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Abstract
Background
Human cytomegalovirus (HCMV) is the most common congenital viral infection
in the US leading to serious complications and central nervous system
disease. For pregnant women suspected of having primary HCMV infection,
treatment with hyperimmune globulin and/or antivirals may be utilized to
prevent mother-to-child transmission. An effective vaccine is currently
unavailable. We investigated whether presence of maternal and infant
HCMV-neutralizing antibody (NAb) was associated with HCMV viremia in the
newborn infant.
Methods
76 HIV+ women and their newborns who were enrolled in a Natural History and
long-term follow-up study of HIV and the role of HCMV on HIV pathogenesis at
our Maternal, Child and Adolescent Center were studied. Maternal plasma and
infant cord blood were assessed for presence of NAb and HCMV viremia. A
novel ELISA microneutralization assay was used to quantify NAb levels using
serially diluted plasma, which was incubated with HCMV AD169, followed by
overnight incubation with human fibroblast cells. After 3 days, cells were fixed
and an in situ ELISA assay was performed to assess for neutralization
compared to controls. HCMV viremia (DNA) was detected by Abbott m2000rt
using Abbott Real-time CMV PCR ASR. Statistical analyses were performed with
Prism 5.0.
Results
For the 76 HIV+ mothers, mean NAb levels were 229.2 (reciprocal titers); 42%
had no evidence of NAb; 20 (26%) women had presence of viremia and among
those with viremia, 7 (35%) mothers had undetectable NAb levels. Among the
newborns, 21 (28%) were found to have HCMV viremia. Women who were
viremic were more likely to give birth to viremic infants than non-viremic
women (50% vs 18.9%; P = 0.02). Maternal neutralizing antibody levels were
significantly correlated with infant NAb levels (P < 0.0001), but did not protect
against HCMV transmission. The difference in maternal NAb level between
mothers of infants with detectable HCMV viremia (DNA) and those with
undetectable HCMV viremia (DNA) was not significant.
Conclusion
Maternal viremia is associated with mother-to-child transmission of HCMV.
Although neutralizing antibody levels appear to be related to infant NAb levels,
they do not seem to protect against mother-to-child transmission of HCMV.
These findings may help develop more effective treatment protocols in the
future. Furthermore, the development of the quantification assay has allowed
us to detect levels of neutralizing antibody in plasma, which we believe is more
informative than commercial assays that only detect total antibody levels.

Background
Human cytomegalovirus (HCMV) is a member of the Herpesviridae family that
can be passed from mother to fetus. It is the leading cause of congenital viral
infection in the US, causing deafness, hepatosplenomegaly, anemia,
thrombocytopenia, and central nervous system disease. For pregnant women
suspected to have primary HCMV infection, treatment with hyperimmune
globulin and/or antivirals may be utilized to prevent mother-to-child
transmission. Effective vaccine is currently unavailable. In this study, we
investigated whether presence of maternal and infant HCMV-neutralizing
antibody (NAb) was associated with HCMV viremia in the newborn infant. The
study can also help us to improve the understanding of the transmission of
maternal HCMV-neutralizing antibody to the developing fetus and help identify
risk factors for congenital HCMV infection.

Laboratory Methods

Subject Characteristics
76 HIV+ women and their newborns enrolled in a Natural History and long-term
follow-up study of HIV and the role of HCMV on HIV pathogenesis at our
Maternal, Child and Adolescent Center were studied. Demographic and clinical
characteristics of the study women are shown in Table 1.
Table 1. Demographic and Clinical Characteristics of 76 HIV Infected Women
Maternal Characteristics
Median age, years (range)
Race/Ethnicity
White
Black
Asian
Mode of Transmission
Heterosexual and IDU
Transfusion
Undetermined/Unknown
Data Missing
AIDS status
HIV+, not AIDS
HIV+, AIDS Unknown
CDC Defined AIDS
HAART Treatment
Yes
No
CMV Status
Non-viremic
Viremic
Data Missing
Neutralizing Antibody Level
Undetectable
Detectable
Median CD4 Cell Count, cells/ L (range)
Median HIV viral load, copies/mL (range) 1
Mean neutralizing antibody level,
reciprocal titers (range)

Data
28 (18-44)
52 (68.4)
23 (30.3)
1 (1.3)
63 (82.9)
3 (4.0)
8 (10.5)
2 (2.6)

Maternal plasma and infant cord blood were assessed for presence of NAb
and HCMV viremia. We developed and optimized a novel assay to quantify the
levels of effective NAb within the serum. 2x105 human dermal fibroblast
neonate cells (HDFN) were incubated with HCMV, GPC (Guinea pig
complement, Sigma), and serial 2-fold dilutions of patients’ plasma in a
96-well plate at 37oC, 5% CO2 for 16-18 h. The media was removed and
replenished with fresh media and incubated for an additional 3 days. After 3
days, the cells were fixed and used in an in-situ ELISA assay (Figure 1A) to
assess for neutralization compared to controls. Cytogam CMV-IVIG (Human)
(Behring, 100 μg/mL) was added and the plates were incubated for 30 min at
37°C and washed. Goat polyclonal anti-human IgG (Thermo Scientific) was
used as secondary antibody at 1:8000 dilution. Orthophenylenediamine (OPD,
Sigma) and H2O2 were added and the reaction was stopped with 1M H2SO4 (50
μl/well). The plates were read with a Biotek Microplate reader (490 nm, Figure
1B). Comparing the amount of CMV-antigen present in the samples to those
found in positive and negative controls, we were able to quantify plasma
neutralizing antibody levels (Figure 1C). The Abbott Real-time CMV PCR ASR
assay was used to detect HCMV DNA viral load in patients’ plasma.

30 (39.5)
3 (3.9)
43 (56.6)

Results

Summary

Table 2: Association between Maternal Characteristics and Infant CMV Viremic Status
Maternal Characteristics
Mean age, years (range)
Race/Ethnicity
White
Black
Asian
Mode of Transmission 1
Heterosexual and IDU
Transfusion
Undetermined/Unknown
AIDS status
HIV+, not AIDS
HIV+, AIDS Unknown
CDC Defined AIDS
HAART Treatment
Yes
No
CMV Status 2
Non-viremic
Viremic
Mean CD4 Cell Count, cells/ L (range)
Mean HIV viral load, copies/mL (range) 3

CMV viremic infants (N=21)
27 (20-42)

CMV non-viremic infants (N=55)
28 (18-44)

11 (52.4%)
10 (47.6%)
0

41 (74.6%)
13 (23.6%)
1 (1.8%)

P-value*
0.41
0.08

0.07
14 (70%)
2 (10%)
4 (20%)

49 (90.7%)
1 (1.9%)
4 (7.4%)
0.91

9 (42.9%)
1 (4.7%)
11 (52.4%)

21 (38.2%)
2 (3.6%)
32 (58.2%)
>0.99

17 (81%)
4 (19%)

43 (78.2%)
12 (21.8%)

10 (50%)
43 (81.1%)
10 (50%)
10 (18.9%)
475.2 (61-1283)
491.6 (13-1221)
3062.48 (20-38790)
10446.4 (8-453854)
*P-value from Fisher's exact test for categorical variables; or t-test for continuous variables.
1
Excluded 2 subjects without mode of transmission measurement
2
Excluded 3 subjects without CMV status measurement
3
Among 74 women with HIV viral load data

0.02

0.81
0.59

Maternal HCMV status is significantly associated with infants’ CMV status (Table 2,
P = 0.02).

60 (78.9)
16 (21.1)
53 (69.7)
20 (26.3)
3 (4.0)

► For the 76 HIV+ women:
● 42% had no evidence of neutralizing antibody.
● 26% had presence of viremia and among those with viremia, 35% had
undetectable neutralizing antibody levels.
► Among the 76 newborns:
● 28% were found to have HCMV viremia
● Infants of viremic mothers were more likely to be viremic
► Maternal neutralizing antibody levels were significantly correlated with infant
neutralizing antibody levels.
► No significant differences were found in level of maternal HCMV Nab in the
mothers of viremic and non-viremic infants suggesting that neutralizing
antibody was not protective.

Conclusions
► Mother-to-child transmission of HCMV is associated with presence of
maternal viremia.
► Maternal and infant neutralizing anitbody does not protect against
transmission.
► This rapid ELISA-based assay allows for easy quantification of neutralizing
antibody in plasma and could be more informative than commercial assays
that detect only total antibody levels.

32 (42.1)
44 (57.9)
492.5 (13-1283)
191 (8-453854)
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229.2 (0-1769)

NOTE: Data are no. (%) of women unless otherwise indicated
1
Among 74 women with HIV viral load data

Figure 2. HCMV neutralizing antibody (NAb) level was analyzed in paired maternal
plasma and fetal cord blood. Scatter diagram shows the relationship between maternal plasma anti-HCMV NAb levels and infant cord blood levels. The distributions were
log10 transformed to better visualize changes. Maternal neutralizing antibody levels
were significantly correlated with infant NAb levels (Figure 2, P < 0.0001).

Statistical Analysis Methods
Analyses were performed using STATA 11.2, with two-sided tests of hypotheses
and a p-value < 0.05 as the criteria for statistical significance. Initial analyses
were descriptive and included means, medians, ranges and percentages. To
investigate the association between maternal characteristics and infants’ CMV
viremic status (detectable versus undetectable), Fisher’s exact test was used
for comparison of the difference in proportion and the t-test was used for
comparison of means. Scatterplot and the Spearman correlation test were
used to assess the relationship between maternal and infants’ NAb levels. A
box plot was used to visualize the comparison of maternal NAb level by infant
HCMV viremia status (detectable versus undetectable) and the t-test was used
to test the difference.
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Figure 1. A). Schematic diagram of CMV microneutralization assay. B). ELISA
plate. C). The results from the microneutralization assay and ELISA. By
comparing the photometric data from the patient samples to positive and
negative controls, we were able to determine the percentage of neutralization.
Neutralization potency was evaluated by IC50 which is the concentration at
which half-maximal inhibition of infection is achieved. A logarithmic line of best
fit (black) was used to calculate the point at which 50% of the viral infection
was inhibited (IC50).
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Figure 3. Comparison of concentrations of maternal HCMV Nab levels in plasma by
infant HCMV viremia status (detectable versus undetectable). Levels of maternal
NAb in mothers of infants with detectable HCMV viremia (DNA) were not significantly
different compared to those with undetectable HCMV viremia (DNA) (Figure 3).
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