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OBJECTIVE: To determine the extent to which a history of Bacille Calmette-Guerin (BCG) vaccination influences the likeli-
hood of positive tuberculin skin test (TST) results.

DESIGN: Cross-sectional survey using a hospital-based tuberculosis surveillance program.

SETTING: Health Sciences Centre, a tertiary care hospital in Winnipeg, Manitoba.

METHODS: The 476 health care workers (HCWs) who had TST as part of the surveillance program between 1993 and
1997 constituted the study population. The two-step test was done in 91% of the participants who did not have a positive
initial test, defined as 10 mm or greater of induration. Data were gathered through chart review supplemented by a short
questionnaire administered to the HCWs.

MAIN RESULTS: One hundred and thirty-eight HCWs (29%) had a positive TST. In a stepwise, multiple logistic model
controlling for age, sex, job title, work area, age of receiving BCG, time since BCG and duration of employment, only a his-
tory of BCG vaccination (odds ratio [OR] 22; 95% CI 12 to 41) and birth outside of Canada (OR 2.6; 95% CI 1.4 to 5.8) were
significantly associated with a positive TST. When the definition of a positive TST was modified by increments of 1 mm,
from 10 mm up to 20 mm of induration in BCG recipients, BCG was associated with positive reactions with indurations
up to 19 mm but not 20 mm or greater. The OR declined with each increment. Of the 84 HCWs who were documented to
have at least 20 years between BCG vaccination and testing, 41 (49%) had positive reactions.

CONCLUSIONS: BCG vaccination can produce lasting tuberculin reactivity, and indurations of 19 mm or less may be due
to the effects of the vaccine.
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Occupational exposure to tuberculosis (TB) is a recognized

hazard among health care workers (HCWs). This risk of

exposure had declined substantially for many years but is ris-

ing again (1). There are several reasons for this growing risk,

depending on local conditions, including the resurgence of the

disease, increased immigration from high prevalence coun-

tries, emergence of multidrug-resistant strains and the AIDS

epidemic (1,2). Occasionally, patients are admitted to hospital

with TB that is initially unrecognized. Until their conditions

are diagnosed and appropriate safety precautions are imple-

mented, these patients represent a hazard to HCWs. Because

of this hazard, the Laboratory Centre for Disease Control (3),

the Canadian Thoracic Society (4) and the American Thoracic

Society (ATS) (5) recommend that HCWs be given a tuberculin

skin test (TST) to assess their TB infection status on hiring.

Regular ongoing screening procedures for those working in ar-

eas designated as high risk and programs aimed at postexpo-

sure screening are also recommended.

The Health Sciences Centre (HSC), a tertiary care teaching

hospital in the inner core of Winnipeg, Manitoba, serves as the

TB referral hospital for the province. The Department of Occu-

pational and Environmental Medicine (DOEM) administers TB

screening programs at the hospital. New employees are

screened for their tuberculin status, and there are two pro-

grams for ongoing surveillance. The first is an annual surveil-

lance program of high-risk areas (including the microbiology

laboratories, the morgue, the emergency department and resp-

iratory wards). The second program is a contact follow-up pro-

gram for HCWs who have had potential contact with patients

with TB.

These screening programs are largely based on the inter-

pretation of TSTs. However, not all persons with positive reac-

tions are infected with Mycobacterium tuberculosis (6). One

factor that causes difficulty in interpreting a TST is a previous

Bacille Calmette-Guerin (BCG) vaccination (7). Interpretation

of a TST in individuals with a history of BCG is an area of dis-

pute. The ATS, the Centers for Disease Control and Prevention

(CDC) and others state that BCG vaccination does not lead to a

sustained TST reactivity (6-8). For example, it has been sug-

gested that BCG causes no more than 15 years of reactivity (7).

Others, however, have stated that BCG vaccination may lead

to much longer lasting reactivity (2,9-11).

In Manitoba until the early 1980s, it was common practice

to provide BCG vaccination to health care trainees before they

began clinical exposures. Until 1993, it was DOEM policy not

to perform TST on HCWs who had a history of BCG because it

was thought that the vaccination might make the results of

the test uninterpretable. Due to the controversy in interpreting

TST in BCG recipients, this policy was changed, so that indi-

viduals who had a remote history of BCG vaccination would

now have a TST.

The major objective of the present study was to determine

whether a history of BCG influences TST reaction, and the cir-

cumstances, if any, under which BCG is a predictor of a posi-

tive TST. This information would assist the DOEM and other

occupational health departments to determine whether HCWs

with a history of BCG should receive a TST, and help clinicians

in making their decisions on recommending prophylactic

medication.

SUBJECTS AND METHODS
Between 1993 and 1997, 610 HCWs received a TST either

as part of the screening program following potential contact

with a TB patient or as part of the yearly screening program of

individuals working in high-risk areas. Due to a history of a

positive TST, 113 of these 610 people received a chest radio-

graph. The remaining 497 people received TST; 476 of these

were included in the study group. Three hundred and forty-

five HCWs were identified through the contact follow-up pro-

gram, and 131 through the regular surveillance program. The

21 people excluded consisted of 19 people with an unknown

BCG history and another two who were ‘old positives’ and mis-

takenly retested (Figure 1).

Subjects were given a two-step TST (12), unless a two-step
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Facteurs déterminant la réactivité à la tuberculine chez les travailleurs de la santé :
Interprétation des résultats positifs au vaccin BCG

OBJECTIF : Déterminer à quel point le vaccin BCG influe sur les risques que les résultats du test cutané à la tuberculine soient po-
sitifs.

MODÈLE : Enquête transversale menée par l’entremise d’un programme de surveillance épidémiologique hospitalière de la tu-
berculose.

CONTEXTE : Health Sciences Centre, hôpital de soins tertiaires de Winnipeg au Manitoba.

MÉTHODES : Les 476 travailleurs de la santé qui ont subi un test à la tuberculine dans le cadre d’un programme
épidémiologique entre 1993 et 1997 formaient la population étudiée. Le test en deux étapes a été effectué chez 91 % des partici-
pants qui n’avaient pas eu de résultat positif au test initial, défini comme une induration de 10 mm ou plus. Les données ont été
recueillies dans les dossiers et par la compilation d’un bref questionnaire administré aux travailleurs de la santé.

PRINCIPAUX RÉSULTATS : Cent trente huit travailleurs de la santé (29 %) ont obtenu des résultats positifs au test à la tubercu-
line. Dans un modèle logistique multiple par étapes tenant compte de l’âge, du sexe, du type de poste, du lieu de travail, de l’âge
au moment de la vaccination, du temps écoulé depuis le BCG et depuis l’arrivée à ce poste, seuls le vaccin BCG (risque relatif
[RR]22; IC 95 % 12 à 41) et le fait d’être né à l’extérieur du Canada (RR 2,6; IC 95 % 4 à 5,8) se sont révélés significativement asso-
ciés à des résultats positifs au test à la tuberculine. Lorsque la définition d’un test positif à la tuberculine a été modifiée par tran-
che de 1 mm à partir de 10 mm jusqu’à 20 mm d’induration chez les sujets ayant reçu le vaccin BCG, ce dernier a été associé à des
réactions positives, avec des indurations allant jusqu’à 19 mm, mais non au-delà de 20 mm. Le RR a décliné avec chaque tranche
d’augmentation. Parmi les 84 travailleurs de la santé chez qui on a documenté un intervalle d’au moins 20 ans entre le vaccin
BCG et le test, 41 (49 %) présentaient des réactions positives.

CONCLUSIONS : Le vaccin BCG peut entraîner une réactivité durable à la tuberculine et les indurations de 19 mm ou moins peu-
vent être attribuables aux effets du vaccin.
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test was documented in the past, in which case, only a single

step was performed. Occupational health nurses conducted

the testing following a standardized protocol. Subjects were

injected with 0.1 mL (5 tuberculin units) of purified protein de-

rivative (Tubersol, CT68 Connaught) on the volar surface of

the upper forearm with standard tuberculin syringes. Reac-

tions were read after 48 h, and the transverse diameter of the

area of induration was recorded in millimetres.

A reaction of 10 mm or greater on the first test was consid-

ered a positive reaction. Subjects with less than 10 mm indu-

ration on the initial test were given a repeat test one week

later. Subjects with a reaction of 10 mm or more on the second

test were classified as boosters. The total group of positive re-

actors comprised individuals who were positive on either test.

The employee medical records were examined, and infor-

mation was gathered on past TST results, history of BCG vacci-

nation, date of birth, country of birth, sex, the employee’s jobs

and work locations, and time employed at HSC. A question-

naire was distributed to gather information on country of

birth, because this information had not been routinely re-

corded in the employee medical records. Arms and backs were

also inspected for scars consistent with past BCG vaccina-

tions. Table 1 details the study participants’ characteristics.

Work locations were divided into two large groups based on

whether the individual worked in an area that was part of the

annual screening program.

Data were entered into EPI INFO Version 6.0 (USD Inc,

Georgia). Number Cruncher Statistical Software Version 5.0

(JL Hintze, Utah) was used to analyze the data. Stepwise mul-

tiple logistic regression was performed to identify predictors of

a positive TST. History of BCG vaccination, time elapsed since

BCG, age at time of BCG vaccination, age, foreign birth (Cana-

dian, foreign and unknown), sex, work location and time em-

ployed at HSC were entered into the regression as independent

variables. Odds ratios (ORs) with 95% CIs were calculated.

Missing data were dealt with in the following manner. When a
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TABLE 1
Characteristics of 476 subjects in the tuberculosis
surveillance program at Health Science Centre (HSC),
Winnipeg, Manitoba

Variable Total

Age, years (n=466) 37±8

Sex (n=476)

Female 392

Male 84

BCG Status (n=476)

BCG 231

No BCG 245

Country of birth

Foreign 73

Canada 278

Not documented 125

Years at HSC (n=447) 9±7

Age at BCG, years (n=161) 20±5

Years since BCG (n=162) 20±6

The majority of the 70 individuals who had a Bacille Calmette-Guerin
(BCG) vaccination but for whom the age at the time of BCG is not known
had their BCG as a child. n The number of subjects with information docu-
mented for the particular category

Figure 1) Identification of participants in the tuberculosis surveillance program at Health Science Centre, Winnipeg, Manitoba. *Known positive tu-

berculin skin test (TST) in the past. BCG Hx Bacille Calmette-Guerin history; CXR Chest radiograph
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variable was found not to be significantly (ie, P� 0.05) associ-

ated with a positive TST, the stepwise regression was repeated

excluding this variable. During this analysis, individuals who

had missing data for the variable in question were included.

Missing country of birth data were also assessed, assuming

that all individuals for whom this data were missing were ei-

ther Canadian born or foreign born, creating a range that in-

cluded the true value. Missing data for the second step of the

two-step procedure were also assessed in this manner.

Because it has been reported that BCG causes smaller indu-

ration diameters than does exposure to TB (7), the influence of

BCG in subjects with larger induration diameters was also in-

vestigated. Analysis was repeated several times with the defi-

nition of a positive reaction for BCG recipients increasing in

1 mm increments from 10 mm until it became 20 mm or

greater. For workers without a history of BCG vaccination, a

positive reaction was defined as 10 mm or greater.

RESULTS
One hundred and thirty-eight subjects (29%) had positive

TSTs. The variable most strongly associated with a positive

TST in univariate analysis was a history of BCG vaccination

(OR 23; 95% CI 12 to 44) (Table 2). Those born in foreign coun-

tries were almost four times more likely to have a positive TST

(OR 3.6; 95% CI 2.1 to 6.2), and those over 35 years of age were

three times as likely to be TST positive (OR 3.0; 95% CI 2.0 to

4.7). Of 84 people who were documented to have at least 20

years between BCG vaccination and testing, 41 (49%) had

positive reactions; 59 of these individuals were Canadian

born, eight were foreign born and the country of birth was un-

known for 17.

Subjects were stratified by place of birth (Table 3). A strong

association between BCG vaccination and tuberculin reactiv-

ity was observed, regardless of country of birth. This associa-

tion was much stronger for Canadian-born subjects (OR 35;

95% CI 12 to 100) than for foreign-born subjects (OR 6.8; 95%

CI 2.1 to 22). The OR for individuals whose country of birth

was unknown equated the weighted average of those for

whom the country of birth was known. This suggests that for

the individuals for whom there were missing data, country of

birth was distributed between Canada and foreign in a similar

manner as for those whose country of origin was known.

To remove the confounding effect of BCG vaccination, the

association between foreign birth and TST status was exam-

ined for subjects without a history of BCG vaccination (Table

4). A positive association between foreign birth and a positive

TST was observed (OR 11; 95% CI 2.6 to 44).

The results of the stepwise multiple logistic regression re-

vealed that BCG vaccination (OR 22; 95% CI 12 to 41) and for-

eign birth (OR 2.6; 95% CI 1.4 to 5.8) were significantly

associated with a positive TST. Nonsignificant variables were

age, work area, time elapsed since BCG, age at time of BCG

vaccination and sex. The OR for BCG vaccination was similar

when all individuals whose country of birth was unknown

were classified as either Canadian or foreign born.

Stepwise multiple logistic regression was also carried out

for boosting, using the same variables. Only a history of a BCG

had a significant association with boosting (OR 6.2; 95% CI

1.9 to 19). If it was assumed that all 29 individuals who did

not have the second step of the two-step procedure were posi-

tive, the OR would be 13 (95% CI 10 to 15).

To assess the influence that BCG may have on TST size,

analyses were repeated to examine the determinants of a posi-

tive reaction with a gradually increasing definition of a posi-

tive TST in BCG recipients. When a positive reaction was

defined as 15 mm or greater, only BCG vaccination (OR 6.1;

95% CI 3.1 to 12) and foreign birth (OR 2.1; 95% CI 1.1 to 3.9)

were associated with positive reactions. The association with

BCG vaccination became less pronounced as larger induration

sizes were used to define a positive test. At indurations of

20 mm or greater, BCG ceased to be a factor, and at this size,

only foreign birth (OR 3.4; 95% CI 1.7 to 7.1) was significantly
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TABLE 3
Odds ratios of a positive tuberculin skin test by Bacille
Calmette-Guerin (BCG) vaccination status, for
Canadian-born and foreign-born subjects in the tuberculosis
surveillance program

Status Number tested
Number

positive (%)
Odds ratio
(95% CI)

Canadian born

BCG 128 63 (49) 35 (12-100)

No BCG 150 4 (3)

Foreign born

BCG 51 34 (67) 6.8 (2.1-22)

No BCG 22 5 (23)

Country of birth not documented

BCG 52 29 (56) 29 (8.2-100)

No BCG 73 3 (4)

Total 476 138 (29)

TABLE 2
Number and percentage of subjects in the tuberculosis
surveillance program with a positive tuberculin skin test –
univariate analysis

Variable Number tested
Number

positive (%)
Odds ratio
(95% CI)

Bacille Calmette-Guerin vaccination

Yes 231 126 (55) 23.0 (12-44)

No 245 12 (5)

Country of birth

Foreign 73 39 (53) 3.6 (2.1-6.2)

Canada 278 67 (24)

Age

� 35 years 251 99 (39) 3.1 (2.0-4.8)

<35 years 215 38 (18)

Sex

Female 392 120 (31) 1.6 (0.9-2.8)

Male 84 18 (21)

Total 476 138 (29)
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associated with TST positivity. No other variable was signifi-

cantly associated with positive reactions. The OR for positive

TST with BCG vaccination and foreign birth according to indu-

ration size are shown in Figure 2.

DISCUSSION
Our finding that BCG vaccination is strongly associated

with a positive tuberculin reaction is consistent with the re-

sults of a study of staff and residents of a nursing home (8). In

our study, 55% of staff with a history of BCG had positive reac-

tions compared with 5% of nonvaccinated staff. Multiple logis-

tic regression revealed an OR for BCG of 22. This finding is

consistent with those of other reports (2,9,10,13,14). The ex-

tremely high OR may be due to persistent reactivity among

BCG recipients coupled with a low overall conversion rate.

When induration diameters of 15 mm or greater are used to

define a positive reaction for vaccinated subjects, the associa-

tion with BCG is maintained, which is consistent with findings

from other studies (14). We found BCG vaccinations to be as-

sociated with induration diameters of up to 19 mm on TST.

Our results suggest that BCG causes long-lasting positive

TST reactions. The average time between vaccination and test-

ing was 20±6 years; 49% of those vaccinated at least 20 years

before testing still had positive reactions. These results are

consistent with those from a study from Spain that reported

lasting reactivity to tuberculin in BCG vaccinated individuals

for up to 25 years (14). An association between boosting and

BCG was also observed, consistent with other data (9,11,13).

Our findings do not support statements from the ATS, CDC

and others who suggest that TST reactions in BCG recipients

are often less than 10 mm in size and that sensitivity wanes

with time (6-8,15). Age at vaccination may influence the find-

ings because vaccination in infancy is not related to tubercu-

lin reactivity, while vaccination after five years of age is

associated with TST reactions (16). This may help explain the

discrepancies between our results and those of the CDC and

ATS statements; our population consisted of a large propor-

tion of HCWs who, for the vast majority, received their vacci-

nations upon entering the health care profession.

Consistent with other studies, positive TST reactions were

associated with foreign birth (2,17,18). A study of adult immi-

grants to the United States (17) reported that immigrants from

regions with a low prevalence of TB who had received BCG vac-

cine were more likely to have a positive reaction than those

who did not receive the vaccine. In that study, the association

between positive TST with BCG was not seen in immigrants

from areas with a high prevalence of TB.

Foreign birth was associated with a positive TST in indi-

viduals without a history of BCG. These workers had a nega-

tive TST at hire, but usually this result was based on a

one-step test. Thus, that foreign birth was still a predictor of a

positive TST may be due to inadequate initial documentation.

Individuals working in the areas perceived as high risk

(those undergoing annual screening) were no more likely to

become TST positive than workers identified through contact

follow-up. These findings suggest that the problem of TB ex-

posure is not limited to certain designated high-risk areas of

the hospital.

Time employed at HSC (in years) had no association with

reactivity. However, this may not be a reliable indicator of oc-

cupational risk because this variable does not take into ac-

count actual time at work, changes in job classes or wards,

and the amount of direct patient contact.

It has been previously documented that larger indurations

reflect a greater chance of TB infection (7). Our findings that

the association with BCG decreased at larger indurations sug-

gests that BCG vaccination can lead to TST measuring up to

19 mm, but beyond that, positive TST is more likely related to

TB exposure.

Until recently, the DOEM did not conduct TST on BCG re-

cipients. It can be argued that the high rate of tuberculin posi-

tivity observed in this group is due to their having been

infected with TB and not detected by screening until now,

rather than being due to the effects of the vaccine. Evidence

that disputes this suggestion is the disappearance of the asso-

ciation with BCG at larger induration diameters (ie, 20 mm or

greater), which may be more predictive of TB exposure (7).

Also, an association was not seen with time employed at the
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Figure 2) Odds ratios (OR) for Bacille Calmette-Guerin (BCG) vaccina-

tion and foreign birth. At 14 mm or greater induration, the OR for for-

eign birth (OR 1.8; 95% CI 0.97 to 3.3) was not significant; at 20 mm or

greater induration, the OR for BCG (OR 2.0; 95% CI 0.95 to 4.1) was not

significant

TABLE 4
Odds ratio of a positive tuberculin skin test by place of
birth, for subjects without Bacille Calmette-Guerin
vaccination

Variable (95% CI) Number tested Positive (%) Odds ratio

Birth

Foreign 22 5 (23) 11 (2.6-44)

Canadian 150 4 (3) 1.0

Total 172 9 (5)
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hospital, which may have been an indication that such unde-

tected infection was occurring in this group.

A limitation to our study was that information was missing

in some categories, most notably country of birth. To address

this problem, we analyzed the data assuming that individuals

whose country of birth was not known were all either Cana-

dian or foreign born, and we also created an unknown country

of birth category. The associations that we observed between

positive TST and BCG were similar in all of these analyses.

The sample group was not random; it contained only peo-

ple who have either undergone annual screening or who have

had potential contact with TB. Although this may influence

the percentage of positive reactors, it should not influence the

association between a positive test and BCG.

CONCLUSIONS
Our results suggest that BCG vaccination leads to lasting

TST reactivity and that reactions of 19 mm or less in BCG re-

cipients may be due to the vaccine. For this reason, interpreta-

tion of a TST result of between 10 mm and 19 mm in a BCG

recipient is difficult. In these instances, additional clinical

data should be used when evaluating the need for prophylac-

tic isoniazid treatment.
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