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Procedures for quality control (QC) in a laboratory that concentrates on cytokine and soluble marker mea-
surements in biological fluids are outlined. Intra-assay, interassay, and interlaboratory experiences are pre-
sented. Plasma and serum b2-microglobulin (b2M) and neopterin test data are presented in greatest detail,
along with substantial tumor necrosis factor alpha (TNF-a), gamma interferon, soluble interleukin-2 receptor-
a (sIL-2Ra), sTNF-RII, IL-4, and IL-6 data. Recommended QC procedures for cytokine and soluble-marker
testing include replicate testing of two or more reference samples provided by the kit manufacturer, replicate
testing of in-house frozen reference QC samples that represent normal and abnormal analyte contents, retest-
ing 15 to 20% of randomly selected samples, and comparing normal reference ranges each year. Also, eight
cytokines and soluble markers were evaluated in human immunodeficiency virus (HIV)-seronegative and HIV-
seropositive individuals stratified on the basis of CD4 T-cell numbers. Levels of some but not all cytokines in
serum increased in HIV infection. There was a tendency for cytokines to increase with more advanced disease,
defined by reduced CD4 T-cell numbers. Cytokine changes did not relate closely to CD4 level, indicating that
separate information was provided by the measurements of TNF-a, sTNF-RII, sIL-2Ra, b2M, and neopterin.
Serum IL-4 and TNF-a levels were not increased. The quality of laboratory data can impact on clinical rele-
vance. Interlaboratory comparisons revealed substantial differences at some sites and documented the need for
external proficiency-testing quality assurance programs.

Cytokine levels and changes in biological fluids are now
recognized as potential and useful markers of ongoing clinical
disorders, indicating their stage and severity and disease prog-
nosis (1, 10, 13, 42). Initial evidence of immune activation in
human immunodeficiency virus (HIV) infection included in-
creases in several phenotypic antigens on circulating lym-
phocytes as well as increases in levels of soluble products of
cytokine activity in plasma (2, 3, 15, 38, 39, 43, 47). b2-micro-
globulin (b2M) increases were reported early in the character-
ization of AIDS (21, 35) but were not perceived as related to
disease course until several years later (11). b2M represents
the activity of several cytokines throughout the body (19, 20)
and is a relatively nonspecific marker of immune activation.
Neopterin, on the other hand, which is induced by gamma
interferon (IFN-g) activation of monocytes, was found at ele-
vated levels in HIV infection and was related to prognosis (11,
23, 28, 48).

The measurement of the levels of cytokines and/or soluble
markers of immune activation can provide reliable information
regarding the disease diagnosis, disease stage, prognosis, and
the evaluation of therapy. However, difficulties and inaccuracy
have been reported, and a number of factors have been shown
to affect the validity and the quality of such measurements (5,
17, 29, 30, 46, 49). Immunoassays are the most widely used
technique for these measurements, although pitfalls and limi-
tations are known (24, 36, 37). Differences in levels of mea-
sured analytes for identical samples in the range of 10- to 100-

fold have been reported (26, 31, 32). Thus, a number of stud-
ies, including international collaborative studies organized by
the World Health Organization for standardization of cytokine
measurements, have been conducted (4, 7, 16, 31–33, 40). Vari-
ations in results have been shown to be due at least in part to
differences in the standards used in the assays (16, 26, 30–33,
40) or in sample collection, processing, and storage (9, 27, 41,
45).

In our early work with the assessment of neopterin and b2M
concentrations in plasma and in subsequent testing of cyto-
kines and the products of cytokine activity, we have had large
numbers of samples available to test but limited funds. As a
consequence, we looked for a means to conserve costly re-
agents but, at the same time, to ensure consistency and accu-
racy of testing. Initial testing showed good agreement between
duplicate samples. Thus, we chose to do single determinations
rather than duplicates but also to randomly retest approxi-
mately 15% of samples. This approach had the advantage of
providing representative duplicate measurements and a check
on comparability between analytic runs. As an additional qual-
ity control (QC) procedure, we established a method of pre-
paring a large number of frozen aliquots from sizable pools of
plasma or serum, one each representing normal levels and
abnormally elevated levels of the cytokines and soluble mark-
ers of activation. Aliquots of these reference standards were
required to be included in each analysis of cytokines or acti-
vation markers. Upon repeated testing, we were able to estab-
lish the validity of runs and the comparability of reagents and
technical performance. These QC procedures are now rou-
tinely used for testing neopterin, b2M, soluble tumor necrosis
factor receptors I and II (sTNF-RI and -RII), soluble inter-
leukin 2 receptor-alpha (sIL-2Ra), soluble CD8 antigen, the
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cytokines TNF-a, IFN-g, IL-1, IL-2, IL-4, IL-6, IL-10, and
IL-12, and chemokines.

Manufacturers of commercial kits for the measurement of
these analytes provide data characterizing their performance
with samples of their own selection. However, each laboratory
has its own performance characteristics. In our present report,
the same QC samples were used for all assays. We report here
on the procedures used and on the coefficient of variation
(CV) obtained in control populations and at different stages of
HIV infection. In addition, intra-assay, interassay, and inter-
laboratory variabilities are reported.

(These data were presented in part at the 3rd International
Symposium on Clinical Immunology in San Francisco, Calif.,
20 to 23 July 1995.)

MATERIALS AND METHODS

Samples. Serum and plasma samples were obtained from healthy volunteers
from the University of California, Los Angeles (UCLA) community and from
HIV-seronegative and HIV-seropositive subjects participating in the Multicenter
AIDS Cohort Study (MACS) of the natural history of AIDS, who were recruited
and monitored at UCLA at approximately 6-month intervals from 1984 (25).
Blood was collected by venipuncture into 15-ml sterile Vacutainers (Becton
Dickinson) containing heparin as an anticoagulant for plasma samples and with-
out anticoagulant for serum samples. Serum and plasma samples were separated
and stored at 270°C for subsequent batch testing of cytokine and soluble im-
mune activation markers.

The general reference (normal) samples were obtained from male and female
employees at UCLA with an age range of 24 to 65 years; 32% were males and
68% were females. Human Subject Protection Committee approval was obtained
for all studies. The study of cytokine and soluble marker changes in HIV infec-
tion was conducted with sera from 15 subjects who were negative for HIV
antibodies at the time of selection and from 56 HIV-seropositive subjects who
were separated into four groups (13 to 15 subjects in each group) according to
their absolute number of CD4 T cells. The defining levels of CD4 T cells were
500 to 700, 350 to 499, 200 to 349, or fewer than 200/mm3.

The in-house QC samples were prepared in our laboratory as two high-volume
pools of serum or plasma (500 ml each). One pool from HIV-negative donors
had levels of cytokines and soluble markers within the normal range. The other
pool was prepared from HIV-seropositive samples and was distinctly abnormal,
with elevated levels of many cytokines and soluble markers. The samples used for
QC purposes were comparable to the study patient samples. Aliquots of 1 ml
each were stored in labeled tubes in a 270°C freezer until removed and thawed
for assay.

Quantitation of levels of cytokines and soluble activation markers in plasma.
b2M was quantified by microparticle enzyme immunoassay (Abbott Labor-
atories, Abbott Park, Ill.) and reported in milligrams per liter. Neopterin

was measured by competitive radioimmunoassay kit (IMMUtest Neopterin;
BRAHMS, Berlin, Germany) and expressed as nanomoles per liter. sIL-2R was
measured with an enzyme immunoassay (EIA) kit (T Cell Diagnostics, Cam-
bridge, Mass.; now available from Endogen, Woburn, Mass.) and reported in
units per milliliter. sTNF-RI and sTNF-RII (1:20 dilution) were quantified in
plasma with EIA kits (R&D Systems) and expressed as picograms and nano-
grams per milliliter, respectively. TNF-a was measured by Innotest hTNFa EIA
kits (Innogenetics N.V., Antwerp, Belgium) and reported in picograms per mil-
liliter. IFN-g was measured with radioimmunoassay kits (Centecor; no longer
available) by a Center for Interdisciplinary Research in Immunology and Disease
modified protocol (increases of incubation time to overnight and of number of
washings between steps to 10 times) and was reported in units per liter. IL-4 and
IL-6 were measured with EIA kits (Genzyme, Cambridge, Mass.). The measure-
ments of cytokine and activation marker levels were performed according to the
manufacturer’s instructions. The reference standards for each test were provided
by the manufacturer. For most of the assays the manufacturers have calibrated
the kit standards to the reference standards of the NIBSC and the World Health
Organization, if already available.

RESULTS

Intra-assay variation. Intra-assay variability was evaluated
with 10 replicates of two different QC plasma samples in the
same run. Intra-assay variabilities of b2M, neopterin, sIL-2R,
sTNF-RII, TNF-a, and IFN-g are presented in Table 1. CVs of
soluble markers are under 7.5%, except for TNF-a and IFN-g
(Table 1). Similar results were found when two or more QC
samples were tested in three different wells during routine
assays (data not shown). Common criteria for acceptable per-
formance cited by a clinical laboratory improvement amend-
ment (14) in other quantitative plasma immunology tests are
the target values plus or minus 3 standard deviations, but we
use 2 standard deviations in our laboratory.

Interassay variation. Aliquots of the two in-house QC sam-
ples were included on each assay day. The CV of serial assays
for b2M, neopterin, sIL-2R, sTNF-RII, TNF-a, and IFN-g are
listed in Table 2. The CV was less than 15% for all markers
except TNF-a and IFN-g in normal control samples. Similar
data are seen in repeat testing of four plasma activation mark-
ers in 15 to 20% of patient samples on a subsequent assay day
(Table 3). Actual data for serial testing of the in-house QC
samples for neopterin and sTNF-RII tests over an 18-month
period are presented graphically in Fig. 1.

TABLE 1. Intra-assay variabilitya

CIRID control
sample

Concn (CV) of b:

b2M (mg/liter)
(n 5 10)

NPT (nmol/liter)
(n 5 10)

sIL-2R (U/ml)
(n 5 10)

sTNF-RII (ng/ml)
(n 5 10)

TNF-a (pg/ml)
(n 5 10)

IFN-g (U/liter)
(n 5 9)

Normal 0.69 6 0.03 (4.6) 4.5 6 0.33 (7.4) 282 6 9.7 (3.4) 1.67 6 0.06 (3.6) 7.36 6 0.98 (13.0) ,50 (NA)c

Elevated 2.62 6 0.06 (2.4) 18.7 6 1.04 (5.6) 765 6 40 (5.3) 4.57 6 0.17 (3.9) 38.2 6 1.89 (4.9) 562 6 30 (5.3)

a All replicates were obtained from the Center for Interdisciplinary Research in Immunology and Disease (CIRID), as described in Materials and Methods.
b Values are means 6 standard deviations; CVs are percentages. NPT, neopterin.
c ,50, less than lower limit of detection. NA, not applicable.

TABLE 2. Interassay variabilitya

CIRID control
sample

Concn (CV) of b:

b2M (mg/liter)
(n 5 22)

NPT (nmol/liter)
(n 5 25)

sIL-2R (U/ml)
(n 5 14)c

sTNF-RII (ng/ml)
(n 5 30)

TNF-a (pg/ml)
(n 5 10)

IFN-g (U/liter)
(n 5 5)

Normal 0.79 6 0.07 (8.8) 4.02 6 0.58 (14.4) 463 6 49 (10.5) 1.62 6 0.14 (8.6) 10.0 6 1.6 (16.0) ,50 (NA)d

Elevated 2.57 6 0.16 (6.2) 17.6 6 0.71 (4.3) 1690 6 131 (7.7) 4.72 6 0.23 (4.3) 32.3 6 2.3 (7.2) 515 6 35 (5.3)

a All replicates were obtained from the Center for Interdisciplinary Research in Immunology and Disease (CIRID), as described in Materials and Methods.
b Values are means 6 standard deviations; CVs are percentages. NPT, neopterin.
c Different CIRID control samples were used to test intra-assay and interassay variability for sIL-2R.
d ,50, less than lower limit of detection. NA, not applicable.
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Normal population values tested in different years. Volun-
teer healthy donors, men and women from 24 to 65 years of
age, from the UCLA community are tested as normal refer-
ence controls every year. The values obtained in three recent
years were assembled and compared (Table 4). Because the
reference populations were not identical from year to year, we
did not expect to obtain identical values. These data provide
reference ranges with which to judge the changes in reagents
and technical staff performance from year to year.

Interlaboratory variation: external proficiency testing for
quality assurance. From 1989 to 1992, four laboratories par-
ticipated in a QC program for two soluble activation markers
(b2M and neopterin). The same kits and analytic reagent lots

were used in each laboratory (Pharmacia AB, Uppsala, Swe-
den, supplied the b2M assay kits used for this study). The test
samples were shipped frozen in dry ice overnight to each
participating laboratory. The results are presented in Fig. 2.
Agreement was better after the third sample. There was gen-
erally good agreement between laboratories for b2M measure-
ments with relatively low CVs. The range of CVs for normal-
level neopterin QC samples was 9 to 70% (Fig. 2D), and the
range of CVs for elevated neopterin levels was 3 to 64% (Fig.
2C). Laboratory 2 reported lower levels of neopterin than the
other laboratories on most dates. This laboratory was the only
one using round-bottom tubes and may have been less success-
ful in the washing step of the neopterin test.

Cytokine and immune activation markers in plasma in HIV
infection. The plasma samples from 56 HIV-seropositive and
15 HIV-seronegative subjects from the MACS population were
measured for levels of 10 cytokines and soluble markers. When
the HIV-positive individuals were stratified by CD4 levels (Fig.
3), progressive increases in the levels of IFN-g, TNF-a, IL-6,
sIL-2R, sTNF-RII, b2M, and neopterin were generally seen.
IL-4 levels, in contrast, tended to be reduced (P , 0.05).
Preliminary results indicated that levels of TNF-b, IL-1b, and
sTNF-RI were not significantly different between HIV-nega-
tive and HIV-positive sera. There were substantial spreads of
the cytokine and soluble marker levels in each CD4 category
(Fig. 3). This is consistent with data indicating that the levels of
immune activation markers in plasma provide different infor-
mation than CD4 T-cell levels on the pathogenic mechanisms
in HIV infection (11, 12).

DISCUSSION

The procedures recommended for intralaboratory quality
control of cytokine and soluble marker testing in biological
fluids are outlined in Table 5.

FIG. 1. Interassay variations in concentrations of neopterin (NPT) (A) and sTNF-RII (B) in normal (filled circles) and abnormal high (open circles) in-house QC
preparations. Each point represents the mean value of triplicate testing.

TABLE 3. Comparison of original and repeat data
of 15 to 20% of samplesa

Analyte No. of
subjects

Mean concn
6 SDb

Median CV
(%)

Correlation
coefficientc

b2M (O) 98 2.60 6 0.90 5.3 0.92725
b2M (R) 98 2.58 6 0.89

NPT (O)d 117 10.7 6 9.68 8.6 0.96303
NPT (R) 117 10.9 6 9.88

sIL-2R (O) 170 1,071 6 556 4.6 0.92633
sIL-2R (R) 170 1,064 6 560

sTNF-RII (O) 273 3.22 6 1.28 8.6 0.89583
sTNF-RII (R) 273 3.35 6 1.32

a The data present results of the analysis of original (O) and repeated (R) tests
for each individual separately.

b Data are levels of plasma activation markers. Units: milligrams per liter
(b2M), nanomoles per liter (NPT), units per milliliter (sIL-2R), or nanograms
per milliliter (sTNF-RII).

c P , 0.001.
d NPT, neopterin.
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The procedures described here differ from those outlined by
the manufacturers of reagents, in that duplicate testing was not
conducted after initial experience indicated that a technologist
with the reagents achieved CVs under 10% for intra-assay
variability and under 10 to 15% for interassay variability, with
the exception of TNF-a. The interassay variability was usually
greater in the normal (lower) range, where the cytokine or
soluble-marker concentrations were near the lower limit of the
analyte detectability in plasma or serum and the precision of
reference standard data is lower.

The procedures described here differ in some respects from
those described in methodology manuals and reports. We rec-
ommend our procedures to laboratories which do many tests of
this type with some frequency and with technicians of proven
skill in this area. Doing duplicates (or triplicates) as well as the
in-house reference sample aliquots and the manufacturer ref-
erence materials is important if testing is done infrequently.
Graphic methods for assessing QC data are available (22).

FIG. 2. Levels in plasma of elevated (A and C) and normal (B and D) external QA samples for b2M (A and B) and neopterin (C and D) assayed in laboratories
1 (F), 2 (E), 3 (�), and 4 (ƒ), participating in an external QA program from 1989 to 1992. To avoid a change in the presentation of the other data, the outlier value
of test 11 in panel A is reported without being plotted in the scale.

TABLE 4. Reference range data from normal adults for
three consecutive years (1995 to 1997)

Analyte and yr No. of
subjects

Concn
(mean 6 SD) Rangea

Neopterin (nmol/liter)
1995 32 5.34 6 2.09 3.68–6.78
1996 24 4.87 6 1.92 2.80–8.49
1997 17 4.62 6 2.93 2.71–5.85

b2M (mg/liter)
1995 33 1.17 6 0.53 0.93–1.61
1996 26 1.16 6 0.27 0.87–1.55
1997 21 1.15 6 0.30 0.86–1.56

sTNF-RII (ng/ml)
1995 18 1.77 6 0.75 1.02–2.50
1996 9 1.99 6 0.86 1.31–3.40
1997 9 1.94 6 0.35 1.34–2.35

a 10th to 90th percentiles.
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External proficiency testing should facilitate the quality and
comparability of laboratory performance. This proved to be im-
portant for measurements of CD4 T-cell levels in HIV-infected
patients (6, 18). However, until external quality assurance (QA)
proficiency testing programs are available for cytokine and solu-
ble marker analyses, testing for clinical studies should be con-
ducted in a single experienced laboratory with strong established
internal QC procedures. It is recommended that each labora-
tory establish its own ranges for normal reference populations
and test samples from patients with diseases characterized by
abnormal levels of cytokines and/or soluble activation markers
in order to be confident that abnormal levels can be detected
in representative body fluids, usually plasma and serum.

While levels of cytokines in plasma may have some appeal
(and are needed in a few research contexts), it is useful to
remember that many cytokines cannot be accurately quantified
in plasma or serum (17, 24, 36, 46, 49). Some of those that can
be detected may show substantial variability because assays are
at or near their limits of precise measurement. A variety of
other factors could cause such effects. In contrast, measure-
ment of the levels of immune activation markers and soluble

products of cytokine activity in plasma may be preferable be-
cause they reflect the sum of lymphoid cells contributed from
the entire body and are generally detectable by more precise
quantitative assays.

FIG. 3. Cytokine and soluble marker levels in serum (means 6 standard error) of 15 HIV-seronegative (E) and 56 HIV-seropositive subjects stratified by
CD41-lymphocyte levels: .500 (A), 350 to 499 (B), 200 to 349 (C), and ,200 (D) lymphocytes per ml.

TABLE 5. Recommended QC procedures

Step no. Procedure(s)

1....................Establish in-house reference samples that represent nor-
mal and abnormal values encountered clinically. Pre-
pare a large number of aliquots of these reference
samples for frozen storage. Include each of these ref-
erence samples in every assay.

2....................Test intra-assay variability in each run.
3....................If single tests (rather than duplicate tests) are used, re-

peat 15% of randomly selected samples on the next
run to establish comparability of replicates and inter-
assay variability.

4....................Test in duplicate the reference samples provided by the
manufacturer.

5....................Test reference (normal) populations each year and com-
pare summaries of yearly results.
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Several points can be made about the changes in levels of
cytokines and soluble markers of disease activation in plasma.
Serial testing of individuals has revealed several characteristic
and different patterns of cytokine and soluble marker changes
in HIV disease progression (34, 44). A broad range of levels of
cytokines and plasma markers of activation in plasma, repre-
senting cytokine activity throughout the body, were found in
each of four major CD4 T-cell categories in HIV infection.
This emphasizes the difference in disease course or activity as
represented by the soluble products of activation versus the
level of damage to the CD4 maintenance systems, as repre-
sented by the CD4 T-cell levels. Epidemiological studies have
shown that these parameters provide different information and
that combinations of the two types of measurement give more
precise prognostic data than either alone (11, 12). There was
no evidence of a shift from a Th1 to a Th2 pattern of cytokine
expression with disease progression in these data. Viral load
measurements in plasma have been shown to give good prog-
nostic information. However, the CD4 plus cytokine–soluble-
marker combinations may approximate viral load data in prog-
nostic value (8, 12). Furthermore, in advanced disease, CD4 or
activation marker levels may be prognostically superior to
plasma HIV load measurements (8, 12).

Differences in results between laboratories may occur, and
examples are documented here. Also, laboratories can vary in
the quality of their day-to-day performance. This can be attrib-
utable to variations in reagents, to differences in technical
proficiency, and to other factors. The need for proficiency
testing programs is evident.
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