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The material in this report originated in the National Center for Infectious
Diseases, James M. Hughes, M.D., Director; Division of AIDS, STD,
and TB Laboratory Research, Jonathan E. Kaplan, M.D., Acting Director.

Introduction
Obtaining accurate and reliable measures of CD4+ T lym-

phocytes (CD4+ T cells) is essential to assessing the immune
system and managing the health care of persons infected with
human immunodeficiency virus (HIV) (1–4). The pathogen-
esis of acquired immunodeficiency syndrome (AIDS) is largely
attributable to the decrease in the number of T cells that bear
the CD4 receptor (5–9). Progressive depletion of CD4+ T cells
is associated with an increased likelihood of severe HIV dis-
ease and an unfavorable prognosis (10–13). Accordingly, the
U.S. Public Health Service (PHS) has recommended that
CD4+ T-cell levels be monitored every 3–6 months in all HIV-
infected persons (14). Measurement of CD4+ T-cell levels has
been used to establish decision points for initiating prophy-
laxis for Pneumocystis carinii pneumonia and other opportu-
nistic infections and for initiating and monitoring antiretroviral
therapy (15–20). CD4+ T-cell levels are also a criterion for
categorizing HIV-related clinical conditions according to

CDC’s classification system for HIV infection and surveil-
lance case definition of AIDS among adults and adolescents
(21).

Single-platform technology (SPT) is designed to enable de-
terminations of both absolute and percentage lymphocyte sub-
set values using a single tube. Until recently, most absolute
T-cell numbers were derived from three measurements deter-
mined with two different instruments, a hematology analyzer
and a flow cytometer (dual-platform technology [DPT]).
Hence, the CD4+ T-cell number is the product of three labo-
ratory measurements: the white blood cell count, the percent-
age of white blood cells that are lymphocytes (differential),
and the percentage of lymphocytes that are CD4+ T cells (de-
termined by flow cytometry). In 1997, CDC published guide-
lines addressing concerns related to DPT (22); those guidelines
remain appropriate for laboratories performing CD4+ T-cell
counts with this technology.

On November 14–15, 2001, a third national conference on
CD4+ immunophenotyping was held in Orlando, Florida, to
discuss scientific and technologic advances in the develop-
ment and production of reagents, instrumentation, and soft-
ware that have occurred since publication of the 1997
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Summary

These guidelines were developed by CDC for laboratorians who perform immunophenotyping for detection and enumeration of
CD4+ T-cells and other lymphocyte subsets in persons infected with human immunodeficiency virus (HIV). The guidelines
describe single-platform technology (SPT), a process in which absolute counts of lymphocyte subsets are measured from a single
tube by a single instrument. SPT incorporates internal calibrator beads of known quantity in the analysis of specimens by three-
or four-color flow cytometry. With CD45 gating, the relative numbers of beads and lymphocyte subsets are enumerated, and their
absolute numbers and percentage values are calculated. This report supplements previous recommendations published in 1997
(CDC. 1997 revised guidelines for performing CD4+ T-cell determinations in persons infected with human immunode-
ficiency virus [HIV]. MMWR 1997;46[No. RR-2]) that describe dual-platform technology, a method in which absolute
counts are derived from measurements obtained from two instruments—a flow cytometer and hematology analyzer. The new
recommendations address concerns specific to the implementation of SPT as well as other general topics such as laboratory safety
and specimen handling.
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guidelines. The conference was attended by representatives
from public health, private, and academic laboratories as well
as product manufacturers. These guidelines reflect a consen-
sus of that conference, reviewed by attendees, and specifically
related to the performance of SPT.

Development of new guidelines was driven by advances in
knowledge and experience with new approaches to enumerate
CD4+ T cells. First, a gating strategy for identifying lympho-
cytes using CD45 fluorescence and side-scattering character-
istics is now the preferred method for identifying lymphocytes
accurately and reproducibly. Second, three- or four-color flow
cytometry has been demonstrated to be superior to two-color
methods for measuring CD4+ and CD8+ T-cell counts (23).
Finally, the availability of Food and Drug Administration
(FDA)-approved commercial microfluorosphere counting re-
agents for SPT has resulted in decreased interlaboratory vari-
ability (24,25). Consequently, SPT is the preferred method in
an increasing number of laboratories (4).

Recommendations
I. Laboratory Safety

A. Use universal precautions with all specimens (26).
B. Adhere to the following safety practices (27–29):

1. Wear laboratory coats and gloves when process-
ing and analyzing specimens, including read-
ing specimens on the flow cytometer.

2. Never pipette by mouth. Use safety pipetting
devices.

3. Never recap needles. Dispose of needles and
syringes in puncture-proof containers designed
for this purpose.

4. Handle and manipulate specimens (e.g., aliquot,
add reagents, vortex, and aspirate) in a class I
or II biological safety cabinet.

5. Centrifuge specimens in safety carriers.
6. After working with specimens, remove gloves

and wash hands with soap and water.
7. For stream-in-air flow cytometers, follow the

manufacturer’s recommended procedures to
eliminate the operator’s exposure to any aero-
sols or droplets of sample material.

8. Disinfect flow cytometer wastes. Before adding
waste materials to the waste container, add a
sufficient volume of undiluted household bleach
(5% sodium hypochlorite) so that the final con-
centration of bleach will be 10% (0.5% sodium
hypochlorite) when the container is full (e.g.,
add 100 mL of undiluted bleach to an empty
1,000-mL container).

9. Disinfect the flow cytometer as recommended
by the manufacturer. One method is to flush
the flow cytometer fluidic chambers with a 10%
bleach solution for 5–10 minutes at the end of
the day and then flush with water or saline for
at least 10 minutes to remove excess bleach,
which is corrosive.

10. Disinfect spills with household bleach or an
appropriate dilution of mycobactericidal disin-
fectant. Note: Organic matter will reduce the
ability of bleach to disinfect infectious agents.
NCCLS recommendations regarding how to
disinfect specific areas should be followed (30).
For use on smooth, hard surfaces, a 1% solu-
tion of bleach is usually adequate for disinfec-
tion; for porous surfaces, a 10% solution is
needed (30).

11. Ensure that all samples have been properly fixed
after staining and lysing but before analysis.
Note: Some commercial reagents employ a
single-step, lyse and fix method that reduces the
infectious activity of cell-associated HIV by 3–
5 logs (31,32); however, these reagents have not
been evaluated for their effectiveness against
other agents (e.g., hepatitis virus). Cell-free HIV
can be inactivated with 1% paraformaldehyde
within 30 minutes (33–35).

II. Specimen Collection for Single-Platform Technology
A. Anticoagulant

1. Use tripotassium ethylenediamine tetraacetate
(K3EDTA, 1.5 ± 0.15 mg/mL blood) or hep-
arin (36–39), and perform the test within the
time frame allowed by the SPT manufacturer.
Because acid citrate dextrose is added as a liquid
to blood collection tubes, its use would make
calculating accurate final sample volume diffi-
cult and is not recommended. With this abso-
lute counting technology, use of an accurate
sample volume is critical.

2. Reject specimens that cannot be processed
within 72 hours.

B. Collect blood specimens by venipuncture (40) into
evacuated tubes containing K3EDTA anticoagulant,
completely expending the vacuum in the tubes.
1. Use pediatric tubes to obtain specimens from

children, and ensure that the tube is full.
2. Mix the blood well with the anticoagulant to

prevent clotting.
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C. Label all specimens with the date, time of collec-
tion, and a unique patient identifier. Ensure that
patient information and test results are accorded
confidentiality.

III. Specimen Transport
A. Maintain and transport specimens at room tempera-

ture (64°–72°F [18°–22°C]) (39,41–43). Specimens
should not be exposed to extreme temperatures that
could allow them to freeze or become too hot. Tem-
peratures >99°F (37°C) might cause cellular destruc-
tion and affect flow cytometry measurements (39).
In hot weather, pack the specimen in an insulated
container. If necessary, place this container inside
another containing an ice pack and absorbent ma-
terial. This method helps retain the specimen at
ambient temperature. The effect of cool tempera-
tures (i.e., <39°F [4°C]) on CD45 gate-based
immunophenotyping results is not clear (39,43).

B. Transport specimens to the immunophenotyping
laboratory as soon as possible.

C. For transport to locations outside the collection
facility, follow state or local guidelines. One method
for packaging such specimens is to place the tube
containing the specimen in a leakproof container
(e.g., a sealed plastic bag) and to pack this container
inside a cardboard canister containing sufficient
material to absorb all the contents should the tube
break or leak. Cap the canister tightly. Fasten the
request slip securely to the outside of this canister
with a rubber band. For mailing, this canister should
be placed inside another canister containing the
mailing label.

D. For interstate shipment, follow federal guidelines
for transporting diagnostic specimens (available at
http://www.cdc.gov/od/ohs/biosfty/shipregs.htm).
Note: Use overnight carriers with an established
record of consistent overnight delivery to ensure
arrival the following day. Check with these carriers
for their specific packaging requirements.

E. Obtain specific protocols and arrange appropriate
times of collection and transport from the facility
collecting the specimen.

IV. Specimen Integrity
A. Inspect the tube and its contents immediately upon

arrival.
B. Take corrective actions if any of the following occur:

1. If the specimen is hot or cold to the touch but
not obviously hemolyzed or frozen, process it

but note the temperature condition on the
worksheet and report form. Do not rapidly
warm or chill specimens to bring them to room
temperature because this may adversely affect
the immunophenotyping results (39). Abnor-
malities in light-scattering patterns may reveal
a compromised specimen.

2. If blood is hemolyzed or frozen, reject the speci-
men and request another.

3. If clots are visible, reject the specimen and re-
quest another.

4. If the specimen is received >72 hours after col-
lection, reject it and request another.

V. Specimen Processing
A. Perform the test within 48 hours (preferred), but

no later than 72 hours after drawing the blood speci-
men (44).

B. Place the samples on a gentle blood rocker for 5
minutes to ensure that the samples are uniformly
distributed.

C. Pipette blood volumes accurately and in a repro-
ducible manner. A reverse pipetting technique is
recommended (Box).

D. Vortex sample tubes to mix the blood and reagents
and break up cell aggregates. In addition, vortex
samples immediately after the lyse/fixation step and
before analysis to disperse cells optimally.

E. Incubate all tubes in the dark during the staining
procedure.

F. A lyse/no-wash method is required for SPT. Follow
directions provided by the manufacturer.

G. Immediately after processing the specimens, cap the
tubes and store all stained samples in the dark and
under refrigeration (39°–50°F [4°–10°C]) until flow
cytometric analysis. These specimens should not be
stored for longer than 24 hours unless the labora-
tory can demonstrate that scatter and fluorescence
patterns do not change for specimens for stored
longer periods.

VI. Monoclonal Antibody Panels
A. CD45 is required to aid in the identification of lym-

phocytes. Lymphocytes are brightly positive for
CD45 and have low light-scattering characteristics.

B. Monoclonal antibody panels must contain appro-
priate antibody combinations to enumerate CD4+

and CD8+ T-cells and to ensure the quality of the
results (Table 1).

http://www.cdc.gov/od/ohs/biosfty/shipregs.htm


4 MMWR January 31, 2003

BOX. Accurate pipetting technique

Use of SPT to obtain absolute CD4 counts requires accurate and
precise measurement of blood and beads. Reverse pipetting tech-
nique is recommended for dispensing these products.

Testing Pipetting Precision
The precision of pipetting should be evaluated periodically (e.g.,

monthly) to ensure the accuracy of results. Retain all records of
this evaluation procedure for quality assurance purposes.

• Using the reverse pipetting technique, pipette 10 replicates of
blood and record the weights. Select a volume normally used
in the performance of the assay.

• Using the reverse pipetting technique, pipette 10 replicates of
bead suspension and record the weights (this applies to meth-
ods in which the beads must be pipetted into the tubes).

• Calculate the mean, standard deviation, and coefficient of varia-
tion (CV). The CV for replicates should be <2% (Table 2).

Testing Pipetting Accuracy
The following procedure can be used to test the pipette and how

accurately it measures volume. Water is used because the weight of
1 µL of water is 1 µg.

• Using the reverse pipetting technique, pipette 10 replicates of
distilled water and record the weight. (100 µL of water should
weigh 0.1000 grams.) (Table 2)

• Calculate the mean, standard deviation, and CV. The CV must
be <2% (range: 0.098–0.102).

Procedures
The following information is consolidated from operational in-

struction manuals from several pipette manufacturers. Complete
information and more detailed instructions are contained in spe-
cific pipette instruction manuals; some of these are available online.
Read the manufacturer’s manual carefully before beginning the
pipetting procedure.

• Select the desired volume (with manual pipettes, higher vol-
umes should be set first; if adjusting from a lower to a higher
volume, first surpass the desired volume and then slowly de-
crease the volume until the required setting is reached).

• If applicable, select the desired mode (e.g., reverse pipette).
This is recommended for optimal precision and reproducibil-
ity.

• Reverse pipetting can be done with a manual pipette by press-
ing the control button slightly past the first stop when aspi-
rating, taking up more liquid than will be dispensed, then
pressing the control button only to the first stop when dispens-
ing. A small volume will remain in the tip after dispensing.

• Select an appropriate tip (usually color matches the color of
the control button).

Prerinsing

The following procedures will help ensure optimal precision and
accuracy.

• Volumes >10 µL: Prerinse pipette 2–3 times for each new tip
(this involves aspirating and dispensing liquid several times).
Reasons for prerinsing include the following:
— to compensate for system pressure, for slight differences in

temperature between pipette and liquid, and for proper-
ties of the liquid;

— to clear the thin film formed by the liquid on the inside of
the pipette. Without prerinsing, retention of a thin film
on the inside wall of the tip would cause the first volume
to be too small. The thickness and nature of this film, and
therefore the potential source of error, will vary depending
on the nature of the liquid being pipetted.

• Volumes <10 µL: Do not prerinse pipette, but rinse tip after
dispensing to ensure that the whole volume was dispensed.
For smaller volumes, prerinsing is not recommended because
the dispensed volume would be too great.

Filling

• Make sure tip is securely attached.
• Hold pipette upright.
• When aspirating, try to keep the tip at a constant depth below

the surface of the liquid.
• Glide control button slowly and smoothly (electronic pipettes

perform this step automatically).
• When pipetting viscous liquids (e.g., whole blood), leave the

tip in the liquid for 1–2 seconds after aspirating before with-
drawing it.

• After liquid is in the tip, never lay the pipette on its side.

Dispensing

• Hold the tip at an angle, against the inside wall of the vessel/
tube if possible.

• Glide control button slowly and smoothly (electronic pipettes
perform this step automatically).

Other Recommendations
• To ensure optimal performance, the temperature of the

pipetted solution and the pipette and tips should be the same
(volume errors may occur because of changes in air displace-
ment and viscosity of the liquid). Do not pipette liquids with
temperatures >70ºC.

• Volume errors may also occur with liquids that have a high
vapor pressure or a density/viscosity that differs greatly from
water. Water is most commonly used to calibrate pipettes and
to check inaccuracy and imprecision. A pipette could possibly
be recalibrated for liquids with densities that vary greatly from
that of water.

• Pipettes should be checked regularly for precision and accuracy.
• Regular maintenance (e.g., cleaning) should be performed

either by the user or a service technician according to
manufacturer’s instructions.
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1. CD4 T-cells are identified as being positive for
CD3 and CD4.

2. CD8 T-cells are identified as being positive for
CD3 and CD8.

C. Three-color monoclonal antibody panels
1. Three-color monoclonal antibody panels should

fulfill the following basic requirements: enumer-
ate CD4+ and CD8+ T-cells, validate the CD45
gate used, and provide some assessment of tube-
to-tube variability.

2. Three-color monoclonal antibody panels must
consist of at least two tubes, each with the same
lineage marker. For the examples described pre-
viously, CD3 is the common lineage marker in
each tube. Differences between replicate CD3
results should be <2%.

3. CD19+ B-cell values may be important in
assessing immune status of pediatric patients.

D. Four-color monoclonal antibody panels
1. Addition of CD45 to a single tube containing

CD3, CD4, and CD8 allows the identification
of lymphocytes based on CD45 and side scat-
ter and the enumeration of CD4+ and CD8+

T-lymphocytes.
2. CD19+ B-cell values may be essential for

assessing the immune status of pediatric patients.
3. Use of a second tube containing a natural killer

(NK) cell marker together with CD3 and CD19
can help to assess the recovery and purity of the
lymphocytes within the CD45/side-scatter gate.

VII. Negative and Positive Controls for Immuno-
phenotyping
Note: An isotype control is not needed.
A. Positive methodologic control

TABLE 1. Three- and four-color monoclonal antibody panels
Panel Monoclonal antibodies Notes

Three-color panel CD3/CD4/CD45* Gate using CD45 and side scatter;
measure CD3+/CD4+ T cells and CD3+ T cells

CD3/CD8/CD45* Gate using CD45 and side scatter;
measure CD3+/CD8+ T cells and CD3+ T cells

CD3/CD19/CD45† Gate using CD45 and side scatter;
measure CD3+ T cells and CD19+ B cells

Four-color panel CD45/CD3/CD4/CD8§ Gate using CD45 and side scatter;
measure CD3+/CD4+ T cells,
CD3+/CD8 T cells, and CD3+ T cells

CD45/CD3/CD19/CD16 Gate using CD45 and side scatter;
and/or CD56† measure CD19+ B cells, CD3+ T cells, and

CD3-/CD16 and/or CD56+ NK¶ cells
* Recommended three-color panels.
†
Recommended for specimens obtained from children.

§
Recommended four-color panel.

¶
Natural killer.

TABLE 2.  Evaluation of pipetting precision and accuracy
Accuracy Precision Precision

100 µL of water 100 µL of blood 100 µL of microbeads
Replicate no. (grams) (grams) (grams)

1 0.1036 0.1072 0.1056
2 0.1018 0.1071 0.1056
3 0.1020 0.1067 0.1055
4 0.1026 0.1069 0.1056
5 0.1008 0.1067 0.1052
6 0.1002 0.1060 0.1055
7 0.0989 0.1072 0.1056
8 0.1019 0.1090 0.1047
9 0.1009 0.1070 0.1050
10 0.1027 0.1066 0.1050
Mean 0.1015 0.1070 0.1053
Standard deviation 0.0014 0.0008 0.0003
% coefficient of variation 1.35 0.73 0.31
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1. Use the methodologic control to determine
whether procedures for preparing and process-
ing the specimens are optimal. Prepare this con-
trol each time specimens from patients are
prepared.

2. Use either a whole-blood specimen from a con-
trol donor or commercial materials validated
for this purpose.

3. If the methodologic control falls outside estab-
lished normal ranges, determine the reason.
Note: The purpose of the methodologic con-
trol is to detect problems in preparing and pro-
cessing the specimens. Biologic factors that
cause only the whole-blood methodologic con-
trol to fall outside normal ranges do not invali-
date the results from other specimens processed
at the same time. Poor lysis or poor labeling in
all specimens, including the methodologic con-
trol, invalidates results.

B. Positive control for evaluating reagents
1. Use the positive control to test the labeling ef-

ficiency of new lots of reagents or when the
labeling efficiency of the current lot is ques-
tioned. Prepare this control only when needed
(i.e., when reagents are in question) in parallel
with reagent lots of known acceptable perfor-
mance. Note: New reagents must demonstrate
similar results to those of known acceptable per-
formance.

2. Use a whole-blood specimen or other human
lymphocyte preparation (e.g., cryopreserved or
commercially obtained lyophilized lymphocytes
or stabilized whole blood).

VIII. Flow Cytometer Quality Control
A. Verify optical alignment daily. Usually, clinical flow

cytometers that are capable of three- and four-color
immunophenotyping have fixed optical systems, i.e.,
the relative position of the flow cell with respect to
the optical elements is fixed. In such systems, the
instrument operator cannot optimize alignment but
must verify that the instrument meets the
manufacturer’s specifications for optical alignment.
Regardless of whether the alignment is user adjust-
able, it should be checked with alignment standards,
such as wide-spectrum fluorescent micro-
fluorospheres with measurable light-scatter charac-
teristics. Daily monitoring of optical alignment
ensures that the cytometer gives acceptably bright
fluorescence measurements and that homogeneous

peaks are produced for all parameters to be used in
sample analysis (45).
1. Use a stable calibration material (e.g.,

microfluorospheres labeled with fluoro-
chromes) that has measurable and known for-
ward-scatter, side-scatter, and fluorescence
properties in each channel to be used for sample
analysis.

2. Verify acceptable optical alignment by estab-
lishing that calibration particles meet manufac-
turer- or laboratory-defined criteria for
brightness and homogeneity.

3. Align stream-in-air flow cytometers daily (at a
minimum) and stream-in-cuvette flow
cytometers (most clinical flow cytometers are
this type) as recommended by the manufacturer.

B. Standardize fluorescence and light-scatter signals
daily. This ensures that the flow cytometer is oper-
ating within manufacturer- or laboratory-defined
acceptance ranges under test-specific conditions each
day and that its performance is consistent from day
to day.
1. Select machine settings that are appropriate for

antibody/fluorochrome-labeled, whole-blood
specimens.

2. Use microfluorospheres or other stable stan-
dardization material to place the scatter and
fluorescence peaks in the same narrow range of
scatter and fluorescence channels each day.
Adjust the flow cytometer as needed.

3. Retain machine standardization settings for the
remaining quality control procedures (sensitiv-
ity and color compensation) and for reading
the specimens.

C. Determine fluorescence resolution daily. The flow
cytometer must differentiate between the dim peak
and autofluorescence in each fluorescence channel
(45).
1. Unstained and lysed fresh whole blood is suit-

able for adjusting the photomultiplier tube
(PMT) voltages. The autofluorescence from the
unstained lymphocytes should be completely
on scale (i.e., <5% of cells within the lympho-
cyte light-scatter gate fall in channel 0 in each
fluorescence scale) and should fall within the
lower left quadrant of the dot plot for every
PMT/detector in use.

2. Evaluate standardization/calibration material or
cells to verify that cells with low-level fluores-
cence can be resolved from autofluorescence
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(e.g., microbeads with low-level and negative
fluorescence, CD56-labeled lymphocytes, or
dim cells in CD8-labeled lymphocytes).

3. Establish a minimal acceptable distance between
peaks; monitor this difference, and correct any
daily deviations.

D. Compensate for spectral overlap daily (Figure 1).
Compensation is the process of correcting for spec-
tral overlap of one fluorochrome into the filter win-
dow being used to monitor another fluorochrome.
In most instruments used clinically, this correction
is done by adjusting the electronic compensation
circuits on the flow cytometer to place populations
not expected to be dual positive for two fluoro-
chromes into orthogonal fluorescence quadrants
with no overlap into the double-positive quadrant.
At the same time, avoiding overcompensation is
essential because this may cause dual-positive cells
to be incorrectly classified as single positive. The
following procedures may be performed manually,
or the software on the flow cytometer may perform
the spectral compensation automatically.
1. Select the compensation control so it will match

the brightest specimen signal. Use either

microbead or cellular compensation material
containing four populations for three-color
immunofluorescence (no fluorescence,
phycoerithrin [PE] fluorescence only, fluores-
cein isothiocyanate [FITC] fluorescence only,
and a population that is positive for only the
third color) or five populations for four-color
(the four described previously and a popula-
tion that is positive for only the fourth color).

2. Analyze this material, and adjust the electronic
compensation circuits on the flow cytometer
to place the fluorescent populations in their re-
spective fluorescence quadrants with no over-
lap into the double-positive quadrant (Figure
1). With three fluorochromes, compensation
must be carried out in an appropriate sequence:
FITC, PE, and the third color, respectively (46).
For four-color monoclonal antibody panels,
follow the flow cytometer manufacturer’s in-
structions for four fluorochromes. Avoid over-
compensation.

3. If standardization or calibration particles
(microbeads) have been used to set compensa-
tion, confirm proper calibration by using lym-
phocytes labeled with FITC- and PE-labeled
monoclonal antibodies and a third-color- or
fourth-color-labeled monoclonal antibody for
three-color or four-color panels, respectively. So
that separate cell populations can be recognized
without overlap, cells in individual tubes may
be separately stained with each different fluo-
rochrome-labeled antibody and then combined
in a single tube for analysis. These populations
should have the brightest expected signals.
Note: Using a dimmer-than-expected signal to
set compensation can result in suboptimal com-
pensation for the brightest signal.

4. Reset compensation when photomultiplier tube
voltages or optical filters are changed.

5. Commercially available software can analyze
data without compensation and perform the
compensation automatically. When using this
software, follow manufacturer’s instructions for
this procedure.

E. Repeat all four instrument quality control proce-
dures (section VIII A–C) whenever instrument
problems occur or if the instrument has been ser-
viced.

F. Maintain instrument quality control logbooks and
monitor them continually for changes in any of the

Uncompensated Correctly
compensatedUndercompensated

C C

A2

B2

A1

B1

A3

B3

S
S

S
S

FIGURE 1. The multicolor compensation concept

Histograms A1–A3 and their respective schematic depictions, B1–B3,
illustrate uncompensated, undercompensated, and correctly compensated
two-color displays, respectively. The solid circles represent the cell
populations for which accurate color compensation is desired. The open
circles labeled C represent the compensation controls being used to adjust
color compensation settings. If the intensity of the color compensation
control does not exceed the fluorescence intensity of the sample to be
analyzed, that sample will be undercompensated (A2, B2). If the intensity
of the color compensation control exceeds the fluorescence intensity of
the sample to be analyzed, the sample is less likely to be
undercompensated (A3, B3).
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parameters. In the logbook, record instrument set-
tings, peak channels, and coefficient of variation
(CV) values for materials used to monitor or verify
optical alignment, standardization, fluorescence
resolution, and spectral compensation. Reestablish
target fluorescence levels for each quality control
procedure when lot numbers of beads are changed
or the instrument has been serviced.

IX. Sample Analyses
A. With single-platform absolute count determination,

use of the lyse/no-wash sample processing is man-
datory. The lymphocyte population is identified as
having bright CD45 fluorescence and low side-scat-
tering properties (Figure 2). Set the threshold or
discriminator as recommended by the manufacturer.
Adjust side scatter so that all leukocyte populations are
visible. Draw a gate on the bright CD45+ cell popula-
tion and analyze the cells in that population (47).

B. Count at least 2,500 gated lymphocytes in each
sample to ensure that enough cells and beads have
been counted to provide an accurate absolute lym-
phocyte value.

X. Data Analysis
A. CD45 gating

1. Lymphocytes are identified by being brightly
labeled with CD45 monoclonal antibody and
having low side-scattering properties. Two typical
examples of a four-color SPT analysis based on
CD45 gating are illustrated (Figure 2).

2. Establish criteria for cluster identification based
on a clear definition of lymphocytes that does
not include basophils (less bright CD45, low
side scatter) or monocytes (less bright CD45,
moderate side scatter). Note: Care must be taken
to include all lymphocytes. CD45 fluorescence
may be slightly less with B cells than with T
cells (the major cluster of lymphocytes). NK
cells have bright CD45 fluorescence but have
slightly more side-scattering properties than the
majority of the lymphocytes.

3. CD45/side-scatter gates for lymphocytes are
assumed to contain >95% lymphocytes. Lym-
phocyte purity is assumed to be high with the
CD45/side-scatter gating strategy; therefore,
correction of lymphocyte subset values is not
needed (47).

4. If an estimate of lymphocyte recovery is needed
(i.e., percentage of total lymphocytes within the
CD45/side scatter gate), all the B and NK cells
must be immunophenotyped as well.

FIGURE 2. Results of single-platform technology (SPT) performed by using CD45 gating with four colors
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B. A typical example of the four-color SPT a on Beckman Coulter (Miami,
FL) Epics XL™ instrument monitor. Dot plots 1–3 illustrate the CD45
versus side scatter, the CD4 versus CD3, and the CD8 versus CD3 dot
plots, respectively. Graphs 4 and 5 illustrate the two options available to
monitor the presence of the microfluorospheres. The microfluorospheres
in graphs 4 and 5 are located in regions E and D, respectively.
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A. A typical illustration of how the four-color SPT will appear on a Becton
Dickinson Biosciences (San Jose, CA) FACSCalibur™ instrument monitor.
Dot plots 1–3 illustrate the CD45 versus side-scattering, the CD4 versus
CD3, and the CD8 versus CD3 dot plots, respectively. Graphs 4 and 5
illustrate the two options available to monitor the presence of the
microfluorospheres used for absolute cell counting calculations. The
microfluorospheres in graphs 4 and 5 are located in regions R2 and M1,
respectively.
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Note: Validation of a CD45/side-scatter gate is
recommended during its initial use to help de-
termine the CD45 and side-scatter characteris-
tics of T, B, and NK cells and to ensure their
inclusion in the gate.

B. Set cursors based on the tube containing CD3/CD4
and CD3/CD8 so that the negative and positive
cells in the histogram are clearly separated.

C. Analyze each patient or control specimen with lym-
phocyte gates and cursors for positivity set for that
particular patient or control.

D. Include the following analytic reliability checks,
when available:
1. With SPT, an additional analytical tool can be

used to check the accuracy of the absolute count;
time can be used as a parameter to determine
how long it takes to obtain a microfluorosphere
count that represents a unit volume of blood
analyzed. Optimally, if blood pipetting was per-
formed without noticeable error and the beads
were accurately added to the tubes, the time
required to analyze a microliter of whole blood
should be constant. Follow manufacturer’s in-
structions to set time as an active parameter. If
more or less time is required for a sample to
accumulate the usual number of microspheres,
this may indicate a serious counting problem
and specimen processing should be repeated.

2. Optimally, the sum of the percentages of
CD3+CD4+ and CD3+CD8+ cells should equal
the total percentage of CD3+ cells + 5%, with a
maximum variability of <10%. Note: For speci-
mens containing a considerable number of T
γδ T-cells (48,49), this reliability check may
exceed the maximum variability.

XI. Data Storage
A. Store list-mode data for all specimens analyzed. This

allows for reanalysis of the raw data, including re-
drawing of gates. At a minimum, retain hard copies
of the CD45/side-scatter gate and correlated dual-
histogram data of each sample’s fluorescence.

B. Retain all primary files, worksheets, and report forms
for 2 years or as required by state or local regula-
tion, whichever is longer. Data can be stored elec-
tronically. Disposal after the retention period is at
the discretion of the laboratory director.

XII. Data Reporting
A. Report all data in terms of CD designation, with a

short description of what that designation means.
Note: CD4+ T cells are T-helper cells. The correct
cells to report for this value are those that are posi-
tive for both CD3 and CD4. Similarly, CD8+ T-
cells are T-suppressor/cytotoxic cells and are positive
for both CD3 and CD8. Do not include other cell
types (non-T cells) in CD4 and CD8 T-cell deter-
minations.

B. Report lymphocyte subset values as follows:
1. Report both percentages and absolute counts.
2. With SPT, determine the absolute counts di-

rectly from the flow cytometers. These calcula-
tions are usually handled by software that
reports calculated results. The following formula
should be used:

C. Report data from all relevant monoclonal antibody
combinations with corresponding reference limits
of expected normal values (e.g., CD4+ T-cell abso-
lute number and percentage). Reference limits for
immunophenotyping test results must be deter-
mined for each laboratory (45). Separate reference
ranges must be established for adults and children,
and the appropriate ranges must be reported for
patient specimens.

XIII. Quality Assurance
A. Ensure the overall quality of the laboratory’s CD4+

T-cell testing by monitoring and evaluating the ef-
fectiveness of the laboratory policies and procedures
for the preanalytic, analytic, and postanalytic test-
ing phases. The practices and processes to be moni-
tored and evaluated include the following:
• methods for collecting, handling, transporting,

identifying, processing, and storing specimens;
• information provided on report forms for test

requests and results;
• instrument performance, quality control pro-

tocols, and maintenance;
• reagent quality control protocols;
• process for reviewing and reporting results.

×

Total no. of micro-
fluorospheres added

Volume of blood added

No. of events in the
bright CD45 region

No. of events in the
microfluorosphere region
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• employee training and education, which should
consist of the following:
— basic training by flow cytometer manu-

facturers and additional training involv-
ing hands-on workshops for flow
cytometer operators and supervisors;

— education of laboratory directors regard-
ing flow cytometric immunophenotyping
through workshops and other programs;

— continuing education regarding new de-
velopments for all flow cytometric
immunophenotyping personnel through
meetings and workshops;

— adherence to federal and state regulations
for training and education;

• assurance of satisfactory performance. Labora-
tories must fully participate in a performance
evaluation program and demonstrate acceptable
level of performance. When proficiency testing
programs have been approved by the Centers
for Medicare & Medicaid Services (formerly,
the Health Care Financing Administration) as
meeting the requirements of the Clinical Labo-
ratory Improvement Amendments of 1988
(CLIA ’88) (none are currently approved for
CD4+ T-cell testing), laboratories must satis-
factorily participate.

• review and revision (as necessary or at estab-
lished intervals) of the laboratory’s policies and
procedures to ensure adherence to the quality
assurance program. All staff involved in the test-
ing should be informed of any problems iden-
tified during the quality assurance review, and
corrective actions should be taken to prevent
recurrences.

B. Document all quality assurance activities.

Evaluation and Validation
of a Newly Adopted SPT

in the Laboratory
When a laboratory adopts the new SPT, specimens should

be tested in parallel by using both the current and the new
method to characterize any systematic differences in the meth-
ods. Laboratorians should use statistical tools that provide
useful information for the comparison studies. Linear least
squares regression analyses are helpful in establishing good
correlations between the new and established methods. If no
error is detected with the new method, the r2 value will ap-

proach 1.0. However, regression-type scatter plots provide
inadequate resolution when the errors are small in compari-
son with the analytical range and do not characterize the rela-
tionship between the two methods (50–52).

A bias scatter plot provides laboratorians with a more useful
tool for determining bias. These simple, high-resolution graphs
plot the differences in the individual measurements of each
method (result of old method—result of new method) against
measurements obtained with one of the methods (result of
old method) (50). Such graphs provide an easy means of de-
termining if bias is present and distinguishing whether bias is
systematic, proportional, or random/nonconstant. The labo-
ratorian can visually determine the magnitude of these differ-
ences over the entire range of values. When sufficient values
are plotted, outliers or samples containing interfering sub-
stances can be identified. The laboratorian can then divide
the data into ranges relevant to medical decisions and calcu-
late the systematic error (mean of the bias) and the random
error (standard deviation of the bias) to gain insight into ana-
lytical performance at the specified decision points (50–52).

Several detailed guidelines and texts provide additional in-
formation regarding quality goals, method evaluation, esti-
mation of bias, and bias scatter plots (50–54). Once a new
method is accepted and implemented, the laboratory will need
to confirm or redefine its normal range and should continue
to monitor the correlation between the results and the patient’s
clinical disease data to ensure that no problems have gone
undetected by the relatively few samples typically tested dur-
ing method evaluations.

Discussion
More than 1.6 million CD4+ T-cell measurements are per-

formed yearly by the approximately 600 testing laboratories
in the United States (55). This figure is based on the reported
number of tests performed annually by laboratories partici-
pating in CDC’s Model Performance Evaluation Program
(MPEP) for T-lymphocyte immunophenotyping in 1996.
These measurements are performed with flow cytometers us-
ing either multiplatform technology or SPT. SPT was intro-
duced for clinical application in 1996, and its wide-scale
implementation is relatively new. In 2000, results of two in-
dependent multicenter studies studies of SPT were reported
(24,25). Those and subsequent reports on SPT and CD45
gating (56–60) have increasingly encouraged adoption of these
improved testing practices (61,62). The resulting outcomes
associated with SPT and CD45 gating include a) increased
confidence in results, b) more reproducible results, c) increased
ability to resolve discrepant problems, d) decreased propor-
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tion of unacceptable specimens received for testing, e) de-
creased proportion of specimens requiring reanalysis, and f )
fewer incidents that could pose biohazard risks (61).

Although these guidelines for SPT use might foster improved
laboratory practices, developing comprehensive guidelines for
every aspect of CD4+ T-cell testing (including some labora-
tory-specific practices) is not possible. Moreover, measuring
the outcomes associated with the adoption of these guidelines
is inherently difficult. First, the guidelines lack evaluation pro-
tocols that can adequately account for the interactions among
the recommendations. No weight of importance has been as-
signed for the individual recommendations that address unique
steps in the testing process; hence, the consequences of in-
completely following the entire set of recommendations are
uncertain. Second, because published data are not available
for every aspect of the guidelines, certain recommendations
are based on the experience and opinion of knowledgeable
persons. Recommendations made on this basis, in the absence
of data, may be biased and inaccurate. Finally, variations in
testing practices and interactions among the practices (e.g.,
how specimens are obtained and processed, skill of laboratory
personnel [such as with pipetting], testing methods used, test-
result reporting practices, and compliance with other volun-
tary standards and laboratory regulations) complicate both
the development of guidelines that will fit every laboratory’s
unique circumstances and the assessment of the value of imple-
menting the guidelines.

The first CDC recommendations for laboratory perfor-
mance of CD4+ T-cell testing (63) were written so as not to
impede development of new technology or investigations into
better ways to assess the status of the immune system in HIV-
infected persons. Developments in the technology have re-
sulted in an assay that is technically less complicated and more
accurate. These single-platform methods are now being imple-
mented in as many as one fourth of the laboratories in the
United States (MPEP data). In addition, other T-cell pheno-
typic markers are being investigated as prognostic indicators
or markers of treatment efficacy, alone and in combination
with other cellular markers (64,65).

These guidelines for SPT are intended for domestic imple-
mentation. Several alternative methods are available that re-
quire fewer reagents and involve more cost-effective gating
algorithms. Some of these alternative methods may be com-
patible with current U.S. clinical laboratory methods; how-
ever, to date they have not been validated for domestic
applications. As published validation data accumulate from
multisite studies for methods such as PanLeucogating (66) and
primary CD4 gating (67, 68), these potentially more cost-
effective options will be considered as alternative or substitute

methods. In the future, guidelines should be harmonized to
include all methods that meet domestic performance stan-
dards to ensure consistent high quality.
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Summary

Until 2001, the only test used to diagnose latent tuberculosis infection (LTBI) was the tuberculin skin test (TST). However, in
2001, a new test (QuantiFERON®-TB or QFT; manufactured by Cellestis Limited, Carnegie, Victoria, Australia) that measures
the release of interferon-gamma in whole blood in response to stimulation by purified protein derivative was approved by the Food
and Drug Administration. This statement provides interim recommendations for using and interpreting QFT. As with TST, inter-
pretation and indicated applications of QFT differ for persons according to their risk for LTBI and for developing tuberculosis (TB).
This report provides guidance for public health officials, health-care providers, and laboratorians with responsibility for TB control
activities in the United States in their efforts to incorporate QFT testing for detecting and treating LTBI. Regardless of the test used to
identify LTBI, testing should be primarily targeted at diagnosing infected patients who will benefit from treatment.

The material in this report originated in the National Center for HIV,
STD, and TB Prevention, Harold W. Jaffe, M.D., Director, and the Division
of Tuberculosis Elimination, Kenneth G. Castro, M.D., Director.

Introduction
In 2001, the QuantiFERON®-TB test (QFT) (manufac-

tured by Cellestis Limited, Carnegie, Victoria, Australia) was
approved by the Food and Drug Administration (FDA) as an
aid for detecting latent Mycobacterium tuberculosis infection
(1). This test is an in vitro diagnostic aid that measures a com-
ponent of cell-mediated immune reactivity to M. tuberculosis.
The test is based on the quantification of interferon-gamma
(IFN-γ) released from sensitized lymphocytes in whole blood
incubated overnight with purified protein derivative (PPD)
from M. tuberculosis and control antigens.

Tuberculin skin testing (TST) has been used for years as
an aid in diagnosing latent tuberculosis infection (LTBI) and
includes measurement of the delayed type hypersensitivity
response 48–72 hours after intradermal injection of PPD.
TST and QFT do not measure the same components of the
immunologic response and are not interchangeable. Assess-
ment of the accuracy of these tests is limited by lack of a
standard for confirming LTBI.

As a diagnostic test, QFT 1) requires phlebotomy, 2) can be
accomplished after a single patient visit, 3) assesses responses
to multiple antigens simultaneously, and 4) does not boost
anamnestic immune responses. Compared with TST, QFT
results are less subject to reader bias and error. In a CDC-
sponsored multicenter trial, QFT and TST results were mod-

erately concordant (overall kappa value = 0.60). The level of
concordance was adversely affected by prior bacille Calmette-
Guérin (BCG) vaccination, immune reactivity to
nontuberculous mycobacteria (NTM), and a prior positive
TST (2). In addition to the multicenter study, two other pub-
lished studies have demonstrated moderate concordance be-
tween TST and QFT (3,4). However, one of the five sites
involved in the CDC study reported less agreement (5).

Limitations of QFT include the need to draw blood and
process it within 12 hours after collection and limited labora-
tory and clinical experience with the assay. The utility of QFT
in predicting the progression to active tuberculosis has not
been evaluated.

This report provides interim recommendations for using
and interpreting QFT results based on available data. As with
TST, interpretation and indicated applications of QFT differ
between those persons at low risk and those at increased risk
for LTBI. This report should assist public health officials,
health-care providers, and laboratorians who are responsible
for TB control activities in the United States in their efforts to
incorporate QFT testing for detecting and treating LTBI.

QFT Performance, Interpretation,
and Use

Tuberculin testing is performed for persons who are 1) sus-
pected as having active TB; 2) at increased risk for progres-
sion to active TB; 3) at increased risk for LTBI; or 4) at low
risk for LTBI, but are tested for other reasons (Table 1).
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§ Percentage tuberculin response is referred to by the manufacturer and in FDA
documents as percentage human response.

¶ Available at http://www.cellestis.com.

QFT Performance
Aliquots of heparinized whole blood are incubated with the

test antigens for 16–24 hours.* The antigens included in the
test kits are PPD from M. tuberculosis (tuberculin)† and PPD
from Mycobacterium avium (avian sensitin). The kits also in-
clude phytohemaglutinin (a mitogen used as a positive assay
control), and saline (negative control or nil). After incubation,
the concentration of IFN-γ in the separated plasma is deter-
mined by enzyme-linked immunosorbent assay (ELISA).

QFT results are based on the proportion of IFN-γ released
in response to tuberculin as compared with mitogen, or (tu-

berculin – nil) / (mitogen – nil) × 100 = percentage tuberculin
response.§ The difference in the amount of IFN-γ released in
response to tuberculin as compared with avian sensitin is ex-
pressed as (avian – nil) – (tuberculin – nil) / (tuberculin – nil)
× 100 = percentage avian difference. A computer program is
available from the test manufacturer that performs these cal-
culations and interprets the test results.¶

QFT Interpretation
Interpretation of QFT results (Table 2) is stratified by esti-

mated risk for infection with M. tuberculosis, in a manner simi-

* Additional technical information is available from the manufacturer at http://
www.cellestis.com.

† PPD from M. tuberculosis is referred to by the manufacturer and in FDA
documents as human PPD.

TABLE 1. Interim recommendations for applying and interpreting QuantiFERON®-TB (QFT) (Cellestis Limited, Carnegie, Victoria,
Australia)

* QFT has not been adequately evaluated among persons with these conditions; it is not recommended for such populations.
†

QFT has not been adequately evaluated among persons aged <17 years, or among pregnant women; it is not recommended for such populations.
§

The following additional conditions are required for QFT to indicate Mycobacterium tuberculosis infection: 1) mitogen – nil and tuberculin – nil are both
>1.5 IU, and 2) percentage avian difference is <10.

Other reasons for
testing among
persons at low risk
for LTBI

Military personnel, hospital
staff, and health-care
workers whose risk of prior
exposure to TB patients is
low, and U.S.-born students
at certain colleges and
universities†

TST or QFT Induration >15 mm;
percentage tuberculin
response >30§

Chest radiograph if either test is
positive; confirmatory TST if QFT is
positive; treatment for LTBI (if QFT
and TST are positive and after
active TB disease is ruled out) on
the basis of assessment of risk for
drug toxicity, TB transmission, and
patient preference

Reason for testing Population Initial screening Positive results  Evaluation

Tuberculosis (TB)
suspect

Persons with symptoms
of active TB

Tuberculin skin testing
(TST) might be useful;
QFT not recommended

Induration >5 mm Chest radiograph, smears, and
cultures, regardless of test results

Increased risk for
progression to active
TB, if infected

Persons with recent contact
with TB, changes on chest
radiograph consistent with
prior TB, organ transplants,
or human immunodeficiency
virus infection, and those
receiving imumnosuppressing
drugs equivalent of >15 mg/
day of prednisone for >1
month*

TST; QFT not
recommended

Induration >5 mm Chest radiograph if TST is positive;
treat for latent TB infection (LTBI)
after active TB disease is ruled out

Persons with diabetes,
silicosis, chronic renal
failure, leukemia,
lymphoma, carcinoma of the
head, neck, or lung, and
persons with weight loss of
>10% of ideal body weight,
gastrectomy, or jejunoileal
bypass*

TST; QFT not
recommended

Induration >10 mm

Increased risk for
LTBI

Recent immigrants,
injection-drug users, and
residents and employees of
high-risk congregate
settings (e.g., prisons, jails,
homeless shelters, and
certain health-care
facilities)†

TST or QFT Induration >10 mm;
percentage tuberculin
response >15§

Chest radiograph if either test is
positive; confirmatory TST is
optional if QFT is positive; treat for
LTBI after active TB disease is
ruled out; LTBI treatment when only
QFT is positive should be based on
clinical judgment and estimated risk

http://www.cellestis.com
http://www.cellestis.com
http://www.cellestis.com
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lar to that used for interpreting TST with different cut-off
values. QFT results indicative of M. tuberculosis infection in-
clude the following three criteria:

1. (mitogen – nil) and (tuberculin – nil) are both >1.5 IU; and
2. percentage avian difference < 10; and
3. percentage tuberculin response > 15 (increased risk for

LTBI) or > 30 (low risk for LTBI).
Selection of different cut-offs affect the number of persons

classified as having positive test results. Using 15 as the per-
centage tuberculin response cut-off for interpreting a QFT
test as positive identifies approximately the same number of
persons compared with using a TST induration cut-off of 10
mm. Using 30 as the percentage tuberculin response cut-off
for interpreting a QFT test as positive identifies approximately
the same number of persons compared with using a TST in-
duration cut-off of 15 mm. The test is considered negative if
(mitogen – nil) > 1.5 IU but (tuberculin – nil) < 15% (mito-
gen – nil). Results are considered indeterminate if (mitogen –
nil) < 1.5 IU, which might be observed among anergic persons.

Using QFT for Persons at Increased
Risk for LTBI

QFT can aid in detecting M. tuberculosis infections among
certain populations who are at increased risk for LTBI (6).
These populations include recent immigrants (i.e., immigrated
within the previous 5 years) from high-prevalence countries
where tuberculosis case rates are >30/100,000, injection-drug
users, residents and employees of prisons and jails, and health-
care workers who, after their preemployment assessment, are

considered at increased risk for exposure to tuberculosis. For
these populations, a percentage tuberculin response of >15
should be considered a positive QFT result.

Using QFT for Persons at Low Risk
for LTBI

CDC discourages use of diagnostic tests for LTBI among
populations at low risk for infection with M. tuberculosis (6).
However, initial testing is occasionally performed among cer-
tain population groups for surveillance purposes or where cases
of active, infectious tuberculosis might result in extensive trans-
mission to highly susceptible populations. These populations
include military personnel, hospital staff and health-care work-
ers whose risk of prior exposure to TB was low, and U.S.-born
students at higher education institutions (e.g., as a require-
ment for admission to U.S. colleges and universities). For these
populations, a percentage tuberculin response of >30 should
be considered a positive QFT result.

Recommendations
The highest priority of targeted tuberculin testing programs

remains one that identifies persons at increased risk for TB
who will benefit from treatment for LTBI. Following that prin-
ciple, targeted tuberculin testing should be conducted among
groups at risk for recent infection with M. tuberculosis and
those who, regardless of duration of infection, are at increased
risk for progression to active TB.

TABLE 2. QuantiFERON®-TB (Cellestis Limited, Carnegie, Victoria, Australia) results and interpretation

<1.5 All other response profiles Interferon-gamma (IFN-γ)
response to mitogen is
inadequate

Indeterminate

M – N*  T – N† Avian Tuberculin Report and
(IU/mL) (IU/mL) difference (%) response (%)§ interpretation Interpretation

>1.5 >1.5 <10 >30 Percentage tuberculin
response is >30

Positive: M. tuberculosis
infection likely

>1.5 >1.5 >15 but <30<10

All other response profiles

Percentage tuberculin
response is 15–30

Conditionally positive:
M. tuberculosis infection
likely if risk is identified,
but unlikely for persons
who are at low risk

>1.5 Percentage tuberculin
response is <15 or not
significant

Negative: Mycobacterium
tuberculosis infection
unlikely

* M – N is the IFN-γ response to mitogen minus the IFN-γ response to nil antigen.
†
T – N is the IFN-γ response to purified protein derivative from M. tuberculosis minus the IFN-γ response to nil antigen; this must be >1.5 IU/mL for a patient
to be considered QuantiFERON-TB–positive for M. tuberculosis infection. If T – N < 1.5 IU/mL, the persons are deemed negative for M. tuberculosis
infection, regardless of their percentage tuberculin response and percentage avian difference results.

§
A percentage tuberculin response cut-off of 15% is used for persons with identified risk for tuberculosis infection, whereas a cut-off of 30% is used for
persons with no identified risk factors.

<15
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The role of QFT in targeted testing has not yet been defined,
but QFT can be considered for LTBI screening as follows:

• initial and serial testing of persons with an increased risk
for LTBI (e.g., recent immigrants, injection-drug users,
and residents and employees of prisons and jails);

• initial and serial testing of persons who are, by history, at
low risk for LTBI but whose future activity might place
them at increased risk for exposure, and others eligible
for LTBI surveillance programs (e.g., health-care workers
and military personnel); or

• testing of persons for whom LTBI screening is performed
but who are not considered to have an increased prob-
ability of infection (e.g., entrance requirements for cer-
tain schools and workplaces).

Before QFT testing is contemplated, arrangements should be
made with a qualified laboratory. Those arrangements should
include quality assurance and collection and transport of blood
within the required 12 hours.

Confirmation of QFT results with TST is possible because per-
formance of QFT does not affect subsequent QFT or TST results.
The probability of LTBI is greatest when both the QFT and TST
are positive. Considerations for confirmation are as follows:

• When the probability of LTBI is low, confirmation of a
positive QFT result with TST is recommended before
initiation of LTBI treatment. LTBI therapy is not recom-
mended for persons at low risk who are QFT-negative or
who are QFT-positive but TST-negative.

• TST can also be used to confirm a positive QFT for per-
sons at increased risk for LTBI. However, the need for
LTBI treatment when QFT is positive and the subsequent
TST is negative should be based on clinical judgment
and perceived risk.

• Negative QFT results do not require confirmation, but
results can be confirmed with either a repeat QFT or TST
if the accuracy of the initial test is in question.

Contraindications
Because of insufficient data on which to base recommenda-

tions, QFT is not recommended for
• evaluation of persons with suspected tuberculosis. Active

tuberculosis is associated with suppressed IFN-γ responses,
and in prior studies, fewer persons with active TB had
positive QFT results than TST results. The degree of sup-
pression appears to be related to the severity of disease
and the duration of therapy. Studies are under way that
compare the sensitivity of QFT and TST among persons
with untreated active TB.

• assessment of contacts of persons with infectious tuber-
culosis, because rates of conversion of QFT and TST af-

ter a known exposure to M. tuberculosis have not been
compared, and concordance of QFT and TST after expo-
sure and with serial LTBI screening have not been studied.

• screening of children aged <17 years, pregnant women,
or for persons with clinical conditions that increase the
risk for progression of LTBI to active TB (e.g., human
immunodeficiency virus infection). Further studies are
needed to define the appropriate use of QFT among these
persons.

• detection of LTBI after suspected exposure (i.e., contact
investigation after a resident or employee is diagnosed with
active TB or a laboratory spill of M. tuberculosis) of per-
sons participating in longitudinal LTBI surveillance pro-
grams. The approach of using QFT for initial screening,
followed by QFT and TST 3 months after the end of the
suspected exposure, has not been evaluated.

• confirmation of TST results because injection of PPD for
TST might affect subsequent QFT results. Although QFT
is not recommended for confirmation of TST results, QFT
can be used for surveillance <12 months after a negative
TST, if the initial QFT is negative.

• diagnosis of M. avium complex disease.

Conclusions
These interim recommendations are intended to achieve a

high rate of acceptance and completion of testing for LTBI
among groups who have been identified for targeted testing.
Testing programs using TST or QFT should only be imple-
mented if plans are also in place for the necessary follow-up
medical evaluation and treatment (e.g., chest radiograph or
LTBI treatment) of persons who are diagnosed with LTBI and
quality laboratory services are ensured.
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