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Abstract 
 

Background: Tuberculosis, caused by the human pathogen mycobacterium tuberculosis (MTB) 

which is harbored by macrophages, is a chronic disease which kills more people than any other 

infectious agents. It has been estimated that one third of the whole world's population has been 

infected with MTB. The candidate gene natural-resistance-associated macrophage protein one, 

NRAMP1, which is associated with host susceptibility to the pathogen MTB. Evidence for the 

gene associated with host susceptibility to tuberculosis has been found in Western Africans, 

Aboriginal Canadians, Koreans and Japanese. 

Objective: To study the role of NRAMP1 gene polymorphism in development of pulmonary 

tuberculosis in River Nile State patients.                                                                                                      

Materials and methods: PCR based restriction fragment length polymorphism (RFLP) 

analysis was used to type the polymorphisms and to determine the allelic frequencies of the 3 loci 

of the NRAMP1 gene amongst patients and controls. 

Results: An association based case-control study has been done by analyzing 143 tuberculosis 

patients and 126 healthy controls. The age groups most commonly affected by tuberculosis were 

adults in their productive years (16-30 years 28.7 %). Male to female ratio 1.5:1. Prevalence was 

higher among the Khalwa and Primary group (40%) and illiterate group (33.6%). 24% of  

tuberculosis patients were reported as positive family history of TB. In the group of tuberculosis 

patients, the results of the statistical analysis for the 3 NRAMPl loci were found to be: INT4 (p-

value = 0.604), D543N (p-value = 0.001) and 3'UTR (p-value = 0.003). Therefore the NRAMPl 

gene exhibits strong statistically significant associations between D543N and 3'UTR 

polymorphisms and the host susceptibility to tuberculosis. 

Conclusion: The study concluded that D543N and 3'UTR NRAMP1 polymorphisms may 

have a role in the development of pulmonary tuberculosis and a lack of association was observed 

between INT4 polymorphism and susceptibility to the development of pulmonary tuberculosis. 
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Introduction 
 

Tuberculosis (TB), one of the oldest known human diseases, still is one of the major causes of 

mortality. Tuberculosis remains the single largest infectious disease causing high mortality in 

humans, leading to 3 million deaths annually, about five deaths every minute. Approximately    

8-10 million people are infected with this pathogen every year. Out of the total number of cases, 

40 per cent of cases are accommodated in South East Asia alone. In India, there are about 

500,000 deaths occurring annually due to TB (RNTCP 1999), with the incidence and prevalence 

being 1.5 and 3.5 million per year. In addition, the pathogen may play a role in disease 

progression since some M. tuberculosis strains are reportedly more virulent than others, as 

defined by increased transmissibility as well as being associated with higher morbidity and 

mortality in infected individuals1 (WHO 1999). 

Approximately 90% of tuberculosis-infected individuals will remain asymptomatic with latent 

infection and only 10% will develop active disease, again, suggesting that host genetic factors 

play an important role to regulate the progression of tuberculosis infection. Differential rates of 

tuberculosis infection and clinical outcomes among races, ethnicities, and families suggest                              

a plausible genetic contribution toward tuberculosis susceptibility. Complex interactions of                         

M. tuberculosis with environmental and host genetic factors play a critical role in tuberculosis 

infection. Several genomic studies demonstrate that host genetics strongly influence tuberculosis 

susceptibility2 (Azad 2012).                                                                                                                   

NRAMP1 gene is located on the endocytic compartment of resting macrophages and is recruited 

to the membrane of the phagosome depending on the pH gradient. NRAMP1 acts as a divalent 

cation transporter or antiporter across phagosomal membranes that are expressed only in 

reticuloendothelial cells2 (Azad 2012).                                                                                                           

These facts suggest that NRAMP1 may inhibit the replication of intracellular pathogens by 

altering the phagolysosomal environment. NRAMP1 is a critical mediator in the innate immune 

response to tuberculosis infection which leads to decreased DNA replication and respiratory 

chain function in M. tuberculosis, but the precise function of this protein remains unclear3 (Hatta 

2010).                                                                                                                                                                

The complex interactions of M. tuberculosis with environmental and host genetic factors play a 

critical role in tuberculosis infection, also host genetics strongly influence tuberculosis 

susceptibility. Unraveling the mechanisms underlying the genetic variations that influence the 

susceptibility or resistance to tuberculosis may lead to better understanding tuberculosis 

pathogenesis and the development of novel strategies for prevention and treatment of 

tuberculosis.  Assessing the contributions and functional consequences of human genetic 

polymorphisms to tuberculosis susceptibility or disease progression remains a major challenge. 

In spite of that fact only a few researches had been done in Sudan. This research will be used to 

facilitate the prevention of tuberculosis (inform physician to decide whether antituberculous 

drugs should be prescribed) by detection of polymorphisms in NRAMP1 gene, which may play a 

role in the development of tuberculosis, but the relevance of polymorphism within these genes to 

the common phenotype of tuberculosis remains unclear.                                                                                
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Materials and Methods 

This was a case-control study, carried out during the period from September 2013 to January 

2016. The study was conducted in River Nile State, North of Sudan. It was conducted in 

collaboration with the Tuberculosis Centers of Ministry of Health in River Nile State (Sudan). All 

smear-positive patients who reported to the TB Centers at Al Damer, Atbarah and Shendi were 

chosen as index cases (ICs). Appropriate control individuals were also enrolled following the 

normal consent procedure. 269 specimens were collected, based on non-probability convenience 

sampling technique during admission to the TB centers. The clinical characteristics of the 

tuberculosis patients included in this study were well defined. All of them had clinical symptoms 

of tuberculosis and were all diagnosed to have tuberculosis by radiology and AFB staining of 

sputum smears. Sex un-matched controls were enrolled (aged ≥15 years, no symptoms of 

tuberculosis, no history of tuberculosis in his/her household, and giving informed consent). The 

study protocol was scientifically reviewed and approved by the Medical Research Committees of 

Shendi University and the Ethical Committees of the Ministry of Health, River Nile State, Sudan. 

Before questionnaires were administered to any eligible patient, the latter was provided with a 

consent form to sign or thumbprint after explaining the aim of the study in detail.                                          

All reagents and primers were pre-tested using control strains; and equipment was calibrated.              

Three consecutive sputum specimens were collected from each patient in plastic, clean, dry, 

wide-mouth, screw capped containers to avoid leaks and aerosol formation.                                                         

A direct interviewing questionnaire was designed to collect demographical and clinical data. 

Patients were advised to collect the sputum samples on early morning before any mouth washing, 

following deep cough to produce sputum and not saliva. The containers were labeled by patient's 

name, serial number and date of collection. Whole EDTA-blood samples were taken from 143 

lung TB patients and 126 healthy individuals as control. The work was carried out in a 

preparation room. The purulent part of each sputum sample was selected and picked by applicator 

wood sticks and applied in to the slide. The smear was prepared neither thin nor thick. Smears 

were left to dry and then fixed by 70% alcohol.                                                                               

Smear slides were stained for acid fast bacilli by Zeihl-Nelsen stain and were viewed as bright 

red against a green background. The result was reported as follows:                                                                      

* No acid fast bacilli per 100 fields: negative.                                                                                                           

* 1-9 acid fast bacilli per 100 fields: scantly.                                                                                                                             

* 10-100 acid fast bacilli per 100 fields: +.                                                                                                                        

* 1-10 acid fast bacilli per one field: ++.                                                                                                                    

* More than 10 acid fast bacilli per one field: +++ .                                                                               

DNA extraction was performed according to manufacturer’s instructions (Analytik Jena AG, 

Germany). Measurement of DNA concentration was performed by a NanoDrop 

spectrophotometer. Also the extracted DNA was electrophoresed on 2% agarose gel to ensure the 

purity of the extraction. The DNA so extracted was stored at -20° C until PCR test was 

performed. The primers used in the study were in the form of lyophilized powder purchased from 

Macrogen (Korea). 
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Detection of NRAMP1gene polymorphisms was confirmed by the amplification of extracted 

DNA using  the following primers and restriction enzymes:  

Name  Primer sequence Restriction Enzyme 

D543N 5'-GCATCTCCCCAATTCATGGT-3' 

5'-AACTGTCCCCACCTATCCTG-3' 

AvaII 

3’UTR 5'-GCATCTCCCCAATTCATGGT-3' 

5'-AACTGTCCCCACCTATCCTG-3' 

FokII 

INT4 5'-TCTCTGGCTGAAGGCTCTCC-3' 

5'-TGTGCTATCAGTTTGAGCCTC-3' 

ApaI 

 

DNA amplification was performed according to Maxime PCR PreMix (iNtRON 

Technology, Korea). An automated DNA thermal cycler (Convergys ® TD Peltier thermal 

cycler-Germany) was used. This cycler was programmed to run each polymorphism.  

PCR product was analyzed on a 2% agarose gel and stained with ethidium bromide and 

photographed by UV rays.                                                                                                                    

Nramp1 polymorphisms were investigated by PCR-RFLP. Amplicon of D543N, 3’UTR 

and INT4 was digested with restriction enzyme, AvaII, FokI, and ApaI, respectively under 

conditions recommended by manufacturer (New England BioLabs, England). Ten 

microliters of PCR product was digested with 2 units of restriction endonuclease AvaII, 

FokII and ApaI at 37°C for 1 hr 30 min. The restriction digested fragments were 

electrophoresis on agarose gel and visualized under UV light. 

For each polymorphism, genotype frequency difference between patients and healthy 

controls was examined by Chi square test. Difference was considered significant when p-

value was <0.05. Frequencies, percentages, and graphs were used for presentation of the 

data. 

 

Results      
 

The total number of TB cases studied was 143, collected from the main centers in River Nile 

State at Al Damer, Atbara and Shendi. Of the 143 smear-positive pulmonary TB patients 

investigated, the number of males was 87 (60.8%) and females was 56 (39.2 %). The male to 

female ratio was 1.5:1. The age range of patients included in the study was 9-80 years (mean was 

43.4 years). Most patients exposed to TB were aged 16-30 years (28.7%). The highest proportion 

of tuberculosis cases (42.6%) were resident in Shendi City. The age group 46-60 years (34.4%) 

mostly exposed to TB was residing in Shendi; while patients less than 15 years old were not 

residing neither in Shendi or in Al Damer.                                                                                                               

40.6% of the TB cases had Khalwa and primary school  education, and 4.2 % had university 

education. 24.4 % of patients had a positive family history of pulmonary TB. Cough and fever 

with sweating were the most common presenting clinical features. The duration between onset of 

symptoms and attending TB centers was more than 8 weeks (43.4%). However, 12.1% of  
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patients attended TB centers within 2 weeks or less after onset of symptoms.   

PCR amplification of the Nrampl loci Intron 4, D543N and 3UTR using the pair of primers of 

each one produced a DNA fragment with size 624bp, 244bp and 244 bp respectively. Fig. (1) 

exhibits the ethidium bromide stained agarose gel.  

  

 

 
Fig. (1): Agarose gel electrophoresis detection of Nrampl loci. 

 

 

For the INT 4 region, out of 143 tuberculosis patients, 135 were homozygous individuals having 

the genotype G/G, which was the most common genotype. Eight of the tuberculosis patients 

were heterozygous individuals having the genotype G/C, carrying both the common allele and 

the polymorphic allele. There is no tuberculosis patients with homozygous polymorphic allele or 

genotype C/C. In the 126 healthy controls, 117 had the genotype G/G, 9 had the genotype G/C, 

and none had the genotype C/C.                                                                                                                             

Out of the 143 patients investigated, 40 were homozygous for the common allele with the 

genotype G / G. 99AFB positive samples were heterozygous individuals carrying both the 

common allele and the polymorphic allele, they had the genotype G/A. The remaining 4 patients 

were homozygous for the polymorphic allele having the genotype A/A. In the 126 healthy 

controls, only one had the genotype G/G, 124 had the genotype G/A, and only one had the 

genotype A/A. 

108 of the 143 tuberculosis patients studied, were homozygous for the common allele of the 

region 3' UTR. They had the genotype TGTG/TGTG indicating that they did not have the 

polymorphism TGTG deletion in that region. There were 35 heterozygous patients carrying both 

the common allele and the polymorphic allele, i.e. carrying the genotype TGTG/TGTG del. 

There was no AFB positive homozygous patients with TGTG deletion allele. 120 out of the 126 

healthy blood donors had the genotype TGTG/TGTG, 6 had the heterozygous genotype 

TGTG/TGTG del, & no AFB positive patients had the genotype TGTG del/TGTG del (Table 1).  

 

Discussion                                                                                                                                   
 

In this study it was found that the gender specific prevalence rate was higher in males than in                                
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Table (1): Allelic frequencies of the  loci INT4, D543N and 3'UTR                                                        

in tuberculosis patients and healthy controls. 

 

 

 

females. In all studies, which contain data on prevalence rates of pulmonary tuberculosis in 

adults, males have a higher prevalence rate than females (WHO 2016)4. Higher male prevalence 

rates were reported also in studies that were conducted in River Nile State (Sudan) by 

Elmadhoun, et al (2016)5.  

This study revealed that the female to male ratio was 1:1.5.  Globally the ratio of female to male 

TB cases was 1: 1.5 to 2 (Borgdorff 1999)6. Limited attention was paid to gender related factors 

associated with TB prevalence. This male predilection may be explained by the habit of smoking 

that is more common in males, by the different immunological factors, by the greater outdoor 

exposure to infected individuals among men, or by other unknown factors. 

The most affected age group were adults in their productive years (16-30 years (28.7 %), a 

finding that is similar to other studies. Also, TB affects the productive age group in some African 

countries (Amel, et al 2011)7. This finding may, partially, explained by the fact that most 

populations of developing nations are among the young age groups. The age group 46-60 years 

(34.4%), 16-30 years  (44.8%), and more than 60 years (31.8%) were found to be the most 

exposed age groups to tuberculosis in Shendi City, Al Damer City, and Atbara City  respectively. 

Also, the age group less than 15 years was found to be less exposed to tuberculosis infection: 0% 

in Shendi City and Al Damer City; and 1.5 % in Atbara City.    

This context showed a clear association between educational status of TB patients and 

prevalence rate of tuberculosis. Prevalence rate was higher among Khalwa and primary school-

educated patients (40.6%) and illiterate patients (33.5%). Also a low prevalence rate of 

tuberculosis was found among higher educational level individuals (4.2 %). This finding may be  
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NRAMP1 Locus 

 

Polymorphisms 

 

TB Patients 

 

Controls 

 

p- value 

D543N G/G 

G/A 

A/A 

40 (28 %) 

99 (69.2 %) 

4 (2.8 %) 

1 (0.8 %) 

124 (98.4%) 

1(0.8 %) 

0.001 

3’UTR TGTG/TGTG 

TGTG/TGTG del 

TGTG del/TGTG del 

108 (75.5 %) 

35 (24.5 %) 

0 (0 %) 

120  (95.2%) 

6 (4.8%) 

0 (0 %) 

 

0.003 

INT4 G/G 

G/C 

C/C 

135 ( 94.4%) 

8 ( 5.6 %) 

0 (0 %) 

117 (92.8%) 

9 (7.2 %) 

0 (0 %) 

 

0.604 

Total  143 (100 %) 126 (100 %)  
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explained by the fact that educated patients' knowledge about tuberculosis and health education 

increase the chance of protection.  

Nearly half of the patients (42.6%) were diagnosed in Shendi Teaching Hospital. This finding 

was different from that reported by Elmadhoun and his colleagues (2016)5 who spotted the 

highest prevalence rate of TB cases in River Nile State in Atbara City.   

Findings from this study also showed that 24.4% of TB cases investigated had a positive TB 

family history. This finding supported the known fact that family history is one of the risk factors 

in tuberculosis infection (Palomino, et al, 2007)8.  

Different genes are involved in the susceptibility of M. tuberculosis to anti-TB drugs (Delgado, 

2002)9. In this work, we had explored the possible association between polymorphisms of 

NRAMP1 gene and pulmonary tuberculosis. The association between tuberculosis and the 

polymorphisms of the human homologue NRAMPl gene was found in different populations 

including Aboriginal Canadians (Greenwood et al, 2000)10. In this study, Nrampl polymorphisms 

were assessed in 143 patients with clinical tuberculosis and 126 healthy controls; to determine 

whether the gene also governs host susceptibilities to pulmonary tuberculosis in River Nile State 

patients.  

From this study, the polymorphisms in 2 regions of the human Nrampl gene including D543N 

and 3'UTR had statistically significant association with host susceptibility to pulmonary 

tuberculosis. These findings are similar to previous findings reported in Poland by Jusak (2011)11 

who found INT4 polymorphism not associated with TB infection. The study performed by Li et 

al (2006)12, found that the 3 gene polymorphisms that had been studied for NRAMP1, 3′-UTR, 

D543N, and INT4 reported no significant association with tuberculosis in a European population. 

In contrast, a variable but significant association among most of these variants had been found in 

Asian and African subjects (Liaw, 2002)13.                                                                                                             

Our findings showed that among population of River Nile State there was no apparent 

association between the INT4 variant of NRAMP1 and pulmonary tuberculosis. Therefore, it is 

evident that the genetic background exerts a decisive role on the possible influence of this gene 

in susceptibility to infection by M. tuberculosis. The 3'UTR variant allele associated with 

susceptibility to tuberculosis is very uncommon in Europeans but was present in about a quarter 

of this West African population. These findings may in part explain why black Americans have 

greater susceptibility to tuberculosis than whites (Stead, 1992)17. NRAMP1 polymorphism will 

need to be assessed in large case-control studies of Africans, Europeans and Asians to determine 

whether the gene governs susceptibility to tuberculosis in other racial groups. 

When a patient presents with symptoms of suspected tuberculosis but the infection is not yet 

confirmed microbiologically by the standard culture of sputum which normally takes 4 to 6 

weeks, identification of the Nrampl genotype would be highly informative to the physician to 

decide whether anti-tuberculosis prophylaxis should be prescribed earlier. In addition, the 

identification of the Nrampl genotype would also help in estimating the risk of an individual to 

acquire infection when one of the family members of the individual is diagnosed as a pulmonary 

tuberculosis case. 

From this study, it may be recommended that future studies on the Nrampl gene shall be required  
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to elucidate whether the Nrampl variants directly affect Nrampl function, or whether another 

functional polymorphism exists within the Nrampl gene. Large case-control studies should be 

performed in Sudanese people to determine the association between NRAMP1 gene and racial 

aetiology. Public tuberculosis protection workshops are recommended to widen the knowledge 

about pulmonary tuberculosis disease.  

Conclusion: Patients aged 16-30 years were more exposed to pulmonary tuberculosis. Strong 

association between educational status and TB infection was established. A quarter of patients 

investigated had a positive family history of TB. D543N and 3'UTR polymorphisms had 

statistically significant association with host susceptibility to pulmonary tuberculosis. INT4 

polymorphism was not associated with TB infection.     
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