TBSCREENING

Time to Change How

We Test for TB?

Despite a worldwide decline in tuberculosis (TB) incidence,
health care workers remain on the front lines in terms of risk
for exposure and transmission. For 80 years, the tuberculin
skin test has been the go-to method for diagnosing

TB, but issues of efficiency, accuracy, and compliance

persist. Increased use of interferon-y release assays could
revolutionize how health care workers are screened and
improve infection control practices in health care settings.

Christopher O. Lockhart, PA-C, DFAAPA

in September 2014 that more than 850 infants

and 43 health care workers (HCW) at Provi-
dence Memorial Hospital may have been exposed
to tuberculosis (TB) by a nurse with active infection.
In collaboration with the CDC, the hospital admin-
istrators and local and state health officials advised
potentially exposed individuals and their families to
be screened for TB. According to press reports, five
infants tested positive for TB and were to be treat-
ed."* This news report highlights the importance of
maintaining infection control protocols in health
care facilities throughout the United States to reduce
the risk for TB transmission.

P ublic health officials in El Paso, Texas, reported

SCREENING HEALTH CARE WORKERS

In the US, reported cases of TB, a treatable and cur-
able disease, have declined since 1993. A total of
9,582 cases were reported in 2013, with 536 deaths
due to TB reported in 2011 (the most recent year for
which this data is available).?

Even though TB is on the decline worldwide,*
HCWs remain at increased risk for infection, con-
firming that TB is an occupational disease.’ It is im-
perative that health care facilities have effective in-
fection control plans in place, primarily to reduce the
risk for transmission of TB to HCWs.

This article reviews the available TB screening
tests, CDC recommendations, parameters for evalu-
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ating test performance, and recent studies that lend
support to the superiority of interferon-y (IFN-7) re-
lease assays (IGRAs) over tuberculin skin tests (TSTs)
as part of HCW screening and infection control for
TB. Primary care clinicians need to know about the
status of these tests not only because we are HCWs
ourselves, but because we are often responsible for
the safety of other HCWs in our workplaces.

TB SCREENING TESTS

Diagnosing latent tuberculosis infection (LTBI) is
key to overall control of the disease, since treatment
decreases risk for conversion to active disease. Un-
til recently, the diagnosis of LTBI relied on the TST,
despite its limitations (see discussion under “Accu-
racy”). Now, immune-based blood tests hold prom-
ise for improving LTBI diagnosis.

Tuberculin skin test
In 1934, Florence Seibert developed what is known
today as the purified protein derivative (PPD) test,
which was adopted as the standard in the USin 1941.%
For 60 years, the PPD TST was the only screening
method for Mycobacterium tuberculosis infection. It
involves the intradermal injection of PPD; a hyper-
sensitivity response leads to a cutaneous induration
at the injection site after 48 to 72 hours.” Hence, the
TST is a two-step test, requiring a follow-up visit for
the result to be read.

Although strongly predictive of TB, the TST may
result in false-positive test results in those previously
immunized with the Bacille Calmette-Guerin (BCG)
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TABLE

Comparison of the Tuberculin Skin Test, T-SPOT.TB Test, and

QuantiFERON-TB Gold In-Tube Test

Test Number | Sensitivity Specificity | Cross-reactivity Interpretation
of visits of results
needed

Tuberculin skin 2 High Limited due | Cross-reacts with Subjective

test (TST) Slightly less than | to cross- nontuberculous

T-SPOT.TB reactivity mycobacteria,
and QFT-GIT BCG vaccination

QuantiFERON- 1 High High None Objective

TB Gold In-Tube Slightly less than

(QFT-GIT) T-Spot.TB

T-SPOT.TB 1 High High None Objective

Includes a
borderline
category for
interpretation

Sources: Huebner et al. Clin Infect Dis. 19937; QuantiFERON-TB Gold [package insert]'>; T-SPOT.TB [package insert]'®; Mazurek et al. MMWR Recomm Rep. 2010.®

vaccine (a WHO-recommended childhood vaccina-
tion against TB, widely used outside the US),? and in
those exposed to certain nontuberculous mycobac-
teria such as M bovis and M africana.’ Test results
may also be false negative in immunocompromised
patients.®

Interferon-y release assays
With the goal of developing a more specific and sen-
sitive test for TB infection, IGRAs were developed in
the mid-1990s as a new tool to detect active and la-
tent TB infection.' The first IGRA test for TB received
FDA approval in 2001." There are currently two FDA-
approved IGRAs—QuantiFERON-TB Gold In-Tube
(QFT-GIT) and T-SPOTTB—in use.

QuantiFERON-TB Gold In-Tube test. The QFT-
GIT measures cell-mediated immune responses
to antigens that simulate mycobacterial proteins.
Requiring only one patient visit, whole blood is
collected in three different tubes (negative control,
TB antigen, and mitogen [positive] control), each
containing a single antigen.'? After 16 to 24 hours in
a temperature-controlled environment, the tubes
are centrifuged to separate the plasma. IFN-y lev-
els are measured in each tube to calculate the test
result.

T-SPOT.TB test. Using one blood sample, the
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T-SPOT.I'B test captures IFN-y produced by activated
T-cells in response to stimulation by two M tubercu-
losis antigens. Addition of a substrate produces dark
blue spots; the number of spots indicates the quan-
tity of M tuberculosis-sensitive effector T-cells in the
peripheral blood. A positive result is eight or more
spots; a negative result is fewer than four spots, and
a borderline result is five to seven spots.'® Unlike the
QFT-GIT, the T-SPOT.TB has a “borderline” interpre-
tation category.

See the Table for a comparison of the TST, QFT-
GIT, and T-SPOT.TB tests for TB screening.

CDC GUIDELINES
Subject to state and federal regulations and Occupa-
tional Safety and Health Administration (OSHA) di-
rectives, the CDC states that the goals of a TB infec-
tion control plan are
« Prompt detection of suspected or confirmed TB
infection
e Airborne precautions implemented to reduce
risk for TB transmission in areas in which expo-
sure can occur
e Treatment of persons with suspected or con-
firmed TB."
TB screening for HCWs has historically been
a challenge in that, for new hires, the CDC recom-
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TBSCREENING
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mends a baseline two-step process (meaning up to
four visits) when TST is used.’® This is because TST-
tested individuals may test false negative, even if
they have LTBI, if many years have passed since their
infection was acquired. As a result, guidelines for
baseline testing are that, if the initial TST is negative,
TST should be repeated one to three weeks later. If
the person is in fact infected with TB, the first TST
may stimulate the immune system’s ability to react
to the TB antigens and elicit a positive or “boosted”
response to the second test.
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The 2005 guidelines recommended screening
new-hire HCWs with either a baseline two-step TST
or with one blood assay for M tuberculosis. After the
introduction of the QFT-GIT and T-SPOT.TB tests, the
CDC included them in its updated 2010 guidelines
and indicated that either IGRAs or TSTs may be used
in HCW surveillance programs for occupational
exposure to M tuberculosis (see Figure).'>!® The al-
gorithm clearly illustrates how the use of IGRAs in
place of TSTs streamlines the process of HCW TB

screening.'’
continued on next page >>
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>> continued from previous page

» Recent Addition to TB Diagnostic
Armamentarium

On July 25, 2013, the FDA allowed marketing
of a new nucleic acid amplification assay
(NAA), the Xpert MTB/RIF Assay. This NAA
both detects suspected TB infection and
identifies rifampin-resistant strains.2° Rifampin
and isoniazid resistance often coincide; TB that
is resistant to both is considered multidrug
resistant (MDR). Rifampin resistance is rare in
the US (approximately 1.8% of cases), with
MDR even rarer; worldwide, however, about
3.5% of new TB cases in 2013 were MDR-TB.*

Since 2008, the CDC and the Association of
Public Health Laboratories have recommended
NAA testing as standard practice in the US

to aid in the initial diagnosis of patients with
suspected TB, emphasizing its use for triaging
public health interventions, such as contact
investigations and infection control decisions.?'
The Xpert MTB/RIF was reviewed through the
FDA's de novo classification process, used for
some low- to moderate-risk medical devices
that are not substantially equivalent to an
already legally marketed device.?°

EVALUATION OF TESTS

Given the stringent nature of the CDC’s TB infection
control goals, it is essential that health care facilities
use the most effective and efficient means for timely
and thorough screening of HCWs for TB. When eval-
uating the available tests, the following factors must
be considered: accuracy and reproducibility of test
results; impact on results when testing is repeated
frequently; interpretation of discordant test results;
and specificity, sensitivity, and identification of ap-
propriate test cutoff values so that a positive result
signifies a new TB infection (ie, conversion, a change
from a documented negative to positive test result
within a two-year period) rather than a false positive;
and costs.'®1?

Accuracy

Unlike TSTs, IGRAs do not produce false-positive re-
sults in individuals vaccinated with BCG or in those
infected with most nontuberculous mycobacteria.’!
Neither TSTs nor IGRAs, however, can distinguish
between active and latent TB infection.! If either
test is positive, a chest radiograph is indicated. If
the x-ray reveals abnormalities in the lungs, a spu-
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tum smear to detect acid-fast-bacilli (AFB), of which
M tuberculosis is one, is indicative of TB. Nuclear
acid amplification testing of a respiratory specimen
provides rapid laboratory confirmation (see “Recent
Addition to TB Diagnostic Armamentarium”>**),
but a positive culture for M tuberculosis confirms the
diagnosis.?

Specificity and sensitivity
Pai, Zwerling, and Menzies conducted a meta-anal-
ysis of 38 studies of TB testing. Most of the studies
were small and had limitations, such as the lack of a
gold standard test for the diagnosis of LTBI and vari-
able TST methods and cutoff values. Nevertheless,
the researchers were able to conclude that IGRAs are
significantly more specific than TST and are unaf-
fected by BCG vaccination. Although the sensitivity
of IGRAs and TST is inconsistent across test popula-
tions, T-SPOT.IB appears to have greater sensitivity
than QFT-GIT or TST. 2

Further, TST is subject to variability in administra-
tion and interpretation, and cut points for TST posi-
tivity vary internationally.’ In contrast, the T-SPOT.
TB test specifies a borderline result zone. According
to the CDC, this increases test accuracy by classify-
ing results near the cut point, making a subsequent
test conversion from negative to positive more likely
to represent newly acquired infection.'®

On the other hand, some studies of IGRAs have
found unexpectedly high rates of initial positive re-
sults and conversions among HCWs in low-risk set-
tings that are later determined to be false positives.*
However, as noted previously, TSTs are also subject
to false-positive results. In addition, the definition
of an IGRA conversion is less stringent than the TST
conversion definition, which may result in more
IGRA conversions.'®

Discordant results

Zwerling et al conducted a systematic review of all
studies in which IGRAs were used for HCW screen-
ing to summarize their performance in cross-sec-
tional and serial testing settings. The prevalence
of positive IGRAs was found to be lower than that
of positive TSTs. This difference was significant in
low- and moderate-TB incidence settings but not in
high-incidence settings. A positive association was
reported between positive IGRA test results and oc-
cupational risk factors, including work in high-risk
wards, TB clinics, and geriatric care, as well as length

of employment.'8
continued on page 44 >>
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>> continued from page 42

According to Mancuso et al, discordance of re-
sults between the TST and IGRAs in populations
with low LTBI prevalence suggests that most positive
test results are in fact false positives in these popu-
lations.?® Although IGRAs were designed to increase
specificity, the authors found that IGRA specificity
was no better than the specificity of TST. Without a
gold standard for detecting M tuberculosis infection,
assessing the true significance of discordance be-
tween TST and IGRAs is difficult. Further research
is needed to determine the significance of test dis-
cordance, to obtain data on progression to active TB,
and to better define appropriate cut points for inter-
preting IGRA results.”

Costs

The primary impediment to the widespread use of
IGRAs has been cost, which is approximately three
times that of a TST.*

Eralp et al studied the cost-effectiveness of IGRAs
versus TST for screening for active LTBI in HCWs by
using healthy life-years gained—defined as the num-
ber of TB cases avoided, yielding an increase in life
expectancy—as the benefit metric rather than qual-
ity-adjusted life-years. Because testing is completed
with a single visit, use of IGRAs increases compli-
ance while minimizing resources needed for a sec-
ond visit and eliminating loss to follow-up. Also no-
table is that IGRA testing takes place in a laboratory,
where costs can be held in check with focused exper-
tise and optimized staffing structures. The authors
concluded that incremental IGRA costs per healthy
life-year gained were justified."®

Until publication of the SWITCH (Screening
health care Workers with IGRA vs. TST: impact on
Costs and adHerence to testing) study in 2012, cost-
effectiveness studies had shown inconsistent results.
This study, conducted by The Johns Hopkins Uni-
versity (JHU) employee health department, was the
first of its kind in the US to systematically analyze
test performance and labor costs for TB screening
of HCWs. The results showed that the time required
to administer a TST is one of the costliest elements.
For a sizeable institution such as JHU, TST screen-
ing cost more than $1.3 million annually, equivalent
to approximately $73 per person; in contrast, IGRA
screening amounted to less than $55 per person.?

Further research

The association between IGRA test conversion in
HCWs and the risk for active TB disease has not been
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demonstrated.'® However, this is also true of TSTs?*”
and further research is needed in this area. Research
is also needed to determine the significance of TSA-
IGRA results discordance and to better define cut
points for IGRA interpretation.?® In addition, more
study of factors related to serial (periodic or ongo-
ing) TB testing—which are very important within
the context of HCW screening—is needed. As an
example, serial TB testing may reveal trends in test
conversions and can identify areas of concern within
a health care facility. Unfortunately, current CDC
recommendations do not provide specific guidelines
for serial IGRA testing, such as guidance for accurate
interpretation of IGRA results within a serial testing
context.'® These areas should be addressed in future
CDC updates.

CONCLUSION

Occupational health professionals are continuously
evaluating how to improve surveillance programs
and reduce HCWs’ time away from work. Within this
context, four advantages IGRAs offer include

e Elimination of a two-step TST for new hires
(which requires up to four separate visits)

« No false-positive results caused by previous BCG
vaccination or exposure to most nontuberculous
mycobacteria

o Significantly improved HCW compliance be-
cause screening requires only one visit

« Cost effectiveness.

From an occupational health perspective, these

are significant advantages that support the use of
IGRAs to screen HCW for TB. CR
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