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					Abstract  

					Context: Variation in the transcription of host genes of inﬂammatory cytokines may underscore variation in their production. Thus, the  

					host-immune status plays a vital role in determining the fate of the invading bacilli. Materials and Methods: Two hundred consenting volunteers  

					and drug‑resistant tuberculosis (DR‑TB) patients had their blood samples ampliﬁed for the A964G (rs153109) gene. The amplicons were  

					digested using the Xhol enzyme for genotyping purpose. Results: Among the cases: AA (homozygous wild type; n = 33), AG (heterozygous  

					wild type; n = 36), GG (homozygous mutant, n = 10),A(wild allele, n = 102), and T (mutant allele; n = 66); while among the healthy volunteers:  

					AA (homozygous wild type; n = 20), AG (heterozygous wild type; n = 40), GG (homozygous mutant, n = 4) A (wild allele, n = 80), and  

					T (mutant allele; n = 48). The Hardy Weinberg Equilibrium (HWE) assessment of the samples from the control participants was statistically  

					signiﬁcant (P = 0.015). Nevertheless, the assessment of the association between the genotypes and the phenotypes assessed revealed that the  

					healthy volunteers had more (twice) heterozygous genotype (AG) (crude statistics: P =0.045, OR = 1.99 (1.02–3.90)) when compared to the  

					DR-TB patients. Conclusion: Although the AG genotype of A964G (rs153109)—Interleukin 27 gene may have a protective role against the  

					development of MTB/XPERT positive DR‑TB disease, the signiﬁcant HWE ﬁnding among the genotype from the samples of the healthy  

					volunteers suggests that this current result may be a false positive ﬁnding.  
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					of 200/100,000, an incidence of 140/100,000, and a fatality  

					Background  

					rate of 20/100,000.[9,10] In Nigeria, the predicted prevalence  

					Tuberculosis (TB) is a disease of global public health  

					importance caused by Mycobacterium tuberculosis (MTB).  

					The disease has high morbidity and is especially endemic in  

					Africa and Asia.[1-5] TB is characterized by clinical features of  

					cough, fever, night sweats, or weight loss.[5,6] Since the advent  

					of anti-TB medications, over the last 50 years, coordinated  

					global eﬀorts for the diagnosis and treatment of TB disease had  

					arguably led to a decrease in its prevalence, but these apparent  

					gains have been challenged by the HIV pandemic and emerging  

					primary drug-resistant tuberculosis (DR-TB) which accounts  

					for 480,000 deaths annually.[6-8] Nigeria has the highest number  

					of newly diagnosed mycobacterial diseases in Africa and is  

					fourth globally with over 600,000 new cases, a prevalence  
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					of DR‑TB was 4.3% among newly diagnosed TB patients  

					mitigate pro‑inﬂammation.[27,31,32] The mechanism via which IL  

					27 attenuates Th1 responses involves the ManLAM‑mediated  

					expression of c-fos protein, which binds to the p28 promoter  

					regions to stimulate the production of p28. Promotion of the  

					activities of IL‑10, reducing Cyp27B, cathelicidin (LL‑37),  

					and LC3B lipidation are key mechanisms via which  

					IL‑27p28 promotes an anti‑inﬂammatory (attenuating the  

					anti-mycobacterium) response and inhibits T cell-mediated  

					immune hyperactivity.[31,33] Thus, IL 27 putatively plays a  

					very sensitive role following mycobacterial infection, which  

					spans a pro‑inﬂammatory and anti‑inﬂammatory response,  

					thus eﬀectively initiating an immune response and maintaining  

					the response in check to avoid excessive tissue damage.[34‑36]  

					Numerous genes encode cytokines, and these genes have some  

					single-nucleotide polymorphisms (SNP) that play a vital role  

					in the expressivity of the encoded proteins, especially when  

					they are located in key regions, including the regulatory  

					sequences and promoter regions.[37,38] Thus, variation in the  

					transcription of host genes related to inﬂammatory cytokines  

					may underscore inter-individual production variations and  

					predict mycobacterial disease development.[6,39‑42] Clustering  

					of the disease among monozygotic twins and African ethnic  

					groups further supported and justiﬁed the search for genetic  

					contributors to the disease susceptibility.[6,41,42] The identiﬁcation  

					of host genes responsible for susceptibility (or resistance to TB  

					infection) or TB treatment success can signiﬁcantly contribute  

					to the understanding of the pathogenesis of the disease as  

					well as the development of new therapeutic strategies. The  

					prevalence of mycobacterial disease varies according to race,  

					ethnicity, and family ties, with a well-delineated variability  

					in the clinical manifestation of the disease as well as its  

					severity. This variable nature of the disease as well as the  

					central role of host-mediated cell-mediated immune response  

					suggested that host genetic factors are key in the development  

					of TB.[22,43] Hence, the current study aimed to assess the role  

					of the diﬀerent IL27A>G gene polymorphism genotypes in  

					the protection against the development of DRTB disease in an  

					African population.  

					and 25% among previously treated TB cases10. Determining  

					the resistance to anti-TB medication by assessing the genome  

					of Mycobacterium tuberculosis (Mtb) using rapid molecular  

					diagnostic tests (Xpert MTB/RIF and Truenat assays) has  

					become the recommended strategy in all persons with clinical  

					features of TB.[4,5] However, the recommended Xpert MTB/RIF  

					assay only tests for rifampicin resistance, which may explain  

					some inconsistencies in the deﬁnition of the DR‑TB phenotype  

					encountered in day-to-day clinical practice.[11,12] Inconsistencies  

					in molecular diagnosis for mutations relating to TB drug  

					susceptibility would translate to an incorrect phenotypic  

					characterization of patients’anti-TB resistance or susceptibility  

					status. The pathognomonic feature of the mycobacterial disease  

					is centered on cell-mediated immune responses.[13] These  

					responses were unique when compared with other infections  

					caused by viruses such as Cytomegalovirus,[14] Poxviruses[15,16]  

					Cellular immunity is modulated by numerous cytokines,  

					such as tumor necrosis factor-alpha (TNF-α), interferon  

					gamma (IFN-γ), interleukins‑2,6,12,‑15,17,18,23, and 27, as  

					well as T-helper-1 (Th1) cells, which play vital roles in the early  

					host-protective immune response against the bacillus.[17‑19] Thus,  

					the development or progression of the mycobacterial disease  

					is related to the host-immune status.[17,20] Earlier studies have  

					described a number of critical molecular adaptations that favor  

					the MTB pathogen’s survival within the host macrophages,  

					which normally participate in a nonspeciﬁc defense mechanism  

					and contribute to T-cell-mediated immune response.[21‑23]  

					Speciﬁcally, the mannosylated lipoarabinomannan (ManLAM)  

					protein that is found on virulent strains of Mycobacterium  

					spp., binds with dendritic cell‑speciﬁc intercellular adhesion  

					molecule‑3‑grabbing non‑integrin (DC‑SIGN) on the  

					macrophage to shift the immunological response of the host  

					toward the T-helper 2 (Th2) pathway.[24,25] This shift toward the  

					Th2 pathway attenuates the eﬃcacy of the macrophage‑innate  

					immunity to eradicate the mycobacterium, thus facilitating the  

					disease condition.[21‑23] The host response that could arrest the  

					eﬀect of the virulent protein (ManLAM) at the onset of the  

					mycobacterium infection was for the host Toll-like receptor-2  

					and -4 (TLR-2 and -4) on the surface of the macrophage to  

					promote the production of TNFα, IL-6, IL-1β, IL-12, thus  

					activating a cathelicidin (hCAP) and defensin-mediated  

					direct antimicrobial mechanisms.[26] At this stage, interleukin  

					27 (IL 27) also propagates an inﬂammatory response by  

					inducing the proliferation of CD4+ T cells, which promotes  

					the production of interferon gamma (IFN-γ). It also mediates  

					the multiplication and dedication of uncommitted T cells  

					toward an interferon-gamma (IFN-c) phenotype.[27‑29] Thus,  

					it propagates T-helper type 1 (Th1) responses just like IL-12,  

					which is achieved by binding p38MAPK to the p28 promoter  

					region of IL 27.[27,30] In the later stages of the disease, when  

					the macrophages have become infected with mycobacterium,  

					the production of IL 27 is increased by the macrophages and  

					IL 27‑related signaling cascade can attenuate the Th1 type  

					inﬂammatory responses when the p28 protein unit of IL 27  

					predominates a well‑established promiscuity feature of IL27 to  

					Methodology  

					Study location  

					The recruitment of cases was carried out among  

					patients that receive DR-TB care directly (hospitalized)/  

					indirectly (community care setting) from the Centers for TB  

					Management located at Infectious Disease Hospital (IDH) in  

					Kano State. Consenting healthy volunteers fulﬁlling a set of  

					inclusion and exclusion criteria from the blood donor clinic in  

					the same hospitals were also recruited. This study location and  

					setting were similar to an earlier study which was focused on  

					identifying the association of Single nucleotide polymorphism  

					(SNP) with adverse drug reaction of DR-TB medications.[44]  

					Study subjects and study design  

					A cohort of 200 participants was enrolled in this case-control  

					study. These included 100 healthy volunteers and 100 DR-TB  
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					patients on treatment. This pilot study design is in line with  

					study design in the literature for the assessment of a diagnostic  

					role of biological moieties in diagnosis of clinical entities.[45]  

					Genetic typing assay and genotype identification  

					Amplifying and identifying the IL‑27 gene ‑964A/G  

					polymorphism  

					The healthy controls/volunteers were screened for active  

					TB disease using clinical assessment by Dr IBM. All the  

					cases/DRTB patients were diagnosed in the TB Centres,  

					by a trained physician using clinical and molecular (Xpert  

					MTB/RIF) diagnostic criteria as determined by WHO. In this  

					study, all patients with any aggravated forms of TB, including  

					DR-TB, MDR-TB, and possibly XDR-TB, were categorized  

					as DR-TB in line with the earlier description.[41] Inclusion  

					criteria for cases (DR-TB patients) included: all patients (aged  

					18–80 years) with a genetic evidence for DR‑TB, free from  

					any immunodeﬁciency and other chronic diseases. The patient  

					had evidence of optimal adherence to appropriate second-line  

					treatment as obtainable from the drug collection card.  

					Generally, adverse drug reactions are some of the common  

					reasons for poor adherence to medications.[46,47]  

					The genotypes were ampliﬁed using the appropriate identiﬁed  

					forward primer: 5′‑CCCGCCTGGTTTCTATCTCAC‑3′ and  

					reverse primer: 5′‑AGTGACCTGGGGCTTTGCTT‑3′ in the  

					reaction mixture. The reaction mixture was made up to a total  

					volume of 25 µl containing 12.5 µl of Dream Taq Green PCR  

					Master Mix (Thermo Fisher Scientiﬁc, USA), 5 µl template  

					DNA, 0.5 µl upstream primer, 0.5 µl downstream primer, and 5.5  

					µl RNAse free water. The PCR cycling conditions consisted of  

					an initial denaturation step at 94°C for ﬁve minutes, followed by  

					35 cycles at 94°C for 50 seconds, 61°C for 60 seconds, and 72°C  

					for 55 seconds, followed by a ﬁnal extension step at 72°C for ﬁve  

					minutes. The PCR product was digested with XhoI restriction  

					enzyme (ThermoFisher Scientiﬁc, USA) at 37°C for two hours and  

					deactivated at 80°C for 20minutes. The digested PCR product was  

					analyzed using 2% agarose gel electrophoresis, set up in ultrapure  

					grade Tris‑acetate‑EDTA buﬀer solution, visualized using an  

					ultraviolet illuminator, scanned, and photographed.[6] [Figure 1]  

					The exclusion criteria for cases (DR-TB patients) included:  

					very ill and patients withholding informed consent. Patients  

					diagnosed with primary tuberculosis and/or on ﬁrst lone  

					anti-TB medications were also excluded from the current study.  

					Sample size calculation  

					For the current study, the appropriate sample size was  

					determined using a power of 80% and an alpha of 5% to  

					identify the presence of an odds ratio (OR) diﬀerence of at  

					least two-fold (OR = 2) in the distribution of genotypes for  

					determination of DR‑TB which has a prevalence of 32% in  

					Nigeria.[12] The estimates from the literature were substituted  

					Sample collection and DNA extraction  

					Five milliliters of peripheral venous blood was collected  

					using a 5 ml syringe ﬁtted with an appropriate size 18G  

					needle from each consenting study participant. The blood  

					was anti‑coagulated with 0.5% EDTA (pH = 8.0) by placing  

					it in an EDTA tube. Genomic DNA was extracted by Qiagen  

					Whole Blood Genomic DNAExtraction Kit (Solarbio, China)  

					according to the manufacturer’s protocol, with an appropriate  

					quantity of molecular grade ethanol (Sigma), and stored  

					at − 20°C for standby application.This preliminary procedures  

					were common to many genetic assessment studies in the  

					literature.[48,49]  

					into the Schlesselman sample size equation[50]  

					:

					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.  

					And the sample size estimates for cases were 30 and 30  

					for controls making a total of 60 (m =14.495; Pe = 0.118;  

					P* =0.667; P1 = 0.485; M = 30).  

					Ethics  

					The study was approved by the Kano State Ministry of Health  

					Ethics Committee (NHREC/17/03/2018).  

					results  

					The sociodemographic features of the study participants were  

					identiﬁed and statistically described in Table 1. The population  

					with the DRTB disease was mostly poor (83 out of 93 patients  

					with DR-TB), even though they earn some income through  

					their jobs (77 out of 93 of them).  

					Figure 1: Agarose gel (2%) stained with ethidium bromide showingA964G  

					(rs153109) polymorphism Lane 1:100bp DNA ladder, Lane 2:  

					Homozygous AA (468bp), Lane 3: Heterozygous AG (468, 367‑ and  

					121bp), and Lane 4: Heterozygous GG (367 and 121bp)  

					The sociodemographic characteristics of the study participants  

					recruited in this study revealed that the average age of the  
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					Table 1: The sociodemographic features of the study participants  

					Entire study participants Cases (Drug‑resistant Tuberculosis)  

					30.81±10.17  

					Controls (Healthy volunteer)  

					Age  

					31.73±11.49  

					62/31  

					29.98±8.78  

					96/4  

					Gender (M/F)  

					158/351=1.35E‑7  

					146/472=3.6E‑16  

					135/54/2/23=1.0E‑12  

					188/54=0.019  

					175/185=2.9E‑3  

					142/516=2.0E‑5  

					163/30  

					Marital status (Never married/Once married)  

					Ethnicity (H/Y/I/O)  

					46/47  

					100/0  

					89/0/2/2  

					88/5  

					46/54/0/0  

					100/0  

					Religion (Islam/Christianity)  

					Job status (Earning/Dependent)  

					Family income (Low income/High income)  

					Educational level (Elementary/Advanced)  

					Family history of TB (No/Yes)  

					Past History of TB (No/Yes)  

					Previous History of TB treatment (No/Yes)  

					77/16  

					98/2  

					83/10  

					59/41  

					75/18  

					88/12  

					71/20  

					71/20  

					100/0  

					62/31  

					62/31  

					100/0  

					59/35  

					59/35  

					100/0  

					Superscript 1 to 6 connotes the results for the statistical assessment between the distributions of participants based on the binary category (yes/no) of the  

					speciﬁed variable in the row to the binary category of phenotype (DRTB/healthy volunteers) on the column  

					participants was 30.81 ± 10.17 years which was similar to  

					Table 2: Hardy Weinberg Equilibrium for the assessment  

					the average age of the DR‑TB patients (31.73 ± 11.49 years)  

					of IL‑27 (A>G) rs153109 polymorphism  

					and healthy volunteers (29.98 ± 8.78 years). The other  

					Genotypes  

					Alleles  

					P value  

					sociodemographic features of gender, marital status, ethnicity,  

					religion, family income, educational levels, and job status were  

					assessed in both the DR-TB patients and healthy volunteers,  

					with some signiﬁcant diﬀerences identiﬁed. Speciﬁcally,  

					most of the recruited participants were of Hausa ethnic  

					group, Muslims (Islam), employed, and from families with  

					low income. Nevertheless, the proportions of the participants  

					with the same category of job status, educational level,  

					and religion remained similar when the overall data were  

					categorized based on the DR-TB disease phenotype of study  

					participants—DR‑TB cases/healthy volunteers [Table 1].  

					AA  

					53  

					33  

					20  

					AT  

					76  

					36  

					40  

					TT  

					14  

					10  

					4

					A

					T

					All subjects  

					Case  

					182  

					102  

					80  

					104  

					66  

					0.1  

					1

					Control  

					48  

					0.015  

					was similar to the proportions observed for the cases with  

					DR-TB (AA (n = 33), AG (n = 36), GG (n = 10)) and healthy  

					volunteers (AA (n = 20), AG (n = 40), GG (n = 4)). The  

					distribution of the genotypes for the IL‑27 (A>G) in diﬀerent  

					possible inheritance formats was assessed for association  

					with the disease (or healthy) phenotype of the recruited  

					study participants [Table 3]. The over‑dominant model for  

					the genotype of the IL‑27 (A>G) genotype was statistically  

					signiﬁcant for the crude (P = 0.045, OR = 1.99 (1.02–3.90))  

					and adjusted models (P = 0.015, OR = 14.41 (1.66–124.75))  

					of association with the binary dependent phenotype  

					variable (presence or absence of DR-TB disease) [Table 2].  

					The AG genotype for the 1L‑27 had a 1.99 (1.02–3.90)) and  

					OR = 14.41 (1.66–124.75)) odds ratio for being free of DR‑TB  

					disease.  

					The clinical features of a history of DR-TB (TB), family  

					history, and previous history of DR-TB (TB) were assessed  

					for the recruited DR-TB cases, and the result suggested that  

					for each of the assessed features, more than 21.9% of the  

					participants had a “Yes” as their response. The proportion  

					of “Yes” responses to the question regarding the history  

					of TB disease (TB/DR-TB) among DR-TB patients was  

					31/93 (33.3%), and this was the clinical feature question with  

					the highest number of “Yes” responses.  

					In the current study, an assessment of the proportion of the  

					diﬀerent genotypes of the IL27 (A>G) was done and reported  

					in Table 2.  

					discussion  

					Hardy Weinberg Equilibrium (HWE)  

					In the current study, the prevalence of DR-TB disease among  

					patients with a previous history of mycobacterial disease  

					(TB and/or DR‑TB) was 37.2% which was lower than the  

					literature report (53%) from a meta‑analysis of 23 Nigerian  

					earlier studies within the search period of 1975–2016.[12] In the  

					same reported meta-analysis study, the prevalence of DR-TB  

					of 36.0% was identiﬁed when the evaluation was center on the  

					eight studies from the Northern part of the country.[12] Thus, the  

					prevalence of DR-TB in the northern part of Nigeria among  

					patients with a history of TB disease obtained in this study was  

					similar to the literature report for Northern Nigeria and less  

					than reported for Southern Nigeria. The basis for the diﬀerence  

					The assessment of the HWE was carried out on the genotypes  

					of the study participants. Speciﬁc assessment was done for  

					the samples from the healthy volunteers, DR-TB patients,  

					and combined study participants, and the results are  

					presented in Table 2. There was a deviation from the HWE  

					of the control samples as depicted by the signiﬁcant P value  

					of 0.015.  

					The genotypes identiﬁed included AA (homozygous wild  

					type), AG (heterozygous wild type), and GG (homozygous)  

					genotypes. The proportion of the genotypes for the entire  

					study participants (AA (n = 53)/AG (n = 76)/GG (n = 14))  
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					Table 3: Statistical assessment for the association between the genotypes for IL‑27 (A>G) polymorphism in different  

					inheritance formats with the phenotype of study participants—cases or controls  

					Cases  

					Controls  

					Crude estimates  

					Adjusted estimates  

					(Drug‑resistant tuberculosis)  

					(Healthy volunteer)  

					Codominant model  

					AA*  

					AG  

					33  

					36  

					20  

					40  

					-

					-

					P=0.09, OR=1.83 (CI=0.89–3.75);  

					NR2=0.042  

					P=0.02, OR=13.39  

					(CI=1.51–118.69)  

					NR2=0.917  

					GG  

					10  

					4

					P=0.53, OR=0.66 (CI=0.18–2.39);  

					NR2=0.042  

					P=0.74, OR=0.09  

					(CI=0.00–1.73E5);  

					NR2=0.917  

					Over dominant model  

					AG  

					36  

					43  

					40  

					24  

					1P=0.045, OR=1.99  

					(CI=1.02–3.90); NR2=0.038  

					1P=0.015, OR=14.41  

					(CI=1.66–124.75);  

					NR2=0.916  

					AA+GG*  

					Dominant model  

					AA*  

					33  

					20  

					44  

					P=0.19, OR=1.57 (CI=0.79–3.15);  

					NR2=0.016  

					1P=0.028. OR=10.94  

					(CI=1.29–92.71);  

					NR2=0.911  

					AG+GG  

					46  

					Recessive model  

					AA+AG*  

					GG  

					69  

					60  

					4

					P=0.21, OR=0.46 (CI=0.14–1.54);  

					NR2=0.016  

					P=0.558, OR=0.024  

					(CI=0.00–6416.27);  

					NR2=0.894  

					10  

					In the adjusted estimates models; gender, ethnicity, religion, marital status, educational level, family income status, Job type, and age were the covariates  

					used for the model. The asterisk symbol * identiﬁes the reference category in each assessment for the diﬀerent genotype inheritance models. The superscript  

					number 1 identiﬁes the statistic that was signiﬁcant at P ≤ 0.05. NR2=Nagelkerke R squared, OR=odds ration CI=conﬁdence interval  

					in prevalence ﬁndings may be related to the type of test used  

					for determining DR-TB drug resistance. In the current study,  

					all drug resistance was assessed using the GeneXpert test which  

					identiﬁed resistance to rifampicin only while many of the  

					earlier literature studies (meta‑analysis was from 1975 to 2016)  

					were mostly from the southern part of the county (which had  

					the very ﬁrst TB reference laboratory) and assessed resistance  

					to anti-TB using the drug-sensitivity-testing (DST) approach.  

					This drug-sensitivity-testing (DST) approach was more  

					technical and assessed resistance to more than one anti-TB  

					medication. Thus, the later test (DST) was more likely to  

					identify many more DR-TB cases when compared to the former  

					test (GeneXpert). The high prevalence, 62.8%, of DR‑TB  

					among persons previously never diagnosed with mycobacterial  

					disease was a pointer to the increased spread of the disease  

					from infected members of the population to other apparently  

					healthy people. This may be due to the unsuccessful treatment  

					of the disease, associated with poor expertise in management,  

					including and not limited to the medications’sources, quality,  

					dosing, and patients.[51‑53]  

					earlier study that assessed the association of the IL‑27A>G  

					SNP genotypes with the phenotypes of DRTB among  

					33 patients revealed that none of the genotypes of IL27A>G  

					increased susceptibility to the disease.[13] Nevertheless, a two to  

					14-fold increase (crude-adjusted) in the proportion of healthy  

					volunteers carrying the AG genotype when compared to the  

					DR-TB patients was observed in the current study, albeit the  

					impact of Hardy Weinberg Disequilibrium which biases this  

					ﬁnding.  

					liMitation of the study  

					In the current study, a total of 100 DR-TB patients and 100  

					healthy volunteers were recruited; however, only samples  

					from 79 patients and 64 healthy volunteers were ampliﬁable  

					and genotyped using the current protocols. All attempts to  

					amplify the remaining samples were unsuccessful even though  

					the samples were successfully ampliﬁed for other cytokine  

					genotypes-TNF-alpha and IL-8 (data not shown in this paper).  

					The putative explanation for this scenario is that the segment  

					of the IL27A>G gene targeted for ampliﬁcation was probably  

					not present in the patients; numerous other explanations are  

					also possible.  

					The role of the SNPof the IL27 gene has been evaluated in some  

					medical diseases, such as asthma, inﬂammatory bowel disease,  

					and COPD. The 964A/Agenotype appeared to increase the risk  

					for such diseases assessed in those studies.[54-56] This literature  

					report is signiﬁcantly diﬀerent from the ﬁndings in the current  
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