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ABSTRACT
Objective: To determine the role of the IL8 rs4073 polymorphism in predicting the risk 
of central nervous system (CNS) toxicity in patients receiving standard pharmacological 
treatment for multidrug-resistant tuberculosis (MDR-TB). Methods: A cohort of 85 
consenting MDR-TB patients receiving treatment with second-line antituberculosis 
drugs had their blood samples amplified for the IL8 (rs4073) gene and genotyped. All 
patients were clinically screened for evidence of treatment toxicity and categorized 
accordingly. Crude and adjusted associations were assessed. Results: The chief 
complaints fell into the following categories: CNS toxicity; gastrointestinal toxicity; skin 
toxicity; and eye and ear toxicities. Symptoms of gastrointestinal toxicity were reported 
by 59% of the patients, and symptoms of CNS toxicity were reported by 42.7%. With 
regard to the genotypes of IL8 (rs4073), the following were identified: AA, in 64 of the 
study participants; AT, in 7; and TT, in 11. A significant association was found between 
the dominant model of inheritance and CNS toxicity for the crude model (p = 0.024; OR 
= 3.57; 95% CI, 1.18-10.76) and the adjusted model (p = 0.031; OR = 3.92; 95% CI, 
1.13-13.58). The AT+TT genotype of IL8 (rs4073) showed a 3.92 times increased risk of 
CNS toxicity when compared with the AA genotype. Conclusions: The AT+TT genotype 
has a tendency to be associated with an increased risk of adverse clinical features during 
MDR-TB treatment. 

Keywords: Tuberculosis, multidrug-resistant; Immunity; Pharmacogenetics; Polymerase 
chain reaction; Risk. 
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INTRODUCTION

Tuberculosis disease is very common in poor countries 
with a high population of HIV-infected individuals, 
malnourished individuals, or both. Nigeria is one of the 
countries with the highest tuberculosis burden, with a 
prevalence of 830,000 cases.(1,2) A poor tuberculosis 
infection control program is characterized by low (below-
expected) rates of disease diagnosis and insufficient or 
inadequate treatment of diagnosed tuberculosis, leading 
to treatment failure,(1) which can be attributed to poor 
treatment compliance or a lack of effective drugs available 
in the national health care systems.(3) Treatment failure is 
most pronounced in patients diagnosed with multidrug-
resistant tuberculosis (MDR-TB). Approximately 45% of 
all treated cases reportedly fail to achieve a successful 
outcome, and this category of treatment outcome has an 
enormous role in the continued persistence of tuberculosis 

disease.(4) Another very important factor contributing 
to poor treatment compliance and treatment failure is 
the adverse drug reaction (ADR) commonly associated 
with tuberculosis treatment. It is of note that there 
are numerous potential ADRs, such as hepatotoxicity, 
cardiotoxicity, and nephrotoxicity, which could actually 
be detected by tests incorporated into a holistic 
tuberculosis management protocol. Routine liver enzyme 
testing, assessment of renal function biomarkers, and 
echocardiography can be incorporated into the tuberculosis 
management protocol in order to allow early detection. 
A sizable number of patients express frustration with 
their antituberculosis medications and stop taking them 
well before any objective findings suggesting toxicity.(5) 
Thus, identifying clinical symptoms that may herald the 
manifestation of a devastating ADR may provide an early 
predictor of the ADR. 
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Neurotoxicity, which can be central or peripheral, 
initially manifests via a number of very wide-ranging 
clinical features, including headache, blurred vision, 
tremors, dizziness, tinnitus, and poor coordination. (6-9) 
Other severe and highly morbid manifestations of 
neurotoxicity include seizure, loss of vision, ataxia, 
psychosis, myoclonus, and delirium. 

Increased perspiration, rashes, dry skin, and 
itching are common early features of skin-related 
antituberculosis drug toxicity, whereas Stevens-
Johnson syndrome is a life-threatening feature.(10) 
Antituberculosis drugs can cause reversible blurred 
vision, and permanent visual impairment can occur 
in severe cases.(11,12) 

There is a clear difference among patients regarding 
the occurrence of ADRs. Some of the risk factors for 
ADRs are well known, whereas others have yet to be 
identified.(13) In addition to establishing an accurate 
diagnosis of tuberculosis, identifying risk factors for 
individual differences in ADRs in patients receiving 
tuberculosis treatment is very important to avoid 
iatrogenic drug injury in susceptible patients. 

Polymorphisms in drug-metabolizing genes such 
as NAT2, GSTM1, GSTT1, and CYP2E1 have been 
implicated in the considerably complex variability of 
antituberculosis drug levels and their effects, including 
ADRs.(13,14) It is well known that environmental factors 
can modify the effects of these pharmacogenetic 
variations on the metabolism of antituberculosis 
drugs.(13) A number of pharmacogenetic studies have 
investigated the role of genetic polymorphisms of 
proinflammatory cytokines such as TNF, IL-6, and IL-8 
in first-line tuberculosis treatment outcomes such as 
ADRs.(14-16) It is also well established that the human 
genome has a number of common genetic variants that 
are in linkage disequilibrium and that are inheritable, 
being inherited in unison along with all of the yet to be 
identified genetic variants responsible for the clinical 
phenotypes (disease/treatment outcome—efficacy or 
ADR).(17) Thus, the well-established drug-metabolizing 
enzyme gene loci associated with antituberculosis drugs 
might be in linkage with the gene loci of proinflammatory 
cytokines.(17-19) The impetus for the present study was 
the dearth of pharmacogenomic studies assessing ADRs 
to second-line antituberculosis drugs, which are more 
toxic by nature, especially with regard to neurotoxicity, 
which is not monitored by periodic serological testing 
in the management of tuberculosis. In addition, the 
current WHO global action framework for tuberculosis 
research encourages patient-oriented tuberculosis 
research and innovations at country level, especially 
in low- and middle-income countries.(3,18) 

METHODS

Study location and design
The study design was approved by the Kano 

State Ministry of Health Research Ethics Committee 
(NHREC/17/03/2018). Tuberculosis patients were 

recruited among those receiving hospital-based 
MDR-TB treatment and those receiving MDR-TB 
treatment in a community care setting in Kano, 
Nigeria. The study assessed associations of single 
nucleotide polymorphisms with clinical phenotypes of 
toxicity following MDR-TB treatment with second-line 
antituberculosis drugs. Clinical toxicities were assessed 
by the Patient-Rated Inventory of Side Effects and 
included gastrointestinal symptoms such as nausea, 
vomiting, constipation, diarrhea, abdominal pain, and 
loss of appetite, as well as central nervous system (CNS) 
symptoms such as dizziness, drowsiness, headache, 
poor coordination, restlessness, and tremors. 

A cohort of 85 patients diagnosed with and receiving 
treatment for MDR-TB were enrolled in this study. The 
MDR-TB treatment regimen used in our clinic included 
levofloxacin, bedaquiline, ethionamide, cycloserine, 
delamanid, pyrazinamide, meropenem, linezolid, and 
moxifloxacin. Patients received the WHO-recommended 
doses, always in accordance with weight, BMI, or both.(20) 
All patients were diagnosed at a tuberculosis center by 
a trained physician using WHO-recommended diagnostic 
criteria. MDR-TB was defined as a positive Xpert MTB/
RIF assay result (Cepheid, Sunnyvale, CA, USA). The 
inclusion criteria were as follows: laboratory and/or 
genetic evidence of MDR-TB at the onset of therapy; 
evidence of optimal adherence to and completion of 
treatment with second-line antituberculosis drugs; 
having no immunodeficiency or other diseases; and 
being in the 18- to 80-year age bracket. The exclusion 
criteria were as follows: being very ill and incapable 
of providing written informed consent; having no 
documented evidence of an MDR-TB diagnosis; currently 
receiving treatment with first-line antituberculosis 
drugs; having no documented evidence of compliance 
with treatment; being pregnant; having hepatitis; 
and having declined to give written informed consent. 

Five milliliters of peripheral venous blood were 
collected from consenting participants after completion 
of treatment, with the use of a 5-mL syringe fitted 
with an appropriate sized 18-G needle. The blood 
was anticoagulated with 0.5% EDTA (pH = 8.0) by 
placing it in an EDTA tube. Genomic DNA was extracted 
by using a whole blood genomic DNA extraction kit 
(QIAGEN, Hilden, Germany) in accordance with the 
manufacturer instructions, with an appropriate quantity 
of molecular-grade ethanol (Sigma-Aldrich, Burlington, 
MA, USA), being stored at −20°C for later use. 

The genotypes of IL8 (rs4073) were amplified 
by using the appropriate identified forward primer: 
5′-ATCTTGTTCTAACACCTGCCACTC-3′ and reverse 
primer 5′-TAAAATACTGAAGCTCCACAATTTGG-3′ in 
the reaction mixture. The reaction mixture was made 
up to a total volume of 25 µL containing 12.5 µL of 
DreamTaq Green PCR Master Mix (Thermo Fisher 
Scientific, Waltham, MA, USA), 5 µL of template DNA, 
1 µL of upstream primer, 1 µL of downstream primer, 
and 5.5 µL of RNase-free water. The PCR cycling 
conditions consisted of an initial denaturation step at 
94°C for 5 min, followed by 35 cycles at 94°C for 50 
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s, 61°C for 60 s, and 72°C for 55 s, followed by a final 
extension step at 72°C for 5 min. The PCR product 
was digested with the MfeI restriction enzyme (Thermo 
Fisher Scientific) at 37°C for 2 h and deactivated 
at 80°C for 20 min. The digested PCR product was 
analyzed by 2% agarose gel electrophoresis, set up 
in ultrapure grade Tris-acetate-EDTA buffer solution, 
visualized under ultraviolet illumination, scanned, and 
photographed.(21) 

Sample size calculation
For the current study, the sample size was calculated 

for a power of 80% and a level of significance of 5% to 
identify an OR difference of at least two-fold (OR = 2) 
in the distribution of genotypes for MDR-TB, which has 
a prevalence of 32% in Nigeria.(22) The estimates from 
the literature were substituted into the Schlesselman 
formula for sample size calculation: 

M = m/Pe

where m = (((Z1-a/2/2 + Z1-b) (P*(1-P*))1/2)2 
/ (P*-0.5)2; P* = OR/(1 + OR); Pe (probability of 
exposure-discordant pair) = (p1(1-p0) + p0(1-p1); 
p1(proportion of exposed individuals developing case) 
= p0 (OR)/1 + p0 (OR-1); and p0 = exposure rate 
among controls in populations. 

The estimated sample size for cases and controls was 
30 each, for a total of 60 (m = 14.495; Pe = 0.118; 
P* = 0.667; p1 = 0.485; M = 30). 

RESULTS

The sociodemographic characteristics of the study 
participants are described in Table 1. The study 
participants were mostly poor (n = 74; 87.06%), even 
though they earned some income through their jobs 
(n = 77; 90.59%). The mean age of the participants 
was 31.88 ± 11.51 years. Most were of the Hausa 
ethnic group, were Muslims (Islam), were employed, 
and were from low-income families (Table 1). 

With regard to the clinical characteristics of the 
study participants, more than 22.5% had a history 
of tuberculosis/MDR-TB, a history of tuberculosis 
treatment, a family history of tuberculosis, or any 
combination of the three. As can be seen in Table 
2, the study participants reported the following 
MDR-TB treatment-related symptoms: gastrointestinal 
symptoms, sleep symptoms, CNS symptoms, skin 
symptoms, cardiovascular symptoms, and urinary 
tract symptoms. CNS symptoms included the 
following: headache (in 9.8%), tremors (in 14.6%), 
poor coordination (in 2.4%), and dizziness (in 11%). 
Gastrointestinal symptoms included the following: 
vomiting/nausea (in 30.1%), diarrhea (in 7.2%), and 
constipation (in 2.4%). Blurred vision and ringing in 
the ears (tinnitus) were also reported (by 7.2% and 
13.3%, respectively). 

With regard to the genotypes of IL8 (rs4073), the 
following were identified: AA (wild-type homozygous), 
in 64 of the study participants; AT (wild-type 

heterozygous), in 7; and TT (homozygous), in 11 
(Table 3). None of the genotypes of IL8 (rs4073) 
were significantly associated with ADR phenotypes, 
the exception being the phenotype of CNS toxicity. 
Table 3 shows the distribution of the genotypes of 
IL8 (rs4073) by inheritance model and CNS toxicity 
phenotype. 

A significant association was found between the 
dominant model of inheritance and the binary dependent 
variable (presence or absence of ADRs involving the 
CNS) for the crude model (p = 0.024; OR = 3.57; 
95% CI, 1.18-10.76) and the adjusted model (p = 
0.031; OR = 3.92; 95% CI, 1.13-13.58; Table 3). 
The AT+TT genotype of IL8 (rs4073) showed a 3.92 
times increased risk of CNS toxicity when compared 
with the AA genotype. 

DISCUSSION

In our sample of patients with MDR-TB, there were 
more males than females (n = 58 vs. n = 28), and the 
numbers of married and unmarried participants were 
the same (n = 41 for both). The religious and ethnic 
characteristics of the study participants were consistent 
with those predominantly seen in the population of 
Kano State, Nigeria. The predominance of individuals 
with low income and an elementary level of education 
in our sample of patients with MDR-TB was similar to 
what is observed in other areas where tuberculosis is 
endemic. A significant association was found between 
the dominant model of inheritance of IL8 (rs4073) 
genotypes and CNS toxicity. The presence of the T 
allele (in the AT+TT genotype) significantly increased 
the risk of CNS toxicity (by 3.92 times). 

To the best of our knowledge, our finding of an 
association between genotypes of IL8 (rs4073) and 
CNS toxicity is a novel result. Although earlier studies 
have assessed the association of IL8 rs4073 with 
phenotypes of tuberculosis disease, there have been 
no studies assessing the association of IL8 (rs4073) 
with phenotypes of treatment-related ADRs. There 
have been reports of an association between IL8 
(rs4073) and other medical conditions, including 
breast cancer and autoimmune thyroid disease.(23,24) 
In the aforementioned studies,(23,24) the TT genotype 
was associated with a higher risk of breast cancer or 
autoimmune thyroid disease than was the AA genotype. 
In another study,(25) the IL8 (rs4073) polymorphism 
was assessed in its dominant, recessive, and allele 
models, and was associated with a risk of developing 
pulmonary tuberculosis disease. Thus, there is a 
similarity in the role of the TT genotype between our 
study and other studies in the literature regarding its 
tendency to be associated with an increased risk of 
adverse clinical features, despite the difference in the 
clinical features assessed; the aforementioned studies 
assessed breast cancer, tuberculosis, and autoimmune 
thyroid disease, whereas our study assessed symptoms 
of CNS toxicity. The precise mechanism by which 
this polymorphism influences the development of 
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Table 1. Sociodemographic characteristics of the study participants. 

Characteristic MDR-TB patients receiving treatment (N = 82)
Age 31.88 ± 11.51
Sex (M/F) 54/28
Marital status (never married/once married) 41/41
Ethnicity (H/Y/I/O) 79/0/1/2
Religion (Islam/Christianity) 78/4
Job status(earning/dependent) 67/15
Family income (low income/high income) 74/8
Educational level (elementary/advanced) 66/16
Family history of tuberculosis (no/yes) 62/18
History of tuberculosis (no/yes) 59/23
History of tuberculosis treatment (no/yes) 72/10
MDR-TB: multidrug-resistant tuberculosis; H: Hausa; Y: Yoruba; I: Igbo; and O: other. 

Table 2. Adverse drug reactions commonly reported by patients receiving treatment for multidrug-resistant tuberculosis 
in Kano State, Nigeria. 

Toxicity Symptom N (%) With ADRs, n Without ADRs, n

Gastrointestinal toxicity Nausea/vomiting 25 (30.1%) 50 33

Diarrhea 6 (7.2%)

Constipation 2 (2.4%)

Dry mouth 17 (20.5%)

Eye and ear toxicities Blurred vision 6 (7.2%) 17 66

Ringing in the ears 11 (13.3%)

Central nervous system toxicity Headache 8 (9.8%) 35 47

Tremors 12 (14.6%)

Poor coordination 2 (2.4%)

Dizziness 11 (11.0%)

Skin toxicity Increased 
perspiration

2 (2.4%) 31 52

Dry skin 10 (12.0%)

Rash 9 (10.8%)

Itching 10 (12.0%)

ADRs: adverse drug reactions; N: total sample size; and n: sample sizes based on different categories. 

Table 3. Statistical assessment of the association of genotypes of the IL8 rs4073 (A>T) polymorphism in different 
inheritance models with phenotypes of toxicity. 

CNS 
ADRs

No CNS 
ADRs

Crude estimate Adjusted estimate

Codominant model TTa 7 4 - -

AA 23 41 p = 0.094; OR = 0.321 (95% CI, 
0.085-1.212); R2

N = 0.088
p* = 0.070; OR = 0.26 (95% CI, 

0.06-1.11); R2
N = 0.230

AT 5 2 p = 0.733; OR = 1.429 (95% CI, 
0.184-11.085); R2

N = 0.088
p = 0.959; OR = 1.063 (95% CI, 

0.106-10.632); R2
N = 0.230

Overdominant model AT 5 2 p* = 0.128; OR = 3.750 (95% CI, 
0.683-20.602); R2

N = 0.042
p* = 0.240; OR = 3.24 (95% CI, 

0.455-23.04); R2
N = 0.178AA+TTa 30 45

Dominant model AAa 23 41 p = 0.024; OR = 3.57 (95% CI, 
1.18-10.76); R2

N = 0.086
p* = 0.031; OR =  3.92 (95% CI, 

1.13-13.58); R2
N = 0.230AT+TT 12 6

Recessive model AA+ATa 28 43 p = 0.141; OR = 2.687 (95% CI, 
0.720-10.035); R2

N = 0.036
p* = 0.097; OR = 3.350 (95% CI, 

0.81-13.94); R2
N = 0.200TT 7 4

CNS: central nervous system; ADRs: adverse drug reactions; and R2
N: Nagelkerke’s R2. Note: Age, sex, ethnicity, 

marital status, educational level, family income, and type of job were the covariates used for adjusted estimates. 
aReference category. *Statistically significant.
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diseases such as breast cancer, tuberculosis, and 
autoimmune thyroid disease has yet to be elucidated. 
Understandably, the role of the genotypes in the 
development of toxicities of second-line antituberculosis 
drugs has yet to be established as well. However, the 
mechanism by which cytokines contribute to toxicity 
in any organ might be similar to the mechanisms of 
hepatotoxicity. Hepatotoxicity is the most studied toxicity 
mechanism for antituberculosis drugs, and the identified 
mechanisms of hepatotoxicity might be similar to those 
of other toxicities. It develops directly from the drug 
metabolites or indirectly via immune mediation.(26) 
Thus, the delicate balance between proinflammatory 
and anti-inflammatory cytokines plays a vital role in 
the progression of immune-mediated tissue injury. The 
anti-inflammatory mechanisms in the liver suppress 
the activities and production of proinflammatory factors 
such as TNF-α, IFN-c, IL-1, and IL-8, thus limiting the 
progression of hepatotoxicity.(27) In the same vein, the 
anti-inflammatory role of IL-8, which is abundantly 
secreted by neutrophils, antigen-presenting cells such 
as oligodendrocytes, and Schwann cells may putatively 
underlie its role in the development of toxicity in the 
CNS and other tissues. Furthermore, the activities of 
the proximal promoter region of the IL8 (rs4073) gene 
that modulates the transcriptional level of its proteins 
encoded by (four) exons interspersed within three 
intron regions may explain its role in the interindividual 
variability attributable to its different genotypes at 
the polymorphic site.(28) The aforementioned putative 
explanation appears very plausible and is in keeping 
with the finding of the current study, i.e., that the 
AT+TT genotype increases the risk of CNS toxicity. 
Nevertheless, a thorough mechanistic evaluation must 
be carried out for validation purposes. 

One of the limitations of the current study was that we 
did not assess the association between the symptoms 
of CNS toxicity and the genotypes of the different 

drug-metabolizing enzymes. Future studies assessing 
the association of genotypes of drug-metabolizing 
enzymes and IL-8 (rs4073) with symptoms of toxicity 
could identify the presence or absence of linkage 
disequilibrium for these gene loci. 

In conclusion, this study demonstrated an association 
between the IL8 rs4073 gene polymorphism and 
symptoms of CNS toxicity in MDR-TB patients receiving 
treatment with standard second-line drugs. This 
association must be confirmed by controlled studies. 
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