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ABSTR.~CT 

An out break of pulmonary tuberculosis in a Canadian 

Native Indian family was analyzed. Of 66 evaluated subjects, 

52 (79%) became newly-infected, tWEmty-four (46%) of which 

developed disease. 

Chest radiography was the single best diagnostic test 

(sensitivity 92%; specificity 100%), after which neither 

demographic variables nor skin test reactivity detected 

additional disease in a multivariate discriminant analysis. 

Without radiography, tuberculin skin test reactivity and the 

subject's age together were significant but poor predictors 

of disease (model sensitivity 74% and specificity 64%). AlI 

diseased adults, but only 46% of children, produced culture-

positive specimens (p=0.006). Therefore, children with 

suspected disease should be treated, regardless of culture 

results. 

No linkage was found between HLA type and disease 

occurrence in any model. Higher lod scores were obtained by 

reclassifying subjects' phenotypes, but li~kage was excluded 

up to a recombination fraction of 0.20 . Neither HLA class l 

loci nor a closely-linked recessive susceptibility locus is 

a major factor in tuberculosis disease development in this 

Canadian Indian family. 



RÉSUMÉ 

Une éclosion de tubercùlose pulmonaire chez une famille 

canadienne de descendance indienne a été étudiée. Des 66 

sujets évalués, 52 (79%) sont devenus nouvellement infectés 

dont vingt-quatre (46%) ont développé la maladie. 

La radiographie pulmonaire était le meilleur test 

diagnostique (sensjbilité 92%; spécificité 100%) après quoi 

aucune variante démographique ni de réactivité au test 

cutanée tuberculinique n'a décelé une maladie addltionelle 

dans une analyse multifactorielle discriminante. Sans 

radiographie, la réactivité au test cutané et l'âge du sujet 

étaient significatifs mais s'avérajent de faibles 

prédictions de la maladie (sensibilité 74%; spécificité 

64%). Tous les adultes atteints, seulement 46% d'enfants, 

ont produit des échantillons de culture positifs 

(P = 0,006). conséquemment, les enfants soupçonnés de la 

maladie devraient être traités quand méme. 

Aucune liaison n'a été découverte entre le génotype HLA 

et l'occurrence de la maladie dans tout modèle. Des 

résultats supérieurs ont été obtenus en reclassifiant des 

phénotypes de sujets mais la liaison a été exclue à une 

fraction de recombinaison de 0,20 . Ni les loci HLA de 

classe l, ni un segment proche d'ADN ne représente un 

facteur majeur de gène récessif dans le développement de la 

tuberculose chez cette famille Canadienne de descendance 

indienne. 
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PREFACE 

The idea for this project arase [rom an ongoin0 

interest in tuberculosis by the applicant ~nd informaI 

discussions between the applicant and Dr. E. Skamene in 1988 

about pursuinq linkage analysis in Canadian fami~ies with 

tuberculosis. Dr. Skamene had received WHO funding tîr a 

study to look for linkage between tuberculosis disease and a 

putative "susceptibility" gene on human chromosome 2. At 

that time, despite the WHO study being Canadian-centred, no 

Canadian farnilies had been enrolled. The appljcant's 

inter est in the clinj~al usefulness of diagnostic tests for 

the diagnosis of tuberculosis prornpted a s8ùrch for Canadian 

families who could serve as a study group to examine both 

issues. The ulood given by the study subjects was used for 

HLA typing for this study, as weIl as being a source of DNA 

for the WHO-funded study. 

Contact with Dr. E. A. Fanning (rtlberta Health 

Tuberculosis Services) succeeded in locating a suitable 

family in Northern Alberta. 

This thesis documents the results of such a research 

project which sought to answer the following two questions: 

1) What is the usefulness of demographic data, 

Mantoux skin testing, mycobacterial cultures of 

respiratory secretions, and chest rùdiography for 

the detection of active pulmonary tuberculosis? 



2) Is there linl~élge between HLA-A, and -B alleles 

and the presence of tuberculosis diseas9? 

Both of these questions were investigated by studying an 

epidemic of tuberculosis in a Canadian Native Indian family 

in Alberta. 

In order to analyze the dernographic data and diagnostic 

tests (rddiography, skin testing, and cultures), the medical 

and laboratory data of each individual in the farnily were 

systematically recorded and anaIyzed. 

In order to address the role of the HLA loci, blood 

sarnpling of the family was performed, and linkage analysis 

was carried out ysing the medical data described above. 

The project organizatlon and coordination, medicdl 

record auditing and data recording, and project 

documentation were done solely by the applicant. The data 

analysls was also performed solely by the applicant, with 

the exception of the linkage analysis, which was completed 

with the help of Dr. Ken Morgan. In this respect, we are 

grateful to Drs. G. M. Lathrop and J. Ott, who kindly gave 

Dr. Morgan the LINKAGE programs, and for the computing 

facilities which were provided by the Howard Hughes Medical 

Institute genome resources project. Blood-taking of the 

study participants was done by both the applicant and Dr. 

E.A. Fanning (Alberta Health Tuberculosis Services, 

Edmonto~, Alberta). The family's medical records were 

initially recorded by Dr. Fanning during the tuberculosis 

epidemic. 



The HLA-A, -B, and -C typing was performed by Dr. F. 

Pazderka, Histocompatibillty Laboratory, Blood Transfusion 

Service, Canadian Red Cross, Edmonton, hlberta. 

Epstein-Barr transformation of patient lymphocytes, in 

order to rr.aintain permanent DNA banks, was performed by Dr. 

Erwin Schurr, Department of Medicine, McGill University, 

Montreal, Quebec. 

On-site patient care, surveillance of medications, and 

administration of tuberculin skin tests during the 

tuberculosis epidemic were done by the Alberta public health 

nurse in the community. Individuals rcquiring 

hospitalization for diagnosis and/or treatment were flown to 

ths Alberta Health Tuberculosis Services in Edmonton, 

Alberta. 

AlI specimens for mycobacterial staining and culture 

~ere transported to, and processed in, the Mycobacterioloqy 

Section, Alberta Public Health Laboratory, Edmonton, 

Alberta. 

Due to ongoing land-claim negotiations with the federal 

government, the leader of the study family has asked for 

complete anonymity. Therefore, aIl family and community 

identifiers have been removed from this thesis in order to 

ensure this. 

Funding for this study has corne in part from Dr. Emil 

Skamene, under WHO grant number V25-181-38. 
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1. INTRODUCTION 

Tuberculosis remains an important cause of morbidi ty 

and mortality in the world, due to the large number of new 

cases and deaths each year1 . This is t:!specially true in 

developing nations, where 3 to 10 million new cases and over 

2.5 million deaths occur 'lnnuallyl, 2. In Quebec, high-r isk 

endemic groups include the Inùit, Native Indians, immi­

grants, refugeE's, and the elderly3,4. Despite decades of re­

search into all aspects of this area of infectious disease, 

questi(ins remain about the usefulness of tuberculin skin 

testing, che st radiography, and mycobacterial cultures in 

the diagnosis of active pulmonary disease, the most common 

forrn. In aè.dition, newer technology has changed the labora­

tory methods used to make the diagnosis of tuberculosis 5 . 

This technology has produced an increase in the sensi ti vi ty 

and speed for detecting M. tuberculosis from clinical 

specimens6 , 7. It is less apparent if it has enhanced the 

ability to diagnose disease during rural communi ty outbreaks 

where culture sensitivity, for instance, may be compromised 

by suboptimal collection and transportation of specimens8 . 

Major controversy al::;o surrounds the pathophysiologic 

rnechanisrns which allow progression of infection to 

clinically overt disease in sorne indi vidua ls, and not in 

others. "Natural resistance" to tuberculosis has been 

suggested to exist9 , but the presence or mechanism of such 
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resistance has not been unequivocally documented. Although 

inoculum size of the infecting organism10 , as well as 

integrity of the immune system11 , are known to play 

important roles i~ the development of clinical disease, the 

relative importance of the pathogen and the host remain 

obscure. Because of ample data that HLA antigen expression 

is involved in hurnan recognition of tuberculin antigens in 

vitro12 , 14,101, the relative ease of HLA typing of 

individuals15 , and population data that HLA ant:gen 

expression may be associated with development of clinical 

disease16- 18 , it is reasonable to look at linkage of HLA 

type with tuberculosis disease expression in affected 

families. 

Analyses of tuberculosis epidemics have been used in 

the pa st in attempts to resolve several controversial 

issues, for exarnple: infectivityof the organisrn19 , the 

predictive value of various tuberculin skin test 

int~rpretations20, post-exposure prophylactic rneasures21 , 

and the "booster" effect of skin testing22 • Even though 

patient nurnbers were sornetimes small in these studies, such 

investigations have contributed greatly to our knowledge of 

tuberculosis. A review of 109 tuberculosis epidernics has 

detailed many of the non-genetic factors thought to be 

important in such outbreaks167 • However, the genetic 

predisposition to disease was not explored. 
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In order to ascertain the usefulness of dernographie 

data, tuberculin skin testing, chest radiography, and 

myeobacterial cultures for the detection of tuberculosis 

disease in a large Canadian Native Indian farnily, these 

pararneters were cornpared to the "gold standard" of disease 

presence as defined by a cornbination of explicit clinical, 

radiologie, and microbiologie criteria as described by the 

American Thoracic Society23. 

In order to assess the contribution of HLA-linked genes 

on disease occurrence, a linkage analysis was performed on 

the same Canadian Native Indian farnily who had recently 

exp~rienced an epidernic of tuberculosis. 

3 



2. REVIEW OF THE LITERATURE 

i) Epidemiology of tuberculosis 

The incidence of tuberculosis in the developed world, 

including Canada, as assessed by age-standardized incidence 

rates, has been declining sinee the early 1900's24-26. 

However, in certain areas of canada27 , ~s weIl as in most of 

the developing world1 ,26, it remains a significant health 

problem. It is estimated that between 3 and 10 million new 

cases, and over 2.5 million tuherculosis deaths, occur 

annually among the world's developing nations1 , The overall 

incidence rate of tuberculosis in Canada is approximately 8 

- 12 cases per 100,000 population27 , while in the developing 

areas of the world the rate is between 10 and 30 fold higher 

(estimated mean incidence of 171 per 100,000 overall with an 

upper limit as high as 229 per 100,000 in Sub-Saharan 

Africa)l. Among Canadian Native Indians and Inuit, the 

incidence rates in the 1970s were, respectively, 16 and 24 

times greater than the non-Native rates27 • Mortality from 

tuberculosis in Canada in 1986 averaged 0.6 deaths per 

100,000 population29 , and in the dev!loping world 61 per 

100,0001 . Among the canadian Nétive Indian and Inuit 

populations, the mortality rates were almost 10-fold greater 

than the Canadian average, at 5.7 per 100,000 population29 . 

In these Native populations, commûn-sour~e outbreaks of 

tuberculosis still occur, but are rarely documented in the 
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medical literature30, 31. Although incidence rates of 

tuberculosis have been falling in aIl groups in Canada since 

the early part of the 20th century, the rate of fall ls 

lowest in Native Indians (4% per year), highest in the Inuit 

(16% per year) , and approximately lL~ per year in non-Native 

Canadians27 . 

Several explanations have been proposed to clarify 

divergent world tuberculosis rates. It has been hypothesized 

that the presence of crowded living conditions, malnutrition 

leading to immunosuppression, limited access to health carè, 

unavailability ot antibiotic therapy, late recognition of 

disease (i.e. inability to find and eradicate cases early), 

and infection at a younger age contribute in major ways to 

the differences observed in incidence rates. However, it 

remains unclear how much of the diversity in incidence is 

due to genetically determined susceptibility and how mu ch i5 

due to environmental factors or, for instance, to variation 

in mycobacterial virulence. It has been proposed that the 

different rates of disease incidence in Canadian Native 

Indians from various regions in Canada can be partially 

explained by a "selection of the fittest" model, where 

earlier exposure to tuberculosis has led to a genetically 

hardier population and less disease27 . In any single region, 

however, the risk of tuberculosis disease i5 dependent on a 

complex interplay of many other factors: age, gender, race, 

socioeconomic status, geography, temporal trends, and 
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occupation. 

Age is an important determinant of disease development, 

and consistently demonstrates a trimodal risk. Peak periods 

of rlsk for pulmonary tuberculosis following infection occur 

in children 2 years or younger, those aged 14 to 25 years, 

and also in the eIderIy32,33. The severity of pediatrie 

pulmonary disease also appears to be worse in the youngest 

children. L\gnificant hilar pulmonary lymph node enlargement 

causing segme1tal pulmonary disease following infection in 

children is most frequent in infants Iess ~han 1 year old 

(43% incidence), decreases to an incidence of 25% in 1-10 

year olds, and falls further to only 16% in those Il to 15 

years of age 32 . The rate of development of disease for 

children 2 years of age or less is so great - 50% or 

more9 ,26,33,34 - regardless of other factors, that it is 

very likely that disease in this group is due almost 

exclusively to the naivete of the immune system and not much 

influenced by inherited susceptibility. 

Gender is an important risk factor for tuberculosis 

disease and tuberculosis-related mortality in 

adults24 ,36,37. In childhood, however, incidence rates of 

disease as weIl as tuberculosis mortality rates are similar 

in the two sexes24 ,36,37. 

Adult males are more susceptible to disease development 

following infection, while females are more likely to die of 

tuberculosis, once disease manifests. The overall 
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male:female disease incidence ratio in adults is a minimum 

of 2:1, depending on the country studied24 ,37 with a ratio 

of almost 4:1 in Asia 38 . In ~he age group over 65 years, the 

male:female disease incidence ratio is greater than in young 

adults37 , suggesting that elderly males are at greater risk 

for disease, once infected, or are at greater risk of 

primary infection. 

The mortality rate divided by the disease incidence 

rate for a given group can be used as a proxy for the case­

fatality ratio when such direct measures are absent, as with 

Canadian tub~rculosis data. For tuberculosis disease in 

Canada, of which pulmonary disease accounts for 90%24, this 

ratio is 0.026 in young adults and 0.21 in the elderly29. 

Interestingly, this ratio is smaller in males than in 

females in almost aIl age groups (tdble 1)29. This suggests 

that, although men are at higher risk for disease 

development, as stated above, they are less likely to die of 

manifested tuberculosis. No factors have been uncovered to 

explain these findings, although the higher incidence of 

cigarette smoking and pneumoconiosis in men may explain, in 

part, the discrepancy in disease incidence alone. 

Race as a risk factor for development of tuberculosis 

disease remains controversial. The predisposition for the 

development of disease in non-whites in North America can be 

seen at aIl ages. However, this tendency has always been 

7 
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Table 1. Tuberculosis morbidity and mortality rates 

~xpressed per 100,000 population) in Canada ror 1983, by 

age and sex. 36 

Morbidity Mortality MortalityLmorbidity 

Age M F MlF M F MLF M F MLF 

< 1 4 2 2 a 0 a a 

1-4 4 4 1 0 .30 0 .07 

5-14 1 3 .33 0 0 0 0 

15-19 4 5 .80 0 0 0 0 

20-24 5 7 .71 0 0 0 0 

25-34 7 6 1.2 .10 .16 .66 .02 .03 .57 

35-44 Il 7 1.6 .15 .23 .66 .01 .03 .42 

45-64 24 10 2.4 1.1 .22 5.0 .05 .02 2.1 

65-74 35 17 2.1 2.9 2.2 1.3 .08 .13 .65 

> 75 53 27 2.0 9.7 5.8 1.7 .18 .21 .85 

Mortality divided by morbidity is an indirect measure of the 

case-fatality ratio. M: male F: female 
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confounded by socioeconomic 5tatus32 ,37. Data in infected 

children and adolescents of similar socioeconomic status 

have not shown any difference in disease occurrence 

according to race 39 . Although a recent investigation has 

demonstrated racial differences in infection rates with 

Mycobacterium t~berculosis40, important confounders such as 

socioeconomic status and occupational history were not 

controlled41 . It remains unclear how much tuberculosis 

infection or disease in various racial groups is due to 

genetics, and how much is due to the contrihution of 

coincident poverty, crowdtng, malnourishment, and other 

confounding factors. What is clear is that socioeconomic 

status remains strongly linked wi th disease, wi th sorne 

investigations showing striking correlations between 

socioeconomic status indicators and disease incidence 

rates37 . Although correlations have aiso been found between 

disease incidence and other demographic factors, such as 

occupation42 , these analyses are confounded by the stro~lg 

covariation of the se influences with socioeconomic status. 

The downward temporal trend in both tuberculosis 

infection and disease incidence rates in the developed world 

is impressive. As an example, the disease incidence in 

Quebec has dropped from 175 cases to 20 cases per 100,000 

from 1945 to 1970 24 . A similar fall in Canada as a ~hole 

(from 115 cases to 20 cases per 100,000) occurred during 

this period24 . In parallel, the mortality rate fell over 
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this 25-year period by over 90% (from 70 cases to less than 

5 cases per 100,000 in Quebeci from 48 cases to less than 5 

cases per 100,000 in Canada)24. Similar trends are seen for 

other developed countrles in Europe2 ,26. However, rates in 

developing nations have remained stationary 'Ter the past 30 

years, with sorne countries Ce.g. Uganda) displaying small 

increases in infection rates of 1.4% per annum, and other 

nation~ (i.e. Lesotho) showing no change at aIl over this 

period2 ,26. Although the same tools for tuberculosis control 

(skin testing for detection of infection, treatment of 

active cases, and prophylaxis of infected contacts) are used 

throughout the world, the actual methods and resources 

available to implement this control vary widely and account 

for the lack of effectiveness in developing areas. 

The downward trend in tuberculosis incidence rates in 

the united states has levelled off since 198643 . It is 

believed that this deviation from a continuing decrease is 

due to the large number of eytra cases (14,768 cumulative 

excess cases since 1986) being seen because of coexistent 

infection with M. tuberculosis and the human 

irnmunodeficiency virus (HIV)43-45. Although the incidence of 

tuberculosis disease has not been seen to increase yet in 

areas of the developing world where many individuals are 

infected with both agents2 , most of these areas lack 

adequate surveillance systems and such data is only now 

being collected. 
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ii) Pathogenesis and clinical manifestations of inf~ction 

and disease by Mycobacterium tuberculosis 

The development of tuberculosis disease requires 

antecedent infection with the bacterium ~ycobact~rium 

tuberculosis or, much rarer, Mycobacterium bovi~46. 

Infection almost always occurs via the airborne route: 

organisms must be contained in droplets of sufficiently 

smdll size (aerosolized by other infectious individuals) 

which are inhaled into the small pulmonary airways and taken 

up by inflammatory cells, thereby establishing infection in 

susceptible individuals47 • certain individuals, however, are 

able te re5ist infection after exposure. Of those who do be­

come infected, p.ither of two sequelae may develop: immediate 

progression to pulmonary disease, or arrest of the infectjon 

in a latent stage. Moreover, those individuals with pulmo­

nary disease are potentially infectious for others, perpetu­

ating the infection in the population. In addition, It is 

possible for previously infected individuals (regardless of 

development of past disease) to become re-infected with a 

new exposure26 ,48. Their course may be modified by the 

presence of cell-mediated immunity produced by the past 

infection. A scheme of the status of a hypothetical 

population exposed to M. tuberculosis is shown in figure 1. 

In most of the developed world, it has been estimated 

that the majority of active tuberculosis cases are 

reactivatiens of old quiescent infections. For instance, in 

11 
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Figure 1. DifferentiaI status of a hypothetical population 

exposed to M. tuberculosis. with respect to development of 

tuberculosis infection and disease. 

SUSCEPTIBLE* 

Exposure to M. tuberculosis 

INFECTIOUS 

EXPOSURE OF CONTACTS 

TO M. tuberculosis 

DISEASE 

LATENT 

INFECTION 

LATENT 

INFECTION; 

NO DISEASE 

*All individuals are considered susceptible to a new 

infection, regardless of past exposure. 48 
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Quebec, they constitute 58% of endemic cases24 , most being 

pulmonary24. Therefore, such reactivations, and not new 

infections, are responsible for the majority of cases of 

endemic tuberculosis, and cause most of the spread of 

disease into the susceptible population. In epidemjcs of 

tuberculosis, the situation i5 reversed, with all disease 

arising from new progressive infection after exposure to an 

infectious individual(s). 

The infectivity of the organism has been clarified in 

epidemic situations. Reports of outbreaks in a nursing 

home20 and on a submarine19 have served to document 

infectivity in closed environments. Infection rates among 

exposed individuals ranged from 31 - 80%, depending on 

physical proximity to the index case. Therefore, type and 

frequency of contact are primary risk factors for infectjon. 

In addition, household contacts of diseased individuals 

producing sputum with microscopically visualized organisms 

("smear-positive") have higher infection rates (50% 

incidence of infection) than contacts of smedr-negative 

individuals (5% new infection rate)26. The implication is 

that larger quantities of organisms are aerosolized, leadjng 

to both an increased probability of household contacts being 

infected through contact, and a larger infecting inoculum 

for such contacts. 

For clinical and epidemiologic purposes, any 

population can be theoretically subdivided into those with 

13 



and those without tuberculosis infection. Infection is 

defined as the presence and replication of microorganisms in 

the host9 . Infection with M. tuberculosis may be completely 

unapparent or may produce clinical signs and symptoms 

recognizable as "disease". As mentioned, past infection with 

M. tuberculosis does not prevent re-infection when exposure 

to a new inoculum occurs48 . 

After initial replication of the organism in the 

lungs and pulmonary lymph nodes, a period of mycobacteremia 

leads to dissemination of the pathogen through the blood. 

This dissemination results in seeding of the organism to 

various body sites, most commonly the upper lungs, kidneys, 

bones, and brain23 . At this point, the infection becomes 

quiescent in 95% of individuals, but will continue to 

progress in the rest49 . Those with quio~?Qnt disease may 

develop, at a later time, reactivated foci of the dormant 

viable organisms, leading to clini~al disease at that 

site50 ,51. As a consequence of the above sequence of events, 

the most frequent site of tuberculosis disease is in the 

lungs, either as a result of progressive primary infection 

or reactivation of quiescent foci. Pulmonary tuberculosis 

constitutes approximately 70% cf tuberculosis in the 

developing countries, 85-90% of aIl disease in Canada and 

the United states9 ,24, and approximately 65% of tuberculosis 

in Canadian Natives30 . Most importantly, individuals with 

pulmonary tuberculosis become the source of infectious 
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airborne par.ticles which can infect ether susceptible 

persons. Individuals with the other cornrnon forrns ef 

tuberculosis disease (lyrnphadenitis, renal, bone, and 

rneningeal) are not normally infectious to others. 

Cell-mediated immunity (CMI) , consisting mainly of 

T-lymphocytes and macrophages, is the major factor which 

keeps quieseent foci of infection from becorning active53 . 

Dysfunction in CMI, however acquired, predisposes to the 

developrnent cf clinical tuberculosis disease in previously 

infected individuals. Medical conditions which adversely 

affect CMI and lead to an increased risk of both progression 

of infection and also reactivation of quiescent foei leading 

to disease inelude, most comrnonly, rnalnutrition54 , infection 

with the human immunodeficiency virus (HIV)55,56, 

eortieosteroid use57 , and renal failure 58 . 

The extent of clinical signs and symptoms 

accompanying tuberculosis infection are age-dependent, with 

increased severity in the very young. When present, the 

manifestations of infection are non-specifie and may consist 

of fever, fatigue, and the irnmune-mediated signs of erythema 

nodosum and keratoconjunctivitis9 . The clinical syndromes 

accompanying tuberculosis disease depend on the site 

affected. Pulmonary tuberculosis, the most cornmon form9 ,24, 

may be asymptomatic early on. Later in the disease 

progression, non-specifie symptoms sueh dS anorexia, 

fatigue, weight 10ss, chills, fever, and/or night sweats may 
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develop. A cough is u~ually also present23 . The 

manifestations of extrapulmonary tuberculosis are 

innumerable, and are produced by the inflammatory and 

invasive nature of the disease at the involved site: for 

example, local swelling and pressure wi~h diseased lymph 

nodes, pyuria and progressive renal failure with renal 

disease, and progressive indolent meningismis and cranial 

nerve palsies with meningeal involvement9 . 

iii) Diagnostic tests for detection of tuberculosis 

infection and disease 

Detection of infection with M. tuberculosis is 

currently performed by means of a delayed-type 

hypersensitivity (DTH) skin test. The recommended method, 

known as the Mantoux test, consists of an intracutaneous 

injection of ~ 5 Tine Units (TU) dose of mycobacterial 

purified prote in derivative (PPD-S), derived from a 

reference strain of M. tuberculosls and commercially 

available59 . The skin test has a sensitivity and specificity 

that is dependent on a) host factors such as age60 , 

immunosuppression56 , and the booster effect61 , b) previous 

vaccination with the mycobacterial vaccine BCG (Bacille 

Calmette-Guerin) 59, c) the incidence of infections with 

mycobacteria other than tuberculosis (MOTT) in the 

population59 , and d) the criterion used for determining a 

"positive" (i.e. size of skin induration) 59. 
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Some of these factors play larger roles in certain 

populations. Individuais previously vaccinated with BCG may 

have Mantoux skin test reactions of variable size, which 

might be differentiated from the reaction produced by 

naturai infection with M. tuberculosis, depending on the age 

at vaceination28 ,59. Individuals on the African continent 

are much more frequently exposed to M. tuberculosis than to 

MOTT. Therefore, any response to the DTH skjn test in the se 

individuais is much more likely to imply tuberculosis 

infection, and the test provides both a sensitive and 

specifie measure of infection when a "positive" is defined 

as 5 mm or more of induration. In contrast, in populations 

who are rarely exposed to M. tuberculosis but commonly 

exposed to MOTT, skin test reactivity usually implies MOTT 

infection. In order to preserve reasonable test operating 

characteristics for screening such a low-prevalence 

population, usuai guidelines suggest a "positive" be 

designated as 10 mm or more of induration?9. For individuais 

with a high probability (risk) of infection (1.e. 

individuals known to have been in contact with an infectious 

case), it is suggested that 5 mm of induration be used as 

the threshold for a "positive" test23 ,59. Similarly, the 

recommended threshold of skin induration to be interpreted 

as "positive" is 5 mm when testing individuals infected with 

HIV62 . This recommendation is based on the finding of waning 

DTH skin reactivity with progressive immunosuppression in 
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this group, despite active disease55 ,56. HIV-infected 

patients may often present with tuberculosis disease and a 

non-reactive skin test56 . 

The skin test is highly reliable in detecting new 

infection when used in the screening of non-immunosuppressed 

close contacts of a case of tuberculosis. In such a 

setting, conversion from a negative to a positive skin test 

(defined as progression from less than 5 mm to 5 mm or 

greater induration after exposure) is regarded as near­

certain proof of infection, and is sufficient evidence to 

start prophylactic therapy23. Although other methods of 

performing tuberculin skin testing have been developed, such 

as the Heaf and Tine tests, they ar~ less reliable and are 

not recommended for use ln high-risk populations63 - 65 • 

Although the Mantoux test is currently the best method for 

objectively documenting infection, it remains controversial 

to what extent it can: 1) signal the presence of active 

disease, and 2) predict the later development of disease. 

One survey of 625,000 American navy recruits, followed for 7 

years, showed a strong association bctween the average 

annual incidence of disease and the initial skin test 

reaction: 25 cases per 100,000 in those with induration of 

0-5 mm; 128 per 100,000 with induration of 6-11 mm; 330 per 

100,000 with induration of 12 mm or more66 • However, aIl 

reactors with 12 mm or greater induration were considered 

together in a single group. Thus, it remains unknown if 
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higher risks of disease in this group are associated in a 

continuous manner with increasing induration. Similar data 

for children showed a disease incidence rate which was 

higher in those with reactions of 16 mm or greater39 . Again, 

this "reactor" group was considered together and no subgroup 

analysis was done. Another more det.ailed American naval 

study showed an increasing risk of disease only up to 

reactions of 15 mm. Thereafter, the risk of subsequent 

disease was the same, regardless of the size of 

induration67 . Two surveys using the older Heaf tuberculin 

test in children showed contradictory results. One study 

showed increasing risk of eventual disease with increasing 

skin reactivity 68, while the other showed no association69 . 

Most such surveys have indeed shown an association, while 

animal data has also demonstrated an increased risk of 

disease with large skin test reactions 35 . 

What remains unclear is why the presence of a larger 

reaction should predict a higher probability of disease 

occurrence. It is likely that a great part of t~e 

explanation lies in the fact that almost aIl individuals 

with large skin reactions have been infected with ~~ 

tuberculosis, whereas a significant proportion of those with 

smaller reactions have only been exposed to MOTT and do not 

carry a risk of developing tuberculosis at a later time 59 . 

This would also explain the threshold effect seen in the 

naval data, wherein those with reactions larger than 15 mm 
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carry the same risk of disease occurrence. 

It is unlikely that the larger skin reactiol1 

indicates a heightened susceptibility to organ damage from 

disease, since increased severity of disease has not been 

shown to be associated with su ch larger reactions70 . 

AlI of the above studies have addressed the 

prognostic ability of a tuberculin reaction to predict 

development of disease at a later time - usually years. 

However, li ttle is known about the performance of the 

tuberculin test in detecting concurrent disease at the time 

of skin testing dur ing an outbreak. One report of intensive 

screening of 1271 suspected exposed persons in Vancouver 

showed a median skin reaction of 20.5 mm among the 8 persons 

with active disease71 . However, no data on the size of the 

skin tests among the non-diseased were given for comparison. 

Four other studies have not been able to show a difference 

in skin reactivity among those with and without active 

concurrent tuberculosis disease72 - 75 . 

The definitive diagnosis of tuberculosis disease 

continues to rely on the ability to culture the organism in 

vitro from infected tissues or body fluids. The sensitivity 

of such cultures ,raries with the site of infection76 , the 

type of specimen to be cultured77 , 78, and the culture method 

used78 ,79. In pulmonary infections, the sensitivity of 

sputum cultures has been shown to be approximately 40%78. 

However, most of this data was collected prior to the 
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technological advances in culture methods which are now in 

use, such as the radiometric broth system6 ,7. Moreover, the 

sensitivity of mycobacterial cultures of respiratory 

secretions is felt to be age-dependent, with poorer 

performance in children and infants with pulmonary 

tuberculosis32 . OHe study in Canadians found that 15% of 

clinically documented cases of pulmonary tuberculosis were 

cUlture-negative in Native Indlans, while L1% of non-Indians 

produced cUlture-negative respiratory specirnens27 • Another 

Canadian study, employing a single sputum culture as part of 

a mass screening campaign of inner-city adults, found that 

the culture of a single specimen had a sensitivity of 75%71. 

However, the number of diseased persons was very srnall. It 

must be noted that cultures for M. tuberculosis usually take 

several weeks before being completed. Therefore, the lack of 

a rapid culture result further compromises the immediate 

usefulness of this test. However, the immediate 

visualization of mycobacterja in a smear of a respiratory 

specimen stained with acid-fast or fluorescent staining 

("acid-fast bacilli" [AFB]) is highly indicative of 

pulmonary tuberculosis in adults. The frequency of such a 

finding depends on the extent and type of disease (i.e. 

cavitary) present27 ,31,51. Although the proportion of smear­

positive respiratory specimens depends on the extent of 

pulmonary disease at the time of diagnosis, two studies in 

Canadian Natives showed a smear-positive rate of 43 to 65 
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per cent27 ,30, which is not much different from the usual 

rate seen in Canada in non-Natives51 . 

In the absence of positive cultures, or when culture 

material is not obtainable, the diagnosis of tuberculosis 

must rely on the presence of compatible clinical signs and 

symptoms, as well as documentation of a positive tuberculin 

skin test23 . However, a tuberculin skin test may be negative 

in the presence of active disease, if CMI is impaired for 

any reason. Thus, with clinical suspicion of tuberculosis 

disease, the DTH skin test can only be considered as an 

ancillary laboratory test, and not an absolute requirement 

proving antecedent infection. 

The chest radiograph is another objective method of 

documer.ting the presence of pulmonary tuberculosis. However, 

except perhaps for apical cavitary disease, the radiographie 

appearance of tuberculosis is not specifie and may be 

confused with malignancy80, fungal disease81 ,82, other 

bacterial jnfections83 , or any one of 55 other recognized 

diseases84 . In addition, it is not a reliable way of 

differentiating old foci of inactive infection from active 

disease 23 ,71. The "classical" apical or posterior 

involvement of the upper lobes of the Iunq are still seen, 

but lower lobe infiltrates and other patterns not 

characterlstic of "classical" pulmonary tuberculosis may 

aiso be found85 ,86. Moreover, there have been reports of 

sputum culture-positive individuals having completely normal 
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radiographs87 . However, these persons who were screened 

during an epidemic were probably detected very early in the 

course of their disease. In one evaluation of chest 

radiographs for the diagnosis of disease during a screening 

campaign, two of the eight diseased (proven by culture) 

indi viduals were erroneously t-l'ought to have 0 id Il inacti ve 

tuberculosis" or "other disease" on chest radiography 71. 

In children, the chest radiograph i5 mueh more 

characteristic, with lymph node en largement and segmental 

lung disease the most frequent finding. However the 

frequency of segmental lesions on radiography following a 

recent infection in children is age-dependent, reflecting 

the aforementioned concept that disease is less severe with 

increasing age in childhood. Segmental lesions can be seen 

radiographically after infection with M. tubereulosis in 4 J% 

of infants less than 1 year old, 25% of 1 to 10 year olds, 

and 16% of those aged 11 to 15 years 32 . 

Further diagnostic modalities, including tuberculous 

antigen detection in clinical specimens88 and serologie 

markers of disease89 , are only in developmental phases and 

not available to the average clinician. Although extremely 

promising, these technologies are also expensive, and will 

likely be difficult to implement in those developing 

countries with the heaviest tuberculosis burden, sinee the y 

aiso usually possess seant funding for medieal diagnostics. 

Therefore, the average elinician today in any area, 
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when faced with a patient with suspected pulmonary 

tuberculosis, has only the clinical presentation, the DTH 

skin test, radiography and mycobacterial culture at his/her 

disposaI in order to confirm the diagnosis. Not aIl of these 

may be available to the health care worker, depending on the 

local economic situation. In addition, cultures are not 

useful for the immediate diagnosis of disease, because of 

the delay involved. None of the above instruments has been 

demonstrated to have the combined sensitivity or specificity 

and rapidity which would make it suitable as a single 

diagnostic tool. 

iv} Genetic basis for host resistance to tuberculosis 

until recently, it has been thought that 

susceptibility to tuberculosis infection is dependent almost 

completely on factors relating to the bacterial pathogen 

(e.g. inoculum effect, efficiency of transmission, 

virulence). However, recent evidence suggests that there 

may be a genetic predisposition in man to the actual primary 

infection with M. tuberculosis, as evidenced by differential 

infection rates in various racial groups40. Confounding 

factors in this recent study (i.e. socioeconomic status, 

occupational history) prevent unanimous acceptance of this 

theory41. 

The role of genetic resistance in the development of 

hurnan tuberculosis disease has been based on epidemiologic 
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data26 ,90 and twin studies91- 93 , suggesting that genetic 

factors contribute significantly ta the host-pathogen 

interaction. Epidemiologic studies have suggested that there 

exist biologic differences in the ability ta control 

mycobacterial replication and the development of disease 

among infected individuals90 . Thts was demonstrated by 

finding that similarly exposed/infected untreated persons 

can vary markedly in their disease progression and in the 

number of detectable bacilli after similar time periods 

following infection. 

The early studies of monozygotic and dizygotic twins, 

wherein siblings were assumed to be equally exposed to ~ 

tuberculosis and one sibling developed disease, showed a 

greater c0ncordance of disease in the monozygotic than in 

the dizygotic pairs91 ,92. For instance, Kallman and 

Reisner's data suggested that a monozygotic co-twin of a 

diseased sibling was 16 times more likely to develop disease 

than a dizygotic co-twin92 . A large study of 202 twin pairs 

in 1952, the prophit study 94, was conducted to re-evaluate 

this question. The original Interpretation of the results 

suggested that non-genetic factors such as exposure and 

gender could completely explain the greate'~ concordance of 

tuberculosis in monozygotic twins94 . However, a re-analysis 

of the data, using multivariate regression with adjustment 

for potentially confounding variables, showed a relative 

risk of disease in monozygotic twins which was only twice 
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that of dizygotic pairs, but of statistical significance93 • 

The genetically-directed biologie mechanisms which 

affect the expression of disease seem to depend to a large 

extent on T-lymphocyte function and macrophage-mediated 

mycobactericidal activity95,97. Anti-tllberculous CMI, as 

evidenced by a positive DTH skin test, seems to play a role 

in preventing disease after exogenous re-infection20 • In 

addition, evidence exists supporting the importance of 

"self" major histocompatibility complex (MHC):4 Class land 

Class II molecules in the interaction between lymphocytes, 

macrophages, and the antigens of infectious agents98 , 

including tuberculin antigens12 ,lOO-103. The human MHC, 

which is termed the human leukocyte antigen (HLA) complex, 

consists of seven recognized highly polymorphie components 

on chromosome 6, which code for antigens associated with the 

mediation of interactions between cells of the immune 

system104 . HLA-A, -B, and -C, known as class l antigens, are 

glycoproteins found on most nucleated cells. HLA-DR, -DQ, 

and -OP, the class II antigens, are primarily expressed in B 

lymphocytes, monocytes, macrophages, activated T 

lymphocytes, and endothelial cells. HLA-D expression is 

recognized by means of the cellular response in mixed 

lymphocyte cultures. 104 Although the humoral response (i.e. 

specifie antibody production) to M. tuberculosis seems to 

be, in part, affected by HLA type105 ,106, the humoral 

contribution to the prevention of tuberculosis disease is 
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much less important107 . It is clear that the presence of 

anti-mycobacterial immunoglobulins does not prevent the 

development of disease with M. tuberculosis108 ,109. 

Genetic determinants, specifically those ~ontrolling 

HLA antigen expression, are almost certainly 3ssociated with 

human susceptibility to leprosy110,111, another human 

mycobacterial disease. Regarding tuberculosis, howeve~, the 

results of analyses of association between HLA type and 

disease have produced widely dive~gent results (table 2). 

From table 2, it can be ~een that only expression of sorne 

HLA-B antigens in certain populations is associated with the 

development of disease16- 18 , although associations with HLA­

A, -B, -C, and -DR were investigated. However, it should be 

noted tl~at most of the studies to date have examined the 

association of HLA type with disease in unrelRted 

individuals, known as "association" studies. Very little 

information has yet to be collated by analyzing families 

with multiple affect~d members (Le. "linkage" studÏl'='!s). 

The rationale behind investigating linkage between 

HLA antigen expression and susceptihility to tuberculosis 

disease is based on evidence that T-Iymphocytes, which help 

defend the host against M. tuberculosis95 ,97, recognize 

mycobacterial antigens in association with products of MHC­

encoded molecules on the surface of antlgan-bearing cells12 -

14,112. As weIl, there have been demonstrated dssociations 
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Table 2. Studies investigating the association or linka~ 

between HLA and tuberculosis. 

A: association L: linkage Ref.: reference 

Study 
type 

A 

A 

A 

A 

A 

A 

A 

Study subjects 1 
TB type 

Mexican-Americans 
(51 with TB; 54 
without TB) 1 
pulmonary TB 

Canadian 
caucasians from 
Newfoundland (46 
with TBi 543 
without TB) 1 
aIl TB types 

Black Americans 
from Washington 
(60 with TB; 100 
without TB) / 
all TB types 

Black Americans 
from New Je't"sey 
(72 with TBi 54 
without TB but 
with + Mantoux) / 
pulmor.ary TB 

Egyptians (42 
with TBi 156 
wi thout TB) / 
pulmonary TB 

Chinese (no 
details 
available) / 
pulmonary and 
meningeal TB 

Greeks (57 
with TBi 400 
"controls") 1 
pulmonary 'rB 

Authors' 
Conclusions 

HLA-OR3 less 
common in 
those with TB 

HLA-B8 
associated 
with TB 
(EOR=5.1) 

HLA-Bw15 
associated 
with TB 
(EOR=8.1) 

HLA-B5, -OR5 
associated 
with '1'B, and 
HLA-DR6y less 
common in TB 
patients 

HLA-A2, -B5 
associated 
with TB. 

HLA-Bw35 
associated 
with TB. 

HLA-B27 
associated 
with TB. 
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Comments Ref. 

If multiple 113 
tests considered 
(Bonferroni 
inequality l17) , 
no significant 
association. 

Statistically 16 
significant 
result. 

Statistically 17 
significant 
result. 

If multiple 114 
tests 
considered, 
no significant 
association. 

If multiple 115 
tests 
considered, 
ne significant 
association. 

statistically 18 
significant 
result. 

statistically 116 
signif icant 
result. 



Table 2 (cont'd). studies investigating the association or 

linkage between HLA and tuberculosis. 

A: association L: linkage 

stuày 
type 

A 

A 

A 

A, L 

L 

study subj ects / 
TB type 

Mexican Americans 
(100 with TB; 
100 wi thout TB 
pulmonary TB 

European 
caucasians 
(119 w i th TB; 
unknown no. 
without TB) / 
aIl types of TB 

East Indians 
(124 with TB; 
109 without TB) 
/ pulmonary TB 

Russians (643 
with TBi 884 
without TB) / 
pulmonary TB 

East Indian 
Hindus (25 
mul tiple-case 
families) / 
pulmonary TB 

Ref.: reference 

Authors' 
Conclusions Comments Ref. 

No association 
found. 

No association 
found. 

No association 
found. 

118 ; 
119 

120 

121 

(1) Associations 106 
statistically 
signif icant. 
(2) Increased 
severity of 

(1) HLA-DR2 
associated 
with disease 
and HLA-DR3 
less common in 
TB patients. 
(2) Diseased 

disease associ-

child more 
likely to 
inherit HLA 
haplotype of 
diseased 
parent. 

(1) HLA-DR2 
linked wi th TB 
(2) Unclear 
whether 
recess ive or 
dominant model 
appropriate 
(3) HLA-l inked 
susceptibilj ty 
to TB not highly 
penetrant. 
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ated with HLA-DR2. 
(3) InCreafjed 
levels of anti-
PPD immunoglobu-
lins in diseased 
persons w i th 
HLA-DR2. 

HLA app,'ars to 
rnodulate the 
susceptibility 
to TB, with other 
unknown factors 
(genetic or 
env j ronmenta 1) 

122; 
1?3 
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between HLA phenotypes and the ho st response to other 

intracellular infectious diseases in man, such as 

leishmaniasis124 , anti-measles antibody production125 , the 

response to influenza A vaccination126 , and recurrent herpes 

labialis 127 , although the latter has been refuted128 • It is 

unclear for most infectious diseases in man whether disease 

expression is causally related to genetic variation in an 

HLA molecule, or whether disease is due to a gene(s) closely 

linked to the HLA rnarkers. 

It must be noted that HLA antigen express~on is, in 

strict terms, an ~xpression of an individual's phenotype 

detected by rneans of a laboratory assay. However, since HLA 

expression is solely under genetic control, it is synonymous 

wi th "genotype" in this instance. Therefore, class l HLA 

antigen polyrnorphism results from co-dominant expression of 

the respective HLA alleles, and can be typed as long as 

suitable typing antisera are available. 

In experimental animal models of mycobacterial disease, 

genetic factors seem to play an extremely important function 

in rndintaining the host free of disease129-131. An animal 

model of mycobacterial infection in mice has been developed 

in which macrophage function plays a significant role in the 

modulation of clinical disease after infection by ~ 

bovis129 ,130, a bacterium closely related to M. 

tuberculosis. Genetic analysis of phenotypically 

"susceptible" and "resistant" mice has demonstrated the 
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existence of a gene (Bcg) which is crucial to this immunity 

to disease after infection129 . The exact mechanism by which 

the presence of the "resistance" allele (Bcgr ) determines 

the resistant phenotype remains unknown, but is probably 

related to the superior mycobactericidal activity of the 

Bcgr macrophage132 . 

Analysis of the proximal region of murine chromosome 1, 

on which the Bcg gene is situated, has shown strong homology 

with a region on chromosome 2q (region 32-37) in 

humans133 ,134. By inference, it is assumed that there is a 

human gene on chromosome 2q, homologous to ~he mouse Bcg 

gene, which might be important in determining susceptibility 

to tuberculosis disease in humans. If this were true, then 

there should be close linkage between the susceptibility 

locus and the development of clinical tuberculosis disease. 

Similar linkage studies in humans have investigated the 

genetic susceptibility to leprosyll0,111. 

v) Linkage analysis 

Segregation of a disease phenotype in families with 

multiple affected members may appear to follow a Mendelian 

pattern. In such cases, phenotypic segregation studies may 

demonstrate the genetic model which accounts for the 

manifestation of disease. These studies are more dtfficult 

to perform for a disease with complex etiologies, such as 

tuberculosis. In the case of tuberculosis, there may he 
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numerous loci with a minor effect, or only a few loci with 

major effects. In addition, non-genetic factors have been 

described as playing 1mportant roles in modifying the 

genetic susceptibility to tuberculosis disease. 

Segregation analysis may elucidate the genetic model in 

a given family, but it does not reveal the genetic mechanism 

or pinpoint the exact locus responsible for the expression 

of disease. Identification of the locus may be achieved by 

detecting co-segregation of a well-defined genetic marker 

with the disease phenotype. Such co-segregation, termed 

linkage, can serve to focus attention either on the genetic 

marker i tself or on nearby DNA seqw:mces as the genetic 

basis for the expression of, or modulation of, disease. 

Analysis of linkage is based on the estimation of the 

frequency of homologous recombination between genetic 

loci 135 . In the usual two-locus analysis, one locus is the 

genetic segment which can be typed by sorne means in the 

study subjects, while the other locus represents the 

"disease susceptibili ty" locus, as measured by the 

manifestation of the disease phenotype. In the present 

study, the typable genetic locus is the HLA-A, -B, and -C 

segment, while the "tuberculosis susceptibility" locus is 

assigned by assessing the presence of disease and assigning 

such a phenotype to the study subjects. statistical testing 

of the recombination between these loci can be done via the 

maximum likelihood estimation (MLE) method, in which case a 
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"lad" (i.e. log, base 10, of the odds ratio) score is 

obtaiued135 . The lod score reflects the significance of the 

linkage detected between a polymorphie locus and a disease 

locus. It is calculated by dividing the probability of 

observing coinheritance of two loci assumed to be 

genetically linked by the probability of observing 

coinheritance of the two loci even though they are not 

genetically linked. The log odds of the likelihood of the 

data for a specified value of the recombination fraction is 

expressed relative to the likelihood for unlinked loci (i.e. 

recombination fraction of 0.5). It is customary to accept 

that there exists evidence for linkage (i.e. reject the null 

hypothesis that no linkage exists) when the lod score is +3 

or larger135 . When the lad score is -2 or less, it is 

customary to say that there is evidence against linkage and 

that the loci are unlinked. 

Three important requirements for conducting a linkage 

analysis are 1) a genetic model, 2) information regarding 

the number of phenocopies of disease, and 3) knowledge of 

the penetrance of the susceptibility gene. The genetic model 

takes into account the dominance relationships of alleles at 

the disease susceptibility locus. Using an inappropriate 

model in a linkage analysis may lead to erroneous results, 

especially when mistaking recessive and intermediate models 

of dominance136 . 

A phenocopy refers ta the manifestation of the 
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"disease" phenotype in a given individual due to 

environmental factors, without the presence of the 

susceptibility gene ("sporadic case"). It is, essentially, 

imitation of a presumably genetic condition by an 

environmental cause. With respect to tuberculosis, sporadic 

cases might occur secondary to factors such as a large 

inoculum of M. tuberculosis , increased virulence of a 

particular strain, or immunosuppression of the hosto Such 

sporadic cases in a linkage analysis cause errors in 

phenotyping, essentially a misclassification bias. If there 

was no differential misclassification of phenotype (i.e. 

individuals with and without the proposed l'susceptibility" 

locus may develop disease due to environmental causes), then 

the linkage analysis would be biased towards the null, and 

it would be more difficult to show linkage. If, however, 

sporadic cases occurred with differential rates in 

genetically "susceptible" and "resistant" individuals, the 

analysis could be biased either way, depending on the 

pattern of bias137 . Although the role of sorne non-genetic 

factors (i.e. inoculum size, immunosuppression) in the 

development of tuberculosis disease has been studied, 

quantification of their prevalence in a given population is 

extremely difficult. Studies of leprosy have indicated that 

low rates of sporadic cases would not seriously affect 

linkage detection111 . 

Penetrance of the susceptibility gene is defined as the 
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probability, or overall frequency, of the disease phenotype 

expression, given the presence of the "susceptibility" 

genotype. Pen et rance is measured by the detection of diseuse 

among individuals of known "susceptible!! genotype. 

The actual phenocopy rate, as weIl as the penetrance of 

the "susceptible" gene, for the development of tuberculosis 

or any other disease, can be related according to the 

following formula, adapted from Vogel and Motulsky138: 

Prev{D) =[Prev(S gene) X Penet] + [Prev(NGF) X Pheno rate] 

where: Prev(D) = the prevalence of disease in the population 

Prev(S gene) = the prevalence of the "susceptible" 
genotype in the population 

Penet = penetrance of the "susceptible" genotype for 
eausing disease 

Prey (NGF) = the prevalence of non-genetie factors 
which predispose to disease in the 
population 

Pheno rate = the phenoeopy rate in the population 

Therefore, if the other variables in the equation are known, 

the phenocopy rate or the penetrance may be derived. 

In practice, estimates of penetranee for a "disease 

susceptibility" gene can be derived from segregation 

analyses of a disease with a clear-cut pattern of 

inheritance. Regarding tuberculosis, no data have been 

presented which ascertained the segregation of disease among 

multiple-affected families. One study, which investigated 
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HLA linkage with disease, tried both recessive and dominant 

models of inheritance for the presumptive susceptibility 

gene, but neither model satisfactorily explained the 

distribution of disease in these families 123 • The results of 

this study suggest, however, that HLA-linked susceptibility 

to disease is unlikely to be highly penetrant122 ,123. 

studies of affected monozygotic twins have shown concordance 

rates for disease of 70 to 80%92,93, suggesting that, if 

disease expression is indeed solely genetically determined 

in these pairs, perletrance of the gene(s) must be high. 

However, in these twin studies, it remains unknown what 

proportion of those with disease are truly genetically 

"susceptible" and what proportion are phenocopies. 

Therefore, penetrance cannot be inferred from this data. In 

summary, therefore, the pattern of inheritance and 

penetrance of any putative susceptibility gene for 

tubercul, .is disease remains unknown. The allele frequency 

of such a gene remains also uninvestigated. 

The phenocopy rate due to non-genetic factors can be 

estimated if such factors are known and their prevalence 

quantifiable. For example, the rate of sporadic cases can be 

estimated from the excess of isolated disease cases in 

segregation analyses. In the case of tuberculosis, 

segregatjon analyses have not been done, and the non-genetic 

factors are difficult to quantitate due ta their number and 

interactive nature. As weIl, some parameters such as 
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exposure (i.e. inoculum) are impossible to quantify. An 

indirect measure of the phenocopy rate for tuberculosis 

disease can be made by examining the rate of develapment af 

disease in a relatively "resistant" population, where 

genetic susceptibility is expected to be very low. In sueh 

a population, the incidence of disease follawing infection 

would give an upper limit ta the expected phenocopy rate of 

disease. An elderly North American population, whieh hdS 

descended from generations of mostly European and African 

ancestors exposed to repeated epidemics of tuberculosis, 

eould be expeeted to manifest such a low prevalence of 

genetie susceptibility ta disease. Epidemies of 

tuberculosis, prior to the development of specifie therapy, 

were associated with high rates of disease139 and ease­

fatality rates among aIl age groups of over 50%140. For 

example, in Eskimos and Native Indians of Alaska in the 

1920's, 35% of aIl deaths were attributable ta tuberculosis 

disease141 . If one assumes that disease was largely due to 

genetie su:~eeptibility, then the "fitness" af su ch 

susceptible individuals would have been markedly impaired, 

sinee many deaths oecured in individuals prior to, and 

during, their reproductive years. Therefore, it can be 

argued that, after repeated exposures, there has been a 

diminution in the number of genetically susceptible 

individuals, with the survivors manifesting disease largely 

due ta non-genetic reasons. This assumes that no advantage 
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to survival is conferred by being genetically susceptible to 

tuberculosis. In one study of elderly Americans, 6% of 

infected individuals contracted pulmonary disease over a 

3-year period (i.e. annual risk of disease of 2%)142. Other 

studies have shown annual rates ranging from 1.5% to 

17%20,51,143. Therefore, it could be argued that an estimate 

of the upper limit of the annual phenocopy rate following 

infection lies between 1.5% and 17%. 

38 



3. STUDY OBJECTIVES 

There are 2 objectives to this study: 1) evaluate the 

diagnostic tests which are commonly used ta make the 

diagnosis of active pulmonary tuberculosis disease, and 2) 

investigate the linkage between HLA-A,B type and the 

expression of tuberculosis disease. 

In order to achieve tue first objective, data gathered 

from a population of Canadian Native Indians experiencing an 

epidemic of pulmonary tuberculosis was used in order to 

assess the usefulness of demographics (age, gender), chest 

radiography, culture of respiratory secretions, and tubercu­

lin (Mantoux) skin testing in predicting the presence of 

disease in infected individuals. Ta this end, univariate 

analyses and multivariate discriminant analyses are used, 

taking into consideration all of the above variables. The 

"gold standard" by which disease was measured is a combina­

tion of clinical and laboratory criteria, a concept well­

described and endorsed by the American Thoracic Society 23. 

While many population studies of association have been 

done, there is a paucity of linkage studies between HLA type 

and disease in affected familles. In order to achieve the 

second objective, a 3-generation family which experienced an 

out break of tuberculosis will be analyzed to test whether 

linkage exists between development of disease and the 

haplotypes of the HLA-A, and -B genetic loci. 
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4. STUDY METHODOLOGY 

i) Study design 

This study was undertaken in a retrospective manner, as 

a means of addressing both of the study objectives. Because 

of the relative rarity of tuberculosis in Canada at this 

time, a prospective study of either objective was 

impractical. 

A multiple affected family was chosen in a non-random 

manner, in order to fulfill the eligibility criteria as 

li5ted below. At the time of subject enrolIment, assignment 

of both infection and disease status (i.e. phenotype) was 

performed by retrospectively ascertaining the results of the 

diagnostic tests done. This was accomplished by reviewing 

aIl clinical and laboratory data for each study subject. 

Consenting study subjects donated blood for HLA typing, 

which was then analyzed with the clinical disease phenotype 

to ascertain if genetic li~'age is present. 

ii) Family eligibility and enrollmenc 

The goal of studying the usefulness of diagnostic tests 

for tuberculosis required a study group with a high 

prevalence of tuberculosis, for whom accurate and systematic 

clinical and laboratory data had been accumulated. In 

addition, linkage analysis necessitated finding a family in 

which disease was likely to be present as a consequence of 
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genetic factors. In order to fulfill the criteria for these 

two studies, one large family which had undergone a 

documented epidemic of tuberculosis was sought. 

The eligibility crIteria for an analysis of diagnostic 

tests, and the reasons for choosing them, are listed below. 

Because the eligibility criteria were rnost restrictive for 

finding a family for the linkage analysis, no calculations 

were done to estimate the needed study sample size for the 

analysis of diagnostic tests. It was decided ta use the 

largest eligible family(ies) for the two analyses. As weIl, 

criteria 2 and 4 made it evident that a farnily who suffered 

an extensive and localized epidemic of tuberculosis would 

best rneet these requirements. The eligibility criteria for 

subjects for the analysis of diagnostic tests used for 

deterrnining tuberculosis disease were as follows: 

Eligibility criterion 

1. Give inforrned consent 

2. Large nurnber of infected 

and diseased individuals. 
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Reasoning 

Ethical and legal 

requirernents. 

Ass l1 re reasonable power and 

narrow confidence intervals 

for the results of 

statistical tests of 

association between tne 

diagnostic tests and 

outcomes. 

1 



Eligibility criterion (cont'd) Reasoning (cont'd) 

3. No history of BCG 

vaccination in the study 

population. 

4. Uniform access te medical 

care and diagnostic services 

among the study group, via a 

single health-care team and 

laboratory. 

Previous BCG vaccination in 

sorne or aIl of the study 

subjects would interfere 

with the interpretation of 

the skin test, and render 

it impossible to determine 

the infection status of 

each individual. 

Non-uniform access to, 

application of, or use of a 

diagnostic procedure would 

not allow assessment of its 

usefulness, because there 

may be ascertainment bias 

in the detection of 

infection and disease. 

5. Detailed clinical and Necessary to accurately 

laboratory data documentation. assess the results of tests, 

and to determine the 

infection and 
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disease status of each study 

sUbject. 



Eligibility criteria for a linkage analysis imposed 

further constraints. These criteria, and the reasoning for 

these choices, are listed b~low. 

criterion ~R=e~a=s=o=n=l='n=g~ __________________ _ 

1. Detailed clinical and As above 

laboratory data documentation. 

2. No history of BCG Any effect of BCG 

vaccination in the vaccination in 

study population. preventing the development 

of disease would decrease 

the power of finding a 

significant linkage 
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by decreasing the number of 

infected individuals who go 

on to develop disease. 

In addition, if BCG 

vaccination was not unlform 

in the family, BCG­

associated prevention of 

disease would be variable 

among study subjects, 

Jeading to differential 

disease hlisclassification 

bias. 
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Eligibility Cr~terion (cont'd) Reasoning (cont'd) 

3. Sufficient time (i.e. If exposure was followed 

greater than 3 months) 

between exp os ure to 

M. tuberculosis in the family 

and intervention with ch~mo-

prophylaxis of asymptomatic 

infected contacts. 

4. At least 2 generations of 

family members able to 

contribute blood samples 

for HLA typing. 
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guickly by medical 

intervention, then 

insufficient time would 

hüve elapsed to allow 

development of disease in 

"susceptible" individuals. 

Rapid chemoprophylaxis 

of asymptomatic infected 

individuals would prevent 

disease development and 

lead to erroneous 

assignment of a "resistant" 

phenotype to a "susceptible" 

person (i.e. misclassifica-

tion bias) and lead to a 

decrease in the number of 

"susceptibles" developing 

disease (i.e. loss of power 

to detect linkage). 

Needed for the power to 

obtain significant evidence 

for or against linkage. 



Due to the increased incidence of tuberculosis, 

including occasional epidemics, in the aboriginal people of 

Canada, letters were sent to the agencies responsible for 

tuberculosis control in order to identify a community or 

cornmunities with either high endemic incidence rates or a 

recent epidemic of new tuberculosis cases. The Alberta 

Health Tuberculosis Services in Edmonton indicated that they 

knew of a potential study group consisting of a family of 

Canadian Native Indians. This farnily fulfilled aIl the above 

criteria, lived in a single cornmunity, had demonstrated a 

history of cooperation with health practitioners, and had 

experienced an epidemic of tuberculosis 2~ years earlier. 

The medical records of this farniIy were avaiIable at the 

office of the Alberta Heaith Tuberculosis Services. 

A letter was sent to aIl family members aged 18 or 

older, explaining the study and inviting them to participate 

(Appendix A). Inforrned consent was obtained from each 

consenting adult rnernber of the farniIy for the chart review 

as weIl as the necessary phlebotomy and the subsequent HLA 

analysis and typing (Appendix 0). AlI family members 

consented, except for 6 individuals who refused the 

phlebotomy. Informed consent was obtained frem a parert or 

guardian for participation of a famiIy member under the age 

of 18. 
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iii) Mycobacterial cultures 

AlI family members submitted an appropria~u upper 

respiratory tract secretion for mycobacterial staining and 

culture. In children, this was accomplished by doing a 

nasopharyngeal suction or gastric lavage. AlI specimens 

(sputum, gastric lavage, and nasopharyngeal suction in 

children) for mycobacterial culture were collected either in 

the community by an on-site pUblic health nurse, or at the 

Alberta Health TB Services inpatient facility in Edmonton 

when individuals were hospitalized. AlI specimens were sent 

to the provincial public health laboratory in Edmonton. The 

usual delay from collection to processing was 1 to 3 days 

for specimens arriving from the community, and 1 day when 

arriving from the inpatient facility. 

At the provincial laboratory, specimens were 

decontaminated and inoculated onto both solid media and into 

the BACTECR (Becton Dickinson, Towson, Maryland) radiometric 

broth system144 , cultures being kept for a maximum of 6 

weeks and handled in the standard manner145 • Positive 

mycobacterial cultures were noted by evidence of visible 

growth on the solid media or a growth index (G!) over 99 in 

the radiometric system. Mycobacteria were identified as to 

species by conventional methods, including detailed 

biochemical reactions146 . In addition, each specimen was 

stained for microscopy upon receipt. Microscopie screening 
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was done with the auramine-O flu0rescent rnethod 147 , followed 

by confirmatory Kinyoun staining148 . 

iv) Administration of the tuberculin skin test (Mantoux) 

AlI family members, except those with a history of old 

tuberculosis disease, underwent Mantoux skin testing. 

Administration of the test was done in the community by an 

on-site nurse who performed both the intracutaneous 

injection and the subsequent interpretation of the test. 

Testa were administered and read in the usual manner 59 . 

Briefly, 0.1 ml (5 TU) of tuberculin PPD (TubersolR, 

Connaught Laboratories Ltd.) was administered 

intracutaneously on the volar surface of either forearm. The 

reaction was measured after 48 or 72 hours, by measuring the 

size of the induration only (jn mm) in the transverse plane. 

Erythema without induration was ignored. 

v) Clinical data acquisition 

AlI records pertaining to the outbreak were kept in the 

office of the Alberta Health TUberculosis Services in 

Edmonton, Alberta. AIl family members had been seen during 

the outbreak by the same physician and standard forrns were 

completed (Appendices C and D). Review of the charts and 

radiographs was performed using a questionnaire designed for 

this project (Appendix E). The variables documented 
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included: full name, date of birth, gender, result of 

tuberculin skin testing (mm of induration; date), 

mycobacterial culture results (date; site), history of 

previaus tuberculosis disease and datees), past expasure to 

BCG vaccination, and any anti-tuberculous drug therapy. 

Chest radiographs for each patient were reviewed without 

knowledge of the radiologist's report. Thereafter, the 

radiolagist's report was also recorded on the questionnaire 

sheet. Differences between these two evaluations were 

resolved by conferring with a clinical tuberculosis 

specialist. The paternity of each member of the family was 

verified by consulting with one member of the family who 

claimed to have excellent knowledge of the family's 

ancestry. 

vi) Clinical phenotyping of study subjects 

According to the data acquired on the questionnaire, 

each individual was classified according to both his 

infection phenotype (" infected" or "uninfected"), and 

disease phenotype ("case" l "culture-negative case", "old 

case", or "non-case"). These terms are consistent wi th 

accepted criteria23 , and defined for this study as follows: 
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Infected: Documentation of a reaction of > 5 mm 

to a 5 TU tuberculin skin test OR 

current or remote tuberculosis disease (as defined 

below) . 

Uninfected: Individuals not meeting criteria for 

Il inf ected" above. 

oisease (case): Presence of one or more symptoms or signs 

associated with tuberculosis (i.e. fever, 

cough, weight loss, pulmonary infiltrate not 

responsive to conventional antibiotics, night 

sweats) during the period of the epidemic AND 

isolation of M. tuberculosis from respiratory specimen. 

Oisease (culture-negative case): Presence of one or more 

symptoms or signs associated with tuberculosis (i.e. fever, 

cough, weight loss, pulmonary infiltrate not responsive to 

conventional antibiotics, night sweats) during the period of 

the epidemic AND 

clinical response to antituberculous drugs AND 

a negative culture of respiratory secretions. 

oisease (oid case): Tuberculosis disease diagnosed by the 

appearance of appropriate signs or symptoms (as above), 

not necessarily accompanied by a positive culture for 

M. tuberculosis, OR 

disease responding to antituberculous therapy, 

PRIOR to the epidemic in question. 

No disease: Absence of disease, as defined above. 
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Therefo~e, for the purposes of the phenotypic 

classification, individuals were considered to have been 

infected by M. tuberculosis if they fulf illed the "infected" 

cri teria, and were considered to have had tuberculosis 

disease if they were classified as a "case", a "culture­

negative case", or an "old case". 

The period of the epidemic was defined as the time 

interval between the diagnosis of the first case (June 13, 

1987) and the last new infection (June 22, 1989) prior to 

the data collection. 

vii) HLA-A, -B, and -C typing 

Seven to ten milliliters of heparinized blood was 

0btained from cach consenting family member. within 12 

hours, the plasma and cellular fractions were separated by 

centrifugation, and then the lymphocyte fraction was 

isolated on FicollR 149. A sufficient quantity of 

lymphocytes was set aside for HLA typing. This portion of 

each study participants' lymphocytes was used for HLA-A, -B, 

and -c typing, using the microcytotoxicity method 15 . The 

rest of the lymphocytes were infected with a strain of 

Epstein-Barr virus to effect "immortalization,,150. This 

produced a continuous lymphocyte cell line for each 

individual, thereby providing a continuous supply of DNA 

from each study subject. For logistic reasons, HLA-D typing 

was not performed on the blood samples of study 
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participants, but evidence suggests that linkage equilibrium 

between HLA-A,B,C and HLA-DQ,DR is rare in humans103 ,151. 

Therefore, if close linkage between a given HLA-D type and 

disease exists, it should aiso theoretically be detected 

between the associated HLA-A, -B, and -c types. For 

instance, the recombination frequ~ncy between HLA-A and HLA­

Chas been calculated at 0.8%; between HLA-C and HLA-B dt 

0.2%; and between HLA-B and HLA-D at 0.8%151. Moreover, no 

significant difference was found between males and females 

in the recombination frequency of the known loci on the 

short arm of ehromo~ome 6, ineluding the HLA loci 152 . 

viii) Data manipulation and anëlysis 

AlI data were entered using a computer software system 

(DBASE III PLUSR , version 1.1, Ashton-Tdte, Torrance, 

California), from whieh they were seleeted or transformed 

for analysis. Graphies were performed using Harvard 

GraphicsR, version 2.1 (Software Publishing Corporation, 

Madison, wisconsin) for the IBM PCR (International Business 

Machines corporation). Descriptive statisties and 

statistieal analyses were performed using the True EpistatR 

software package, third edition (Epistat Services, 

Richardson, Texas). 

For the univariate analyses of the association between 

demographic data and diagnostic tests with the presence of 

disease, the following independent variables were 
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considered: age (continuous), gender (dichotomous: male or 

female) , DTH skin test (eontinuous: millimeters of 

induration), culture of respiratory secretions for ~ 

tuberculosis (dichotomous: positive or negative), and chest 

radiography (dichotomous: normal or presence of 

abnormalities consistent with active disease). The 

radiologie abnormalities judged to be consistent with 

disease ineluded non-caleified hilar or paratracheal 

adenopathy, and/or parenehymal infiltration23 • The dependent 

outcome variables, tuberculosis infection and disease, were 

eonsidered as dichotomous: present or not present (as 

deseribed on page 48 under "vi) clinical phenotyping of 

study subjects"). Sensitivity, specifieity, positive and 

negative predictive values were calculated by means of the 

standard equations117 ,153. 

Comparison of continuous variables between groups was 

done using the Student's t-test of means96 , unless otherwise 

indicated. The rank sum test96 was used when assumptions of 

normality of the variable were not made. Categorical 

variables were compared using a chi-square test96 , or the 

Fisher's exact test in the case of small numbers154 . The 

multivariate analysis of the diagnostic tests was performed 

using discriminant analysls155. Stepwise regression of the 

model was done with inclusion of aIl variables significant 

at a P value less than 0.05 . The sensitivity and 

speeificity of the discriminant analysis model in detecting 
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tuberculosis disease was calculated by choosing a 

discriminant score half-way between the values of the 

equation s::;ore for "diseased" and "non-diseased" 

indi\riduals. 

Comparison of receiver operating characteristics curves 

was do ne by comparing their areas under the curve156 . 

Standard deviations for each of the points on the curve were 

calculated by means of the binomial distribution l17 . 

The P values given are always for two-tailed 

comparisons. A P value of 0.05 or less was interpreted as 

being statistically "significant". In analyses where P 

values of greater than 0.05 were obtained, results are 

labelled "not statistically significant". 

The drawing and manipulation of the pedigree data were 

performed using PEDPACKR , version 2.2 157 ,158, and "Software 

for caleulating qene survival and multigen~ d~scent 

probabilities and for pedigree manipulatior and drawing,,159. 

PedpackR is a package of programs for pedigree ~nalysis 

which uses the UNIX operating system. 

The linkage analysis was performed using the likelihood 

method160 • Maximurn-likelihood estirnates of th~ lod score 

were eomputed using the LINKAGER package of programs, 

version 4.8161-163. Each individual was categorized 

according to two loci for his/her HLA-A,B haplotype. The 

HLA-A,B haplotype was coded as a single (Le. "virtual") 

locus. Assurnptions for the genetie model, phenocopy rate, 
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genotype-specifie liability for disease, haplotype 

frequencies, penetrance, and allele frequency were derived 

from the medical literature and described for each analysis 

in the corresponding "results" section 0:[ the paper. For 

these analyses, the null hypothesis (i.e. no linkage 

present) was rejected if the derived lod score was +3 or 

greater135 . Linkage was considered excluded up to a 

recombination rate (theta) if the lod score at that rate was 

-2 or less135 . 
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5. RESULTS 

i) Descriptive epidemiolo~y of the tuberGulosi~ epidemic 

The family chosen for the study contained 7J persons 

(figure 2), 6 of whom did not consent to give bl')od samples 

but consented to a review of their clinical dat.!, 4 who were 

living elsewhere prior to and during the tuberculosis 

epidemic period, and 3 for whom no clinical data could be 

found. Of the 73, HLA typing was not performed for the 6 

individuals refusing consent, 10 individuals not available 

for phlebotomy, and 3 individuals from whom an insufficient 

number of lymphocytes was recovered. The status of study 

subjects after enrollment is shown in figure 2. The family 

lives in a rural community, situated approximately 500 km 

north of Edmonton, Alberta, and whose total populatjon was 

327 persons. Detailed descriptive data on the entire 

community are unknown, bec au se of ongoing land claims with 

the government and the inability to conduct a census. The 

family belongs to a Native Indian band comprising 226 of the 

327 individuals in the community. Routine tuberculln skin 

testing of school children in the band was abandoned jn 1985 

because of the very low numbers of new skin reactors, and 

skin testing of adults was stopped in 1981. There had been 

only one case of tuberculosis disease in this community 

since 1969, a non-infectious case of osteomyelitis which 

most likely represented reactivation of an old quiescent 
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Figure 2. Status of study subjects after enrollment« for 

each of the two objectives of the study. 

NO CLINICAL 

DATA: 3 

PREVIOUS TB 

DISEASE: 3 

BLOOD 

DRAWN: 53 

HLA TYPING 

PERFORMED: 50 

a) EVALUATION OF DIAGNOSTIC TESTS 

SAMPLING FRAME: FAMILYl 

OF 73 INDIVIDUALS ~ 

NEW INFECTION 

DURING THE 

EPIDEMIC: 52 

b) HLA LINKAGE ANALYSIS 

SAMPLIl'lG FRAME: F'T\MILY 
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LIVE OUTSIDE 
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AREA: 4 
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LIVE OUTSIDE OF 
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COULD NOT BE 

LOCATED FOR 
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NO HLA 
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focus of infection. In addition, because of this low 

incidence of disease, BCG vaccination had not been performed 

since 1963, and had been non-uniform prior to that tlme. 

The index case first detected at the start of the 

epidemic period was producing AFB-smear-posjtive sputurn tram 

cavitary pulmonary tuberculosis in August 1987. The 6G 

evaluated members of the family who were present in the drea 

during the epidemic period (June 13, 1987 to June 22, 1989) 

consisted of 37 males (56%) and 29 females. Their ages at 

the midpoint of the epidemic period (June 18, 1988) ranged 

from three months to 70 yedrs. The three-month old chi ld 

wa5 born during the epidemic period and was the last ta be 

infected (i.e. he developed a positive tuberculin skin test 

on June 22, 1989). The mean age of the farnily mernbers at 

the epidemic midpoint was 17.5 years, with an age 

distribution as shawn in figure 3. 

During the 24-month epid~mic period, 52 of the 66 

family members became newly infected (presence of a new 

positive tuberculin skin test). AlI infected individuals 

without evidence of disease received isoniazid prophylaxis. 

Three individuals had had tuberculosis disease in the past, 

and re-infection during the epidemic was impossible ta 

a5sess. The remaining 11 had repeatedly negative skin tests 

and no clinical evidence of disease. Of the 52 nel,-' i l nfect­

ed individuals, 24 developed tuberculasis disease during the 

epidernic period (Le. "case" or "culture-negat.ive case"). 
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Figure 3. 

Age distribution of study 
subjects. by infection status. 
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The demographics, method of diagnosis, and phenotype for aIl 

subjects with tuberculosis disease are summarized in 

table 3. 

There was no significant 1itference between the 52 

infected and the Il uninfected individuals with respect to 

age (mean age l6.6 years vs. 21.6 years, respectively) -

figure 3. There was also no difference between the ages of 

the 24 diseased and 28 non-diseased individuals who had been 

newly-infected during the epidemic (rnean age 15.0 years vs. 

17.S years, respectively) - figure 4. However, a grouped 

analysis (table 4) showed a significant djfference in the 

incidence of disease among those newly-infected who were 2 

years of age or younger, compared with adults 26-60 years of 

age (P = 0.05). As weIl, as can be seen from table 4, the 

incidence of disease among aIl age groups was significantly 

higher than the published risk of disease following 

infection (chi-square = 159.5; P « 0.001). 

No signiflcant difference existed between the 

proportion of diseased individuals among infected males when 

compared to infected females (15/31 versus 9/21). 

ii) Analysis of diagnostic tests 

Results of tuberculin skin testing do ne during the 

epidemic are shown in figure 5. The three individuals who 

had remote tuberculosis were removed from this analysis 
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Table 3. Demograp-hics, method of diagnosis, and phenotype 

oe study subjects with tuberculosis disease. 

Patient Age/ Chest TB Date of Disease 

number sex X-ray ~'ulture diagnosis phenotype 

1 70/M A + 89/05/09 CASE 

4 17/M A + 87/08/20 CASE 

5 22/M A + 87/08/27 CASE 

6 25/M A + 87/08/27 CASE 

8 17/M A + 87/08/27 CASE 

12 21/F A + 87/08/21 CASE 

16 16/F N + 87/08/26 CASE 

17 3/M A 87/09/01 CULT-NEGATIVE CASE 

20 26/F A + 87/08/05 CASE 

21 1/M A 87/06/17 CULT-NEGATIVE CASE 

25 9/F A 87/08/20 CULT-NEGATIVE CASE 

29 11/M A + 87/09/02 CASE 

31 9/M A + 87/08/26 CASE 

34 8/F A 87/08/20 CULT-NEGATIVE CASE 

36 19/F A + 87/08/27 CASE 

40 3/M A + 87/08/24 CASE 

43 2/M A 87/11/06 CULT-NEGATIVE CASE 

44 24/M A i- 87/08/20 CASE 

48 5/F A 87/08/21 CULT-NEGATIVE CASE 
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Table 3 (cont'd). Demographies, method of diagnosis, and 

phenotyp·~ of study subjects with tuberculosis diseas~ 

Patient Age/ Chest TB Date of Disease 

number sex X-ray culture diagnosis Phenotype 

50 40/M N 1953 OLD CASE 

51 39/M N 1~52 OLD CASE 

53 18{F N + 87/08/27 CASE 

57 11/M A + 87/08/20 CASE 

58 8/F A + 87/08/26 CASE 

59 2/M A 87/08/25 CULT-NEGATIVE CASE 

62 20/M A + 87/08/26 CASE 

65 31/M N 1958 OLD CASE 

Disease: case, old case, or culture-negative case. 

A: abnormal CULT: culture F: female M: male 

N: normal F: female +: positive -: negative 
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Figure 4. 

Age distribution of newly-infected 
subiects, by disease status. 
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Table 4. Incidence rate of tuberculosis diseasc, by age 

group. and the relative risk of disease among study subjects 

and as derived from the published data. 9 ,26,33,34 

This study Published data 

Newly-

Age Infected Diseased Disease Disease 

Cyrs) Cnumber) (number) incidence+ RR incidence+ RR 

2 4 3 75%* 6.8 50% 12.5 

3-13 19 8 42% 3.8 4% 1.0 

14-25 19 Il 58% 5.3 9% 2.2 

26-60 9 1 11% 1.0 4% 1.0 

60 1 1 100% 9.0 8% 2.0 

The incidence of disease among study subjects is assumed to 

be, on average, a one-year incidence rate. The reference 

group (relative risk of 1.0) is the group aged 26 to 60 

years. RR: relative risk. 

* significant difference in the incidence of disease between 

this group and those 26-60 years of age (P = 0.05). 

+ significant difference in the age group-specifie incidence 

of disease between this study and the published 

data (P « 0.001). 
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Figure 5. 

Distribution of tuberculin skin 
test results. among newly-infected 
study subjects, by disease status. 
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because performing skin tests during the epidemic was not 

indicated nor done in these family members due to their his­

tory of disease. Only one individuai with tuberculosis 

disease had a negative (0 mm) tuberculin skin test: a 3 year 

old boy with a right upper lobe pneumonia, and a nasopharyn­

geaI suction culture negative for M. tuberculosis. The 

pneumonia subsequently cleared on antituberculous therapy, 

and he was classified as a culture-negative case. 

The size of skin induration was compared between the 28 

non-diseased and the 24 diseased individuals who were 

infected during the epidemic. Two individuals with disease 

did not have the actual size of skin induration noted. 

Therefore, the comparison was performed by omitting these 

two individuals. Assignment of disease status was done 

according ta the criteria in chapter 4.vi (page 48). There 

was no statistically significant difference in the average 

size of skin induration between those diseased and non­

diseased (mean 27.6 mm vs. 25.5 mm, respectively). Using 

various cutoffs of the tuberculin skin test result as the 

threshold for predicting disease, the sensltivity, specifi­

city, and predictive values vary as seen in table 5. For 

instance, using a threshold of 20 mm induration, the test 

has a sensitivity of 59% and a specificity of 29% in detect­

ing disease, and positive and negative predictive values of 

40% and 47%, respectiveIy, in this population. The receiver 
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Table 5. Sensitivity, specificity, and predictive values of 

the tuberculin skin test (Mantoux) for detecting disease in 

study subjects. Sens:sensitivity spec:specificity 

PPV:positive predictive value NPV:negative predictive value 

positive 

reaction 

(mm induration) Sens(%) Spec C%) PPV*(%) NPV* C%) 

> 5 95 0 43 0 

> 10 95 0 43 0 

> 15 73 Il 39 34 

> 20 59 29 40 47 

> 25 32 57 37 52 

> 30 27 64 37 53 

> 35 27 71 42 55 

> 40 23 82 50 58 

> 45 23 96 82 61 

> 50 14 100 100 60 

~ 55 14 100 100 60 

> 60 14 100 100 60 

> 65 9 100 100 58 

> 70 5 100 100 57 

> 75 5 100 100 57 

> 80 5 100 100 57 

> 85 5 100 100 57 

* prevalence of disease is 44% (22 individuals of the 50 who 

underwent skin testing) . 
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operating characteristics (ROC) curve of this test is 

depicted in figure 6. The "Y=X" line, , ... hich characterizes a 

test for which the post-test probability of disease equais 

the pre-test probability, is superimposed in figure 6. The 

ROC curve for tuberculin testing is not statlsticdlly 

different from the Y=X line. This implies \:'.hat the skin 

test, considered alone, contributes no additional informa­

tion concerning disease status beyond what was known before 

administering the test. Although a skin reaction of 50 mm or 

greater was present only in those with disease, the number 

of such individuals (3) is tao small to allow a conclusion 

te be made regarding the associated risk of disease. 

A univariate analysis was aiso carried out for the 

association of chest radiography and the presence of 

disease. An abnormal chest radiograph was highly correlated 

with the presence of pulmonary tuberculosis disease. Twenty­

two of the 24 newly-infected individuals with disease and 

none of the 28 non-diseased infected individuals had an 

abnormal chest radiograph (P « 0.001). The sensitivity and 

specificity of the chest radiograph alone for detecting 

pulmonary tuberculosis disease was 92% and 100%, 

respectively. 

In the group of 24 individuais with disease, 17 

produced specimens from which M. tuberculosis was isolated. 

There was a highly significant difference in the ages of the 

cUlture-positive and culture-negative individuals (rank sum 
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Figure 6. Receiver operating characteristics curve for the 

tuberculin skin test (Mantoux) in diagnosing active 

tuberculosis disease. The "Y=X" line, which characterizes a 

test for which the post-test probability of disease equals 

the pre-test probability, is superirnposed for ease of 

cornparison. 
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test: P = 0.001). The mean age of the 17 culture-positive 

individuals was 18.7 years, compared with 5.1 years for the 

7 individuals in the culture-JJegative group (rank sum test: 

P = 0.001). The scattergram of ages is shown in figure 7. 

There was no significant difference, however, in the 

proportion of cUlture-positive individuals among the 

diseased males whe.1 compared to that among diseased females 

(11/15 versus 6/9, respectively). The probability of 

obtaining a positive m~cobacterial culture from a study 

patient with disease was 100% (11/11) for those over the age 

of 12 years, but only 46% (6/13) in children 12 years or 

younger (P = 0.006). The overall sensitivity of mycobacte­

rial cultures for detecting disease was 71%. The fluoresc8nt 

smear with Kinyoun (acid-fast stain) confirmation was 

positive in 8 individuals. This represents 47% of aIl the 

culture-positiv~ indlviduals, and 33% of those with disease. 

The multivariate discriminant analysis considered the 

following independent variables: age, gender, DTH skin test, 

and chest radiography. The mycobacterial culture was not 

considered in the equation, since results of these tests are 

rarely available in less than 3 weeks' time, and therefore 

cannat contribute ta the initial dictgnosis of individuals 

with suspected disease. The dependent variable was the 

presence of disease. AIl newly-intected individuctls wcre 

included in the analysis. The regression was predominantly 

driven by the results of the chest radiography, accounting 
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for 78% of the variation in the regression (P « 0.001). 

This is consistent with the high correlation between the 

results of radiography and the presence of discase seen in 

the univariate analysis. Gender accounted for only dn 

additional 1% variation in the regression, and was not 

statistically significant (P = 0.063 for gender). Age and 

PPD skin testing did not contribute signlficantly to the 

regression. Therefore, none of the additional recorded 

variables contributed significantly to the detcction 01 

disease, once the chest radiograph was evaluatcd. 

A discriminant analysis was repeated without 

consideration of the results of chest radiogrdphy. This 

would be akin to the situation where demographic data arc 

recorded and tuberculin skin testing ls pertormcd prior to, 

or without, chest radiography. This analysis showcd that age 

and skin test results were significantly dssociated with 

disease, albeit accounting for only ]7% of the variation in 

the regression (model P = 0.008; table 6). Age WdS inverscly 

related to disease risk. Skin test results did not 

contribute much information (P = 0.051), but were kcpt ln 

the model. This model has a sensitivity of 74% for dctccting 

disease, and is capable of correctly classifylng 69% of 

individuals in the study as ta disease status. 
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Table 6. Results of the disrriminant analysis of diagnostic 

tests and d~mographic variables (excluding chest 

radiography) for detecting pulmonary tuberculosis disease. 

among newly-infected study subjects. 

Variable* Coefficient 95% CI of coefficient Significance 

Age -0.089 -0.149, -0.029 P = 0.015 

Skin test 0.042 -0.00018, 0.085 P = 0.051 

Constant 0.256 

Madel P = 0.008 

Madel r 2 = 0.19 

Model: 0.256 - 0.089 (age) + 0.042 (skin test) 

With model threshoJd -0.256 (i.~. individual with a 

score> -0.256 designated as "diseased"): 

sensitivity = 74% 

specificity 64% 

positive predictive value = 65% 

negative predictive value = 73% 

* Only independent variables having P < 0.10 are shawn. 
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iii) HLA-A, -B, and -c typing and analysis of linkage ~ith 

tuberculosis disease. 

The pedigre~ of 56 individuals living ln the epidemic 

area is depicted in figure 8. This pedigree includes 53 

persons from whom blood samples were C'bta i !lcd, 3 i nd i v idua l s 

for whom HLA typing was inferred (based on typlng ot their 

children), and an additional 5 individuals (numbered 9S to 

99) who were included in the pedigree for specIficatIon of 

biological kinship as required by the analysis progri1ms. 'l'he 

latter five are unknown individuals who were not eXdrnined. 

Three of the 53 ir.dividuals who contributed blood could not 

be HLA typed, due to the paucity of lymphocytes obtainC'd. 

For the 3 persons with inferred typing, the phase 01 the 

HLA-A, -B, -c alleles was assumed. Therefore 1 a tot il! 01 

fifty-three of the 66 evaluable family members werc able to 

be typed as to HLA status. Their HLA types, phenotype and 

identification number are shawn in table 7. The haplotype 

frequencies for both the entire family and just the lamlly 

"founders" (Le. unrelated parents) are shown in tahle 8. 

Paternity, as determined by HLA typing, was as Indlcdted by 

the contacted family member, except for one individual. This 

individual was omitted from the linkage analysis. 

The linkage analysis was done severa1 different ways, 

with changes in many of the parameters withln limits which 

were derived from the medical literature. In none of these 

modeis couid the null hypothesis be rejected. In the 

73 



Figure 8. Pedigree of 56 subjects living in the epidemic 

area, for whorn HLA type or clinical information is 

available. An additional 5 status-unknown parents (numbered 

95 ta 99) were included in the pedigree for specification of 

biological kinship as required for pedigree analysis. 

1 2 99 15 

53 
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Table 7. HLA-A. -B, and -C tYQing and clinical QhenotYQing 

of study subjects. 

Study 

no. PhenotYl2e Al BI Cl A2 B2 C2 

1 CASE 29 44 2 48 8 

2 NON-CASE 2 44 5 2 62 1 

3 NON-CASE 2 44 5 2 48 8 

4 CASE 2 44 5 2 48 8 

5 CASE 2 44 5 2 48 

6 CASE 2 44 5 29 44 

7 NON-CASE 2 62 1 29 44 

8 CASE 2 48 8 2 62 1 

9 NON-CASE 2 62 1 2 41 7 

10 NON-CASE 2 44 5 29 44 

Il NON-CASE 2 62 1 2 35 4 

12 CASE 2 27 2 2 27 4 

13 NON-CASE 2 44 5 2 48 8 

14 NON-CASE 2 44 5 2 27 2 

15 NON-CASE 24 62 1 68 51 4 

16 CASE 2 62 1 24 62 1 

17 CULTURE-NEGATIVE CASE 29 44 68 51 4 

18 NON-CASE 2 44 5 2 48 8 

19 NON-CASE 2 62 1 29 44 

20 CASE 2 44 5 29 44 

21 CULTURE-NEGATIVE CASE NIA NIA 

22 NON-CASE 29 44 68 51 4 

23 NON-CASE 2 62 1 24 62 1 

24 NON-CASE 29 44 2 35 4 

25 CULTURE-NEGATIVE CASE 2 44 5 2 35 4 

26 NON-CASE 2 44 5 2 35 4 

27 NON-CASE 29 44 2 35 4 

28 NON-CASE 29 44 29 44 

29 CASE 29 44 29 44 
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Table 7 (cont' d) . HLA-A , -B, and -C tyging and ghenotyging 

of study subjects. 

Study 

no. Phenot:ige Al B1 Cl A2 B2 C2 

30 NON-CASE 29 44 2 35 4 

31 CASE 2 62 1 2 35 4 

32 NON-CASE 2 48 8 2 62 1 

33 NON-CASE 2 48 8 2 62 1 

34 CULTURE-NEGATIVE CASE 2 48 8 2 35 4 

35 NON-CASE 2 48 8 2 62 1 

36 CASE 2 48 8 2 62 1 

37 NON-CASE 2 62 1 2 48 8 

38 NON-CASE 2 44 5 2 44 5 

39 NON-CASE 2 48 8 2 35 4 

40 CASE NIA NIA 

41 NON-CASE NIA NIA 

42 NON-CASE 2 35 4 2 35 4 

43 CULTURE-NEGATIVE CASE 2 35 4 2 48 8 

44 CASE 2 44 5 29 44 

45 NON-CASE 2 44 5 24 8 7 

46 NON-CASE 24 8 7 24 62 1 

47 NON-CASE 2 44 5 24 62 1 

48 CULTURE-NEGATIVE CASE 2 44 5 2 27 2 

49 NON-CASE 2 62 1 29 44 

50 OLD CASE 2 62 1 29 44 0 

51 OLD CASE 2 35 4 2 48 3 

52 NON-CASE 2 44 5 2 48 8 

53 CASE 2 44 5 3 18 7 

54 NON-CASE 2 62 1 32 44 5 

55 NON-CASE 2 62 1 2 58 

56 NON-CASE 2 58 2 41 7 

57 CASE NIA NIA 
58 CASE NIA NIA 
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Table 7 (cont'dl. HLA-A, -B, and -c typing and phen9typing 

of study subjects. 

Study 

no. Phenotyge Al B1 

59 CULTURE-NEGATIVE CASE NIA 

60 NON-CASE NIA 

61 NON-CASE NIA 

62 CASE NIA 

63 NON-CASE NIA 

64 NON-CASE NIA 

65 OLD CASE NIA 

66 NON-CASE NIA 

Al, B1, Cl: A/B,C type on a11e1e 1 

A2, B2, C2: A/B,C type on a11ele 2 

NIA: not available -: not typab1e 

Cl A2 B2 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

Disease: case, cUlture-negative case, or old case. 
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Table 8. HLA haglot~ee freguencies among aIl stud~ subjects 

and among family "founders" only. 

HLA-A,B,C Frequency in all HLA-A, -B Frequency in 

resul ts t~pable subjects results family " founders" 

2 , 27, 2 0.03 2, 27 0.08 

2, 27, 4 0.01 2, 35 0.20 

2, 35, 4 0.12 2, 41 0.04 

2, 41, 7 0.02 2, 44 0.12 

2, 44, 5 0.19 2, 48 0.08 

2, 48, 3 0.01 2, 58 0.04 

2, 48, 8 0.14 2, 62 0.12 

2, 48, 0.01 3, 18 0.04 

2, SB, 0.02 24, 8 0.04 

2, 62, 1 0.17 24, 62 0.08 

3, lB, 7 0.01 29, 44 0.08 

24, 8, 7 0.02 32, 44 0.04 

24, 62, 1 0.05 68, 51 0.04 

29, 44, 0.17 

32, 44, 5 0.01 

68, 51, 4 0.03 

The estirnated frequencies in founders was used for the 

linkage analysis, and their genotypes were assurned te be in 

Hardy-Weinberg equilibrium. 
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most reasonable model (analysis IIi see below), linkage 

eould be rejected (i.e. lod score less than or equal 

to -2) up to a recombination frequency of approximately 

0.20, suggesting that a recessi ve "susceptibil i ty" gene for 

pulmonary tuberculosis does not reside in, or near, the 

HIA-A,B,C region. 

The following parameters for the linkage analyses were 

assumed: 

Classification of phenotypes: aIl HLA-typed 

individuals were included. The disease phenotype was 

aseertained as per the criteria in chapter 4.vi on 

page 49. Uninfected individuals were classified as 

being resistant to disease. 

Genetic model: a model of recessive inheritance of 

disease suseeptibility was assumed. The absence of 

data on segregation of tubereulosis disease leaves the 

choiee of a model arbitrary, but data from families 

with leprosy suggest suseeptibility is due to il major 

gene with recessive inheritanee111 . Using a dominant 

model, and allowing estjmation of the penetrance, 

yielded nonsensieal values for the penetrance, 

suggesting that ~uch a model is not valid. 

Age- and sex-specifie differences; no age- or sex­

specifie difference was assumed to eXlst for 

penetrance, phenocopy rate, or recombinatjon rate. 
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Phenocopy rate: a rate of 0% was assumed for 

simplifieation of the first three analyses. 

Thereafter, phenocopies were assumed to occur at a 

rate of 6%, which lies approximately midway between 

the rates derived from the literature20 ,51,143. 

HLA haplotype frequencies: the haplotypes were 

assigned by inspection of the segregation of HLA-A,B 

in the family. The haplotype frequencies were 

estimated from the founder individuals of the pedigree 

(table 8), whose genotypes were assumed to be in 

Hardy-Weinberg equilibrium. 

Penetrance of the susceptibility gene: this parameter 

is unknown and could not be calculated from the known 

data on tuberculosis. Therefore, the penetrance of a 

homozygous susceptible was set at 100%, that of a 

homozygous resistant at 0%, and the penetrance of the 

heterozygote was estimated by the ILINK program of the 

LINKAGER programs, to best fit the family data. 

susceptibility allele frequency: this was assumed to 

be low, due to the belief that genetic susceptibility 

to tuberculosis is now relatively rare, as discussed 

in the text. An arbitrary frequency of 2.5% was 

asigned to the susceptibility allele (q), which 

translates into 0.063% (q2) of individuals being 

homozygous for the trait. 
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Linkage dyseguilibrium: no linkage dysequilibrium was 

assumed to exist between the disease susceptibility 

locus and the HLA-A,B haplotype. 

As a prelude to the first analysis (analysis 1), the 

recombination fraction (theta) was initialized at 0.2 . 

Estimation of the heterozygote penetrance showed that its 

value tended to sit between 50% and 75%. However, the 

results were only mildly affected by varying the 

heterozygote penetrance from 0% to 75%. Therefore, 

subsequent analyses were run with a heterozyqote penetrance 

of 0%, except when a phenoeopy rate was introduced in the 

fourth analysis. The results of the lad score at various 

recombination fractions for analysis lare shown in figure 

9. Linkage eould be exeluded up to a recombination fraction 

of 0.25 (lod score of -1.96). 

A second analysis (analysis Il) was performed with all 

of the parameters remaining as defined above. However, two 

groups of individuals were reclassified as ta phenotype: 

1) the three diseased children who were 2 years of age 

or less were reclassified as indeterminate phenotypes. 

This was based on the finding that most infected 

children of this age develop disease, regardless of 

other factors. 9 ,26,33,34 This argues strongly in 

favour of a non-genetic reason, su ch as immunologie 

naivete, whieh causes disease progression in this 

group. Because it was felt that these children added 

little genetie information to the linkage analysis, 
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their phenotype was made indeterminate. 

2) The second group which was reclassified ta an 

indeterminate phenotype was the "oid case" group. 

It was reasoned that the 2 typable individuals who 

contracted disease in 1950, outside of the present 

epidemic, were infected under CirCUll\stances which 

might have made them phenocopies. 

In this second analysis, figure 9, the null hypothesis again 

was not rejected, and linkage was excluded up to a recombi­

nation fraction of about 0.20 (Icd score: -1.51). 

A third analysis (analysis III) examined what linkage 

information could be derived only from presumed genetically 

informative "cases". Only the diseased cases from the second 

analysis were retained, and aIl of the unaffecteds (i.e. 

either infected without disease or not infected at aIl) were 

classified as indeterminate phenotypes. The other parameters 

were kept as in the first two analyses. The results, seen 

again in figure 9, show lod scores which are higher than for 

the two previous analyses, but far from allowing rejection 

of the nuli hypothesis. 

A fourth analysis (analysis IV) added a p'lenocopy rate 

of 6% to the above set of parameters. This rate was assumed 

to exist for both homozygous resistant and heterozygous 

individuals. The effect of adding the phenocopy rate was 

small (figure 9), but the lod score incre2sect to a maximum 

of +0.28 at a recombination fraction of 0.15 . In this 

analysis, the curve is almost fIat, due to a lack of power 

to either reject or accept the null hypothesis. 
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6. DISCUSSION 

i) Evaluation of diagnostic tests for detection of 

tuberculosis disease 

This outbreak of tuberculosis is one of the Iargest 

described in such detail among Canadian Native Indians. The 

ongoing frequent contact among the famiIy mernbers resulted 

in infection of 52 (79%) of the 66 eVdluated individuals 

over a 2-year periode Because the Mahtoux skin test was done 

in batches, the exact timing of infection is unknown, and a 

true epidemic curve cannot be constructed. Therefore, i~ is 

unknown whether the epidemic occurred as a result of pojnt­

source contact with the index case, or continuous person-to­

person spread over tirne. 

In this epidemic, the incidence of infection was equal 

among men and women. This is probably due to the preponder­

ance of young individuals in this family (median age of 14.5 

years) and the equal risk of infection described among 

children and young adults of either gender24 . Subjects of 

aIl ages in this study showed sirnilar susceptibility to 

infection, but the progression to disease tended to be 

different arnong the different age groups. However, only the 

incidence of disease among those 2 years of age or youngcr 

was statistically different fram the reference group of 

adults 26-60 years old. The data confirrn the heightened 

susceptibility to disease follawing infection among very 
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young children. The incidence of disease among those newly­

infeeted in this study is strikingly higher than the age­

specifie figures quoted in the literature9 ,26,33,34, except 

in the very young children. The study subjeets developed 

disease at significantIy higher rates, which were 3 to 14 

tirnes greater than wouid be expected from the age-specifie 

data in previous reports. This suggests that either exposure 

to the pathogen was very heavy for most of the individuals, 

or that the study subjects were partieularly susceptible to 

progression of infection to disease. The rapid development 

of disease in so many of the individuais in the study group 

makes it ternpting to speculate that there exists a 

hereditary suseeptibility to disease in this family. 

The Iack of usefuiness of the Mantoux skin test for 

detecting the presence of disease in this population is 

consistent with the findings of the small number of other 

studies, whieh found no relation between tuberculin skin 

reactivity and the presence72 - 75 or the severity70,74 of 

disease. Although a positive skin test (defined as 5 mm or 

more induration) was found in 95% of diseased individuals, 

100% of non-diseased infected pers ons aiso mounted sueh a 

reaction. The skin test was not able to reliably detect the 

presence of disease, nor increase the pre-test probability 

of disease to a significant extent. Therefore, although skin 

reactivity remains the only clinically usefui tool for 

determining infection, it remains disappointingly inaccurate 
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in diagnosing active disease. 

Cultures of respiratory secretions for M. tuberculosis 

were reliable for the detection of disease in individuals 

over the age of 12, but insensitive for those younger. Only 

46% of the subjects under the age of 12 years with disease 

in this study yielded cUlture-positive specimens, while 100% 

of those older were positive. Overall, 8 of 24 indivictuals 

(33%) produced smear-positive specimens, which is markedly 

less than the proportion seen in other Native 

outbreaks27 ,30. This, too, may be explained by the 

relatively young age of the subjects in this study and the 

production of poorer specimens in this young population. 

Only 1 of the 8 smear-positive specimens was from a child 12 

years of age or less. Therefore, although direct 

visualization of acid-fast bacilli can rapidly make the 

diagnosis of active pulmonary tuberculosis, it is a 

relatively insensitive test, with even poorer performance in 

children. Thi~ study confirms the generally held belief that 

cultures are unreliable for the documentation of active 

tuberculosis disease in young children32 ,166. It is believed 

that pediatrie patients harbour smaller numbers of bacteria 

when diseased, and that respiratory secretions obtained from 

patients in this age group are of a "poorer quality" (Le. 

not originating deep in the tracheo-bronchiolar tree)32. 

The overall sensitivity of culture (71%) found in this 
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study is similar to that obtained in another study in 

Canadian Natives27 . Extrapol~tion of the results derived 

from this study rneans that the overall sensitivity of 

culture would be expected to be lower in any situation where 

a large number of children are jnvolved, because of the 

differential yield in children versus adults. In addition, 

mycobacterlal cultures of respiratory secretions may be 

theoretically less sensitive in remote populations, in 

contra st to hospitalized or urban populations, because of 

suboptimal speciloen collection and delayed transport times8 . 

However, this is usually not the case in practice, and one 

study has actually demonstrated that Native populations are 

more likely to be smear-positive and cUlture-positive than 

non-Natives27 . However, the presence of large numbers of 

children in any epidemic would decrease the yield of these 

tests considerably, as demonstrated. 

The multivariate discriminant analysis of age, gender, 

skin testing and che st radiography indicates that the 

radiograph is the rnost reliable of these indicRtors for the 

assessrnent of active pulmonary disease, in terms of 

sensitivity and specificity. However, in sorne instances, 

radiography is not immediately available, and a clinical 

decision as to the presence of active disease must be based 

on the results of the other variables noted. In this 

situation, only age and the results of skin testing 

contrlbuted statistically significant information in a model 
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of disease ascertainment. Taking both into account would 

give the clinician a sensitivity of 74% and a specificity of 

64% for detecting disease. Although these two variables 

significantly help determine an individual's disease status 

(i.e. statistically significant), the relatively poor 

sensitivity and specificity of this mode1 make it only 

modestly reliable for cIinicaIly diagnosing such a 

contagious and progressive disease (i.e. not clinically 

significant). The poor positive and negative predictive 

values of this non-radiographic model (65% and 73%, 

respectively) would be even worse if applied to a population 

with a prevalence of disease less than the 46% seen in this 

study group. Fùr instance, in a similar population with a 

prevalence of disease of 20%, the positive predictive value 

of this discriminant analysis model (excluding radiography) 

would faii to only 34%. It must be noted that the small 

sample size may have Iimited the statisticai inferences 

which can be made from the data. 

Therefore, the results indicate that the single most 

useful test for the detection of active pulmonary 

tuberculosis, while waiting for the staining and culture of 

respiratory secretions, is the chest radiograph. Tuberculln 

skin testing and knowledge of age or gender contribute 

littie additional information. This data substantiates the 

long-held presumption that the size of skin test reactivity 

with the Mantoux test has little correlation with the 
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presence of active disease. In addition, the results of this 

analysis support the position that mycobacterial cultures 

from children are unreliable, and that the clinic~l diagno­

sis of pulmonary tuberculosis should not be altered on the 

basis of a neqative culture from a child. In view of the 

po or performance in children of mycobacterial cultu.es, the 

leas-than-perfect scnsi~lvity of radiography, and thp fact 

that 50%9,26,33,34 ta 75% (this study) of very young ,-:hild­

ren will progress to disease once infected, a reasonaLLe 

approach would ~reat any child aged 2 years or less wi~~ 

suspected disease, regardless of the outcome of the te3ts. 

ii) Linkage analysis of HLA and tuberculosis disease 

~he results of the HLA typing in this study show 

similarities with the HLA types summarized in two other 

studies of North American (United states) Indians164 ,165. 

The most frequent HLA al1ele in é\U three studies is HLA-'A2, 

as seen in table 9. Lower frequencies of HLA-A24 and -B62 

were found in the Indian family in this study, but very 

similar frequencies of HLA-B3~ exist in aIl three surveys. 

The linkage analysis between tuberculosis disease 

expression and HLA type failed to show statistically 

significant linkage. There are several possible reasons for 

this. The most obvious explanation is that there is no 

disease susceptibility locus closely linked to the HLA class 

l region. Further linkage studies on other affected families 
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Table 9. Freguency of the most common HLA-f\. ··B allele1? 

amonq "founder" Canadian Indians in this stu..Qy.l. c9Jilllared 

with a grû1ill 0f American Indians (United statesl~164/165 

---: not stated. 

Frequency Frequency Frequency 
HLA allele (this s"(.udy) (U. S. study) 164 (U. S. study) 165 

A2 0.68 0.45 0.65 

A24 0.12 0.23* 0.46 

A29 0.08 0.006 0.04 

B27 0.08 0.04 0.01 

B35 0.20 0.22 0.20 

B44 0.24 0.06 

B48 0.16 0.04 

B62 0.08 0.41 

* Figure shown is combined fr3quency of A23 and A24 
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from various populations will have to be repeated before 

this conclusion Cdn be unequivocally accepted. Although data 

based on mouse models suggest that a single-locus model of 

disease susceptibility is plausible, the human situation is 

probably more COQpl~x. Other models, such as a 2 (or more)­

locus multiplicative or additive model may be more realistic 

in human tubercùlosis, as it is with other diseases in 

man 52 . As more loci linked to macrophage or T-~.ymphocyte 

function are found, such as the ht..l.:an homolog of the murine 

Bcg gene132-134, more complex models may demonstrate linkage 

when HLA expression and these new loci are considered in an 

interactive fashion. 

The lack of linkage in this study, in cont):ast to the 

demonstrated HLA/disease associations shown by sever~l 

investigators ln unrelated individuals (table 2" may be 

secondary to the severity and/or type of tuberculosis 

disease being studied, or the method of choosing study 

subjects. studies of association betvleen HLA type and 

tuberculosis disease in unrelated individuals are usually 

investigations of low-intensity exposure causing low endemic 

rates of disease. Linkage studies such as this one, done in 

families with multiple affected rnembers, concern themselves 

with high-intensity exposure causing epidemic disease. It is 

r.onceivab.l.e that a major gene effect of HLA or a nearby 

region on disease expression is more important in ]ow­

exposure situations, and is overcome by other factors (i.e. 
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inoculum effect) in high-expo5ure situations. It is also 

possible that a oisease susceptibility gene may be important 

in the development of reactivated disease from quiescent 

foci (more frequently seen in "endemic" cases) and i s 

relatively inconsequertial in modulating progressive 

p1l)mrmary disease right after exposure (as is the case in 

this s.tudy and most "epidemic" cases). Furthermore, the 

presence of HLA/disease associations in studies of llrlrelated 

individuals relies heavily on the proper choice of suitably 

non-dlseased controls. Because of this, they are more 

susceptible to ascertainment bias, in con~rast to a linkage 

study. 

Another reason which might explain the lack of linkage 

fcund between HLA and tuberculosis disease concerns the 

relatively small number of diseased subjects studied and the 

method of defining the "disease" phenotypp. The power for 

detecting linkage would have been greater with the 

occurrence of more genetically informative diseased 

individuals. The phenotype of the study subjects was 

assessed according to a combination of explicit clinical 

criteria23 which have been found useful in medical practice. 

However, the crude dichotomous designation of an individual 

as either "diseased" or 

"non-diseased" may net allow us to adequately study the rcle 

of an HLA-linked locus in the development of disease99 . 

Perhaps, individuals with tuberculosis should be further 
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subclassified into a larger number of more sophisti~ated 

phenotypic categories. This could be based on specific 

mycobacterial antigen-directed T-lymphocyte responses as 

weIl as clinical manifestations, for instance. with such a 

combined cellular/clinicai phenotypic classification of 

disease, linkage with HLA or other nearby loci might be more 

relevant and easier to detect. However, such subclassifica­

tion would require large Ilurnbers of genetically informative 

persons, in order to ensure enough individuals in each 

category, and allow for an analysis with sufficient power. 

Recornbination rates between HLA-A, B, C, and HLA-DR arf~ 

small, which should have made it possible to detect linkage 

in this analysis between disease and the HLA-DR system or a 

closely-linked locus. There are instances of HLA-DR/disease 

associations in studies of unrelated individuals which were 

not shown to be HLA-A, -B, or -C related13 ,113. In the 

present linkage analysis, an HLA-DR linkage with 

tuberculosis dlsease la unlikely to have been missed. 

The linkage analysis could neither confirm nor refute a 

particular genetic model for the susceptibility to 

tuberculosis. Although a recessive model gave overall higher 

lod scores than a dominant model, neither redched signifi­

cant levels. Variation in the penetrance and frequency of 

the susceptible allele did little to change the lod score. 

In addition, the positive changes in the lod score by alter­

ing the phenocopy rate and reclassifying the non-diseased 
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individuals shows that the linkage analysis is not robust 

with respect ta the choice of genetic model, and explains 

little of the distribution of disease in the frlmily. 

However, if the completely penetrant recessive mode 1 1S 

correct for a major tuberculosis disease ~uscpptibillty 

locus, then it is not linked to HLA class l lOCI. 

The frequency of the susceptible allele in the population 

was assumed, since no data is available to estimate this 

parameter. One could use segregation analysis to estimate 

the allele freqùency, penetrance, and phenocopy rate, if 

thorough data on disease (including knowledge regarding 

family ascertainment) were a'iailable on multiple affected 

families. The parameters could th en be derived from the 

genetic model which best explains the searegation of 

disease. The unavailability of estima~es for these 

parameters led to hypothetical Inferences of their 

magnitude, resulting in a hypothesis-generated model for the 

present analysis. However, in tre present s~udy family, the 

high disease rate following infection may imply that 

susceptibility is segregating in this family, in contrast ta 

other populations. 

Further studies are needed to assess the segreqation of 

tuberculosis disease in affected families. The mode of 

inheritance, which rnay be deduced from such investigations, 

is necessary ta construct a model with whjch data can be 

analyzed in the search for putative susceptibility loci. 
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7. SUMMARY / CONCLUSIONS 

Data from a large extended family of Canadian Native 

Indians, who had experienced an epidemic of pulmonary 

tuberculosis, were used ta: 1) asse~3 the usefulness of 

diagnostic tests for the detection of disease, and 2) assess 

linkage between HLA-A,B type and disease expression. 

Seventy-nine per cent of the 66 evaluated individuals in the 

family became newly-infected, and 46% of the infected 

persans developed pulmanary disease. 

The che st radiograph was the most reliable of the rapid 

methods for oetecting disease. Knowledge of the age, gender, 

and Mantoux skin test result contributed little further 

information. In the absence of radiography, the results of 

tuberculin skin testing alone could not reliably indicate 

disease, but knowledge of bath age and the skin test result 

were of modest help in diseas2 ascertainment. Culture of 

resplratory secretions was unreliable, due to low 

sensltivity, in children aged 12 years and under. In view of 

these findings, chest radiography is strangly recammended 

and should be weighted heavily when assessing infected 

individuals for the presence of active tuberculosjs disease. 

In addition, the results of this study suggest that children 

with clinically suspected disease should be treated, 

regardless of the result of mycobacterial cultures. 

No linkage could be found between HLA-A,B h~plotypes and 
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pulmonary tuberculosis disease. In a genetic model based on 

hypotheses derived from expprimental animal models and 

epidemiologic studies of disease occurence, linkage could be 

excluded up to a recombination frdction of approximately 

0.25. This suggcsts that a completely penetrant major 

susceptibility gene for pulmonary tuberculosis in this 

family, if it exists, is not located in or ncar the HLA 

complex. Therefore, although susceptibility to tuberculosis 

disease seems to be genetically dett::!n.lÎned, i t appcars that 

neither the HLA loci nor a nearby DrJA segment is a major 

factor determining the development o~ tuberculosis disease 

following infec~ion in this Native Indiùn family. 

Extrap~latton of these results to ~ther families will depend 

on the relative contributions of genetic and non-genetic 

factors, and their interaction, to the etiology of 

tuberculosis disease in them, compared with this Indian 

family. 

Further research on the segregation of tuberculosis 

disease in multiple affected families might serve to clarify 

the inheritance of susceptibility to tuberr'llosis disease 

and could elucidate the proper genetic model ta be used in 

linkage studies. Such linkage studies should probably focus 

on genetic loci which are involved in cell-mediated 

immunity. 
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Appendix B. 

CONSENT TO PARTICIPA TE IN STUDY TO DETERMINE THE FREQUENCY 
OF HLA TISSUE TYPE AND PRESENCE OF BCG GENE IN INDIVIDUALS 

WITH A DIAGNOSIS OF ACTIVE TUBERCULOSIS AND IN THOS.~ WHO 
ARE CLOSE CONTACTS OF SMEAR POSITIVE PULMONARY CASES 

INFORMATION 

Tuberculosis infection does not: cause disease in all those who contact it. 
The factors which determine who will become ill with t:his infection are not: 
known and may be genet1c. 

A study to de termine what tissue antigens are most common in those ~.,ho have 
been diagnosed as having tuberculosis ls being carried out. In addition, a 
scarch for the BCG gene which determines susceptibility to tuberculosis, will 
be undertaken. 

If you agree ta participate, 10 cc of blood will be drawn now and examined 
by the llistology Compatibility Laboratory st the Universit:y of Alberta 
Hospital and Dr. Skamene of Montreal. This study will in no way benefit you 
or aid in the treatment of tuberculosis. It will, however, help in the 
understanding of how tuberculosis infections occur. 

There will be no change in your treatment or management if you do not agree 
ta particpate. 

CONSENT 

l acknowledge that the research procedures described on the information sheet 
(Llbove) and of which l have a copy, have been explained ta me and that any 
questions tha1 : have asked bave been answered to my satisfaction. In 
::Jddition, l kr.ow that l may contact the persan designat:ed on the form if I 
have further questions, elther now or in the future. l have been informed 
of the ::Jlternatives ta participation in this study. l understand the 
possible benefits of joining the research study as well as the possible risks 
and discomforts. l have been assured that personal records relating to this 
study will be kept confidential. 

l underst::Jnd thçt l am free to withdraw tram the study at any time, without 
jeopardy to my co.'1tinuing medical care. l further understand that if the 
st:udy is not undertaken, or if it is discontinued at any time, the quality 
of my medic::Jl care will not be affected. l understand that if any knowledge 
gained from the study is tort:hcoIning that could influence my decision to 
continue in this study, l will be promptly informed. 

The person/s who may 
be contacted about: 
the research are: 

Dr. A. Fanning 

Dr. F. Pazderka 

Dr. M. Miller 

NAME 

WITNESS 

DATE 

SIGNATURE OF INVESTIGATOR OR DESIGNEE 
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