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Abstract
High Latent Tuberculosis Infection Test Conversion Rates among Healthcare Workers in
the Country of Georgia
By Jennifer Anne Whitaker
Background: There are very limited data on serial testing of healthcare workers (HCWs)
with interferon gamma release assays (IGRAs) for latent tuberculosis infection (LTBI).
The purpose of this study was to determine the prevalence and risk factors for LTBI
among Georgian HCWs using the tuberculin skin test (TST) and QuantiFERON-TB Gold
In-tube assay (QFT), in addition to determining the rates and risk factors for TST and
QFT conversions (change from a negative to positive test result).
Methods: A prospective longitudinal study was conducted among Georgian HCWs.
Results: Among 319 HCWs enrolled, 259 (81%) were female; mean age was 41 years;
285 (89%) reported prior BCG vaccination; 194 (60%) worked in healthcare facilities
specializing in TB. HCWs from TB facilities had higher QFT and TST positivity rates
than those from non-TB facilities: 107/194 (55%) vs. 30/125 (31%) QFT positive
(p<0.0001) and 128/189 (69%) vs. 64/119 (54%) TST positive (p=0.01). There was fair
agreement between the TST and QFT diagnostic tests (70%, kappa=0.42, 95% CI 0.310.52). In multivariate analysis, frequent contact with TB patients was associated with
increased risk of a positive QFT (OR 3.04, 95% CI 1.79-5.14) but not with positive TST
(OR 1.29, 95% CI 0.76-2.18). Age in years was associated with increased risk of positive
QFT (OR 1.05 per year, 95% CI 1.01-1.09) and TST (OR 1.05, 95% CI 1.01-1.10). High
rates of HCW conversion were seen (QFT conversion rate: 22.8/100 person-years and
TST conversion rate: 17.1/100 person-years). TST conversion was associated with
working in a TB facility (p=0.04), whereas QFT conversion was not (p=0.43). In
multivariate analysis, female gender was associated with decreased risk of TST
conversion (OR 0.05, 95% CI 0.01-0.43) and age in years was associated with increased
risk of QFT conversion (1.07, 95% CI 1.01-1.13).
Conclusion: A high prevalence of LTBI was seen among Georgian HCWs, especially
those working at TB facilities. Frequent patient contact was associated with increased
risk of LTBI when using QFT. High conversion rates were found among Georgian
HCWs, particularly at TB facilities. These data highlight the need for effective TB
infection control measures.
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1
Introduction
Tuberculosis (TB) is a significant occupational health problem for healthcare
workers (HCWs), particularly in facilities in low and middle income countries where the
greatest burden of disease is found and where often there are limited TB infection control
measures (1-3). Most high-income countries (which generally have low incidence of
disease) screen healthcare workers periodically for latent tuberculosis infection (LTBI) as
part of their TB infection control programs (4, 5). For many years the tuberculin skin test
(TST) was the only test available for diagnosis of LTBI. Interferon-γ release assays
(IGRAs) are T-cell based assays that provide an alternative diagnostic test for LTBI (6).
The lack of a gold standard for LTBI has limited interpretation of IGRA and TST results.
Furthermore, data are lacking on the performance of IGRAs in repeated testing, such as
the serial testing of HCWs (7, 8). To our knowledge, there has been only one published
study of serial testing of HCWs using IGRAs in a high burden TB country (9). While
there are CDC and manufacturer guidelines for what constitutes a positive IGRA test
(static level), there are no data on what value constitutes an IGRA conversion (which is
currently regarded as a change from negative to positive result without an incremental
increase), (7) unlike the TST where a conversion is defined as an increase in 10 mm of
induration between tests. There are also limited data on the prognostic value of a positive
IGRA for the development of active TB disease.
Georgia is a high burden TB country and also a high burden multi-drug resistant
TB (MDR-TB) country (10). Medical care for TB in the country of Georgia is provided
through the Georgian National Tuberculosis Program (NTP) at inpatient and outpatient
facilities, where there have been limited TB infection control measures. Like most low

and middle income countries, there are no routine programs in place in Georgia to screen
healthcare workers for LTBI. There has been one study evaluating the rates of LTBI
among Georgian HCWs at the NTP (11), but there are no data on the rates of LTBI
infection among HCWs at non-TB healthcare facilities. Furthermore, there are no data on
rates of conversion for LTBI tests (change from a negative to positive test result) for any
HCWs in the country of Georgia.
We performed a prospective longitudinal study of HCWs in TB and non-TB
facilities in Georgia using serial testing with the TST and the IGRA QuantiFERON-TB
Gold In-tube assay (QFT). The purpose of this study was to determine the prevalence and
risk factors for LTBI among these HCWs, in addition to the rates and risk factors for
conversion (indicating recent infection among HCWs) of the TST and QFT tests. In the
absence of a gold standard for LTBI, it has been proposed that correlation between the
degree of TB exposure and IGRA results may be one way to assess IGRA performance
(8). We sought to estimate the effect of HCWs’ frequency of contact with TB patients at
work on the outcome of a positive test for LTBI (TST and QFT) at initial testing and also
for the outcome of LTBI (TST and QFT) test conversion. We hypothesized that frequent
contact with TB patients is associated with an increased risk of a positive test for LTBI
on baseline testing and is also associated with increased risk of LTBI test conversion.

Background
Tuberculosis infection among healthcare workers
Healthcare workers (HCWs), especially those in low and middle income countries
where the incidence of TB is generally high, are at increased risk for tuberculosis (TB)

infection due to nosocomial transmission of Mycobacterium tuberculosis (1-3). TB is
likely the most commonly acquired occupational illness for healthcare workers in low
and middle income countries (3). TB transmission in healthcare facilities can be
significantly reduced with the implementation of effective TB infection control measures
(4, 12-14). The nosocomial transmission of multi-drug resistant (MDR-TB) and
extensively drug resistant TB (XDR-TB) further highlights the need for effective TB
infection control measures (15-17). While most high-income countries (which now
generally have a low incidence of TB) have successfully implemented TB infection
control measures (4), TB infection control measures are virtually non-existent in many
resource-limited countries (1, 18). Most high income countries include periodic screening
of HCWs for latent tuberculosis infection (LTBI) as part of their TB infection control
programs (4, 5).

Diagnostics for latent TB infection
Until recently, the only test available for LTBI screening was the tuberculin skin
test (TST). Limitations of the TST include: the need for two visits to the healthcare
provider for test placement and reading, false positives due to cross-reaction with bacille
Calmette-Guérin (BCG) vaccination and non-tuberculous mycobacteria (NTM),
subjectivity in reading of test results, and boosting that may occur with serial testing (19,
20) among those with latent TB infection who have not undergone recent testing.
Interferon-γ release assays (IGRAs) are alternative diagnostic tests for latent tuberculosis
infection. There are two commercially available IGRAs that have been approved for use
by the U.S. FDA—the QuantiFERON-TB Gold In-Tube (QFT) assay (Cellestis Ltd,

Carnegie, Australia) and the T-SPOT.TB assay (Oxford Immunotec, Abingdon, UK).
IGRAs have several advantages over the TST: they require only one visit, are not
affected by BCG vaccination, have less cross-reaction with non-tuberculous
mycobacteria, are less subjective in measuring results, and can be repeated without
boosting. Studies evaluating the performance of IGRAs for LTBI diagnosis are limited by
the lack of a gold standard for LTBI, lack of data on serial testing using IGRAs, and lack
of definitions on what constitutes a IGRA conversion.

Using IGRAs for serial testing of healthcare workers
Data are lacking on the use of IGRAs for serial testing of healthcare workers, in
particular, how to interpret serial IGRA testing results (7, 8). There are few published
studies of serial testing of HCWs with IGRAs (9, 21-26). To our knowledge, there is only
one published study of serial testing of HCWs in a high-burden TB country (9). In 2005
US Centers for Disease Control (CDC) recommended that the IGRAs can be used in all
settings where the TST has been used, including the serial testing of healthcare workers
(27). According to the American Thoracic Society (ATS) and CDC guidelines, a TST
conversion for a healthcare worker is a change in induration from <10 mm to ≥ 10 mm,
with an increase of ≥ 10 mm induration within 2 years (6, 28). According to CDC
guidelines, a QFT conversion is a baseline interferon-gamma (IFN-γ) <0.35 IU/ml and a
follow-up IFN-γ level ≥ 0.35 IU/ml, without any consideration of the magnitude in
change of the IFN-γ response (6). The updated 2010 CDC guidelines caution that “lenient
criterion to define IGRA conversion might produce more conversions than are observed
with the more stringent criteria applied to TSTs. Furthermore, an association between an

IGRA conversion and subsequent disease risk has not been demonstrated. The new
criteria for interpreting changes in an IGRA that identify new infections remain
uncertain” (6). Guidelines from Canada and Australia have been cautious about using
IGRAs for HCW screening (29-31), and Canadian guidelines do not recommend the use
of IGRAs for serial testing of HCWs (29). According to the World Health Organization
(WHO) policy statement on the use of IGRAs in low- and middle-income countries, “data
on serial testing and reproducibility of IGRAs, as well as evidence on the predictive value
of IGRAs in health care workers (HCWs), are still absent for high-incidence settings.
There is no data to suggest that IGRAs are better or worse than the TST for identifying
new TB infections after exposure in HCWs, but serial IGRA testing is compounded by a
lack of optimum cut-offs and unclear interpretation and prognosis of IGRA conversions
and reversions” (32).

Correlation with TB exposure gradient
A major challenge in the interpretation of diagnostic tests for LTBI, including
IGRA test performance, is the lack of a gold standard for LTBI diagnosis. Various
methods have been used to address the lack of a gold standard for LTBI. To determine
“true positives” and sensitivity, people with active TB disease have been tested with
IGRAs, with the assumption that they should have positive IGRA tests. However, there
are limitations to using active TB cases to determine sensitivity, as the immune response
to active TB may be different from LTBI, and T-cell responsiveness to the tuberculosis
antigens in the IGRA can be reduced as a result of tuberculosis disease or the
immunocompromising condition that underlies TB reactivation. To determine true

negative tests, healthy volunteers from low prevalence areas with no known TB contacts,
who are assumed to be LTBI free, have been tested. The limitation with this method is
that there is no way of knowing that the volunteers are truly LTBI free. Another method
has been measuring the degree of concordance with the TST. However, the TST has
limitations and is not truly a gold standard. Longitudinal studies following IGRA
positive individuals over time to determine the risk of developing active TB disease (in
the absence of LTBI treatment) will provide valuable information for the positive
predictive value of IGRAs. However, these studies will require long-term follow-up and
current data are lacking. An alternative method of assessing the performance of IGRAs is
to examine the correlation between positive IGRA results and the levels of exposure to
sputum-smear positive active TB cases of the individuals tested (8, 31). The premise of
this method is that individuals who are exposed to active smear-positive TB cases are
likely to become infected with TB and develop latent infection. Limitations to this
approach are that not all individuals closely exposed to active TB cases develop LTBI,
and some individuals may have been exposed to active TB cases without their
knowledge.
Cross-sectional studies have found good correlation between occupational risk
factors for TB exposure and IGRA positivity rates (8). All of these studies were from
low- and moderate-incidence countries, with the exception of a study conducted in India
(33). A study from the country of Georgia conducted in 2006, found that routine direct
contact with TB patients at work was associated with an increased risk of a positive QFT
test in univariate analysis. In multivariate analysis, age, gender, occupation, duration of
employment as a healthcare worker and BCG vaccine status were included. Employment

in healthcare for >5 years was significantly associated with increased risk of positive TST
(OR 5.09, 95% CI 2.77-9.33) and QFT (OR 2.26, 95% CI 1.27-4.01), and age >30 years
was associated with increased risk of a positive QFT (OR 2.91, 95% CI 1.32-6.43) (11).
In this study, 81% of the HCWs had daily contact with TB patients, and therefore, there
may not have been enough HCWs with infrequent contact with TB patients to detect a
difference on multivariate analysis (11).
Very few studies have looked at an association between IGRA test conversion and
the degree of occupational exposure (8). Two studies found that IGRA conversions were
associated with TB exposure, but neither study performed repeat TST and thus
comparison of the association for TB exposure and TST conversions could not be made
(21, 34). The only published study of serial testing of HCWS using IGRAs in a highburden TB country did not examine an association with the degree of TB exposure (9).

Tuberculosis in Georgia
Georgia has high rates of TB and has been designated by WHO as a high-burden
MDR-TB country(10). In 2010, the incidence of TB in Georgia was 107 cases/100,000
population and prevalence was 118 cases/100,000. Among newly diagnosd TB cases,
9.5% had MDR-TB, and among retreatment cases, 31% had MDR-TB (10). In Georgia,
patients with suspected TB are diagnosed and treated in specialized TB facilities
organized by the Georgian NTP. Patients with TB generally do not receive care in other
healthcare facilities. TB infection control measures in Georgian healthcare facilities have
been limited in the past, similar to most resource-limited countries.

This aims of this study were to determine prevalence of LTBI and conversion
rates (indicating recent acquisition of infection with Mycobacterium tuberculosis) by TST
and QFT tests among Georgian HCWs in TB and non-TB health care facilities, to
determine the risk factors for LTBI and LTBI test conversion, and to determine the
relationship between the HCWs’ frequency of TB exposure at work and the outcome of
positive QFT and TST.

Methods
Hypotheses and Specific Aims:

Null hypothesis 1: Frequent contact with TB patients is not associated with an increased
risk of a positive test for LTBI (QFT, TST).
Null hypothesis 2: Frequent contact with TB patients is not associated with an increased
risk of TST or QFT conversion.

Aim 1: To determine the prevalence and risk factors for LTBI among Georgian
healthcare workers by positive TST and positive QFT. To determine the concordance
between the TST and QFT test in this population.

Aim 2: To estimate the effect of frequency of contact with TB patients at work on
positive LTBI test (either test positive, QFT positive, TST positive, discordant positive
tests) among Georgian HCWs.

Aim 3: To determine the rates and risk factors for conversion from a negative to a
positive test (TST, QFT, either test) for LTBI among Georgian HCWs.

Study Design:

This is a prospective longitudinal study that was conducted from 2009-2011.
HCWs from the Georgian NTP, including the National Center for Tuberculosis and Lung
Diseases (NCTLD) in Tbilisi, its affiliated outpatient clinics, as well as HCWs from nonTB facilities were eligible to enroll. Inclusion criteria were: age ≥ 18 years old, HCW in
the country of Georgia, and provision of written informed consent. Exclusion criteria
were: history of active tuberculosis and known allergy to the purified protein derivative
used in the TST. The study was approved by the Emory IRB and Georgian NCTBLD
Ethics Committee. HCWs enrolled into the study provided written informed consent in
their native Georgian language of Kartuli and completed a questionnaire with
demographic information (date of birth, gender, country of birth, ethnicity), medical
history (BCG vaccination, information about household and community TB exposure,
history of TST, history of TB disease), and employment history (occupation, number of
years in healthcare). BCG vaccination status was also assessed by visual inspection for a
BCG scar.

After completing the questionnaire, two diagnostic tests for LTBI were
performed: the TST (only if the HCW had no history of a prior positive TST) and the
QFT test. After 3 ml of blood was drawn for the QFT test, the TST was placed using 5
tuberculin units (TU) of PPD (Tubersol®, Connaught; Swiftwater, PA, USA). The TST
was performed using the Mantoux method (28) and read 48-72 hours after placement.
The QFT test was preformed according to the manufacturer’s recommendations
and as previously described (35). Because the QFT assay cannot accurately measure
absolute IFN-γ values >10 IU/ml, such values were treated as 10 IU/ml. Repeat testing
was performed on participants 6-24 months after baseline testing was performed. QFT
was performed on all participants who underwent repeat testing. TST was only repeated
if the participants had a negative TST result on baseline testing.

Variables
Outcome variables for baseline testing were positive LTBI tests (QFT and TST).
As recommended by the manufacturer and by the CDC (6), the QFT result was defined as
positive if the response to the TB antigens minus the negative control was ≥ 0.35 IU/ml
and > 25% of the negative control, negative if these criteria were not met, and
indeterminate if either the negative control had a result of > 8 IU/ml or if the positive
control had a result of < 0.5 IU/ml. According to the American Thoracic Society (ATS)
and CDC guidelines, for the HCWs the TST was defined as positive if the induration was
≥ 10 mm (28, 36).
Outcome variables for repeated testing were conversion of LTBI tests (QFT and
TST). According to CDC guidelines, a QFT conversion is a baseline interferon-gamma

(IFN-γ) <0.35 IU/ml and a follow-up IFN-γ level ≥ 0.35 IU/ml, without any consideration
of the magnitude in change of the IFN-γ response (6). According to ATS and CDC
guidelines, a TST conversion for a healthcare worker is a change in induration from <10
mm to ≥ 10 mm, with an increase of ≥ 10 mm within 2 years (6, 28).
The primary predictor variable was frequency of contact with TB patients at
work. HCWs rated this frequency on a questionnaire at time of LTBI testing. Daily
contact was defined as contact ≥ 5 days per week. Frequent contact was defined as
contact < 5 days per week and ≥ twice per month. Rare contact was defined as < twice
per month and ≥ once per 3 months. Very rare contact was defined as < once per 3
months. The primary predictor variable was later dichotomized into “frequent,” defined
as contact ≥ twice per month, and “rare,” defined as contact < twice per month.
Other covariates considered were age in years (continuous variable), gender
(female versus male), number of years in healthcare (continuous variable), occupation
(categorized as administrative/technical staff [reference group], medical students, nurses,
physicians and other), type of health care facility (categorized as non-TB health facility
[reference group], TB inpatient, TB outpatient, medical school, and other), education
level (categorized as graduate [reference group], undergraduate, and secondary school or
less), and BCG vaccination history (negative versus positive).

Sample Size Calculations
Sample size calculations were determined to measure the prevalence of LTBI
among HCWs from TB facilities in Georgia. Initially, HCWs only from TB facilities
were going to be enrolled and the prevalence would have been determined for HCWs

who worked in TB facilities in Tbilisi. Sample size calculations were carried out using
the following formula for estimating a population proportion with specified absolute
precision:(37)

n = z²α/2 p (1-p)/d²

where p= estimated LTBI prevalence, d = absolute precision required on either side of the
proportion, z= constant, and α=significance level. Based on a previous study by
Mirtskhulava and Kempker of 264 healthcare workers in Georgia, the prevalence of
LTBI was 67% for by positive TST, 60% by QFT and 77% for either a positive TST or
QFT (11). We anticipated a slightly lower prevalence with this study because we
anticipated enrolling more medical students than in the previous study. There are no
studies of LTBI prevalence of the general population in Georgia. A study in a refugee
population setting found LTBI rates of 50%.(38) In the above equation, estimated
prevalence of LTBI among healthcare workers of 60% was used, z=1.96 for 95%
confidence interval, and d=0.05. A sample size of 369 was calculated to determine
prevalence within 5 percentage points on either side of the estimate with 95% confidence.

Data Management
Study data were collected and managed using REDCap electronic data capture
tools hosted at Emory University. REDCap (Research Electronic Data Capture) is a
secure, web-based application designed to support data capture for research studies (39).

Statistical analyses were performed using SAS software version 9.2 (SAS Institute, Inc.,
Cary, NC, USA).

Data Analysis
Prevalence of QFT positivity and TST positivity was determined for HCWs in
non-TB facilities and TB facilities.
Concordance between the two diagnostic tests for LTBI (TST and QFT) was
measured using the kappa (κ), where κ > 0.75 represents excellent agreement, κ = 0.40.75 represents fair to good agreement, and κ <0.4 represents poor agreement (40). Only
data from participants who had measured TST and QFT values at baseline (n=260) was
included for the concordance analysis. Concordance between the two tests was measured
for the total population (n=260) and separately for those who had a positive history of
BCG vaccine and for those with had a negative history of BCG vaccine.
Descriptive statistics were used to determine the frequencies of the categorical
covariates and distributions of the continuous covariates for the study population.
Logistic regression modeling with outcome of either LTBI test (TST or QFT)
positive was used to determine risk factors for outcome of LTBI on baseline testing and
to determine the association of frequent contact with TB patients at work on the outcome
of LTBI. Logistic regression models with outcome of QFT and with outcome of TST
were used to determine the association of frequent contact with TB patients on each
outcome. Participants were included in these models if they had measured TST (or
documented history of positive TST) and measured QFT. The same participants were
included in the models for the outcome of either LTBI test positive, QFT positive, and

TST positive. Additionally, a logistic regression model was used to determine the
association with frequent contact with TB patients and the outcome of discordantly
positive LTBI tests (QFT positive/TST negative versus TST positive/QFT negative).
To better visualize potential risk factors, causal pathways between the primary
predictor and outcome variables causal diagrams were constructed (Figures 1a and 1b).
Univariate analyses were performed to evaluate the odds ratios for the primary
exposure variable (dichotomized frequency of contact with TB patients) and each
covariate with respect to the outcome variable (positive test for LTBI). The frequencies
of exposure variables in cases (HCWs with a positive LTBI test) and controls (HCWs
with negative LTBI tests) were evaluated. Additionally, analyses were employed to
explore the associations between the primary exposure variable and each of the covariates
as part of the assessment for confounding. The Chi-square test was used to test these
associations and to assist in identifying potential confounders. A p-value < 0.05 was
considered statistically significant. Next, a stratified analysis was performed, controlling
for the relationship between the primary exposure variable (dichotomized frequency of
contact with TB patients) and the outcome (positive test for LTBI). To evaluate for
potential interaction and confounding, stratum-specific odds ratios were calculated. The
Breslow-Day test was used to test the homogeneity of the odds ratios (p-value<0.05 was
considered statistically significant) to assess for interaction. Adjusted odds ratios (using
the Mantel-Haenszel approach) were compared to the crude odds ratio to identify
potential confounding.
A modeling approach was used to better visualize the association between the
exposure variable and outcome in the setting of the covariates. First, a test model was

generated including numerous covariates that were deemed important based on prior
knowledge, biological plausibility, and potential confounders or interaction terms.
Collinearity was tested using the Collin Macros by Dan Rosen, with collinearity defined
as both a conditional index of ≥ 23 and variance decomposition proportion of ≥ 0.5 (41).
Interaction, was evaluated using likelihood ratio test for product terms, where a p-value
<0.05 was considered statistically significant. Finally, confounding was evaluated by
assessing whether there was a meaningful change (subjectively determined) in the odds
ratios in the full versus reduced models. A final model was then constructed to include
the predictor variable, outcome variable, identified confounders and interaction terms,
and other clinically important covariates.
Incidence rates for TST and QFT conversion (in 100 person-years) were
determined by dividing the number of events by the total amount of person-time
contributed by those who were negative at time of first testing and accounting for the
time to follow-up testing. Risk factors for TST and QFT conversion were determined by
using univariate analyses and multivariate logistic regression analysis. Because of the
small number of events, only the covariates of gender, age, and frequency of TB contact
(primary exposure variable) were included in the logistic regression models.
Cox propotional hazards regression modeling was also used to determine
univariate rate ratios for TST and QFT conversion. The use of this type of analysis is
prone to error, because participants were not tested at regular intervals, and we did not
truly know the time to developing the event (LTBI test conversion). Plots of estimated
log-log survival curves were compared stratified on each predictor to assess the

proportional hazards (PH) assumption. If the log-log curves were parallel then the PH
assumption was assumed to be valid.

Results
Between March 2009 and July 2011, 320 health care providers were enrolled in
the study (figure 2); all enrolled had a QFT performed. One participant was excluded for
history of active TB disease. Fifty-nine HCWs did not have a TST performed (48
participants reported a prior positive TST in the past and 11 refused to have a TST done).
We were able to confirm documentation of a positive TST for 25 of the 48 HCWs with a
prior history of testing positive. Participants with documented past TST and those who
had a TST performed in this study (n=285) were included in the analyses for risk factors
for positive test for LTBI (Figure 2). For concordance analysis comparing TST and QFT,
we only included participants who had TST and QFT performed in our study (n=260).
For determination of prevalence of positive TST, we included participants who had TST
performed in our study or reported prior history of positive TST (n=308). For
determination of prevalence of positive QFT, we included participants who had QFT
measured (n=319).

The Study Population
Table 1 denotes the characteristics of the study population (n=319). The majority
of the health care workers in our study were from Tbilisi (n=274, 86%) where the
NCTLD is located. Approximately 60% (142/319) of the participants worked in TB
facilities, and 40% worked in non-TB facilities. Eighty nine percent (285/319) reported

history of BCG vaccine. The majority of the participants were female (n=259, 81%),
which represents the demographics of healthcare workers in Georgia. The mean age was
40.9 years (standard deviation 12.6 years). The mean number of years in healthcare was
17.0 (standard deviation was 12.6 years). The majority of our cohort were physicians
(n=114, 36%); (94/319) 29% were administrative staff; (14/319) 4% were medical
students; (50/319) 16% were nurses; and (47/319) 15% had “other” occupations. Seventy
two percent (230/319) of our cohort had graduate level education; 21% (68/319) had
undergraduate education, and (21/319) 4% had secondary school education level or less.
Thirty-two percent of the participants reported daily TB exposure at work; 18% reported
TB exposure < 5 days per week and ≥ twice per month; 19% reported TB exposure ≤
once a month and ≥ once per 3 months; and 31% reported TB exposure < once per 3
months. After TB exposure at work was dichotomized, 49% (158/319) HCWs had
frequent contact with TB patients at work (contact ≥ twice per month) and 51% (161/319)
had infrequent contact with TB patients (contact ≤ once per month).

Prevalence of TST and QFT Positivity
The prevalence of a positive TST in our cohort was 67% (193/308). The
prevalence of a positive QFT in our cohort was 46% (146/319). HCWs from TB
facilities had higher QFT and TST positivity rates than those from non-TB facilities.
Among HCWs who worked in TB facilities 107/194 (55%) had positive QFT versus
30/125 (31%) of HCWs working in non-TB facilities (p<0.0001). Among HCWs
working in TB-facilities 128/189 (69%) had positive TST versus 64/119 (54%) of those
working in non-TB facilities (p=0.01).

Concordance between TST and QFT Results
The concordance of baseline TST and QFT results for the participants who had
both tests measured at baseline are shown in Table 2 (n=260). There was fair
concordance between the TST and QFT (kappa statistic [κ] =0.42 [95% CI: 0.31-0.52]).
Agreement between the two diagnostic tests was 70.4%; with 36% (93/260) of tests
concordantly negative, 35% (90/260) tests concordantly positive, 21% (55/260) TST
positive and QFT negative, and 8% (22/260) QFT positive and TST negative.
Concordance of the baseline TST and QFT results stratified by history of BCG vaccine is
represented in tables 3a and 3b. Concordance was higher for the group with no history of
BCG vaccine, κ = 0.70 (95% CI: 0.44-0.97) than for the group with BCG vaccine history,
κ = 0.38 (95% CI: 0.27-0.50).

Comparison of Participants with LTBI versus Those without LTBI
Table 4 shows the results of the analysis for the frequencies of the potential risk
factors for LTBI among those with the outcome of either LTBI test positive (QFT or
TST) and among those with no test positive for LTBI. A positive test for LTBI was found
to be associated with TB exposure frequency with the 4 levels, as previously defined (p
=0.037) and for TB exposure frequency dichotomized into “frequent,” defined as contact
≥ twice per month, and “rare,” defined as contact < twice per month (p=0.006). Among
the cases of positive test of LTBI, 102/191 (53%) had frequent contact with TB patients
and 89/191 (47%) had rare contact; among those with no LTBI test positive, 34/94 (36%)
had frequent contact with TB patients and 60/94 (64%) had rare contact with TB patients

(Chi-square p-value=0.006). Additionally, LTBI cases were associated with age >30,
years in healthcare >15, and type of healthcare facility.

Univariate Analysis of Risk Factors for Positive LTBI Diagnostic Test at Baseline
Using logistic regression, univariate analysis was first performed to determine
unadjusted odds ratios for potential risk factors for a positive test for LTBI. These results
are summarized in Table 5. Risk factors for the outcome of either QFT or TST being
positive (the prevalence of a positive test) that were found to be statistically significant
were frequent exposure with TB on the dichotomized definition (OR 2.02, 95% CI 1.273.36), age in years (OR 1.03, 95% CI 1.01-1.06), and undergraduate education versus
graduate education (OR 2.02, 95% CI 1.05-3.92).

Assessment for Confounding and Interaction Using a Database Approach
To evaluate for confounding, the relationships between the primary exposure
variable (frequency of contact with TB patients) and each covariate were analyzed.
Frequent contact with TB patients was found to be associated with occupation, education,
and type of healthcare facility. However, occupation and education were very strongly
associated and provided qualitatively redundant information (table 6a), with nearly all
nurses having undergraduate education and physicians having graduate education.
Therefore, education and occupation were determined to qualitatively collinear (42), and
education was not selected for inclusion in the multivariate model, as it was not thought
to provide information beyond the type of occupation. Additionally, healthcare facility
and frequency of TB contact were highly associated (table 6b) and determined to be

qualitatively collinear. All HCWs at non-TB facilities had rare TB contact, thus type of
healthcare facility was not selected for inclusion in the multivariate model, as it was not
thought to provide information beyond the frequency of TB contact. Occupation type
and frequent TB contact were associated (table 6c), but each occupation had varying
degrees of frequent TB contact and were not determined to be qualitatively collinear.
Occupation was also associated with the outcome. Therefore, occupation was identified
as a potential confounder and was explored further with a stratified analysis.
Through the stratified database approach (table 7), no interaction was identified
between frequency of contact with TB patients and the covariates (Breslow-Day p-value
<0.05). The p-value for the Breslow Day test for frequency of contact with TB patients
and BCG vaccine history was close to significance (p=0.08), so a product term these
variables was created and tested by a modeling approach as described below. Based on
the stratified database approach, the only covariate that was identified as a potential
confounder was occupation. The Mantel Haneszel adjusted OR for frequent contact with
TB patients on outcome of a positive test for LTBI adjusted for occupation was 1.78,
which was different than the crude OR of 2.02. Therefore occupation was identified as a
moderate confounder.

Multivariate Logistic Regression Analysis of Risk Factors for Positive LTBI
Diagnostic Test at Baseline

The initial full model evaluated the relationship between frequency of contact
with TB patients and the outcome of a positive test for LTBI at baseline (prevalence of

either QFT or TST positivity), controlling for age, BCG vaccine history, gender, years in
healthcare, occupation, and the interaction term “frequent contact with TB patients*BCG
vaccine history.” These covariates were selected based on biologic plausibility and the
analysis described above. The p-value for the likelihood ratio test (LRT) testing the
significance of the interaction term was 0.13. Because the significance level was set at
α=0.05, this was determined not to be statistically significant, and the interaction term
was dropped from the final model. No collinearity was noted in the final model by using
the Collin Macros by Dan Rosen (41). The final model can be found in appendix 1. The
ORs for the final model are listed in table 8. The same model with the outcomes of either
test positive, QFT positive, and TST positive were run. The ORs for each of these
models are also listed in table 8.
TB exposure frequency at work, BCG vaccine history, gender, years in
healthcare, and occupation were included in the multivariable analysis for outcome of
QFT or TST test positivity at baseline (prevalence of positive test for LTBI) (table 8). In
multivariate analysis, the OR for frequent versus rare contact with TB patients was 1.77
(95% CI, 1.03-3.05). For the outcome of positive TST, the OR for frequent versus rare
contact with TB patients was not statistically significant (OR 1.29, 95% CI 0.76-2.18);
however, it was significant for the outcome of a positive QFT (OR 3.04, 95% CI 1.795.14). Age in years was found to be significant in multivariate analysis for each of the
outcomes (table 8). Occupation as a nurse versus administrative/technical staff was
found to be a statistically significant predictor of a positive TST on multivariate analysis.
Additionally, a multivariate logistic regression model was used to determine the
association between frequent contact with TB patients and the outcome of discordant

LTBI tests (QFT positive/TST negative (n=22) versus TST positive/QFT negative
(n=63)). The same covariates were included in this model, except for occupation. The
model became unstable when occupation was included in the model, likely because of the
smaller sample size (n=85) and number of events (n=22). The results of this analysis are
presented in table 9. The adjusted OR for frequent versus rare contact on the outcome of
QFT positive/TST negative among HCWs with discordant results was 3.59 (1.23-10.42).

Serial Testing: LTBI Test Conversion Rates and Risk Factors

Of 154 HCWs who had TST and QFT performed at baseline and repeat testing,
77/154 (50%) were susceptible to QFT conversion (had negative QFT at baseline) and
48/154 (31%) were susceptible to TST conversion (had negative TST at baseline) (figure
3). There were 23/77 (29.9%) QFT conversions, 12/77 (15.6%) QFT reversions (initial
value ≥ 0.35 IU/ml and second test value <0.35), and 11/48 (22.9%) TST conversions
(figure 3). The conversion rate by QFT (regardless of baseline TST result) was 22.8/100
person-years. The conversion rate by TST (regardless of baseline QFT result was
17.1/100 person-years. The conversion rate by either test (QFT or TST) among those
who had concordantly negative results at baseline (negative TST and negative QFT) was
26.9/100 person-years (17.3/100 person-years for TST conversion and 13.5/100 personyears for QFT conversion).
Females had decreased risk of TST conversion in univariate analysis by Cox
regression (rate ratio 0.18 (95% CI 0.05-0.59) and univariate logistic regression (OR
0.13, 95% CI 0.30-0.59) (table 10). All of the TST conversions occurred in TB healthcare

facilities. TB facility type was significantly associated with TST conversions (Fisher’s
exact two-sided p-value =0.04). The TST conversion rate for HCWs with frequent versus
rare TB contact was not significant in univariate analysis. Frequency of contact with TB
patients, gender, and age in years were included in multivariate logistic regression
analysis of risk for TST conversion (table 12). Health care facility type (TB versus nonTB) was not included in the multivariate analysis, because the OR was infinity. In
multivariate analysis only female gender was statistically significant and was associated
with decreased risk of TST conversion (OR 0.05, 95% CI 0.01-0.43) (table 12).
In univariate analysis QFT conversion was associated not found to be associated
with frequency of TB contact, gender, age, or TB vs. non-TB facility in Cox regression
or logistic regression (table 11). Frequency of contact with TB patients and gender were
not associated with QFT conversion in multivariate logistic regression analysis (model
including these covariates) (table 12). Only age in years (OR 1.07, 95% CI 1.01-1.13)
was associated with increased risk of QFT conversion in multivariate logistic regression
analysis. Healthcare facility (TB or non-TB) was not associated with risk for QFT
conversion (Fisher’s exact two-sided p-value= 0.43). An additional multivariate logistic
regression model was run, including TB vs. non-TB facility type, along with the other
covariates above, and the OR for TB facility type was not statistically significant.
In univariate Cox regression and logistic regression analysis of conversion of
either QFT or TST test among those who had negative TST and QFT at baseline,
frequency of contact with TB patients, age in years, gender, and TB facility type were not
statistically significant (data not shown). The univariate OR for TB facility type (TB vs.
non-TB) was 8.67 (0.97-77.10). A multivariate logistic regression model with the

outcome of conversion of either test (QFT or TST), including frequency of TB contact,
gender, and age was run. Only female gender was found to be significant, and it was
negatively associated with risk of TB conversion (OR 0.07, 95% CI 0.01-0.63) (table 12).
An additional multivariate logistic regression model was run, including covariates above,
along with TB facility type, and the OR for TB facility type was not statistically
significant (OR 8.79, 95% CI 0.47-165.49).

Discussion
We found a high prevalence of LTBI among Georgian healthcare workers in both
TB (55% QFT positive and 69% TST positive) and non-TB healthcare facilities (31%
QFT positive and 54% TST positive). HCWs from TB facilities had higher QFT and TST
positivity rates at baseline than those from non-TB facilities (respective p-values of
<0.001 and 0.01). In multivariate analysis, frequent contact with TB patients was
associated with increased risk of a positive QFT (OR 3.04, 95% CI 1.79-5.14) but not
with positive TST (OR 1.29, 95% CI 0.76-2.18). Age in years was associated with
increased risk of positive QFT (OR 1.05 per year, 95% CI 1.01-1.09) and TST (OR 1.05,
95% CI 1.01-1.10). High rates of HCW conversion were seen (QFT conversion rate:
22.8/100 person-years and TST conversion rate: 17.1/100 person-years). TST conversion
was associated with working in a TB facility (p=0.04), whereas QFT conversion was not
(p=0.43). In multivariate analysis, female gender was associated with decreased risk of
TST conversion (OR 0.05, 95% CI 0.01-0.43) and age in years was associated with
increased risk of QFT conversion (1.07, 95% CI 1.01-1.13).

Our study provides valuable data on the rates of LTBI prevalence and LTBI test
conversions in the country of Georgia. Prior to this study, there was no data on LTBI
prevalence in HCWs from non-TB facilities in Georgia and no data on LTBI test
conversions among HCWs from any healthcare facilities (TB and non-TB) in Georgia.
Our study used a novel approach in comparing the measure of association between
frequency of contact with TB patients and the outcome of positive QFT and TST tests.
Additionally, our study performed a unique analysis of the risk factors for discordantly
positive QFT and TST tests—an analysis that we have not seen before in the literature.
Furthermore, our study is novel in that it assessed the relationship between frequency of
contact with TB patients and LTBI test conversions. To our knowledge, there has only
been one published study of serial testing of HCWs using IGRAs in a high burden TB
country, and this study did not evaluate the relationship between degree of TB exposure
and LTBI test conversion (9).
Our results are consistent with a previous cross-sectional study of HCWs at the
National TB Program in Georgia that found 67% HCWs had a positive TST and 60% had
a positive QFT test (11). There are no prior data regarding LTBI rates in the country of
Georgia for HCWs who work in non-TB facilities. Additionally, the prevalence of LTBI
in the general population of Georgia is not known. The only available data of LTBI
among non-HCWs in Georgia is from a study using TST among internally displaced
persons (IDPs) that found a prevalence of 48% among 988 (IDPs) (43). The prevalence
of LTBI by QFT in HCWs from non-TB facilities (31%) was similar to the prevalence of
LTBI by QFT among Russian primary health care providers (26%) (44).

Three cross-sectional studies have evaluated IGRA performance in high-burden
TB countries: India (33), Russia (44), and Vietnam(45). TST and QFT positivity rates
were high in HCWs (40-66%). The Russian study did not perform TST. IGRA positivity
was slightly lower than TST positivity in the Indian study and was significantly lower in
the Vietnamese study. The Vietnamese study reported BCG vaccination rate of 37%,
compared to the Indian study, which reported 71% BCG vaccination. In a systematic
review by Zwerling et al., among 25 cross-sectional studies from low and intermediate
incidence TB countries that compared TST to IGRA, all but one reported lower
prevalence of positive IGRA than positive TST (8). Concordance between TST and
IGRAs had a wide range with κ values from 0.05 in Denmark (using a 12 mm TST cut
off, among HCWs with 76% BCG vaccination rate)(46) to 0.56 in Spain (using 5 mm
TST cut off for HCWs with no history of BCG vaccine and cut off of 15 mm for BCGvaccinated HCWs, among HCWs with 35% BCG vaccination rate) (47).
In our study population, 89% of HCWs reported BCG vaccination. Concordance
between the two tests was fair (κ=0.42, 95% CI 0.31-0.52). Concordance increased when
tests were compared for only non-BCG vaccinated HCWs (κ=0.70, 95% CI 0.44-0.97).
Among BCG vaccinated HCWs, 22% had positive TST/negative QFT results, whereas
among non-BCG vaccinated HCWs, 11% had positive TST/negative QFT results. This
decrease in positive TST/negative QFT results is partially explained by BCG vaccine,
which may cause a positive TST result, but will not affect the QFT tests. However, the
remaining 11% of discordant positive TST/negative QFT results among non-BCG
vaccinated individuals could be due to other another cause of a false positive TST, such

as non-tuberculous mycobacteria exposure, or they could be the result of a more sensitive
TST test.
In multivariate analysis, frequent contact with TB patients (contact ≥ twice per
month) was associated with at least one LTBI test being positive (OR 1.77, 95% CI 1.033.05). Frequent contact with TB patients was not found to be significantly associated with
a positive TST; however, it was associated with positive QFT (OR 3.04, 95% CI 1.795.14). This association was not seen on multivariate analysis from the study in 2006 of
Georgian HCWs (11). However, all of the HCWs in that study worked in TB facilities,
and 81% had daily contact with TB patients. There may have not been enough HCWs
with limited contact with TB patients to detect a difference in LTBI rates between HCWs
with frequent and rare contact. Other studies have found positive association between
occupational TB exposure and IGRA positivity rates (8). Of three cross-sectional studies
of IGRAs and TST conducted in high-incidence settings (33, 44, 45), only one study
from India evaluated the association between occupational risk factors for both TST and
IGRA (33). This study found a stronger, but non-significant, association between
occupational risk factors and IGRA positivity than for TST positivity (33). A study of
HCWs in Russia did not perform TST, but did find that there was a gradient of LTBI by
QFT, proportional to exposure in medical students (10% QFT positive), primary health
care providers (26%), and TB physicians (55%), respectively (44). In the systematic
review by Zwerling et al., among 22 cross-sectional studies of HCWs in low and
moderate incidence TB countries, TST, QFT, and TSPOT.TB correlated well with
established indicators of occupational risk of TB exposure, although no test was
consistently more often associated with these indicators of exposure (8).

The stronger association with frequent contact with TB patients (higher TB
exposure risk) and QFT positivity than TST positivity that was observed in our study is
difficult to interpret without a gold standard for LTBI diagnosis. In our multivariate
analysis of discordantly positive tests (QFT positive/TST negative versus QFT
negative/TST positive) controlling for age, gender, years in healthcare, and BCG vaccine,
we did see a statistically significant association with frequent TB exposure and QFT
positive/TST negative tests versus QFT negative/TST positive tests. This finding
suggests that among those with discordant test results, the QFT test has a stronger
association with occupational TB exposure. This could indicate that the QFT is more a
sensitive test for LTBI among HCWs than TST. However, the positive TST and negative
QFT result combination could also be due to non-tuberculous mycobacteria exposure, a
cause of positive TST for which we did not test. In a recent study by Mancuso et al., TST
positive, IGRA negative discordance was strongly associated with Battey skin test
results, a test for reactivity to Mycobacterium intracellulare (48). However, BCG
vaccination history and positive Battey skin test results, did not explain most of the
discordance encountered for TST positive, IGRA negative results (48).
Age in years was a significantly associated with both TST (OR 1.05) and QFT
(OR 1.05) positivity on multivariate analysis. Our findings are consistent with other
reports that increasing age is a risk factor for LTBI (2, 11). The biological explanation is
that with increased age, there has been increased cumulative chance for exposure to
tuberculosis to occur.
The most striking findings of our study were the high rates of LTBI test
conversion representing recent infection with M. tuberculosis among HCWs. In our

study the TST conversion rate was 22.8/100 person-years, 17.1/100 person-years for
QFT, and 26.9/100 person-years for either test conversion among those who had both
negative TST and QFT results at baseline. To put these rates into perspective, a study of
HCWs in India found TST conversion rates of 2.7/100 person-years and QFT conversion
rates of 7.7/100 person-years (9). A study of Malaysian healthcare workers found QFT
conversion rates of 9.9/100 person-years (25). Of note, these other studies were of HCWs
from hospitals not specializing in TB care, whereas in our study, 60% of HCWs worked
in facilities specializing in TB care. Nonetheless, our findings support the need for
strengthening of TB infection control measures in Georgian healthcare facilities,
particularly those specializing in TB care.
To our knowledge, there has only been one published study of serial testing of
HCWs using IGRAs in a high burden TB country, and this study did not evaluate the
relationship between degree of TB exposure and LTBI test conversion (9). A study from
Japan of serial testing of HCWs with QFT found that HCWs who worked in a TB ward
were 20 times more likely to experience QFT conversion than those who did not work in
a TB ward. This study did not perform serial TST tests, so no comparison could be made
with TST conversions (21). We did not observe an association with TB exposure
frequency by our questionnaire and the outcome of TST or QFT test conversion. This
may have been a result of our small sample size for serial testing: only 48 HCWs were
TST negative on baseline testing and only 77 were negative on baseline QFT testing.
However, we did observe that all of the 11 TST conversions occurred in TB health care
facilities, and TST conversion was associated with working in a TB facility (p=0.04),
which indicates that the HCWs who experienced TST conversion did have higher TB

exposure than those who did not convert. Eighteen of the 23 QFT conversions occurred
in non-TB health care facilities; however healthcare facility type (TB vs non-TB) was not
associated with the outcome of QFT conversion on either univariate or multivariate
analysis. The higher rate of QFT conversions could mean that the QFT has a higher
sensitivity for detecting LTBI than TST, or it could mean that the QFT has less
specificity (is picking up more false positives). We found a higher proportion of TST
conversion (100%) among HCWs working at healthcare facilities specializing in TB care,
compared to 78% of QFT conversions occurring in HCWs working in TB healthcare
facilities. Since Georgia is a high-burden TB country, it is certainly possible that HCWs
could have been exposed to active cases of tuberculosis in the community, although none
reported known TB contacts.
Our study had several limitations. We had a relatively small sample size of
susceptible HCWs who were at risk for LTBI test conversions. This is in part because of
the high prevalence of LTBI at baseline among Georgian HCWs. HCWs were enrolled
based on convenience sampling, which may introduce selection bias and volunteer bias
into the study. Not all of the HCWs enrolled in the study had repeated LTBI tests
performed, which could have introduced bias with respect to conversion rates and risk
factors. Finally, repeat testing occurred at different time intervals.
Our study provides valuable data regarding serial IGRA testing of HCWs,
particularly in a high-burden TB country. Furthermore, we have performed a unique
analysis comparing the frequency of contact with TB patients on the outcome of positive
TST and QFT tests, which adds unique data to the literature on the performance of IGRA
testing for healthcare workers. We observed extremely high TST and QFT conversion

rates, particularly in TB facilities. Our study highlights the need for TB infection control
measures in the country of Georgia, particularly for healthcare facilities specializing in
tuberculosis care.
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Figures:
Figure 1a: Causal depicting potential association between frequent contact with TB
patients at work and outcome of positive QFT.
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Figure 1b: Causal depicting potential association between frequent contact with TB
patients at work and outcome of positive TST.
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Figure 2: Enrollment and follow-up of participants

Figure 3: QFT conversions, QFT reversions, and TST conversions

Baseline QFT negative/TST negative (n=39)
2nd test: QFT negative/TST positive (n=5)
2nd test: QFT positive/TST positive (n=2)
2nd test: QFT positive/TST negative (n=7)
2nd test: QFT negative/TST negative (n=25)
Baseline QFT negative/TST positive (n=38)
2nd test: QFT negative/TST positive (n=24)
2nd test: QFT positive/TST positive (n=14)
Baseline QFT positive/ TST negative (n=9)
2nd test: QFT negative/TST negative (n=1)
2nd test: QFT negative/TST positive (n=1)
2nd test: QFT positive/TST positive (n=3)
2nd test: QFT positive/TST negative (n=4)
Baseline QFT positive/TST positive (n=68)
2nd test: QFT negative/TST positive (n=10)
2nd test: QFT positive/TST positive (n=58)

Table 1: Demographic information for healthcare workers (n=319)
Characteristic
Age, years ( median= 41, mean = 40.9, SD = 11.5)
18-29
30-39
40-49
≥50
Gender
Female
Male
Georgian ethnicity
Location
Tbilisi
Other
Positive BCG vaccination history*
BCG scar present
Healthcare facility
TB inpatient facility
TB outpatient facility
Non-TB health facility
Medical school
Other
Years in healthcare (median 15.0, mean 17.0, SD 12.6)
0-4
5-14
15-24
>25
Occupation
Administrative staff
Medical students
Nurses
Physicians
Other
Education
Graduate school
Undergraduate
Secondary school or less
TB exposure frequency
Daily
Frequent (< 5 days/week and ≥ twice a month)
Rare ( ≤ once a month and ≥ once a quarter)
Very rare ( < once a quarter)
Positive history of TB contact in home

n (%)
64 (20 %)
83 (26 %)
98 (31 %)
74 (23 %)
259 (81 %)
60 (19 %)
305 (96 %)
274 (86 %)
45 (14 %)
285 (89 %)
242 (76 %)
122 (38 %)
72 (23 %)
70 (22 %)
11 (3 %)
44 (14 %)
70 (22 %)
83 (26 %)
72 (23 %)
94 (29 %)
94 (29 %)
14 (4 %)
50 (16 %)
114 (36 %)
47 (15 %)
230 (72 %)
68 (21%)
21 (4 %)
102 (32%)
56 (17 %)
60 (19 %)
101 (32 %)
20 (6 %)

*Unknown BCG vaccine history is classified as negative BCG vaccine history

Table 2: Concordance of baseline tuberculin skin test (TST) and QuantiFERON-TB
Gold-In Tube (QFT) (n=260)
TST/QFT Results
Negative/negative
Positive/positive
Positive/negative
Negative/positive
Agreement, %
Kappa statistic (κ) (95% CI)
κ > 0.75 excellent agreement
κ 0.4–0.75 fair to good agreement
κ < 0.4 poor agreement

n (%)
93 (36%)
90 (35%)
55 (21%)
22 (8%)
70.4%
0.42 (0.31-0.52)

Table 3a: Concordance of baseline tuberculin skin test (TST) and QuantiFERON-TB
Gold-In Tube (QFT) among those with positive BCG vaccine history (n=233)
TST/QFT Result
Negative/negative
Positive/positive
Positive/negative
Negative/positive
Agreement, %
Kappa statistic (95% CI)

80 (34%)
80 (34%)
52 (22%)
21 (9%)
68.7%
0.38 (0.27-0.50)

Table 3b: Concordance of baseline tuberculin skin test (TST) and QuantiFERON-TB
Gold-In Tube (QFT) among those with negative BCG vaccine history (n=27)
TST/QFT Result
Negative/negative
Positive/positive
Positive/negative
Negative/positive
Agreement, %
Kappa statistic (95% CI)
κ > 0.75 excellent agreement
κ 0.4–0.75 fair to good agreement
κ < 0.4 poor agreement

13 (48%)
10 (37%)
3 (11%)
1 (4%)
85.0%
0.70 (0.44-0.97)

Table 4: Risk factors for a positive diagnostic test for latent tuberulosis infection (LTBI)
among Georgian healthcare workers (n=285)

Variable
TB exposure frequency
Very rare
Rare
Frequent
Daily
TB exposure frequency
Very rare/rare
Daily/frequent
Age, years
≤30
>30
Gender
Male
Female
BCG vaccine history
Negative
Positive
Healthcare facility
Non-TB facility
TB inpatient facility
TB outpatient facility
Medical school
Other
Years in health care
≤ 15
>15
Occupation
Administrative staff
Medical students
Nurses
Physicians
Other
Education
Graduate school
Undergraduate
≤ Secondary school
TB contact in home
No
Yes

Positive TST or
QFT (n=191)
n (%)

Negative TST
and QFT (n=94)
n (%)

Chisquare

pvalue

56 (29 %)
33 (17 %)
35 (18 %)
67 (35 %)

39 (41 %)
21 (22 %)
15 (16 %)
19 (20 %)

8.46

0.037

89 (47 %)
102 (53 %)

60 (64 %)
34 (36 %)

7.50

0.006

29 (15 %)
162 (85 %)

32 (34 %)
62 (66 %)

13.3

0.003

34 (18 %)
157 (82 %)

21 (22 %)
73 (78 %)

0.834

0.361

18 (9 %)
173 (91 %)

13 (14 %)
81 (86 %)

1.26

0.261

42 (22 %)
85 (44 %)
40 (21 %)
3 (2 %)
21 (11 %)

22 (23 %)
29 (31 %)
17 (18 %)
6 (6 %)
20 (21 %)

12.50

0.014

96 (50 %)
95 (50 %)

59 (63 %)
35 (37 %)

3.97

0.046

56 (29 %)
5 (3 %)
37 (19 %)
64 (34 %)
29 (15 %)

31 (33 %)
7 (7 %)
8 (9 %)
33 (35 %)
15 (16 %)

8.54

0.074

127 (67 %)
48 (25 %)
16 (8 %)

75 (80 %)
14 (15 %)
5 (5 %)

5.41

0.067

178 (93 %)
13 (7 %)

88 (94 %)
6 (6 %)

0.02

0.893

TST= Tuberculin skin test
QFT=QuantiFERON-TB Gold In-tube assay

Table 5: Univariate Analysis for Risk Factors for a Positive Test for latent tuberculosis
infection (LTBI) among Georgian Healthcare Workers (n=285)
Variable
TB exposure frequency
Very rare
Rare
Frequent
Daily
TB exposure frequency,
dichotomized
Rare
Frequent
Age in years, continuous
Gender
Male
Female
BCG vaccine history
Negative
Positive
Healthcare facility
Non-TB health facility
TB inpatient facility
TB outpatient facility
Medical school
Other
Years in health care,
continuous
Occupation
Administrative staff
Medical students
Nurses
Physicians
Other
Education
Graduate school
Undergraduate
Secondary school or less
History of TB contact in
home
No
Yes

Odds Ratio (95%
confidence interval
1.00
1.09 (0.55-2.17)
1.63 (0.78-3.37)
2.46 (1.28-4.72)

1.00
2.02 (1.27-3.36)
1.03 (1.01-1.06)
1.00
1.33 (0.72-2.45)
1.00
1.54 (0.72-3.30)
1.00
1.53 (0.79-2.99)
1.23 (0.57-2.65)
0.26 (0.06-1.15)
0.55 (0.25-1.23)
1.02 (1.00-1.04)
1.00
0.40 (0.12-1.35)
2.56 (1.06-6.18)
1.07 (0.59-1.97)
1.07 (0.50-2.29)
1.00
2.03 (1.05-3.92)
1.89 (0.67-5.39)

1.00
1.07 (0.39-2.91)

Table 6a: Association between occupation and education

Administrative/technical
Medical students
Nurses
Physicians
Other
Chi-square p <0.0001

Graduate
education
65
12
4
97
24

Undergraduate
Education
9
0
41
0
8

High school or
less
13
0
0
0
12

Table 6b: Association between frequency of TB contact and healthcare facility
Medical
School
0

Frequent
contact
Rare
9
contact
Chi-square p <0.0001

Non-TB
facility
0

Other

TB Inpatient

TB Outpatient

5

77

54

64

36

37

3

Table 6c: Association between frequency of TB contact and occupation
Administrative/
technical
31

Frequent
contact
Rare
56
contact
Chi-square p=0.0002

Medical
Students
1

Nurses

Physicians

Other

31

25

18

11

14

19

49

Table 7: Stratified Analysis: Assessing for interaction and controlling for confounding for
covariates on the relationship between primary exposure (frequency of contact with TB
patients) and outcome (positive test for LTBI)
Stratum Specific ORs
Control variable

Crude
OR*

OR1** (95% CI)

OR0†
(95% CI)

Adjusted
ORMH ‡
(95% CI)

p-value
Breslow
-Day
test

Gender (F vs. M)

2.02
(1.223.36)

1.86 (1.05-3.29)

2.86
(0.928.89)

2.03
(1.223.37)

0.51

Age (>30 vs. ≤30)

2.02
(1.223.36)

2.07 (1.13-3.77)

1.55
(0.554.36)

1.93
(1.153.23)

0.64

Years in healthcare
(>15 vs. ≤15)

2.02
(1.223.36)

2.52 (1.13-5.66)

1.68
(0.873.26)

1.98
(1.193.30)

0.44

BCG vaccine history
(positive vs. negative)

2.02
(1.223.36)

1.70 (0.99-2.9)

8.64
(1.4551.0)

1.99
(1.203.30)

0.08

Occupation
Med Student vs. Admin
Nurse vs. Admin
Physician vs. Admin
Other vs. Admin

2.02
(1.223.36)

---zero cell-0.69 (0.12-3.96)
1.86 (0.79-4.36)
2.85 (0.79-10.31)

1.58
(0.614.06)

1.78
(1.043.00)

0.62

* OR for frequent vs rare contact on outcome of positive LTBI test
**OR for frequent vs rare contact on outcome of positive LTBI test where control variable=1
† OR for frequent vs rare contact on outcome of positive LTBI test where control variable=0
‡ Mantel Haenszel Odds Ratio
Gender: female=1, male=0
Age >30=1, Age ≤30=0
Years in healthcare >15=1, years in healthcare ≤15=0
BCG vaccine history: positive=1, negative=0
Occupation: Admin=Administrative/technical staff (reference group)

Table 8: Odds ratios with 95% confidence intervals (CI) for multivariate logistic
regression models with the outcomes of either diagnostic test positive, positive TST, and
positive QFT

Either test (TST or
QFT) positive
Adjusted OR
(95% CI)
1.77 (1.03-3.05)

Positive TST

Positive QFT

Adjusted OR
(95% CI)
1.29 (0.76-2.18)

Adjusted OR
(95% CI)
3.04 (1.79-5.14)

Gender (F vs. M)

1.16 (0.54-2.49)

1.11 (0.53-2.35)

0.55 (0.25-1.20)

Age in years

1.05 (1.01-1.09)

1.05 (1.01-1.10)

1.05 (1.01-1.09)

Years in healthcare
(continuous, in years)

0.99 (0.95-1.03)

0.99 (0.95-1.03)

0.99 (0.96-1.04)

BCG vaccine history
(positive vs. negative)

1.34 (0.59-3.06)

1.16 (0.51-2.63)

0.84 (0.36-1.94)

Occupation
Med Stud vs. Admin
Nurse vs. Admin
Physician vs. Admin
Other vs. Admin

0.65 (0.17-2.40)
1.97 (0.72-5.39)
0.67 (0.30-1.52)
0.67 (0.27-1.63)

0.58 (0.15-2.23)
2.77 (1.01-7.55)
0.42 (0.19-0.95)
0.67 (0.27-1.64)

1.25 (0.28-5.57)
1.75 (0.70-4.32)
0.60 (0.24-1.52)
0.80 (0.35-1.82)

Variable
Frequent vs. rare
contact with TB
patients

TST= Tuberculin skin test
QFT=QuantiFERON-TB Gold In-tube assay
Frequent =1 is contact with TB patients ≥ twice per month
Frequent=0 (rare) is contact with TB patients < twice per month
Gender: female=1, male=0
BCG vaccine history: positive=1, negative=0
Occupation: Admin=Administrative/technical staff (reference group)

Table 9: Odds ratios with 95% confidence intervals (CI) for multivariate logistic
regression model with the outcome of QFT positive/TST negative (n=22) among HCWs with
discordant QFT and TST results (n=85)

Variable
Frequent vs rare contact with TB patients

Adjusted OR
(95% CI)
3.59 (1.23-10.42)

Gender (F vs M)

0.26 (0.05-1.33)

Age in years
Years in healthcare
(continuous)
BCG vaccine history
(positive vs negative)

0.96 (0.88-1.04)
1.07 (0.99-1.17)

TST= Tuberculin skin test
QFT=QuantiFERON-TB Gold In-tube assay

1.37 (0.13-14.44)

Frequent =1 is contact with TB patients ≥ twice per month
Frequent=0 (rare) is contact with TB patients < twice per month
Gender: female=1, male=0
BCG vaccine history: positive=1, negative=0

Table 10: Risk of tuberculin skin test (TST) conversion among Georgian health care
workers in univariate analysis.
Risk
Factor

Number
susceptible
for TST
conversion

TST
conversion
no. (%)

TST
conversion
rate/100
personyears

Univariate
Rate ratio
(95% CI)

p-value
for
Rate
ratio

Total

48

11 (22.9%)

17.1

---

---

Rare
contact
Frequent
Contact

19
29

3 (15.7%)
8 (27.6%

12.6
19.8

1.00
1.55 (0.415.86)

0.52

Male
Female

11
37

5 (45.5%)
6 (16.2%)

41.9
11.5

1.00
0.18 (0.050.59)

0.005

Age ≤ 30
Age >30

10
38

1 (10.0%)
10 (26.3%)

7.2
19.8

1.00
3.33 (0.4326.0)

0.25

Non-TB
TB facility

12
36

0
11 (30.6%)

0
23.4

*p =0.04

---

Frequent contact is contact with TB patients ≥ twice per month
Rare contact is contact with TB patients < twice per month
*Fisher’s exact two-sided p-value

Table 11: Risk for QuantiFERON-TB Gold In-tube assay (QFT) conversion among
Georgian health care workers in univariate analysis.
Risk Factor

Number
susceptible
for TST
conversion

QFT
conversion
no. (%)

QFT
conversion
rate/100 py

Univariate
Rate ratio
(95% CI)

pvalue

Total

77

23 (29.9%)

22.8

---

---

Rare contact
Frequent
contact

35
42

10 (28.6%)
13 (30.9%)

23.1
22.5

1.00
0.74 (0.321.73)

0.45

Male
Female

13
64

4 (30.8%)
19 (29.7%)

24.7
22.4

1.00
0.49 (0.161.55)

0.23

Age ≤30
Age >30

15
62

4 (26.7%)
19 (30.6%)

21.6
23.0

1.00
0.62 (0.201.9)

0.40

Non-TB
TB facility

22
55

5 (22.7%)
18 (32.7%)

17.7
24.7

1.00
1.05 (0.382.90)

0.92

Frequent contact is contact with TB patients ≥ twice per month
Rare contact is contact with TB patients < twice per month

Table 12: Multivariate analysis for latent tuberculosis infection (LTBI) diagnostic test
(QFT and TST) conversion
QFT
conversion
(regardless of TST)
(23/77)

TST
conversion
(regardless of QFT)
(11/48)

Convert either test
from
TST-/QFT(14/39)

Adjusted OR (95%
CI)

Adjusted OR (95%
CI)

Adjusted OR (95%
CI)

Frequent vs rare
contact with TB
patients

1.09 (0.38-3.13)

4.29 (0.63-29.06)

5.61 (0.90-34.8)

Gender (F vs M)

0.67 (0.17-2.68)

0.05 (0.01-0.43)

0.07(0.01-0.63)

Age in years

1.07 (1.01-1.13)

1.05 (0.96-1.14)

1.08 (0.99-1.16)

Frequent contact is contact with TB patients ≥ twice per month
Rare contact is contact with TB patients < twice per month

Appendix 1:

Logit P (QFT or TST=positive) = β0 + β1frequentcontact + β2age + β3bcg + β4gender +
β5yearshealthcare + β6occupation1 + β7occupation2 + β8occupation3 + β9occupation4

where :
frequentcontact =1 is contact with TB patients ≥ twice per month
frequent contact=0 is contact with TB patients < twice per month
age=age in years (continuous variable)
BCG vaccine history: positive=1, negative=0
Gender: female=1, male=0
Years in healthcare (continuous variable in years)
Occupation:Administrative/technical staff (reference group)
occupation1= medical student vs. administrative/technical staff
occupation2= nurse vs. administrative/technical staff
occupation3= physician vs. administrative/technical staff
occupation4= other vs. administrative/technical staff

