treatment with Injectable SR of MDR TB

Variables Category Unadjusted Odd 
Ratio 95% CI

Adjusted Odd 
Ratio 95% CI

P. value

Age <30 1 1
31–50 1.807 [0.599–5.451] 2.774 [0.911–8.450] 0.073

> 50 1.320 [0.223–7.823] 1.409[0.114–17.450] 0.789

Sex Male 1 1
Female 1.562 [0.938–2.600] 1.550[0.266–1.140] 0.108

BMI ≤ 18.5 0.678 [0.622–5.839] 0.652[0.108–25.390] 0.719

18.5–24.9 0.432 [0.043–4.354] 0.056[0.070–15.908] 0.969
≥25 1 1

History of substance use No 1 1

Yes 1.174 [1.018–2.197]* 0.979[0.836–2.852] 0.069
Patients’ previous TB 

history

New 2.393 [1.280–4.473)* 2.397 [1.250–4.595]* 0.008**

Relapse 2.176 [1.117–4.240]* 2.264 [1.129–4.538]* 0.021*

LTFU 2.240 [0.135–37.266] 3.444 [0.204–58.181] 0.391
FDL used 1 1

Injectable in the regimen Amikacin 1 1

Kanamycin 0.810 [0373–1.761] 0.862[0.323–2.302] 0.767
Comorbidity (including 

HIV)

No 1 1

Yes 2.245 [1.107–4.554]* 2.535 [1.156–5.559]* 0.020*

HIV status Negative 1 1
Positive 1.658 [0.793–3.467] 1.112[0.325–5.897] 0.253

(Continued)
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Survival Analysis
The Kaplan–Meier survival method was used to analyze and pilot the time-to-event survival function. Survival status is 
assessed over 9 months from the start of the treatment to assess whether any AE occurred. During this period, the median 
time to AE in patients was 0.970 months. Survival from AEs was analyzed over 9 months of treatment follow-up period. 
The cumulative survival rates at the end of 2nd, 4th, 6th and 7th month were 0.690, 0.591, 0.569, and 0.563, respectively. 
At the end of the study period, the cumulative survival from AEs was 0.563, as no AE occurred after 7 months 
(Figure 2). In general, the risk of experiencing AE increases with duration in the course of treatment (Figure 3).

Patients with and without comorbidity were compared to determine whether their survival differed, and the median 
survival of patients with comorbidity was lower than that of patients without other diseases (3.680 vs 4.677) (Figure 4). 
Similarly, the cumulative hazard of AEs was higher in patients with comorbid (Figure 5).

Discussion
This study evaluated the adverse events associated with medication during SR treatment of MDR-TB under program-
matic management. We identified that 43.7% of the patients developed at least one event during treatment with SR. Our 

Table 6 (Continued). 

Variables Category Unadjusted Odd 
Ratio 95% CI

Adjusted Odd 
Ratio 95% CI

P. value

Resistance type RR 1 1
MDR 9.590 [1.161–79.187]* 9.673 [1.077–86.838]* 0.043*

Baseline chest X- ray 

findings

No cavitary 1 1

Cavitary 0.889 [0.053–15.000] 0.135[0.029–9.637] 0.761
Unknown 4.098 [0.533–31.517] 1.175[0.447–3.091] 0.131

Audiometer at baseline Normal 1 1

Abnormal 3.267 [0.824–12.957] 1.343[0.062–1.903] 0.225
Smear conversion period 

(in month)

≤4 1 1

>4 1.424 [1.102–3.050]* 2.211[0.835 −5.858] 0.110

Notes: *Shows statistical significance 95% CI at p. value ≤ 0.05 and **Strong statistical significance at p. value <0.01. 
Abbreviations: RR, rifampicin resistant; MDR, multidrug-resistant; FDL, first line drugs; LTFU, lost to follow up.

Figure 2 Kaplan–Meier curve showing cumulative survival MDR-TB patients from AEs.
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finding was lower compared to results of previous studies in different countries; retrospective study in Niger (68%),8 

prospective study in Africa (89.2%)16 and a multi-country randomized controlled trial (RCT) (48.2%).17 This difference 
can be due to the retrospective nature of our study because prospective and RCT provides stronger evidence than 
retrospective study to detect and record every AEs. The results of the RCT seem to be close to ours because the trial 
focused only on severe adverse events. Furthermore, the low degree of AE in our findings may be due to the gaps in 
detection and record keeping of AE at TICs. We observed inter-site variations in the AE detection. For example, at 
ALERT Hospital, 87% of patients faced AEs, while none of the patients’ charts showed AE case in course of treatment at 

Figure 3 Kaplan-Meier plot for cumulative hazard of AEs to treated MDR-TB patients.

Figure 4 Plot of cumulative survival of MDR-TB patients with and without a comorbidity from experiencing AE.
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Boru Meda. This higher difference in AE magnitude among sites may be indicative of gaps in the implementation of AEs 
monitoring and recording at some sites.

The prevalence of AE during treatment with SR observed in our investigation was lower than that of conventional 
LR, as reported by previous studies in Ethiopia (51%13 and 92%10), China (90.7%),26 Angola (82.9%),12 South Africa 
(83%),6 and a worldwide systematic review (57.3%).5 The observed difference is mainly due to regimen variation and 
excessive AE related to LR1 and reduced duration decreases the burden of AEs.15

Our study also assessed the magnitude and impacts of individual AE cases. Nausea and vomiting (20.3%), dyspepsia 
(18.1%), ototoxicity (11.6%), tinnitus (8.7%), anorexia (4.7%), blurred vision (4.3%), and headaches (4.0%) were 
identified as common AEs. The extent of these AEs was slightly comparable with the findings of a study in Niger;8 

however, it was significantly lower with respect to the results of a multi-site African study.16 Studies on SR in other 
countries revealed that hyperglycemia (7%)8 and nephrotoxicity (15.7%10 and 2%8) were detected; however, none were 
reported in our study. We found one death (0.04%), which was significantly less than the result of the clinical trial in the 
same regimen (8.5%).17

The impact and consequences of AEs during treatment with injectable SRs were observed to be challenging. Our 
investigation identified that AE affected the patients’ treatment scheme; it caused at least dose modification, temporary 
discontinuation, or regimen change in 22.1% of the patients. Consequently, regimen change/treatment failure was 
observed in 9.3% of the patients. In addition, AEs caused hospitalization and hearing loss, and the causality was 
found to be higher with seriousness; 89.8% of serious AEs resulted in prolonged hospitalization. Approximately 18.8% 
ototoxicity led to permanent deafness, which is consistent with a previous study.27 So, this finding is alarming for 
ototoxicity/hearing loss, and other serious AEs should be carefully and actively monitored to avoid further complications.

Regarding determinants of AEs, our analysis showed that; comorbidity (22.535 [1.156–5.559]), being MDR resis-
tance type (9.673 [1.077–86.838]), new patient to treatment (first exposure to TB drugs) (2.397 [1.250–4.595]) and 
having relapse history of past TB treatment (2.264 [1.129–4.538]) were independently associated with occurrence of 
AEs. Similar findings were reported in previous studies: HIV positive in Japan,9 previous TB treatment in Angola12 and 
in Ethiopia: HIV reactive and diabetes mellitus,10 co-morbid conditions, and baseline anemia13 were significantly 
correlated with poor outcomes. Furthermore, the baseline abnormal audiometer results did not show a statistically 

Figure 5 Curve showing hazards of AEs to MDR-TB patients with and without a comorbidity status.
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significant association with ototoxicity/hearing loss (3.190 [0.778–13.080]), indicating that ototoxicity was merely linked 
to the administered injectable SR of MDR-TB. However, in contrast to previous studies in Iran11 and Ethiopia10,13 which 
reported a significant association between older age and AE, we did not observe a significant relationship between age 
and the occurrence of AEs in our study. This may be due to age differences; unfortunately, the majority (96.7%) of our 
study patients were below extremely older ages; only eight and two patients were ≥55 and ≥65 years of age, respectively.

Time-to-event analysis showed that for cohorts with events, the median time-to-event was 0.970 months, showing that 
the occurrence of some AEs occurred immediately after the initiation of treatment, and the majority of them occurred 
during the early intensive phase of treatment. This may be due to a higher number of medications in the beginning phase 
and patients’ less adaptation to drugs at the commencement of treatment.28 This time to event warrants frequent patient 
monitoring and immediate intervention on AEs during the early months of treatment as an essential part of MDR-TB 
management.29 So, healthcare workers need to be vigilant for AE detection in the early phase of therapy.

Finally, it is possible to limit our study to certain constraints. As this was a retrospective study, some information 
could be incomplete and may lead to the underestimation of some results. However, we used all possible techniques to 
minimize its effects. Participants with unacceptable levels of missing data were excluded, and list-wise deletions were 
employed in the analysis. Being multicenter, our study can yield better results that can be used for policy-making at the 
national level.

Conclusion
Our study demonstrated that less than half of the patients developed AEs under programmatic management of MDR-TB 
with an injectable shorter regimen, probably with underestimated magnitude owed to poor detection/recording of events. 
Even though the magnitude of AEs associated with the use of SR seems intermediate, it caused significant impacts on the 
treatment scheme. Underreporting of AEs was observed, regardless of their seriousness and AE of special interest 
(AESI), which is indicative of poor implementation of PV program. Thus, these findings suggest the necessity for strict 
implementation of pharmacovigilance initiatives: continuous patient follow-up, active safety monitoring and documenta-
tion, and reporting of AEs to manage them in a timely manner.
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