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Abstract 

Tuberculosis (TB) is a respiratory disease caused by Mycobacterium tuberculosis. 

TB is responsible for more deaths than any other single pathogen. In Canada, and more 

specifically in Canadian-born Aboriginals and foreign born populations, high incidence 

of TB causes significant morbidity and mortality. Genetic susceptibility or resistance to 

infectious disease such as tuberculosis has been correlated with ethnicity, which in 

conjunction with environmental and host risk factors, can ultimately determine TB 

disease progression.  

Killer immunoglobulin-like receptors (KIR) on natural killer (NK) cells interact 

with other immune cells to monitor the immune system and combat infectious diseases, 

such as tuberculosis. The balance of activating and inhibiting KIR interactions helps 

determine the NK cell response. The presence or absence of specific KIR genes, 

individually or in conjunction, may be associated with tuberculosis (active, latent, or 

uninfected disease status) as well as ethnicity of an individual. It is hypothesized that the 

differences in KIR profiles, gene frequencies, and/or haplotypes in Canadian born 

Aboriginal, Canadian born non-Aboriginal, and foreign born individuals elicits a 

differential activation or inhibition profile, resulting in differential cytokine expression 

and eventually contributes to the outcome of TB infection. Identification of ethnic 

specific genes that confer host susceptibility to TB infection will help to better 

understand the interaction of host genetics and the immune system. The outcome of the 

human immune response to tuberculosis may determine the type of infection or disease 

that develops. In this study we examined the enrichment or depletion of KIR genes in 

different ethnic populations in Manitoba with special focus on active, latent, and 
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uninfected TB status. In addition, we sought to explore the statistical correlation between 

TB status and inhibitory/stimulatory KIR haplotypes. 

We found significant differences in KIR genes frequencies, not only between 

different population groups, but within subgroups as well. Active, latent, and tuberculosis 

uninfected individuals also showed differences in specific KIR gene frequencies. 

Analysis of KIR profiles revealed diversity among population and TB status groups. 

Lastly, significant differences were seen in KIR haplotypes across population groups. 

The skewed distribution of A-containing centromeric haplotypes (containing fewer 

activating genes) along with the increased presence of TB disease within these same 

haplotypes suggests a correlation. Further work, such as sequence analysis of target 

regions, KIR-HLA disease association studies, and cytokine response studies are needed 

to further characterize the relationship between Mycobacterium tuberculosis and KIRs in 

individuals with tuberculosis. 
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1. Introduction 

1.1. Mycobacteria  

The genus Mycobacterium is the only genus in the family Mycobacteriaceae. 

Mycobacteria are aerobic, non-spore-forming, non-motile rods which may branch upon 

multiplication (130). They range in size from 0.2 - 0.6 μm by 1 – 10 μm. The colony 

morphology of Mycobacterium spp. can range from smooth to rough, and may or may not 

be pigmented. Certain species of Mycobacteria are slow-growing compared to other 

bacteria, with generations times up to 20 hours (130). They have a typical cell wall 

structure; however, the presence of mycolic acid provides a hydrophobic permeability 

barrier that requires specialized staining techniques (see section 1.1.3.3).  

Mycobacteria can be sub classified into M. tuberculosis complex and non-

tuberculous mycobacteria (NTM). The M. tuberculosis complex includes M. tuberculosis, 

M. bovis, M. bovis bacilli Calette-Guérin (BCG) vaccine strain, M. africanum, M. caprae, 

M. microti, M. canettii, and M. pinnipedii. All of these species belong to the same 

complex based on genetic homogeneity (130). Only 0.01 -  0.03% nucleotide variation 

exists between these species (16, 54).    

                                                                                                                                                                                                                                                                                        

1.1.1. Tuberculosis Disease Burden 

Of all the species in the genus, the most pathogenic organisms belong to the 

Mycobacterium tuberculosis complex. The World Health Organization estimated the 

global prevalence of M. tuberculosis infection was 33%, with 9.2 million new cases of 
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tuberculosis (TB) in 2010 (128/100,000 population) (141). In the same year, 1.1 million 

people died of TB. When looking at the national scale, Canada reported 1577 new active 

cases of TB (4.6/100,000) in 2010 (126). The incidence of active TB disease in Manitoba 

in 2010 was 10.7/100,000 population, with a disproportionate amount of TB in Canadian-

born Aboriginal
1
 peoples (39.8/100,000) compared with Canadian-born non-Aboriginal 

peoples (1.6/100,000) (126). Furthermore, the overall rate of TB on First Nations reserves 

in Manitoba reached 58.3/100,000 (126). Rates of TB in certain Manitoba First Nations 

communities can exceed 400/100,000 (100, 116). Foreign born individuals living in 

Manitoba had an incidence of 20.7/100,000 (126). Overall, different population groups in 

the province of Manitoba have largely elevated rates of TB disease, contributing to a 

provincial rate more than double that of the national rate. 

1
Aboriginal – persons who have identified themselves as being North American Indian 

(First Nations), Inuit or Métis, according to Section 35 of the Constitution Act of 1982.  

 

1.1.2. Tuberculosis Disease 

Pulmonary tuberculosis is a respiratory illness caused by Mycobacterium 

tuberculosis (130). Approximately 90% of infected non-immunosuppressed individuals 

never develop active disease, while 10% develop active disease at some point during their 

lifetime (101, 130). Latent TB infection (LTBI) refers to the condition in which M. 

tuberculosis remains viable in the macrophage (Section 1.2) but retains a small amount of 

metabolic activity (129). At this stage, clinical signs and symptoms of active TB 

(coughing, weight loss, night sweats) are absent. In addition, LTBI has historically been 
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described as exposed or unexposed, as compared to a gradient or degree of exposure 

(123). Current evidence suggests LTBI may be better explained as a spectrum of disease 

correlating to degree, duration, and proximity of exposure (123). 

The pathogenesis and transmission of TB are interrelated. How M. tuberculosis 

interacts with the human host determines its survival (17). Following ingestion of the 

bacilli by alveolar macrophages, the organism may or may not be destroyed, depending 

on the degree to which phagocytizing cells are activated, on host genetic factors, and on 

resistance mechanisms of the bacteria (17). M. tuberculosis infected macrophages appear 

to be diminished in their ability to present antigens to CD4
+
 T-cells, leading to persistent 

infection (103). Additionally, antigen presenting cells contribute to defective T-cell 

proliferation/function by the production of cytokines (see Section 1.4.1 for more detail). 

A proportion of those who are recently infected are unable to contain the infection 

despite the stimulation of the cell-mediated immune response and delayed-type 

hypersensitivity. These individuals progress to active disease within a matter of months 

(17). Those newly infected people in whom active TB does not develop within this period 

of time are left with LTBI. These individuals will either never experience disease, or later 

develop active TB disease. In LTBI, it is presumed that a combination of local 

conditions, a properly functioning cell-mediated immune system, and the presence of 

inhibitors result in conditions unfavorable for replication of M. tuberculosis (17).    
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1.1.3. Diagnosis and Screening 

A limited number of tests are available for diagnosing and screening for M. 

tuberculosis, including the tuberculin skin test (TST), the interferon-gamma release assay 

(IGRA), the acid-fast smear, and the gold standard, Mycobacterium tuberculosis culture. 

 

1.1.3.1.TST 

After the tubercle bacillus was discovered by Koch in 1890, tuberculin, a 

preparation of heat-killed bacilli was modified and introduced for human use by von 

Pirquet in 1907 (109, 134). The TST was the first immunodiagnostic test for TB, in 

which purified protein derivative (PPD, tuberculin) is intradermally injected and read 48-

72 hours later (135). A positive result (induration) is caused by tuberculin reactivity. 

Induration is due to a delayed type hypersensitivity reaction. Sensitized T-cells 

circulating in the blood following a previous M. tuberculosis infection are stimulated, 

causing vasodilation, edema, and infiltration of lymphocytes, basophils, monocytes, and 

neutrophils to the injection site suggesting previous exposure to the pathogen (59). 

The TST cannot distinguish a positive result due to active TB infection from a 

response due to immune memory resulting from BCG vaccination, cross-reactivity with a 

NTM, or false positives (130). The subjective nature of both placing and reading the TST 

can greatly affect the sensitivity and specificity of this test (9, 59). In addition to the 

above reasons, variability between tuberculin suppliers (133), diagnostic induration size 

cut-offs, and the need to return 48-72 hours later to have results measured limits its 
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usefulness (109). 

The effects of the shortcomings of this test are two-fold: those that are actively 

infected but have a false-negative TST may not be treated; those that are not infected but 

have a false-positive TST may be unnecessarily treated with LTBI prophylaxis. Multiple 

studies have shown that 20% or more of patients with TB had a false-negative TST (56, 

59, 108, 119). Likewise, studies exist showing induration in uninfected individuals (26, 

35). Yet over 100 years since its introduction, the TST remains a widely used screening 

test for TB infection. 

 

1.1.3.2.IGRA 

Since M. tuberculosis is an intracellular pathogen residing in the macrophage, TB 

antigens are presented by major histocompatibility complex (MHC) class I and class II 

molecules (61). The resulting type-1 T-cell response (cell-mediated immune response) is 

characterized by interferon (IFN)-gamma production (11). Upon progression to active 

TB, the cell-mediated immune response additionally produces interleukin (IL)-4, IL-5, 

and IL-10 (36). During latent TB infection the mycobacteria remain replicatively dormant 

in the macrophage but only retain a small amount of metabolic activity. Because of this, 

unprocessed M. tuberculosis antigens are unlikely to leave the macrophage and be picked 

up and processed by B-cells involved in the humoral immune response and antibody 

production. Therefore, the ideal LTBI diagnostic test needs to measure cell-mediated 

immune responses rather than antibody responses (109). 
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IGRA is a more recently developed immunodiagnostic test. Unlike the TST, 

IGRA is not affected by BCG vaccination, does not cross-react with the majority of 

NTMs, and is less prone to variability in reading results. The test measures the amount of 

IFN-  released from memory T-cells in blood when they are incubated with the M. 

tuberculosis-specific antigens ESAT-6, CFP-10, and TB7.7 (117, 130).  These antigens 

are found in M. tuberculosis complex organisms (M. tuberculosis, M. bovis, M. 

africanum, M. microti, and M. canetti) but are absent in the BCG vaccine strain and many 

NTMs (117). The test uses both a negative saline control as well as a mitogen 

(phytohaemagglutinin) positive control that measures the immune status of the individual 

being tested. IFN-  responses are measured by an enzyme-linked immunosorbent assay 

(ELISA) (109). Although IGRA is unable to distinguish active TB from latent TB 

disease, it is a much more accurate indicator of latent TB than the TST (30). The optimal 

strategy for diagnosing latent TB may be a TST followed by an IGRA. The downside to 

wide spread use of IGRAs in developing countries is its high cost compared to the TST. 

In addition, the altered immune response in immunosuppressed individuals makes 

interpreting the IGRA results difficult at times (130). 

 

1.1.3.3.Acid-fast Smear 

Special stains are used to microscopically detect mycobacteria in a patient sample. 

The high mycolic acid content of their cell walls makes them waxy and therefore unable 

to be stained using the conventional Gram staining procedure. Mycobacteria can be 
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stained with the fluorescent dye auramine O, which fluoresces when bound to RNA or 

DNA, or a carbol fuchsin-based method such as Ziehl-Neelson (130). The acid-fast smear 

is less sensitive, but is much quicker than culture. To perform an acid-fast smear, a 

clinical specimen is fixed to a glass slide, stained, and examined using microscopy. Both 

fluorescent as well as colorimetric stains are recommended.  The test results are reported 

as acid-fast bacilli (AFB)/ml. The amount of AFB needed to result in a smear-positive 

result can be as high as to 10
6
AFB/ml (130).  

 

1.1.3.4.Culture 

Mycobacterium tuberculosis culture is the gold standard for the diagnosis of 

active TB disease. As few as 10
1
 to 10

2
 viable organisms/ml are required for a positive 

result. Sputum samples, the principle specimen obtained, contains normal bacterial flora 

and mucin, which bind mycobacteria, making isolation difficult. Hence, specimens from 

non-sterile body sites must be decontaminated before being cultured. Mucolytic and 

decontaminating agents are used to destroy everything but the potential M. tuberculosis 

contained in the sample prior to culturing (135). 

The MGIT (mycobacterial growth indicator tube) 960 system (Becton Dickson 

Microbiology Systems) is an automated mycobacterial liquid culture system. The MGIT 

system detects mycobacterial growth in broth medium using a fluorescence-quenching-

based oxygen sensor (130). As the mycobacteria grow, the oxygen in the media depletes, 

causing the indicator to fluoresce.  
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The optimum incubation temperature for most cultures is 35-37⁰C. M. 

tuberculosis cultures obtained from skin and soft tissue should be incubated at 25-33⁰C 

(130). Cultures of smear negative samples grown on solid media are held for 6-8 weeks 

before being reported as negative. Smear-positive culture-negative samples grown on 

solid media should be held onto for an additional 4 weeks before reporting negative 

(130).  

 

1.1.4. Vaccine 

The BCG vaccine strain was created by Albert Calmette and Camille Guérin 

between 1908 and 1919 when they passed M. bovis through bile-containing medium 231 

times, effectively attenuating the strain (118). The vaccine was first used in humans in 

1921. The BCG vaccine provides good protection against disseminated forms of 

childhood TB (military TB, TB meningitis) by reducing hematogenous (bloodborne) 

spread from the site of primary infection (67). Vaccine-induced protection against 

pulmonary TB in adults however is variable. Of all human vaccines in routine use today, 

the BCG vaccine has the greatest variation in protective efficacy (130). The current 

World Health Organization (WHO) recommendations are to vaccinate infants as soon as 

possible after birth in countries with a high burden of TB. The BCG vaccine is currently 

given soon after birth to children in over 100 countries, including routine administration 

to Aboriginal newborns in Canada (67). The high cost, benefit ratio, adverse reactions 

associated, and ability to hinder TB investigations through TST, has led to the 
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discontinuation of vaccination  in the Atlantic Provinces (67).  

 

1.1.5. Treatment 

In treating TB, the American Thoracic Society (ATS), Centers for Disease 

Control and Prevention (CDC), and the Infectious Diseases Society of America (IDSA) 

set goals to firstly cure the patient, and secondly minimize transmission of M. 

tuberculosis to others (124). These goals keep both the safety of the individual as well as 

the community in the forefront. This patient-centred approach often utilizes directly 

observed therapy (DOT), where patients are observed ingesting each dose of anti-

tuberculosis medications by a healthcare worker. First line TB medications include 

isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), and ethambutol (EMB). 

 

1.1.5.1.Latent TB 

For individuals with latent TB, the need for INH therapy is determined, based on 

factors such as age, recent conversion to TST positivity, and probability of future 

immunosuppression potentially leading to active disease (129). Depending on the 

treatment regimen, INH may be taken daily for many months and there is concern 

regarding toxicity related side effects. The full treatment recommendations can be found 

at http://www.thoracic.org/statements/resources/mtpi/rr5211.pdf. Recent evidence 

suggests that a combination regimen of INH with rifapentine (RPT) for 12 weeks with 

DOT is as effective as the previous lengthy treatment strategy (105, 113, 120). These new 
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guidelines are recommended for those patients that are ≥12 years of age who have LTBI 

and have factors predictive of developing active TB (105). Completion of therapy is 

based on the actual number of doses of medication(s) taken within a specific time period 

(124).  

 

1.1.5.2.Active TB 

Determining the need to initiate treatment should be based on epidemiologic 

information, radiographic findings (chest x-ray), microscopic findings (acid fast smear), 

and mycobacterial culture and susceptibility testing results (124). Treatment for active 

TB (caused by drug-susceptible organism) includes a four drug regimen of anti-

tuberculosis chemotherapy including INH, RIF, PZA, and EMB. The first phase of 

treatment last for 2 months, followed by 4-7 months of continuation therapy. The intense 

initial phase aims to kill actively replicating M. tuberculosis, while the continuation phase 

targets any persisting bacilli (42, 127). The full recommendations can be found at 

http://www.thoracic.org/statements/resources/mtpi/rr5211.pdf. Again, completion of 

therapy is based on the actual number of doses of medications taken within a specific 

time period. The assessment of cure is based on clinical response, AFB smear, and 

culture at completion of treatment (124). 
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1.2. The Host Immune Response: Cells and Cytokines 

The immune system functions to prevent or limit infections caused by 

microorganisms. The human (mammalian) immune system can be broadly divided into 

the innate and acquired arms. The innate arm is the first line of defense against a 

microorganism once it breaches the skin or mucous membranes (70). The acquired arm of 

the immune system is much more specific than the innate arm, and takes several days to 

become fully functional (71). The acquired arm can be further divided into cell-mediated 

immunity and antibody-mediated (humoral) immunity.  

The cell-mediated immune system includes several cell types: macrophages, 

which present antigens to T-cells; helper (CD4
+
) T-cells, which participate in antigen 

recognition and regulation; natural killer (NK) cells, which can inactivate pathogens; and 

cytotoxic (CD8
+
) T-cells, which can kill infected cells. Both macrophages and CD4

+
 T-

cells produce cytokines that activate killing of the pathogen by CD8
+
 T-cells (71). NK 

cells share several functions with CD8
+
 T-cells including killing mechanisms and 

cytokine production (104). The cells of the immune system can be seen in Figure 1. 
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Figure 1: Cells of the immune system 
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Cytokines are secreted proteins that generate a potent innate immune response 

and provide signals to initiate the aquired immune repsonse (23). Their function involves 

numerous aspects of cell growth, differentiation, and activation.  The nature of the 

immune response determines which cytokines are produced and whether the response is 

cytotoxic, humoral, cell-mediated, or allergic (23). There are many cytokine families, 

including interleukins (IL), interferons (INF), and the tumor necrosis factor (TNF) 

superfamily, all which will be highlighted later in this paper. 

When a bacterial pathogen enters the body, it is ingested by a macrophage and 

broken down into antigens, which appear on the macrophage’s surface along with MHC 

proteins. The interaction of MHC with CD4
+
 T-cells results in production of interleukins 

(71). Interleukins are glycoproteins produced by leukocytes for regulating immune 

responses. They have immunomodulatory effects on a wide variety of responses in cells 

and tissues (15).  

Natural killer cells make up approximately 15% of peripheral blood lymphocytes 

and are critical in bridging the innate and adaptive immune response to infection by 

production of cytokines (82). They were named “natural” killers as they are active 

without prior exposure to the pathogen. NK cells mediate their protective effect in two 

ways: via perforin/granzymes (cytotoxicity carried out by granule exocytosis of 

membrane pore-forming molecules/proteases), or by death ligand interactions (Fas-FasL) 

(79). Regulation of NK cells is achieved through a number of receptors expressed on the 

cell surface, belonging either to the immunoglobulin superfamily (Ig-SF) domain or those 
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resembling C-type lectins (C-type lectin domain family, CTLD) (84). Ig-SF domain 

receptors include killer immunoglobulin-like receptors (KIR), leukocyte 

immunoglobulin-like receptors/immunoglobulin-like transcripts (LIR/ILT), leukocyte-

associated inhibitory receptors (LAIR), and natural cytotoxicity receptors (NCR) such as 

NKp44, and NKp46 (84). CTLD family receptors include NKG2/CD94 (killer cell lectin-

like receptor, KLR) and other NKG2 (KLR) subclasses.  Whether the presence or 

absence of a particular NK cell receptor gene is advantageous or deleterious to an 

individual with respect to immunity to pathogens remains largely unknown. Genetic 

diversity of the human immune response plays a role in host survival. Differences in the 

human genome may impact the quality of the immune response generated against a given 

pathogen (68).  

 

1.3. Killer Immunoglobulin-like Receptors 

KIRs are receptors on NK cells. There are 15 KIR genes and 2 KIR pseudogenes 

in humans, all of which are located within 150 kb in the leukocyte receptor complex 

(LRC) on chromosome 19, at the position 19q13.4 (see Figure 2) (19).  
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Figure 2: KIR gene organization; left – human karyotype, centre – leukocyte receptor 

complex located on chromosome 19 containing the killer immunoglobulin-like receptor 

(KIR) genes (19), right – organization of KIR framework genes (white), stimulatory 

genes (grey), and inhibitory genes (black). Note that genes side-by-side represent the 

same locus on the chromosome. 
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A given individual may not have all KIR genes; however, they will possess all 

four framework genes in their DNA. Each KIR gene encodes for a receptor on the surface 

of a NK cell. The activity of NK cells is controlled by a balance of inhibitory and 

stimulatory signals generated when a ligand binds to a receptor on the cells surface. KIRs 

are these inhibitory and activating regulatory molecules found on NK cells. KIR control 

the response of NK cells by delivering inhibitory or activating signals upon recognition 

of MHC class I ligands on the surface of potential target cells (132). This highly specific 

recognition system is arbitrated by the integration of signals triggered by a multitude of 

inhibitory and activating receptors, which trigger cytotoxicity and secretion of cytokines 

(104). KIR recognize specific human leukocyte antigen (HLA) class I molecules, which 

are products of the MHC. KIR can distinguish an array of polymorphic HLA class I to 

mount an effective immune response against pathogens. The genes that encode HLA 

ligands are located on many different chromosomes, resulting in variable KIR-HLA 

combinations which may contribute to susceptibility of an individual’s health status or 

outcome of disease (6, 64). The interaction of KIR and HLA class I allow NK cells to 

identify and inhibit immune responses targeted toward normal cells. Conversely, an 

infected cell with down-regulated HLA leads to activation of NK cells via stimulatory 

KIR interaction, causing an immune response. These ligands for activating receptors 

could be either “induced-self”, “altered-self” (HLA class I loaded with a foreign peptide), 

or “non-self” (pathogen-encoded molecules) (104). When the stimulatory signals 

overcome the inhibitory signals, a molecular cascade leads to NK cell cytotoxicity (62, 
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82). More specifically, inhibitory KIR contain an immunoreceptor tyrosine-based 

inhibition motif (ITIM) which interacts with a phosphatase (PTPN6), preventing 

phosphorylation of the cascade leading to activation (cytotoxicity and cytokine release) 

(62). Activating KIR lack ITIMs but interact with a signaling adaptor (DAP12) that 

contains an immunoreceptor tyrosine-based activation motif (ITAM) that interacts with a 

kinase (such as Src kinase), which in turn phosphorylates multiple molecules in the 

activation cascade leading to cytokine release (62). 

KIR genes have a high level of sequence similarity leading to a predisposition for 

homologous recombination, explaining the expansion and contraction of the KIR locus 

(64). KIRs possess either 2 or 3 extracellular immunoglobulin-like domains (involved in 

ligand binding), and either a long or short cytoplasmic tail (involved in signaling). KIR 

are named taking into account the number of extracellular domains (2D or 3D) and long 

(L) or short (S) cytoplasmic tail or (P) pseudogene (see Figure 3) (6). Inhibitory KIRs 

have long tails, while activating KIRs have short tails. The final digit indicates the 

number of the gene encoding a protein with this structure (104). KIR genes are highly 

variable in nature due to both polygenic as well as multi-allelic polymorphisms (82). 

Two-domain KIRs recognize HLA-C allotypes while three-domain KIRs recognize 

HLA-B allotypes (44). Although KIRs with specificity for HLA-A (31), -B (53), -C (91), 

and –G (84) have been defined. 
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Figure 3: KIR nomenclature 
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1.3.1.    Role of KIR in Disease 

There is extensive genome diversity of both KIR and HLA in humans. It is 

believed that this variation may affect resistance or susceptibility to a number of 

pathogens through ligand-receptor interactions and the downstream signaling and/or 

cytokine release that follows (6, 19). Genetic susceptibility or resistance to infectious 

disease has been correlated with ethnicity (see Section 1.3.2.), which in conjunction with 

environmental and host risk factors, can ultimately determine disease progression (28, 89, 

92). The discovery of an unexpected level of diversity within the KIR genes has led to a 

search for their role in human disease, making them an attractive target for disease 

association studies (64). A collection of disease association studies involving 

inflammatory conditions, infectious diseases, cancer, and reproductive disorders can be 

seen in Figure 4. 

In human immunodeficiency virus (HIV), presence of KIR3DS1 with HLA-Bw4 

motif was associated with slower disease progression (20). Studies searching for the role 

of KIR and HLA in hepatitis C virus (HCV) infection compared clearance versus 

persistence of the virus. Similar to HIV, KIR3DS1 with HLA-Bw4 has a protective effect 

(65). In another viral example, activating KIR may be protective against cytomegalovirus 

(CMV) (24) and inhibitory KIR2DL1 may be detrimental (45). 

Less is known for the role of KIR in bacterial diseases. Susceptibility to viral 

infections tend to be associated with inhibitory genotypes while susceptibility to 

autoimmune diseases and diseases with inflammatory pathology such as bacterial lung 
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infections and bronchiectasis are often associated with activating genotypes (13). It is 

however noted that activating and inhibiting KIR repertoires along with differential HLA 

ligands may lead to an inherent potential for NK cell activation (12). A study of KIR in 

syphilis patients found that homozygous KIR1D was more prevalent in patients 

compared to controls (144). In Listeria monocytogenes infection, rats with depleted Ly49 

(equivalent to human KIR) containing NK cells had increased bacterial loads. Increasing 

NK cell population resulted in more resistance to infection  (94). There also exists a small 

number of tuberculosis disease association studies (4, 14, 75, 78). One such study, found 

that inhibitory KIR, specifically KIR2DL1 and KIR2DL2 were found more frequently 

among TB patients suggesting a possible inhibition of NK cell activity against infected 

target cells (4). Another study found that centromeric-AA status, which contains no 

stimulatory genes, is associated with TB status (14). A third study found that KIR2DS1, 

KIR2DS3, and KIR3DS1 frequencies were significantly higher in TB patients than 

controls, and speculated they may have a role in susceptibility to disease (74). Lastly, one 

study found that KIR2DL3 was more prevalent among TB patients, and along with the 

higher prevalence of haplotype A, suggested greater inhibition of killer function of NK 

cells in a TB setting (78). As many of these studies point out, population studied, KIR 

polymorphisms, environmental, cultural, and gene-gene interactions all play a part in 

interpreting the role that KIRs play in disease. The above presented research rounds out 

the majority of the literature available for KIR disease association studies involving 

bacteria. 
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Figure 4: Compilation of KIR disease association studies from several reviews (18, 98, 

137) as assembled by Bashirova et al. (6). Used with permission. 
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1.3.2. KIR by Ethnicity 

The diversity in KIR genes contributes to distinct disease outcomes between 

ethnic populations. Killer immunoglobulin-like receptors are one subset of genes that 

have been shown to be associated with many different diseases (64, 98) across many 

different ethnic groups (29, 60, 66, 95, 96, 136, 142). Distinct outcomes of immune-

regulated diseases are primarily due to differential expression of cytokines between 

different populations such as Caucasians, Aboriginals, and other ethnicities. The KIR 

diversity, as well as activating/inhibiting balance of KIR genes, contributes to distinct 

disease outcomes between these ethnically diverse populations. 

Work by Rempel, et al found that haplotype B centromeric KIR genes were 

reduced while haplotype B telomeric KIR genes (greater immune activating phenotype) 

were prominent in Manitoba First Nations compared with Caucasians (107). A recent 

publication by La, et al found that presence of specific KIR3DL1/KIR3DS1 and 

KIR2DL2/KIR2DL3 genes were associated with NK cell dysfunction, leading to a severe 

disease outcome in Manitoba First Nations with H1N1 (66). A study from India reported 

KIR3DL1 to be positively associated with malaria severity (73). Additionally, presence 

of four activating genes protected from frequent malaria infection while six activating 

genes negatively influenced disease outcome.  
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1.4. Human Immune Response to Tuberculosis 

1.4.1. Immunology 

M. tuberculosis is spread by airborne transmission via droplet nuclei which are 

formed when particles of moisture containing viable bacteria begin to evaporate, 

concentrating the microbes (135). Droplet nuclei are produced when a person with active 

TB coughs or talks (121). Only nuclei containing 1-3 bacilli are small enough to reach the 

alveolar spaces. The first line of alveolar defense is the microbicidal activity of the 

alveolar macrophages (135). It is the inability of the infected macrophage to contain the 

M. tuberculosis that is fundamental to the pathogenesis of TB. Macrophages that contain 

multiplying M. tuberculosis may die, leading to release of the bacilli, and attraction of 

monocytes (immature macrophages). Cell-mediated immunity is triggered approximately 

21 days after initial infection. As a result, the alveolar macrophages demonstrate an 

increased ability to destroy the intracellular bacilli (27, 76). However, macrophage death 

also occurs at this stage, resulting in a granuloma, a characteristic pathologic finding of 

TB (135). Macrophages then can become highly activated and destroy the bacilli, or 

poorly activated, ingest but fail to destroy the bacilli. Macrophages and neutrophils are 

considered the first line of defence against M. tuberculosis infection. Once the infection 

establishes in the lungs, the alveolar macrophages phagocytize the bacilli (38, 140). The 

extent of this activation influences whether the immune response results in clearance or 

containment of the pathogen; with the end result of latent infection or the development of 

active disease (43).  



 

 

24 

 

Granulomas that form in the lung are composed of a mass of M. tuberculosis 

infected macrophages, stimulated macrophages that have differentiated into 

multinucleated giant cells, epithelioid cells and foamy macrophages loaded with lipid 

droplets and neutrophils (110). This granuloma then becomes surrounded by lymphocytes 

(mostly CD4
+
 T-cells, with some CD8

+
 T-cells and B-cells) (99). Classically, the 

granuloma contains a necrotic caseous core caused by cell lysis, resulting in a hypoxic 

centre. It has been hypothesized that latent M. tuberculosis reside in the central hypoxic 

core in an altered metabolic state, while the active M. tuberculosis replicate in the 

oxygenated areas (5). 

TB is a chronic disease requiring constant expression of cellular immunity to limit 

bacterial growth (63). Specific cytokines, namely IL-2, INF- , and TNF are all 

fundamental in the control of M. tuberculosis (25, 41). INF-  is secreted by CD4
+
 T-cells 

and functions to activate macrophages and secrete products that can lyse M. tuberculosis 

(40). Induction of a protective INF-  response against M. tuberculosis is dependent on IL-

12, which is secreted by dendritic cells (40). Additionally, the interaction between IL-12 

and INF-  is needed to maintain immune responses in the lungs to control the chronic 

infection (111). TNF is produced by multiple immune cells (macrophages, neutrophils, 

dendritic cells, T-cells, and NK cells) and functions to induce chemokine production, 

maintain integrity of the granuloma, and boost intracellular killing (21, 90).  

Additional cytokines also play a role in TB infection, such as IL-6, IL-10, IL-17, 

and IL-23. IL-6 is produced mainly by phagocytic cells and mediates T-cell activation, 
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growth, and differentiation (23). During M. tuberculosis infection, IL-6 interferes with 

INF-  signalling, specifically inhibiting INF-  induced autophagy (34). Autophagy is 

needed to eliminate intracellular bacteria. IL-10 is produced by macrophages, 

neutrophils, dendritic cells, B-cells, and T-cells and functions as an immunosuppressive 

cytokine that dampens the immune response to intracellular bacteria by inhibiting 

production of specific cytokines (112). When overproduced, IL-10 contributes to chronic 

infection. IL-17 impairs neutrophil survival and decreases lung inflammation and 

improved disease outcome (93). IL-23 is an inducer of INF-  and is essential to the 

expression of IL-17 response to mycobacterial infection (63). Regardless of what is 

known about the immune response to TB, the factors that allow one individual to be 

protected from M. tuberculosis infection while others develop active disease is not 

understood. 

 NK cells are important in early infection as they are capable of activating 

phagocytic cells at the site of infection (103). NK cells may directly lyse the M. 

tuberculosis, or can lyse infected monocytes. In vitro culture of NK cells with live M. 

tuberculosis brings about the expansion of NK cells, further supporting their important 

role as responders to TB infection (37). Additionally, NK cells are producers of IFN- , 

which plays many roles in TB infection as described above. 
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1.4.2. Host Genetics 

In addition to the immunological aspects to control of TB disease, host genetics 

also plays a role in combating the pathogen. Several host genes involved in the process of 

antigen presentation, macrophage activation, and granuloma formation have been 

identified (77).  

HLA is involved in presentation of M. tuberculosis antigens. Many studies have 

been performed to show an association of specific HLA genotypes with TB 

susceptibility/resistance, most notable at the HLA-DR and HLA-DQB1 loci, which 

determine which mycobacterial antigens are presented to helper T-cells (33, 48, 77, 87).  

Non-HLA genes have also been implicated in TB disease. The PTPN22 gene 

codes for an intracellular lymphoid-specific phosphatase involved in the inflammatory 

response by the down-regulation of NK cell, neutrophil, and T-cell activation (49). The 

R620W (C1858T) polymorphism in PTPN22 may be a genetic factor predisposing an 

individual to the development of TB. T-allele carriers were found to be protected against 

disease while C-allele carriers were prone to development of TB disease (49).  

Toll-like receptors (TLRs) are a family of mammalian cell-surface proteins that 

stimulate pro-inflammatory cytokine gene transcripts in response to various microbial 

ligands (77). TLR-2 is involved in the recognition of M. tuberculosis (85). Macrophages 

detect mycobacteria through activation of TLR-2, leading to intracellular killing (122). 

An Arg753Gln polymorphism in TLR-2 may influence TB susceptibility by leading to 

decreased response of macrophages to bacterial peptides, resulting in an attenuated 
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immune response (72, 97).  

The polymorphic variants of the vitamin D receptor (VDR) gene have been 

emphasized with susceptibility/resistance to pulmonary tuberculosis (10). VDR is a 

ligand activated transcription factor, which upon binding vitamin D3 (an 

immunomodulatory hormone), interacts with vitamin D response elements and alters 

their transcription (81). Polymorphisms in the VDR gene are identified by allelic 

variation in restriction enzyme sites including BsmI (T to G), ApaI (T to G), TaqI (T to 

C), and FokI (C to T), and are associated with susceptibility/resistance to TB disease (2, 

77).  

Solute carrier family 11 member 1 protein (SLC11A1), formerly NRAMP1 

(natural resistance associated macrophage protein 1) is a pH-dependant proton/divalent 

cation antiporter involved in macrophage function. Polymorphisms in SLC11A1 have 

been associated with susceptibility to inflammatory diseases and intracellular bacteria 

including M. tuberculosis (3, 131).  

Macrophages play a dual role in the antimycobacterial host response: they restrict 

the growth of engulfed mycobacteria while at the same time they can shield the pathogen 

from being fully eradicated (61). A critical element of mycobacterial survival involves 

the blockade of phagosomal maturation, which would normally lead to the death of the 

engulfed microbes. Ras-associated small GTP-ases (Rab) molecules are mediators of 

these fusion events. There are more than 60 Rab family members. Polymorphisms in 

Rab5, 7, 13, 24, 27A, and 33 are associated with susceptibility/resistance to TB (77).  
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The release of cytokines in response to M. tuberculosis infection is an 

immunologic response; however, the genes encoding cytokines can be viewed as the host 

genetic component. Polymorphisms in IL-6, IL-10, IFN- , TNF-α, and others cytokines 

have been associated with susceptibility/resistance to TB disease (1, 8, 47, 77). 

The development of TB disease is the result of a complex interaction between the 

host and pathogen. Numerous host genes are likely to be involved in this process. Lastly, 

KIRs, the focus of this research, are the receptors which interact with HLA, genes which 

already have well established connections to TB disease outcomes. The extensive 

diversity of KIR, and its role in NK cell function, recruitment to the site of infected 

macrophages, and cytotoxicity/cytokine release highlight the importance in studying this 

host gene for its role in TB disease. 

 

1.5. Role of KIR in Tuberculosis Disease 

The natural resistance to tuberculosis is reflected in the ability of the macrophage 

to control intracellular growth of the organism. A resistant host shows a chronic infection 

generally affecting the lungs, whereas a highly susceptible host shows a rapidly 

progressing, possibly fatal illness with potential to spread to many organs (7). The study 

of tuberculosis requires an understanding of the nature and duration of TB disease as well 

as the particular population under study. 

Studies have demonstrated that the outcome of TB infection is affected not only 

by infection with more or less virulent strains of M. tuberculosis, but also the genetic 
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composition of the host, specifically the presence or absence of genes that regulate the 

immune system (28, 92, 100, 114, 116, 128).  

Genes involved in susceptibility to mycobacterial diseases have been previously 

explored in populations around the world, and more recently in Canadian Aboriginal 

groups that have had epidemic and endemic TB (3, 52, 69). KIR2DL3 has been found to 

be significantly more prevalent in Lebanese and Mexican TB patients compared to 

control populations without TB (78, 86). A study in a Lur population in Iran found an 

association between KIR3DS1 and susceptibility to TB (115). Other studies have shown 

KIR3DL1 to be implicated in more severe disease outcomes, and KIR2DL3 to be more 

prevalent among TB patients (78). Inhibitory genes KIR3DL1, KIR2DL3 and activating 

genes KIR2DS1, KIR2DS5 conferred susceptibility towards TB either individually or in 

haplotype combinations in a population in south India (102). A study from China found 

frequencies of KIR2DS1, KIR2DS3, and KIR3DS1 were significantly higher in TB 

patients compared to controls (75). In conjunction, these studies demonstrate there is a 

genetic component to TB disease, and that they may play a role in altered TB disease 

progression and disease outcomes. 
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2. Hypotheses 

Genetic diversity of the genes encoding the human immune response plays a 

critical role in the ability of the host to interact with the pathogen by mounting an 

appropriate immune response and hence impacting host survival (68). The discovery of 

an unexpected level of diversity within the KIR genes has led to a search for their role in 

human disease (64). The presence or absence of specific KIR genes, individually or in 

conjunction, may be associated with tuberculosis status (active disease, latent disease, not 

infected) as well as ethnicity of an individual (78, 86, 115). It is hypothesized that the 

differences in KIR profiles, gene frequencies, and/or haplotypes in Canadian-born 

Aboriginal, Canadian-born non-Aboriginal, and foreign born individuals elicits a 

differential activation or inhibition profile, resulting in differential cytokine expression 

and eventually contributes to the outcome to TB infection. Identification of ethnic 

specific genes that confer host susceptibility to TB infection will help to better 

understand the interaction of host genetics and the immune system. The outcome of the 

human immune response to tuberculosis may result in the type of infection or disease that 

develops. In this study we examined the enrichment or depletion of KIR genes in 

different ethnic populations in Manitoba with special focus on patients with active, latent, 

or uninfected TB status. In addition, we sought to explore the statistical correlation 

between TB status and inhibitory/stimulatory KIR haplotypes.  
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The specific hypotheses for this study are as follows: 

i. KIR gene frequencies will differ between ethnically diverse groups: 

Canadian-born Aboriginal, Canadian-born non-Aboriginal, and foreign born 

individuals, as well as between subjects falling within specific tuberculosis 

disease status groups: active infection, latent infection, and uninfected. 

 

ii. Within each of the above mentioned groups, a predominant KIR profile(s) will 

be identified. 

 

iii. Inhibitory KIR haplotypes (immune-dampening) will be more prevalent in 

those with active TB, while activating KIR haplotypes (immune-stimulating) 

will be more prevalent in the uninfected group. 

  



 

 

32 

 

3. Specific Objectives 

i. Determine the presence or absence of all possible KIR genes with a 

polymerase chain reaction (PCR) assay in order to compare gene frequencies 

between the specified groups 

 

ii. Assemble each individual’s KIR genes into a KIR profile and group identical 

profiles together in order to compare specified groups by statistical 

comparison 

 

iii. Categorize individuals into haplotypes using a defined scheme in order to 

compare the distribution of TB cases 
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4. Materials and Methods 

4.1. Study Populations  

The study population was comprised of two subsets of samples that were part of 

larger studies. Subset A contained Dene First Nations, Cree First Nations and Ojibwa 

First Nations participants from three Manitoba Reserve communities with active, latent, 

or uninfected TB status, as well as uninfected Caucasian controls from Winnipeg, 

Manitoba. Subset B contained individuals from three population groups (Canadian-born 

non-Aboriginal, Canadian-born Aboriginal, and foreign born individuals) living in 

Manitoba with active, latent, or uninfected TB status. 

 

4.1.1. Subset A: Northern Manitoba First Nations 

This study group was comprised of a total of 168 study subjects with known TB 

status. The samples consisted of whole blood and/or buccal swabs from 93 adult First 

Nations individuals who resided in a First Nations community and self-identified as 

either Dene (n=63), Cree (n=19), or Ojibwa (n=11), as well as uninfected Caucasian 

controls (n=75) from Winnipeg, Manitoba. Within each First Nations subgroup, there 

were internal uninfected controls. All First Nations population groups had approximately 

equal distribution of males and females. There were more females than males in the 

Caucasian group. In all groups, the majority of individuals were over 40 years of age. The 

samples were obtained with informed written consent, in addition to approval by the 

University of Manitoba Bannatyne Campus Research Ethics Board (ethics reference 
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number: H2005-106) and the First Nations communities involved. Interviews and 

questionnaires were conducted probing for evidence of investigation and treatment of 

active or latent tuberculosis, including history of TST and treatment regimens. The study 

comprised of 59 individuals with no TB, 14 individuals with latent TB, and 20 

individuals with active TB. Sample demographics can be seen in Table 1. Although most 

First Nations individuals involved received bacilli Calmette-Guérin (BCG) vaccination at 

birth, the interval of greater than 18 years between BCG and TST prevents any 

significant number of false-positives due to cross-reactivity (39, 106). Therefore history 

of a positive TST result was assumed to be from a delayed-type hypersensitivity reaction 

to the tuberculin, and not a cross reaction from potential previous BCG vaccination.  

First Nations subgroups differ from each other in their language (Dene – 

Athapaskan language family, Cree and Ojibwa – Algonkian language family), culture 

(political and social), and geographic separation (Figure 5). The Athapaskan Dene and 

the Algonkian Cree and Ojibwa groups each have distinct histories, experiences with 

disease (including immunogenic differences), and differing degrees of isolation from 

each other and from early European explorers (68, 69). The extent to which these unique 

histories have influenced their susceptibility or resistance to infectious diseases and their 

immunogenetic profile is unclear, but is important to analyze not just Aboriginal vs. non-

Aboriginal when ethnocultural subgroup is known.  
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Figure 5: Traditional areas of the Dene, Cree and Ojibwa First Nations. Used with 

permission, L. Larcombe, 2013. 
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Table 1: Subset A study population demographics 

 

  

Parameter Value

Caucasian Dene Cree Ojibwa

n = 75 n = 63 n = 19 n = 11

Gender Male 25 (33.3) 34 (54.0) 8 (42.1) 6 (54.5)

Female 50 (67.7) 29 (46.0) 11 (57.9) 5 (45.5)

Age ≤ 19 0 (0.0) 3 (4.8) 0 (0.0) 0 (0.0)

20 - 39 0 (0.0) 19 (30.1) 1 (5.3) 2 (18.2)

40 - 59 44 (58.7) 24 (38.1) 14 (73.7) 6 (54.5)

≥ 60 31 (41.3) 17 (27.0) 5 (26.3) 3 (27.3)

Disease Status No TB 75 (100.0) 38 (60.3) 11 (57.9) 10 (90.9)

Latent - 10 (15.9) 4 (21.1) 0 (0.0)

Active - 15 (23.8) 4 (21.1) 1 (9.1)

Individuals (%)
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4.1.2. Subset B: Ethnically Diverse Manitoban Cohort 

This study group was comprised of 209 ethnically diverse individuals living in 

Manitoba with known TB status. The samples consisted of whole blood from Canadian-

born non-Aboriginal (n=77), Canadian-born Aboriginal (n=54) [First Nations (n=52), 

Metis (n=1), Inuit (n=1)], and foreign born (n=78) individuals from Manitoba. This group 

did not self-identify their affiliation with any specific First Nations group. Aboriginal and 

foreign born population groups had approximately equal distribution of males and 

females. There were more females than males in the non-Aboriginal group. In all groups, 

the majority of individuals were aged 20-59 years of age. The sampling was performed at 

TB clinics in Winnipeg, Manitoba. The samples were obtained with approval from the 

University of Manitoba Bannatyne Campus Research Ethics Board (ethics reference 

number: H2008-301). Active TB infection (n=59) was confirmed by culture and/or 

clinical diagnosis including prior TST and AFB testing. LTBI (n=46) was determined 

using the following criteria: positive TST and positive confirmatory IGRA without 

clinical features/presence of replicating AFB. Healthy non-TB exposed individuals 

(n=104) were used as uninfected controls. These individuals were defined by positive or 

negative TST with a negative confirmatory IGRA. Sample demographics can be seen in 

Table 2. 
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Table 2: Subset B study population demographics 

          

Parameter Value Individuals (%) 

    
non-Aboriginal 

n = 77 
Aboriginal 

n = 54 
Foreign-born 

n = 78 

Gender Male 24 (31.2) 30 (55.6) 37 (47.4) 

 Female 53 (68.8) 24 (44.4) 41 (52.6) 

Age ≤ 19 0 (0.0) 0 (0.0) 0 (0.0) 

 20 - 39 29 (37.7) 21 (38.9) 38 (48.7) 

 40 - 59 43 (55.8) 32 (59.3) 30 (38.5) 

 ≥ 60 5 (7.1) 1 (1.9) 10 (12.8) 

Disease Status Uninfected control 58 (75.3) 14 (25.9) 32 (41.0) 

 Latent 7 (9.1) 5 (9.3) 34 (43.6) 

  Active 12 (15.6) 35 (64.8) 12 (15.4) 
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4.2. DNA Extraction and Replication Procedure 

Genomic DNA was extracted using Qiagen DNA Mini Kit as per manufacturer’s 

instructions (Qiagen, Louisville, KY). Genomic DNA was eluted from the provided 

silica-membrane-based nucleic acid purification column with 200μL of elution buffer 

(Qiagen Buffer AE) containing 10mM Tris-Cl and 0.5mM EDTA, pH 9.0, and stored at   

-20˚C until analysis. Due to the low sample volume/concentration available for testing, 

along with the need for 1.875 – 3.125 ug of genomic DNA, all samples were subjected to 

whole genome replication by the multiple displacement amplification (MDA) method 

using the Qiagen Repli-G Mini Kit as per manufacturer’s instructions. This method uses 

the bacteriophage Phi29 DNA polymerase to increase DNA concentration of the testing 

sample without compromising sequence (57). The concentration of DNA was normalized 

to 100μg/mL at 260nm using the SmartSpec Plus spectrophotometer (Bio-Rad, 

Mississauga, ON).  

 

4.3. KIR Genotyping Procedure 

KIR genotyping was performed by sequence-specific primer polymerase chain 

reaction (SSP-PCR) using the Miltenyi Biotec KIR Typing Kit (Auburn, CA) according 

to the manufacturer’s directions with the following adjustments: the initial PCR 

denaturation step was extended from one minute to two minutes in order to ensure proper 

amplification of the internal beta-actin control in each reaction well. Following this 

change, the recommended 28 cycles of denaturation (20s at 94⁰C), annealing (20s at 
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63⁰C), and extension (90s at 72⁰C) were adhered to. Additionally, TAE buffer was 

replaced by TBE buffer for gel electrophoresis (Invitrogen, Burlington, ON). Those 

samples in which the internal beta-actin control did not amplify were repeated. 

  In order to ensure that the technique was accurately detecting KIR genes in the 

samples, proficiency and competency testing were carried out using samples with known 

KIR genotype from the proficiency providers: Fred Hutchinson Cancer Research Center, 

International Histocompatibility Working Group Cell and Gene Bank (Seattle, WA).  

The kit tested for the presence or absence of the following genes: KIR2DL1, 

KIR2DL2, KIR2DL3, KIR2DL4, KIR2DL5all (A and B), KIR2DL5A, KIR2DL5B, 

KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS4del (KIR1D), KIR2DS4ins (full length), 

KIR2DS5, KIR3DL1, KIR3DL2, KIR3DL3, KIR3DS1, KIR2DP1, and KIR3DP1.  

The amplicons were visualized with UV light (Bio-Rad Gel Doc EZ Imager, 

Mississauga, ON) following gel electrophoresis at 13V/cm on a 2% agarose gel 

(Invitrogen) containing ethidium bromide (Invitrogen). The presence or absence of a gene 

was converted to a numerical designation: [1] presence, [0] absence. Additionally, the 

assemblage of KIR genes in a given individual makes up their KIR profile. A schematic 

of the work flow can be seen in Figure 6.  
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Figure 6: Schematic representation of workflow from stock sample to generation of a 

KIR profile 
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4.4. Haplotype Determination 

Haplotype designation was determined as previously described (55, 58, 107). The 

order of KIR genes within the telomeric and centromeric half as well as haplotype A/B 

distinction is seen in Figure 7. Briefly, (i) framework genes (KIR3DL3, KIR3DP1, 

KIR2DL4, and KIR3DL2) are recognized as homozygous; (ii) in the centromeric portion, 

KIR2DL2/KIR2DL3 are considered alleles of the same locus: presence of only one indicates 

homozygous BB or AA, respectively, and presence of both indicates a heterozygous AB 

centromeric haplotype; (iii) in the telomeric portion, KIR3DL1/KIR3DS1 are considered 

alleles of the same locus: presence of only one indicates homozygous AA or BB, 

respectively, and presence of both indicates heterozygous AB telomeric haplotype. 

Haplotype A contains only one activating KIR, KIR2DS4. Haplotype B is a more wide-

ranging haplotype, encompassing 1-5 activating KIR, including KIR2DS1, KIR2DS2, 

KIR2DS3, KIR2DS5, and KIR3DS1 (18). 
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Figure 7: Schematic of KIR gene haplotypes A and B; white – framework genes, grey – activating KIR, black – inhibitory KIR; note 

that KIR2DP1 and KIR3DP1 are pseudogenes, and that KIR2DL2/2DL3 as well as KIR3DL1/3DS1 represent the same locus.
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4.5. Data Analysis 

Data for each individual was entered into BioNumerics software version 5.0 (Applied 

Maths, Belgium) as binary character data. All KIR genes were  combined into a single KIR 

profile for each individual and clustered to identify prevalent profiles among specified groups 

using the categorical co-efficient and unweighted pair group method with arithmetic mean 

(UPGMA) (22). KIR gene frequencies were tabulated by direct counts from the clustered 

profiles to determine frequency within a defined group. Differences between population 

groups and TB status groups were estimated using the two-tailed Fisher’s exact test 

(GraphPad Software, La Jolla, CA). A P-value ≤0.05 was considered statistically significant.  
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5. Results 

5.1. Subset A: Northern Manitoba First Nations 

5.1.1. KIR Gene Frequencies 

  In order to determine the differences in KIR gene frequencies between different 

population groups, subgroups (Caucasians, First Nations – Dene, Cree, and Ojibwa) and 

disease status groups (active, latent, and uninfected TB status), the KIR gene frequency data 

obtained was analyzed and compared (Specific Objective i.). All 168 samples consistently 

contained the framework genes KIR2DL4, KIR3DL2, KIR3DL3, and the pseudogenes 

KIR2DP1 and KIR3DP1. There were many significant differences (P-value ≤0.05, two-tailed 

Fischer’s Exact Test) in the frequencies of KIR genes between Caucasians and First Nations.  

The following KIR genes were lower in First Nations vs. Caucasians: KIR2DL2 (18.28% vs. 

60.00%, P<0.0001), KIR2DS2 (18.28% vs. 61.33%, P<0.0001), KIR2DS3 (8.42% vs. 

29.33%, P=0.0009), KIR1D (38.71% vs. 85.33%, P<0.0001), and KIR3DL1 (82.80% vs. 

97.33%, P=0.0022). In contrast, the following KIR genes were higher in First Nations 

compared to Caucasians: KIR2DL5A (52.69% vs. 34.67%, P=0.0258), KIR2DS1 (53.76 vs. 

36.00%, P=0.0290), KIR2DS4 (94.62% vs. 76.00%, P=0.0006), KIR2DS5 (49.46% vs. 

18.67%, P<0.0001), and KIR3DS1 (55.91% vs. 34.67%, P=0.0081) (Table 3).
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Table 3: Comparison of killer immunoglobulin-like receptor (KIR) gene frequencies in Caucasians, First Nations and First Nations 

ethnocultural subgroups (Subset A) 

 

Frequency (%)

74 (98.67) 45 (60.00) 67 (89.33) 75 (100.00) 32 (42.67) 26 (34.67) 31 (41.33) 27 (36.00) 46 (61.33)22 (29.33) 64 (85.33) 57 (76.00) 14 (18.67) 73 (97.33) 75 (100.00) 75 (100.00) 26 (34.67) 75 (100.00) 75 (100.00)

89 (95.70) 17 (18.28) 89 (95.70) 93 (100.00) 50 (53.76) 49 (52.69) 49 (52.69) 50 (53.76) 17 (18.28) 8 (8.42) 36 (38.71) 88 (94.62) 46 (49.46) 77 (82.80) 93 (100.00) 93 (100.00) 52 (55.91) 93 (100.00) 93 (100.00)

61 (96.82) 10 (15.87) 61 (96.82) 63 (100.00) 29 (46.03) 29 (46.03) 29 (46.03) 29 (46.03) 10 (15.87) 6 (9.52) 19 (30.16) 62 (98.41) 26 (41.27) 53 (84.13) 63 (100.00) 63 (100.00) 30 (47.62) 63 (100.00) 63 (100.00)

19 (100.00) 3 (15.79) 19 (100.00) 19 (100.00) 15 (78.95) 15 (78.95) 15 (78.95) 15 (78.95) 3 (15.79) 2 (10.53) 10 (52.63) 18 (94.74) 14 (73.68) 14 (73.68) 19 (100.00) 19 (100.00) 15 (78.95) 19 (100.00) 19 (100.00)

9 (81.82) 4 (36.36) 9 (81.82) 11 (100.00) 6 (54.55) 5 (45.45) 5 (45.45) 6 (54.55) 4 (36.36) 0 (0.00) 7 (63.64) 8 (72.73) 6 (54.55) 10 (90.91) 11 (100.00) 11 (100.00) 7 (63.64) 11 (100.00) 11 (100.00)

P-value

0.3821 <0.0001 0.1374 1.0000 0.1653 0.0285 0.1635 0.0290 <0.0001 0.0009 <0.0001 0.0006 <0.0001 0.0022 1.0000 1.0000 0.0081 1.0000 1.0000

Dené vs Caucasians 0.5920 <0.0001 0.1099 1.0000 0.7327 0.2220 0.6084 0.2965 <0.0001 0.0052 <0.0001 <0.0001 0.0046 0.0121 1.0000 1.0000 0.1637 1.0000 1.0000

Cree vs Caucasians 1.0000 0.0007 0.3519 1.0000 0.0090 0.0007 0.0044 0.0014 0.0006 0.1404 0.0040 0.1077 <0.0001 0.0034 1.0000 1.0000 0.0007 1.0000 1.0000

Ojibwa vs Caucasians 0.0419 0.1945 0.6098 1.0000 0.5261 0.5153 1.0000 0.3218 0.1892 0.0587 0.0947 1.0000 0.0167 0.3402 1.0000 1.0000 0.0962 1.0000 1.0000

Dené vs Cree 1.0000 1.0000 1.0000 1.0000 0.0172 0.0172 0.0172 0.0172 1.0000 1.0000 0.1008 0.4119 0.0182 0.3215 1.0000 1.0000 0.0191 1.0000 1.0000

Dené vs Ojibwa 0.1027 0.2028 0.1027 1.0000 0.7466 1.0000 1.0000 1.0000 0.2028 0.5826 0.0434 0.0093 0.5152 1.0000 1.0000 1.0000 0.5151 1.0000 1.0000

Cree vs Ojibwa 0.1264 0.3717 0.1264 1.0000 0.2252 0.1081 0.1081 0.1081 0.3717 0.5195 0.7084 0.1264 0.4253 0.3717 1.0000 1.0000 0.4172 1.0000 1.0000

Significant P-values (≤ 0.05) are bolded

All (n = 93)

Dene (n = 63)

Cree (n = 19)

Ojibwa (n = 11)

First Nations vs Caucasians

3DS13DL3 2DP1 3DP1

Caucasian  (n = 75)

3DL1 3DL2

First Nations

2DS3 1D 2DS4 2DS5

KIRs

2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2
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  More specifically, when examining gene frequencies within the First Nations 

subgroups, KIR2DL2 (18.28% vs. 60.00%, P<0.0001), KIR2DS2 (15.87% vs. 61.33%, 

P<0.0001), KIR2DS3 (9.52% vs. 29.33%, P=0.0052), KIR1D (30.16% vs. 85.33%, 

P<0.0001), and KIR3DL1 (84.13% vs. 97.33%) were lower while KIR2DS4 (98.41% vs. 

76.00%, P<0.0001) and KIR2DS5 (41.27% vs. 18.67%, P=0.0046) were present in 

higher frequencies in Dene First Nations compared to Caucasians. Gene frequencies of 

KIR2DL2 (15.79% vs. 60.00%, P=0.0007), KIR2DS2 (15.79% vs. 61.33%, P=0.0006), 

KIR1D (52.63% vs. 85.33%, P=0.0040), and KIR3DL1 (73.68% vs. 97.33%, P=0.0034) 

were lower while frequencies of KIR2DS5all (78.95% vs. 42.67%, P=0.0090), 

KIR2DL5A (78.95% vs. 34.67%, P=0.0007), KIR2DL5B (78.95% vs. 41.33%, 

P=0.0044), KIR2DS1 (78.95% vs. 36.00%, P=0.0014), KIR2DS5 (73.68% vs. 18.67%, 

P<0.0001), and KIR3DS1 (78.95% vs. 34.67%, P=0.0007) were higher in Cree First 

Nations compared to Caucasians. Only two genes, KIR2DL1 (81.82% vs. 98.67%, 

P=0.0419) and KIR2DS5 (54.55% vs. 18.67%, P=0.0167) were significantly different 

between Ojibwa First Nations and Caucasians. The presence of KIR1D (allele of 

KIR2DS4) was significantly lower in First Nations (Dene and Cree but not Ojibwa) 

individuals compared to Caucasians (38.71% vs. 85.33%, P<0.0001). Overall, there were 

differences seen between not only First Nations and Caucasians, but also between the 

First Nations ethnocultural subgroups. 

  To determine differences in KIR gene frequencies between TB disease status 

groups, active, latent, and uninfected TB status groups were compared. When comparing 
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KIR gene frequencies in First Nations individuals with any TB status (active and latent) 

to those with an uninfected TB status, the only gene approaching statistical significance 

was KIR1D, found in 45.75% of First Nations with no disease but only 26.47% in First 

Nations with TB status (P=0.0795; Table 4). No significant differences were seen in KIR 

gene frequencies between latent and active TB groups. 
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Table 4: Comparison of killer immunoglobulin-like receptor (KIR) gene frequencies in First Nations by tuberculosis status (Subset A) 

 

 

Frequency (%)

34 (100.00) 4 (11.76) 34 (100.00) 34 (100.00) 18 (52.94) 18 (52.94) 18 (52.94) 18 (52.94) 4 (11.76) 2 (5.88) 9 (26.47) 34 (100.00) 17 (50.00) 28 (82.35) 34 (100.00) 34 (100.00) 19 (55.88) 34 (100.00) 34 (100.00)

14 (100.00) 2 (14.29) 14 (100.00) 14 (100.00) 9 (64.29) 9 (64.29) 9 (64.29) 9 (64.29) 2 (14.29) 0 (0.00) 4 (28.57) 14 (100.00) 9 (64.29) 11 (78.57) 14 (100.00) 14 (100.00) 9 (64.29) 14 (100.00) 14 (100.00)

20 (100.00) 2 (10.00) 20 (100.00) 20 (100.00) 9 (45.00) 9 (45.00) 9 (45.00) 9 (45.00) 2 (10.00) 2 (10.00) 5 (25.00) 20 (100.00) 8 (40.00) 17 (85.00) 20 (100.00) 20 (100.00) 10 (50.00) 20 (100.00) 20 (100.00)

No Tuberculosis (n = 59) 55 (93.22) 13 (22.03) 55 (93.22) 59 (100.00) 32 (54.23) 31 (52.54) 31 (52.54) 32 (54.23) 13 (22.03) 6 (10.17) 27 (45.76) 54 (91.53) 29 (49.15) 49 (83.05) 59 (100.00) 59 (100.00) 33 (55.93) 59 (100.00) 59 (100.00)

P-value

0.2927 0.2730 0.2927 1.0000 1.0000 1.0000 1.0000 1.0000 0.2730 0.7058 0.0795 0.1543 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Latent TB vs No TB 1.0000 1.0000 1.0000 1.0000 0.7762 0.5542 0.5542 0.7762 1.0000 0.5883 0.3682 0.5758 0.3800 0.7048 1.0000 1.0000 0.7650 1.0000 1.0000

Active TB vs No TB 0.5670 1.0000 0.5673 1.0000 0.6059 0.6120 0.6120 0.6059 1.0000 1.0000 0.1208 0.3221 0.6059 1.0000 1.0000 1.0000 0.7958 1.0000 1.0000

Actve TB vs Latent TB 1.0000 1.0000 1.0000 1.0000 0.4998 0.3151 0.3151 0.4998 1.0000 0.5009 1.0000 1.0000 0.2960 0.6722 1.0000 1.0000 0.4953 1.0000 1.0000

Significant P-values (≤ 0.05) are bolded

KIRs

2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2 2DP1 3DP1

Tuberculosis (TB)

All (n = 34)

2DS3 1D 2DS4 2DS5 3DL1 3DL2

Latent (n = 14)

Active (n = 20)

TB vs No TB

3DL3 3DS1
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5.1.2. KIR Gene Profiles 

In order to determine the differences in KIR gene frequencies between population 

groups as well as disease status groups, gene frequencies were assembled into KIR 

profiles (Specific Objective ii.). As described in the material and methods, a profile is the 

presence/absence of 19 possible KIR genes. Forty different profiles (genotypes) were 

identified in the 168 study participants (Figure 8). These profiles ranged in their 

distribution from as high as 20.24% (34/168) to as low as 0.60% (1/168). Half of the 

profiles identified were unique to single individuals. The 4 most predominant genotypes 

were #9 (34/168, 20.2%), #11 (20/168, 11.9%), #36 (13/168, 7.7%), and #2 (11/168, 

6.5%). Of the 40 genotypes, 28 of them were seen in Caucasian individuals and 22 of 

them were seen in First Nations individuals (10 genotypes overlapping; Figure 9). Within 

the First Nations subgroups, there were 14 genotypes in Dene, 9 genotypes in Cree, and 

11 genotypes in Ojibwa individuals. Although there was overlap between the First 

Nations groups, 6 genotypes were unique to Dene First Nations (genotypes #10, 25, 28, 

33, 37, and 38), and 4 genotypes were unique to Ojibwa First Nations (genotypes #6, 7, 

29, and 40). No genotypes were unique to Cree First Nations (Figure 9). Again, we see 

differences between Caucasians and First Nations, as well as within First Nations 

subgroups. 

Individuals with any TB status (active and latent) were found within 10 of the 40 

genotypes (genotypes #6, 9, 11, 24, 25, 31, 32, 35, 36, and 37), most predominantly in 

genotypes #11 (9/34, 26.5%), #9 (6/34, 17.6%), #36 (6/34, 17.6%), and #31 (4/34, 
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11.8%). Over seventy-three percent of TB cases (25/34, 73.53%) were found in these 

four genotypes. Of the 10 genotypes associated with TB cases, 9 of them (all but 

genotype #24) were found in individuals from the active TB group. Six of the 10 

genotypes associated with TB cases (genotypes #9, 11, 24, 32, 35, and 36) were found in 

individuals from the latent TB group. Only 1 of the 10 genotypes did not include 

members of the active groups (#24), while 4 of the 10 genotypes did not include members 

of the latent group (#6, 25, 31, and 37). Overall, the KIR gene profiles identified in 

individuals with latent and active TB status show less diversity in number of genotypes 

represented compared to the total number of genotypes identified in the study population.  
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Figure 8: Frequency of KIR genotypes in populations in Subset A. Forty distinct KIR 

types were seen in these 168 individuals that differ from each other by the presence of 

(shaded box) or absence (white box) of 19 KIR genes (KIR2DL5 broken down into 

2DL5A, 2DL5B, and 2DL5All; KIR2DS4 broken down into 1D and 2DS4). Frequency 

(%F) of each genotype is expressed as a percentage and is defined as the number of 

individuals having the genotype (N+) divided by the number of individuals (n) in the 

population or tuberculosis status group. 

 

1 11 7 2 2 0.60   (1) 1.33   (1)

2 12 7 3 2 6.55  (11) 12.00  (9) 1.59   (1) 5.26   (1)

3 11 6 3 2 0.60   (1) 1.33   (1)

4 11 7 2 2 3.57   (6) 8.00   (6)

5 14 8 4 2 0.60   (1) 1.33   (1)

6 12 7 3 2 0.60   (1) 9.09   (1) 2.94  (1) 5.00  (1)

7 10 5 3 2 0.60   (1) 9.09   (1)

8 9 6 1 2 4.17   (7) 6.67   (5) 18.18  (2)

9 10 6 2 2 20.24 (34) 22.67 (17) 22.22 (14) 15.79  (3) 17.65  (6) 20.00  (4) 14.29  (2)

10 11 6 3 2 0.60   (1) 1.59   (1)

11 9 6 1 2 11.90 (20) 1.33   (1) 28.57 (18) 9.09   (1) 26.47  (9) 30.00  (6) 21.43  (3)

12 10 6 2 2 0.60   (1) 1.33   (1)

13 11 6 3 2 0.60   (1) 1.33   (1)

14 15 9 4 2 2.38   (4) 5.33   (4)

15 14 8 4 2 0.60   (1) 1.33   (1)

16 13 7 4 2 0.60   (1) 1.33   (1)

17 17 9 6 2 1.19   (2) 2.67   (2)

18 16 9 5 2 1.19   (2) 2.67   (2)

19 17 9 6 2 0.60   (1) 1.33   (1)

20 18 10 6 2 4.17   (7) 8.00   (6) 5.26   (1)

21 19 10 7 2 1.19   (2) 2.67   (2)

22 16 10 4 2 0.60   (1) 1.33   (1)

23 18 10 6 2 1.79   (3) 2.67   (2) 9.09   (1)

24 17 10 5 2 4.17   (7) 2.67   (2) 6.35   (4) 5.26   (1) 5.88  (2) 14.29  (2)

25 16 9 5 2 1.79   (3) 4.76   (3) 2.94  (1) 5.00  (1)

26 17 9 6 2 0.60   (1) 1.33   (1)

27 17 10 5 2 0.60   (1) 1.33   (1)

28 14 8 4 2 1.19   (2) 3.17   (2)

29 16 7 7 2 0.60   (1) 9.09   (1)

30 15 8 5 2 0.60   (1) 1.33   (1)

31 15 8 5 2 1.79   (3) 3.17   (2) 5.26   (1) 2.94  (1) 5.00  (1)

32 14 8 4 2 5.36   (9) 6.35   (4) 21.05  (4) 9.09   (1) 11.76  (4) 5.00  (1) 21.43  (3)

33 14 8 4 2 0.60   (1) 1.59   (1)

34 15 9 4 2 1.19   (2) 1.33   (1) 5.26   (1)

35 16 9 5 2 5.36  (9) 2.67   (2) 3.17   (2) 21.05  (4) 9.09   (1) 8.82  (3) 5.00  (1) 14.29  (2)

36 15 9 4 2 7.74  (13) 1.33   (1) 12.70  (8) 15.79  (3) 9.09   (1) 17.65  (6) 20.00  (4) 14.29  (2)

37 15 9 4 2 1.19   (2) 3.17   (2) 2.94  (1) 5.00  (1)

38 16 9 5 2 0.60   (1) 1.59   (1)

39 15 9 4 2 0.60   (1) 1.33   (1)

40 13 7 4 2 0.60   (1) 9.09   (1)

40 28 14 9 11 10 9 6
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Figure 9: Distribution of KIR genotypes among Dene First Nations, Cree First Nations, and Ojibwa First Nations in Subset A. 

Genotypes containing at least one active/latent tuberculosis case are underlined. Bolded genotypes are seen in First Nations only, and 

not represented in the Caucasian population.
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5.1.3. Haplotype Analysis 

  In order to determine differences in KIR haplotypes between population groups 

and disease status groups, individuals were categorized into haplotypes using the scheme 

described in Section 4.4 (Specific Objective iii.). Centromeric and telomeric haplotypes 

were determined as AA, AB, or BB, with A contributing only one activating gene 

(KIR2DS4 and KIR1D considered the same loci) to the profile, and B contributing 2 or 

more activating genes (KIR2DS2, KIR2DS3, KIR3DS1, KIR2DS5, and/or KIR2DS1) to 

the profile.  

  KIR haplotypes can be broken down into the centromeric cluster/portion and the 

telomeric cluster/portion to be analyzed separately. When looking exclusively at the 

centromeric portion of the KIR cluster, Caucasian individuals have more centromeric 

(cen)-AB (49.33%) than AA (40.00%) or BB (10.67%) compared to First Nations. The 

majority of First Nations individuals have an AA (81.72%) centromeric KIR cluster 

rather than AB (13.98%) or BB (4.30%). Likewise, 85.71% of individuals with latent TB 

fall in the cen-AA group, with the remaining 14.29% in the cen-AB group. Active TB 

cases also are found only in cen-AA (90.00%) and cen-AB (10.00%). Uninfected 

individuals are within all three centromeric groups (77.97% AA, 15.25% AB, and 6.68% 

BB). 

When looking exclusively at the telomeric portion of the KIR cluster, the majority 

of Caucasians have an AA (62.67%) telomeric KIR cluster rather than AB (33.33%) or 

BB (2.67%). First Nations individuals have more telomeric (tel)-AA (46.24%) than AB 
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(36.56%) or BB (17.20%). Unlike the centromeric cluster, individuals with latent TB are 

seen not only in AA (35.71%) and AB (42.86%), but also in the tel-BB cluster (21.43%). 

The same can be said for active TB (50.00% AA, 35.00% AB, and 15.00% BB). 

Uninfected individuals also fell into all three telomeric groups (47.46% AA, 35.60% AB, 

and 16.95% BB) (Table 5). 
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Table 5: Frequency of centromeric and telomeric KIR clusters in different ethnic groups 

and tuberculosis status groups (Subset A) 
                  

KIR Cluster  Ethnicity  Tuberculosis Status in First Nations 

Centromeric  Caucasian First Nations  Latent Active Uninfected 

 AA  40.00% 81.72%  85.71% 90.00% 77.97% 

 AB  49.33% 13.98%  14.29% 10.00% 15.25% 

 BB  10.67% 4.30%  0.00% 0.00% 6.68% 

Telomeric         

 AA  62.67% 46.24%  35.71% 50.00% 47.46% 

 AB  33.33% 36.56%  42.86% 35.00% 35.60% 

 BB  2.67% 17.20%  21.43% 15.00% 16.95% 

   -/-    1.33%           
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When the centromeric and telomeric KIR clusters are combined, haplotypes can 

be compared (Table 6). Centromeric and telomeric clusters are separated by a hyphen 

when describing haplotype. First Nations individuals were significantly more likely to 

have AA-AB (26.9% vs. 6.7%, P=0.0006) and AA-BB (14.0% vs. 0.0%, P=0.0006) 

haplotypes, and less likely to have AB-AA (2.2% vs. 28.0%, P<0.0001) and AB-AB 

(8.6% vs. 20.0%, P=0.0421) haplotypes than Caucasians.  

  The majority of individuals within both the population groups as well as the 

disease status groups had a centromeric-Ax haplotype (Caucasian – 89.3%, First Nations 

– 95.7%; latent TB – 100.0%, active TB – 100.0%). In addition, significantly more First 

Nations individuals with TB status (30/34, 88.2%) were found to have a centromeric-AA 

haplotype than those with cen-AB or –BB (4/34, 11.8%, P<0.0001). Half of the active 

cases of tuberculosis (10/20, 50.00%) were of the AA-AA haplotype, which contains the 

fewest number of activating genes of all haplotypes. Only 12 individuals had centromeric 

BB-haplotypes (8/75 Caucasians, 4/93 First Nations). Within this group there was one 

Caucasian individual (genotype #16, Figure 8 in Section 4.1.3) lacking a telomeric 

haplotype by definition of the haplotype determination scheme.  
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Table 6: Frequency of centromeric and telomeric haplotypes in different ethnic and 

tuberculosis status groups (Subset A) 

 

 

  

Centromeric Telomeric

Caucasian

(n = 75)

First Nations

(n = 93) P-value

Latent

(n = 14)

Active

(n = 20)

Uninfected

(n = 59)

AA AA 25  (33.3) 38  (40.9) 0.3399 5  (35.7) 10  (50.0) 23  (39.0)

AA AB 5  (6.7) 25  (26.9) 0.0006 4  (28.6) 6  (30.0) 15  (25.4)

AB AA 21  (28.0) 2  (2.2) <0.0001 2  (3.4)

AB AB 15  (20.0) 8  (8.6) 0.0421 2  (14.3) 1  (5.0) 5  (8.5)

AA BB 0  (0.0) 13  (14.0) 0.0006 3  (21.4) 2  (10.0) 8  (13.6)

AB BB 1 (1.3) 3 (3.2) 0.6296 1  (5.0) 2  (3.4)

BB AA 1 (1.3) 3 (3.2) 0.6296 3  (5.1)

BB AB 5  (6.7) 1  (1.1) 0.0900 1  (1.7)

BB BB 1 (1.3) 0  (0.0) 0.4464

BB  -/- 1 (1.3) 0  (0.0) 0.4464

Significant P-values (≤ 0.05) are bolded

Haplotype Ethnicity Tuberculosis Status in First Nations
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5.2. Subset B: Ethnically Diverse Manitoban Cohort 

5.2.1. KIR Gene Frequencies 

In order to determine the differences in KIR gene frequencies between different 

ethnic groups (Canadian-born Aboriginals, Canadian-born non-Aboriginals, and foreign 

born individuals) and disease status groups (active, latent, and uninfected TB status), the 

KIR gene frequency data obtained was analyzed and compared (Specific Objective i.). 

The data showed consistent presence of framework genes KIR2DL4, KIR3DL2, 

KIR3DL3, and the pseudogenes KIR2DP1 and KIR3DP1 in all groups. There were many 

significant differences (P-value ≤0.05) in the frequencies of KIR genes between ethnic 

groups (Table 7). The following KIR genes were lower in frequency in Aboriginals 

compared to non-Aboriginals: KIR2DL2 (29.63% vs. 49.35%, P=0.0306), KIR2DS2 

(29.63% vs. 49.35%, P=0.0306), and KIR2DS3 (5.56% vs. 29.87%, P=0.0006). 

KIR2DS5 (53.70% vs. 25.97%, P=0.0017) was higher in frequency in Aboriginals 

compared to non-Aboriginals. The same four genes differed significantly between 

Aboriginals and foreign born individuals: KIR2DL2 (29.63% vs. 50.00%, P=0.0211), 

KIR2DS2 (29.63% vs. 50.00%, P=0.0211), and KIR2DS3 (5.56% vs. 38.46%, 

P<0.0001) were lower in frequency and KIR2DS5 (53.70% vs. 30.77%, P=0.0113) was 

seen in higher frequency. Overall, significant differences were seen in KIR gene 

frequencies between Aboriginals and non-Aboriginals, Aboriginals and foreign born, but 

not between non-Aboriginals and foreign born individuals. 

Of the 209 samples, five KIR genes (KIR2DL2, 2DL5all, 2DL5B, 2DS2, and 
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2DS3) differed significantly (P ≤0.05) in frequency between disease status groups (Table 

8). Only two genes, KIR2DL2 (33.33% vs. 55.77%, P=0.0014) and KIR2DS2 (34.29% 

vs. 54.81%, P=0.0035) differed between individuals with any TB status and uninfected 

individuals. However, the underlying differences can be exposed when analyzing latent 

and active TB separately. KIR2DL5all and KIR2DL5B (both 73.91% vs. 51.92%, 

P=0.0125) were present in higher frequency in latently infected individuals compared to 

uninfected individuals. KIR2DL2 (27.12% vs. 55.77%, P=0.0005), KIR2DS2 (27.12% 

vs. 54.82%, P=0.0010), and KIR2DS3 (8.47% vs. 30.77%, P=0.0009) were present in a 

lower frequency in actively infected individuals compared to uninfected individuals. 

Lastly, significant differences were seen between gene frequencies in latently and 

actively infected individuals: KIR2DL5all (73.91% vs. 49.15%, P=0.0156), KIR2DL5B 

(73.91% vs. 49.15%, P=0.0156), and KIR2DS3 (39.13% vs. 8.47%, P=0.0002). Overall, 

not only were differences in KIR gene frequencies seen between infected and uninfected 

TB status, but also between those with active and latent TB disease. 
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Table 7: Comparison of killer immunoglobulin-like receptor (KIR) gene frequencies in Canadian born non-Aboriginal, Canadian born 

Aboriginal, and foreign born individuals (Subset B) 
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Table 8: Comparison of killer immunoglobulin-like receptor (KIR) gene frequencies by tuberculosis status (Subset B)  

 
Frequency (%)

103 (98.10) 35 (33.33) 100 (95.24) 105 (100.00) 63 (60.00) 48 (45.71) 63 (60.00) 50 (47.62) 36 (34.29) 23 (21.90) 73 (69.52) 105 (100.00) 41 (39.05) 99 (94.29) 105 (100.00) 105 (100.00) 55 (52.38) 105 (100.00) 105 (100.00)

45 (97.82) 19 (41.30) 42 (91.30) 46 (100.00) 34 (73.91) 24 (52.17) 34 (73.91) 25 (54.35) 20 (43.48) 18 (39.13) 36 (78.26) 46 (100.00) 16 (34.78) 45 (97.82) 46 (100.00) 46 (100.00) 26 (56.52) 46 (100.00) 46 (100.00)

58 (98.31) 16 (27.12) 58 (98.31) 59 (100.00) 29 (49.15) 24 (40.68) 29 (49.15) 25 (42.37) 16 (27.12) 5 (8.47) 37 (62.71) 59 (100.00) 25 (42.37) 54 (91.53) 59 (100.00) 59 (100.00) 29 (49.15) 59 (100.00) 59 (100.00)

No Tuberculosis (n = 104) 102 (98.08) 58 (55.77) 95 (91.35) 104 (100.00) 54 (51.92) 43 (41.35) 54 (51.92) 44 (42.31) 57 (54.81) 32 (30.77) 79 (75.96) 103 (99.04) 32 (30.77) 97 (93.27) 104 (100.00) 104 (100.00) 43 (41.35) 104 (100.00) 104 (100.00)

P-value

1.0000 0.0014 0.2837 1.0000 0.2664 0.5776 0.2664 0.4879 0.0035 0.1599 0.3519 0.4976 0.2463 0.7832 1.0000 1.0000 0.1279 1.0000 1.0000

Latent TB vs No TB 1.0000 0.1137 1.0000 1.0000 0.0125 0.2853 0.0125 0.2141 0.2190 0.3505 0.8363 1.0000 0.7050 0.4357 1.0000 1.0000 0.1099 1.0000 1.0000

Active TB vs No TB 1.0000 0.0005 0.0957 1.0000 0.7472 1.0000 0.7472 1.0000 0.0010 0.0009 0.1047 1.0000 0.1716 0.7583 1.0000 1.0000 0.4121 1.0000 1.0000

Actve TB vs Latent TB 1.0000 0.1474 1.0000 1.0000 0.0156 0.3237 0.0156 0.2432 0.0988 0.0002 0.0933 1.0000 0.5457 0.2272 1.0000 1.0000 0.5552 1.0000 1.0000

Significant P-values (≤0.05) are bolded

Latent (n = 46)

Active (n = 59)

TB vs No TB

All (n = 105)

2DS3 1D 2DS4 2DS5

Tuberculosis (TB)

KIRs

2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2 3DL3 3DS1 2DP1 3DP13DL1 3DL2
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All of the same trends were noted when both ethnicity and tuberculosis status 

were analysed in conjunction; however, not all findings were statistically significant 

(Table 9). Frequencies of KIR2DL5all (62.86% vs. 25.00%, P=0.0424), KIR2DL5A 

(57.14% vs. 16.67%, P=0.0205), KIR2DL5B (62.86% vs. 25.00%, P=0.0424), KIR2DS1 

(60.00% vs. 16.67%, P=0.0173), KIR2DS5 (60.00% vs. 16.67%, P=0.0173), and 

KIR3DS1 (60.00% vs. 25.00%, P=0.0490) were all significantly higher in Aboriginals 

with active tuberculosis compared to non-Aboriginals with active tuberculosis. Frequency 

of KIR2DS2 (43.48% vs. 18.33%, P=0.0112) and KIR2DS3 (39.13% vs. 2.5%, 

P<0.0001) were higher in foreign born individuals with tuberculosis when compared to 

Aboriginals. Frequency of KIR2DS5 in individuals with a TB status was lower in foreign 

born individuals when compared to Aboriginals (26.09% vs. 60.00%, P= 0.0021) and 

more specifically in those with active TB (16.67% vs. 60.00%, P=0.0173). No significant 

differences were seen between KIR gene frequencies between non-Aboriginals and 

foreign born individuals. 

Within the non-Aboriginal population group, KIR2DL2 and KIR2DS2 gene 

frequencies in those individuals with a TB status (26.32% vs. 56.90%, P=0.0332) and 

specifically with active TB (16.67% vs. 56.90%, P=0.0234) were lower than uninfected 

non-Aboriginal individuals. Additionally, KIR2DL5A and KIR2DS1 frequencies were 

higher (both 71.43% vs. 16.67%, P=0.0449) in those with latent TB compared to those 

with active TB. Within the foreign born population group, KIR2DS5all and KIR2DL5B 

frequencies were higher (both 76.47% vs. 33.33%, P=0.0126) in those with latent TB 
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compared to those with active TB. Within the Aboriginal population group, no significant 

differences were seen between different disease status groups. This analysis shows that 

KIR gene frequencies associate with both ethnicity and TB status when analyzed in 

parallel.
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Table 9: Comparison of KIR gene frequencies by tuberculosis status in A) Aboriginals, B) non-Aboriginals, and C) foreign born 

individuals (Subset B) 

  

 
Frequency (%)

A) 2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2 2DS3 1D 2DS4 2DS5 3DL1 3DL2 3DL3 3DS1 2DP1 3DP1

97.50 27.50 97.50 100.00 62.50 57.50 62.50 60.00 18.33e 2.5e
72.50 100.00 60.00d,e

87.50 100.00 100.00 60.00 100.00 100.00

100.00 20.00 100.00 100.00 60.00 60.00 60.00 60.00 20.00 0.00 100.00 100.00 60.00 100.00 100.00 100.00 60.00 100.00 100.00

97.14 28.57 97.14 100.00 62.86d 57.14d,e 62.86d 60.00d,e
28.57 2.86 68.57 100.00 60.00d,e

85.71 100.00 100.00 60.00d
100.00 100.00

No Tuberculosis (n = 14) 100.00 35.71 100.00 100.00 50.00 50.00 50.00 50.00 35.71 14.29 78.57 100.00 25.71 92.86 100.00 100.00 50.00 100.00 100.00

B) 2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2 2DS3 1D 2DS4 2DS5 3DL1 3DL2 3DL3 3DS1 2DP1 3DP1

100.00 26.32a
100.00 100.00 42.11 36.84 42.11 36.84 26.32a

15.79 68.42 100.00 26.32c
100.00 100.00 100.00 42.11 100.00 100.00

100.00 42.86 100.00 100.00 71.43 71.43b
71.43 71.43b

42.86 28.57 85.71 100.00 42.86 100.00 100.00 100.00 71.43 100.00 100.00

100.00 16.67a
100.00 100.00 25.00c 16.67b,c 25.00c 16.67b,c 16.67a

8.33 58.33 100.00 16.67c
100.00 100.00 100.00 25.00c

100.00 100.00

No Tuberculosis (n = 58) 96.55 56.90 87.93 100.00 51.72 37.93 51.72 39.66 56.90 34.48 82.76 98.28 25.86 96.55 100.00 100.00 39.66 100.00 100.00

C) 2DL1 2DL2 2DL3 2DL4 2DL5all 2DL5A 2DL5B 2DS1 2DS2 2DS3 1D 2DS4 2DS5 3DL1 3DL2 3DL3 3DS1 2DP1 3DP1

97.83 41.30 91.30 100.00 65.22 39.13 65.22 41.30 43.48c 39.13c
67.39 100.00 26.09c

97.83 100.00 100.00 50.00 100.00 100.00

97.06 44.12 88.24 100.00 76.47b
47.06 76.47b

50.00 47.06 47.06 73.53 100.00 29.41 97.06 100.00 100.00 52.94 100.00 100.00

100.00 33.33 100.00 100.00 33.33b 16.67c 33.33b 16.67c
33.33 16.67 50.00 100.00 16.67c

100.00 100.00 100.00 41.67 100.00 100.00

No Tuberculosis (n = 32) 100.00 62.50 93.75 100.00 53.13 43.75 53.13 43.75 59.38 34.38 65.63 100.00 37.50 87.50 100.00 100.00 40.63 100.00 100.00

KIRs

All (n = 40)

Tuberculosis (TB)

Latent (n = 5)

Active (n = 35)

Tuberculosis (TB)

All (n = 19)

Latent (n = 7)

Active (n = 12)

a significant compared to no TB; b significant difference between active and latent TB; c significant compared to Aboriginal; d significant compared to non-Aboriginal; e significant compared to foreign born; 

P-value <0.05 considered statistically significant

Tuberculosis (TB)

All (n = 46)

Latent (n = 34)

Active (n = 12)
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5.2.2. KIR Gene Profiles 

In order to determine the differences in KIR gene frequencies between ethnic 

groups as well as disease status groups, gene frequencies were assembled into KIR 

profiles (Specific Objective ii.). Forty-three KIR profiles (genotypes) were identified in 

the 209 study participants (Figure 10). These profiles ranged in their distribution from as 

high as 24.88% (52/209) to as low as 0.48% (1/209). Twenty-two of the 43 profiles 

identified were unique to single individuals. Of the 43 profiles, 29 were seen in foreign 

born individuals, 28 were seen in Canadian born non-Aboriginals, and 14 were seen in 

Aboriginal individuals (overlap between these groups can be seen in Figure 11). The 

most prominent genotypes were #8 (52/209, 24.9%), #36 (25/209, 12.0%), #7 (18//209, 

8.2%), #18 (12/209, 5.7%), and #12 (11/209, 5.3%).  

Ten KIR genotypes were shared between the three population groups (genotypes 

#7, 8, 12, 18, 27, 30, 34, 36, 39, 43). 
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Figure 10: Frequency of KIR genotypes in populations in Subset B. Forty-three distinct 

KIR types were seen in these 209 individuals that differ from each other by the presence 

of (shaded box) or absence (white box) of 19 KIR genes (KIR2DL5 broken down into 

2DL5A, 2DL5B, and 2DL5all; KIR2DS4 broken down into 1D and full length 2DS4). 

Frequency (%F) of each genotype is expressed as a percentage and is defined as the 

number of individuals having the genotype (N+) divided by the number of individuals (n) 

in the specific ethnic or specific tuberculosis status group. 

 

1 9 5 2 2 0.48  (1) 1.85  (1) 0.95  (1) 1.69  (1)

2 10 5 3 2 0.48  (1) 1.30  (1)

3 11 6 3 2 0.48  (1) 1.30  (1)

4 14 7 5 2 0.48  (1) 1.28  (1) 0.95  (1) 1.69  (1)

5 13 7 4 2 0.48  (1) 1.30  (1)

6 11 7 2 2 0.96  (2) 1.30  (1) 1.28  (1) 0.95  (1) 1.69  (1)

7 12 7 3 2 8.16  (18) 9.09  (7) 9.26  (5) 7.69  (6) 4.76  (5) 6.78  (4) 2.17  (1)

8 10 6 2 2 24.88  (52) 29.87  (23) 25.93  (14) 19.23  (15) 23.81  (25) 27.12  (16) 19.57  (9)

9 11 6 3 2 0.48  (1) 1.28  (1) 0.95  (1) 1.69  (1)

10 9 6 1 2 0.48  (1) 1.30  (1)

11 10 6 2 2 0.96  (2) 2.56  (2) 1.90  (2) 1.69  (1) 2.17  (1)

12 9 6 1 2 5.26  (11) 5.19  (4) 3.70  (2) 6.41  (5) 5.71  (6) 8.47  (5) 2.17  (1)

13 14 7 5 2 0.48  (1) 1.28  (1) 0.95  (1) 2.17  (1)

14 16 9 5 2 0.48  (1) 1.28  (1)

15 16 8 6 2 0.48  (1) 1.30  (1)

16 17 9 6 2 0.48  (1) 1.28  (1)

17 14 9 3 2 1.44  (3) 1.30  (1) 2.56  (2) 1.90  (2) 1.69  (1) 2.17  (1)

18 15 9 4 2 5.74  (12) 5.19  (4) 1.85  (1) 8.97  (7) 5.71  (6) 3.39  (2) 8.70  (4)

19 16 10 4 2 0.48  (1) 1.30  (1)

20 14 8 4 2 1.44  (3) 1.30  (1) 2.56  (2) 1.90  (2) 4.35  (2)

21 13 8 3 2 0.48  (1) 1.28  (1) 0.95  (1) 2.17  (1)

22 15 9 4 2 0.96  (2) 1.30  (1) 1.28  (1) 1.90  (2) 1.69  (1) 2.17  (1)

23 16 9 5 2 0.48  (1) 1.30  (1)

24 16 9 5 2 0.96  (2) 3.70  (2) 1.90  (2) 3.39  (2)

25 17 9 6 2 1.44  (3) 1.30  (1) 2.56  (2)

26 16 8 6 2 0.48  (1) 1.30  (1)

27 18 10 6 2 3.83  (8) 6.49  (5) 3.70  (2) 1.28  (1) 1.90  (2) 4.35  (2)

28 17 9 6 2 0.48  (1) 1.28  (1) 0.95  (1) 2.17  (1)

29 18 10 6 2 0.96  (2) 2.56  (2)

30 17 10 5 2 4.31  (9) 1.30  (1) 7.41  (4) 5.13  (4) 3.81  (4) 5.08  (3) 2.17  (1)

31 19 10 7 2 0.48  (1) 1.30  (1)

32 18 9 7 2 0.48  (1) 1.30  (1)

33 17 9 6 2 0.96  (2) 1.30  (1) 1.28  (1)

34 18 10 6 2 4.78  (10) 6.49  (5) 1.85  (1) 5.13  (4) 4.76  (5) 10.87  (5)

35 16 9 5 2 0.48  (1) 1.30  (1)

36 16 9 5 2 11.96  (25) 6.49  (5) 27.78  (15) 6.41  (5) 19.04  (20) 20.34  (12) 17.39  (8)

37 15 8 5 2 0.48  (1) 1.85  (1) 0.95  (1) 1.69  (1)

38 14 8 4 2 2.87  (6) 7.41  (4) 2.56  (2) 3.81  (4) 5.08  (3) 2.17  (1)

39 15 9 4 2 3.35  (7) 5.19  (4) 1.85  (1) 2.56  (2) 5.71  (6) 6.78  (4) 4.35  (2)

40 16 10 4 2 0.48  (1) 1.28  (1)

41 15 8 5 2 0.48  (1) 1.28  (1)

42 15 9 4 2 0.96  (2) 1.30  (1) 1.28  (1) 0.95  (1) 2.17  (1)

43 16 9 5 2 2.87  (6) 1.30  (1) 1.85  (1) 5.13  (4) 2.86  (3) 6.52  (3)

43 28 14 29 25 17 19
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Figure 11: Distribution of KIR genotypes among Canadian born Aboriginals, Canadian 

born non-Aboriginals, and foreign born individuals in Subset B. Genotypes containing at 

least one active/latent tuberculosis case are underlined. 
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Each of the 10 genotypes shared between all groups included at least one case of 

TB (active and/or latent). Seven genotypes were shared between Canadian-born non-

Aboriginals and foreign born individuals (genotypes #6, 17, 20, 22, 25, 33, 42), 5 with 

TB cases (genotypes #6, 17, 20, 22, 42). Only genotype #38 was shared between 

Canadian-born Aboriginals and foreign born individuals, and was linked to TB cases. No 

genotypes were shared between Canadian-born Aboriginals and non-Aboriginals. KIR 

genotypes were unique to individual populations as follows: foreign born – 11 (genotypes 

# 4, 9, 11, 13, 14, 16, 21, 28, 29, 40, 41; six containing TB cases: genotypes # 4, 9 ,11, 

13, 21, 28), Canadian born Aboriginal – 3 (genotypes # 1, 24, 37; all including TB cases), 

and Canadian born non-Aboriginal – 11 (genotypes # 2, 3, 5, 10, 15, 19, 23, 26, 31, 32, 

35; none including TB cases).  

Those individuals with a TB status (active or latent) were found within 25 of the 

43 genotypes, most predominantly in #8 (25/105, 23.8%) and #36 (20/105, 19.0%). Over 

forty-two percent of TB cases were found in these two genotypes. More specifically, in 

the active TB group, 17 of the 25 genotypes including TB cases were represented. Within 

the latent TB group, 19 of the 25 genotypes including TB cases were represented.  

 

5.2.3. Haplotype Analysis 

In order to determine differences in KIR haplotypes between ethnic groups and 

disease status groups, individuals were categorized into haplotypes using the scheme 

described in Section 4.4 (Specific Objective iii.). When looking exclusively at the 
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centromeric portion of the KIR cluster, non-Aboriginal and foreign born individuals have 

very similar distribution of cen-AA (50.65%; 50.00%, respectively), AB (40.26%; 

42.31%) and BB (9.09%; 7.69%). Aboriginals however have significantly more AA 

(70.37%) than AB (27.68), and very little BB (1.85%) in their centromeric cluster. Like 

the previous cohort, latent TB and active TB cases were more likely to have cen-AA 

(58.70%; 72.88%) than AB (32.61%’ 16.95) or BB (8.70%’ 1.69%). However, unlike the 

previous cohort, the majority of uninfected individuals fell into the cen-AB category 

(47.12%) (Table 10).  

When looking exclusively at the telomeric portion of the KIR cluster, again the 

frequencies look similar for non-Aboriginals and foreign born (59.74%; 53.85%, 

respectively for tel-AA, 37.66%; 39.74% tel-AB, and 2.60%; 6.41% tel-BB) compared to 

Aboriginals (42.59% AA, 46.30% AB, and 11.11% BB). The distribution of telomeric 

genes within TB status groups were as follows: latent TB (43.48% AA, 54.35% AB, and 

2.17% BB); active TB (50.85% AA, 40.68% AB, and 8.47%); uninfected (58.65% AA, 

34.65 AB, and 6.73%). 
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Table 10: Frequency of centromeric and telomeric KIR clusters in different ethnic 

population and tuberculosis status groups (Subset B) 

 

 

   

Centromeric non-Aboriginal Aboriginal Foreign Born Latent Active Uninfected

AA 50.65% 70.37% 50.00% 58.70% 72.88% 44.23%

AB 40.26% 27.78% 42.31% 32.61% 16.95% 47.12%

BB 9.09% 1.85% 7.69% 8.70% 1.69% 8.65%

Telomeric

AA 59.74% 42.59% 53.85% 43.48% 50.85% 58.65%

AB 37.66% 46.30% 39.74% 54.35% 40.68% 34.62%

BB 2.60% 11.11% 6.41% 2.17% 8.47% 6.73%

Population Group Tuberculosis StatusKIR Cluster



 

 

72 

 

When the centromeric and telomeric KIR clusters are combined, haplotypes can 

be compared (Table 11). The AA-AA haplotype was the most common haplotype among 

non-Aboriginals (36.4%) and foreign born individuals (25.6%). Among Aboriginal 

individuals, the AA-AA haplotype (29.6%) was second only to the AA-AB haplotype 

(33.3%). Aboriginal individuals were significantly more likely to have AA-AB (33.3% 

vs. 14.3%, P=0.0176) and AA-BB (7.4% vs. 0.0%, P=0.0270) haplotypes compared to 

non-Aboriginals. No significant differences were seen between Aboriginals and foreign 

born individuals or non-Aboriginals and foreign born individuals. Within population 

groups, the centromeric-Ax haplotype predominated (non-Aboriginal – 90.0%, 

Aboriginal – 98.1%, foreign born – 92.3%). 

Both latent (34.8%, P=0.0004) and active (32.3%, P=0.0005) TB cases were 

significantly more likely to have AA-AB haplotypes than uninfected individuals (9.62%). 

Additionally, those individuals with active TB were less likely to have an AB-AB 

haplotype compared to uninfected individuals (8.5% vs. 21.15%, P=0.0476). The 

majority of the tuberculosis cases are represented in the AA-AA (latent TB – 21.7%, 

active TB – 35.6%) and AA-AB (latent TB – 34.8%, active TB – 32.3%) haplotypes. The 

AA-AA haplotype contains the fewest number of activating genes of all haplotypes. 

Overall, 57.14% of TB cases had a centromeric-AA haplotype. More broadly, 95.24% of 

TB cases had a centromeric-Ax haplotype (latent TB – 91.3%, active TB – 98.3%).  

Only 14 individuals had centromeric BB-haplotypes (7/77 non-Aboriginals, 1/54 

Aboriginals, and 6/78 foreign born individuals). This centromeric-BB group represented 
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only 4.76% of TB cases (5/105). Overall we see a trend toward haplotypes with higher 

“A” content in population groups as well as TB disease status groups. 
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Table 11: Frequency of centromeric and telomeric haplotypes in different ethnic 

population and tuberculosis status groups (Subset B) 

 

 

  

non-Aboriginal Aboriginal Foreign born Latent Active Uninfected

Centromeric Telomeric (n=77) (n=54) (n=78) (n=46) (n=59) (n=104)

AA AA 28  (36.4) 16  (29.6) 20  (25.6) 10  (21.7) 21  (35.6) 33  (31.73)

AA AB 11  (14.3)b 18  (33.3)a 16  (20.5) 16  (34.8) 19  (32.3) 10  (9.62)c,d

AB AA 15  (19.5) 6  (11.1) 17  (21.8) 6  (13.0) 8  (13.6) 24  (23.08)

AB AB 15  (19.5) 7  (13.0) 14  (17.9) 9  (19.6) 5  (8.5) 22  (21.15)d

AA BB 0  (0.0)b 4  (7.4)a 3  (3.8) 1  (2.2) 3  (5.1) 3  (2.88)

AB BB 1 (1.3) 2  (3.7) 2  (2.6) 2  (3.4) 3  (2.88)

BB AA 3  (3.9) 1  (1.9) 5  (6.4) 4  (8.7) 1  (1.7) 4  (3.85)

BB AB 3  (3.9) 0  (0.0) 1  (1.3) 4  (3.85)

BB BB 1  (1.3) 0  (0.0) 0  (0.0) 1  (0.96)

Haplotype Population Group Tuberculosis Status

aSignificant compared to non-Aboriginal; bSignificant compared to Aboriginal; cSignificant compared to 

latent TB; dSignificant compared to active TB; p-value ≤ 0.05 considered significant
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6. Discussion 

This study involved two subsets of subjects. Subset A contained individuals with 

active, latent, or uninfected TB status who self-identified as Dene, Cree, or Ojibwa First 

Nations, and who resided in one of three Northern Manitoba Reserve communities, as 

well as uninfected Caucasian controls from Winnipeg, Manitoba. Subset B contained 

individuals from three population groups (Canadian-born non-Aboriginal, Canadian-born 

Aboriginal, and foreign born individuals) living in Manitoba with active, latent, or 

uninfected TB status. Both subsets were assessed separately in three areas: KIR gene 

frequencies, KIR profiles, and KIR haplotype analysis for associations with ethnicity and 

associations with TB status. 

 

6.1. KIR Gene Frequencies 

Framework genes KIR2DL4, KIR3DL2, KIR3DL3, and the pseudogenes 

KIR2DP1 and KIR3DP1 were present in 100% of samples from both Subset A and 

Subset B, a finding that is consistent with previously published findings (58).  

Comparing KIR gene frequencies to the few TB cohorts where KIR typing has 

been performed (74, 78, 86, 102) becomes difficult in that the genetic uniqueness of 

Manitoba Aboriginals has remained largely unexplored (14, 68, 69, 107) until this study. 

Furthermore, the foreign born group of Subset B is extremely diverse, spanning 5 

continents and all World Health Organization regions 

(http://www.who.int/about/regions/en/index.html).  
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There are 4 main studies comparing KIR genes and TB disease. Mahfouz et al. 

and Mendez et al. both found KIR2DL3 to be the only statistically significant KIR gene 

frequency to differ between TB patients and controls (higher in TB patents; P=0.03 and 

P=0.02, respectively) (78, 86). The authors suggested that this finding indicates a greater 

inhibition of killer function of NK cells in a TB setting. In our study, KIR2DL3 occurred 

only slightly more in individuals with a TB status compared to uninfected controls: 

Subset A (100.0% vs. 93.22%, P=0.2927); Subset B (95.76% vs. 91.35%, P=0.2837). 

Pydi et al. found gene frequencies of KIR2DS1, KIR2DS5, KIR3DL1, and KIR2DL3 to 

be higher in TB patients compared to controls (P<0.0001). The authors suggest that the 

presence of KIR2DS1/KIR2DS5 increases the risk of developing TB and the presence of 

KIR2DL3/KIR3DL1 may confer susceptibility (102). Again, compared to our study, the 

same trends were seen (Subset B), none to the extent of statistical significance. Lastly, Lu 

et al. found gene frequencies of KIR2DS1, KIR2DS3, and KIR3DS1 to be significantly 

higher in TB patients compared to controls (P<0.05) (74). In our study, frequencies of 

KIR2DS1 and KIR3DS1 were not statistically different between those with a TB status 

compared to uninfected individuals (Subset B). However, when looking at KIR2DS3, our 

study showed a decreased frequency in TB patients (P=0.1599). This finding becomes 

statistically significant when comparing specifically those with active TB to uninfected 

individuals (P=0.0009), a comparison that more closely mirrors the Lu et al pulmonary 

TB patient group (Subset B). In each of the above mentioned studies, a different ethnic 

group was involved.  
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In 2010, an online KIR database tallied 368 different KIR genotypes in 102 

populations groups (51), a number which has climbed to 418 to date.  Additionally, from 

this study we can see that there are differences in KIR frequencies when ethnicity alone is 

examined. For example, KIR2DS3 is present in 38.46% of foreign born, 29.87% of non-

Aboriginals, but only 5.56% of Aboriginal individuals. It is this factor, along with sample 

size differences, and potential association with other factors and genes affecting TB 

transmission that may account for differences seen compared to the literature.  

 

Subset A and Subset B contain population groups that may be compared with the 

following caveat: Subset A First Nations samples are all from reserve communities and 

are of known ethnocultural subgroups. Subset B Aboriginal samples include First Nations 

(n=52), Inuit (n=1), and Metis (n=1) individuals. Furthermore, these individuals may or 

may not be living on reserve, and those belonging to the First Nations group are of 

unknown ethnocultural subgroup.  

KIR2DL2, KIR2DS2, KIR2DS3, KIR1D, and KIR3DL1 were significantly lower in 

frequency while KIR2DL5A, KIR2DS1, KIR2DS4, KIR2DS5, and KIR3DS1 were 

significantly higher in frequency in Subset A First Nations compared to Caucasians 

(Section 5.1.1). The same trends were seen in Subset B Aboriginals when compared to 

non-Aboriginals, however only the relationships between KIR2DL2, KIR2DS2, 

KIR2DS3, and KIR2DS5 were significant.  

When comparing the gene frequencies strictly between the First Nations and Aboriginal 
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cohorts, we see congruency in all gene frequencies except KIR1D, present in 38.71% of 

Subset A First Nations and 74.07% of Subset B Aboriginals (P<0.0001). The possible 

explanation for this difference in otherwise similar groups could be the genetic diversity 

of First Nations ethnocultural groups, as suggested by the differences seen within the 

Dene, Cree, and Ojibwa subpopulations (14). 

When comparing tuberculosis status between the Subsets as a whole, no 

significant differences were seen between gene frequencies in Subset A, whereas multiple 

genes showed differences in Subset B, namely KIR2DL2 and KIR2DS2 were lower in 

frequency in TB infected individuals compared to uninfected individuals; KIR2DL5all 

and KIR2DL5B were higher in latently infected while KIR2DL2, KIR2DS2, and 

KIR2DS3 were lower in actively infected individuals compared to uninfected individuals. 

Lastly, frequencies of KIR2DL5all, KIR2DL5B, and KIR2DS3 were significantly 

different between latently and actively infected individuals. When attempting to 

understand why there were so many differences seen in Subset B and no differences seen 

in Subset A, it is important to recall that all population groups (Aboriginal, non-

Aboriginal, and foreign born; n=209) of Subset B were included in this analysis, 

containing 105 TB cases, while only the First Nations group (n=93) of Subset A 

contained TB cases (n=34), and lacked Caucasian individuals with a TB status for 

comparison.  

Again when comparing Subset A First Nations with Subset B Aboriginals, KIR1D 

was the only gene to differ significantly between all TB disease status groups: Any TB 
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(26.47% vs. 72.50%, P<0.0001), latent TB (28.57% vs. 100.00%, P=0.0108), active TB 

(25.00% vs. 68.57%, P=0.0024), uninfected (45.76% vs. 78.57%, P=0.0375). 

 

The imbalance of activating and inhibitory KIR genes may affect the activation of 

immune cells, contributing to pathogenesis of disease (74). Each stage of the host 

response to M. tuberculosis is under genetic control (80). The differences observed in the 

KIR frequencies in the studied ethnic and TB disease status groups may lead to altered 

NK cell responses, therefore leading to different cytokine profiles and ultimately outcome 

to TB disease. 

 

6.2. KIR Profiles 

Certain KIR profiles differ only by heterozygosity at KIR2DL5A/KIR2DL5B 

(different locus), or KIR2DS4/KIR1D (same locus), which increases the number of 

profiles seen compared to studies that did not differentiate the KIR2DL5 and KIR2DS4 

loci.  

KIR2DL5 can be subtyped into KIR2DL5A and KIR2DL5B, which differ by 7 

nucleotide substitutions, the latter of which is not expressed (50, 83). KIR2DL5A is 

located on the telomeric half and KIR2DL5B on the centromeric half of the KIR gene 

complex (see Figure 7, Section 4.4) (32, 132, 138). It is possible that those individuals 

with the presence of both KIR2DL5A and KIR2DL5B have up to four copies of the 

KIR2DL5 gene (32, 50).  
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KIR1D is an allele of KIR2DS4, with a 22 base pair deletion resulting in a 

truncated protein from the deletion-generated frame shift causing loss of the second 

transmembrane domain (2D). The loss of a transmembrane domain as well as a 

cytoplasmic domain in KIR1D leads to a protein that is not anchored to the membrane, 

therefore becoming a secreted KIR molecule (58, 88). It has been hypothesized that there 

may be a role for a soluble KIR to act as a ligand for an unidentified receptor, or to “mop 

up” soluble HLA, which could interfere with NK cell function (88, 144). 

 For those with KIR2DS4 as their only activating gene, the full length KIR2DS4 

was more common than KIR1D, as anticipated (88). Of the forty different profiles 

identified in the 168 samples of subset A, only seven individuals (4.2%; genotype #8) had 

KIR1D as their only activating KIR compared to 20 individuals (11.9%; genotype #11) 

with KIR2DS4 as their only activating KIR (Figure 8 in Section 5.1.2). Those individuals 

with KIR1D as their only “activating” KIR (KIR1D
+/+

), did not have any intact activating 

membrane-anchored KIR due to the loss of the transmembrane domain. Individuals from 

genotype #8 all (2 of 2) had an uninfected TB status, whereas 9 of the 20 individuals 

from genotype #11 had a tuberculosis status (3 latent, 6 active), the highest frequency 

within a single genotype, suggesting the need for a membrane-bound activating KIR in 

these individuals to activate NK cells against TB.  Interestingly, those individuals who 

were heterozygous for KIR2DS4/KIR1D as their only activating KIR were among the 

most common genotype (34%; genotype #9), and represented 6 TB cases (2 latent, 4 

active). 
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Of the 43 different profiles identified in the 209 samples of subset B, only 1 

individual (0.5%; genotype #10) had KIR1D as their only activating KIR, and they were 

TB uninfected (Figure 7 in Section 5.2.2). Eleven individuals had KIR2DS4 as their only 

activating KIR (11/209, 5.3%; genotype #12), and more than half of these individuals had 

a TB status (1 latent, 5 active). As in subset A, the genotype containing heterozygous 

KIR2DS4/KIR1D as the only activating KIR in subset B was the most frequent (24.9%; 

genotype #8). Notably, this genotype contained the highest frequency of TB cases within 

a single genotype (9 latent, 16 active).  

Few disease association studies (46, 143, 144) have been performed to date on 

KIR1D, none of them focusing on tuberculosis. The hypothesized role for a soluble KIR 

to act as a ligand for soluble HLA would still have an effect on NK cell function; 

however this specific effect is still speculative. Even though further studies are warranted, 

the role of KIR1D in TB disease in Aboriginals is indicative of an association between 

ethnicity and disease status. 

 

Forty KIR profiles were identified in Subset A subjects (Section 5.1.2) and 43 

KIR profiles were identified in Subset B subjects (Section 5.2.2). The same proportion of 

profiles were only seen once (i.e. twenty of the 40 profiles and 22 of the 43 profiles were 

unique to a single individual, respectively). In Subset A, the most predominant genotypes 

(#9, 11, 36, and 2) represented 43.43% of the 168 study participants and 61.76% of TB 

cases. In Subset B, the most predominant genotypes (#8, 36, 7, 18, and 12) represented 
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56.46% of the 209 study participants and 59.05% of TB cases. Three of the most 

common profiles from each subset overlap (Subset A genotypes #2, 9, and 11 correspond 

to Subset B genotypes #7, 8, and 12, respectively). As mentioned previously, the 

differences in population groups as well as distribution of TB cases within those groups 

(all Caucasians in Subset A are uninfected controls) make further comparison of all 

population groups from these cohorts difficult. However, a comparison can be made 

regarding the distribution of tuberculosis status between Subset A First Nations and 

Subset B Aboriginal populations (Figure 12). Twenty-two genotypes were seen in Subset 

A and 14 in Subset B. Eleven of these genotypes overlapped between the two Subsets, 

containing 82.80% (77/93) and 94.44% (51/54) of individuals from each Subset 

respectively. Although 73.53% of TB cases in Subset A (13/20 active, 12/14 latent) and 

92.50% of TB cases Subset B (32/35 active, 5/5 latent) fell into the over lapping 

genotypes shared by both cohorts, the genotypes containing the most TB cases were not 

consistent between groups. 
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Figure 12: KIR genotype distribution of active and latent TB cases in Subset A First 

Nations and Subset B Canadian-born Aboriginal individuals. KIR types differ from each 

other by the presence of (shaded box) or absence of (white box) 19 KIR genes. Frequency 

(%F) of each genotype is expressed as a percentage and is defined as the number of 

individuals having the genotype (N+) divided by the number of individuals (n) in the 

population or tuberculosis status group. The light grey box (right) indicates genotypes 

that overlap between the 2 cohorts. 
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Specific to Subset B, 28 of the 43 profiles were seen in Canadian-born non-Aboriginals, 

14 in Canadian-born Aboriginals, and 29 in foreign born individuals. Very few profiles 

were uniquely found in Canadian-born Aboriginals (three) compared to non-Aboriginals 

(eleven) or foreign born individuals (eleven). The cultural diversity of the ancestors of 

Canadian-born non-Aboriginals may explain this disparity.  

 

6.3. KIR Haplotype Analysis 

Specific to Subset A subjects, we found that haplotype B centromeric genes 

(KIR2DL2, KIR2DS2, KIR2DS3) were reduced while haplotype B telomeric genes 

(KIR3DS1, KIR2DL5A, KIR2DS1, KIR2DS5) were more prominent in Manitoba First 

Nations when compared with Caucasians. These findings agreed with recent work by 

Rempel, et al (107). Additionally, haplotype A telomeric genes KIR2DS4 and KIR3DL1 

were significantly increased, and decreased, respectively in First Nations compared to 

Caucasians.  These additional findings along with the haplotype analysis support the view 

that First Nations individuals may have a stronger inhibitory genotype compared to 

Caucasians. This conclusion contradicts findings reported in the literature, and the 

difference may be attributed to different ethnocultural sample populations: Rempel, et al 

study contained 70% Oji-Cree First Nations compared to 68% Dene First Nations in our 

study. Our study showed that within the First Nations population, different ethnocultural 

groups may have different KIR frequencies, and therefore different immune outcomes to 

disease. The same findings were not statistically significant in the Subset B Aboriginal 
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population, potentially because of the mixed nature of this group. 

  When looking exclusively at the centromeric portion of the KIR cluster, Subset A 

First Nations and Subset B Aboriginals were found more frequently in the cen-AA group 

(81.72% and 70.37%, respectively). All other population groups had similar frequencies 

of AA and AB in the centromeric cluster. The cen-BB group was consistently the 

minority in this half of the KIR cluster. In Subset A, all active and latent TB cases were 

either cen-AA or cen-AB, whereas Subset B TB cases were seen in all three categories, 

again with the fewest in cen-BB. 

  When looking exclusively at the telomeric portion of the KIR cluster, differences 

within population groups were less distinct. One trend between the two Subsets was the 

increase of tel-BB in Subset A First Nations and Subset B Aboriginals compared to other 

population groups involved. The majority of latent TB cases were tel-AB and the 

majority of active TB cases were tel-AA, a trend seen in both Subsets. 

  When the centromeric and telomeric clusters are combined, haplotype analysis 

can be performed (Section 5.1.3 & 5.2.3). Haplotype analysis of Subset A revealed that 

the frequencies of haplotypes AA-AB, AB-AA, AB-AB, and AA-BB differed 

significantly between First Nations and Caucasians. The individual lacking a telomeric 

haplotype by definition of the haplotype determination scheme simply did not represent 

KIR3DL1 or KIR3DS1 in their KIR profile. They did however have 4 other activating 

KIR genes as part of their profile (KIR2DS1, KIR2DS3, KIR1D, and KIR2DS4). 

Haplotype analysis of Subset B subjects revealed that the frequency of only 2 
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haplotypes (AA-AB and AA-BB) significantly differed between Aboriginals and non-

Aboriginals, and that there were no differences when compared to the frequency in 

foreign born individuals. Haplotype BB-AB was not represented in Aboriginals, and 

haplotype BB-BB was not represented in either Aboriginals or foreign born individuals. 

A published haplotype analysis between Aboriginals and Caucasians found Aboriginals 

had significantly lower frequencies of AB-AA and AB-AB haplotypes, and significantly 

higher frequency of the AB-BB haplotype (107). These trends were observed in this 

study; however, they were not statistically significant, although 2 of the 3 were in Subset 

A. In addition, this same study did not report frequencies of the BB-AA haplotype; one 

that was present in all Subset B population groups of our study and contained 8.7% and 

1.7% of latent and active TB cases, respectively. This further strengthens the evidence 

that different population groups (and further diversity within subpopulation groups) have 

different KIR haplotypes frequencies that may influence disease outcome. 

Lastly, KIR haplotypes in Subset A First Nations and Subset B Aboriginals were 

compared. Half (50.00%) of the active cases of TB and 35.7% of latent cases of TB in 

Subset A First Nations were of the haplotype AA-AA. This is the haplotype containing 

the fewest number of activating genes of all haplotypes. It is speculated that the lack of 

activating KIR genes leads to a worsened immune response against tuberculosis 

infection. In Subset B Aboriginals, 25.71% of active cases were of the AA-AA 

haplotype. The majority of active (37.14%) and latent (60.00%) TB cases however were 

haplotype AA-AB, a haplotype that only 14.29% of uninfected individuals belonged to. 
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The increasing amount of haplotype “A” content corresponds with a decreasing presence 

of activating KIR genes. Again, this imbalance of inhibitory and activating genes may 

lead to an overall dampening of the immune response to TB infection. 

 

In summary, there are significant differences in KIR genes, KIR profiles, and KIR 

haplotypes across ethnicities and tuberculosis disease status groups. When looking at 

tuberculosis status in Subset A, it appears that the KIR profile and centromeric haplotype 

are more predictive than the presence or absence of individual genes. The increased 

presence of all centromeric-AA haplotypes in First Nations compared to Caucasian 

participants, along with the overwhelming amount of TB in these same haplotypes, 

indicates a relationship between KIR, ethnicity, and disease. Again in Subset B, major 

differences can be seen in gene frequencies, profiles, and haplotypes between Canadian-

born non-Aboriginal, Canadian-born Aboriginal and foreign born individuals as well as 

TB disease status groups. Within the province of Manitoba, each of these population 

groups have drastically different rates of tuberculosis.  

When assessing study validity, results from the First Nations communities are not 

necessarily generalizable to all First Nations communities in the province of Manitoba. 

The small number of samples in Subset A also affects the internal validity; however, the 

degree of participation is not surprising in the context of research performed in Canadian 

Aboriginal populations in remote communities (139). It is because of this that the 

statistical power of the comparisons was limited. The sampling of additional individuals 
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is needed to confirm the generalizability of these findings to the larger provincial 

Aboriginal populations.  

This study only assessed the variability in the frequencies of KIR genes. The 

diversity of these genes can be explored on a much deeper level by way analyses of KIR 

gene sequences. It is for this reason that the future of this project may include sequence 

analysis of target regions. Also, KIR-HLA disease association studies would be 

beneficial in determining the role that KIR play in TB disease, as HLA are the ligands 

upon which the receptors act. Lastly, the ultimate outcome of the KIR-HLA interaction is 

the release of cytokines following a cascade of molecular events. Cytokine analysis 

studies are needed to further clarify the relationship between infectious diseases and KIR 

in individuals with tuberculosis. 
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