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Human cytomegalovirus (CMYV) infection is a major cause of congenital infection leading to birth defects and sensorineu-
ral anomalies, including deafness. Recently, cell-mediated immunity (CMI) in pregnant women has been shown to corre-
late with congenital CMV transmission. In this study, two interferon gamma release assays (IGRA), the CMV enzyme-
linked immunosorbent spot (ELISPOT) and CMV QuantiFERON assays, detecting CMV-specific CMI were compared.
These assays were performed for 80 CMV-infected (57 primarily and 23 nonprimarily) pregnant women and 115 controls,
including 89 healthy CMV-seropositive pregnant women without active CMV infection, 15 CMV-seronegative pregnant
women, and 11 seropositive or seronegative nonpregnant women. Statistical tests, including frequency distribution analy-
sis, nonparametric Kruskal-Wallis equality-of-populations rank test, Wilcoxon rank sum test for equality on unmatched
data, and lowess smoothing local regression, were employed to determine statistical differences between groups and corre-
lation between the assays. The CMV ELISPOT and CMV QuantiFERON assay data were not normally distributed and did

not display equal variance. The CMV ELISPOT but not CMV QuantiFERON assay displayed significant higher values for
primarily CMV-infected women than for the healthy seropositive pregnant and nonpregnant groups (P = 0.0057 and
0.0379, respectively) and those with nonprimary infections (P = 0.0104). The lowess local regression model comparing the
assays on an individual basis showed a value bandwidth of 0.8. Both assays were highly accurate in discriminating CMV-
seronegative pregnant women. The CMV ELISPOT assay was more effective than CMV-QuantiFERON in differentiating
primary from the nonprimary infections. A substantial degree of variability exists between CMV ELISPOT and CMV
QuantiFERON assay results for CMV-seropositive pregnant women.

Cytomegalovirus (CMV) represents a leading cause of con-
genital infections affecting about 0.7% live births (1-3).
The clinical outcome of the congenital infection is variable and
is associated with the maternal serostatus and time of onset of
infection during pregnancy (4-6). Whenever clinically evident,
CMV-induced damages include sensorineural hearing loss
(SNHL), visual impairment, delayed psycho-motorial develop-
ment, and retardation (7-9). Therapeutic interventions may
include CMV hyperimmune immunoglobulin infusion (10—
12); however, controversial effectiveness and safety issues have
been suggested (13).

It has been recently shown that cell-mediated immunity
(CMI) is involved in augmented risk of congenital CMV trans-
mission, particularly when high maternal CMI responses are
associated with low maternal CMV IgG avidity (14). In this
study, two interferon gamma (IFN-vy) release assays (IGRA),
the CMV enzyme-linked immunosorbent spot (ELISPOT) and
CMV QuantiFERON assays, widely used to detect pathogen-
specific CMI (15-21), were compared in a group of primarily
and nonprimarily CMV-infected pregnant women and in a
control group of healthy seropositive and seronegative preg-
nant and nonpregnant women without evidence of active CMV
infection. Several characteristics differ between the CMV
ELISPOT and CMV QuantiFERON assays. The CMV ELISPOT
assay is made on a given number of peripheral blood mononu-
clear cells (PBMCs) (~2 X 10°), while the CMV QuantiFERON
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assay is performed on a defined volume of blood (~1 ml).
Moreover, the CMV ELISPOT assay detects both CD4" and
CD8™ T-cell responses, while the CMV QuantiFERON assay
detects only CD8™" T-cell responses. The two assays may also
differ on the antigen stimulus used: CMV pp65 (ppUL83)
and/or IE1 peptide pools are widely used for their high immu-
nogenicity (22-27). At present, the stimulus compositions of
both assays are patent protected, and thus, the use of different
peptide pool combinations may influence the interassay vari-
ability. Moreover, the HLA type may affect the efficacy of pep-
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TABLE 1 Comparison of CMV-ELISPOT and CMV-QuantiFERON assays under different conditions®

No. of
Type IGRA samples Mean SD p25 p50 P75
npreg, sero+ CMV ELISPOT 7 86.86 105.50 11 58 127
CMV QuantiFERON 7 4.71 4.40 0.61 3.25 9.72
npreg, sero— CMV ELISPOT 4 9 10.03328 2 6.5 16
CMV QuantiFERON 4 0 0 0 0 0
preg, sero+ CMV ELISPOT 89 168.17 227.95 35 81 187
CMV QuantiFERON 89 3.39 3.44 0.51 2.4 6.93
preg, sero— CMV ELISPOT 15 1.87 2.77 0 1 3
CMV QuantiFERON 147 0 0 0 0
Primary CMV infection CMV ELISPOT 57 273.28 264.72 65 170 411
CMV QuantiFERON 57 4.56 3.88 0.67 3.43 8.12
Nonprimary CMV infection CMV ELISPOT 23 108.70 111.07 20 79 129
CMV QuantiFERON 23 4.42 4.32 0.41 1.82 9.63

“ Conditions include pregnancy (preg), nonpregnancy (npreg), and CMV serostatus (sero+, seropositivity; sero—, seronegativity). p25, p50, and p75 indicate the 25th, 50th, and

75th percentiles, respectively.

¥ One CMV-QuantiFERON sample is missing due to tube breakage during the processing step.

tide pool antigen presentation (28) and thus the detection of
pathogen specific immune response.

(The data in this article were presented in part at the Congen-
ital CMV Conference, Brisbane, Australia, 2015.)

MATERIALS AND METHODS

Patients. This study was conducted with 195 Caucasian women, in-
cluding 57 primarily CMV-infected pregnant women, 23 nonprimar-
ily (relapse or reinfection) CMV-infected pregnant women, 15 sero-
negative pregnant women, 4 seronegative nonpregnant women, 7
seropositive nonpregnant women, and 89 CMV-seropositive women
without evidence of active infection. Active CMV infection is defined
as the presence of detectable CMV DNA in blood or urine. The median
age of the group was 32 years (range, 21 to 42). The patients’ exclusion
criteria were (i) any existing or acquired immunodeficiency and (ii)
exhibition of primary CMV infection after the 20th week of gestation.
Primary and nonprimary CMV infections were previously defined
(14). For primarily infected pregnant women, the estimated timing of
CMV infection occurred within a median of 6 weeks of gestation
(range, 0 to 20) and the CMV ELISPOT and CMV QuantiFERON
assays were performed within a median of 8 weeks (range, 2 to 17) after
the CMV infection. For the nonprimary infections, it was not possible
to determine the timing of reactivation or reinfection, and the two
assays were performed within a median of 1 week (range, 1 to 4) after
the detection of CMV DNA in maternal urine. The Padua General
Hospital Ethical Committee approved the study.

CMV serology, CMV QuantiFERON and CMV ELISPOT tests, and
detection of CMV DNA in blood and urine. For the CMV serostatus
determination, CMV IgM and CMV IgG (Siemens Immulite) were eval-
uated according to the manufacturer’s instructions. Blood draws were
performed at the same time for both assays. For the CMV ELISPOT assay,
10 ml of blood was collected in tubes containing sodium citrate, while for
the CMV QuantiFERON assay, 3 ml of blood was collected in 3 tubes
(positive and negative controls, CMV, ~1 ml in each tube, according to
the manufacturer’s instructions). For the CMV ELISPOT assay (Autim-
mun Diagnostika), peripheral blood mononuclear cells (PBMCs) were
Ficoll purified and used as previously described (29) and stimulated with
CMV pp65 antigen (Autimmun Diagnostika) to assess the specific CMI.
CMV QuantiFERON (Qiagen) tubes were kept overnight at 37°C, and
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FIG 1 Box-and-whisker distribution of CMV ELISPOT (A) and CMV
QuantiFERON (B) assay values under different conditions, including preg-
nancy (preg), nonpregnancy (npreg), and CMV seropositivity (sero+ or
sero—). “Primary” and “nonprimary” refer to CMV infection. CMV ELISPOT
assay values were limited to 1,000 spots/2 X 10° PBMCs, while CMV QuantiF-
ERON assay values were limited to 10 IU of IFN-y/ml. CMV viremia occurred
prior to CMV ELISPOT and CMV QuantiFERON assay determination.
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FIG 2 Frequency distribution of CMV ELISPOT (A) and CMV Quanti-
FERON (B).

samples were then processed according to the manufacturer’s instruc-
tions.

The range of CMV ELISPOT assay responses was chosen to be 0 to
1,000 spots/2 X 10°> PBMCs, since 1,000 spots saturated the ELISPOT
well. The CMV QuantiFERON assay range is 0 to 10 IU of IFN-y/ml of
whole blood.

Statistical analysis. The frequency analysis was used to assess the
data distribution. The nonparametric Kruskal-Wallis equality-of-
populations rank statistical test was employed to analyze the CMV
ELISPOT and QuantiFERON assay groups. The Wilcoxon rank sum
test for equality on unmatched data was used to analyze CMV
ELISPOT and CMV QuantiFERON assay results under six conditions
(pregnancy and nonpregnancy, CMV seropositivit and seronegativity,
and primary and nonprimary infections). The nonparametric lowess
local regression model was employed to compare the CMV ELISPOT
and CMV QuantiFERON assays. P values of <0.05 were considered
statistically significant. The software Stata 14.1 (StataCorp) was used
for statistical analysis.

RESULTS

The CMV ELISPOT and CMV QuantiFERON assays were used
to detect the CMI under six different conditions; subjects in-
cluded 57 primarily and 23 nonprimarily CMV-infected preg-
nant women in a control group represented by 89 CMV-sero-
positive pregnant women, 15 CMV-seronegative pregnant
women, 7 CMV-seropositive nonpregnant women, and 4
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CMV-seronegative nonpregnant women (Table 1). The im-
mune profile of each group is shown in a box-and-whisker
graph reporting the median and interquartile range for the
CMYV ELISPOT and CMV QuantiFERON assays (Fig. 1A and B,
respectively). The frequency distribution analysis revealed that
the results of the two assays were not normally distributed and
did not display equal variance (Fig. 2A and B, respectively). In
particular, the CMV QuantiFERON assay results displayed a
bimodal pattern of CMI. In order to compare the data, the
nonparametric Kruskal-Wallis equality-of-populations rank
statistical test was applied separately to CMV ELISPOT and
CMV QuantiFERON groups. A statistically significant hetero-
geneity between the six clinical types was found (P = 0.0001 for
both assays). Then a pairwise analysis using the Wilcoxon rank
sum test for equality on unmatched data was performed be-
tween the six groups for both assays (Table 2). Interestingly, the
CMYV ELISPOT results were statistically significant for the fol-
lowing pairs: (i) primarily CMV-infected and nonpregnant se-
ropositive subjects (P = 0.0379), (ii) primarily CMV-infected
and CMV-seropositive pregnant subjects (P = 0.0057), and
(iii) subjects with primary and nonprimary infections (P =
0.0104). When the same pairs were analyzed using the CMV
QuantiFERON assay, there were no statistical differences. In
order to explore the correlation of CMV ELISPOT with CMV
QuantiFERON assay results on individual basis, a lowess local
regression model was applied to the assays (Fig. 3). The graph
bandwidth was 0.8.

DISCUSSION

It has been recently shown that there is an association between
cell-mediated immunity and the increased risk of congenital
infection in primarily infected pregnant women (14). In this
study, CMV QuantiFERON and CMV ELISPOT assays were
compared by testing a group of pregnant women with active
CMV infection and a control group represented by healthy
pregnant and nonpregnant CMV-seropositive and -seronega-

TABLE 2 Pairwise comparison between CMV-ELISPOT and CMV-
QuantiFERON assays under different conditions®

P value for assay

CMV CMV

Type pair ELISPOT  QuantiFERON
npreg, sero— vs npreg, sero+ NS NS
preg, sero+ vs npreg, sero+ NS NS
preg, sero— vs npreg, sero+ 0.0004 0.0000
Primary infection vs npreg, sero+ 0.0379 NS
Nonprimary infection vs npreg sero+ NS NS
preg, sero+ vs npreg, sero— 0.0070 0.0017
preg, sero— vs npreg, sero— NS NA
Primary infection vs npreg, sero— 0.0039 0.0011
Nonprimary infection vs npreg, sero— 0.0115 0.0026
preg, sero— vs preg, sero+ 0.0000 0.0000
Primary infection vs preg, sero+ 0.0057 NS

Nonprimary infection vs preg, sero+ NS NS

Primary infection vs preg, sero— 0.0000 0.0000
Nonprimary infection vs preg, sero— 0.0000 0.0000
Nonprimary infection vs primary infection 0.0104 NS

“ Conditions included pregnancy (preg), nonpregnancy (npreg), and CMV serostatus
(sero+, seropositivity; sero—, seronegativity). P value is indicated. NS, not significant
(P > 0.05); NA, not assessable.
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FIG 3 Comparison of CMV ELISPOT and QuantiFERON in 195 pregnant and nonpregnant CMV-seropositive and -seronegative women. CMV ELISPOT
values were limited to 1,000 spots/2 X 10> PBMCs while CMV QuantiFERON was limited to 10 IU of IFN-y/ml. The dashed line indicates the lowess local

regression-smoothing model. The bandwidth is 0.8.

tive women. The study showed that both of these assays are
highly accurate in discriminating CMV-seronegative pregnant
and nonpregnant women. Statistically significant differences
between the two assays were found when primarily infected
pregnant women were compared to CMV-seropositive preg-
nant and nonpregnant women and with nonprimarily infected
pregnant women, with the CMV ELISPOT assay having the
ability to discriminate primary from nonprimary infections. A
substantial degree of variability between the assays emerged in
the results for CMV-seropositive pregnant and nonpregnant,
primarily and nonprimarily infected women. The interassay
heterogeneity was also observed for healthy subjects and kid-
ney transplant recipients (30). Potential sources of heterogene-
ity in the CMV-infected and CMV-seropositive group may be
ascribed to the interassay differences, such as the comparison
of CMI in a volume of blood (CMV QuantiFERON) versus a
given number of cells (CMV ELISPOT). Other important
sources of interassay heterogeneity may be the differences in
the CMV antigen stimulus used. The antigen composition may
affect the HLA recognition and the magnitude of the immune
response and may contribute to the interassay differences ob-
served in this study.
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