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One way of approaching this question is to calculate the number of patients who suffer annually from 
CMV infection. An alternative way is to ask whether CMV causes more or fewer cases than other 
infections in the same patient population. For example, among congenital infections, CMV is the most 
common and also damages more babies than does rubella. In transplant patients, CMV is the most 
common opportunistic infection and causes more disease than any other virus. In AIDS patients, it 
remains a significant contributor to mortality, even though its contribution is less likely to be revealed 
nowadays by overt end organ disease such as retinitis. In non-immunocompromised patients admitted 
to intensive care, CMV frequently reactivates and is associated with increased ventilator-dependence 
and length of hospital stay. In the elderly, CMV is associated with immunosenescence as the immune 
system progressively commits more and more resources to controlling this infection. Finally, in the 
general population, CMV is associated with excess mortality whose magnitude is equivalent to raised 
levels of biomarkers such as C-reactive protein. Thus, taken overall, I conclude that CMV is an important 
pathogen whose disease associations are poorly recognised. It follows that control of CMV at the 
population level by means of immunisation would likely produce greater medical benefits than are 
generally realised. 
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In recent years, a community of parents, researchers, and others dedicated to advancement in the field 
of congenital CMV infection (cCMV) has increased in number and breadth. To harness their collective 
expertise and passion, a partnership among these stakeholders is being developed. The primary goal of 
the partnership is to create a global network to link resources and provide services that support 
collaboration and accelerate progress in cCMV awareness, prevention, and treatment. 
This process began with the Congenital CMV Community Engagement Forum at the CMV Public Health 
& Policy Conference in September 2016. The purpose of the forum was to begin developing a 
partnership among diverse stakeholders, and designing a cCMV network. Given the creative nature of 
the activities, the meeting followed the “charrette” model of human-centered design, an engagement 
approach often used in architecture that focuses on solutions to a design challenge impacting all 
members of a community. A team of architects with expertise in the charrette model facilitated the 
session at their office. Working in small groups, forum attendees explored features that might benefit or 
impair a cCMV network, and concepts such as communication, inclusion, access, content, and 
operations. Building on ideas generated at the forum, a development team has been created to continue 
this design process and create some basic components of the partnership before seeking feedback from 
the larger cCMV community. These activities are being funded by a Tier I grant from the Patient-



Centered Outcomes Research Institute (PCORI). Through sequential tiered awards, PCORI resources 
and support provide a framework to guide the partnership development process, especially during the 
early stages. 
Ongoing activities to build a broad partnership of stakeholders and a global cCMV network will be 
described. Led by affected families, the field of congenital CMV infection stands to benefit greatly from 
this collaborative process. 
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Background 
Congenital cytomegalovirus infection (cCMV) is the most common congenital infection worldwide. It can 
cause symptoms at birth as well as long-term impairment, including sensorineural hearing loss and 
developmental delay. This study estimates cCMV-related healthcare costs in the Netherlands in the first 
six years of life. 
Methods 
In a nation-wide retrospective cohort study 156 children with cCMV were identified by testing 31,484 
stored neonatal dried blood spots using polymerase chain reaction. Use of healthcare resources in the 
first six years of life by children with cCMV and a matched cCMV-negative control group was analyzed. 
The average total healthcare costs per child were calculated from a healthcare perspective, by 
multiplying healthcare resource use by its reference prices. 
Results 
Medical data of 133 cCMV-positive and 274 cCMV-negative children were analyzed. Mean healthcare 
costs of children with cCMV (€6,113) were higher than those of cCMV-negative children (€3,570). The 
additional healthcare costs of cCMV were €2,544 (95% CI -€451, €5,538) per child in the first six years 
of life. When cCMV-positive children had symptoms at birth costs (€15,922) were more than four times 
higher than in asymptomatic cCMV-positive children (€3,730). In the Netherlands a total of €2.3 million 
could be attributed to cCMV for the whole birth cohort (184,634 children) of 2008 in the first six years of 
life. 
Conclusions 
Children with cCMV, especially those symptomatic at birth, accrue higher healthcare costs than cCMV-
negative children in the first six years of life, although this is not statistically significant. Costs of special 
needs education, psychological healthcare and non-healthcare costs such as productivity losses of 
parents will further increase costs. In addition to the health impact, the economic impact needs to be 
taken into account in preventive measures aiming to reduce the prevalence and burden of cCMV. 
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An International Congenital CMV Consensus Recommendations Group recently provided 
recommendations for an early prevention, identification, and intervention of congenital CMV (cCMV) 
infections based on a systematic literature review (Rawlinson et al. 2016). Two screening strategies 
were documented—one aimed at the detection of maternal CMV infections by testing pregnant women, 
the other one was a universal screening of all neonates, based on real-time PCR of saliva. The latter 
method was recommended as to be considered. However, it was stated that more data are needed 
including cost-benefit analyses. A recent cost-benefit analysis has proven a universal neonatal 
screening as cost-effective (Gantt et al. 2016). This international project running in Germany and Qatar 
examines the feasibility and cost-effectiveness of a universal neonatal screening for cCMV infections. 
12,000 neonates are planned to undergo a CMV-screening by real-time PCR-based testing of liquid-
saliva specimens. If a cCMV-infection is confirmed, babies are enrolled in a 6-year audiological, 
neurological, radiological, and opthalmological follow-up program. 
By the end of 2016, CMV-screenings (specificity 99.7%, sensitivity 100%) of 3242 neonates from 
Germany and 1687 neonates from Qatar identified cCMV-infections of 14 babies in Germany and of 4 
babies in Qatar, corresponding to a prevalence of 0.4 and 0.2 %, respectively. Five of the initially 
asymptomatic children developed symptoms during their first year of life. The high prevalence, the 
considerable proportion of initially asymptomatic infants who manifested sequelae later on, and the high 
test validity of the saliva testing support a strategy of universal rather than targeted maternal screening 
for cCMV infections. 
Rawlinson WD et al. (2016). Congenital cytomegalovirus infection in pregnancy and the neonate: 
consensus recommendations for prevention, diagnosis, and therapy. Personal communication, Oct. 25, 
2016. 
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gantt%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2
7723885 et al. Cost-effectiveness of Universal and Targeted Newborn Screening for Congenital 
Cytomegalovirus Infection. https://www.ncbi.nlm.nih.gov/pubmed/27723885 2016 Dec 1;170(12):1173-
1180. 
*Funded by QRNF, NPRP 7–1845–3–480 
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Background: Congenital CMV infection (cCMV) is an important cause of sensorineural hearing loss 
(SNHL). Only limited data from newborn screening studies are available to describe newborn disease 



and hearing outcomes. 
Objective: To describe the newborn clinical findings and examine the association between newborn 
disease and hearing loss in a large cohort of infants identified on newborn screening.  
Methods: In a prospective multicenter study, newborns at 7 U.S. hospitals were screened for cCMV. 
Clinical, laboratory and imaging data were collected from newborn medical records, examination at the 
initial follow up visit and imaging/laboratory studies completed after discharge from the hospital. Infants 
were considered to have symptomatic cCMV infection if they had any of the following symptoms in the 
newborn period: generalized petechial rash, purpuric rash, hepatomegaly, splenomegaly, jaundice with 
direct bilirubin ≥3 mg/dL, unexplained neurologic/CNS abnormalities, or chorioretinitis. Newborn disease 
was categorized as mild or moderate/severe based on the recent consensus guidelines (Lancet Infect 
Dis, In Press) 
Results: Of the 449 infants with confirmed cCMV, 10% (44/449) had symptomatic infection. 41% of 
symptomatic infants (18/44) resided in the NICU. The most frequent finding was microcephaly in 38.6% 
(17/44). A generalized petechial rash, jaundice, hepatomegaly, and splenomegaly were observed in 
27%, 21%, 25%, and 32%, respectively. Three infants had seizures and one had chorioretinitis. 
Symptomatic cCMV was categorized as mild in 43% (19/44) and moderate/severe in the remaining 57%. 
SNHL occurred in 21% of mild symptomatic infection compared with 48% of moderate/severe 
symptomatic infection (p=0.06).  
Conclusions: In a large cohort of infants with cCMV identified by newborn screening, symptomatic 
infection occurred in 10% of infants, with nearly half of symptomatic infection classified as mild. Children 
with moderate/severe symptomatic cCMV had greater than 2-fold increased risk for SNHL. 
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A major limitation of studies of infectious diseases is real-time access to sites of infection in patients. 
This challenge is exacerbated in congenital infections where fetal samples are generally unavailable 
during gestation. Population genetics uses the distribution and changes in allele frequencies to build 
statistically robust models to describe historical events that have shaped the sampled populations. 
Recent applications of this approach include recalibration of the timing and scale of ancient human 
migrations and the discovery of alleles under positive selection in humans. These tools have been 
refined for clinical viral infections, permitting analyses of evolutionary dynamics within individuals. By 
deep sequencing cytomegalovirus (CMV) populations from congenitally infected infants, we discovered 
that like RNA viruses, CMV exists as complex and evolving populations in vivo. Population genetics 
modeling of congenital CMV infection histories revealed the number and timing of bottlenecks 
representing maternal-fetal transmission and viral spread through fetal tissues. The bottleneck sizes 
suggest 10’s to 100’s of viral founders, which likely explain how CMV maintains diversity within and 
across individuals. This is in contrast to RNA viruses, which typically have founder sizes of 1-10 
individuals. Given the low founder size, RNA viruses create intrahost diversity via high mutation rates. 
The modeling also produces inferences of where selection has acted on CMV populations. In sum, 
population level deep sequencing and modeling produce critical measures of infection history that do not 
require risky intrauterine sampling and are consistent with clinical features of congenital CMV infections. 
This approach is generalizable to the study of any viral infection and has application to the development 
of therapies and vaccines that limit disease. 
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Role of cytoplasmic receptors NOD1 and NOD2 in CMV control 
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Episodes of CMV colitis in children with Inflammatory Bowel Disease and young infants with no apparent 
immunodeficiency prompted investigation of underlying genetic susceptibility to CMV. NOD2 is a 
susceptibility marker for Crohn’s disease, and signals through the receptor interacting serine/threonine 
protein kinase (RIPK2), resulting in NF-kB activation. Our studies revealed that NOD2 was induced by 
CMV at and after 12 h. NOD2 induction by CMV appeared to be a cellular defense mechanism as it 
resulted in virus suppression. The bacterial moiety muramyl dipeptide, which binds to and activates 
NOD2, inhibited CMV replication in a time- and concentration-dependent manner. CMV inhibition 
through NOD2 occurred via IFN-β dependent pathway, since in IFN-β knockdown cells NOD2 activation 
could not suppress CMV. Overexpression of a NOD2 mutant associated with severe Crohn’s, failed to 
localize NF-kB into the nucleus and to phosphorylate IRF3, and could not inhibit CMV. Survival of mouse 
CMV-infected NOD2 knockout mice was impaired compared to infected wild-type mice. Activation of the 
sister molecule, NOD1, with tri-DAP early after infection also suppressed CMV via IFN-β dependent 
pathway, requiring IKKα activation. NOD1 activation in mice inhibited mouse CMV replication and 
improved survival. A mutation in NOD1 that disrupts its interaction with RIPK2 resulted in failure of tri-
DAP to inhibit CMV in vitro. Single nucleotide polymorphisms in NOD1 were significantly associated with 
CMV acquisition in a cohort of 400 CMV-seronegative women who participated in a CMV vaccine trial. 
Of 768 selected SNPs in 29 innate immune response genes, only 6 SNPs were significantly different 
between infected and non-infected women, 3 of which were in NOD1. Summarized, both NOD1 and 
NOD2 participate in CMV control via IFN-β induced pathway. Studies are ongoing to identify viral and 
cellular proteins that interact with NOD1 and/or NOD2 and which interferon stimulatory genes play a role 
in CMV suppression. 
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The innate immune response against Human Cytomegalovirus (HCMV) plays a pivotal role during 
primary infection. Indeed, HCMV infection of primary fibroblasts rapidly triggers a strong induction of 
interferons-type I (IFN-type I) accompanied by proinï¬‚ammatory cytokine release. Here, we show that 
primary Human Foreskin Fibroblasts (HFFs) produce IFN-type I when infected with the wild type HCMV 
strain TB40/E (v65Rev). However, significantly higher IFN-type I levels were observed when HFFs were 
infected with HCMV unable to express UL83encoded pp65 (v65Stop), suggesting that the tegument 
pp65 protein may downregulate IFNtype I production. To clarify the mechanisms pp65 relies on to 
inhibit IFN-type I production, we analyzed the activation of the cGMP-AMP synthase 
(cGAS)/STING/IRF3 axis in HFFs infected with v65Rev or with v65Stop. The results obtained reveal that 
pp65 selectively binds to cGAS and prevents its interaction with STING, thus inactivating the signaling 
pathway through the cGAS/STING/IRF3 axis. Notably, during the first six hours of HCMV infection, 
STING undergoes proteasome degradation regardless of the presence of pp65. Additionally, down-
regulation of cGAS activity by pp65 blocked IRF3 dimerization and DNA binding activity, leading to the 



inhibition of IFN-type I production. Collectively, our data provide mechanistic insight into the interplay 
between HCMV pp65 and cGAS leading to subsequent immune evasion by this prominent DNA virus. 
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Langerhans-type dendritic cells (LC) are the only type of innate immune cells present in the outer layers 
of human oral epithelia. As such, they are likely to play important roles during CMV acquisition and 
spread, as well as in the mounting of adaptive immune responses. We previously reported that LC 
exposure to stimuli similar to those normally encountered in the oral cavity increases the proportion of 
infected cells, but dramatically reduces viral yields. This was not due to defects in progeny release, but 
to diminished progeny production rates. Here, we show that expression of the late and true-late proteins 
pp150 and pp28 at day 6-8 post-infection occurred in a 2-4-fold lower proportion of mature LC (mLC), as 
compared to immature LC (iLC). The number of cells containing actively replicating viral DNA as 
indicated by EdU incorporation was also similarly reduced, as was the percentage of mLC expressing 
the viral single-stranded DNA binding protein UL57. By contrast, no difference was detected in the 
percentage of cells expressing the early protein UL84, reportedly required for initiation of lytic DNA 
replication, or the viral polymerase processivity factor UL44. These data suggest that expression of 
some, but not all, of the viral replication complex components is impaired in mLC, leading to reduced 
viral genome replication rates, and that this may be due to the selective upregulation of specific 
restriction factors in mLC. While most cellular defense mechanisms known to date act by preventing 
virion entry and/or viral immediate-early gene expression, blocking viral replication is a novel and 
potentially advantageous means for innate immune cells to obtain a large pool of viral antigens for 
presentation to T and B cells, simultaneously preventing cell death and virus spread. 
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Cytomegalovirus (CMV) induces CD8 T-cell responses of unparalleled strength, which decisively 
contribute to virus control. Cytomegalovirus encodes numerous immune evasion genes, for instance 
viral regulators of antigen presentation (vRAP) (e.g. m06, m152), which protect the virus from 
recognition by CD8 T-cells. We have shown that the murine cytomegalovirus (MCMV) lacking the gene 
inhibiting cell-extrinsic apoptosis (M36), shows severe growth defect in vivo. We hypothesized that M36 
may protect MCMV infected cells from CD8 T-cell induced apoptosis. 



We developed an in vitro co-culture system of MCMV-specific CD8 T cells and virus-infected fibroblasts 
or endothelial cells. The CD44+CD62L- effector memory CD8 T cells isolated from latently infected mice 
failed to control the growth of wildtype MCMV or of the MCMV lacking vRAPs (ΔvRAP MCMV). 
However, the same CD8 T cells controlled the growth and spread of ΔM36-MCMV. 
In vitro time-lapse imaging of co-culture systems showed that the ΔM36-MCMV infected cells are 
controlled by T cells via induction of apoptosis in infected cells, whereas no apoptosis occurred in 
MCMV

WT
 infection. ΔM36-MCMV growth was rescued by a pan-caspase inhibitor. Furthermore, CD8 T 

cells were unable to control ΔM36 MCMV growth in mouse embryo fibroblast (MEF) cells lacking 
caspase-8. A recombinant MCMV expressing dominant-negative FADD instead of M36 was controlled 
by CD8 T-cells, but only in the presence of IL2. This control was absent if perforin-deficient CD8 T-cells 
were used for co-culture experiments. Hence, our results suggest that CD8 T cells induce apoptosis in a 
caspase-8 dependent manner in the MCMV infected cells. T-cells induce apoptosis by death-receptor 
ligands and upon IL2 stimulation by the FADD-independent perforin/granzyme pathway. Taken together, 
the inhibition of caspase 8 dependent apoptosis, rather than of antigen presentation, is a key 
determinant of MCMV fitness in the presence of CD8 T cells. 
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The constant region of IgG, fcγ, mediates vital antiviral functions including the engagement of host 
FcγRs expressed by a variety of immune cells. Here we demonstrate HCMV to use sophisticated 
strategies of evasion from IgG-mediated control by expressing two viral FcγReceptors (vFcγRs) on the 
plasma membrane of infected cells, gp34/TRL11 and gp68/UL119-118 (Atalay et al., 2002). Using a 
recently developed reporter cell-based FcγR activation assay (Corrales-Aguilar et al., 2013) we found a 
robust inhibition of IgG-mediated triggering of activating human FcγRs (CD16/FcγRIII, CD32A/FcγRII, 
CD64/FcγRI) by gp34 and gp68 (Corrales-Aguilar et al., 2014). Moreover, we provide evidence for a 
third vFcγR, gp95/TRL12. Intriguingly, TRL12 represents one of the most polymorphic genes found 
among HCMV clinical isolates, but its ability to impair host FcγR activation appears nevertheless 
conserved. vFcγRs may explain the limited protective efficacy of HCMV hyperimmunoglobulin obseved 
in various clinical settings. gp34 and gp68 form ternary complexes with immune IgG and antigen. 
According to the common ‘antibody bipolar bridging’ (ABB) hypothesis, their most obvious molecular 
mechanism of inhibition would be competitive Fcγ binding preventing host FcγRs from recognizing the 
Fcγ domain. To address this important issue and to test whether both inhibitors act in a redundant way 
we compared Fcγ binding of host FcγRs in the presence or absence of vFcγRs. We developed a test 
system using CD20 as a model antigen and anti-CD20 Rituximab to allow ABB complex formation upon 
transient expression of gp34 or gp68. Binding of soluble CD16 to ABB-complexes was readily detected 
by FACS and found unimpaired in the presence of gp34 but strongly reduced by gp68. Overall, our data 
suggest distinct modes of action for both vFcγRs and a division of labor between gp34 and gp68. The 
data support a novel concept of non-redundant but cooperative immune evasion mechanisms from IgG-
Fc mediated effector responses. 
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Age-associated immune alterations include impaired T cell responses and can as a consequence lead 
to increased disease susceptibility and decreased efficacy to vaccines. It is suggested that by promoting 
accumulation of memory CD8 T cells, persistent human cytomegalovirus (HCMV) infection is associated 
with an accelerated onset of immune senescence. However, evidence for this relationship remains 
elusive. Using mouse CMV (MCMV) as a model, we have investigated the influence of lifelong chronic 
CMV infection on antiviral immunity and addressed in particular the impact of the infectious dose. We 
show that the degree of CMV-specific memory CD8 T cell accumulation and the phenotypic T cell profile 
are directly influenced by the initial infectious dose, and data on HCMV-specific T cells suggest a similar 
connection. Moreover, following long-term infection with MCMV, the strength of the CD8 T cell response 
to superinfection with lymphocytic choriomeningitis virus (LCMV) inversely correlates with the height of 
the initial inoculum with MCMV. This coincides with a lower degree of activation of the LCMV-specific 
CD8 T cells that are induced when the initial MCMV inoculum increased, as was evidenced by 
decreased upregulation of CD27 and lower IL-2 production and consumption. Additionally,we show that 
long-term MCMV infection negatively affects the B cell response against LCMV in a dose-dependent 
manner, as evidenced by decreased IgM serum levels. Most importantly, we demonstrate that in latent 
MCMV infection the capacity to respond to superinfection with LCMV is impacted by the size of the initial 
inoculum. Taken together these results suggest that the contribution of CMV infection to immune 
senescence is set by the initial viral inoculum, and only substantial in case of exposure to a high initial 
dose. Thus, stratification based on the size and phenotype of the CMV-specific memory T cell pools is of 
interest to consider with respect to immune senescence. 
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The human cytomegalovirus (HCMV) gene UL111A encodes two homologs of human 
immunosuppressive cytokine interleukin 10 (hIL-10), termed cmvIL-10 and LAcmvIL-10. We and others 
have previously reported a range of immunomodulatory functions exhibited by cmvIL-10, while biological 
functions of LAcmvIL-10 are more restricted. Due to technical limitations, most of previous studies were 
performed either on a single cell subset or looking at a single cellular target within a mixed population of 
cells. Development of mass cytometry (CyTOF) allowed us to perform multiplexed analysis of cell 
subset–specific signalling pathway activation ‘signatures’ induced by cmvIL-10 and LAcmvIL-10 in 
peripheral blood mononuclear cells (PBMCs). Our 36-antibody CyTOF panel was designed to identify 
most major cell subsets present in PBMCs and it also included antibodies detecting phosphorylation (i.e. 
activation) of eight signalling pathways in each PBMC subset. 
Two major questions asked in our study were: 
Which signalling pathways are phosphorylated in different PBMC subsets by cmvIL-10 and LAcmvIL-
10? 
Can cmvIL-10 and LAcmvIL-10 modulate activation of a number of signalling pathways triggered by 



numerous host cytokines and if so, which PBMC subsets are targeted? 
In addition to previously reported Jak1/Stat3 and PI3K/Akt signalling pathway phosphorylation by cmvIL-
10 in CD14

+
 monocytes, our study identified Stat3 phosphorylation by cmvIL-10 in a number of other 

PBMC subsets. Furthermore, we have also identified Stat5 phosphorylation by cmvIL-10 in some, but 
not all PBMC subsets, which was subsequently suppressed by prolonged exposure to cmvIL-10. 
LAcmvIL-10 had more restricted capacity to phosphorylate signalling pathways tested in our study. 
Instead, LAcmvIL-10 appeared to prevent Stat3 phosphorylation by hIL-6 specifically in CD14

+
 

monocytes and inhibit global Stat1 phosphorylation by IFN-gamma. 
In summary, this study reports for the first time phosphorylation of Stat5 associated with cmvIL-10 
treatment and identifies signalling pathways that may be signalling atypically in presence of LAcmvIL-10. 
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Cytomegalovirus-encoded Death Suppressors Cooperate to Prevent Proinflammatory 
Consequences of Combined Apoptosis and Necroptosis. 
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Caspase-8 drives extrinsic apoptosis and prevents receptor-interacting protein kinase (RIPK)3-
dependent necroptosis. These cell death pathways have antiviral as well as inflammatory consequences 
that remain poorly understood. Cytomegaloviruses encode suppressors of apoptosis and necroptosis 
during infection to sustain infected cell viability. The murine CMV inhibitor of caspase-8 activity (vICA, 
encoded by M36) is conserved in human CMV, and the viral inhibitor of RIP activation (vIRA, encoded 
by M45) is conserved in the alphaherpesvirus, HSV. Here, we have investigated the consequences of 
vICA and vIRA together in murine CMV in cultured cells as well as in the naturally infected mouse host. 
vICA-deficient virus and vIRA-deficient viruses showed expected susceptibility to apoptosis and 
necroptosis, respectively. In contrast, double mutant virus activates caspase-8 to trigger apoptosis that 
gives rise to secondary necroptosis. Infection with double mutant ΔM36/M45mutRHIM MCMV reveals a 
signaling pattern where caspase-8 activates caspase-3 to drive apoptosis with subsequent RIPK3-
dependent activation of mixed lineage kinase domain-like (MLKL) leading to necroptosis. This combined 
death signaling is highly inflammatory,greater than either apoptosis induced by vICA-deficient virus or 
necroptosis induced by vIRA-deficient MCMV. Double mutant virus drives significant increases in IL-6 
production in infected macrophage cultures and elicits faster anti-viral responses in the host compared to 
wild type or single mutant virus infection. Collaboratively, vICA/M36 and vIRA/M45 target caspase-8 and 
RIPK3 signaling pathways together in order to suppress proinflammatory cell death. This study clarifies 
the impact of caspase-8 activation on the unleashing of necroptosis and also identifies a novel anti-viral 
mechanism of caspase-8 activation in concert with RIP3 signaling in driving proinflammatory cell death. 
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Mast cells as rapid innate sensors of cytomegalovirus by TLR3/TRIF signaling-dependent and -
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The traditional perception of mast cells (MC) was dominated for decades by their notorious property to 
initiate IgE-dependent allergic reactions. However, it is increasingly being appreciated that MC are an 
integral part of innate immunity, based mainly on their aptitude to rapidly initiate acute inflammatory 
reactions in the absence of IgE antibodies. MC are located at critical sites of endothelial and epithelial 
surfaces, and are equipped with an arsenal of pattern recognition receptors. They store a wide range of 
potent pro-inflammatory and antimicrobial mediators in secretory granules that can be instantly released 
upon activation. Therefore, MC are able to cross-talk with cells from both the innate and adaptive arms. 
Recently, we provided evidence for a cross-talk axis between MC and adaptive immune defense in the 
lungs of murine cytomegalovirus (mCMV)-infected mice. Infection of MCs results in MC degranulation 
and release of the chemokine CCL5/RANTES. The chemokine release enhances the recruitment of 
protective CD8 T cells to extravascular sites of virus replication, specifically the lung interstitium and 
alveolar epithelium, thereby enhancing the control infection.  
Using TRIF

-/-
 and TLR3

-/-
 mice, we defined two temporally and mechanistically distinct waves of MC 

activation by mCMV infection. An early (4h p.i.) activation of MCs mediated by TLR3/TRIF signaling and 
a delayed (24h p.i.) TLR3/TRIF-independent second round of activation triggered by direct MC infection. 
For the latter we have hints that mCMV gene products that modulate the cytoplasmic Ca

2+
 levels trigger 

the MC activation. 
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Background: Cytomegalovirus (CMV) infection is the most common cause of congenital infection, the 
most common non-genetic cause of childhood sensorineural hearing loss and an important cause of 
neurodevelopmental delay. While data on vertical transmission and neonatal outcome after singleton 
pregnancy is well established, only scarce reports assessed the issue of congenital CMV (cCMV) in 
multiple birth pregnancies. Moreover, there are no studies which compared the outcome after birth as 
well as long term follow up of children with cCMV born after singleton vs. multiple pregnancy. 
Methods: Data of all infants with cCMV infection between 2005 and 2015 were reviewed. Outcome after 
birth of symptomatic vs. asymptomatic disease was compared between infants born after multiple (study 
group) and singleton (control group) pregnancy in a 1:2 ratio. 
Results: Of 508 infants diagnosed with cCMV in our clinic, there were 25 (4.9%) born after multiple 
pregnancy (study group). Children from the study and control group did not differ in term of specific 
prenatal CMV investigation including amniocentesis and brain Magnetic Resonance Imaging Studies. 
There was a higher rate of symptomatic cCMV infection in the study group than in the control group 
(48% vs. 14%, p<0.001). Hearing impairment at birth was also more frequent in the study group (32% 
vs. 8%, p=0.016). Rate of other CNS manifestations and rate of non CNS manifestations were not 
statistically different between the groups at birth. On a long-term follow up children in the study group 
had higher rates of neurological sequelae (hearing impairment or neurodevelopmental delay) compared 
to children in the control group (20% vs. 4%, p=0.016). 
Conclusions: Infants with cCMV born after multiple birth pregnancies have higher risk for symptomatic 
disease at birth and worse long-term neurological outcome than those born after singleton pregnancy. 
This important group of children deserves a close prenatal and postnatal care. 
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Cytomegalovirus reactivation in pediatric acute leukemia after stem cell transplantation has an 
effect on relapse and survival in AML 
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Several studies have indicated better survival after stem cell transplantation (SCT) for acute leukemias, 
especially acute myeloid leukemia (AML), in case of cytomegalovirus (CMV) reactivation. To investigate 
if CMV reactivation after SCT for childhood ALL or AML influences relapse rates, we analyzed data from 
177 pediatric allogeneic stem cell transplant recipients from our institution who received myeloablative 
conditioning. Transplant indications included AML, T-ALL and B-precursor ALL. CMV reactivation was 
correlated with relapse as well as other factors. 42 patients were transplanted for AML (24 %), 22 for T-
ALL (12 %), and 113 for B-precursor ALL (64 %). Mortality and relapse rates (27-37% and 18-26%, 
respectively), CMV reactivation rates (21-36%) as well as numbers of negative CMV serology status (19-
32%) of donor and recipient were comparable between different acute leukemias. When patients were 
analyzed altogether, CMV reactivation had no effect on relapse rates or mortality. However, a tendency 
towards fewer relapses after CMV reactivation was observed in AML patients (no relapse (0 %) with 
CMV reactivation vs. 11 relapse cases (33 %) without CMV reactivation; p=0,083). In those 128 
leukemia patients capable of reactivating CMV (i.e., donor or recipient CMV seropositive prior to SCT), 
CMV reactivation had a protective effect on relapse rates in AML (no relapse (0 %) with CMV 
reactivation vs. 11 relapse cases (44 %) without CMV reactivation; p=0,017). A similar tendency could 
be seen in T-ALL whereas no effect in patients with B-precursor ALL was documented. 
Latently CMV infected AML patients without documented CMV reactivation after SCT have a significant 
worse prognosis compared with all other AML patients.This is also likely to be the case in patients with 
T-ALL. The protective effect of CMV reactivation in AML and possibly T-ALL does not appear to be 
GVH-related. CMV reactivation after SCT for B-precursor ALL lacks significance. 
<p/> 
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Background Shedding of cytomegalovirus (CMV) has been well documented in specific sub-
populations, but to date there have been no prevalence estimates reported for a US population sample. 
Method Urine specimens from CMV IgG+ participants aged 6-49 years of three racial/ethnic groups 
(non-Hispanic white, non-Hispanic black, and Hispanic [Mexican-American]) from the National Health 
and Nutrition Examination Surveys (NHANES) 1999-2004, were tested for the presence of CMV DNA 
with quantitative PCR. 
Results Among 6828 CMV IgG+ subjects tested, 537 had CMV DNA detected in the urine for a 
shedding prevalence of 6.8% among CMV IgG+ subjects and 2.7% among all NHANES subjects 
(n=14190) under the assumption that all untested urine specimens from CMV IgG- subjects would be 
negative. Prevalence of urinary shedding in those aged 6-11, 12-19, 20-29, 30-39, and 40-49 years was 



statistically different among CMV IgG+ subjects (26.8%, 6.5%, 3.9%, 4.5%, and 2.3%, respectively, 
P<0.001) and among all subjects (8.2%, 2.3%, 1.7%, 2.2%, and 1.2%, respectively, P<0.001). In 
addition, children aged 6-11 years had higher urinary viral loads than other age groups (arithmetic mean: 
27282, 7199, 2613, 5121, and 258 copies/mL in those aged 6-11, 12-19, 20-29, 30-39, and 40-49 years, 
respectively; P<0.001), which persisted in all three racial/ethnic groups. 
Conclusions Urinary CMV shedding varied dramatically by age with the highest prevalence and viral 
loads among children aged 6-11 years, which likely reflects higher rates of primary CMV infection. The 
findings demonstrate that children continue to shed CMV at relatively high rates beyond 5 years of age 
and thus may be an important source for CMV transmission. 
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A CMV-like virus is implicated in head and neck paraganglioma, a highly vascular tumor of the 
autonomic nervous system 
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Paragangliomas (PGLs) are neurovascular autonomic nervous system tumors, still incurable when 
radical surgery is not possible. They are frequently associated with susceptibility mutations in one of 
several nuclear genes, notably those encoding the mitochondrial SDH complex components. However, 
the etiology of PGLs remains unclear, as genetically-modeled mice with Sdh mutations do not develop 
cancer (Piruat and Millán-Uclés, 2014). Studying a large set (n=68) of freshly-collected head and neck 
PGLs (HNPGLs) by electron microscopy we serendipitously found herpesvirus-like particles in all 
tumors. These were similar to particles attributed to cytomegalovirus (CMV) reported back in 1971 by 
Heine et al. in a retroperitoneal PGL. Although our attempts to reveal the viral code via PCR using 
human CMV-specific primers remain incompletely resolved, the presence of a CMV-like virus in our 
HNPGL series, as detected by ultrastructural analysis, was supported by: 1. presence of several CMV 
reactive proteins (IE, gB, pp65, vMIA) and interacting cell proteins (PDGFRA, viperin); 2. detection of a 
short conserved stretch corresponding to the CMV gB sequence via PCR; 3. in situ hybridization using a 
large CMV-specific probe. Moreover, patient-derived xenografts presented the same viral particles and 
proteins found in the HNPGLs of origin and CMV gB sequences were retrievable from the blood of 
xenografted mice. Ganciclovir and Imatinib arrested the growth of HNPGL cell cultures, inducing cell 
death with decrease in the load of viral and interacting cellular proteins, and efficiently prevented HNPGL 
xenograft formation. Coherently with emerging evidence concerning other neural cancers (Söderberg-
Nauclér and Johnsen, 2015), our data suggest that a CMV-like virus plays a role in the pathogenesis of 
HNPGL, possibly favoured by germline mutations predisposing to oncogenic infection. 
Work supported by AIRC-Associazione Italiana per la Ricerca sul Cancro, Grant: IG 16932. We 
gratefully acknowledge services provided by the Mario Sanna Foundation Onlus, Piacenza, Italy. 
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Congenital CMV infection in Finland - a prospective cohort study 
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Background: Congenital cytomegalovirus infection (cCMV) may lead to severe morbidity including 
hearing loss, visual impairment and neurological abnormalities. Majority of the infected infants are 
asymptomatic. For evaluating the benefits of universal newborn screening, it is essential to understand 
the disease burden of cCMV. 
Objective: The determine the prevalence of cCMV and study the outcome of infected infants at 18 
months age. 
Methods: 19,868 newborns were screened by saliva CMV real-time PCR between September 2012 and 
January 2015. The CMV-positive infants and matched controls were followed up to determine 
neurological, audiological and ophthalmological outcome. Griffiths development scales, otoacustic 
emission and sound field audiometry, and ophthalmologic examination were performed. 
Results: Out of 19,868 infants screened, 40 were confirmed to have cCMV for a prevalence of 0.2% 
(95% CI 0.14 – 0.26 %). The neurological follow-up was completed by 37 patients and 51 controls, 
audiological follow-up by 35 patients and 46 controls, and ophthalmological follow-up by 35 patients and 
47 controls. The outcome did not differ between patients and controls. The mean Griffiths general 
quotient for patients was 101.0 and controls 101.6 (p=0.752). No difference in any subscale was 
observed (locomotion, personal-social, hearing and language, eye and hand, performance) (p=0.25 – 
0.916). Otoacustic emission failed in 4/54 positive and 6/80 negative ears (p=1.000 ) and no difference 
in the mean thresholds in sound field audiometry was observed (34.31 dB for patients and 32.73 for 
controls) (p=0.133). No CMV related ophthalmologic findings were observed. 
Conclusions 
The burden of cCMV infection in Finland was lower than expected. The prevalence (0.2%) was lower 
and the outcome at 18 month age did not differ significantly from controls. Universal screening for cCMV 
seems therefore unwarranted in Finland. The subsequent follow-up will determine the occurrence of late 
onset hearing losses at 3 and 6 years. 
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Outcome of HCMV Non-Primary Infection in Pregnancy: Incoming Data from China and 
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Symptomatic HCMV congenital infections in newborns, born by mothers with preexisting antibodies are 
published from Alabama and Sao Paolo. The rate of bad outcome was about the same like in primary 
infection. Secondary infection is highly dependent on lifestyle such as close contact to children < 3 years 
and the number of sexual partners during pregnancy. These exposures can lead to acquire a new 
HCMV gp-type. In recent studies in HCMV seropositive mothers in China, done in two hospitals of 
Shanghai, we found that 17 out of 1780 investigated DBS were positive (0,9%). In 10 out of 17 PCR 
positive newborns follow ups could be done. None of the positive newborns had clinical symptoms of 
HCMV-infection. All newborns were screened at birth between Nov. 2011 to Dec. 2012 in the Obstetrics 
and Gynaecology Hospital of Fudan University and the Community Health Center of Pujiang Town. The 



rate of newborn infection in CHC of Pujiang Town was 1,6% in contrast to only 0,2% of the newborns 
seen at the Hospital of Fudan University. The population of Pujiang was characterized by migrants with 
lower income and education levels in contrast to the population seen at Fudan University, which were 
characterized by higher incomes and higher education. Our findings are in agreement with recent 
published data from Turkey and from other data in China (Shandong Province), obtained by Sheila 
Dollard (CDC, Atlanta) and Chinese colleagues. These incoming data from China and Turkey (countries 
with high prevalence), are in clear contrast to published data from Alabama and Sao Paolo. The reasons 
for this conflicting data are most likely conditionally by lifestyle. This fact can explain the differences in 
the prevalence of HCMV secondary infection (close contact to children < 3 years and number of sexual 
partners during pregnancy) in the investigated population groups. 
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Background: Congenital CMV infection (cCMV) is an important cause of sensorineural hearing loss 
(SNHL). CMV-related SNHL may either be present at birth or occur later. 
Objective: To describe the degree and audiometric patterns of CMV-related SNHL among infected 
infants.  
Methods: Infants born at seven US medical centers participating in the NIDCD CHIMES study were 
screened for cCMV infection while in the newborn nursery. Infants who tested positive for CMV received 
follow-up diagnostic audiologic evaluations thru 48 months of life to identify or confirm hearing loss. 
Results: SNHL in the neonatal period occurred in 35/449 (7.8%, 95% CI, 5.5 – 10.7%) of the cCMV 
infants with 45% having bilateral hearing loss. Among infants with SNHL who did not receive antiviral 
therapy (n=25), progressive or worsening hearing loss occurred in 60% (median=18 mo; range, 7 – 48 
mo) and fluctuating hearing loss occurred in 12%. Similarly in infants treated with antivirals (n=10), 
progressive and fluctuating hearing loss occurred in 50% (median=30 mo; range, 7 - 48 mo) and 20%, 
respectively. An additional 15 children had late onset hearing loss, so the overall SNHL in cCMV 
children at 4 years of age was 11.1% (95% CI, 8.4 – 14.4%). Severe to profound hearing loss (> 70 dB) 
in at least one ear occurred in 68% of children with CMV-related SNHL. No standard audiometric 
configuration or pattern was observed. Over 80% of children with hearing loss had asymmetric loss 
where the degree and audiometric configuration was different in each ear. 
Conclusion: CMV-related SNHL does not have a standard audiometric configuration and is mostly 
asymmetric. The severity of loss in at least one ear ranges from severe to profound hearing loss for the 
majority of children with CMV-related SNHL. CMV-related SNHL may continue to worsen during early 
childhood even in children who received antiviral therapy. 
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Human Cytomegalovirus can Promote Human Colorectal Cancer through reduced EphB2 
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Human cytomegalovirus (HCMV) has for a long time been suspected to play a role in the progression of 
human cancer. HCMV nucleic acids and/or proteins have been identified in various human cancers 
including colon cancer. Although growing evidence implies that HCMV is connected with human cancers 
and that HCMV proteins such as IE and US28 under certain circumstances induce oncogenic 
transformation, evidence are lacking that HCMV is oncogenic. Instead, HCMV is believed to be 
oncomodulatory, capable of modifying cellular processes leading to tumor initiation and/or tumor 
progression. Previous studies show that expression of the tumor suppressor erythropoietin-producing 
hepatocellular (Eph)-B2 receptor is low or absent during tumor development in human colon carcinoma 
(CCR). We and others have detected a high prevalence of HCMV protein expression in CCR, and in 
brain metastases of CCR. High grade of HCMV protein expression correlated with poor prognosis. We 
hypothesized that HCMV is responsible for the observed EphB2-loss in CCR, thereby promoting 
invasiveness and metastatic disease. We found a significant negative correlation between EphB2- and 
HCMV-protein levels in tissue specimens obtained CCR patients. Analysis of RNA deep sequencing 
data from 44 human colorectal tumors demonstrated reads aligning to the HCMV genome in 27% of 
these tumors. HCMV-positive tumors had fewer reads mapping back to the human EphB2 transcript as 
compared to the HCMV-negative tumors. In vitro analyses demonstrated that HCMV-infection 
significantly reduced EphB2 mRNA and corresponding protein levels in colon cancer cells by 80-90% 
and that infected cells exhibited a more invasive cell phenotype. Furthermore, MCMV-infection 
increased the metastatic capacity of mouse colon cancer cells in a metastatic mouse model, which was 
reversible by overexpression of EpHB2. These observations imply a potentially pivotal role of HCMV to 
control EpHB2 expression in invasive colon cancer. These observations may open for new treatment 
options for selected CCR patients. 
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In the absence of screening, estimating the burden of congenital cytomegalovirus infection in France 
and the heterogeneity of practices remains difficult. As a reference center we put in place a systematic 
declaration of congenital CMV cases since 2006. To improve the case declaration, an on-line version 
allowing pregnancy and infected children follow-up and treatment survey was developed with agreement 
of the French ethical comittees in 2015. A case is a congenital infection diagnosed by amniotic fluid PCR 
or culture, or viruria at birth, or a retrospective diagnosis from Guthrie card. Cases are classified on the 



basis of symptoms detected either by sonographic examination or clinically. Severe: neurologic 
abnormalities, mild: extra-neurologic symptoms or unilateral hearing loss, Asymptomatic: absence of 
sonographic or clinical symptoms. Updated results: We collected 817 cases between 2006 and 2015 (87 
(+/-24) cases per year), from 28 prenatal diagnosis centers of 23 metropolitan and several overseas 
regions covering quite all the French territory. Interestingly, the severe (23%) and moderate cases (18%) 
remained stable, while not documented cases decreased from 43% to 22% with an increase of 
asymptomatic cases (18% to 23%). 116 cases were incorporated in the data base for 2015: 27(23%) 
asymptomatic, 64 (55%) symptomatic, 25 (22%) not documented. The symptomatic cases were 2 
neonatal death (3%), 3 in utero death (5%), 23 hearing loss (35%), 2 neurological abnormality (3%), 8 
mental disabilities (12%) and 18 medical abortions (28%). Amongst 12 newborns for which information is 
available only 2 received valganciclovir, while, as recently recommended, 46 could have been treated 
and some medical abortions could also have been avoided. We now collect data on other newborns 
treatment. Identifying the burden of symptomatic cases and follow-up of treated children through the 
data base could help to measure the benefits and consequences of valganciclovir newborns treatment in 
current practice. 
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Aim: To assess the associations between sociodemographic factors and breastfeeding history with 
cytomegalovirus (CMV) seroprevalence among children 1-5 years of age in the United States. 
Methods: We analyzed population-based data from the National Health and Nutrition Examination 
Survey, 2011-2012, using logistic regression to calculate adjusted odds ratios (aOR) and 95% 
confidence intervals (CI). 
Results: Nationally, CMV IgG seroprevalence among children 1-5 years of age was 20.7% (95% 
confidence interval (CI), 14.4-28.2%). CMV seroprevalence was significantly higher with increasing age: 
12.3% in 1 year-olds, 19.9% in 3 year-olds and 31.1% in 5 year-olds. CMV seroprevalence was 10.6% 
among non-Hispanic white children and significantly higher in every other racial/ethnic group: 24.5% 
among non-Hispanic black children, 31.0% among Hispanic children and 59.2% among non-Hispanic 
Asian children. CMV seroprevalence was significantly higher among children living below the poverty 
index compared to those at or above (aOR=2.3; 95%CI=1.4-4.0), and among children living with 1 or 
more vs. no other children ≤5 years of age in the household (aOR=2.0; 95%CI=1.2-3.5). CMV 
seroprevalence was higher among children who were breastfed up to 6 months (aOR=1.4; 95%CI=0.9-
2.1) or >6 months (aOR=3.1; 95%CI=1.3-7.5) compared to those who were not breastfed. 
Conclusions: Among children 1-5 years of age, the following characteristics were independently 
associated with CMV seroprevalence: race/Hispanic origin, poverty, more young children in the 
household, and history of breastfeeding for >6 months. 
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Background: Most congenital CMV infections occur in infants born to women with preexisting CMV 
seroimmunity (non-primary infection) in highly seropositive populations. Virologic and immunologic 
correlates of intrauterine transmission in non-primary infection are not known but essential for 
developing effective prevention strategies. CMV shedding patterns in pregnant women with non-primary 
infections have not been characterized. Objective: To determine the correlates of CMV shedding in a 
cohort of seropositive pregnant women. Methods: In a prospective study, 120 CMV seropositive 
pregnant women were monitored and specimens (saliva, urine, vaginal swabs, blood) collected in 1

st
, 

2
nd

, and 3
rd

 trimesters and one month postpartum. Specimens were tested by a qualitative PCR for CMV 
and confirmed by a quantitative CMV-PCR. Simple and multiple log-binomial regression models were 
used to analyze the contribution of maternal age, education, marital status, parity, contact with young 
children, the number of persons living in the household, sexual activity, and condom use on viral 
shedding. Results: Overall, 2,512 samples were tested from 120 subjects. CMV shedding was detected 
at least once in 35%(42) of these women. Maternal age, education, parity and marital status were not 
associated with viral shedding. Mothers living with or providing daily care to young children (3-6 years) 
were twice as likely to shed CMV than those not exposed to children (58% vs. 26%; aRR=2.21; 
95%CI=1.37-3.56). Living in crowded households (≥2 people per room) was also associated with viral 
shedding (64% vs. 31%; aRR=1.99; 95%CI=1.26-3.13). However, sexual activity as indicated by the 
number of sexual partners per year or condom use was not associated with viral shedding. 
Conclusions: CMV shedding is frequent in seropositive pregnant women. The association between 
virus shedding and caring for young children as well as crowded living conditions suggests that 
increased exposures are important factors leading to CMV reinfections and intrauterine transmission in 
seropositive women. 
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Background: There are gaps in the knowledge of cCMV epidemiology according to the type of maternal 
infection. The development of large-scale neonatal screening tools is an unmet challenge. This has 
consequences on the design of diagnostic and preventive strategies. 
Methods and findings: 11,715 neonates were screened by CMV PCR in saliva during 2 consecutive 
years in France. Prevalence, type of maternal infection, socio-demographic, obstetrical and serological 
data were analyzed. Positive predictive value of CMV PCR in saliva was 59% (95% CI: 47.5, 69.1), false 
positive results were associated with lower viral loads (p<0.001). Maternal seroprevalence was 61% 
(95% CI: 58, 62), birth prevalence was 0.37% (95% CI: 0.273, 0.504), 52% and 47.7% of cases were 
from primary and secondary infections respectively. The proportion of infected neonates with hearing 
loss was similar following maternal primary and secondary infection (8.6% v 9.5%, p>0.99). The risk to 
deliver an infected baby after primary infection was increased in younger (OD=7.9 [2.6, 23.8]), 
multiparous (OD=4.1 [1.7, 10.0]) women born in high resources countries (OD=5.2 [1.5, 18.2]) and from 
higher income groups (p=0.019). The only 2 risk factors to deliver an infected baby after secondary 
infection were to be young (OD=4.6 [1.5, 14.6]) and unemployed (OD=5.8 [2.2, 15.9]). The risk to deliver 
an infected baby was 4-fold higher in women seronegative before their pregnancy (p=0.021). 
Conclusions: A positive CMV PCR in newborns’ saliva should always be confirmed in a repeat-sample. 



Socio-demographic characteristics of women giving birth to an infected baby after primary and 
secondary infection are different. Seronegative, parous women represent the highest risk population for 
cCMV in countries with low to intermediate seroprevalence in pregnant women. Urgent action is needed 
to stop the epidemics of cCMV in general and particularly in this population that can be easily identified 
by serology and targeted by prevention messages. 
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Background: Cytomegalovirus (CMV) is the leading cause of congenital viral infection in the developed 
world, resulting in long-term disability, such as sensorineural hearing loss and cognitive deficit. The 
objective of this study is to evaluate potential factors associated with adverse outcome in congenital 
CMV infection (cCMV). 
Patients and Methods: A total of 62 infants born to women infected with CMV during pregnancy, 
followed in our department, were retrospectively analyzed. Most women (57/62) had primary CMV 
infection and 48 received CMV-IG (1-9 doses). We examined whether timing of maternal infection 
(pregnancy trimester), sonographic findings, treatment of mother and offspring as predictors of outcome 
(cCMV infection, abnormal head US and hearing loss among cCMV infants). 
Results: Gestational age at birth, timing of maternal infection and maternal treatment were not 
significant predictors of outcome (p=0.65, p=0.45 and p=0.98, respectively). Our cohort consisted of 46 
infants with documented cCMV. Initiation or continuation of maternal treatment after detection of CMV-
DNA in amniotic fluid did not affect outcome (p=0.75). Abnormal head U/S at birth correlated with 
hearing loss (p=0.006). However, when symptomatic newborns were excluded, head US alone could not 
predict hearing deficit in otherwise asymptomatic newborns (p=0,37). Antiviral treatment of infants (18/46 
infants) was the only factor clearly shown to improve outcome (p<0.001). 
Conclusion: Our study revealed the need of new biomarkers to better identify which asymptomatic 
infants with cCMV would benefit from antiviral treatment. 
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Background. Cytomegalovirus (CMV) is a leading cause of congenital infection and disease including 
hearing loss and mental retardation. There is no recent official representative CMV seroprevalence 
survey of the Czech Republic (CZ) population. Last official CMV seroprevalence survey in CZ was 
performed by National Institute of Public Health in 1996. The aim of our work was to determine CMV IgG 
seropositivity in patients of all age groups that are routinely examined in our laboratory. As there are no 



recent official data we tried to estimate suspected overall CMV seroprevalence. 
Materials and methods. 4687 patients aged 0 to 80+ (2248 males and 2469 females) serum samples 
were tested CMV IgG (mostly with CMV IgM and selectively CMV IgG avidity) in the routine laboratory 
praxis using CMV IgG, Architect, Abbott assay in 2011 to 2014. CMV IgG seropositivity percentage was 
counted in the five-year age groups. 
Results. Opposite to 45% CMV IgG seropozitivity in 1996 survey we determined CMV IgG in females of 
age of 6-9 in 37,8%, in age 31-40 in 65,2% while 80% in 1996. Male CMV IgG seropositivity was even 
lower, 35,3% and 55,9%. The age group of 71-80 reached 91,2% in females and 75,6% in males in 
recent study while 95% and 90% in 1996. The number of CMV primary infections has increased in age 
of 20 to 40. 
Conclusion. Our study of CMV IgG seropositivity may not be regarded as a representative 
seroprevalence study but according to our results we estimate that the real CMV seroprevalence in 
healthy population is even lower. Among women of childbearing age the CMV IgG seropositivity within 
20 years has decreased. Seronegative women of childbearing years are more susceptible to primary 
CMV infection and prevention programs to prevent congenital CMV infection in their children must be the 
aim of public health intervention. 
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Background: Unlike cytomegalovirus (CMV), the most frequent known cause of congenital viral 
infection, data on congenital Human Herpesvirus 6 (HHV-6) are scarce. We aimed to determine the birth 
prevalence of congenital HHV-6 infection and verify the frequency and persistence of viral variants in the 
saliva of congenitally infected infants. 
Study design: Saliva and blood spots from 2597 newborns were collected in the first week of life. 
Congenital HHV-6 infection was defined by viral DNA detection in saliva and blood spots with a PCR 
assay. HHV-6A and HHV-6B variants were identified on the basis of differences in nucleotide 
sequences. Subsequent saliva and urine specimens were obtained from infected infants to verify the 
persistence of viral DNA. 
Results: Congenital HHV-6 infection was confirmed in 10/2597 infants, a birth prevalence rate of 
0.4%(CI95%: 0.2-0.7). With one exception, all infected newborn infants had no clinical signs suggestive 
of congenital infection. The presence of viral DNA in saliva and blood was observed in all infected 
infants. Viruria was detected in only 6(60%) of these infants. Six of the ten infants were infected with the 
variant HHV-6B, and the remaining four were infected with the variant HHV-6A. In 2587 infants, HHV-6-
DNA was not found in any obtained specimens. The same HHV-6 variant was identified in saliva, blood 
spot and urine at birth and follow-up in each infant. Persistence of HHV-6 shedding in saliva and urine 
was verified from birth to a median of 15 months.  
Conclusions:The HHV-6 prevalence rate seems to be lower to that reported for congenital CMV 
infection in the same population. Both HHV-6 variants A and B can be transmitted from mother to fetus. 
As CMV, infants with congenital HHV-6 infection had prolonged viral shedding in saliva and urine. Saliva 
but not urine is useful for detection of congenital HHV-6 infection. 
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Background .Screening of pregnant women for Cytomegalovirus (CMV) infection is common practice in 
Europe and management of pregnant women with acute CMV infection (seroconversion or low IgG 
avidity titers) remains a challenge. In our centre we offer treatment with CMV Hyperimmune Globulin 
(HIG) in women with acute CMV infection during pregnancy. Interpretation and management of women 
with IgG avidity titers in the grey zone is difficult since preexisting maternal immunity(high IgG avidity) 
substantially reduces, but does not eliminate the risk of fetal infection. 
Patients and Methods.Pregnant women referred to our outpatient clinic for infections during 
pregnancywith a pregnancy age ≤25 weeks, positive IgG, IgM against CMV and IgG avidity in the grey 
zone were prospectively followed.CMV HIG was offered and follow-up included U/S, amniocentesis for 
virus detection and MRI if appropriate. 
Results.67 women(mean age 31, mean pregnancy age 13 weeks, 10 received HIG) were evaluable in 
retrospective analysis. 5 terminated pregnancy(4 unrelated to CMV and 1 because of positive amniotic 
fluid) and 63 babies were born asymptomatic (2 with congenital CMV infection) and remained so at 2 
years follow-up. The overall transmission rate was 4.6% (3.6% vs 10% for those receiving or not HIG). 
Despite a RR=3.8 (95% confidence limits 0.3-37) for CMV transmission without HIG, this was not 
statistically significant (p=0.3, Fisher’s exact test, SAS 9.4) 
Conclusions.Transmission of CMV infection during pregnancy when the IgG avidity is in the grey zone 
is higher compared to recurrent infection. More powered studies are needed to prove a significant 
reduction in transmission using HIG 
<p/> 
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Background: The effect of CMV on adverse pregnancy outcomes in CMV immune populations has not 
been fully elucidated. 
Objective: To examine the association between CMV and adverse pregnancy outcomes 
Methods: CMV serostatus was determined during pregnancy or at delivery for 1,079 women who 
delivered between October 2015 and December 2016. Maternal prenatal and delivery records were 
abstracted for demographic, medical, and pregnancy complications such as hypertensive diseases, 
diabetes mellitus, preterm labor, and premature rupture of membranes. Also, collected were pregnancy 
outcomes of interest including preterm birth (PTB, < 37 gestational weeks), low birth weight (LBW, < 
2500 g), intrauterine growth retardation (IUGR), and chorioamnionitis. 
Results: The cohort was 68% Black, 27% White, and 5% Hispanic and the mean maternal age was 24 
(± 4.3) years. Prenatal care for 72% of the women was provided by the local health department and 84% 
had public insurance for their hospital stay. CMV seropositivity differed with race, where 90% of Hispanic 
women, 79% of Black women, and 55% of White women were CMV seropositive at delivery. CMV 
seropositive and CMV seronegative women did not differ with respect to PTB (8.1% vs. 7.0%) and LBW 
(7.7% vs 7.3%). However, IUGR was more likely to occur in CMV seropositive women (5.9%) than CMV 
seronegative women (2.2%, p=0.01). Also, chorioamnionitis occurred more often in CMV seropositive 
women (3.4%) than CMV negative women (1.1%, p=0.05). After adjusting for race and socioeconomic 



status (SES), CMV positive women were at a 2.4 fold increased risk of IUGR (95%CI 1.0-5.7) and 3.5 
fold increased risk for chorioamnionitis (95%CI, 1.0-11.9) compared to CMV negative women. 
Conclusion: CMV seropositivity is associated with IUGR and chorioamnionitis in this CMV immune 
cohort. Further study is needed to confirm this association and the mechanisms underlying the 
increased risk for adverse pregnancy outcomes in CMV seropositive women. 
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Background: Congenital cytomegalovirus (CMV) infection is the leading viral cause of birth defects and 
developmental disabilities, but viral loads in various specimen types have not yet been fully examined. 
Methods: Wet saliva, dried saliva, dried blood spots (DBS), and cord blood were collected from 
newborns from 6 hospitals of Shandong Province during March 2011-December 2015. The wet saliva, 
dried saliva, and DBS specimens were tested with real-time PCR for CMV virus; PCR testing of cord 
blood specimens was conducted on 100 randomly selected cord blood samples and among those with 
positive CMV testing results on saliva or DBS. 
Results: A total of 13184, 21509, 3995, and 135 wet saliva, dried saliva, DBS, and cord blood 
specimens were tested, with 90 (0.7%), 170 (0.8%), 14 (0.4), and 13 (9.6%) found to be CMV positive, 
respectively. The mean viral loads in wet and dried saliva (683,831copies/mL and 565,804 copies/mL, 
respectively) were significantly higher than the mean viral loads of DBS and cord blood (2,732 
copies/mL and 2,042 copies/mL, P<0.001). There was no difference in mean viral loads in wet and dried 
saliva (P=0.75) or DBS and cord blood (P=0.59). The viral loads of both wet and dried saliva were higher 
among those with positive DBS or cord specimens than those with negative DBS and cord specimens 
(1,109,467 vs. 28,524 copies/mL, P=0.02 for wet saliva; and 24,776,291 vs. 203,322 copies/mL, P=0.03, 
for dried saliva, respectively), but not associated with presence of symptoms at birth. 
Conclusions: Saliva specimens have higher viral load than blood specimens from infants with 
congenital CMV infection in a highly immune population, suggesting that saliva may provide higher 
sensitivity for detecting congenital infection. However, the sensitivity of specimen type for identifying 
children who may develop sequelae from CMV has not yet been determined. 
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Background: We identified congenital CMV (cCMV) in infants referred for audiology after failed UNHS 
with neurological hearing loss (SNHL), and in childcare centres to identify possible routes of intervention. 
We used existing resources with collaboration and rapid notification to develop an algorithm for timely 
testing for CMV in all infants with SNHL. 
Methods: CMV testing of urine +/- saliva were offered and infants with CMV detected by PCR at ≤ 30 
days of age in urine/saliva, were diagnosed cCMV then followed for counselling and treatment. Infants 
>30 days PCR positive were diagnosed as cCMV if they had positive newborn screen card or other 
laboratory or clinical features of cCMV. 
We simultaneously sampled CMV excretion in 130 nasal samples collected from 20 childcare staff of two 
centres over 5 weeks, with PCR of nasal and skin swabs. 
Results: A total of 1520 children failing UNHS were referred for audiological testing. 30% (469) infants 
had permanent hearing loss confirmed of whom 308 were offered CMV testing, 10 declined testing. 
There were 123 had audiology by ≤21 days, and 203 by ≤30 days, of whom 195 were tested for CMV. 
CCMV was diagnosed in 10 infants (9 urine, 6 saliva, urine + saliva in 7), including 1 positive NBSC). 
In childcare there were 8/130 carers CMV DNA positive, a CMV excretion rate of 35% in staff. 
Conclusion: This program of testing identified ~ 6% of congenital CMV in a large cohort who failed 
UNHS and had permanent SNHL confirmed. It did not require significantly different assets to those 
already existing in the tertiary referral paediatric centre, and provided useful and timely information for 
clinical and audiological follow up. 
Increased awareness of childcare CMV infection among parents and healthcare providers is necessary 
to minimise CMV acquisition during pregnancy and subsequently congenital CMV infection. 
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Background: There is much debate about if and how screening for congenital Cytomegalovirus (CMV) 
should be organized. We try to demonstrate the impact on patient care of universal neonatal screening 
in our hospital. 
Material/methods: From February 2015 a universal neonatal CMV screening program was 
implemented in our hospital. Saliva of the newborn is collected during the first postpartum consult by the 
pediatrician using Eswab (Copan, Italy) and is analyzed for CMV by an in house PCR. In case of positive 
saliva testing, CMV presence is confirmed by performing the same PCR on a urine sample of the 
newborn. Positive PCR results are also compared with CMV serology of the newborn’s mother. Data 
from 2016 were analyzed. 
Results:. 2254/2291 (98.4%) of all newborns were screened. 42 (1.8%) babies were CMV positive. 31 
(74%) appeared to be false positive, 11 (26%, PPV) were considered true cases of congenital CMV. 
Two cases, that would not have been detected without the screening program, caught the eye. The first 
case was a symptomatic baby with combined congenital CMV and Toxoplasmosis with maternal CMV 
infection before pregnancy and a Toxoplasma gondii seroconversion between 26 and 34 weeks of 
pregnancy. The second case was a baby with congenital CMV infection, asymptomatic at birth, with 
maternal second trimester CMV seroconversion during the previous pregnancy in 2013 without 
transmission at that time. 
Conclusions: In our neonatal CMV screening program we found true positive and contamination rates 
of respectively 0.5 and 1.4%. As confirmation of positive saliva CMV screening results is necessary by 
analysis of an independent urine sample or serology of the mother, a decentralized approach of 
universal CMV screening may be more efficient. Two intriguing cases of congenital CMV show the 



surplus value of close patient follow-up in this screening program on therapeutic choices and patient 
counseling. 
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Periventricular leukomalacia (PVL) is a leading form of brain injury in the premature infant and can be 
potentiated by infection and inflammation. The nature of pathology in PVL has been found to be similar 
to that of congenital Cytomegalovirus (CMV) infection. Therefore, we evaluated whether there is an 
increased prevalence of congenital CMV infection in neonates that developed cystic PVL in a 
retrospective multi-center study in the Netherlands. We included a cohort of 35 preterm and term 
neonates with cystic PVL admitted from March 2011 to March 2016 in different tertiary Neonatology 
Intensive Care Units in the Netherlands. CMV status was determined by performing PCR on 
Guthriecards or by a previously established negative CMV status. No children with cystic PVL suffered 
from a congenital CMV infection. Our results show no association between congenital CMV infection and 
cystic PVL. 
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The reasonableness and feasibility of a universal newborn screening for congenital cytomegalovirus 
(cCMV) infections has been ascertained through several studies. However, the implementation of such a 
screening comes along with a variety of practical challenges. 
So far 3242 infants born in two German clinics have undergone an unselected screening for cCMV in the 
framework of an international study running in Qatar and Germany*. Saliva specimens were collected 
during the routine newborn metabolic screening and analyzed by real-time PCR. cCMV positive infants 
were enrolled in a 6-year audiological, neuropediatric, ophthalmological and radiological follow-up-
program. 
Apart from a high screening validity (specificity 99.7%, sensitivity 100%), the acceptance rate of the 
parents varied from 57% to 85% across clinics and the lost-to follow-up rate of infected children was 
25%. 
The preliminary program outcome suggests that a universal neonatal cCMV screening needs to fulfill 



several quality criteria. A sufficient coverage rate has to be achieved in order to make the program 
effective. The acceptance of the screening by both the parents and the screening staff has to be 
ensured by education of parents, already during pregnancy, and by training and supervision of the 
screening staff (nurses, midwifes, obstetricians, pediatricians). If a baby has failed the screening the 
parents need to be provided with addresses and an agenda of a confirmation diagnostics and—if an 
infection is confirmed—of a follow-up program. A high adherence of parents to the follow-up program 
needs their continued information and is particularly challenging when children are asymptomatic at 
birth. The follow-up program requires a close interdisciplinary cooperation and good logistics between 
audiologists, pediatricians, ophthalmologists, and labs. A data collection in a screening database is 
required in order to enable both a completeness tracking and a tracking of the babies who have failed 
the screening. 
*Funded by the QNRF (NPRP 7-1845-3-480). 
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Interaction and manipulation of the CMV with the immune system of the baby is involved in majority of 
the cCMV complications, there is a question how CMV influence the post-natal development of the pre-
term babies. Aim of out study was to find out the frequency of CMV among the babies at Neonatal 
Intensive care Unit (NICU). 
Between July 2016 and January 2017, we obtained 96 samples of mother’s milk (MM) from 69 mothers 
and 117 urine/urine containing surgical swabs after inserting into the nappy from 83 newborns (39 girls 
and 44 boys) shortly after the delivery with median 1 day of age in urine samples (range 0-104 days) 
and 5 days of age in MM (range 0-53 days). There were 14 twins in the cohort. CMV DNA detection was 
performed by PCR and validity of the detection was controlled by detection of the human albumine gene 
in the sample. 
Validity of the testing failed in 9 urine samples. CMV was detected in 4 urine samples from 3 infants (at 
the age of 38, 48 and 59 days) and 30 MM samples from 20 babies (16 mothers – 23.2%; median at the 
first positive sample was 10 days; range 1-35). In 7 mothers, CMV was detected in MM repeatedly 
(longest detected period 62 days). In two infants CMV detection preceded CMV in MM in detection urine 
for 35 and 53 days. 
Despite the freezing of the MM before feeding the babies at NICU, we detected CMV in approx. 4% of 
the tested neonates. Recently, we are working on the genotyping of CMV both from MM and urine 
samples to prove the infection from MM or infection from another source and analysing the clinical 
features and complications observed in the infants. 
Supported by the project for conceptual development of research organization 00064203. 
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The majority of infants with congenital CMV (cCMV) with long term sequelae (hearing loss, visual 
impairment, developmental delay) are born without clinically apparent disease in the neonatal period. If 
CMV diagnostics is only performed in symptomatic infants many infants at risk of developing sequelae 
will not be diagnosed. The CONCERT study gives more insight into sequelae in infants without clinically 
apparent disease, referred after neonatal hearing screening. 
Parents of infants who failed neonatal hearing screening (NHS) in the Netherlands were invited to 
participate in the CONCERT study (NCT02005822). Dried blood spots, obtained within 5 days of birth, 
were tested for CMV. A physical examination was performed at the age of 2-3 months. Audiological 
examination was performed before 2 months. Brain ultrasound performed upon consulting a 
Pediatrician. 
1378 infants who failed NHS were tested for cCMV, and 59 (4,3%) tested positive. At the first hearing 
evaluation bilateral hearing loss was confirmed in 24, unilateral HL in 28 and 7 infants had normal 
hearing. Physical examination of 37 infants revealed 9 with a head circumference ≤-2 SD. Laboratory 
findings were complete for 34 infants and revealed 6 with neutrophil count <1,0 x10^9/L and 3 with 
elevated liver transaminases (ASAT ≥89 U/L ; ALAT ≥60 U/L). None of these infants required additional 
treatment. With brain ultrasound in 33 infants, abnormalities were found in 21. MRI examination was 
performed in 15 infants and revealed abnormalities in 8 infants ranging from mild defects to 
polymicrogyria. 
These data emphasize the risk for developing hearing loss without apparent clinical disease. Also in 
many infants abnormalities were found with brain ultrasound and MRI examination. Considering that 
infants diagnosed with cCMV receive additional care (extra hearing evaluations, brain ultrasound, 
medical support from a pediatrician and ophthalmologic evaluation) CMV diagnostics should be offered 
to all infants with a NHS refer. 
 
 
 

270 - Poster Presentation Track A 
Date: 01/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
A-PP-011 
 
Losing Ground: Awareness of Congenital Cytomegalovirus in the United States 
Sara Doutre

1
, Karl White

1
, Tyson Barrett

1
, Janelle Greenlee

2
 

1
National Center for Hearing Assessment and Management, Utah State University, LOGAN, UTAH, 

United States of America 
2
National CMV Foundation, SARASOTA, CALIFORNIA, United States of America 

 
 
One in 150 infants is born with cytomegalovirus (CMV) and one in 750 will have lifelong disabilities due 
to congenital CMV. Even though congenital CMV is the leading viral cause of congenital disabilities and 
the leading non-genetic cause of childhood hearing loss, most adults have never heard of it. This study 
analyzed data from the 2015 and 2016 United States HealthStyles

TM
 surveys and compared them to 

data from previous studies. Most recent data show an awareness rate of 7% for US adults (5% for men 
and 9% for women), a statistically significant decrease from 2005 and 2010 studies. Multiple logistical 
regression analyses demonstrate that predictors of awareness include gender and education level. The 
presence of a child ages 0-5 in the household does not increase the chance that an adult in the 
household is aware of CMV. Latent class analyses show several classes with varying knowledge of 
conditions impacting newborns. For all classes, including one class with high knowledge of ten 
conditions, nine with lower prevalence than congenital CMV, CMV is the least known condition. Results 
show that even the highest-educated, highest socioeconomic group is not aware of congenital CMV. 
CMV presents a large public health burden and further research needs to be focused on awareness and 
prevention of the negative sequela associated with congenital CMV. 
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Thank you to the efforts of parent and professional advocates, several US state governments now play a 
vital role in congenital cytomegalovirus (CMV) research, treatment, and diagnostic testing for babies with 
congenital CMV. State legislatures mandate screening or testing for CMV, provide funds for research 
and awareness programs, and provide incentive to government agencies to raise awareness of 
congenital CMV. Since 2013, parent and professional advocates in the United States have successfully 
brought attention to CMV through legislation passed by individual state legislatures. As of January 1, 
2017, five states have laws in effect requiring education programs, CMV testing for specific infants, or 
both. An additional eight states have proposed legislation including one state, Maine, with a legislative 
bill in progress that will require universal newborn CMV screening. This presentation discusses the 
prerequisite steps for proposing legislation: building a team of necessary advocacy and professional 
partners, garnering support from agencies and organizations, and organizing and coaching parent and 
other advocates to have the maximum influence. We also discuss the barriers to CMV public health 
policy faced by advocates, professionals, and policy makers. Finally, the presentation summarizes the 
various approaches in each law for educating professionals and the general public about CMV and for 
testing newborns. The continued interest in and success of advocates in passing state legislation in the 
US has multiple implications for professionals and effective implementation requires collaboration. Next 
steps for parent and professional advocates include submission of congenital CMV to the recommended 
universal screening panel in the United States and continued efforts to demonstrate the feasibility of 
screening and the effectiveness of awareness and prevention campaigns. 
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Background Genetic variations between strains of cytomegalovirus (CMV) genetic variations may be 
associated with various clinical outcomes. However, the prevalence of CMV strains in the US has not 
been examined. 
Methods Urine specimens from 537 CMV IgG+ participants from the 1999-2004 National Health and 
Nutrition Examination Surveys aged 6-49 years and from three racial/ethnic groups (non-Hispanic white, 
non-Hispanic black, and Hispanic [Mexican-American]) were tested by polymerase chain reaction to 
determine the CMV glycoprotein B (gB) and glycoprotein H (gH) genotypes. 
Results Among the four gB strains from 205 subjects with gB data available, gB1 had the highest 
prevalence (51.2%), followed by gB2 (27.8%), gB3 (21.0%) and gB4 (13.7%). Among the two gH strains 
from 251 subjects with gH data available, the prevalence was 48.2% for gH1 and 59.0% for gH2. Those 
with gB2 strain had higher viral loads than those without (3.3 vs. 3.1 log10 copies/mL, P=0.03) and 



foreign-born residents had higher gB4 prevalence than US-born residents (22.0% vs. 11.6%, P=0.03). A 
total of 43 (14.9%) subjects had more than one strain detected (mixed infection) in 288 subjects with 
genetic data available. Mixed infection was more likely in foreign-born versus US-born residents (26.3% 
vs.12.1%, P=0.004) and in females compared to males (17.4% vs. 12.0%, P=0.01). 
Conclusions This study provides national data on the molecular epidemiology of CMV strains in the US 
and identifies strain-associated variations in geographic distribution and pathogenesis. The high 
prevalence of mixed infection further verifies the occurrence of reinfection and its contribution to the 
overall CMV disease burden. Further studies evaluating the clinical significance of genetic variability of 
CMV strains are needed. 
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Cytomegalovirus has a major impact on the composition of the circulating T cell population. Several 
aspects, such as decreased telomere length, an increase in more differentiated CD4 and CD8 T cells 
and T cell receptor oligoclonality in individuals with CMV latency, mimic immunological ageing. Particular 
in individuals with chronic inflammatory conditions the impact of CMV latency appears to be most 
pronounced. Severe loss of renal function leading to the need for renal replacement therapy (dialysis or 
kidney transplantation) is characterized by a pro-inflammatory environment with a decreased 
functionality of the adaptive immune response. This is clinically relevant as these patients have more 
infections, respond poorly to vaccination and have an increased susceptibility for viral-associated 
tumors. Therefore, renal failure is a clinical model of the effects of chronic inflammation on the immune 
system. Several characteristics of the peripheral T cells like thymic output, telomere length, T cells 
differentiation status and T cell receptor clonality strongly suggest premature immunological ageing. In 
large patient cohorts the role of CMV latency was further delineated. The impact of CMV latency on the 
extent of immunological ageing in patients with renal failure is discrete and not evident for every 
parameter of immunological ageing. In addition, it is an age-dependent phenomenon affecting in 
particular the premature immunological ageing in elderly patients. The potential pathogenesis and 
clinical consequences will be discussed. 
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Human cytomegalovirus (HCMV) can be a serious problem in congenital or transplant-acquired 
infections, and also in people infected with HIV. Infections involving multiple strains have been linked to 
poor clinical outcome in immunocompromised patients, and some studies in congenital cases reflect a 
similar linkage. The viral genome is 236 kbp in size and has several long-recognised features that 
present challenges to genomic studies. These include the existence of hypervariable genes, the 
presence of gene-disrupting mutations, the prevalence of infections involving multiple strains, an 
evolutionary history characterised by extensive recombination, and a propensity to mutate when isolated 
in cell culture. As a result, meaningful studies of pathogenesis are bound to include analysing strains 
directly from clinical material in the context of a sound understanding of the number of strains present, 
as failure to monitor this aspect of infection may lead to the derivation of genome sequences 
representing artefactual chimaeras and to overestimates of the intrahost diversity of the individual strains 
present. By using modified Illumina sequencing library preparation and target enrichment techniques 
coupled to a bioinformatics pipeline for sequence assembly, we have determined the sequences of 
many HCMV genomes from such material and deposited them in GenBank. We have incorporated in 
this pipeline a means of assessing whether each library is sufficiently diverse to represent the sample 
adequately, as well as a genotyping approach that utilises several hypervariable genes to identify distinct 
viral strains and estimate their proportions. We have thus far applied this pipeline to 158 samples from 
60 patients, the majority from transplant situations. Importantly, this approach has detected signs of 
intrahost recombination in some longitudinal samples involving multiple strain infections. 
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Impaired cytomegalovirus (CMV)-specific cell-mediated immunity (CMV-CMI) is a major cause of CMV 
reactivation and associated complications in solid-organ transplantation. Reliably assessing CMV-CMI is 
desirable to individually adjust antiviral and immunosuppressive therapy. The aim of this study was to 
evaluate the suitability of T-Track

®
 CMV, a novel immune-monitoring IFN-γ ELISpot assay, to survey 

CMV-CMI in renal transplant recipients. 
A prospective, longitudinal, multicenter study was conducted in a cohort of 96 intermediate risk (D-/R+, 
D+R+) renal transplant recipients under preemptive antiviral strategy, over 6 months post-
transplantation. T-Track

®
 CMV was used to quantify CMV-reactive effector cells in response to T-



activated
®
 pp65 and IE-1 proteins. CMV viral load (quantitative PCR or pp65 antigenemia) and related 

complications, opportunistic infections and graft function were also monitored. 
95% and 88-92% T-Track

®
 CMV assays were positive pre- and post-transplantation, respectively. CMV-

specific response was reduced following immunosuppressive treatment and increased in patients with 
graft rejection, indicating the ability of the ELISpot assay to monitor patients’ immunosuppressive state. 
Interestingly, median pp65-induced SFC level was 9-fold higher in patients with self-clearing viral load 
compared to antivirally-treated patients (534 vs. 60 SFC/200,000 cells; n=10; p<0.001) prior to first 
detection of viral load, suggesting that the response to pp65 represents a potential immunocompetence 
marker. Altogether, T-Track

®
 CMV is a highly sensitive IFN-γ ELISpot assay, suitable for the immune 

monitoring of renal transplant recipients, and with a potential use for the risk assessment of CMV-related 
clinical complications. 
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Background:Cytomegalovirus (CMV)-specific cell-mediated immunity(CMI) plays a crucial role in 
controlling CMV disease.The aim of this study was to evaluate usefulness and predictive role of 
QuantiFERON

®
-CMV(Cellestis-Qiagen)assay, based on evaluation of IFN-γ secretion by CMV-specific 

CD8+T-cells, in neonates with congenital CMV (cCMV)infection. 
Methods:Fifteen neonates with cCMV infection were included.Blood samples for QuantiFERON

®
-CMV 

assay and for viral load(VL) were obtained within the end of both second week and second month of 
life.For QuantiFERON

®
-CMV test blood was collected into three tubes:CMV peptide pool (“CMV”), 

negative(“nil”)and positive(“mitogen”) controls.IFN-γ (expressed as IU/mL) responses were: positive 
(detectable CMV-specific CMI) if [CMV-nil]≥0.2; negative (absent CMV-specific CMI but general T-cell 
responsiveness) if [CMV-nil]<0.2 and [mitogen-nil]≥0.5; indeterminate (absence of any CMI) if [CMV-
nil]<0.2 and [mitogen-nil]<0.5. Correlations with whole blood VL, neonatal and long-term outcome were 
analyzed. 
Results:Median age at QuantiFERON

®
-CMV samples were 11(range 4-15)and 39(range 28-62) days 

respectively.7/15(47%) infants had positive QuantiFERON
®
-CMV results at both evaluations and were 

asymptomatic.6/15(40%) infants had negative QuantiFERON
®
-CMV results at both evaluations and all 

but one were symptomatic (neuroimaging abnormalities 3/5, SNHL 2/5, disseminated disease 
1/5).1/15(6.5%) had a negative first QuantiFERON

®
-CMV test but a second positive result, and was 

asymptomatic.1/15(6.5%) infants had indeterminate results at both evaluations and was symptomatic at 
birth.QuantiFERON

®
-CMV negative/indeterminate results correlated with symptomatic infection at both 

time-points (p=0.007 and p=0.001 respectively).Mean blood VL at first sample was comparable in infants 
with positive and with negative/indeterminate QuantiFERON

®
-CMV results (p=0.68);at second 

evaluation subjects with negative/indeterminate QuantiFERON
®
-CMV results had significant higher VL 

as compared with those with positive results(p=0.02). 
Conclusion:QuantiFERON

®
-CMV assay seems to reliably evaluate CMV-specific CMI in cCMV 

infection.The presence of CMV-specific CMI seems to correlate with asymptomatic infection at birth and 
during follow-up, while its lack correlates with symptomatic disease and with worse control of viral 
replication.Further studies are needed to confirm the prognostic value of this test performed during 
neonatal period. 
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Despite considerable efforts spanning four decades to develop a vaccine that confers protective 
immunity against the devastating consequences of congenital HCMV (cCMV) infection, there is no 
licensed vaccine for the prevention of either primary or non-primary maternal HCMV infection. Given the 
absence of a licensed vaccine, there have been parallel efforts to minimize the risk of cCMV infection 
and sequelae based on HCMV natural history in which preconceptional immunity confers partial 
protection against fetal infection and disease. Therapeutic treatment of cCMV infection with HIG holds 
promise to limit the devastating consequences of intrauterine HCMV, but collectively, clinical results are 
equivocal. There are multiple uncontrollable variables associated with HIG trials that will influence 
outcomes and interpretations. These include (a) precise gestational timing of maternal and fetal 
infections, (b) differences in viral burdens in mothers and fetuses, (c) the immune specificities of HIG 
required to neutralize virus dissemination, (d) the timing, dose, and route of HCMV-HIG administration, 
and (e) the specificity of HIG relative to the infecting strain(s). The status of HIG as a prevention or 
therapeutic modality for cCMV is perhaps best summed up in one review, “There is a strong need for 
more data on the use of HIG“ [Hamilton et al., 2014]. Given the costs and logistical complexities of 
sufficiently powered human trials, advances in the nonhuman primate (NHP) model of HCMV now offer 
clinically relevant opportunities for rigorously interrogating the protective efficacy of vaccine and HIG 
intervention strategies, thus informing human clinical practice. Results from NHP studies investigating 
(1) cross-neutralization of heterologous rhesus CMV (RhCMV) strains, (2) oral reinfection of immune 
animals, (3) the need for a better understanding of mucosal immunity against mucosal CMV infection, 
and (4) the challenges posed by the exquisite targeting of the CNS by intrauterine RhCMV will be 
discussed. 
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Cytomegalovirus (CMV) infection remains a significant complication after allogeneic bone marrow 
transplantation (BMT) and can lead to life-threatening organ damage. Aim: To elucidate the 
mechanisms of CMV reactivation in a clinically relevant model. Method: Mice were infected with murine 
CMV (MCMV) and functional latency defined as the resolution of viraemia in target organs and plasma. 
Latently infected mice were transplanted with Bone Marrow (BM) and T cells or T cell-depleted (TCD) 
BM alone to generate GVHD and non-GVHD conditions respectively. Reactivation was determined by 



qPCR on plasma and plaque assays in target organs after BMT. Results: MCMV enters latency two 
months after primary infection with the resolution of viremia correlating with absence of replicating virus 
in organs by plaque assays. The reactivation of MCMV after BMT is GVHD-dependent: BALB/c®B6: 
63% vs 17% (p<0.05) with plaque-forming units detected in 54% vs 0% of livers (p<0.01) and 46% vs 
8% of lungs, 4 weeks post-tranplant, in GVHD vs non-GVHD recipients. In a time course experiment 
using a LacZ reporter virus, multiple viral foci were detected early, 3 weeks post-transplant, in the liver 
and lungs of mice, compared to the BM and gut, suggesting they are sites of early MCMV reactivation 
after BMT. In the absence of GVHD, FcgR independent antibody mediated protection is sufficient to 
control reactivation: latently infected muMt

-/-
 mice, without GVHD, are highly susceptible to reactivation, 

100 vs 0% (p<0.001) in muMt
-/-

 vs WT mice, respectively. Conclusion: These data show that CMV 
reactivation in BMT is GVHD-dependent. T and NK lymphopenia in itself is insufficient to induce CMV 
reactivation in the presence of antibody-mediated protection. 
 
 
 

310 - Session B.03: Virus and Host 
Date: 02/05/2017 
Time: 08:30 - 10:25 hrs 
 

BOTH ORAL & POSTER PRESENTATION 
B-OP-010 
 
Infection of the salivary gland by MCMV is dispensable for formation and persistence of salivary 
gland CD8+ TRM 
Sofia Caldeira-Dantas, Corinne Smith, Thomas Furmanak, Christopher M. Snyder 
Department of Immunology and Microbiology, Thomas Jefferson University, PHILADELPHIA, United 
States of America 
 
 
Murine cytomegalovirus (MCMV) is a natural mouse herpesvirus that persists in the salivary gland, a 
major site of viral shedding. MCMV-specific CD8

+
 T cells develop into tissue-resident memory T cells 

(TRM) in the salivary gland after an acute MCMV infection. TRM cells develop in many tissues of the body 
in response to local signals. However, the requirements for T cell priming and TRM formation vary by 
tissue, and are not defined for the salivary gland. Interestingly, recent work suggested that systemic 
inflammation amplifies T cell access to the salivary gland. Salivary gland infection by MCMV was 
associated with a transcriptional program indicative of interferon signaling and an increase in 
chemokines associated with T cell recruitment. Therefore, we tested whether the route of infection and 
infection of the gland itself modulated the recruitment and formation of salivary gland CD8

+
 TRM. Altering 

the route of infection or depleting CD4
+
 T cells, which allows increased MCMV replication in the salivary 

gland, impacted the number of CD8
+
 T cells but had minimal impact on the formation of MCMV-specific 

TRM populations. To investigate T cell recruitment and differentiation without the influence of antigen in 
the salivary gland, we transferred activated T cells not specific for MCMV into infected and uninfected 
mice. Activated T cells accumulated more rapidly in infected salivary glands, and migration experiments 
suggested redundancy in the chemokines used by T cells to access infected glands. Access to the gland 
was dependent on α4 integrin regardless of infection. Surprisingly however, identical numbers of T cells 
became TRM over time in infected and uninfected glands. Moreover, MCMV-specific TRM did not preclude 
the formation of new, unrelated TRM in the salivary gland. These data suggest that MCMV infection of the 
salivary gland have a minimal impact on CD8

+
 TRM formation, despite altering the local inflammatory 

milieu. 
 
 
 

310 - Session B.03: Virus and Host 
Date: 02/05/2017 
Time: 08:30 - 10:25 hrs 
 

BOTH ORAL & POSTER PRESENTATION 
B-OP-011 
 
Changes in the total cell proteome during human cytomegalovirus latency - insights into effects 
on latently infected monocytes 



Emma Poole, Yusuf Aslam, James Wilkinson, Paul Lehner, John Sinclair, Poole Emma 
University of Cambridge, CAMBRIDGE, United Kingdom 
 
 
One established site of human cytomegalovirus (HCMV) latency and reactivation in vivo is in cells of the 
myeloid lineage. Latency is established in myeloid progenitors, such as CD34+ progenitor and CD14+ 
monocytes, and as these cells differentiate into dendritic cells (DCs) or macrophages, the virus 
reactivates. We have long been interested in latency-associated changes in myeloid cells during virus 
latent carriage and have now carried out an analysis of the latency-associated monocyte proteome to 
identify the impact of latent infection on myeloid cells. To do this, we infected primary monocytes with an 
SV40-GFP tagged TB40E strain of HCMV and enriched for the latently infected population by FACS 
sorting of GFP+ cells. The resulting cells were then subjected to a total cellular proteomic analysis. The 
screen was carried out in triplicate in 3 independent biological replicates. A number of cellular proteins 
were robustly up or down regulated and were subsequently validated by western blot. Amongst the 
proteins which were robustly down-regulated by latent infection were S100A8 and S100A9 which are 
secreted proteins known to play a role in neutrophil chemoattraction. Consistent with this, supernatants 
from latently infected monocytes contained less S100A8/A9 when assayed by ELISA and were less able 
to recruit neutrophils in transwell assays than supernatants from mock infected monocytes. These data 
indicate that changes associated with latent infection of CD14+ monocytes minimise recruitment of 
neutrophils to these latently infected cells. 
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HCMV populations in some congenitally infected infants diverge rapidly over time and between tissue 
compartments, while in other infants the populations remain stable. We investigate these different 
patterns, particularly regarding reinfection during gestation. Since the virus persists in the host after 
infection, a reinfected host harbors a viral population founded by virions from different infection events. 
As the HCMV population is highly variable, these founding virions likely differ substantially at the 
genomic level. Therefore, viral populations observed in hosts with HCMV reinfection may be more 
diverse than in those with primary infection. In pregnant women, a highly diverse viral population may 
pass to the fetus following maternal reinfection compared to maternal primary infection. To evaluate 
such scenarios, we estimated the population histories of viruses sampled from congenitally infected 
infants. Infant samples with HCMV likely transmitted from both pregnant women with primary and with 
reinfection will be highlighted. We suppose, that the relative abundance of HCMV diversity transmitted to 
the fetus may be a factor determining severity of disease outcome of congenitally infected infants from 
pregnant women with HCMV reinfection. 
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Control of immune ligands by members of the cytomegalovirus US12 gene family suppresses 
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The human cytomegalovirus (HCMV) US12 family consists of ten sequentially arranged genes (US12-
21) with poorly characterized function. We previously observed that two US12 family members, US18 
and US20, co-operate to suppress cell surface expression of the NK cell-activating ligand MICA by 
targeting it for lysosomal degradation (Fielding et al., 2014). We now identify further novel NK cell 
evasion functions for four members: US12, US14, US18 and US20. Using a systematic multiplexed 
proteomics approach to quantify ~1,300 cell surface and ~7,200 whole cell proteins, we demonstrate 
that the US12 family selectively targets plasma membrane proteins and plays key roles in regulating NK 
ligands (e.g. MICA, MICB and B7-H6), adhesion molecules (e.g. ALCAM, EPHA2, JAM3 and CXADR) 
and cytokine receptors (e.g. IL6ST and TNFRSF12A). Multiple US12 family members targeted the same 
cellular targets, indicating some level of co-operation in their function. A proteomic analysis of HCMV-
infected cells treated with a lysosomal inhibitor (leupeptin) showed the expression of most US12 family 
targets were rescued by leupeptin to some degree. In addition to their regulation of MICA, US18 and 
US20 work in concert to suppress cell surface expression of the critical NKp30 ligand B7-H6 thus 
inhibiting NK cell activation. The US12 gene family is therefore identified as a major new hub of immune 
regulation. 
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Molecular methods are widely applied in the diagnosis and monitoring of primary are reactivating CMV 
infection. Qualitative molecular methods generally suffice for diagnosis of infection, whereas quantitative 
methods, measuring viral load, are used to monitor viral reactivation in patients upon transplantation or 
to detect viral rebound during antiviral treatment. Viral load monitoring in transplant patients, in particular 
in SCT recipients, is of pivotal importance to identify viral reactivation and to direct adequate and timely 
clinical decisions. CMV viral load determination has been implemented by many laboratories worldwide, 
either based on various CE/IVD certified based commercial methods or using so called Laboratory 
Developed Tests (LDT). To allow comparison of results between laboratories and be able to define viral 
load thresholds in clinical guidelines it is of importance that laboratory assay results generate 
comparable viral load values with known accuracy and precision. The recently introduced International 
Standard for CMV in combination with regular external quality assessment of CMV molecular 
diagnostics may play an important role in the interlaboratory comparison of CMV viral load results.  
Molecular methods are also applied for the detection and diagnosis of CMV infection in newborn infants. 
The diagnosis of a congentital CMV infection is frequently based on the detection of CMV DNA in dried 
blood spots (DBS) of the newborn collected early after birth. Similar to the situation for viral load assays, 
DBS based assays for CMV DNA detection are heterogeneous with regard to their setup, performance 



and sensitivity. Analytical aspects of assay design will be discussed in relation to the clinical sensitivity 
requirements and in relation to results of external quality assessments for detection of CM in DBS 
samples from newborns. 
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In view of the severe outcome associated with congenital HCMV infection, there is an urging need to 
better understand the innate mechanisms acting to limit trans-placental viral transmission. The placenta, 
given its critical function in protecting the developing fetus, has evolved effective, yet largely 
uncharacterized, innate immune barriers against invading pathogens. Recent studies, further facilitated 
by the Zika virus (ZIKV) epidemic, have begun to uncover the importance of these local-placental innate 
immune responses in the defense against congenital infections. To gain a global insight into these 
earliest events of viral-tissue interplay within the authentic environment of the maternal-fetal interface, 
we have employed ex vivo HCMV infection and genome-wide transcriptome analysis in maternal-
decidual (the maternal aspect of the placenta) and chorionic villi (the fetal aspect of the placenta) 
tissues, maintained as integral 3D organ cultures. We further compared the innate tissue-response 
patterns following parallel infections with HCMV and ZIKV, and explored their impact on viral 
transmission and damage in the maternal-fetal interface. These studies in authentic human tissues 
provide a novel insight into the front-line placental innate responses which could mediate the outcome of 
congenital infection. 
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Human cytomegalovirus (HCMV), a member of the Herpesvirus family, is a leading viral cause of 
congenital infection and permanent birth defects – microcephaly, neuromotor deficits, impaired hearing 
and vision loss. Zika virus (ZIKV), a member of the Flavivirus family, is responsible for the recent 
pandemic in the Americas, and like HCMV, causes devastating birth defects. Intrauterine growth 
restriction, a placental defect, is often present in cases of congenital infection and women infected for 
the first time during pregnancy have prolonged viremia and an increased risk of fetal infection. How 
these viruses disseminate to the placenta and undermine development is poorly understood. In 
numerous studies, we characterized the molecular mechanisms of HCMV infection that undermine 



differentiation of placental cells leading to pathogenesis. Recently, we reported ZIKV infects diverse 
primary cell types from human placentas and amniochorionic membranes, and replicates in first-
trimester explants of chorionic villi producing infectious progeny (Tabata, et al. Cell Host & Microbe, 
2016). For both viruses, we observed reproducible patterns of infection in cytotrophoblasts (CTBs) in 
columns of proliferating cells and found strain-specific variation in apoptosis and invasion of the 
extracellular matrix. In contrast to clearance of immune complexes of IgG and HCMV virions by 
Hofbauer cells, ZIKV replicated in these cells, located near newly developing cell columns and branching 
villi. Both viruses replicated poorly in amniotic epithelial cells from late-gestation placentas. Inflammatory 
cytokines secreted into conditioned medium, associated with innate immune responses, contributed to 
reduced titers in infected chorionic villi and the amniotic epithelium. Our studies suggest HCMV and 
ZIKV disseminate in the maternal and fetal compartments and that host factors initiate innate immune 
responses with the potential to limit infection during gestation. 
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Propagation of human cytomegalovirus (CMV) in cultured cells results in genetic alterations that are 
associated with improved growth in vitro and significant attenuation in vivo. For example, mutations in 
the UL128-131A locus consistently emerge upon fibroblast passage. These mutations disrupt 
expression of proteins forming a pentameric complex that is necessary for infection of epithelial or 
endothelial cells but is dispensable for replication on fibroblasts. That such mutations arise suggests that 
expression of a functional pentameric complex has deleterious effects on CMV replication in fibroblasts. 
Conversely, that similar mutations have not been observed for CMV in clinical material suggests that 
selection against the pentameric complex does not manifest in vivo. Given that replication of CMV in 
vivo generally occurs in the context of CMV-specific antibodies, we reasoned that cell culture virus 
propagation would more accurately model replication in vivo if CMV-specific antibodies were present in 
the culture medium, and consequently, the accumulation of certain adaptive mutations might be 
mitigated. To test this hypothesis, CMV in urine from a congenitally infected newborn was used to infect 
replicate fibroblast cultures. One lineage was passaged with hyperimmuneglobulin (HIG) in the culture 
medium while the other was passaged in the absence of HIG. Epithelialtropism was lost by passage 
nine in the absence of HIG, while virus passed 20 times with HIG retained epithelialtropism. Genome 
sequencing confirmed that the HIG-passaged stock retained an intact UL128-131A locus at passage 22, 
while a frame-shift mutation disrupting UL131A was observed in the stock passaged without HIG. As 
disruption of the pentameric complex has been proposed to favor release of cell-free virus from infected 
fibroblasts, it is probable that antibody neutralization of cell-free virus forces virus amplification to occur 
exclusively by cell-to-cell spread, thereby alleviating the selective pressure favoring disruption of the 
UL128-131A locus. Analogous effects likely manifest in vivo. 
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Human cytomegalovirus (HCMV) is the most common viral cause of congenital defects and is 
responsible for serious disease in immuno-compromised individuals. HCMV persist in its host for life by 
establishing a latent infection that is interrupted by periodic reactivation events during which replication 
occurs. Current antiviral drug treatments mainly aim at targeting the clinical manifestations of the 
productive stage, but they are ineffective at eliminating the virus from the infected host. We set out to 
combat HCMV infection by exploiting the CRISPR/Cas9 system to target viral genetic elements 
important for viral fitness. By targeting gRNAs to essential viral genes, we show effective abrogation of 
HCMV replication. Expression of gRNAs targeting nonessential HCMV genes induced mutations within 
these genes, but this did not interfere with HCMV replication. Apparently, effective interference with 
HCMV replication requires modification of essential genes. Our studies indicate that the CRISPR/Cas9 
system can be effectively targeted to HCMV genomes as a potent anti-viral strategy impairing viral 
replication. 
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Cytomegalovirus (CMV) infection results in a lifelong and persistent infection that is characterized by 
stochastic bouts of replication. Furthermore, the primary and definitive location of viral replicative 
senescence has yet to be identified. As CMV has a broad tissue and cellular tropism the identification of 
a ‘viral reservoir’ has been difficult. The objective of this study was to investigate the potential 
involvement of adipose tissue in acute and chronic immune responses during CMV infection. Adipose 
tissue is a highly heterogeneous tissue containing the adipocytes and stromal vascular fraction (SVF). 
The SVF consists of numerous immune cells and specifically CD8a T cells, which are crucially important 
for the control of CMV infection. Inflammation within adipose tissue has been increasingly investigated in 
the context of obesity, but whether or not CMV infects adipose tissue and the resulting downstream 
consequences of such an infection has not been reported. Here we demonstrate, using the mouse 
model of CMV infection (mCMV) that mCMV is capable of infecting the cellular constituents of adipose 
tissue and this results in a significant CD8a+ T cell response that is maintained in both the acute and 
lifelong infection, possibly leading to a decline in metabolic function. These results have far reaching 
implications for metabolic health, increase our knowledge of mCMV tropism, and identify a neglected 
reservoir for viral replication and persistence. 
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INTRODUCTION: Cytomegalovirus (CMV) infection is the leading nonhereditary cause of pediatric 
sensorineural hearing loss (SNHL). Treatment with antiviral therapy has potentially devastating side 
effects. Antioxidant therapy may offer a novel and safe treatment for CMV-induced SNHL. 
OBJECTIVES: The goals of the study were to 1) determine whether reactive oxygen species (ROS) 
mediates CMV-induced SNHL and 2) evaluate the protective effects of the antioxidants D-methionine 
and vitamins A, C, E and magnesium (ACE-Mg) in a murine model. 
  
METHODS: Nrf2 knockout mice were inoculated with murine cytomegalovirus (mCMV) on postnatal day 
3 (P3). Auditory brainstem response (ABR) and distortion product otoacoustic emissions (DPOAE) were 
performed on these and uninoculated controls. Next, mCMV-infected BALB/c mice were treated with D-
methionine and ACE-Mg for 14 days. Temporal bones were harvested at P10 and stained with 
dihydroethidium (DHE), a marker of ROS. Scanning electron microscopy (SEM) to evaluate outer hair 
cell (OHC) integrity and ABR/DPOAE were performed at P30. 
RESULTS: Nrf2 mCMV-infected mice had worse hearing (ABR) than uninfected Nrf2 mice (P< 0.001). 
DHE was increased in BALB/c infected mice compared to uninfected mice. Compared to untreated 
infected controls, D-methionine and ACE-Mg treated mice demonstrated an attenuation of DHE 
fluorescence, improvement in ABR and DPOAE thresholds relative to untreated infected controls (P< 
0.0001), and decreased OHC loss by SEM. 
  
CONCLUSION: Excessive ROS mediates CMV-induced hearing loss in this murine model. The 
improved OHC and hearing outcomes in mCMV-infected mice treated with D-methionine or ACE-Mg 
suggest potential therapeutic utility and rationale for a human trial. 
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 The antiviral restriction factor Interferon-induced transmembrane protein 3 (IFITM3) inhibits cell entry of 
a number of viruses and genetic diversity within IFITM3 determines susceptibility to viral disease in 
humans. Using the murine cytomegalovirus (MCMV) model of infection, we discovered that Ifitm3 limits 
herpesvirus-associated pathogenesis without directly preventing virus replication. Instead, Ifitm3 
promoted antiviral cellular immunity through the restriction of virus-induced lymphopenia, apoptosis-
independent NK cell death and loss of T cells. Viral disease in Ifitm3-/- mice was accompanied by 
elevated production of cytokines, most notably interleukin-6 (IL-6). Ifitm3 inhibited IL-6 production by 
myeloid cells in response to replicating and non-replicating virus, and also following stimulation with TLR 
ligands Poly(I:C) and CpG. Although IL-6 promoted virus-specific T cell responses, uncontrolled IL-6 
expression in Ifitm3-/- mice triggered the loss of NK cells, and subsequently impaired control of MCMV 
replication. Thus, Ifitm3 represents a checkpoint regulator of anti-viral immunity, which controls cytokine 
production to restrict viral pathogenesis. These data suggest the utility of cytokine-targeting strategies in 
the treatment of virus-infected individuals with impaired IFITM3 activity. 
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Prolonged shedding of virus in saliva following primary cytomegalovirus (CMV) infection is considered as 
the major source of horizontal transmission to susceptible hosts. The dynamics of viral shedding are 
likely governed by properties of CMV infectivity and host immune responses. In this study, we 
investigated the factors contributing to the variation of shedding frequency in saliva following primary 
rhesus CMV (RhCMV) infection using the nonhuman primate model. A total of 46 naïve juvenile rhesus 
macaques (1-4 years old) were challenged with RhCMVUCD59 by subcutaneous inoculation (SC; n=15) or 
through oral exposure (PO; n=31). We assessed shedding of RhCMV via real-time PCR using saliva 
collected with oral swabs and antiviral humoral responses by IgG ELISA for a window of 10 weeks post 
challenge (from week 6 to week 16). The results reveal that higher oral shedding frequencies are (1) 
significantly associated with the route of RhCMV challenge (P=0.0022) and (2) highly correlated with 
robust antibody responses (P=0.0012). To better understand the immunological factors associated with 
the dynamics of RhCMV shedding, comprehensive analyses were conducted using samples collected 
from two groups of naïve animals challenged with RhCMV SC (n=8) and PO (n=9). Lower oral shedding 
frequencies, in conjunction with slightly delayed but prolonged RhCMV-specific CD8 T-cell responses, 
were observed in PO challenged monkeys. In contrast, animals challenged SC shed virus at higher 
frequencies and exhibited enhanced RhCMV-specific CD4 T-cell responses. The presence of these 
Th2-biased CD4 T-cells (producing IL-4 and IL-13 after RhCMV antigen stimulation) resulted in 
increased antiviral IgG titers and extended elevation of activated memory B-cells in circulation. These 
data demonstrate distinct outcomes of virus shedding patterns and host antiviral immune responses 
induced by different routes of virus challenge, which may be caused by initial interplay of CMV and host 
innate immunity at the site of infection. 
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Apoptosis is an important defense mechanism mounted by the immune system to control virus 
replication. Hence, cytomegaloviruses (CMV) evolved and acquired numerous anti-apoptotic genes. 
vICA, the product of the human CMV (HCMV) UL36 gene, binds to pro-caspase-8, thus inhibiting death-
receptor apoptosis and enabling viral replication in differentiated THP-1 cells. In vivo studies of the 
function of HCMV genes are severely limited by the strict host specificity of cytomegaloviruses, but CMV 
orthologues that co-evolved with other species allow the experimental study of CMV biology in vivo. The 
mouse CMV (MCMV) homologue of the UL36 gene is called M36, and its protein product (pM36) is a 
functional homologue of vICA that binds to murine caspase-8 and inhibits death-receptor mediated 
apoptosis. M36-deficient MCMV is severely growth impaired in macrophages and in vivo. Here we show 



a chimeric MCMV expressing the UL36 ORF sequence instead of the M36 one. The newly generated 
MCMV

UL36
 was tested for growth and apoptosis in macrophage lines RAW 264.7, J774A.1 and IC-21. 

Apoptosis occurred upon infection with the MCMV lacking M36, but not in macrophages infected with 
wild-type MCMV or MCMV

UL36
. Likewise, virus growth was rescued by UL36 expression, both in 

macrophages and in vivo in the liver and spleen of BALB/c and C57BL/6 mice. However, the virus 
replication was only partially rescued in the salivary glands of both mouse strains. Finally, we showed 
that pUL36 binds to the murine pro-caspase-8. In conclusion, this is to the best of our knowledge the first 
report of an immune-evasive HCMV gene that is conserved enough to functionally replace its MCMV 
counterpart and thus allow its study in an in vivo setting. As UL36 and M36 proteins engage the same 
molecular target on the host side, our newly developed model can facilitate studies of anti-viral 
compounds against the UL36 gene in vivo. 
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Development of an effective maternal vaccine offers the best hope for protection against congenital 
CMV but is hampered by an incomplete understanding of the viral and immune determinants of 
intrauterine transmission. We recently reported on a novel rhesus macaque model of congenital CMV 
infection and showed that rhesus CMV (RhCMV) inoculation of CD4+ T cell-depleted, RhCMV-
seronegative dams early in the second trimester resulted in placental transmission in all dams and 
spontaneous fetal abortion in 5 of 6 infected dams. To evaluate the protective role of antibodies in this 
model, we tested the effect of passive infusion of HIG purified from the plasma of naturally-infected 
RhCMV-seropositive macaques with high titers of binding RhCMV-specific IgG antibodies. A single 
intravenous dose (100mg/kg) of “standard” preparation HIG one hour prior to RhCMV inoculation 
protected all 3 dams against fetal loss but prevented placental transmission in only 1 of 3 (33%) dams. 
Two infusions of a dose-optimized “high-potency” HIG preparation with 4-fold higher anti-RhCMV 
epithelial cell neutralization titers administered one hour prior to and three days after RhCMV inoculation 
resulted in sustained titers of RhCMV IgG for 10-14 days, lowered peak plasma RhCMV levels, and 
protected all (3/3) dams against placental transmission and fetal loss. Overall, the HIG-infused group 
showed a significant reduction in placental transmission and increased fetal survival compared to the 
control macaques (P <0.05; Heinze-Macro exact log-rank test). More than 300 genes were differentially-
expressed in the placenta of RhCMV-transmitting and non-transmitting dams, and RhCMV transmission 
was associated with upregulation of innate immune pathway genes including several specific for natural 
killer cell localization/function. Our data suggest that pre-existing, potently-neutralizing IgG can protect 
against congenital CMV transmission and disease. These studies further validate the utility of the rhesus 
macaque model in evaluating immune determinants of protection against congenital CMV infection. 
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Insights into the pathogenesis of wild-type rhesus cytomegalovirus strains upon multiple oral 
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Rhesus cytomegalovirus (RhCMV) infection of macaques is a clinically relevant nonhuman primate 
model to study human CMV (HCMV) persistence and pathogenesis. Most in vivo RhCMV experiments 
have utilized the fibroblast-adapted 68-1 strain via either intravenous or subcutaneous routes of 
inoculation. However, given the genetic and biological changes associated with 68-1, investigations of 
the pathogenesis of wild-type RhCMV strains delivered by a natural transmission route, such as the oral 
mucosa, would be more clinically relevant for rigorously evaluating HCMV vaccine strategies. In this 
study, by using a wild-type RhCMV strain, UCD52 and a related strain, UCD59, we demonstrated that 
systemic infection and frequent shedding were established by multiple oral mucosa inoculations. Further 
analysis of the tissues of UCD52-infected monkeys showed that RhCMV disseminated to a broad range 
of tissues including brain, spinal cord and reproductive organs; however, the most commonly infected 
organs were thymus, spleen, lymph nodes, kidneys, bladder and salivary glands. Gross pathology and 
histology examination found multiple nodules in spleen and variable levels of lymphofollicular 
hyperplasia in both spleen and lymph nodes. In addition, limited virus dissemination was unexpectedly 
observed in one monkey that exhibited extremely weak RhCMV antibody responses. Together, we have 
established an oral RhCMV infection model that mimics natural HCMV infection in horizontal 
transmission and have characterized virological and immunological parameters that will be useful for 
future application of this model in HCMV vaccine evaluation. 
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Neonatal CMV infection-induced learning disabilities and impaired neurocognitive performance 
in the Morris Water Maze associated with CD4+/CD8+ neuroinflammatory infiltrates 
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Congenital cytomegalovirus (cCMV) is a leading infectious cause of neurologic deficits in children. The 
purpose of this study was to explore the impact of systemic neonatal guinea pig cytomegalovirus 
(GPCMV) infection on brain histology, inflammation and neurocognitive function in guinea pigs using a 
Morris water maze (MWM) model coupled with histopathological analyses. Eight pups were inoculated 
(intraperitoneal route) with a virulent, recombinant TurboFP635 red fluorescent protein (RFP)-expressing 
GPCMV within 96 hours of birth (5 x 10

6
 PFU). Six pups were mock-infected. On days 15-19 post-

infection (pi), the animals were subjected to testing in the MWM to evaluate learning and memory. Viral 
load in blood and tissue was determined by qPCR. Brain samples were collected to examine for 
histological abnormalities. Viremia was detected at day 3 pi in 7/8 experimentally infected animals. End-
organ dissemination occurred in brain, lung, liver, and spleen. Experimentally infected animals 
demonstrated brain damage evidenced by neuronal necrosis and dilated lateral ventricles. Double-
stained sections with CD4+ and CD8+ T-cell and GFAP markers revealed that areas of increased 
inflammatory cells were associated with a prominent reactive astrogliosis. CD8+ T cells predominated, 
and some cell clusters were surrounded by intensely stained GFAP-positive astrocytes. Iba1

+
 stained 



cells with highly branched processes, suggestive of activated microglia, were observed in GPCMV-
infected pup brains. Significant cognitive differences were observed between infected and uninfected 
pups, as assessed by measurement of total distance traveled and escape latencies in the MWM 
(p<0.0001). Additionally, the infected animals crossed the target platform zone significantly fewer 
times/testing interval (0.89 crosses) than controls (2.28; p<0.05). In summary, neonatal infection in 
guinea pigs produced brain damage, leading to significant cognitive and learning defects, as evaluated 
by histology and the MWM. This model should prove valuable in evaluation of interventions targeting the 
prevention of neuropathogenic and neurodevelopmental sequelae caused by neonatal CMV infections. 
 
 
 

380 - Poster Presentation Track B 
Date: 02/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
B-PP-053 
 
Cytomegalovirus (CMV) Transmission by Breast Milk: Establishment of a Small Animal Model 
Elizabeth Swanson, Craig Bierle, Claudia Fernández-Alarcón, Jason Zabeli, Mark Schleiss 
University of Minnesota, MINNEAPOLIS, United States of America 
 
 
Background: CMV reactivates in nearly all seropositive mothers during lactation, and transmission 
through milk may lead to severe symptoms in premature infants. An animal model of milk transmission 
would allow for interrogation of immune correlates of protection and vaccine effects on lactation-
associated reactivation and transmission. This study characterizes the viral kinetics of guinea pig CMV 
shedding in milk. 
Methods: Two groups of pregnant outbred female Hartley guinea pig dams were challenged with 
1.5x10

6
 PFU guinea pig CMV (GPCMV) on the day of delivery, or sham-infected. Group 1 (N=5) animals 

were GPCMV seropositive, and Group 2 (N=6) animals were seronegative prior to the experiment. Blood 
and milk samples were collected on days 0, 7, and 14 following delivery for viral load quantification by 
qPCR. 
Results: Group 1 dams showed little to no CMV in blood and milk. 1 of 3 challenged dams had low viral 
loads by day 7 in blood (9.2x10

2
 GPCMV genome copies/mL) and milk (3.4x10

2
 copies/mL). 1 of the 2 

sham-infected seropositive dams had only early transient viremia (2.0x10
2
 copies/mL on day 0). In 

contrast, all Group 2 dams challenged with GPCMV (n=4) had larger and more sustained viremia and 
virolactia. Mean peak viral load at day 7 was 2.4x10

4
 copies/mL in blood (range 8.0x10

3
 – 5.2´10

4
 

copies/mL, SD ± 2.0x10
4
), and 6.0x10

5
 copies/mL in milk (range 7.6x10

3
 - 1.7x10

6
 copies/mL, SD ± 

8.1x10
5
). 

Discussion: This study demonstrates that in guinea pigs, as in humans, GPCMV is shed in milk during 
lactation. Viral loads were similar to that in blood, peaking at day 7 following delivery in previously naïve 
guinea pigs. Pre-existing humoral immunity to GPCMV was protective against viremia and viral shedding 
in milk following re-infection. Future directions will include evaluating pup tissues for evidence of milk 
transmission, and humoral and cellular immune responses associated with protection. 
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UL128 Homolog Mutants Form Pentameric Complexes but Recombinant Viruses have 
Attenuated Cell Tropism and Pathogenicity in the Guinea Pig Model 
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Guinea pig CMV (GPCMV) encodes a homolog pentameric (PC) complex (gH, gL, GP129, GP131, 
GP133) for virus cell tropism (eg. epithelial cells) and efficient congenital infection. The PC is an 
important neutralizing target antigen. An improved understanding of the GPCMV PC is necessary for 
development of pre-clinical CMV intervention strategies. Deletion of the C-terminus (77 codons) of a 
UL128 homolog (GP129) resulted in: lack of PC formation; loss of viral epithelial tropism; impaired 
pathogenicity; decreased congenital infection. To investigate the function of the GP129 C-terminus 
domain, three mutants were constructed deleting codons: 102- 120 (DEL1); 121-140 (DEL2); or 145-178 
(DEL3). These mutants systematically deleted hydrophilic conserved regions found in HCMV UL128. 
Transient expression demonstrated that all mutants formed a PC unlike GP131 and GP133 C-terminal 
mutants. Recombinant GPCMV encoding mutant GP129s (DEL1-3) resulted in impaired tropism for 
renal and newly isolated placental trophoblast epithelial cells. GPCMV DEL1 and DEL2 mutants were 
highly impaired, whereas a DEL3 mutant had a 2 log reduction in growth. Fibroblast growth was not 
affected. Additionally, UL128 has a potential monomeric chemokine function. In a series of studies, the 
significance of the presumptive CC chemokine motif encoded by GP129 was investigated. The CC 
(codons 26 -27) and cysteines (codons 47 and 62) were separately altered by alanine substitution. The 
GP129 chemokine mutants were capable of forming PC in transient studies. However, GPCMV 
encoding GP129 chemokine mutants resulted in a 2-3 log reduction for viral growth on epithelial cells. 
Pathogenicity studies with one GP129 chemokine mutant virus had impaired yields in target tissue and 
failed to be detected in liver or salivary glands between 4-27dpi. Curiously, it exhibited extended viremia 
throughout the study unlike wild type virus. Overall, correct PC formation is dependent upon critical 
GP129 sequences which require evaluation by recombinant virus tropism and pathogenicity studies. 
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Congenital CMV infection is associated with Sensorineural Hearing Loss (SNHL) 
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Background 
An estimated 10% of infants with congenital CMV develop hearing loss. Mechanisms of hearing loss 
following CMV infection in utero remain undefined. We developed a murine model of hearing loss in 
congenital CMV infection using IP inoculation newborn mice that results in hematogenous spread to the 
inner ear. Hearing loss occured in up to 60% of infected mice and was dependent on the size of the viral 
inoculum. We have used this model to investigate the impact of cochlear infection on auditory pathway 
development. 
Methods 
Mouse cytomegalovirus (MCMV) was injected IP in P1 newborn Balb/c mice. Cochleas from infected 
mice were assayed utilizing different techniques for detection of virus, inflammatory cells, and cochlea 
structures on PNd 8-78. Hearing (ABR) was measured in control and infected mice. 
Results 
Threshold shift of 15-20 dB across all frequencies was found in mice with hearing loss after MCMV 
infection. Virus was detected in the cochlea as early as 4 days post infection in the lateral wall and in the 
ganglion and persisted for over 6 months. Inflammatory cells were abundant in the inner ear at P12 and 
included lymphocytes, natural killer cells, and monocytes, but not neutrophils. The hair cells and organ of 
Corti were uniformly preserved after MCMV infection, even in mice with hearing loss; however, spiral 
ganglion neurons numbers were decreased in mice with hearing loss. Numerous genes that initiate 
inflammation and cell death pathways were activated in the infected cochlea.  
Conclusions 
Following hematogenous spread, MCMV infected cells in the lateral wall and spiral ganglion. Threshold 
shifts were observed in a significant percentage of mice. Hearing loss was associated with spiral 
ganglion neuron loss but not with hair cell loss. Ongoing studies are aimed at identifying specific 



mechanism of hearing loss in this model.  
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The antiviral cGAS-STING-mediated type I interferon response to murine cytomegalovirus 
(MCMV) is inhibited by the multifaceted MCMV m152 membrane protein 
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The type I interferon (IFN) response mediated by pattern recognition receptors (PRR) is imperative for 
the establishment of the early antiviral immune response. In macrophages, the herpesvirus murine 
cytomegalovirus (MCMV) is sensed by the PRR cyclic GMP-AMP synthase (cGAS), which senses DNA 
in the cytoplasm. The cGAS-produced second messenger cGAMP subsequently activates the 
endoplasmic reticulum (ER)-resident adaptor protein stimulator of interferon genes (STING), which 
induces type I IFN transcription. 
To identify MCMV proteins that negatively modulate the cGAS-STING-induced type I IFN response, we 
screened an MCMV cDNA library in an unbiased luciferase-based reporter assay and identified the ER-
resident m152 membrane protein as a novel negative regulator of the STING-dependent type I IFN 
response. 
We show that the transcriptional activation and secretion of IFNβ downstream of the cGAS-STING 
pathway is selectively inhibited in macrophages stably expressing m152. In line with this result, an 
MCMV mutant lacking m152 induces elevated type I IFN responses compared to wildtype MCMV in vitro 
as well as in vivo. Under resting conditions, STING is localized in the ER. Upon stimulation and infection, 
it rapidly translocates from the ER to the Golgi apparatus. We find that in resting cells, m152 and STING 
colocalize and interact in the ER. Upon stimulation, both proteins traffick to the Golgi and still interact. 
Interestingly, in the absence of STING, m152 does not traffick to the Golgi upon stimulation. Notably, in 
the presence of m152, the translocation and subsequent degradation needed for active signaling of 
STING is delayed. Taken together, we have identified m152 as the first MCMV protein that engages the 
key adaptor protein STING to inhibit type I IFN signaling. With this study, we have enriched the immune 
evasion repertoire of m152, which targets multiple arms of the immune response by antagonizing innate 
signaling, Natural Killer- and T-cell dependent responses. 
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CD4 and CD8 T cell responses to human cytomegalovirus proteins expressed by latently 
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During HCMV latency, the viral transcription programme is very limited compared to lytic infection. We 
have previously shown that two viral gene products expressed during latency, UL138 and LUNA, are 
recognised predominantly by CD4+ T cells and a subpopulation of these cells secrete the 
immunosuppressive cytokines IL-10 and transforming growth factor beta (TGF-β). 
Little is known about the host immune response to other latency-associated viral proteins; US28, 



UL111a, and UL144. By dual IFNγ/IL-10 FluoroSpot assay, we now show that these viral gene products 
are also recognized by CD4+ T cells and these CD4+ T cell responses are composed of distinct T cell 
populations that secreted either IFNγ or IL-10. The high sensitivity of this assay has also revealed 
previously uncharacterised CD8+ T cell responses to US28, UL111a, and UL144, as well as responses 
to LUNA and UL138. Intriguingly, we have also observed IL-10 secretion by a distinct population of 
latency-specific CD8+ T cells. 
We have also analysed these latency-associated antigen specific CD4+ and CD8+ T cells for CD107a 
expression as an indicator of cytotoxic potential. Our results show that CD107a is expressed by a sub-
population of both CD4+ and CD8+ T cells, although of note, significantly fewer UL111a and UL138 
specific CD8+ T cells expressed CD107a compared to LUNA, US28 and UL144. 
Most individuals make a Th1 anti-viral CD4+ and/or CD8+ CTL response to at least one latency-
associated protein, and some of these T cells clearly express cytotoxic capacity, yet clearly, these 
responses are unable to clear latently infected cells as latency persists for life. We hypothesise that the 
immunosuppressive IL-10 and TGF-β present in the microenvironment could be restricting anti-viral T 
cell functions against latently infected cells. Current work focuses on neutralising these inhibitory 
cytokines to determine if this would then lead to the clearance of latently infected cells. 
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Congenital Cytomegalovirus infection (cCMV) causes long-term impairments (LTI) in half of children 
symptomatic at birth and in 13.5% of asymptomatic ones. This study evaluates if unique maternal-fetal 
HLA combinations influence cCMV outcome. 
96 children with cCMV and their mothers were typed for HLA-C-E-G. A commercial Luminex technique 
for HLA-C and two TaqMan assays for HLA-E-G polymorphisms, associated with protein levels, were 
used. Mismatches and missing-self were calculated based on the number of alleles present in the child 
but not in mother and viceversa. Statistical significance was assessed by using a Chi-squared test.  
The results showed a higher % of symptomatic neonates with HLA-C2 and HLA-E mismatches than 
asymptomatic (31.6% vs 10.5% p=0.021, 52.6% vs 21.1% p=0.006). Additionally, higher % of mothers 
of children with LTI had HLA-C missing-self than mothers of children without (96.2 vs 65.2, p=0.002). 
Finally, a higher % of mothers of children with LTI was homozygous for HLA-G deletion (i.e. higher 
proteins levels) than mothers of children without (55.6% vs 26.1% p=0.023). Neonates of HLA-G del/del 
mothers had trend significant higher viral loads (p=0.06). 
Based on these findings, we hypothesised that higher maternal HLA-G levels may lead to a favourable 
environment for CMV, facilitating replication, dissemination and delaying maternal response. This 
reduced viral control may induce increased placental viral loads and direct damage. Fetal-maternal HLA 
mismatches have shown to increase lymphocyte activation without pregnancy complications. If the 
increased placental lymphocytic influx and decreased activation threshold, caused by cCMV, occur at 
the backdrop of HLA mismatches, an indirect placental damage could occur. Finally, the post-natal long-
term inefficient CMV control might be partially due to non-inherited maternal antigens (NIMA) exposition, 
which induces an active mechanism of immune-suppression. This study gives useful insights into cCMV 
pathogenesis in all compartments involved and could help to identify neonates with a worse outcome. 
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Polymorphisms in human cytomegalovirus gO may confer escape from neutralization by 
antibodies targeting epitopes in gH/gL 
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Cytomegalovirus (CMV) entry into fibroblasts requires the trimeric gH/gL/gO complex while entry into 
epithelial cells requires an additional pentameric complex comprised of gH/gL/UL128/UL130/UL131A. 
Consequently, antibodies to epitopes within gH/gL have the potential to neutralize CMV entry into both 
cell types. However, certain neutralizing epitopes within gH/gL are strain-specific. To investigate this 
further, nine monoclonal antibodies targeting gH/gL were evaluated for fibroblast and epithelial 
neutralizing activities against epithelialtropic variants derived from CMV strains AD169, UxC, TB40/E, 
Towne, or NR. Four antibodies reacted with linear epitopes within residues 27-48 of gH from AD169 that 
are fully conserved in UxC and TB40/E. They did not bind to equivalent gH sequences from Towne, 
which contain four polymorphisms, and consistent with binding, these antibodies neutralized epithelial 
entry of AD169, UxC, and TB40/E, but not Towne. Surprisingly, these antibodies neutralized fibroblast 
entry of TB40/E but not AD169 or UxC. Five additional antibodies recognized conformational gH/gL 
epitopes and neutralized epithelial cell entry of all five strains and fibroblast entry of AD169, UxC, and 
TB40/E, but failed to neutralize fibroblast entry of strains Towne or NR. Thus, for both antibody groups 
neutralization mediated by antibody binding to gH/gL occurred during epithelial cell entry, while, for 
certain strains, the same antibodies failed to interact with the same gH/gL sequences to neutralize 
fibroblast entry. This suggests that antibody access to certain neutralizing epitopes in gH/gL can be 
restricted by polymorphisms that reside outside of gH/gL. That fibroblast neutralization is selectively 
impacted suggests that this restriction occurs in the context of gH/gL/gO rather than the pentameric 
complex, thus implicating gO as the likely restricting factor. If so, the polymorphic nature of gO may 
serve to promote viral escape from antibody neutralization during reinfection without directly altering 
functional gH/gL epitopes. These findings may have important implications for CMV vaccine or 
immunotherapeutic development. 
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Human cytomegalovirus UL23 inhibits transcription of interferon-? stimulated genes and blocks 
antiviral interferon-? responses by interacting with N-myc interactor protein 
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Interferon-γ (IFN-γ) represents one of the most important innate immunity responses in a host to combat 
infections of many human viruses including human herpesviruses. Human N-myc interactor (Nmi) 
protein, which has been shown to interact with signal transducer and activator of transcription (STAT) 
proteins including STAT1, is important for the activation of IFN-γ induced STAT1-dependent 
transcription of many genes responsible for IFN-γ immune responses. However, no proteins encoded by 
herpesviruses have been reported to interact with Nmi and inhibit Nmi-mediated activation of IFN-γ 
immune responses to achieve immune evasion from IFN-γ responses. In this study, we provide the first 
direct evidence that UL23 protein of human cytomegalovirus (HCMV), a human herpesvirus, specifically 



interacts with Nmi. This interaction was identified by the two-hybrid screen in yeast and co-
immunoprecipitation in human cells. We showed that Nmi, when bound to UL23, was not associated 
with STAT1, suggesting that UL23 binding of Nmi disrupts the interaction of Nmi with STAT1. In cells 
overexpressing UL23, we observed (a) significant reduced levels of Nmi and STAT1 in the nuclei, the 
sites where these proteins act to induce transcription of IFN-γ stimulate genes, and (b) decreased levels 
of the induction of the transcription of IFN-γ stimulated genes. UL23-deficient HCMV mutants induced 
higher transcription of IFN-γ stimulated genes and exhibited lower titers than parental and rescued 
control viruses expressing functional UL23 in IFN-γ treated cells. Thus, UL23 appears to bind to Nmi and 
reduce the nuclear import and the availability of Nmi and its associated protein STAT1 for the activation 
of IFN-γ stimulated gene transcription, leading to a decrease of IFN-γ induced responses and an 
increase of viral resistance to IFN-γ. Our results further highlight the roles of UL23-Nmi interactions in 
facilitating viral immune escape from IFN-γ responses and enhancing viral resistance to IFN antiviral 
effects. 
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Adaptive NKG2C+ NK cell response and the risk of cytomegalovirus infection in kidney 
transplant recipients 
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Cytomegalovirus (CMV) infection in kidney transplant recipients (KTR) has been associated with an 
increased risk of graft loss and reduced host survival. CMV promotes persistent expansions of NK cells 
expressing the CD94/NKG2C receptor. The NKG2C (KLRC2) gene is frequently deleted and copy 
number influences the adaptive response of NKG2C

+
 NK cells. The distribution of NKG2C

+
 NK cells and 

NKG2C genotypes (NKG2C+/+, NKG2C+/del, NKG2Cdel/del) were studied in cross-sectional (N=253) 
and prospective (N=122) KTR cohorts. Assessment of CMV viremia was restricted to symptomatic 
cases in the retrospective study, but was regularly monitored in the prospective cohort. Overall, the 
proportions of NKG2C

+
 NK cells were significantly higher in KTR who had suffered post-transplant 

symptomatic CMV infection in the cross-sectional study. Yet, along the prospective follow up (3, 6, 12 
and 24 months), post-transplant NKG2C

+
 NK cell expansions were not observed in every patient with 

detectable viremia who received preemptive anti-viral therapy, suggesting that the adaptive NK cell 
response may be inversely related with the degree of CMV control. Remarkably, the incidence of post-
transplant viremia was reduced among cases with high pre-transplant levels of NKG2C

+
 NK cells. The 

NKG2C genotypes distribution was comparable in KTR and healthy controls, and greater proportions of 
NKG2C

+
 cells were detected in NKG2C+/+ than in NKG2C+/del patients. Yet, a trend towards increased 

NKG2C+/del and reduced NKG2C+/+ frequencies associated to symptomatic infection was appreciated 
in both cohorts. Altogether, our results indirectly support that adaptive NKG2C

+
 NK cells are involved in 

the control of CMV in KTR. 
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Impact of HCMV on native and modified HLA-I and consequences on gamma delta T cells 
activation 
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The inhibition of HLA-I expression is used by HCMV to escape recognition by αβ T cells. Native HLA 
molecules are normally expressed as α heavy chain/ beta2-microglobulin/antigenic peptide heterodimers 
on cell surface.. In addition, “Modified HLA-I” have also been evidenced and are composed of an a-
heavy chain alone, or associated only with either beta2-microglobulin or a peptide. These modified HLA-
I are not recognized by αβ TCR, but we showed that they were over expressed at the surface of HCMV-
infected fibroblasts and potentially recognized by γδ T cells. Our aim was to understand how HCMV 
induces the expression of modified HLA-I and how they influence T cell reactivity. We hypothesized that 
HCMV US2, US3, US6 and US11 genes involved in HLA-I downregulation could be involved in the 
overexpression of modified HLA-I . We used recombinant adenoviruses expressing each of the four US 
genes, and a mutant HCMV deleted for these 4 genes (CMV-DUS). We observed an induction of both 
native and modified HLA-I expression by the control adenovirus, and an inhibition of both forms by US2, 
US3 and US11. US6 inhibited native forms but maintains the expression of modified forms. When using 
CMV-DUS, infected cells expressed much more native and modified HLA-I than CMV-WT infected cells. 
Interestingly and in sharp contrast to αβ T cells, γδ T cell were activated to produce IFNg when cultured 
with fibroblasts infected with CMV-WT, but not when fibroblasts were infected with CMV-DUS. These 
results indicate that HLA-I molecules regulate γδ T cells through mechanisms that are under 
investigation in our team. The immune escape processes developed by CMV could thus promote γδ 
over αβ T cell response and explain the important response of γδ T cells to the virus in 
immunosuppressed individuals. 
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Human cytomegalovirus (HCMV) primary infection and periodic re-activation of latent virus is generally 
well controlled by T cell responses in healthy people of all ages. However in older people an increase in 
CMV DNA has been detected in urine, suggesting, that whilst still functional the CMV immune response 
is less able to control re-activation events, possibly due to immunomodulation as a consequence of 
lifelong carriage of the virus. Latent CMV infection is characterised by limited viral transcription, 
previously, we have reported that there is an IFNγ and cytotoxic CD4+ T cell response to UL138 and 
LUNA proteins, 2 latent associated transcripts (LATs), and also a cellular IL-10 CD4+ T cell specific 
response. IL-10 is a candidate to mediate immunomodulation of the immune response during ageing, to 
address whether long term carriage of HCMV changes the proportions of IL-10 and IFNγ secreting 
HCMV specific T cell populations and if altering the balance of IFNγ and IL-10 secreting T cells affects 
latent viral carriage, we analysed CMV specific responses in a large donor cohort aged 20-80 years. We 
measured T cell responses to 12 HCMV proteins (including 5 LATs) observing CD4+ and CD8+ IFNγ 
responses to all 12 proteins, with no increase in frequency or breadth of response with increasing age. 
IL-10-secreting CD4+ T cell responses were predominantly to LAT proteins, the magnitude and breadth 
of this response was also stable with age. While latent viral copy number did not increase with age, there 



was a very significant positive association between the latent viral copy number and the magnitude and 
breadth of the IFNγ T cell response. This suggests that high latent viral loads may result in more 
frequent reactivation events leading to increased T cell activity and results in expansion of frequency and 
breadth of the CMV specific T cell response. 
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Functional separation of IL7Ra/KLRG1-defined CD8+ T cell populations in humans 
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During the acute phase of anti-viral CD8

+
 T cell responses in experimentally infected mice, short-lived 

effector cells (SLEC) have an IL-7Rα
lo
KLRG1

hi
 phenotype, whereas IL-7Rα

hi
KLRG1

lo
, memory precursor 

effector cells (MPEC), are assumed to seed the memory compartment. It is unresolved if a subset 
division based on IL-7Rα and KLRG1 would be useful to define functionally distinct cells within human 
virus-specific CD8

+
 T cell populations as they develop in the course of herpes virus infections. 

We found that in healthy humans without any clinical signs of active viral infection not only MPEC and 
SLEC, but also CD8

+
 T cells with an IL-7Rα

hi
KLRG1

hi
 phenotype (also referred to as double positive 

effector cells, DPEC) can readily be found in the circulation. In addition, a small population of early 
effector cells (EEC, IL-7Rα

lo
KLRG1

lo
) is present, which is the only population containing Ki-67 

expressing cells. Notably, KLRG1-expressing cells are largely excluded from lymph nodes. The four 
populations defined by IL-7Rα and KLRG1 differ markedly in transcription factor, granzyme and 
chemokine receptor expression. HCMV-specific populations contain low percentages of IL-7Rα

hi
KLRG1

lo
 

CD8
+
 T cells and are enriched for KLRG1-expressing T-bet

hi
 granzyme-B

hi
 cells. In contrast, EBV-

specific T cells generally express more IL-7Rα. EBV-specific cells that have low IL-7Rα expression 
contain relatively low levels of T-bet and granzyme-B. Importantly, by studying primary infections we 
found that these differences between HCMV and EBV-specific responses were already installed early in 
the response. 
Thus, combined analyses of IL-7Rα and KLRG1 expression on human virus-specific CD8

+
 T cells can 

be used to separate functionally distinct subsets. As a non-cycling IL-7Rαl
o
KLRG1

hi
 population is 

abundant in healthy humans, we conclude that this combination of markers expression not only defines 
short lived effector cells during the acute response but also stable effector cells that are formed and 
remain present during latent herpes infections. 
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CMV specific CD8+ T cell responses in African children and adults 
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Background 
More than 90% of children in Africa are infected with CMV by the age of 12 months. This virus induces 
strong T-cell responses. These two facts provide the opportunity to study developing CMV specific 
CD8+ T-cell immunity through childhood. However little is known about the dominant CD8+ T-cell 
epitopes in African populations. In order to characterise the developing T-cell responses to CMV in 
children in Sub-Saharan Africa we here first sought to identify the immunodominant CMV epitopes within 
this populations. 
Methods 
257 HIV-infected ART-naïve adult and paediatric subjects of Sub-Saharan African origin were used in 
this study. We evaluated CTL responses in these individuals to overlapping peptides spanning the three 
most immunogenic CMV proteins, pp-65, IE-1 and IE-2, using IFN-g ELISpot assays. Peptide HLA-
binding analysis and a bioinformatics prediction tool was used to predict optimal epitopes within all the 
reactive over lapping peptides. Validation of epitopes was undertaken in selected cases using HLA class 
I tetramer staining. 
  
Results 
We have identified >10 novel CMV-specific epitopes within CMV-pp65, IE-1 and IE-2. Five of these were 
also tested using peptide-MHC tetramers and confirmed to be bonafide epitopes restricted by the 
relevant HLA class I allele. One of the epitopes validated was an IE-2 epitope restricted by HLA*B*44:03 
that induced consistently high CTL responses in individuals expressing HLA-B*44:03, in one individual 
accounting for 19% of their CD8 cells. 
Conclusions 
Multiple novel CMV-specific CTL epitopes, dominant within African populations, were defined and 5 
confirmed by tetramer analysis. Each of the novel epitopes identified are critically important to the further 
analyses of CMV-specific CD8+ T-cell responses in African populations and are highly valuable in 
tracking changes to immune response in early childhood. 
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B cell Phenotyping Before Renal Transplantation Associated With Cytomegalovirus Infection, 
But Not With Biopsy Proven Acute Rejection 
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UMCG, GRONINGEN, Netherlands 
 
 
Background: Regulatory B cells could serve as regulators of immunological tolerance, and may 
modulate viral infections and rejection after transplantation. Our aim was to analyze B cell phenotyping 
as a measure of predicting biopsy-proven acute rejection (BPAR) and cytomegalovirus (CMV) infection. 
Methods: Pre-transplantation samples of 110 renal transplant recipients were characterized for B cell 
subsets by flow cytometry. Risk for BPAR or CMV infection was determined with Cox regression using 
transitional CD24

hi
CD38

hi
 and memory CD24

hi
CD27

+
 B cells, and survival categorized with Log-rank 

test. 
Results: B cell subsets were not significantly associated with presence of BPAR, and absence of BPAR 
was comparable between quartiles of B cells. However, risk for CMV infection increased by 10% (95% 
CI: 1.01 – 1.21; P = 0.04) for every extra percentage of CD24

hi
CD38

hi
 B cells. Also, survival free of CMV 

infection was lower in the highest quartile of transitional CD24
hi
CD38

hi
 B cells (P = 0.01), but did not 

differ for memory CD24
hi
CD27

+
 B cells (P = 0.49). 

Conclusions: A protective effect of transitional CD24
hi
CD38

hi
 B cells on BPAR was not observed in this 

cohort, but incidence of CMV infection was higher. The latter could be due to the immune modulatory 
potential of Bregs, which may suppress protective host responses and increase susceptibility to 
infections. Additional studies have to provide further mechanistic insight on the regulatory mechanisms 
of B cells. 
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Human Cytomegalovirus UL148 downregulates CD58 and demonstrates co-stimulation for CD8+ 
CTL against HCMV-, but not uninfected, targets 
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Cytotoxic T-lymphocytes (CTL) cells kill virally infected cells by forming an immune synapse with their 
targets, through which activation and effector functions take place. The primary activation signal occurs 
through the T cell receptor (TCR) on CTL recognizing antigenic peptides presented in HLA-I molecules 
on targets, but a further component is the interaction between CD2 and the costimulatory cell adhesion 
molecule, CD58 (LFA-3). Using fibroblasts infected with a range of human cytomegalovirus (HCMV) 
deletion mutants and replication-deficient adenoviruses (rAds) expressing individual HCMV genes, we 
screened, with flow cytometry and proteomics, the UL/b’ region (absent in strain AD169) of the HCMV 
genome for regulators of CD58. A novel function encoded by low passage strains of HCMV, UL148, was 
identified, which mediated cell surface downregulation and intracellular retention of CD58. Functionally, 
we then defined the conditions at which CD2-CD58 interactions were most relevant for HCMV-specific 
CD8

+
 CTL using a HCMV deletion mutant missing UL148 and blockade with antagonistic anti-CD58 

mAbs. Significant co-stimulation through the CD2-CD58 axis occurred over a narrow peptide range and 
could fully compensate for the reduction in CTL activation induced by the ~20-fold downregulation of 
HLA-I by HCMV-infected cells. This co-stimulation was, however, specifically directed against HCMV-
infected, but not uninfected, targets. Thus, we propose UL148 as a novel evasion function targeted at 
CD8+ CTL, and demonstrate in turn that HCMV-specific CTL are finely tuned towards detecting cells 
infected with HCMV, even in the face of HCMV-encoded impairment of antigen processing and 
downregulation of HLA-I. 
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Studies of innate-immune responses in the maternal-fetal interface reveal distinct mechanisms 
of defense against congenital HCMV and ZIKV infections 
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In view of the severe outcome associated with congenital HCMV infection, there is an urging need to 
better understand the innate mechanisms acting to limit trans-placental viral transmission. The placenta, 
given its critical function in protecting the developing fetus, has evolved effective, yet largely 
uncharacterized, innate immune barriers against invading pathogens. Recent studies, further facilitated 



by the Zika virus (ZIKV) epidemic, have begun to uncover the importance of these local-placental innate 
immune responses in the defense against congenital infections. To gain a global insight into these 
earliest events of viral-tissue interplay within the authentic environment of the maternal-fetal interface, 
we have employed HCMV infection and genome-wide transcriptome analysis in maternal-decidual (the 
maternal aspect of the placenta) and chorionic villi (the fetal aspect of the placenta) tissues, maintained 
as integral 3D organ cultures. We further compared the innate tissue-response patterns following 
parallel infections with HCMV and ZIKV. Notably, HCMV and ZIKV induced divergent innate responses 
in both maternal and fetal-derived tissues. While HCMV response was predominated by upregulation of 
immune-cells activation, proliferation, and cell trafficking pathways, these pathways were not significantly 
altered by ZIKV. Specifically, interferon (IFN)γ, that was profoundly upregulated by HCMV, was not 
affected by ZIKV, which rather induced the expression of type I and type III IFNs. Of note, chorionic-villi 
responses to ZIKV were distinctively enriched for apoptosis, cell-death, and necrosis molecular 
functions. Interestingly, focusing on the most profoundly upregulated genes in the HCMV-infected 
decidual tissues, we have identified the activation of previously unexplored anti-HCMV innate immune 
mechanisms. We are currently characterizing their biological function in the defense against HCMV 
transmission. These studies provide a novel insight into front-line placental tissue innate responses 
which could mediate the outcome of congenital infection. 
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Human foetal hematopoietic stem and progenitor cells (HSPC) generate invariant HCMV-reactive 
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Although there are common characteristics among γδ T cells, it is clear that γδ T cells do not represent a 
homogenous population of cells with a single physiological role. We have shown that in congenital 
human cytomegalovirus (HCMV) infection, but not in adult HCMV infection, γδ T cells expressing 
(semi)invariant germline-encoded T cell receptors (TCR) dominate the γδ T cell repertoire. We 
hypothesized that these ‘early’ γδ T cell subsets are made by specific haematopoietic stem and 
precursor cells (HSPC) present in foetal life. 
In an in vitro T cell development system, human foetal (gestation 28-30 weeks, no infection) HSPC-
derived γδ T cells and term-delivery (> 37 weeks gestation, no infection) HSPC-derived γδ T cells were 
enriched for different γ and δ chain combinations as determined by flow cytometry. A more detailed 
analysis of the complementary determining region-3 (CDR3)γ and CDR3δ repertoire by high-throughput 
sequencing indicated that foetal HSPC-derived γδ T cells, in contrast to term-delivery HSPC-derived γδ 
T cells, were highly enriched for particular invariant germline-encoded CDR3 sequences that are found 
in congenital HCMV infection. Furthermore, we could reprogram term-delivery towards a foetal-like 
generation of γδ T cells by transducing term-delivery HSPC with an RNA-binding protein. 
Together, these data indicate that foetal HSPC generate γδ T cells expressing germline-encoded 
invariant γδ TCRs programmed to respond to HCMV infection. 
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HCMV- specific Antibody Mediated NK- cell Activation and Neutralization in Lung Transplant 
Recipients 
Hannes Vietzen, Irene Görzer, Elisabeth Puchhammer-Stöckl 
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Background: 
Human Cytomegalovirus (HCMV) leads to increased morbidity in lung-transplant recipients (LTR). The 
HCMV specific antibody (AB) response limits virus spread in LTR but its fine specificity is poorly 
understood. We analyzed the post-transplant development of HCMV neutralization and NK-cell 
activation in HCMV seropositive recipients (R+) and its relation to HCMV replication. In addition, we 
assessed the impact of specific IgG1 AB constant heavy chain variants in the CH1 region on these 
HCMV specific AB responses. 
Methods: 
A total of 32 R+ LTRs were included amongst which 21 had no HCMV replication and 11 had detectable 
HCMV replication within the first year post-transplantation. From each patient, plasma samples were 
obtained within one week of transplantation, 3 months later after stop of antiviral prophylaxis, and at time 
of HCMV replication or at a similar time point if no virus replication occurred. Patients were genotyped 
for the IgG1 genetic marker (GM) 3/17 variants. In each sample NK-cell activation was analyzed in a 
bioluminescent reporter-assay with FcγRIIIa receptor-expressing effector cells, and the 50% effective 
concentration (EC50) was determined. The 50% neutralization titer (NT50) was determined by 
neutralization ELISA. 
Results: 
Both, HCMV neutralization and HCMV-specific NK-cell activation were lowest 3 months post TX, and 
overall significantly increased thereafter (both P=0.0001; Mann-Whitney test). Individuals encoding for 
GM3/17 showed significantly better NK-cell activation compared to patients with GM3/3 and GM17/17 
variants, especially early post-transplantation and in the later follow up (P= 0.0001 and 0.0014; Mann-
Whitney test) while there was only limited association with neutralization capacity. Clearly lower 
neutralization at 3 months post transplantation, was observed in patients with further HCMV replication 
(P=0.015, Mann-Whitney test). 
Conclusion 
The GM3/17 variant is significantly associated with better HCMV specific NK-cell activation after 
transplantation. The neutralizing AB capacity at 3 months post-transplantation, after gancyclovir 
prophylaxis, is associated with further HCMV replication. 
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A modified protein in situ hybridization method allows screening of genetic variants of 
glycoprotein B AD4 mutants for its immunogenicity 
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Background: Until now there is no effective vaccine against Cytomegalovirus (CMV), although it is of 
major medical importance. CMV is a highly variable pathogen and this diversity was correlated with its 
pathogenicity. 
Method: We established a method that allows us to study genetic variants of CMV with a modified 
protein in situ hybridization method. The gene glycoprotein B discontinuous neutralizing-epitope AD4 



and the mutant variants are amplified via PCR from a DNA template, translated to protein directly with 
an in vitro translation system and immobilized via a capture tag at the C-terminal end on modified glass 
slides. Screening with different patient sera and visualization of this immune reaction allows the 
evaluation of the immune response of serum antibodies to the genetic variant. 
Results: This was a proof-of concept study and we evaluated different genetic variants of glycoprotein B 
discontinuous neutralizing-epitope AD4. The result confirms the importance of the tyrosine (Y) at position 
364 and a lysine (K) at position 379 from sera of infected individuals. Primary infections and CMV 
negative do not show an IgG-antibody response towards AD4 or its mutants. 
Conclusion:This method allows the screening of genetic variants for their immunogenicity. 
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Characterization of immunological reaction to CMV in super healthy elderly 
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The immune system controls CMV-infection and prevents viral dissemination in healthy elderly. 
However, there are large inter-individual differences in the height of anti-CMV IgG levels or T cell 
responses to CMV in elderly. This might be influenced by frail health status or comorbidities. In this 
study, we investigate the CMV immune response in strict defined healthy elderly (60-80 years), to better 
understand and characterize the immune response to latent CMV-infection.30 CMV+ elderly persons 
who fulfilled the health criteria (f.e. no medicine-use, allergies, comorbidities or history of severe 
infectious diseases) were studied. CMV-specific cells were identified with 8 different MHC-I dextramers 
for immunodominant CMV-epitopes representing 7 different HLA types covering 95% of the European 
population. CMV-specific cells for one or more epitopes were detected in 22 out of 30 CMV-positive 
individuals. The percentage of CMV-specific cells (mean 4,5% range 0,19%-23,5%) varied between 
individuals, reaching over 10% of total CD8 T cells for one CMV-epitope in some individuals (n=4). A 
higher percentage CMV-dextramer cells positively correlated with a more differentiated phenotype 
(percentage TEMRA cells). The IFNγ response to CMV after stimulation with peptide pools pp65, IE1 and 
UL55 and CMV lysate also showed great inter-individual differences between donors. Interestingly, the 
height of the response to these three immunodominant peptide pools correlated with each other, 
suggesting that this response can be taken as a measure of the total CMV-response. Moreover, the 
IFNγ response to the CMV-peptide pools also positive correlated with the anti-CMV IgG level (R

2
: 0,61, 

p<0,0001). In conclusion, in these super healthy elderly different immune parameters behave in a similar 
manner, suggesting synergy between the different arms of the immune system. However, there is great 
inter-individual variation, suggesting that the level of immunity to CMV does not per se correspond to 
their health. 
 
 
 

380 - Poster Presentation Track B 
Date: 02/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
B-PP-042 
 
Are maternal HCMV-specific CD8+ T cells at the maternal-fetal interface able to cross-react with 
fetal HLA-C? 
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CMV infection can lead to the induction of HLA-restricted virus-specific CD8+ T cells that often cross-
react with allogeneic HLA molecules. This so called heterologous immunity may impact the outcome of 
organ transplantation as the presence of activated or memory T cells, reactive against the foreign HLA 
antigens of the donor organ, will lead to a more vigorous allo-immune response and possibly graft 
rejection. 
HCMV infection is a major cause of severe congenital disease. About 1 out of 150 babies are born with 
congenital CMV infection that may result in hearing loss and developmental disabilities. HMCV infects 
many cell types in the placenta, including decidual stromal cells (DSC), decidual macrophages and 
extravillous trophoblasts (EVT). Uncontrolled placental viral infections are accompanied by a pro-
inflammatory milieu that can alter the stability and activation status of effector T cells. 
Recently, we showed that HLA-A/B-restricted HCMV-specific CD8+ effector and memory T cells are 
abundantly present in the decidua. These CD8+ T cells, which are meant to protect the mother, may in 
theory cross-react with the paternal HLA antigens of the foetus leading to pregnancy complications. 
However, the only polymorphic allogeneic HLA molecule expressed by EVT, and a potential ligand for 
decidual CD8+ T cells, is HLA-C. 
In the present study, we assessed whether virus-specific CD8+ T cell clones, known to cross-react with 
allogeneic HLA, are also able to cross-react with HLA-C. Extensive experiments showed that, in contrast 
to HLA-A and HLA-B, HLA-C seems to not be a target of these virus-specific T cells. Whether maternal 
HLA-C-restricted HCMV-specific T cells cross-react with fetal HLA-C remains to be established. 
It is of high clinical relevance to understand how these maternal CD8+ T cells integrate the antithetical 
need of maternal-fetal tolerance and anti-viral immunity to establish a healthy pregnancy. 
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Background: Primary Human cytomegalovirus (HCMV) infection during pregnancy is the major cause 
of congenital viral infection. The HCMV-specific T-cell response may have a role in the prevention of 
virus transmission to the fetus. 
Methods: HCMV-specific memory T-cells were investigated in 44 pregnant women (15 of whom 
transmitted the infection to the fetus) within 1-2 months after onset of primary infection. For comparison, 
8 pregnant women with remote infection were analyzed. PBMC were stimulated for 12 days with 
overlapping 15-mer peptide pools of HCMV proteins immediate early (IE)-1, IE-2 and phosphoprotein 
(pp) 65, and subsequently re-stimulated with the corresponding peptide in a cultured-ELISPOT assay. 
Results: In remote infections no significant difference was observed among T-cell responses to pp65, 
IE-1 and IE-2. Instead, in primary infection, the pp65-specific T-cell response was significantly greater 
with respect to IE-1 and IE-2 (p<0.05). However, the response to all three proteins was significantly 
lower in primary infection with respect to remote infection (p<0.05 for pp65, p<0.01 for IE-1 and IE-2). In 
primary infection, expandable T-cells directed to pp65 and, when detectable, to IE-1 were predominantly 
CD4

+
. Strikingly, the response to pp65 was significantly lower (p<0.01) in women transmitting the 

infection to the fetus. A cultured ELISPOT response > 20 was associated with an odds ratio of 7.14 
(95% CI 1.65 to 30.89) for non-transmission of the virus to the fetus. 
Conclusions: Determination of pp65-specific expandable memory T-cells in pregnant women with 
primary HCMV infection is a promising tool to assess the risk of HCMV fetal transmission. 
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Prenatal ultrasound findings in fetuses with CMV infection may include hyperechogenic bowel. The 
objective of our study was to find a possible pathophysiology underlining hyperechogenic bowel in 
congenital CMV infected fetuses. 
We examined small and large intestines and pancreas in 8 fetuses at 22 weeks of gestation with 
congenital CMV infection. Fetal diagnosis of CMV infection was based on CMV positivity in amniotic fluid 
by culture and Real Time PCR. Ultrasound findings showed four fetuses with hyperechogenic bowel and 
two of them with brain abnormalities. The other 4 fetuses had no ultrasound anomalies. Serial sections 
of duodenum, jejunum, ileum, large bowel and pancreas were submitted for histological examination. 
Immunohistochemistry for CMV and lymphocytic infiltrate were also performed. 
In the 4 fetuses with hyperechogenic bowel, macroscopic autopsy showed dilatation of the distal 
intestine, especially ileum and large bowel. In addition, meconium appeared thickened and distally 
localized. Microscopic examination showed intestinal ganglioneuritis with CMV positive cells in the 
intestinal ganglia surrounded by a lymphocytic infiltrate mainly composed of cytotoxic T CD 8. CMV 
positive ganglion cells were observed only in the Auerbach’s myenteric plexus through all different 
intestinal regions. Pancreas was grossly normal, however at histology, epithelial cells were CMV 
positive, mostly surrounded by T CD 8 lymphocytes. Moreover, meconium granules within the 
enterocyte cytoplasm facing the intestinal lumen were observed. These may represent indirect signs of 
reduced intestinal peristalsis. In the 4 fetuses with no hyperechogenic bowel, macroscopically the 
intestine was not dilated and intestinal sections showed either no CMV cells or inflammatory infiltrate. 
However, pancreatic histology showed CMV positive cells and lymphocytic infiltrate similarly observed in 
fetuses with hyperechogenic bowel. 
In conclusion, hyperechogenic bowel probably can be explained primarily as reduced intestinal motility 
due to CMV ganglioneuritis in the Auerbach’s myenteric plexus instead of impairment in pancreatic 
enzymatic secretions. 
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US16 Protein of Human Cytomegalovirus Contributes to Virus Tropism for Endothelial and 
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The US12 gene family of HCMV encodes a set of 10 multi transmembrane proteins whose specific 
functions have not been established yet. While inactivation of individual US12 gene members in 
laboratory strains of HCMV does not affect viral replication in fibroblasts, we observed that disruption of 
US16, US18, US20, and US21 in the TR clinical strain prevents viral growth in other cell types, thus 
suggesting a role in HCMV cell tropism. Recombinant viruses with deletion or functional inactivation of 
the US16 gene failed to express IE, E, and L viral proteins in endothelial, epithelial and dendritic cells, 
thus indicating a defect of the US16-deficient viruses which occurs prior to IE gene expression. This 
defect was due to inefficient virus entry. In fact, ultrastructural analysis of infected endothelial cells 
revealed that US16-null particles were internalized and accumulated in vacuoles shortly after infection 
but were not released from endocytic vesicles. A link between pUS16 and the pentameric 
gH/gL/UL128/UL130/UL131 complex, required for infection of endothelial and epithelial cells, was then 
demonstrated by the absence of pUL128 and pUL130 in purified virions released from fibroblasts 
infected with genetically US16-deficient viruses, and by the colocalization and interaction of pUS16 and 
pUL130 in infected fibroblasts. Deletion of the C-terminal tail of pUS16 reproduced the defective 
phenotype of US16-null viruses. However, assembly and trafficking of the pentameric complex to cVAC 
and cVAC formation were not affected by the lack of either pUS16 or its C-terminal tail, thus suggesting 
that pUS16 regulates the tropism of HCMV by dictating a late stage of viral maturation in a gH/gL form-
specific manner. Identification and characterization of determinants of viral tropism, like US16, will 
advance our understanding of the molecular mechanisms of HCMV-related pathogenesis and may lead 
to the design of new antiviral strategies to exploit these functions. 
<p/> 
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The G-protein coupled receptor US28 is one of a small number of HCMV genes expressed during 
latency, and its expression is required for latency establishment. In order to understand the mechanism 
underlying this, a whole-cell proteomic screen was conducted in monocytic cells stably expressing wild-
type US28 (US28-WT) or a signalling-defective (but correctly folded) US28 mutant (US28-R129A). 
In the screen, two Aim2-like receptor (ALR) family proteins, IFI16 and MNDA, were significantly 
downregulated in the presence of wild type US28. ALR proteins have previously been linked to 
inflammasome activation and Type I interferon production and, interestingly, we have obtained 
preliminary data which suggests that the expression of US28 abrogates DNA-stimulated type I interferon 
production in monocytic cells. Although such a role has been proposed for IFI16 in the context of HCMV 
lytic infection in fibroblasts, our observations hint at a completely novel role for MNDA and IFI16 in 
sensing the latent viral genome. 
Additionally, we have found that the transcriptional repressor CTCF is greatly upregulated in the 
presence of US28-WT but not US28-R129A. Further analyses show that CTCF binds and represses the 
MIEP and that knock-down of CTCF results in increased IE expression in latently infected cells. 
Furthermore, monocytic cells infected with a US28 deletion virus, which fail to establish latency, 
expressed IE at a lower level when CTCF was overexpressed. 
This work helps to further our understanding of the host factors required for the establishment of HCMV 
latency. 
 
 
 

380 - Poster Presentation Track B 
Date: 02/05/2017 
Time: 16:00 - 17:00 hrs 
 



POSTER PRESENTATION 
B-PP-006 
 
Maturation of Langerhans-type dendritic cells alters human cytomegalovirus gene expression, 
progeny production and reactivation from latency in a stimulus-dependent manner. 
Laura Hertel, Roxanne Coronel, Melissa Galinato, Olabisi Osunmakinde, Lucia Dalle Ore 
Children's Hospital Oakland Research Institute, OAKLAND, United States of America 
 
 
Human cytomegalovirus (CMV) transmission is thought to occur by contact between virions and 
oronasal mucosae, whose outer layers are exclusively comprised of epithelial cells and Langerhans-type 
dendritic cells (LC). Being the first innate immune cells to encounter incoming CMV virions, LC are thus 
poised to play important roles in host defenses against this virus. We show that although virion entry and 
nuclear deposition of viral genomes occurs in a large majority of immature LC (iLC), expression of the 
viral immediate-early genes occurs only in 2-5% of cells. Despite this, iLC produce 10-fold higher 
amounts of viral progeny than mature LC (mLC) obtained by stimulation with GM-CSF, LPS, CD40L and 
fetal bovine serum (FBS), even though mLC populations contain larger numbers of infected cells (10-
20%). This suggests that CMV replication in LC undergoes at least two blocks: one acting early and 
restricting infection onset in both iLC and mLC, and one acting later, reducing viral yields in mLC. 
Although exposure to pro-inflammatory cytokines or to CD40L alone increased the proportion of infected 
cells, neither stimulus could fully remove the block to infection onset. While CD40L and FBS alone 
enhanced viral progeny production, stimulation with LPS alone or combined with CD40L and FBS 
repressed it, suggesting that LPS exerts dominant negative effects. Finally, iLC supported viral 
reactivation without the need for maturation, but reactivation rates were increased in populations 
exposed to pro-inflammatory cytokines. Together, these data show that immature LC, such as those 
found in the oral cavity of healthy individuals, are fully capable of supporting CMV acquisition and 
transmission without the need for maturation. Both processes, however, can be modulated by LC 
encounters with different types of extracellular stimuli. 
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The tegument protein pp65 (pUL83) of human cytomegalovirus (HCMV) is one of several viral 
polypeptides that are involved in the subversion of cellular antiviral defense functions. It is immediately 
translocated to the nucleus of permissive cells at the time of infection. Despite its strong nucleophilic 
nature, pp65 is preferentially found in the cytoplasm at late stages of permissive infection, primarily 
accumulating at cytoplasmic viral assembly sites. We have previously shown that a nuclear retention 
phenotype of pp65 was associated with limited viral productivity. It remained unclear, however, if nuclear 
accumulation of pp65 or its limited availability in the cytoplasm was responsible for that phenotype. In 
this study we addressed the impact of the subcellular distribution of pp65 on productive HCMV infection, 
using the TB40/E for analysis. This strain expresses low levels of pp65 compared to laboratory strains, 
shows limited productivity in both HFF and ARPE-19 epithelial cells and displays little pp65 cytoplasmic 
accumulation at late stages of infection. We first asked if overexpression of pp65 from a second copy of 
the UL83 gene in a mutant virus would lead to enhanced cytoplasmic expression and, thereby, 
increased productivity. However, the preferential nuclear accumulation of pp65 was not reverted despite 
its overexpression and viral productivity was reduced rather than enhanced. In a second approach, we 
generated a TB40/E mutant in which the nuclear localization signals of pp65 were mutated. This virus 
surprisingly showed enhanced viral DNA replication and virus release from both infected HFF and 
ARPE-19, compared to the parental TB40/E strain. The data showed (i) that it was indeed nuclear 
accumulation of pp65 that was repressive to the release of viral progeny. The results also revealed (ii) 
that the cytoplasmic accumulation of pp65 is a critical determinant for the level of HCMV DNA replication 



and progeny production. 
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L-proline promotes human Cytomegalovirus replication via activation of DNA Damage Response 
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Amino acids have been implicated in metabolic reprogramming of human cytomegalovirus (HCMV) 
infected cells, examples include increased glucose uptake for fatty acid biosynthesis or upregulation of 
glutamine for ATP production. Another source of metabolite that can be catabolised for supply of ATP is 
L-proline, however the role of L-proline in HCMV infection is unknown. In mitochondria, proline can be 
synthesised from glutamine or urea derived ornithine via the intermediate pyrroline-5-carboxylate (P5C). 
P5C is converted to proline by pyrroline-5-carboxylate reductase (PYCR), an enzyme that exists in three 
isoforms: PYCR1, PYCR2, and PYCRL. Here, we show that in fibroblasts (MRC5) infected with the VR 
strain, all PYCR isoforms are significantly increased in both mRNA and protein levels and was evident 
already at 24 hours post-infection. However, in endothelial cells (HUVEC), the increase was delayed and 
can only be observed at 72 hours post-infection. In fibroblast cells, the intracellular L-proline 
concentration was 2-fold higher in infected cells when compared to uninfected cells. The addition of 
exogenous proline significantly increased both immediate early (IE) and late protein PP28 levels, and 
resulted in a significant increase in viral replication. Furthermore, knockdown of PYCR isoforms using 
siRNA reduced the number of infected cells by approximately 50%. Depletion of the cellular proline pool 
by treatment with Halofuginone also significantly reduced IE abundance; this effect was reversible with 
the addition of exogenous proline. We further found that proline is valuable for HCMV infection by 
mediating suppression of reactive oxygen species and more importantly, through the activation of DNA 
damage responses (DDR). Thus, HCMV induces an L-proline dependent DDR activation, which involves 
activation of both the ATM and ATR signalling pathways. We conclude that HCMV exhibits an increased 
proline dependency and may be manageable by targeting metabolic pathways involved in proline 
biosynthesis. 
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Targeting Pol I through CX5461, a specific Pol I inhibitor, or Pol I siRNA, affects HCMV 
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The nucleolus is a non-membrane-bound nuclear organelle found in all eukaryotes. Its assembly is 
triggered by activation of RNA polymerase I-mediated transcription and regulated in a cell cycle-
dependent manner in mammalian cells. Many viruses including human cytomegalovirus (CMV) can 



specifically target the nucleolus to facilitate viral transcription and translation. CMV infection results in 
increased protein synthesis and an enlarged nucleoli. CX-5461 targets the SL1 transcription factor of the 
Pol I complex and induces autophagy and senescence in a number of solid tumor cell lines, but inhibits 
neither Pol II transcription of mRNA nor the synthesis of DNA or proteins. We examined the antiviral 
effect of CX5461 compared with the anti-CMV drug Ganciclovir. In order to confirm that CX-5461 is 
working as a Pol I inhibitor, we assessed its effects on FUrd incorporation (a fluorine-conjugated uridine 
analogue, which reflects that rRNA comprises more than 80% of cellular RNA) and production of 47S 
transcripts. These parameters were both significantly reduced. Normal cells (fibroblasts) were pretreated 
with CX5461 and Ganciclovir and then infected with CMV strain VR1814. The potential antiviral effect of 
CX5461 was examined on immediate early (IE), pp65, gB transcripts and IE and pp65 protein levels as 
well as virus production. IE transcripts were quantified by qPCR and were significantly reduced by both 
drugs. Immunofluorescence and western blot analyses confirmed significantly reduced levels of IE and 
pp65 proteins in infected cells treated with CX5461. Experiments using siRNA to Pol I also 
demonstrated significantly reduced levels of viral transcripts and IE protein levels. However, production 
of infectious virus was unaffected at 7 days post infection. To conclude, we provide evidence to suggest 
a potentially important role of Pol I, direct or indirect, in the early transcription of HCMV, yet no essential 
for later virus production. 
 
 
 

380 - Poster Presentation Track B 
Date: 02/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
B-PP-018 
 
The oncomodulatory role of HCMV-encoded chemokine receptor US28 in glioblastoma 
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Human cytomegaloviruses (HCMVs) have been found to infect cancer (stem) cells (CSCs) in a highly 
efficient manner, thereby stimulating self-renewal proliferation. HCMV encodes for four known viral G 
protein-coupled receptors (GPCRs); US28, US27, UL33, and UL87, which show high homology to 
human chemokine receptors. Constitutive activation of US28 has been associated with an oncogenic 
phenotype via interference with cellular signaling and stimulation of tumor growth via angiogenic and 
proliferative pathways. Moreover, HCMV-encoded US28 has been found in glioblastoma patient material 
with localization particularly around the vascular niches. In order to determine the role of HCMV-
encoded US28 in glioblastoma, we have investigated US28-mediated stimulation of signaling and 
proliferation in vitro in both 2D and 3D cultures of differentiated glioblastoma cells and primary glioma 
cells, and an orthotopic in vivo glioblastoma model in mice. US28 correlated with the activity of stemness 
regulators and US28 expression stimulated glioblastoma growth in vitro and in vivo. These observations 
emphasize the oncomodulatory role of US28 in glioblastoma and potentially other HCMV-associated 
malignancies. 
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Inhibitors of the autophagy-initiating protein kinase Ulk1 interfere with HCMV replication 
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Research conducted during the last few years revealed that the cellular protein kinase Ulk1 exerts 
critical regulatory functions at the intersection of autophagy, innate immunity and inflammatory disorders. 
This protein was first described as autophagy-initiating protein kinase, however, recent evidence 
suggests that Ulk1 is an important component of different protein complexes involved in pathogen 
recognition. Furthermore, Ulk1 not only controls the onset of macroautophagy and mitophagy but also 
fine-tunes and negatively regulates inflammatory processes thus preventing immunopathology. We 
observed that Ulk1 is strongly upregulated after infection of primary human fibroblasts with human 
cytomegalovirus (HCMV). In addition, we detected an enhanced phosphorylation of Ulk1 at various 
serine residues which are typically targeted by the cellular AMP-activated protein kinase (AMPK), a 
metabolic stress response kinase. Inhibition of AMPK activity reversed this HCMV-induced modulation of 
Ulk1 which correlated with an impairment of viral replication. Evidence for a proviral role of Ulk1 was also 
obtained by generating primary human fibroblasts with a stable Ulk1-knockdown which revealed a 
profound growth defect of HCMV in the absence of Ulk1. Furthermore, small molecule inhibition of Ulk1 
kinase activity strongly interfered with HCMV replication. Collectively, these data suggest that Ulk1 may 
serve as a novel target molecule for antiviral therapy. Moreover, viral dysregulation of Ulk1 may 
contribute to immunopathology frequently observed in connection with HCMV infection. 
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Glycoprotein O (gO) of the human cytomegalovirus (HCMV) is the critical subunit of the envelope trimer 
gH/gL/gO as it interacts with platelet-derived growth factor alpha receptor upon fibroblast entry, and 
triggers gB-mediated fusion for fibroblast and epithelial cell infection. Eight genotypes (GT) of the highly 
polymorphic gO gene are described, yet it is unclear whether the distinct GTs differ in their function. 
Thus, we aimed to elucidate potential differences between two highly diverse gO GTs in an otherwise 
genetically identical HCMV background. Therefore, resident gO GT1c sequence of HCMV strain TB40-
BAC4-luc was entirely replaced by GT4. In addition, two conserved gO cysteines involved in gH/gL/gO 
stabilisation (GT1c-C218 and C343) were mutated to serine in both genotypes. All these gO mutants 
were investigated for their growth properties in fibroblasts and epithelial cells. GT4 displayed a 
significantly enhanced infectivity for both cell types and higher virus release upon replication in epithelial 
cells when compared to GT1c. The cysteine mutants GT1c-C218S and GT4-C216S showed 
comparable infection efficiencies as their parental strains. For the GT1c-C343S mutant, infection 
capacity was moderately impaired, while the infection efficiency of GT4-C336S was strongly reduced for 
both fibroblasts and epithelial cells. These findings suggest that different gO genotypes might affect the 
infection efficiency also in vivo and their function may be differentially susceptible to mutations which 
may have important implications for virus host transmission. 
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Genotypic analysis of HCMV polymorphism in congenital infections to predict the impact of 
HCMV disease severity in newborns/infants 
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Human Cytomegalovirus (HCMV) is the leading cause of birth defects related to an infectious agent. 
Prevention and clinical interventions for HCMV disease are limited by the absence of an effective 
vaccine, as well as resistance to antiviral drugs and therapeutic neutralizing antibodies. Recently, it has 
been proposed that HCMV disease and pathogenesis may be affected by the genetic diversity of the 
virus, exceptionally high both within and between hosts. Virus load, replication rate and clinical sequels 
of the congenitally infected infants may thus result from HCMV genetic polymorphism. Although it is 
known that HCMV can extensively hijack cellular genes that may contribute to its immune evasion 
capability and that the virus is polymorphic among hosts, the source of genomic variability and the 
biological relevance remain unresolved. 
In this study, we aimed to characterize HCMV clinical isolates obtained from newborn infants diagnosed 
with congenital or postnatal HCMV infection for the genomic variability of specific genes encoding 
potential virulence factors or involved in antiviral drug resistance and to identify correlations between 
viral genotypes, phylogeny, in vitro growth properties and clinical sequels. In vitro analysis of the virions 
by Focus Expansion Assay (FEA) indicated different patterns of replication, that enabled us to group 
them into three categories: fast-, intermediate-, and slow-replicating strains. Interestingly, the in vitro 
replication scores correlate with the patients’ viremia titres at the time of sampling. Moreover, preliminary 
results obtained from the alignment of the HCMV genome sequences and compared to the reference 
strain Merlin (NC_006273) revealed that divergent clades can be outlined within the viral population, 
indicating that heterogeneous viruses exist. This study may contribute to understanding the clinical 
significance of viral genetic diversity in predicting the impact of virulence factor variability on congenital 
HCMV disease severity. 
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The Apolipoprotein B Editing Enzyme Catalytic subunit 3 (APOBEC3) is a family of DNA cytosine 
deaminases that mutate and inactivate viral genomes by single-strand DNA editing, with important roles 
in innate immunity and cancer. It has been demonstrated that APOBEC3 interfere with viral replication of 
RNA and DNA viruses, but its role during Human Cytomegalovirus (HCMV) replication has never been 
investigated. APOBEC3 is able to counteract viral replication increasing mutation rates in viral genome. 
On the other hand, HCMV displays high variability limited to distinct parts of the genome. In this study 
we analysed the impact of HCMV infection on APOBEC3 expression and activity. We observed that 
APOBEC3G is upregulated by HCMV infection in primary Foreskin Human Fibroblast (HFF) at both 
mRNA and at protein level. However, although strongly induced, the speciï¬•c knockdown of 
APOBEC3G does not negatively affect HCMV virus propagation. It has been previously reported that 
Interferon type I (IFN-I) is able to induce APOBEC3 expression. In agreement with these results, we 
demonstrated that the induction of APOBEC3G expression upon HCMV infection is IFN-I mediated, 
produced early during HCMV infection. Therefore, understanding the role of this deaminase on the 
immune response against HCMV has become pivotal. 
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Human cytomegalovirus (HCMV) establishes lifelong latent infection in myeloid progenitor cells residing 
in the bone marrow, yet how virus enters the bone marrow to establish this latent reservoir remains 
unknown. The CXCR4/CXCL12 signaling pathway plays a central role in hematopoiesis and trafficking 
of cells to and from the bone marrow. HCMV encodes four G-protein coupled receptor (GPCR) 
homologs, US27, US28, UL33, and UL78, and three of these have been found to influence CXCR4 
signaling activity when expressed individually in transfected cells. UL33 and UL78 both impair 
CXCR4/CXCL12 signaling, while US27 has been found to potentiate CXCR4/CXCL12 signaling, 
resulting in greater calcium flux and cell migration. In order to investigate the effect of US27 on CXCR4 
during virus infection with other viral GPCRs present, fibroblasts were infected with HCMV strain TB40wt 
or mutants lacking US27 (TB40/deltaUS27), all four GPCRs (TB40/ALLDEL), or a mutant expressing 
only US27 and not the other three GPCRs (TB40/US27wt). CXCR4 gene expression was significantly 
higher in TB40wt and TB40/US27wt-infected fibroblasts compared to controls, and this effect was seen 
as early as three hours post infection, suggesting that US27 from the virus particle could enhance 
CXCR4 expression. Reporter gene assays confirmed that US27 increased transcriptional activity 
mediated by NRF-1, the primary transcription factor for CXCR4. Treatment with wortmannin or 
LY249002 ablated the increase in NRF-1 activity, indicating that phosphatidylinositol-3 kinase (PI3K) 
plays a role in the US27-mediated increase in CXCR4 expression. Immunofluorescence microscopy 
revealed increased translocation of NRF-1 into the nucleus of TB40wt-infected cells compared to mock 
or TB40/deltaUS27-infected cells. These results demonstrate that US27 increases CXCR4 gene 
expression by influencing activity of transcription factor NRF-1 in a PI3K-dependent manner. This work 
may reveal a novel regulatory function for an orphan receptor that could have implications for the 
establishment or maintenance of HCMV latency. 
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Human cytomegalovirus (HCMV) is an important opportunistic pathogen in immunocompromised 
patients and a major cause of congenital birth defects when acquired in utero. In the 1990s, four 
chimeric viruses were constructed by replacing genome segments of the high passage Towne strain 



with segments of the low passage Toledo strain, with the goal of obtaining live attenuated vaccine 
candidates that remained safe but were more immunogenic than the overly attenuated Towne vaccine. 
The chimeras were found to be safe when administered to HCMV-seronegative human volunteers, but 
to differ significantly in their ability to induce seroconversion. This suggests that chimera-specific genetic 
differences impacted the ability to replicate or persist in vivo and the consequent ability to induce an 
antibody response. To identify specific genomic breakpoints between Towne and Toledo sequences and 
establish whether spontaneous mutations or rearrangements had occurred during construction of the 
chimeras, complete genome sequences were determined. No major deletions or rearrangements were 
observed, although a number of unanticipated mutations were identified. However, no clear association 
emerged between the genetic content of the chimeras and the reported levels of vaccine-induced 
HCMV-specific humoral or cellular immune responses, suggesting that multiple genetic determinants are 
likely to impact immunogenicity. In addition to revealing the genome organization of the four vaccine 
candidates, this study provided an opportunity to probe the genetics of HCMV attenuation in humans. 
The results may be valuable in the future design of safe live or replication-defective vaccines that 
optimize immunogenicity and efficacy. 
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Background: Congenital cytomegalovirus (cCMV) is the most common congenital infection in children 
and leads to permanent disabilities including sensorineural hearing loss (SNHL). Clinical or laboratory 
markers for identifying infected children at increased risk for sequelae are not known.  
Objective: To identify CMV variants associated with symptomatic infection and SNHL utilizing whole 
genome sequencing of specimens from infected infants.  
Methods: CMV from urine specimens of 33 infected infants were deep sequenced (Illumina MiSeq) after 
CMV target enrichment via custom capture probes. CLC Genomics Workbench software version 9.0 
was used for assembly and analysis of sequences. Variants were compared between symptomatic and 
asymptomatic infants and between children with and without hearing loss. Statistical significance of 
cohort variant frequency distribution was determined using Fisher exact test. 
Results: Sequencing achieved >95% coverage of the genome; and 7.6x10

7
 reads were successfully 

mapped to the reference strain Merlin. Over 400 variants were found to be associated with symptomatic 
infants. Most non-synonymous variants (NSVs) associated with symptomatic cCMV were found in the 
known antigenic domains of UL55 (gB). Six of these variants were in close proximity to residues that 
when mutated could reduce antibody binding. When sequences from children with and without hearing 
loss were compared, 313 NSVs were associated with SNHL and the majority were in coding regions 
UL8 and RL8.  
Conclusions: CMV genomes in urine specimens from infants with cCMV can be sequenced with >95% 
coverage and >10-fold depth. Several NSVs in the antigenic domains of gB were associated with 
symptomatic infection suggesting a role for virus diversity in newborn disease. In addition, unique NSVs 
within the coding regions, UL8 and RL8 were seen in children with SNHL. These findings highlight the 
need for additional studies to define the role of these polymorphisms in the pathogenesis and as 
markers of disease and outcome. 
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The constitutively active HCMV-encoded G protein-coupled receptor UL33 displays 
oncomodulatory potential 
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The human cytomegalovirus (HCMV) encodes the constitutively active G protein-coupled receptors 
(GPCRs) US28 and UL33. Both receptors show high homology to human chemokine receptors and 
multiple chemokines have been identified to bind US28. For UL33 no endogenous ligands have been 
reported to date. US28 possesses oncomodulatory properties and is detected in HCMV positive human 
glioblastomas. 
In this study we show that UL33 constitutively activates various pro-inflammatory, proliferative and pro-
angiogenic signal transduction pathways when expressed in HEK293T and U251 malignant 
glioblastoma cells. Moreover, expression of UL33 in glioblastoma cells increased spheroid size in vitro 
and promoted tumor growth in an orthotopic xenograft mouse model. Altogether, our data indicate that 
the viral GPCR UL33 has oncomodulatory potential and, together with US28, could play a role in HCMV-
associated malignancies. 
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About the impact of reinfection and persistence in host-pathogen systems subject to balancing 
selection 
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For many open reading frames (ORF) of the CMV genome, published DNA sequence samples cluster 
around a few, well-distinguishable genotypes. Sequences lying in between these genotypes are not 
observed, suggesting they are strongly deleterious or even not viable. This fitness valley between 
genotypes makes the occurrence of a genotype by spontaneous mutation a rare event, and therefore for 
most ORFs only a single genotype should exist in the viral population. Given the opposite observation 
the question arises whether genotypes are actively maintained by balancing selection in the CMV 
population. We will deal with this scenario for host-pathogen systems, in which the pathogens are 
capable of persistence and reinfection, and make predictions about the genotype frequencies which 
should be observed in such populations of pathogens. Furthermore, we will discuss the impact of 
reinfection and persistence for pathogen survival in this context. 
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Induction of chemokines and chemokine receptors of glioblastoma infected with human 
cytomegalovirus 
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Glioblastoma (GBM) is the most malignant brain tumor that accounts for approximately 37% of gliomas 
with a 5-year survival rate of 6.9% and an average survival time of 12 months. In recent years, 
transcripts and proteins of human cytomegalovirus (HCMV) have been successively reported to be 
detected in GBM patients. We found and reported so far that HCMV infection increaes the expression of 
host chemokines and chemokine receptors, e.g. IL-8, MCP-1, I-TAC, RANTES, CXCR1, and CCR2. 
Although these proinflammatory chemokines and their receptors are known to be involved in the 
pathogenesis of GBM, it remains to be proved that they are upregulated in GBM with HCMV infection. 
Thus, we examined the induction of chemokines and chemokine receptors in GBM cell lines infected 
with HCMV. 
Two GBM cell lines, T98G and A172, and an astrocytoma cell line, U373-MG, were infected with HCMV 
Towne and clinical strain, 91S. Thirteen kinds of chemokine and eleven kinds of cytokine were screened 
in the culture supernatant of the infected cells by using LEGENDplex immunoassay (BioLegends) and 
several chemokines including MCP-1 and IL-8 were found to be elevated with infection of both or either 
Towne or 91S. The expression level of the receptors, CCR2A, CCR2B, CXCR1, and CXCR2 was 
analyzed by real-time RT-PCR, and it was demonstrated that either CCR2A or CCR2B was also 
upregulated while neither CXCR1 nor CXCR2 was changed. Furthermore, we addressed whether 
HCMV infection may induce the same effcet in the glioma stem-like cells (GSLCs) that were induced 
from the three cell lines by culture in the stem cell medium. As a result, it was shown that HCMV-infected 
GSLCs also expressed increased level of IL-8, MCP-1, CCR2A, and CCR2B. 
These results suggest that HCMV may play some roles in the pathogenesis of GBM via chemokine 
signaling such as MCP-1/CCR2 pathway. 
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United we stand, divided we falter: mutual dependence of HCMV terminase subunits pUL51, 
pUL56, and pUL89 for terminase complex formation 
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Packaging of HCMV genomes into preformed capsids is an essential, virus-specific process that 
emerges as an auspicious drug target for novel antiviral strategies. One promising substance targeting 
the HCMV terminase, Letermovir, recently met the primary endpoint in a phase III clinical study, yet its 
precise mode of action is unknown. Thus, more knowledge about terminase formation and function is 
required to understand the mechanism of action of such new antiviral drugs. 
To gain more insight into HCMV terminase assembly, we constructed HCMV BAC genomes in which the 
ORFs encoding either terminase subunit were disrupted. These studies were complemented by 
transient expression of the HCMV terminase proteins in different combinations. We found that in the 
absence of one terminase constituent the remaining ones did no longer efficiently interact with each 
other. Moreover, each subunit was required to maintain appropriate protein levels of the other two. 
Subsequent analyses revealed that when one terminase subunit was missing, the others underwent 
proteasomal degradation. Adding the respective missing subunit in trans rescued the protein levels. 
Furthermore, nuclear localization of pUL51 and pUL89 occurred only when all three terminase 
components were expressed together. 
Our findings point to a model of the HCMV terminase as a tripartite multi-protein complex in which the 
individual subunits stabilize each other upon complex formation. Such a scenario is reminiscent of the 



folding-upon-binding principle leading to cooperative stability in large protein assemblies. These findings 
on the mutual interplay of the HCMV terminase subunits will be useful for investigating the molecular 
mechanisms underlying inhibition by new antiviral drugs that target HCMV genome encapsidation. 
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Human Cytomegalovirus Infected Colorectal Cancer Cell Lines Increase the Cell Proliferation and 
Migration Activities 
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Background: Recent studies had demonstrated that human cytomegalovirus (HCMV) could be found in 
the colorectal cancer (CRC) tumorous cells and affect outcome, indicating its potential onco-modulator 
role. This study further investigated the effects of HCMV infection in CRC cell lines and looked for the 
phynotypic changes. 
Material/methods: The laboratory strain, HCMV AD169, was used to infect the colorectal cell line 
(HT29 cell, for 24, 48, and 72 hours) and its derived “spheroid” cells that were pre-treated by the in vitro 
tumoursphere formation assay to enhance the viral infectivity rate. Cell proliferation was evaluated by a 
colorimetric assay to determine cellular viability by measuring the metabolic conversion of a water-
soluble tetrazolium salt (WST-1). The cell viability was carried out by direct cell count. The cell migration 
ability was determined by using transwell migration assays. The expression levels of epithelial–
mesenchymal transition (EMT)-related genes were examined by using RT

2
 Profiler PCR Array 

(SABiosciences, USA). 
Results: After 24, 48 and 72 hours post-infection of HCMV either in HT29 cells or HT29 “spheroid” cells, 
the cell proliferation activities significantly (P < 0.0001) enhanced. Infection of HCMV also significantly 
(P<0.0001) enhanced the cell viability. In addition, infection of HCMV in HT29 cells and HT29 “spheroid” 
cells also promoted the cell migration. The migration rate in AD169 infected HT29 “spheroid” cell is 3 fold 
higher compared to AD169 infected HT29 cells. Using EMT assays, 21 genes were identified with 
differentially expression (cut off value >2) between infected and non-infected cells. One of the most 
significant changes was the Wingless-type MMTV integration site family (Wnt) signaling. 
  
Conclusions: HCMV infected CRC cell lines resulted in a significant phenotypic alterations in 
proliferation and migration activities. Meanwhile, The Wnt signaling pathway was activated in the 
presence of HCMV infection. 
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Characterisation of Human Cytomegalovirus US12 gene family-encoded proteins 
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The Human Cytomegalovirus (HCMV) genome contains a remarkable array of 13 gene families ranging 
in size from 2 to 14 members. The US12 gene family consists of a sequential tandem array of 10 genes 
designated US12 to US21 that are highly conserved in clinical isolates. Two US12 family members, 
US18 and US20, act in concert to target the natural killer (NK) cell activating ligand MICA for lysosomal 
degradation (Fielding, CA et al., 2014. PLoS Pathogens 10 (5):e1004058). Fibroblasts infected with a 
library of US12 gene family deletion mutants were used in NK degranulation assays and cell surface 
proteomics. This analysis revealed that 2 additional US12 family members contribute to NK cell evasion 
and that the US12 family down-regulate an impressive array of immune ligands at the cell surface. To 
complement these mechanistic studies into US12 family function, we added a C-terminal V5 epitope tag 
to each individual US12 family gene ORF within the HCMV Merlin genome and successfully generated 
HCMV virus stocks. Expression of US12 family members was detectable by immunoblotting, with a 
subset identified as N-glycosylated proteins. This glycosylation could have important implications for 
their function. Furthermore, the majority of US12 family members were targeted for lysosomal 
degradation and we are currently investigating the hypothesis that US12 family proteins may directly 
interact with their targets to re-direct them to the lysosome for degradation. 
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Influence of maternal hyperimmune globulin (HIG) infusion on viral diversity and congenital 
transmission 
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Congenital CMV infection is the leading infectious cause of birth defects worldwide, and interventions to 
prevent this transmission are needed. In this work, we investigate how preexisting anti-CMV antibodies 
shape the maternal viral population and their effects on intrauterine transmission. We analyzed genomic 
data from a newly-defined rhesus monkey model of congenital rhesus CMV (RhCMV) infection to 
examine the effects of pre-infection, passively-infused hyperimmune globulin (HIG) on viral population 
genetics in both maternal and fetal compartments. Three different strains of RhCMV were 
simultaneously inoculated intravenously into CD4+ T cell-depleted rhesus monkeys following prior 
treatment with either a standard HIG preparation or a high-neutralizing potency preparation. Samples 
were collected weekly after infection and utilized for targeted amplicon deep sequencing of the 
glycoprotein L (gL) and B (gB) genes. The epithelial cell-tropic strain UCD52 constitutes the majority of 
the population regardless of treatment or tissue type. Maternal plasma viral populations from the high-
potency group were less diverse (mean p=0.98e-3 per site) than those from control (1.38e-3 per site) or 
standard HIG groups (1.85e-3 per site). Further, amniotic fluid populations were more diverse in the 
standard (1.85e-3 per site) than in the control group (0.80e-3 per site). Interestingly, the highest levels of 
genetic diversity were observed in amniotic fluid in the first weeks after transmission within the standard 
group (2.58e-3 per site). In one dam-fetal pair, analysis of diverse RhCMV positive fetal tissues revealed 
a high fraction (~75%) of shared, genetically similar haplotypes. More haplotypes were shared between 
fetal tissues, including amniotic fluid, than between populations from different maternal tissues, 
suggesting a higher degree of compartmentalization within the mother than the fetus. Our analysis 
indicates that pre-existing antibodies may select for certain CMV haplotypes, highlighting the relevance 
of analyzing viral evolutionary dynamics in the study of clinical strategies to impede congenital CMV 
transmission. 
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Cytomegalovirus downregulates ER-a, PR and Her-2 Receptors in Breast Cancer -A potential role 
in triple negative breast cancer? 
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Breast cancer (BC) is the fifth most common cause of cancer deaths. The most important prognostic 
markers for BC are the hormone receptors Estrogen receptor alpha (ER-α) and progesterone receptor 
(PR). Anti-hormone therapy has increased the survival of patients with cancers expressing these two 
hormone receptors. A worse prognosis is associated with amplification of Her-2 (Her-2 positive) or 
absence of these three receptors (triple negative breast cancer, TNBC). While Her-2 positive breast 
cancer patients can be offered Her-2 directed therapy with improved patient outcome, TNBC patients 
currently lack effective therapies. Our group and others have shown high prevalence of Human 
Cytomegalovirus (HCMV) in primary BC and in lymph nodes and brain metastases of breast cancer 
patients. Patients with higher-grade of HCMV protein expression had worse prognosis, with shorter time 
to progression and shorter survival. To assess a potential correlation between HCMV and the 
expression of ER, PR and Her-2, we graded primary breast tumors (n=62) for HCMV protein expression 
and correlated the results with clinical data of ER-α, PR and Her-2 status. High-grade HCMV expression 
correlated inversely with ER- α (p = 0.02) and PR (p = 0.003) expression. Her-2 expression also trended 
to be reduced (P = 0.09) in HCMV-positive samples. In vitro, HCMV infection resulted in significant 
downregulation of mRNA and protein levels of ER-α/PR and Her-2 in BC cell lines, an effect that was 
dependent on viral gene expression. Three HCMV encoded miRNAs that could target ER-α/PR 
expression were identified by bioinformatics analysis: miR-UL22A-3p, miRUL36-3p and miR-US25-2-3p. 
Overexpression of each viral miRNAs in breast cancer cells resulted in downregulation of mRNA and 
protein levels of ER-α/PR. Thus, HCMV may promote establishment of TNBC, through viral miRNA 
induced downregulation of ER-α/PR and Her-2. Antiviral therapy could hence be a potential alternative 
treatment strategy for selected breast cancer patients. 
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RL13 and the UL128 Locus co-operate in promoting direct cell-to-cell transmission of human 
cytomegalovirus. 
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Propagation in vitro of CMV strains truly representative of clinical virus is urgently required to facilitate 
the development of antivirals, immunotherapies and vaccines. However, experience shows that efficient 
productive replication of clinical CMV strains in cell culture is generally achieved only after two 
independent mutations have been selected for. These mutations incapacitate the UL128 locus (UL128L) 
and the hypervariable gene RL13. The UL128L encodes three components of a pentameric complex 
present in the virion envelope, and is implicated in tropism. RL13 encodes a hypervariable virion 
envelope protein that suppresses release of infectious virions from cells. In this study, we show that 



despite limiting virus release, RL13 does not impair the temporal cascade of CMV gene expression 
during productive infection of fibroblasts. Nor were there any effects on in intra-cellular particle 
maturation by electron microscopy. However RL13 expression was associated with both a reduction in 
the numbers and ‘infectivity’ of particles released from cells, indicating that its expression affects virus 
egress. We demonstrate that both RL13 and UL128L independently promoted direct cell-to-cell spread 
that was resistant to neutralising antibodies in fibroblasts. Yet RL13 expression in epithelial cells 
promoted virus that was more sensitive to neutralising antibodies, indicating that RL13 affects the 
mechanism of cell-cell spread in a cell-type specific manner. A SILAC-IP identified cellular proteins that 
were recruited to the virus assembly compartment by RL13 during productive infection. Using siRNA 
knockdown of these proteins we hope to elucidate the protein-RL13 interactions that are relevant to 
RL13 function. 
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Viral Effective Population Size and Selection Coefficient Reveal Disease Status and Treatment 
Outcome 
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BACKGROUND Within individuals, HCMV populations maintain stable structures based on tissue 
compartments and patterns of evolution over time. However, structures may destabilize during antiviral 
therapeutic interventions. 
METHODS Longitudinal blood and urine samples were obtained from 16 immunocompromised patients 
with different treatment approaches (none, antiviral drugs, immunotherapy). HCMV populations were 
analyzed to identify parameters (census size, effective population size, selection coefficient) that 
correlate with disease status (symptomatic, asymptomatic) or treatment outcome (DNAemia resolution 
or rebound. 
RESULTS While census size (number of individuals in a population, e.g. “viral load”) did not correlate 
with disease status or treatment outcome, estimates of effective population size or selection coefficient 
resulted in patterns that distinguish these clinical features. 
Effective population size (Ne) is the number of individuals generating progeny. Patients with 
asymptomatic untreated HCMV infection had large Ne values and stable population structures over time. 
In contrast, symptomatic patients with resolution of DNAemia after treatment had low Ne values, 
consistent with the theory that low Ne leads to extinction. However, patients with symptomatic untreated 
infection or with treatment failure had mid-range Ne values. 
Selection coefficient (s) measures fitness by comparing growth rate of mutant versus wild type (WT) 
virus. WT sequences have s=0, and negative or positive values represent polymorphisms in mutant 
sequences with reduced or enhanced fitness, respectively. Polymorphisms in patients with untreated 
infection had WT fitness profiles (s=0). In contrast, those in patients with treatment failure showed 
enhanced fitness (s>0). These polymorphisms were not associated with resistance to antiviral drugs or 
escape from HCMV-specific adoptive T cells, but were found in ORFs with unclear functions or encoding 
proteins not used to generate T cells. 
CONCLUSIONS In immunocompromised patients, disease status and treatment outcome segregate by 
effective population size, and positive selection targets treatment-unrelated ORFs to provide fitness 
advantage in rebound viral populations. 
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Variability of gB UL55 from whole genome sequencing of congenital isolates 
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Human cytomegalovirus is the first cause of birth defect though viral determinants for neurological 
damages are not well established. High throughput sequencing, enables the analysis of the whole 
HCMV genome with a high precision. We thus compared the whole genome sequence of 5 low passage 
(1 to 2 passages) clinical isolates from congenitally infected newborns with or without symptoms to the 
Merlin (ATCC) and AD169 genomes. Isolate F came from a child which developed unilateral hearing 
loss, S from an asymptomatic child, C, L and B from children with severe neurological symptoms. The 
whole intracellular HCMV genomes were isolated from infected human embryonic fibroblasts by the Hirt 
method, and libraries were directly prepared after human DNA depletion or not, on an ABI Library 
Builder, then sequenced by the Ion Torrent technology on a Ion Proton analyzer (Life Technologies). 
Bioinformatic analysis was performed on the GenoLim platform of Limoges University using Mira 
software after substraction of human DNA (47%, with or without depletion). The mean reads number per 
base was 17091 with a 1% error risk and a coverage of the whole genome. Within a panel of 24 genes 
implicated in tropism permissivity and temperance, the highest variability was observed in UL9, UL10, 
UL55 and UL75. Compared to Merlin-ATCC and AD169, we identified two highly variable adjacent 
regions within AD2 and CLS domains which differed between isolates from symptomatic and 
mild/asymptomatic infections, and one highly conserved region between AD4 and AD5 antigenic 
domains. In conclusion, further analysis of a larger panel of isolates is necessary to confirm the 
statistical significance of intra-AD2 region variants. Control by de novo analysis is ongoing. This Hirt-
NGS method is easy to use and can provide wide range analysis of the full length HCMV genome with 
no need for capture or human DNA depletion.  
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The guinea pig is the only small animal model for congenital CMV (cCMV) and important in studies 
related to disease and intervention strategies. The animal genome was recently sequenced which 
enabled an in-depth evaluation of cellular gene expression in response to infection. Potentially, this 
approach may provide a better understanding of infection at the molecular level in relation to viral 
invasion of the placenta. As a premise to cCMV infection studies, wild type (WT) and mutant guinea pig 
CMV (GPCMV) infection was evaluated in primary embryo fibroblast (GEF) cells by cellular 
transcriptome analysis. Individual deletion mutants of genes encoding the homolog pp65 (GP83Km) or 
pp71 (GP82Km) were generated. Both mutants had increased susceptibility to type I interferon but 



GP83Km had near normal growth, whereas the GP82 mutant had delayed kinetics. In animal 
pathogenicity studies, GP82Km dissemination was similar to WT but GP83Km was highly attenuated. 
The cellular transcriptome expression pattern of mock, WT, GP82Km and GP83Km mutant virus 
infected GEFs (moi=1pfu/cell) was evaluated (1-72 hpi). Transcriptome analysis was performed using a 
chip microarray with over 25,500 genes evaluated for each time point. Genes that were upregulated or 
downregulated more than two-fold compared to mock were identified. Analysis revealed a complex and 
divergent pathway of cellular gene modification in response to infection. Over 3,300 genes were 
differentially regulated by each virus over the studied period and approximately 21% were immune 
related. Overall, WT and GP83Km had a more similar pattern of gene dysregulation but became more 
divergent at later stages of infection. GP82Km had a more distinct pattern of gene regulation with 
chemokines (CCL2, CCL5, CXCL11, IL8) and pro-inflammatory factors (Fos, IL6, Fosb, Tnfaip3, Tnfsf8, 
Atf3) upregulated to much higher levels(>10 fold over WT) during early stages of infection which resulted 
in upregulation of additional downstream targets at later stages. 
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The guinea pig is the only small animal model for congenital CMV and therefore important for the 
development of CMV intervention strategies. In HCMV, IE1 and IE2 proteins are required for the viral 
lytic life cycle and in part necessary to overcome innate immunity. Additionally, IE1 is considered an 
important T cell target for protective immunity. We characterized GPCMV IE1 and IE2 to demonstrate 
functional homology to HCMV. GPCMV major IE genes are splice variants with three common shared 
exons and a unique forth exon: GP122 (IE2); GP123 (IE1). Transient expression of GPCMV IE1 and IE2 
demonstrated nuclear colocalization with each other, the viral polymerase and guinea pig ND10 
components (gpPML, gpDaxx, gpSp100, gpATRX). N- and C-terminus deletion variants of IE1 mapped 
the nuclear localization signal to the C-terminus. Separate knockout of GPCMV GP122 and GP123 were 
lethal which demonstrated their essential nature. In contrast, a MCMV M123 knockout was viable. A 
truncated GP123 mutant virus (vIET) resulted in a viable virus (IE1 codons 233-474 deleted). vIET had 
increased susceptibility to type I IFN (95% inhibition at 100U/ml) compared to a pp65 homolog mutant 
and wildtype virus (80 and 5% inhibition respectively). The truncated IE1 protein was unable to interact 
with gpPML compared to full length IE1 or HSV ICP0. Cellular transcriptome studies demonstrated a 
different phenotype for vIET compared to wildtype or pp65 knockout virus. In tissue culture, vIET had 
impaired kinetics compared to a pp65 mutant but in animals a pp65 knockout virus was more impaired. 
However, vIET had decreased titers for all organs (lung, liver, spleen, and salivary glands) at all time 
points (4, 8, 12, and 27 dpi) compared to wildtype virus. An IFNgamma ELISPOT assay demonstrated 
that IE1 was a T cell target in infected animals which suggested it could be useful for vaccine studies. 
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CD8 T cells play a crucial role for the control of lytic murine CMV (MCMV) replication and for the 
surveillance of reactivation events during viral latency. Certain MCMV-specific CD8 T cells undergo an 
unconventional response kinetics, so called memory inflation. ‘Inflationary T cells’ expand during acute 
virus replication and continue to proliferate and expand even after control of lytic replication. They 
accumulate to high numbers in peripheral organs where the population is maintained at constant levels 
and exhibits an effector-memory phenotype - a characteristic that is currently harnessed in vaccine 
approaches. 
We elucidated the mechanisms promoting stable maintenance of inflationary MCMV-specific CD8 T 
cells in peripheral tissues. We found that antigen presentation on non-hematopoietic cells is required for 
memory inflation in a continuous process. Blocking continuous seeding of cells to peripheral organs 
revealed an intrinsic half-life of this population in the range 40-60 days, indicating that the overall stability 
of the population required replenishment of 50% of the cells every 6 to 8 weeks. This continuous 
replenishment is likely fueled by egress of reactivated MCMV-specific CD8 T cell from lymph nodes, as 
we found that latently infected non-hematopoietic cells in lymph nodes reactivate MCMV-specific central 
memory CD8 T cells, leading to their proliferation, differentiation into effector cells, and migration to 
peripheral tissues. 
We further show that the intrinsic population half-life of 40-60 days of inflationary cells in peripheral 
organs is comparable in naïve and latently MCMV infected mice, arguing against a role of cognate 
antigen regulating the longevity of the population. Instead, we found a critical role for tissue IL-15 in 
promoting survival of the effector memory MCMV-specific CD8 T cell pool in the lung. We are currently 
identifying the cellular source of IL-15 in the lung as one representative peripheral organs that 
accommodates large numbers of inflationary cells.  
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Immunocompromised patients, e.g. upon allogeneic hematopoetic stem cell transplantation (alloHSCT), 
are of high risk to develop life-threatening infections by pathogens that are well controlled in healthy 
individuals, including CMV. CD8

+
 T cells play a pivotal role in providing protection against infections with 

intracellular pathogens (and some tumors) and therefore, the development of adoptive cell therapies 
(ACT) using antigen-specific T cells is currently gaining substantial clinical interest. Recent data indicate 
that most effective ACT requires in vivo expansion as well as long-term maintenance of transferred cells. 
Although it becomes evident that clinical pre-enrichment for defined T cell subsets might help to make 
engraftment and maintenance of T cells upon ACT more predictable, it is still controversially discussed 
which subset to choose. Over the past years we have developed single-cell adoptive transfer 
technologies combined with reversible cell labeling (so-called Streptamer technology) and polychromatic 
multiparameter flow cytometry of rare event populations. This novel type of single cell fate mapping has 
allowed us to demonstrate unequivocally that individual precursor cells within the naive and memory T 
cell pool can bear the full plasticity to develop into a plethora different T cell subsets. These observations 
have important implications for ACT since they demonstrate how it is possible to reconstitute effector 
and memory populations from very low numbers of adoptively transferred T cells. We are currently 
exploring Streptamer-based cell purification platforms to enable clinical purification of most effective T 
cell populations for ACT. A first clinical trial using small numbers of primary Streptamer-enriched CMV-
specific T cells, without any in vitro culture, for treatment of therapy-refractory CMV disease in patients 
upon alloHSCT has just been completed and the overall promising results will be presented. New 
concepts for prophylactic treatment of infections in patients upon alloHSCT evolved from these 
observations and are currently tested in ongoing clinical trials. 
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T cells play a crucial role in control of HCMV latency and reactivation. Owing to somatic recombination 
and pairing of distinct α- and β-chains to form a functioning T cell receptor (TCR), the human T cell 
repertoire is greatly diverse. HCMV is a large pathogen with various immunogenic proteins. Depending 
on the HLA type of an individual, different viral epitopes are presented leading to activation of different 
sets of HCMV-specific T cells. Hence, the overall T cell response against HCMV is complex and 
challenging to analyse. 
To tackle this task, we enriched virus-specific T cells by in vitro stimulation with peptide epitopes, peptide 
pools, or transformed B cells presenting epitopes from a full-length HCMV antigen. From these T cells, 
we isolated mRNA and prepared libraries for Next Generation Sequencing. HCMV-specific clonotypes 
were identified by comparison of T cell samples before and after stimulation. 
We checked TCRs responding to externally loaded peptide against those responding to cells presenting 
endogenously processed epitopes. Our data show that the most frequent HCMV-specific TCRs detected 
by single peptide stimulation also recognise naturally presented epitopes. Likewise, we determined the 
portion of TCRs specific for currently unknown epitopes to evaluate the immunogenicity of our tested 
epitopes. We further identified immunodominant virus-specific TCRs, which were exclusive to HCMV 
seropositive donors. Intriguingly, these TCRs were already abundant in the unstimulated ex vivo 
repertoire, indicating that HCMV strongly shapes the T cell repertoire of its host. 
Moreover, we found highly similar families of TCRs targeting HCMV epitopes in the majority of virus 
carriers. Such public TCR families have potential for the development of engineered T cells for adoptive 
transfer, vaccines, or novel HCMV disease monitoring strategies. Besides, identification of structural 
TCR motifs may enable to predict whether a TCR is specific for HCMV. 
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The fetal compartment can be studied by amniocentesis and ultrasound examination for the diagnosis 
and prognosis of HCMV infection. Since amniocentesis is an invasive procedure and positive results of 
amniotic fluid (AF) tests do not discriminate between infected fetuses and compromised fetuses, 
researchers continue to work on the prognosis factors for the HCMV disease.In order to improve the 
identification of i) pregnant women who transmit the virus to their fetus and ii) HCMV-infected and 



compromised fetuses, we studied the expression of soluble isoform of the human leukocyte antigen 
class I “non-classical” (sHLA-G) during HCMV infection in maternal blood and amniotic fluid samples. 
HLA-G antigen is a tolerogenic molecule and is modified by HCMV infection, with possible functional 
consequences in pregnancy immuno-regulation.We describe the analysis of a clinical prospective trial 
enrolling 420 pregnant women suspected, at routine HCMV testing, to have active HCMV infection. The 
sHLA-G levels were evaluated in the plasma samples of 139 pregnant women with primary HCMV 
infection, 85 with non-primary, 155 with past infection, and 41 HCMV-uninfected. We found that the 
mean levels of sHLA-G in pregnant women with primary infection were significantly higher in comparison 
with the other mentioned groups (33.1±2.4 ng/ml vs. 7.2±1.0 ng/ml, 8.8±1.4 ng/ml, 6.9±2.1 ng/ml, 
respectively, p<0.001). When we analyzed the levels of sHLA-G in plasma samples from primarily 
infected pregnant women, considering transmitter and non-transmitter mothers, we found a statistical 
correlation (p=0.035). We analyzed 67 AF samples collected during amniocentesis (20-21 weeks 
gestation) from pregnant women with primary HCMV infection. The mean levels of sHLA-G were 
significantly higher in samples from infected fetuses (60.09±17.74 ng/ml) than in uninfected fetuses 
(29.13 ng/ml) (p <0.002). Finally, the difference of the means sHLA-G levels between urine from HCMV 
infected and uninfected newborns (p=0.002) was statistically significant. 
 
 
 

400 - Session C.03: Clinical Practice, Problems & Solutions 
Date: 03/05/2017 
Time: 08:30 - 10:25 hrs 
 

BOTH ORAL & POSTER PRESENTATION 
C-OP-006 
 
Neurodevelopmental outcome and hearing in early childhood of preterm infants with postnatal 
cytomegalovirus infection 
Julia Gunkel, Marian Jongmans, Corine Koopman-Esseboom, Ingrid C. Van Haastert, Maria C.J. 
Eijsermans, Petronella C. Fieret- van Stam, Bert G.A. Van Zanten, Tom F.W. Wolfs, Linda S. De Vries, 
Joppe Nijman 
University Medical Center Utrecht, Neonatology, UTRECHT, Netherlands 
 
 
Objective: To assess whether preterm infants with postnatal cytomegalovirus (pCMV) infection develop 
neurological sequelae in early childhood. Methods: Infants with a gestational age <32 weeks were 
prospectively screened for CMV at term-equivalent age. Neurodevelopment was assessed using the 
Griffiths Mental Development Scales (GMDS) at 16 months corrected age (CA), the Bayley Scales of 
Infant and Toddler Development-III (BSITD-III) at 24-30 months CA, the Movement Assessment Battery 
for Children-II (MABC-II) and/or the Wechsler Preschool and Primary Scale of Intelligence-III (WPPSI-III) 
and hearing assessment, at 5.5 years of age. Results: Three-hundred-and-fifty-six infants were tested at 
16 months CA (49 CMV+; 307 CMV-). At 16 months CA, infected infants performed better on the GMDS 
locomotor scale (p=0.025). There were no differences at 24-30 months CA on the BSTID-III or GMDS. 
At 5.5 years of age, infected children scored lower on the WPPSI-III but the mean scores were within the 
normal range, reaching significance only on verbal IQ (p=0.046). Multiple regression analysis indicated 
no impact of CMV status but significant influence of maternal education and ethnicity. There were no 
significant differences between both groups on the MABC-II. None of the infected children developed 
perceptive hearing loss at 5.5 years of age. Conclusion: Cognitive- and motor function in preterm 
children with a pCMV infection was within normal range in infancy. In early childhood, there was no 
significant difference in mean total IQ between both groups, but mean verbal IQ was significantly lower 
in infected infants. None of the infected children developed perceptive hearing loss. 
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Mononuclear phagocytes encompass a variety of cell types specialized in different functions, including 
plasmacytoid dendritic cells which are major producers of type I and III interferons (IFN-I/III) during viral 
infections, classical DC (cDC) encompassing XCR1+ cDC excelling in the activation of CD8 T cells in 
part through crosspresentation and CD11b+ cDC which promote Th2 and Th17 responses, 
macrophages which mediate microbicidal and tissue repair functions, and classical monocytes which 
upon inflammation migrate into inflamed tissues to differentiate in inflammatory monocytes, monocyte-
derived dendritic cells, monocyte-derived macrophages or myeloid derived suppressor cells. Depending 
on the physiopathological context, cMo-derived cells can be beneficial or detrimental. There are major 
discrepancies between published reports on the role of cMo during murine cytomegalovirus (MCMV) 
infection. This may be due to the use of distinct strains of mice or of virus, to the study of different 
organs, or to the confusion existing in the field regarding the identity and the plasticity of the different 
types of cMo-derived cells. More generally, the role of the different subsets of mononuclear phagocytes 
during MCMV infection is not clear. We are trying to address this issue by using a systems biology 
approach combining gene expression profiling to generate novel hypotheses, with morphological, 
phenotypical and functional studies to test these hypotheses in wild-type mice or mutant animals 
allowing in vivo tracking, depletion or gene inactivation of subsets of mononuclear phagocytes. These 
studies will generate novel knowledge on the functions of mononuclear phagocyte subsets and their 
molecular regulation during MCMV infection which could then be used to study other physiopathological 
conditions including additional viral infections or cancer, ultimately allowing to identify novel targets for 
manipulating immune responses to promote health over disease. 
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Congenital infection by human cytomegalovirus (HCMV) is a leading cause of permanent sequelae of 
the central nervous system, including sensorineural deafness, cerebral palsies or devastating 
neurodevelopmental abnormalities (0.1 % of all births). We recently showed that HCMV infection triggers 
the activity of PPAR gamma (PPARg), a transcription factor critical for the developing brain and required 
for efficient replication of HCMV, in neural stem cells (NSCs) and fetal brain. 
To gain more insight on the impact of HCMV on host gene expression, we performed further 
immohistological analyses of control or infected fetal brains and transcriptional profiling of infected 
NSCs. Immohistological examination of infected brains detected HCMV immediate-early antigen (IE) 
expression and nuclear PPARg in all samples from infected cases. The number of infected and PPARg 
expressing neural progenitors was variable, independently from the gestational age. Brain samples from 
uninfected cases showed no detectable expression of HCMV antigens or PPARg. Transcriptional 
profiling of infected NSCs showed upregulation of the expression of genes related to antiviral cell 
response. Also, we found altered expression of a set of genes known to be involved in neurogenesis and 
/ or cell mobility. In particular, genes critical for neural cell migration and brain development showed 
strongly increased expression in infected NSCs, at the mRNA and protein levels. Their upregulation was 



found to be associated with PPARg in infected NSCs, or in uninfected NSCs with singled-out expression 
of PPARg. These results were supported by immohistological analyses of infected fetal brain slices 
relative to control cases. Consistently, functional assays revealed impaired migration ability of infected 
NSCs in vitro. These findings indicate that impaired neural cell migration could underlie the 
neurodevelopmental abnormalities in congenital HCMV infection. 
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The guinea pig is the only small animal model for congenital CMV (cCMV) studies but requires the use 
of guinea pig CMV (GPCMV). We recently demonstrated conserved function and immunogenicity of the 
homolog viral glycoprotein complexes, including the pentameric complex (PC) necessary for epithelial 
tropism and congenital infection. A recent live GPCMV vaccine (pp65 knockout/PC+) was highly 
immunogenic and completely protected against cCMV. This was the first time that complete protection 
had been attained and was an important milestone. However, all GPCMV studies to date have utilized 
the original virus isolated in the 1950s and passaged multiple times on fibroblasts before being 
deposited with the ATCC. This virus (strain 22122) when serially passaged in animals and used as a 
salivary gland stock causes congenital infection. However, focusing only on this one strain of GPCMV 
may not provide a sufficiently comprehensive evaluation of pre-clinical vaccine strategies. This concern 
is raised by a new strain of GPCMV (CRV) which we isolated from animals. The growth kinetics, tropism 
and immunogenicity of the ATCC and CRV strains are very different. In contrast to 22122, CRV evoked 
a relatively low antibody titer immune response to the various GPCMV glycoprotein complexes (gB, 
gH/gL, gM/gN and PC), despite comparable normal level of anti-GPCMV antibody titers and similar 
protein sequences. Additionally, CRV was highly epithelial trophic (renal and trophoblasts), cell 
associated, and extremely difficult to propagate on fibroblasts. Adaptation for fibroblast growth results in 
loss of epi-tropism. In contrast, the full length ATCC GPCMV can be propagated on both epithelial and 
fibroblast cells. Various studies were carried out with ATCC and CRV strains in primary and re-infection 
models. Overall, cross reacting immune response reduced the incidence of cCMV. However, systemic 
dissemination of CRV virus in ATCC infected (sero-positive) animals or vice versa was not greatly 
impacted. 
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Background: Immunologic correlates of HCMV transmission at the mucosal surface are not known. In 
spite of passively acquired maternal antibodies, about 50% of breastfed babies of seropositive mothers 
will acquire HCMV from breast milk (BM). Therefore, studying BM transmission of HCMV provides a 



unique opportunity to investigate protective antiviral immune responses. 
Objective: To examine the frequency of HCMV-specific T-cells and tissue resident memory T-cells 
(TrM) in peripheral blood mononuclear cells (PBMC) and breast milk cells (BMC) in HCMV-seropositive 
lactating women (N=45). 
Methods: The frequency of CD4 and CD8 HCMV-pp65-specific T-cell responses in BM and PBMC was 
determined by measuring IFN-γ and dual IFN-γ/GrB production by intracellular cytokine staining using 
flow cytometry. 
Results: The median frequency of HCMV-pp65-specific T cells is increased in both compartments 
(PBMC and BMC) for CD8+ T-cells (0.4% & 1.1%) when compared to CD4+ T-cells (0.02% & 0.25%). 
The frequency of HCMV-pp55-specific CD8 T-cells by the production of IFN-γ alone or dual IFN-γ/GrB 
was increased in BMC (1.3% & 1.3%) compared to PBMC (0.6% & 0.5%). A positive relationship 
between BM viral load and CD8 CMV-pp65-specific BMC or BM cell counts was observed. Lastly, we 
demonstrate the presence of TrM in BM. An inverse relationship between CD8 TrM cell frequency and 
BM viral load was observed, although not statistically significant (p=0.08). 
Conclusions: Both CD4 and CD8 HCMV-specific T-cells were present in BM. A positive relationship 
between CD8 CMV-pp65-specific T-cells and viral load suggests that local virus replication drives 
antigen-specific CD8 T-cells into the breast. Also, the presence of TrM, a relatively new memory T-cell 
maintained in non-lymphoid tissue and capable of providing immediate protective immunity in tissues, 
maybe associated with the control of virus replication in BM. Together this data suggests that T-cells 
may play a role in HCMV control in BM. 
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Inoculation of rhesus macaques (RM) with rhesus CMV (RhCMV) strain 68-1 elicits unconventional 
CD8

+
 T cells restricted by MHC-II and MHC-E. The highly conserved, non-polymorphic MHC-E molecule 

is generally not involved in antigen presentation to T cells but acts as an inhibitory “self”-ligand for NK 
cells by presenting the peptide VMAPRTLLL (VL9) derived from the signal sequence of classical, 
polymorphic MHC-I molecules. HCMV UL40 and RhCMV Rh67 encode a highly conserved VL9 peptide 
but otherwise demonstrate very little homology to each other or to MHC-I. To examine their role of Rh67 
and UL40 in the induction of MHC-E restricted CD8+ T cells, we generated a series of RhCMV 
recombinants and examined their impact on MHC-E expression and T cell priming. We show that the 
VL9 sequence in Rh67 is required for maturation and cell surface expression of MHC-E in RhCMV-
infected cells since in the absence of Rh67, or upon disruption of the VL9 sequence, MHC-E is retained 
intracellularly. Moreover, unlike native VL9 peptides, Rh67-derived VL9 does not require the peptide 
transporter TAP to support MHC-E maturation. We further demonstrate that priming of MHC-E restricted 
CD8+ T cells requires the Rh67-encoded VL9 peptide since single point mutations within VL9 
completely abolish MHC-E restricted CD8+ T cell responses resulting in RhCMV that exclusively elicits T 
cells restricted by MHC-II. Importantly, HCMV UL40 can substitute for Rh67 both with respect to 
supporting MHC-E maturation in vitro and MHC-E-restricted T cells in vivo. Thus, priming of MHC-E-
specific CD8+ T cells involves direct antigen presentation by RhCMV-infected cells and possibly the 
exchange of MHC-E-bound VL9 peptide for antigen-derived peptides. These results further suggest that 
Rh67 is required for the unique ability of RhCMV 68-1 to elicit unconventional T cells and that 68-1-like 
HCMV might elicit HLA-E restricted CD8+ T cells in humans. 
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Congenital cytomegalovirus infection (cCMV) is the most common congenital infection worldwide with a 
birth prevalence of around 0,6 % in developed countries. The prevalence of long-term moderate-to-
severe impairment in the group of children with cCMV has been estimated to be 17 % in a systematic 
review based on prospective studies and 25 %, with an attributable risk of 13 %, in the large 
retrospective CROCUS study. It is important to realise that half to two thirds of these children had no 
symptoms at birth. Universal neonatal screening could identify most neonates with cCMV, but has not 
been introduced. One of the reasons is the fact that only part of the children identified through universal 
screening will develop long-term sequelae. A reliable prognostic marker would support the introduction 
of neonatal screening. Most studies on prognostic markers have focused on children with cCMV with 
symptoms at birth, with a prenatal diagnosis (mostly after primary maternal infection) and on neuro-
imaging. Using the large nation-wide retrospective cCMV cohort from the CROCUS study, we have 
studied several markers in the neonatal dried blood spots (DBS) in relation to long-term outcome. During 
my presentation I will show some of the challenges of working with DBS in this retrospective cohort and 
present some preliminary results. 
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Background: The proportion of neuroimaging abnormalities at birth in asymptomatic infants with 
congenital CMV infection is not well defined because only the neonatal screening could identify infants 
without clinical abnormalities. 
Objective: To determine the frequency and characteristics of neuroimaging abnormalities in 
asymptomatic infants with cCMV infection and to verify its association with the occurrence of hearing 
loss. 
Methods: By means of a CMV neonatal screening, 66 of 11,950 infants were identified as congenitally 
infected. All infants underwent physical examination at birth, neuroimaging [brain transfontanellar 
ultrasonography (61/66; 92.4%) and/or cranial magnetic resonance (25/66; 37.8%)], ocular fundoscopy, 
and hearing evaluation using evoked otoacoustic emissions and auditory brainstem response. 
Results: Among 66 newborns, 8 (12%) presented one or more clinical findings of congenital infection 
and 58 (89%) were apparently asymptomatic at birth. Of these, 52 (91.4%) underwent complete 
evaluation within 3 months of life. Unilateral chorioretinitis was observed in one infant (2 %). 
Neuroimaging abnormal findings were observed in 29/52 (55.7%) infants. The most common findings 
were lenticulostriate vasculopathy with subependymal pseudocysts (13/29 (43.3%); isolated 
subependymal pseudocysts (11/29 (37.9%); single or periventricular calcifications and/or gliosis (4/29 
(13.8%); and ventriculomegaly (1/29 (3.4%). Unilateral profound hearing loss at birth was found in 4/52 



(7.7%) infants and neuroimaging findings were observed in 3 of these infants (75.0%) while 26 (54.2%) 
of 48 infants with no hearing loss had abnormal imaging features (p=0.28).  
Conclusions: Although a neonatal screening of cCMV will identify the majority of infected infants who are 
clinically asymptomatic, a significant proportion of them could benefit from a central nervous system 
image evaluation, since abnormal findings are frequent. Neuroimaging could be a potential prognostic 
marker of adverse outcomes of congenital CMV such as hearing loss in asymptomatic infants. 
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BACKGROUND AND OBJECTIVES: Cytomegalovirus (CMV) is the most common congenital infection 
abstract and nongenetic cause of congenital sensorineural hearing loss in the United States. Utah was 
the first state to pass legislation mandating CMV screening for newborns who fail newborn hearing 
screening (NBHS). The study objective was to present outcomes of hearing-targeted CMV screening 
and determine factors predicting CMV screening. METHODS: We used Utah Department of Health 
HiTrack and Vital Records databases to examine CMV screening from 509 infants who failed NBHS in 
the 24 months after implementation of the Utah legislation. Multivariate logistic regression analyses were 
conducted to identify predictors of compliance with CMV screening and diagnostic hearing evaluation. 
RESULTS: Sixty-two percent of infants who never passed hearing screening underwent CMV screening. 
Fourteen of 234 infants tested within 21 days were CMV positive; 6 (42.9%) had hearing loss. Seventy-
seven percent of eligible infants completed a diagnostic hearing evaluation within 90 days of birth. 
Compliance with CMV screening was associated with sociodemographic factors, time since the law was 
enacted, and NBHS protocol. Infants born after the legislation showed greater odds of achieving timely 
diagnostic hearing evaluation than infants born before the law. CONCLUSIONS: Incorporating CMV 
screening into an established NBHS program is a viable option for the identification of CMV in infants 
failing NBHS. The addition of CMV testing can help a NBHS program attain timely audiological 
diagnostics within 90 days, an important early hearing detection and intervention milestone. 
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Human cytomegalovirus (CMV) is a herpes virus with poorly understood transmission dynamics. 
Person-to-person transmission is thought to occur primarily through transfer of saliva or urine, but no 



quantitative estimates are available for the contribution of different infection routes. We here use data 
from a population-based serological study to provide quantitative estimates of the transmissibility of 
primary infection, reactivation, and re-infection. Mixture models are fitted to age- and sex-specific 
antibody response data, showing that the data are well described by a model with three distributions of 
antibody measurements, viz. low (uninfected), intermediate (infected), and high (infected with increased 
antibodies). Estimates of seroprevalence and fraction of the population with raised antibodies increase 
gradually with age, such that at 80 years 73% (95%CrI: 64%-78%) of females and 62% (95%CrI: 55%-
68%) of males is infected, while 57% (95%CrI: 47%-67%) of females and 37\% (95%CrI: 28%-46%) of 
males has experienced a reactivation or re-infection episode. Merging the statistical analyses with 
transmission models, we find that models with infectious reactivation (i.e. reactivation that can lead to 
the virus being transmitted to a novel host) fit the data significantly better than models without infectious 
reactivation. Estimated reactivation rates increase from low values in children to 2%-6% per year in 
women older than 50 years. The results advance a hypothesis in which adult-to-adult transmission 
during infectious reactivation is a key driver of infection. We discuss the implications for control 
strategies, including vaccination, aimed at reducing CMV infection in vulnerable groups. 
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Background: Previous data indicate that most women have never heard of cCMV and the risk of 
cCMV’s damaging sequelae for their newborns, or how to prevent CMV exposures. 
Objective: To evaluate whether a cognitive-behavioral intervention can, 1) increase knowledge about 
cCMV and 2) decrease self-reported risk behaviors. 
Methods: Young pregnant women were recruited into a CMV cognitive-behavioral intervention study 
following their first prenatal visit and 215 women (16 – 29 yrs) were randomized to either a CMV 
educational/prevention intervention (PREV) or an attention-matched control using an educational stress 
reduction intervention (CONT). Both groups attended an individualized behavioral skills session, 
watched a short video, received a take home packet, received weekly text messages for 12 weeks to 
deliver the experimental and control interventions, and attended 6 and 12 week follow up visits. Pre- and 
post-intervention CMV knowledge and CMV risk behaviors were assessed via questionnaires in both 
groups. 
Results: Pre- and post-intervention assessments were completed in 196 women (91.2%). The cohort 
was 91% Black, with 75% being CMV seropositive. Only 14.2% (95% CI, 9.7 – 19.8%) of the women 
had ever heard of cCMV at study enrollment and their mean (± SD) CMV risk behavior score was 5.5 ± 
6.1 (possible range 0 – 32). Post intervention, the mean correct CMV knowledge (possible scale 0 – 16) 
was 11.3 ± 2.2 in the PREV group compared to the CONT group (8.5 ± 3.7, <0.0001). Also, post-
intervention, the PREV women reported a lower mean CMV risk behavior score (1.7 ± 2.6) compared to 
the CONT women (3.4 ± 4.6, p=0.002). 
Conclusion: Young women lack awareness or accurate knowledge of cCMV and how to protect 
themselves and their fetuses/infants from CMV infection. This intervention demonstrates that it is 
possible to raise awareness about cCMV and decrease CMV risk behaviors in young pregnant women. 
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OBJECTIVE: Congenital CMV represents the leading viral cause of brain defects and can lead to life-
long debilitating neurological problems. No drugs are currently approved for in-utero treatment of 
infected fetuses due to potential teratogenicity, and brain injuries occurred during fetal development are 
unlikely reversed by postnatal therapies. We showed that valnoctamide (VCD), a clinically available 
mood stabilizer, effectively blocks CMV. Here we investigate the anti-CMV activity of VCD in the brain of 
infected newborn mice and the potential benefits of VCD treatment on neurological outcomes. DESIGN: 
Pups inoculated intraperitoneally with murine CMV (mCMV, 750 PFU) on the day of birth received VCD 
or vehicle daily (1.4mg/mL) from PND1 to PND21. Immunofluorescence and qPCR were employed to 
assess brain pathology and viral load, respectively. Brain/body weight ratio was measured at P30 to 
analyze brain growth. Neurobehavioral ontogeny during neonatal period was investigated by righting and 
grasping reflex, cliff aversion, and negative geotaxis. Pole test and challenging beam traversal test 
allowed evaluation of motor development in adolescent mice. RESULTS: CMV was detected as early as 
4 day post-inoculation in multiple regions of the brain, with viral load peak at P12. Analysis of P14 and 
P30 infected brains revealed disrupted hippocampus and cerebellum, with progressive neuronal loss, 
and deficient brain growth compared to uninfected controls. Delayed appearance of neurological 
milestones and motor impairment were identified in infected neonates and adolescent animals. VCD 
administration substantially decreased mCMV load in the CNS (p<0.0001), and rescued both viral-
induced pathology and deficient growth of the brain (p<0.001), with significant improvement in 
neurobehavioral ontogeny and motor development of infected mice. CONCLUSION: VCD blocks CMV 
brain infection and rescues the viral-mediated abnormal neurological outcomes. Since VCD is available 
on the market and lacks teratogenicity, it may merit consideration in treating CMV during early 
development. 
 
 
 

460 - Poster Presentation Track C & D 
Date: 03/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
CD-PP-006 
 
Cytomegalovirus-related polymicrogyria in seroimmune pregnant women 
Maurizio Zavattoni

1
, Giuseppina Lombardi

1
, Micol Angelini

1
, Guido Scalia

2
, Andrea Righini

3
, Milena 

Furione
1
, Fausto Baldanti

4
 

1
IRCCS Policlinico San Matteo, Microbiology and Virology, PAVIA, Italy 

2
A.O.U Policlinico-Vittorio Emanuele, O.P „ Gaspare Rodolico„ , Clinical Virology Unit, CATANIA, Italy 

3
Buzzi Children's Hospital, Pediatric Radiology and Neuroradiology, MILAN, Italy 

4
University of Pavia, Clinical, Surgical, Diagnostic and Pedia, PAVIA, Italy 

 
 
Background. Primary maternal HCMV infection during pregnancy is a critical determinant of intrauterine 
transmission and outcome. On the other hand, in developed countries maternal-to-fetal transmission risk 
in non-primary infection seems to be much lower. Moreover, severe symptoms at birth and long-term 
sequelae are seen more frequently among children from preconceptionally seronegative than 
seropositive women, supporting the hypothesis that acquired maternal immunity provides substantial 
protection from congenital disease. 
Patients and methods. We describe five cases of symptomatic congenital HCMV infection with brain 



abnormalities in seroimmune mothers. At that time, primary HCMV infection in pregnancy was excluded 
by specific IgM negative with HCMV IgG positive within the first trimester of gestation(range 6-9 weeks). 
In one case, increasing HCMV IgG titre with specific IgM appearance in pregnancy were observed. No 
IgG avidity data were available. All pregnant women were considered immune for HCMV and therefore 
no educational and hygienic informations were offered. Congenital HCMV infection was documented by 
virus detection in urine and blood at birth in three cases and retrospectively by viral DNA detection in 
dried-blood-spot specimen in one case. 
Results. In four cases congenital HCMV infection was suspected due to clinical presentation at birth 
(IUGR, microcephaly, abnormal movements, hyperexcitability, increased periventricular echogenicity). In 
one case, despite microcephaly at birth, maternal immunity for HCMV was misleading and HCMV 
congenital infection was postulated only three years later. All newborns presented with white matter 
abnormalities and polymicrogyria/pachigyria at brain magnetic resonance imaging 
Conclusions. Although primary HCMV infection cannot be formally excluded, maternal non-primary 
infection appears most probable. There is a need to better understand: (1)the frequency with which non-
primary infections result in disabilities; (2) the attributable fraction of non-primary infections caused by 
reactivation or re-infection with a different HCMV strain; and (3) the effectiveness of hygienic measures 
to prevent non-primary HCMV infection in pregnancy 
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This case presents a rare finding of discordant CMV infection in a dichorionic twin pregnancy caused by 
periconceptional maternal CMV infection. A healthy 35-year-old G5P3A1L3 presents for a routine 
anatomical scan for a dichorionic diamniotic twin pregnancy which identifies in fetus 1: severe 
intrauterine growth restriction (IUGR), oligohydramnios, microcephaly, mild ventriculomegaly, small fetal 
kidneys, echogenic bowel, and ascites. A subsequent fetal MRI identifies additional brain anomalies 
including periventricular echogenic foci, cerebellar hypoplasia, possible polymicrogyria and 
schizencephaly. Ultrasound and MRI monitoring of the co-twin (fetus 2) shows no anomalies. Maternal 
CMV serology on multiple blood samples showed no seroconversion in pregnancy and CMV avidity 
testing was suggestive of a remote infection occurring 4-8 weeks prior to conception. Further invasive 
testing to investigate for congenital CMV infection was therefore not completed. Two live infants were 
delivered via planned cesarean delivery at 37+5 weeks. Postnatal urine and cord blood testing of the 
twins revealed an unexpected CMV infection in fetus 1. Imaging, cord blood immunoglobulin and urine 
CMV PCR for fetus 2 was negative, with no evidence of other abnormalities. 
Transplacental viral transmission of CMV can occur following a primary or recurrent infection. Fetal 
transmission rates and effects on the fetus vary with gestational age at infection. This case illustrates 
preconception or periconceptional maternal CMV infection can be associated with severe congenital 
anomalies. However, little information exists about the specific transmission rates with this type of 
infection. Furthermore, current CMV avidity testing gives an imprecise range of presumed infection and 
can be falsely reassuring as seen in this pregnancy. This case was further complicated by the discordant 
findings, with only one twin infected with CMV. When ultrasound and MRI findings are highly suggestive 
of fetal infection, in the setting of negative CMV serology, periconceptional CMV infection must be 
considered and confirmed with amniocentesis.  
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Prospective monitoring for CMV DNAemia in VLBW infants identifies unrecognized but clinically 
significant breast milk-acquired infections in high-risk NICU patients 
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The short and long-term risks associated with post-natal CMV acquisition in premature infants remain 
largely unknown. Preterm very low birth weight (VLBW) infants in the newborn intensive care unit (NICU) 
are at high risk for the development of symptomatic CMV disease from breast milk. We examined the 
prevalence of virolactia, CMV transmission rates, and occurrence of symptomatic CMV disease in a 
prospective analysis of 51 mother-infant dyads at the University of MN Masonic Children’s Hospital 
NICU. Infants were <1500 grams and without congenital CMV infection. Weekly samples of breastmilk 
and blood were analyzed for CMV via qPCR. Serum samples were also tested for CMV antibodies by 
ELISA. Viral load analyses of breast milk and blood identified shedding of CMV virus in milk in 14/39 
mothers (rate of 36%). Most lactating mothers with CMV IgG antibodies (83%) demonstrated virolactia 
during the surveillance period. Median viral load was 7.8 x 10

3
 copies/ml milk. Two infants from the 14 

exposed to CMV in breast milk (14%) developed CMV DNAemia, with a mean viral load of 276 
copies/mL of blood. The healthcare team did not identify CMV infection during the hospital course. Both 
courses were complicated by the need for mechanical ventilation, with one infant meeting the criteria for 
chronic lung disease, requiring supplemental oxygen at discharge. This infant was also treated for gram 
negative pneumonia. In summary, over 1/3

rd
 of mothers in our sample (and >80% of these with CMV 

IgG antibodies) had active shedding of CMV in breast milk. Post-natally infected infants in this 
prospective analysis had chronic lung disease and new-onset bacterial pneumonia, consistent with 
studies demonstrating increased rates of chronic lung disease and gram negative sepsis/infections in 
VLBW infants with acquired CMV. Prospective surveillance for CMV DNAemia should be considered as 
a component of routine care in breast-fed NICU infants. 
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Background: A newborn vertically infected with Cytomegalovirus (CMV) has a 15 to 20 % risk of 
developing sequelae. Antenatal imaging anomalies on ultrasound (US) or Magnetic resonance (MRI) are 
associated with poor prognosis. Quantification of CMV viral load (VL) in fetal blood is a potential marker 
of the development of imaging anomalies. 
Objectives: To investigate the relationship between the CMV VL in fetal blood and the presence of 
antenatal imaging anomalies. 
Study design: Quantification of CMV DNA was performed on 46 positive fetal blood samples from 
women with proven CMV primary infection, reactivation or reinfection. We used Wilcoxon Manning test 
to assess the relationship between CMV VL (expressed in copies/ml) and presence of imaging 
anomalies. We subsequently separately assessed severe US brain anomalies, mild US brain anomalies, 
extracerebral US anomalies, severe MRI anomalies and mild MRI anomalies. 



Results: Median CMV VL was higher in those fetuses presenting with any imaging anomaly (Med 45650 
IQR 11550-548000) versus those presenting no anomaly (Med 9680, IQR 4630-42200), p = 0.07;we 
observed similar results in severe US brain anomalies vs no anomalies (Med 228500, IQR 61300-
1061640 vs Med 9680, IQR 4630-42200, p=0.08), mild US brain anomalies vs no anomalies (Med 
32100, IQR 12100-46200 vs Med 9680, IQR 4630-42200, p=0.18), extracerebral US anomalies vs no 
anomaly (Med 72900, IQR 12100-862000 vs Med 9680, IQR 4630-42200, p= 0.056) severe MRI 
anomalies vs no anomaly ( Med 53100, IQR 22700-304950 vs 17800, IQR 7110-42200, p= 0.27) and 
mild MRI anomalies vs no anomalies (Med 39750, IQR 11000-559000 vs 17800, IQR 7110-42200, p= 
0.37) . 
Conclusion: We found a higher VL in fetuses presenting with any kind of investigated imaging 
anomalies. None of the relationships highlighted reached statistical significance, but the consistency 
among them signals that it might be because of our small number of subjects. 
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Introduction 
Nonhereditary sensorineural hearing loss is predominantly caused by congenital Cytomegalovirus 
(cCMV) infection. Currently no universal cCMV-screening exists in Europe. This study was initiated to 
analyse whether a cCMV saliva screening induced by repeated referral on newborn hearing screening 
(NHS) may help to identify the most suitable candidates for antiviral therapy. 
Methods 
This ongoing prospective interventional trial includes newborns within 21 days of life, who failed their 
NHS twice to identify potential cCMV-infection. A saliva specimen is tested by means of liquid-saliva 
CMV-PCR-assay. Positive CMV-PCR results lead to confirmatory CMV-tests on urine, blood and dried-
blood-spot (DBS), as well as physical examinations and head-ultrasounds. 
Results 
From 03.08.2015–31.12.2016 on 1114 patients a control-NHS was performed at the pediatric audiology 
of the University Hospital Frankfurt. Overall 882 (79.6%) passed and 232 (20.4%) failed this control-
NHS. Of the latter 172 (74.1%) were older than, and 60 (25.9%) within 21 days of life. 58 newborns were 
included in our study yet. Two (3.4%) showed CMV-PCR positive saliva specimen. Both were 
additionally CMV-PCR positive in urine, blood and DBS. The CMV-PCR of 20 additional DBS available 
so far, were negative, consistent with the saliva specimen of these children. 
Discussion 
The presented algorithm is capable to identify newborns with hearing impairment and cCMV-infection. 
We found an incidence lower than in published data (20%). The majority of our cohort has a normal 
control-NHS or is older than 21 days at their control-NHS. The latter cannot be included in our study 
because it is impossible to differentiate between congenital and postnatal CMV-infection beyond that 
age. 
Conclusion 
If a control-NHS takes place within 21 days of life, our study algorithm is a valuable tool to identify those 
cCMV-infected newborns that benefit of an antiviral therapy. 
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Background: Cyclooxygenase-2 (COX-2) and its derived metabolites, 5-lipoxygenase (5-LO) and 
leukotrienes have been associated with breast cancer (BC) progression and metastasis. Human 
Cytomegalovirus (HCMV) detection in samples from primary BC, sentinel lymph nodes and brain 
metastases obtained from breast cancer patients’ suggests that viral infection may also have a critical 
role in the development of BC metastasis. Interestingly, in vitro studies showed that HCMV infections 
induce COX-2 which augments viral replication through a prostaglandin dependent pathway. Thus, our 
main objective was to investigate whether there is a correlation between HCMV infection and expression 
of COX-2 and 5-LO in BC. If so, HCMV could be an important additional target for breast cancer 
treatment. 
Material and Methods: Paraffin embedded breast cancer biopsies (n=49), ductal carcinoma in-situ 
(DCIS, n=14) and adjacent, benign breast tissue samples (n=26) were retrospectively examined for 
HCMV-immediate early (IE), HCMV-Late (LA) proteins, COX2 and 5LO by using immunohistochemical 
techniques. All patients received standard adjuvant treatment. 
Results: High levels of COX-2, 5-LO and HCMV-IE were detected mainly in breast cancer samples. 
High grade HCMV-IE (defined as >50% positive cells in the tumor tissues) was detected in 72% of 
infiltrating BC and in 36% of DCIS, but it was detected only in 8% of benign, adjacent breast tissue 
samples. Similarly, high grade COX-2 and 5-LO were detected in 58% and 73% of BC, in 29% and 17% 
of DCIS, and in 8% and 31% of benign, adjacent breast tissue samples, respectively. We found a 
statistically significant positive correlation for the levels of HCMV-IE and COX-2 (p=0.001) as well as for 
HCMV-IE and 5-LO (p=0.0002) in infiltrating breast cancer. 
Conclusion: Our findings confirm a positive correlation of HCMV-IE protein synthesis and 
overexpression of COX-2 and 5-LO in infiltrating breast cancer, DCIS and benign, adjacent breast tissue 
samples. 
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Background: Ovarian cancer is a significant cause of death in women worldwide with unknown 
aetiology. Human cytomegalovirus (HCMV) has recently been detected in breast cancer and other 
tumors with epithelial origin. Since breast- and ovarian cancer are linked through BRCA gene mutations 
and have morphological similarities, we aimed to study the prevalence of HCMV protein expression in 
ovarian cancer and relate the infection grade to clinical outcome. 



Material and Methods: In a prospective study, we collected blood samples and paraffin embedded 
tissue sections obtained from patients with ovarian cancer (n=45), borderline (n=13) and benign ovarian 
tumours (n=30), and examined tumor tissue specimens for HCMV- immediate-early protein (IE), HCMV 
tegument protein (pp65) by immunohistochemistry staining, and serum for HCMV serology. 
Results: High grade HCMV-IE and pp65 (defined as >50% positive cells within the tissue section) were 
detected in 73%, 85%, 67% and in 26%, 38% and 14% of patients with ovarian cancer, borderline and 
benign tumors, respectively. Among ovarian cancer patients with high grade HCMV-pp65 protein 
expression in their tumors 27% were alive at study closure, as compared with 58% of patients with low 
grade HCMV-pp65 expression (p=0.03). The levels of HCMV-IgG were significantly higher in patients 
with ovarian cancer, borderline and benign ovarian tumours; compared with age matched healthy 
women (p=0.001, P=0.008, p<0.0001, respectively) and only ovarian cancer patients were positive for 
HCMV-IgM, (12%). 
Conclusion: HCMV proteins are frequently detected at different levels in ovarian cancer, borderline and 
benign ovarian tumors. Ovarian cancer patients had detectable HCMV-IgM and higher HCMV- IgG 
levels was detected in patients with ovarian cancer, borderline tumors and benign tumors compared to 
healthy women. The survival was shorter among ovarian cancer patients with high grade HCMV-pp65 in 
their tumours, which high-light a need for further in depth studies of the role of HCMV in ovarian cancer. 
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High prevalence of cytomegalovirus infection in surgical intestinal specimens from infants with 
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Necrotizing enterocolitis (NEC) is a severe, often fatal gastrointestinal emergency that predominantly 
affects preterm infants, and there is evidence that neonatal cytomegalovirus (CMV) infection may in 
some cases contribute to its pathogenesis. Seventy intestinal specimens from 61 infants with NEC, 
spontaneous intestinal perforation (SIP), or related surgical complications were collected at Karolinska 
University Hospital and Uppsala University Hospital, Sweden. Ten specimens from autopsied infants 
without bowel disease served as controls. Samples were analyzed for CMV immediate-early antigen 
(IEA) and CMV late antigen (LA) by immunohistochemistry (IHC). In 10 index samples, CMV DNA was 
analyzed with Taqman PCR after laser capture microdissection (LCM) of cells positive for CMV IEA by 
IHC. Thirteen IHC-IEA-positive and 5 IHC-IEA-negative samples were analyzed for CMV DNA by in situ 
hybridization. The median gestational age was 27.9 weeks in index infants and 25.0 weeks in controls. 
CMV IEA was detected by IHC in 57 (81%) and CMV LA in 45 (64%) of 70 intestinal specimens from 
index cases; 2 (20%) of 10 control specimens were positive for both antigens. CMV DNA was detected 
in 4 of 10 samples (40%) after LCM. By in situ hybridization, all 13 IHC-IEA-positive samples were 
positive for CMV DNA; however, 3 of 5 IHC-IEA-negative samples (60%) were also positive. We 
conclude that CMV-specific antigens and CMV DNA were highly prevalent in intestinal specimens from 
infants with NEC, SIP, and related surgical complications. Our findings provide further evidence that 
neonatal CMV infection contributes to the pathogenesis of these diseases and may affect patient 
outcome. 
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Background. Remaining the reference method for the diagnosis of congenital cytomegalovirus infection 
(cCMV) viral culture is more and more abandoned mainly due to pre-analytical issues. Detection of CMV 
DNA in dried blood spots (DBS) has been successfully used for the delayed diagnosis of cCMV in child 
with a hearing loss. As DBS are taken from every neonate born in Belgium, this specimen type can be 
theoretically ideal for the diagnosis of cCMV in neonates. 
Objectives and methodology. To evaluate the value of PCR from DBS as compared to viral culture from 
urine in neonates suspected for cCMV, DBS and urine samples were collected following common 
protocol from 6 neonatal units in Flanders, Belgium. In order to investigate a potential difference in 
extraction efficacy, 2 extraction methods (Qiagen and easyMAG, bioMerieux) were performed prior to 
application of realtime in-house CMV PCR. 
Results. A total of 286 results are available. Forty eight (16.8%) neonates were positive by viral culture 
on urine. For 45 (93.8%) of these patients, PCR on DBS after Qiagen extraction and for 47 (97.9%) of 
these patients PCR on DBS after easyMAG extraction were positive. For 4 additional patients with 
negative viral culture on urine, PCR on DBS after Qiagen extraction was positive; for 5 additional 
patients with negative viral culture on urine, PCR on DBS after easyMAG extraction was positive and 
only for 2 additional patients with negative viral culture on urine PCR’s after both extractions were 
positive. 
Conclusions. Despite the fact that 11 additional samples were found positive by PCR on DBS as 
compared to viral culture from urine, only 2 (18.2%) of these samples were consistently positive by PCR 
performed after 2 different extractions. These findings accentuate the importance of keeping in mind that 
the extraction method can strongly influence the final result. 
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Objectives: CMV viral load quantification has become a standard practice for follow-up of transplant 
patients. We evaluated the H-DiaCMVQ kit versus CMV R-gene. The performances were evaluated on 
whole blood (WB) samples and on CMV strains of varied genotypes. 
Material and methods: 117 WB samples from transplant patients were collected (34 positive and 83 
negative samples with R-gene). A CMV-DNA positive WB (between 5 and 6 log10 copies/mL) was 
diluted in negative CMV WB to obtain a decreasing dilution range. DNA was extracted with Easymag 
(Biomérieux), then amplified on a Rotorgene thermocycler (Qiagen). Both PCR were processed from the 
same DNA extract within a maximum of 24 hours. As H-DiaCMVQ PCR targets the glycoprotein B gene, 
12 strains of genotype 1, 2, 3a and 4a and recombinant 3/2 were tested (after DNA extraction according 
to the Hirt technique). 
Results: Among the 117 clinical WB samples, qualitative correlation showed only 4 discordant samples. 
Kappa coefficient was 0.91 indicating an excellent agreement between both tests. Moreover, 



discordances were observed for viral loads below the quantification threshold of the CMV R-gene. 
Quantitative correlation is good (R

2
 = 0.8). Bland-Altman analysis confirmed that the results were not 

dispersed (97% of the samples between +/-2 SD) and showed an average difference of 1.6 log10 
between both techniques with an over-quantification for H-DiaCMVQ. The assay was linear over the 
range 2.7-4.8 log10 copies/mL. All CMV genotypes were amplified by H-DiaCMVQ. Evaluation of 
conversion factor between copies/mL and IU/mL is ongoing. 
Conclusion: The sensitivity and specificity of H-DiaCMVQ appeared to be quite satisfactory. A trend 
towards over-quantification has also been objectified. However, no false positives were induced by this 
technique. Finally, the target chosen by the manufacturer (gene of glycoprotein B) does not seem to 
affect the sensitivity compared to the PCRs targeting the UL83 gene 
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Congenital CMV infection gives rise to a complex pattern of difficulties 
Eva Karltorp, Ulrika Lofkvist, Mona-Lisa Engman, Ilona Lewensohn Fuchs 
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Although cytomegalovirus (CMV) is the most common congenital infection, existing research has not 
provided us with a full picture of how this can affect children in the future. The aim of this case-control 
study was to evaluate disabilities in a well-defined group of children with congenital cytomegalovirus 
(CMV) infection, who had been fitted with cochlear implants because of severe hearing impairment. 
METHODS: 
26 children with congenital CMV infection were assessed by a multidisciplinary team for balance 
difficulties, neurodevelopmental disabilities, language delay and visual impairment. 13 children with 
severe hearing impairment due to connexin 26 mutations served as control group. 
RESULTS: 
The majority of the children with congenital CMV infection (88%) displayed balance disturbances, 
including walking at a later age, but there were no cases in the control group. The CMV group also 
displayed frequent neurodevelopmental disabilities, visual impairment and feeding difficulties. 
CONCLUSION: 
Congenital CMV infection affects the general development of the brain and gives rise to a complex 
pattern of difficulties. Identifying comorbid conditions is very important, as children with associated 
difficulties and disabilities need more support than children with just hearing impairment. Congenital 
CMV infection needs to be considered in children with hearing impairment and/or balance disturbance 
and/or neurodevelopmental disabilities. 
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Treatment of congenital CMV in Europe: From Chaos to Collaboration 
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Introduction: 
Antiviral agents have been used to treat cytomegalovirus infection for decades. Optimal treatment 
regimens and efficacy in preventing long-term sequelae associated with congenital CMV (cCMV) 
infection remain, however, poorly defined. Side effects, including potential carcinogenicity, inhibit 
injudicious use of treatment. 
Consequently many European countries have set up local or national databases in order to monitor 
treatment trends and outcomes in babies with cCMV. 
Methods:  
cCMV databases in place in 5 European countries were reviewed and data from babies born between 
2007 and 2013 interrogated for trends in management and treatment. 
Results: 
Database aims were similar and definitions of symptomatic infection largely consistent although data 
actually collected varied widely. Some databases only recorded select groups e.g. ‘symptomatic’ or 
‘treated’ babies. Data were available for 414 babies (43% ‘symptomatic’); 14% were diagnosed 
antenatally. Baseline investigations, including cranial ultrasound, were conducted in most cases. MRI 
was conducted in 4%-48% of cases with no notable increase in later years. 223 babies received 
treatment with valganciclovir (single therapy or combined courses with ganciclovir) emerging as the 
favoured treatment in recent years. Treatment duration varied widely between countries with longer 
treatment courses being favoured in both Spanish and Italian cohorts. Viral load recording and long term 
follow-up data were limited. 
Conclusions: 
Although there were many similarities there were some notable differences between cohorts, primarily in 
onset of treatment and treatment duration. There was a predominance of symptomatic babies and 
combining data was limited by data recording differences. These issues are being addressed by the 
development of a shared database for all cCMV cases for use in centers throughout Europe and 
proposed unification and sharing of data outputs where feasible in established cohorts. Key hearing and 
neurodevelopment outcomes will be recorded thus allowing for better comparison between the diverse 
treatment protocols in use. 
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Pragmatic skills and executive functions in children with congenital cytomegalovirus infection 
and cochlear implants - a comparative cross-sectional study 
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Congenital cytomegalovirus (cCMV) infection is common and may result in progressive hearing loss or 
deafness. In our previous study general outcome was explored in a group of children with hearing 
impairment (HI) caused by cCMV infection with cochlear implants (CI). Around 90 % of children with 
cCMV infection had severely damaged balance function leading to late on-set of walking (Karltorp et al., 
2014). Around 20 % had vision impairment, 15 % were diagnosed with Autism-Spectrum-Disorder and 
20 % with ADHD. One clinical observation during assessments was that the majority of children with 
cCMV infection had problems with executive functioning (EF) like impulse control and attention span 
while controls with connecin 26 caused HI did not have similar difficulties. Therefore, a new follow-up 
study was initiated with the main objective of examining EF but also pragmatic skills, non-verbal 
cognitive ability and language outcome, with a multidisciplinary team approach using standardized tests. 
Twenty-one children with cCMV infection and CI aged 1:10-18:3 years and eleven controls with cx26 
and CI aged 1:0-14:7 years participated. Children with cCMV had statistically significant worse 
pragmatic skills outcome than controls. However, children with cCMV had age-appropriate vocabulary 
and non-verbal cognitive skills but showed atypical EF results. Conclusions: children with cCMV 



infection are at risk of developing learning difficulties in school due to EF problems and experience 
difficulties with pragmatic understanding in social interactions. Preliminary results will be presented and 
in addition clinical implications of the overall outcome will be discussed during the presentation. 
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Analytical performance of CMV serodiagnosis at birth and in early primary infection 
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Background: Diagnosis of CMV primary and recurrent infection in pregnancy is mainly based on 
serology and in second line on PCR. In the absence of an international CMV-IgG standard for 
calibration, many commercial manufacturers offer test systems mainly based on EIA systems using 
recombinant or CMV-AD169-lysate antigens. It is well known, that many IgM-test systems as well as 
CMV-IgG-avidity test systems may differ drastically in results. In order to investigate the analytical 
performance of different commercially available test sytems, we checked well defined sera from nearly 
1300 mothers at birth and about 70 defined sera from early CMV primary infections. 
Methods: We perform a combined mother-and infant CMV screening at birth to evaluate the frequency 
of congenital CMV infection in our institution. In 2011, we had 1150 evaluable mother-infant pairs at birth 
and defined three serological cohorts: IgGneg/IgMneg (I), IgGpos/IgMneg (II) and IgG pos/IgMpos/IgG 
avidity high (III). We used test systems from Medac, Diasorin, abbott, Roche, Siemens, and Mikrogen 
(recomLine blot). 
Results: Using this approach we found concordant results (“5” vs recIB) for cohort I (seronegative) in 
516/553 cases (93,1%), and discordant results in 37/553 cases with 14 cases of wrong borderline IgM 
tests. In the latently infected maternal cohort we found in 499/514 cases condordant results (97,1). The 
discordant 15 cases are also based on false positive IgM test. Concordant results in cohort III were only 
found in 6/60 cases (10%!). In early primary infection we compared the test systems of Roche and 
abbott and found also highly divergent results, especially IgM-indices and IgG-avidity. 
Conclusions: Our study unequivocally shows, that for any screening purpose in early pregnancy only 
CMV IgG test systems show reliable analytical performance. The german AWMF guideline for diagnosis 
of viral infections in pregnancy (2014) therefore recommends a booking sample at the first diagnosis of 
pregnancy. 
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CMV-specific T cells through retroviral transduction of gammadelta T cells for adoptive T cell 
transfer 
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Human Cytomegalovirus (HCMV) frequently reactivates after hematopoietic stem cell transplantation 
(HSCT). Standard therapeutic options, however, are not universally effective and have side effects that 
prohibit prophylaxis and limit their pre-emptive use. Since adoptive transfer of CMV-specific T 
lymphocytes can protect patients at risk of CMV disease, these cells are key to controlling CMV 
infection. But if a CMV-seropositive recipient receives HSCs from a CMV-seronegative donor, the latter 



cannot provide virus-specific T lymphocytes to prevent reactivation of CMV. 
Transferring the T cell receptor (TCR) genes of CMV-specific T cell clones to donor T cells will convey 
CMV specificity to those cells. If αβ T cells receive another αβ TCR, both TCRs may form mixed 
heterodimers with new and potentially hazardous specificities. This drawback may be obviated by 
employing donor γδ T cells to receive a CMV-specific αβ TCR. Additionally, γδ T cells can be effectively 
expanded by approved drugs such as bisphosphonates. It is also believed that γδ T cells are less likely 
to cause graft-versus-host disease in an allogeneic recipient. 
For use of this application, we established a panel of CMV-specific CD4+ and CD8+ T cell clones 
targeting 16 distinct epitopes of pp65, IE-1 and UL28 presented by a wide range of MHC I and MHC II 
allotypes. The α and β chains of twenty-seven specific TCRs were characterised and bicistronically 
cloned into retroviral vectors. Recognition and lysis of CMV-infected cells of different type by TCR-
transduced γδ and αβ T cells will be tested. TCRs with optimal virus-specific function in such a 
transgenic system will be further developed for adoptive immunotherapy. 
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Functional impairment of CMV-reactive cellular immunity during pregnancy 
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Cytomegalovirus (CMV) is the most common congenital viral infection in developed countries. Mother-to-
child transmission can cause severe child disability, such as psychomotor retardation and hearing loss. 
Intact CMV-specific cell-mediated immunity (CMI) prevents uncontrolled replication in healthy 
individuals. This study aimed to determine whether CMV-specific CMI is impaired in pregnant women, 
thus potentially increasing the overall risk of active CMV replication and transmission. 
CMV-specific CMI in peripheral blood of 60 pregnant women was determined using T-Track

®
 CMV, a 

novel immune-monitoring IFN-γ ELISpot assay quantifying CMV-reactive effector cells in response to T-
activated

®
 pp65 and IE-1 proteins. T-Track

®
 CMV results were analyzed in relation to CMV-IgG and 

CMV-IgM serostatus. 
CMV-specific CMI was detected in 65% of CMV-seropositive pregnant women. 5% of CMV-IgG 
seronegative women showed IE-1- but not pp65-reactive cells. The overall number of CMV-reactive cells 
in pregnant women was significantly lower compared to that of a matched non-pregnant control group 
(p<0.001). No significant difference in CMV-specific CMI was detected in the course of the three 
trimesters of pregnancy in CMV-IgG seropositive women. Postpartum (median days postnatal = 123), 
IE-1- and pp65-specific CMI remained significantly lower than in the non-pregnant control group 
(p<0.001 and 0.0032, respectively). Functional analysis of CMV-reactive immune cells using T-Track

®
 

CMV therefore suggests a systemic down-regulation of CMV-specific CMI in pregnant women. Further 
studies are needed to investigate whether this may be indicative of a higher susceptibility to CMV 
reactivation or transmission. 
 
 
 

460 - Poster Presentation Track C & D 
Date: 03/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
CD-PP-012 
 



Evaluation of cytomegalovirus-specific cell-mediated immunity in heart transplant recipients by 
two different Enzyme-linked ImmunoSPOT (EliSpot) assays 
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The cytomegalovirus (CMV)-specific cell-mediated immunity (CMI) has been identified as an essential 
host factor for controlling CMV infection and currently there is a variety of CMV-specific T-cell assays 
available. 
This study evaluated the performances of two commercial EliSpot assays - EliSpot Interferon-γ Basis Kit 
(GenID GmbH) and T-SPOT.CMV test (Oxford Immunotect Ltd) - for the evaluation of CMV-specific 
CMI. 
Twenty serial blood specimens collected from seven heart transplant recipients during the post-
transplant period (min-max, 1-6 months) were prospectively processed by both assays. All patients were 
CMV-seropositive at the time of transplant; five patients received anti-CMV prophylaxis (3 months) and 
two were managed pre-emptively. The immunological monitoring was performed during the first biopsy 
and at 1, 3 and 6 months post-transplant. CMV-DNAemia monitoring was performed by real-time PCR 
(ELITechGroup). 
A positive response to at least one out of the two CMV-specific antigen stimulations (IE1 and pp65-
UL83) identified an EliSpot positive result and therefore a patient with detectable CMV-specific CMI. 
Among the 20 samples, 18 (90%; n=6 patients) resulted positive and 2 (10%; n=1 patient) resulted 
negative by both assays. In 12/18 (66.7%) samples, CMV-IE1-specific CMI was detected only by T-
SPOT.CMV test. Among the six patients with detectable CMV-specific CMI, 4 (66.6%) developed an 
asymptomatic CMV infection with low viral load (median 5,404 copies/mL; min-max 1,543-8,111). The 
patient without CMV-specific CMI developed an asymptomatic infection with a higher viral load (peak 
CMV-DNAemia 18,420 copies/mL) and received antiviral therapy. 
In this preliminary phase, the two immunological assays showed an agreement equal to 100%, although 
the CMV-IE1 antigen provided in T-SPOT.CMV test was more immunogenic than the one used in 
EliSpot Interferon-γ Basis Kit. Both assays proved to be support tools to identify the patient who would 
benefit most from pre-emptive interventions. The performances of these assays in cryopreserved 
samples will be also assessed. 
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Trends in valganciclovir use among infants with congenital cytomegalovirus infection in the 
United States, 2009-2014 
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Introduction: Data from clinical trials have shown that valganciclovir treatment may improve hearing 
and neurodevelopmental outcomes in infants with congenital cytomegalovirus (cCMV) infection who are 
symptomatic at birth. Using a large health insurance claims database, we examined trends in 
valganciclovir use among infants with cCMV. 
Methods: We analyzed 2009-2014 medical claims from Truven Health MarketScan

®
 Commercial 

Claims and Encounters and Medicaid databases. We defined infants as enrollees aged <1 year with a 
newborn code in the first claim, and cCMV diagnosis as CMV or cCMV code within 45 days of the 
newborn code. Among infants with cCMV, we assessed the frequency of 1) cCMV-associated conditions 
(i.e. chorioretinitis, hepatomegaly, splenomegaly, jaundice, low birth weight, microcephaly, petechiae, or 



thrombocytopenia) within 45 days of the newborn code, 2) hearing loss within 180 days of the newborn 
code, and 3) outpatient drug claims for valganciclovir. 
Results: Among 1,029,393 infants with commercial insurance, 174 (0.02%) had a cCMV diagnosis; of 
which 100 (57%) had ≥1 CMV-associated condition and 17 (10%) had hearing loss. Twenty-six (15%) 
infants with cCMV had valganciclovir claims, among which 21 (81%) had ≥1 cCMV-associated condition 
and/or hearing loss. Among 1,093,008 infants with Medicaid insurance, 268 (0.03%) had a cCMV 
diagnosis; of which 197 (74%) had ≥1 cCMV-associated condition and 14 (5%) had hearing loss. Forty-
six (17%) infants with cCMV had valganciclovir claims, among which 41 (89%) had ≥1 cCMV-associated 
condition and/or hearing loss. During 2009-2014, the proportion of infants with cCMV who had 
valganciclovir claims increased from 0% to 19% among infants with commercial insurance and from 6% 
to 42% among infants with Medicaid insurance. 
Conclusions: During 2009-2014, there was a strong upward trend in valganciclovir claims among 
infants with health insurance who had a cCMV diagnosis, the majority of whom had a cCMV-associated 
condition and/or hearing loss. 
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A third component of the human cytomegalovirus terminase complex is involved in letermovir 
resistance 
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Letermovir is a human cytomegalovirus (CMV) terminase inhibitor antiviral compound that was clinically 
effective in a Phase III prevention trial. In vitro studies have shown that viral mutations conferring 
letermovir resistance map primarily to the UL56 component of the terminase complex. Uncommonly 
selected in vitro, UL89 component mutations N320H and D344E confer a borderline letermovir 
resistance phenotype. After serial culture of wild type CMV under letermovir, mutation has now been 
observed in a third component of the terminase complex in 2 experiments at passages 10 and 25, both 
resulting in amino acid substitution P91S in gene UL51 and adding to a pre-existing UL56 mutation. 
Recombinant phenotyping confirmed that P91S alone conferred 2.4-fold letermovir resistance over 
baseline, and when combined with UL56 mutation S229F or R369M, multiplied the level of resistance 
conferred by those mutations by 3- to 6-fold. Similarly a combination of UL56 mutations S229F, L254F 
and L257I selected in the same experiment conferred 50-fold increased letermovir resistance, but 250-
fold when combined with UL51 P91S. The P91S mutant was not perceptibly growth impaired in 
susceptibility assays. Although pUL51 is essential and believed to affect localization of the terminase 
complex by interaction with pUL56, its biological significance is not well understood. Letermovir 
resistance mutations mapping to 3 separate genes and their multiplier effect on the level of resistance 
suggests that the mutated residues of the various terminase components converge on a drug-binding 
site or exert their effect through more remote conformational effects. Full genotypic screening for 
letermovir resistance now requires consideration of UL51 mutation. 
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Inhibitory effect of tricin on CCL2-CCR2 dependent human cytomegalovirus replication 
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Human cytomegalovirus (HCMV) infection enhances the expression of the CXC chemokine CXCL8, and 
the CC chemokines CCL2 and CCL5. HCMV infection is presumed to contribute to atherosclerosis, 
where chemokines may have a pathogenic role. Elevated levels of CCL2 are observed in atherosclerotic 
plaques, where macrophages with the expression of a specific receptor for CCL2, CCR2, abundantly 
infiltrate. Thus, HCMV and CCL2 may cooperatively contribute to atherosclerosis. Our recent study 
revealed that tricin (4’,5,7-trihydroxy-3’,5’-dimethoxyflavone) has anti-HCMV activity in a human 
embryonic lung fibroblast cells (HEL). In the present study, we revealed that HCMV-induced CCL2 
expression further augments HCMV infection and that tricin exerts its anti-HCMV activity by targeting 
CCL2. 
 HCMV Towne strain was propagated in HEL cells. Infectious virus production was titrated by using a 
plaque assay. The tricin compound used was synthetic. siRNAs targeting CCL2 was purchased from a 
company. Proteins were detected by Western blot analysis. Gene expressions were detected using the 
reverse transcription quantitative real-time PCR analysis. 
 HCMV infection induced CCL2 and CCR2 expression at the mRNA and the protein levels in HEL cells. 
CCL2 siRNA treatment reduced HCMV virion production. We further observed that CCL2 siRNA 
reduced the expression of HCMV IE and UL54 genes in a dose-dependent manner. Thus, HCMV 
infection can activate the CCL2-CCR2 interactions to further enhance HCMV infection and/or replication. 
Next, we observed that HCMV-induced CCL2 mRNA and protein expression was inhibited by tricin and 
exhibited inhibitory activities against HCMV replication. Thus, tricin exerts its anti-HCMV activities at 
least partly by inhibiting the expression of a CCL2, which can support HCMV infection and/or replication. 
 These results suggest that tricin is a novel compound with potential anti-HCMV activity and that 
CCL2/CCR2 interactions are associated with HCMV replication. 
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Usefulness of Viral Load Measurement and Therapeutic Drug Monitoring in the Treatment of 
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Background: The pharmacokinetics of anti-CMV agents ganciclovir and its prodrug valganciclovir has 
not been fully investigated in infants, especially very-low-birth-weight infants, and appears to be very 
unstable. Moreover, the optimal pharmacokinetics has not been determined. Side effects are common 
and sometimes indistinguishable from clinical manifestations caused by CMV itself, making it difficult to 
evaluate therapeutic efficacy and safety. 
Objective: To optimize antiviral treatment of infants with active CMV disease by regular viral load (VL) 
measurement and therapeutic drug monitoring (TDM). 
Methods: Since September 2015, infants with symptomatic CMV infections, either congenital or 
acquired, had been enrolled in Nagasaki University Hospital or collaborating medical institutes. VLs in 
the whole blood were measured by real-time PCR weekly during therapeutic period. Plasma ganciclovir 
concentrations were determined by liquid scincigraphy/tandem mass screening. Peripheral blood was 
drawn weekly to monitor side effects during therapeutic period. 
Results: TDM was performed 76 times for 41 cases. We tentatively defined targeted AUC0-12 as 20-50 
mgxÂŸh/L and targeted Cmax as >5 mg/L; however, AUC0-12 were often below or above planned, and 
Cmax values were below 5 mg/L in 34 times. Although we adjusted dose size and dosing interval 
according to their renal function, it was often difficult to optimize them. In some patients who developed 
cytopenia or liver dysfunction, VLs and drug concentrations along with chronological observation of 
clinical manifestations were the basis for the judgment to differentiate side effects from viral disease 
activities. A patient with active retinal disease needed approximately 150% of the regular dose size to 



achieve reasonably high levels of Cmax and AUC0-12, followed by improvement of retinal lesion. 
Conclusions: The pharmacokinetics of ganciclovir or valganciclovir was difficult to predict in infants who 
are prone to their side effects. Regular VL measurement and TDM are needed for effective and safe 
treatment for them. 
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Nanobodies targeting oncomodulatory CMV-encoded chemokine receptors as potential 
diagnostics and therapeutics 
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Cytomegalovirus rewires cellular signaling after viral infection through expression of viral G protein-
coupled receptors (GPCRs). These viral GPCRs show highest homology to chemokine receptors, which 
are known to regulate the immune system but are also involved in the development of cancer. We have 
shown that several viral GPCRs, including the CMV-encoded chemokine receptor US28, signal in a 
constitutive manner and hijack proliferative signaling pathways (Vischer et al Nat Rev Drug Disc 2014). 
US28 stimulates cell proliferation and enhances tumour formation in an orthotopic xenograft model and 
is expressed in tumour specimen of glioblastoma patients. Moreover, US28 induces neoplasia in the 
intestine of US28 expressing transgenic mice via activation. Interestingly, US28 is one of the few viral 
genes that are expressed during latency. Recently, we have identified llama-derived antibody fragments, 
nanobodies, which effectively bind and modulate (oncogenic) signaling of US28. Moreover, nanobodies 
targeting US28 impair tumor progression of glioblastoma in vivo. Hence, the US28-specific nanobodies 
hold potential as CMV-targeting therapeutics, diagnostics and research tools, to further substantiate a 
role for US28 in latency and CMV-associated pathologies. 
This work is funded by the Netherlands Organization for Scientific Research (NWO-Vici) and the Dutch 
Technology Foundation (STW). 
<b/> 
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Drug-resistance in human cytomegalovirus (HCMV) is virtually not observed in immunocompetent 
individuals but it is a well-recognized problem among different populations of immunocompromised 
patients. Therefore, in 2009 a Reference and Service Center, RegaVir [Research Group for Antiviral 
Resistance, (www.regavir.org)], for the diagnosis and typing of drug-resistant herpesviruses was 
established in Belgium. 
Genotyping [PCR amplification of the HCMV genes UL97 (protein kinase, PK) and UL54 (DNA 
polymerase, DNA pol followed by capillary (Sanger) sequencing] are used to diagnose resistance to the 
approved anti-HCMV drugs ganciclovir, cidofovir and foscavir. Today, in the context of the RegaVir 



platform, we have analyzed 628 clinical samples recovered from patients that had refractory HCMV 
disease. A total of 536 out of 628 samples could be genotyped, with 370 showing a wild-type genotype. 
Mutations known to be linked to drug-resistance were found in 27.6% of the genotyped samples: 105 
samples had mutations in the PK, 24 in the DNA pol and 12 samples bore mutations both in the PK and 
DP genes. Novel mutations of unknown significance in the PK and/or DP genes were found in 35 
samples. 
Our data showed a) the usefulness of rapid HCMV genotyping for the adjustment of antiviral therapy, b) 
emergence of multiple drug-resistance due to infection with a virus having a single mutation conferring 
resistance to ganciclovir, cidofovir and foscavir (e.g. DNA pol mutations A834P and del 981-982) or 
caused by co-infection with viruses having distinct genotypes, c) compartmentalization of drug-resistant 
HCMV, d) advantage of next generation sequencing (NGS) for detecting minor populations of drug-
resistant viruses, e) emergence of resistance to investigational anti-HCMV drugs (e.g. maribavir), f) 
urgent need for novel anti-HCMV agents to reduce morbidity and mortality caused by drug-resistant 
HCMV. 
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Combined biochemical and in silico-structural analyses of cytomegalovirus kinase pUL97 to 
specify the targeting of inhibitory small molecules 
Manfred Marschall

1
, Mirjam Steingruber

1
, Hanife Bahsi

1
, Stuart Hamilton

2
, William Rawlinson

2
, Eileen 

Socher
3
, Heinrich Sticht

3
, László Örfi

4
, Stefan Strobl

5
, Sunwen Chou

6
, Joachim Haupt

7
, Corina Hutterer

1
 

1
Institute for Clinical and Molecular Virology, Friedrich-Alexander University of Erlangen-Nürnberg, 

ERLANGEN, Germany 
2
Serology and Virology Division, SEALS Prince of Wales Hospital, University NSW, SYDNEY, Australia 

3
Division of Bioinformatics, Institute of Biochemistry, FAU, ERLANGEN, Germany 

4
Semmelweis University, Department of Pharmaceutical Chemistry, BUDAPEST, Hungary 

5
BioNTech Small Molecules GmbH, MARTINSRIED, Germany 

6
Division of Infectious Diseases, Oregon Health and Science University, PORTLAND, United States of 

America 
7
Biotechnology Center, Technische Universität Dresden, DRESDEN, Germany 

 
 
Human cytomegalovirus (HCMV) is a worldwide distributed human pathogen that can be associated with 
serious, sometimes life-threatening disease. All currently applied drugs face problems of toxicity-related 
side effects and drug resistance, so that novel antiviral targets and drug candidates are continuously 
investigated. The viral protein kinase pUL97 represents a validated and highly interesting target of 
antiviral kinase inhibitors. Our ongoing biochemical analysis of pUL97 has been focused on its modular 
domain structure, its interaction properties and binding motifs (in particular for pUL97-cyclin interaction) 
as well as regulatory factors of kinase activity. As a multi-ligand-binding, multi-regulatory protein kinase, 
pUL97 provides ample opportunities for molecular interference and the targeting of inhibitory small 
molecules. We are utilizing bioinformatic tools to optimize in silico-structural analysis of inhibitor binding 
and to define chemical modifications intended to specify the pUL97 targeting. Novel data for the 
quinazoline class inhibitors Vi7392 and Vi7453 stressed our earlier findings that quinazolines exert a 
high antiviral efficacy without inducing measurable in vitro drug resistance. This prompted us to use the 
quinazoline core structure to gain deeper insight into the mode of inhibitor-kinase interaction. We 
demonstrate that (i) novel quinazolines are highly active against HCMV laboratory and clinically relevant 
strains, (ii) antiviral activity is not cell-type specific and is also detectable in a placental explant tissue 
model, (iii) pUL97 represents a target of the compounds’ antiviral activity and (v) drug docking simulation 
helps to understand resistance-free pUL97 binding properties. In particular, reduced frequency of drug 
resistance may result from a tight mode of quinazoline-pUL97 docking or, alternatively, by a dual 
selective mode of kinase inhibition involving secondary cellular targets. To this aspect, novel data of a 
kinome-scan profiling analysis will be presented. Combined, the approach may open new prospects for 
using information on drug-target interaction for rational design of antivirals. 
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Cytomegalovirus (CMV) remains an important complication after allogeneic hematopoietic stem cell 
transplant (allo-HSCT). The widespread use of CMV antiviral therapy has led to the development of drug 
resistance. 
The study describes CMV drug resistance in adult allo-HSCT recipients monitored for CMV infection and 
pre-emptively managed with valganciclovir (VGCV). 
From November 2014 to October 2016, 92 HSTC recipients were monitored for CMV infection by 
quantitative real-time PCR (ELITechGroup, Italy) on whole blood samples. If CMV drug resistance was 
suspected (CMV-DNAemia persisted for >3 weeks after antiviral treatment), sequence analysis of UL97 
and UL54 genes was performed to identify the most common mutations associated with CMV drug 
resistance. 
Median follow-up duration for the 92 allo-HSTC recipients in our hospital was 241 days (range: 20-533 
days). The 64.1% (59/92) of patients developed active CMV infection (median time for first episode: 30 
days post-transplant, range: 7-74 days) and the 64.4% (38/59) received VGCV therapy. CMV drug 
resistance was suspected in 10 cases and confirmed in 3. Single mutations in UL97 gene associated 
with GCV resistance was found in all 3 cases: A594V (n=2) and L595S (n=1). For these patients antiviral 
treatment was shifted to foscarnet (FOS) that led to undetectable CMV DNAemia in all cases. No patient 
developed CMV disease. Moreover, an allo-HSTC recipient from another Italian hospital was evaluated 
for suspected CMV drug resistance (DNAemia persisted for 113 days during VGCV therapy then 
switched to FOS and then cidofovir). The A594V (UL97 gene) mutation was detected and FOS was 
continued followed by cidofovir. After an initial decrease, CMV load increased again two months later. 
An additional mutation (A834P) in UL54 gene, associated with GCV, FOS and cidofovir resistance 
emerged. The management of the patient is still under evaluation. 
CMV drug resistance detection is a relevant tool to guide the choice of antiviral therapy. 
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Letermovir is a human cytomegalovirus (HCMV) antiviral currently in phase 3 testing. It combines high 
potency (EC50 = 5 nM) with low cytotoxicity. Letermovir is thought to inhibit the HCMV terminase, a three 
subunit complex of UL56, UL89, and UL51 that translocates concatemeric viral DNA into preformed 
capsids and cleaves the DNA to liberate encapsidated genome monomers. Bay 38-4766 and 2-bromo-



5,6-dichloro-1-ß-D-riborfuranosyl benzimidazole riboside (BDCRB) are structurally different but also 
inhibit HCMV by targeting terminase. Letermovir resistance maps to UL56, while Bay 38-4766 resistance 
maps to UL89, and BDCRB resistance maps to both UL56 and UL89. Bay 38-4766 and BDCRB impair 
the formation of genome monomers, but BDCRB also induces formation of a novel HCMV DNA species 
designated monomer-plus (M+) because its apparent 270-kb size is slightly larger than 235-kb 
monomers. Bay 38-4766 also induces M+ formation, but only when a Bay 38-4766-resistant mutant is 
used. In previous studies we hypothesized that M+ is comprised of two short genome segments flanking 
one long segment and arise when BDCRB or Bay 38-4766 impairs terminase cleavage site recognition 
without blocking DNA translocation, thus causing an extra short segment to be packaged prior to 
cleavage at the next short-long junction. To determine if letermovir inhibits monomer formation and/or 
induces M+, wild type HCMV-infected cells were treated with increasing concentrations of letermovir, 
Bay 38-4766, or BDCRB. Cell-associated DNA species were then separated by field-inversion gel 
electrophoresis and viral species detected by Southern hybridization. As expected, BDCRB inhibited 
monomer formation and induced M+. Letermovir and Bay 38-4766 also reduced or eliminated monomer 
formation, but no evidence for M+ was observed. Evaluation of letermovir- and Bay 38-4766-resistant 
mutants is in progress. These results indicate that the mechanisms of action for these terminase 
inhibitors have both common and distinct aspects that will require further study to elucidate. 
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Brincidofovir (BCV) is an oral lipid acyclic nucleoside phosphonate converted intracellularly in cidofovir. 
As it is not concentrated in the renal proximal tubule, nephrotoxicity is unlikely. This drug proved efficient 
against CMV in a phase II study in stem-cell recipients and was released in France during 2014-2015 for 
resistant CMV infection in transplant recipients, within a name patient program (NPP). As a reference 
center we surveyed antiviral-resistance, and report our experience in 10 BCV–treated patients. 
We included 2 stem cell paediatric allograft recipients (1 refractory viremia and 1 non-resistant CMV 
colitis) and 6 kidney and 2 heart adult recipients (3 CMV disease, 2 acute rejection, 3 refractory CMV 
infection), 6/8 with a low mitogen response by QuantiferonÔCMV. Absence of UL54 cidofovir-resistance 
mutation before BCV was further confirmed by NGS analysis (Ion Proton technology). 6 patients were 
resistant to Ganciclovir (GCV) alone by UL97 mutation. Paediatric patients received 2mk/kg twice a 
week (t.i.w.), adults 200 or 100mg t.i.w. Anti-CMV hyperimmune-globulins were co-administered to 4 
adult patients. Mean viral load at initiation of treatment was 4,2 log copies/mL (2,9-5,2). The 2 paediatric 
patients did not responded to treatment with stable or increased viral load and majoration of diarrhea 
within 3 weeks BCV for one patient, but no resistance. In adult patients after initial decrease of viral load, 
5/8 did not responded to BCV. UL54 resistance emerged in 3/5 patients (L545S, L513D, F412L). NGS 
genotyping showed the presence of multiple strains in resistant patients and resistance selection as 
early as day 34 of BCV in one patient. Acute renal failure, microangiopathy, or digestive toxicity lead to 



low doses or treatment interruption. 
Conclusion: Initial efficacy in most patients shows BCV antiviral efficacy but digestive troubles and low 
doses may lead to early resistance in these patients with a very low CD8 global response. 
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Introduction: Though closely related to rhesus macaques, cynomolgus macaques respond differently to 
a number of infectious diseases, including HIV/SIV where disease progression closely mimics human 
disease. However the cynomolgus model is currently underutilized in biomedical research, in part due to 
underdevelopment of reagents and molecular tools. CMV has recently emerged as a promising vaccine 
vector. We add to the available resources a full length BAC based on the CyCMV Mauritius strain and 
utilize this new tool to express SIV transgenes throughout CMV infection. 
Methods: The BAC vector (pWC155) was integrated by sequential recombination steps between 
CyCMV Mauritius open reading frames (ORFs) CyO19 and CyO20, facilitating bacterial replication of the 
circularized viral form. Two codon-optimized SIVmac239 transgenes were designed on EF-1α–BGHpA 
expression cassettes: 490aa Gag-Pol fusion (GPF), and 1147aa Nef-Tat-Rev fusion (NTR). Transgenes 
were integrated by BAC recombination between ORFs CyUS3 and Cy215 and expression observed in 
reconstituted viral infection of Telo-RF cells. 
Results: CyCMV Mauritius BAC reconstituted as a virus with no change in growth kinetics beyond 
standard error in cynomolgus macaque, rhesus macaque, or human cell lines despite unavoidable 
attenuation. BAC integration resulted in 789 in-frame Polymorphisms (682 SNP, 107 Indel) altering 
64/290 known ORFs (36 with ≤3aa changed). The majority of polymorphisms occurred in strain-specific 
or highly variable transmembrane proteins. However single aa changes occurred in notable genes 
CyUL47, CyUL87 and CyUL102, while CyUL146 and CyUL147 (CXC-chemokine like), and 
CyUL128/CyUL130/CyUL131 (cell tropism factors) were substantially altered. Following transgene 
integration robust expression of both NTR and GPF proteins was observed. 
Conclusion: CyCMV Mauritius BAC, a stable, tractable, infectious equivalent of HCMV in the 
cynomolgus model, expressed SIV transgenes throughout viral infection. As a molecular tool, CyCMV 
Mauritius BAC expands CMV vaccine vector studies to the cynomolgus model and will facilitate better 
utilization of cynomolgus macaques for CMV research. 
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We investigated the basic characteristics of a new murine cytomegalovirus (MCMV) vector platform. 
Using BAC technology, we constructed a replication competent recombinant MCMV vectors lacking up 
to 24% of the wildtype genome and carry combined deletions of the five gene blocks m01-m017, m106-
m109, m129-m141, m144-m158, and m159-m170. While deletion mutants lacking 24-18% of wildtype 
genome were attenuated in fibroblasts, smaller deletions (up to 16%) grown like wildtype virus. By 
means of a new methodology we inserted large genomic DNA segments (33 and 42 kbp in size) as 
stuffer together with reporter genes into an m01-m017, m106-m109, m144-m158, and m159-m170 
deficient vector with a potential cloning capacity of 46kbp (Q4). Surprisingly, the insertion of both foreign 
DNAs rescued the growth phenotype of Q4 and the large inserts were stably maintained during serial 
passages in vitro. Using reporter gene expressing recombinant MCMVs, we could successfully 
transduced, beside of mouse cell lines, non-rodent mammalian cells with human, monkey, bovine, bat 
origin, and even non-mammalian cell lines derived from chicken. We also tested toxicity of the MCMV 
mediated gene transfer and investigated the abortive replication cycle of the MCMV-vectors in human 
cells upon transduction. 
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In Belgium CMV screening in pregnant women is common practice despite international as well as 
national guidelines not recommending so. Screening of pregnant women could lead to anxiety, an 
increased number of amniocentesis and therefore of miscarriages, and an unjustified number of 
termination of pregnancies. In this qualitative study we investigated why there is this gap between theory 
and practice. 
Fory-six experts (gynaecologists and general practitioners (GPs)) involved in pregnancy management 
participated in a two-round argument Delphi approach to explore the arguments that would plead for or 
against CMV screening in pregnant women. 
General practitioners tend to follow the guidelines whereas the majority of the gynaecologists do screen 
for CMV. The main argument of the latter group is that in case of a positive test echocardiographic 
follow-up and amniocentesis can be provided which in their opinion has in most cases a reassuring 
effect. For gynaecologists medico-legal issues were also an argument pro screening. In contrast, GPs 
perceive this follow-up as a source of concern and distress. 
Lack of time and/or knowledge prevents doctors from engaging in informed shared decision making. 
Few doctors agree that patients should be informed about abortion being the only option in case of a 
congenital CMV infection nor do they regard the option of an abortion as an argument pro offering 
screening. According to the experts all pregnant women should be educated about preventive measures 
regardless of their CMV serology and thus not yields an argument pro or con screening. 
In conclusion, opinions of general practitioners and gynaecologists regarding CMV screening differ 
importantly. Pregnant women are confronted with opposing views, which is obviously very confusing. 
Efforts should be made to strike the balance between GPs and gynaecologists and tools should be 
developed to inform the patient and to support the process of shared decision making. 
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Human cytomegalovirus (CMV) is the leading infectious cause of congenital malformation in the 
developed world. Primary maternal CMV infection, reactivation, or infection with a different viral strain 
may cause adverse pregnancy outcomes including sensorineural hearing loss and mental disability in 
infants infected in utero. Placental infection may also indirectly cause injury to the fetus, possibly via 
impairing placental development and function. New approaches to disease prevention are urgently 
needed, as current antivirals are not recommended during pregnancy, due to their toxicity and/or limited 
efficacy. A better understanding of the molecular mechanisms of CMV infection of the placenta is 
essential for therapeutic innovations to decrease the prevalence and societal impact of congenital CMV. 
Our previous findings indicate CMV controls the expression of the Wnt5a-binding tyrosine kinase 
receptor ROR2 to alter placental cell motility, which could lead to abnormal placental development in 
congenital CMV disease (van Zuylen et al. J Virol. 2015). 
We now show CMV specifically inhibits Wnt5a-mediated migration of infected trophoblasts, but not 
migration of surrounding uninfected cells. Utilising supernatant from CMV-infected trophoblasts, we also 
show that this inhibition and ROR2 alteration is not dependent on a soluble factor. Furthermore, we 
show that both viable laboratory CMV strain AD169 and clinical CMV strain Merlin, but not UV-
inactivated CMV inhibits Wnt5a-mediated trophoblast motility, indicating de novo viral gene expression is 
required. Taken together, our novel findings suggest that human CMV alters ROR2 expression, and 
thereby migration of infected trophoblasts in an autocrine manner. Inhibition of this autocrine signalling 
may be a specific target for therapeutic intervention for CMV-induced placental damage and consequent 
fetal damage in congenital CMV infections. 
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Congenital CMV is the most common non-genetic cause of sensorineural hearing loss in childhood and 
an important cause of neuro-disability. There is no licensed CMV vaccine and no antenatal treatment of 
congenital CMV that can currently be recommended in clinical practice. Therefore, reduction of the risk 
of acquisition of CMV infection in pregnancy by avoidance of contact urine and saliva of young children, 
who represent the most common source of infection in pregnancy women, represents an appealing 
strategy. Despite this being identified as potentially one of the most important preventative strategies, 
information about risk reduction measures are not routinely given to pregnant women in most countries. 
We aimed to review the evidence for hygiene based educational interventions in pregnancy, 
synthesizing data in the published literature, identifying ongoing studies and ascertaining research gaps 



for prioritization. 
There are five published studies from the United States of America (n=3), France (n=1) and Italy (n=1). 
These studies show that preventative measures are acceptable to pregnant women, can impact on 
maternal behaviour and have the potential to reduce CMV infection rates in pregnancy. They are 
however limited by several factors including small sample size, non-randomised trial design and 
interventions which are beyond the scope of routine clinical practice.  
An intervention is still required that can be applied in a routine clinical setting, which does not 
necessitate significant time commitment in busy antenatal clinics, but can effectively change behavior 
and reduce the risk of CMV infection and thus prevent congenital CMV. Behavioural change is difficult to 
bring out and to sustain, however pregnant women are a highly motivated group to protect the health 
and well-being of their unborn child. The consequences of inaction are significant and therefore the 
research community should continue to prioritise research to prevent congenital CMV. 
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There is an imperative need for effective preventive vaccines against human cytomegalovirus (HCMV) 
as it poses a significant threat to the immunologically immature, causing congenital disease, and to the 
immune compromised including transplant recipients. In this study we examined the efficacy of synthetic 
long peptides (SLPs) as a CD4

+
 and CD8

+
 T cell-eliciting preventive vaccine approach against mouse 

CMV (MCMV) infection. Immunocompetent C57BL/6 mice were vaccinated in a prime-boost vaccination 
regiment with various MHC class I and II-restricted peptide epitopes of MCMV-encoded antigens, and 
the use of agonistic OX40 antibodies to enhance vaccine efficacy was explored. Costimulation via OX40 
resulted in superior MCMV-specific CD4

+
 as CD8

+
 T cell responses but only when applied during 

booster SLP vaccination. A combination of a SLP vaccine with both MHC class I and II epitopes plus 
OX40 activation during booster vaccination resulted in strong and polyfunctional (i.e., IFN-γ

+
, TNF

+
, IL-

2
+
) CD4

+
 and CD8

+
 T cell responses that were even higher in magnitude when compared to those 

induced by the virus. Vaccination with a mixture of MHC class II SLPs and OX40 agonistic antibodies 
already displayed protection against lytic MCMV infection but the best containment of virus 
dissemination was achieved with the combination of both MHC class I and II SLPs and OX40 
costimulation. Our results show that T cell-mediated protection can be a fundamental component in the 
design of vaccines against persistent viral infections. 
<p/> 
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Treatment options for HCMV infection remain limited despite intensive efforts from global pharma. The 
four antiviral drugs currently licensed for treatment of HCMV infection exhibit high levels of off-target 
toxicity that limit their employment for certain groups of patients. Thus, there remains an unmet medical 
need that could potentially be resolved with the development and utilization of neutralizing human anti-
HCMV antibodies derived from immune individuals. 
This project aims to explore the human antibody repertoire against HCMV and to develop fully human 
anti-HCMV antibodies. A human immune antibody phage display library consisting of about 18.5 million 
unique Fab clones was constructed from a blood donor with a high titer of anti-HCMV antibodies. This 
library has been panned against whole viral particles of AD169 and RV1305 strains. The panning 
process led to the discovery of 31 unique HCMV-specific Fab-expressing phages which were then 
converted to full-length human IgG1 antibodies. Results show that some of their targets include the 
major capsid protein (UL86) and pp65. Furthermore, flow cytometry results reveal that one of these 
antibodies, 3A11, target a HCMV antigen displayed on the surface of infected MRC-5 and ARPE-19 
cells during the lytic phase of HCMV infection. Analysis by western blot suggests that this antigen is 
expressed as early as 12h post infection. 
Future work encompasses the detailed delineation of epitopes targeted by 3A11 and the examination of 
its potential to mediate ADCC and complement activation. This work has important implications for our 
understanding of natural human immunity against HCMV and can potentially impact upon the design of 
future viral vaccines. 
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The human cytomegalovirus (HCMV) virion envelope protein glycoprotein B (gB) is essential for viral 
entry and represents a major target for humoral responses following infection. To assess whether 
vaccination with gB plus MF59 adjuvant could be protective, a phase-2 clinical trial (NCT00299260) was 
conducted in solid organ transplant candidates. Vaccination of both seronegative and seropositive 
recipients significantly increased gB antibody levels measured by ELISA whose titre correlated directly 
with protection against post-transplant viraemia. The aim of this current study was to investigate the 
precise nature of the protective humoral response in vaccinated transplant recipients. We focussed on 
four key antigenic domains (AD) of gB; AD1, AD2, AD4 and AD5 measuring the antibody response 
against these regions in patient sera and correlating this with viraemia. Vaccination of seropositive 
patients significantly boosted antibody responses against the immunodominant region AD1 as well as 
towards AD2, AD4 and AD5. Approximately 50% of patients had detectable responses to AD2 at 
baseline and while vaccination enhanced these pre-existing responses it failed to induce de novo AD2 
responses in seropositives. Interestingly, the boost to AD2 correlated with a decreased incidence of 
viraemia in these patients consistent with antibodies against this epitope being protective. Analysis of 
sera from seronegative vaccinees revealed that de novo antibody responses were restricted to AD1 and 
AD5 with neither correlating with protection. Overall, these data support responses to AD2 contributing 
to immune protection of seropositives but not seronegatives following vaccination with gB. 
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Introduction: In the absence of a highly-efficient HCMV-vaccine and in context of the recent RCT-study 
of Revello et al., 2014, which could not confirm the preventive effects of HCMV-specific 
hyperimmunoglobulins (HIG) on maternofetal HCMV-transmission as reported originally by Nigro et al., 
2005, we analyzed the neutralization-capacity (NC) of HIGs and standard-IVIGs in vitro by depletion of 
pentameric complex (PC) related antibodies. 
Objectives: We investigated the NC-changes using a recombinant-HCMV-PC and defined UL130 
peptides in order to analyze their contribution to NC. 
Methods: We analyzed the NC in vitro using the HIG-preparation Cytotect® and a standard-
intravenous-immunoglobulin (IVIG) Kiovig®. The depletion of antibodies was performed using a 
recombinant-PC and two UL130-peptides. We used a six-fold histidine-tail on the PC, which was linked 
to magnetic-beads containing His-Tag-mouse-mAbs on the surface. We used a protocol for a long-term 
cell-free HCMV-neutralization-plaque-reduction-assay (PRA) using human foreskin fibroblasts (HFF) and 
human retinal epithelial cells (ARPE-19) cells as target cells. Each primary HFF- and ARPE-19-adapted 
clinical-isolate from amniotic-fluid was propagated until cell-free HCMV-shedding, respectively. For 
calibration we previously generated serum-pools (N=100) from two cohorts of mothers: seronegative 
and latently HCMV infected mothers at birth. For control, untreated immunoglobulin preparations were 
investigated. 
Results: HIG and standard IVIG-preparations lead to a significant decrease in NC after incubation with 
the recombinant PC compared to untreated samples. However, the impact of depletion was not 
significant against infected HFF-monolayers. 
Conclusion: We demonstrated that polyclonal HCMV-specific antibodies present in HIG and standard 
IVIGs bind to the recombinant PC and therefore may play an important role for the neutralization-activity 
of HIG and IVIG-preparations. The antibodies targeting the recombinant PC are more effective for viral 
neutralization in ARPE-19- than in HFF-microcultures. Further epitope analyses of the PC-binding NT-
antibodies could lead to a better understanding of specificity and efficiency of these antibodies to prevent 
potentially maternofetal HCMV-transmission. 
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A vaccine to prevent maternal acquisition of human cytomegalovirus (HCMV) during pregnancy is one 
potential strategy to reduce the incidence of infant congenital CMV disease. The glycoprotein B (gB) 
subunit + MF59 adjuvant vaccine platform has demonstrated a promising 50% efficacy in preventing 



primary HCMV acquisition in multiple phase II clinical trials, yet the mechanism of vaccine protection is 
unknown. 33 unique patient plasma samples from the postpartum gB/MF59 vaccine trial cohort (each at 
or near peak immunogenicity) were assessed for their vaccine-elicited antibody binding and neutralizing 
function, and these data (vaccinee=V) were compared to that of a chronically-infected (seropositive=SP) 
control cohort. gB/MF59 vaccination elicited high-magnitude gB-specific antibodies (median V 
log10ED50=3.96) with a high degree of affinity maturation (median V relative affinity index [RAI]=0.91), 
comparable to the gB-specific antibody responses elicited by natural infection (median SP 
log10ED50=3.30 ; RAI=0.96). Additionally, the IgG subclass distribution was similar between vaccinees 
and seropositive controls, with robust IgG1 and IgG3 responses noted in each group but no detectable 
IgG2 or IgG4 responses. However, in contrast to that of chronic infection, gB/MF59-elicited antibodies 
exhibited negligible neutralizing function (epithelial cell median ID50: V<30; SP=603; *p<0.001, Wilcoxon 
test) and rare binding antibody responses against multiple gB protein structural motifs recently-described 
as the target of neutralizing antibodies, including AD-2 (% responders: V=9%; SP=40%; *p=0.023, 
Fisher’s Exact test) and Domain I (% responders: V=36%; SP=83%; *p=0.002, Fisher’s Exact test). Of 
note, there was no clear difference of gB epitope binding responses between vaccinees who became 
infected and those who did not. Altogether, this data suggests that antibody responses against gB 
neutralizing epitopes may not have been responsible for the partial efficacy of gB/MF59 vaccination, and 
that non-neutralizing functional antibody responses, such as antibody-dependent cellular cytotoxicity, 
could have played a role in the observed 50% protection.  
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Introduction: In the absence of an efficient vaccine, the administration of HIG is an option beside the 
education of pregnant women on prevention strategies of CMV transmission. The important 
contributions of Revello et al 2014 (RCT on HIG treatment) and 2015 (observational controlled study on 
hygiene information) have to be acknowledged. 
 Methods: Volunteers of CMV primary infected pregnant women up to a gestational age of 20 weeks 
were included in our observational study. At study entry, CMV serology, epithelial cell-specific 
neutralisation plaque-reduction assays (PRNT) were performed. At defined time points (directly before, 
30 min after, 2h after, 7 days after, 14 days after) we analysed CMV-IgG, IgG-avidity, and PRNT. In a 
subcohort of 5 pregnant mothers a still more comprehensive kinetic analysis was performed. 
 Results: Based on anti-HBs data of Biotest BT 507 of Thürmann et al., a terminal CMV elimination half-
life of 22,1 days was assumed in 1995. Therefore, all relevant HIG-studies used a treatment-interval of 4 
weeks. However, we have shown for an index-case, that these original data are not consistant using 
new CMV-IgG test systems for analysis of CytotectÒ (Hamprecht et al., NEJM 2014). We compared the 
CMV-IgG kinetics of two groups of mothers with different GAs using a two-compartment model of HIG-
elimination. For 18 groupI-mothers (GA<16weeks) we found an initial half-life (ihl) of 12,7 days, while the 
terminal half-life (thl) was 20,1 days, compared to 23 groupII-mothers with ihl of 13,5 versus thl 18,8 
days. Evaluating the anti-HbS IgG data of unvaccinated individuals of both study-groups showed the 
proof of principal. 
 Conclusions: Our study demonstrates unequivocally that the initial data of Thürmann et al. were 
misleading. Therefore, using our modified study design, we can demonstrate impressively, that HIG may 
be a very potent prevention method for maternofetal CMV-transmission in the first trimenon (see Kagan 
et al.). 
 
 
 

460 - Poster Presentation Track C & D 



Date: 03/05/2017 
Time: 16:00 - 17:00 hrs 
 

POSTER PRESENTATION 
CD-PP-039 
 
Effectiveness of a 2 weekly HIG protocol in first trimester CMV infection 
Karl Oliver Kagan, Klaus Hamprecht, Markus Hoopmann, Rangmar Goelz, Gerhard Jahn 
University Hospital of Tuebingen, Obstetrics and Gynaecology, TUEBINGEN, Germany 
 
 
Introduction: 
Primary CMV infection is particularly associated with an adverse outcome if transmission occurs before 
20 weeks. Administration of HIG should prevent transmission but the results are contradictory. So far, 
HIGs are given on a 4weekly basis. However, we were able to demonstrate an index case with a half-life 
of about 14days (Hamprecht et al. 2014) In this pilot-study we examine the effectiveness of a HIG on a 
2weekly basis in primary CMV infection in the first trimester. 
Methods: 
This is an observational study at the University Hospital of Tuebingen between 2013 and 2016. Women 
with a primary infection < 14 weeks were included. A recent infection was assumed if <40U/ml, IgM-
Index>2, CMV IgG avidity<40%, and without presence of anti-CMV-gB2-IgG. HIG application was 
started as soon as possible and repeated every 2 weeks. HIG was stopped when CMV-IgG levels were 
stable > 100U/ml after 2 weeks of the last HIG cycle (Hamprecht et al., 2017).  
In all cases, an amniocentesis was performed at around 20 weeks. 
Amniotic fluid was tested by nested PCR, q-rt-PCR and 18h and 14d cell culture. Results are given as 
mean. 
Results: 
20 women fulfilled the inclusion criteria. Serostatus was examined at 11.6weeks’ gestation and HIG 
application was started at 13.6weeks, respectively. In 20cases HIG were administered twice, in 18, 9, 3 
and 1 case, HIG was given 3, 4 and 5 times, respectively. Mean gestational age at administration was 
15.2, 17.0, 17.8 and 18.4weeks. Amniocentesis was performed at 20.1weeks. In none of the cases, we 
observed transmission. 
Conclusion: 
Administration of HIG may play a role in the prevention of first and second trimester transmission if they 
are given on a 2 weekly basis. Further, larger studies are necessary to confirm this finding. 
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Objectives:To determine maternal clinical, laboratory, and ultrasound (US) findings that effectively 
predict the occurrence of congenital cytomegalovirus (CMV) infection (CCI) in high-risk pregnant 
women. 
Methods: Three hundred CMV IgM-positive pregnant women were enrolled in a prospective cohort 
study. The maternal clinical and laboratory findings, including serum CMV IgM and IgG, IgG avidity 
index (AI), C7-HRP testing, and polymerase chain reaction (PCR) for the detection of CMV-DNA in the 
maternal serum, urine, and uterine cervical secretion, and prenatal US findings were evaluated. To 



determine predictive factors for the occurrence of CCI, univariate and multivariable logistic regression 
analyses were performed. 
Results: In 22 of the 300 women, CCI was confirmed using PCR for CMV-DNA in newborn urine. 
Univariate analyses demonstrated that the presence of maternal flu-like symptoms, presence of US fetal 
abnormalities, serum titers of CMV IgM, positive results for C7-HRP, CMV IgG AI <40%, and positive 
PCR results in the uterine cervical secretion were statistically associated with the occurrence of CCI. 
Multivariable analysis revealed that the presence of US fetal abnormalities (OR 31.9, 95% CI 8.5–120.3; 
p<0.001) and positive PCR results in the uterine cervical secretion (OR 16.4, 95% CI 5.0–54.1; p<0.001) 
were independent predictive factors of CCI in CMV IgM-positive women. 
Conclusions: This prospective study demonstrates for the first time that the presence of CMV-DNA in 
the maternal uterine cervical secretion and US fetal abnormalities was predictive of the occurrence of 
CCI in high-risk pregnant women. 
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A breakthrough in the development of HCMV vaccine was represented by the identification of the 
pentamer complex (PC) gHgLpUL128L, which is required for infection of epithelial/endothelial cells and 
virus transfer to leukocytes. The analysis of the neutralizing antibody response to HCMV identified the 
PC as the most suitable vaccine candidate. Serum neutralizing activity against HCMV is mainly directed 
against the PC. Antibody directed to the PC are also able to block in vitro cell-to-cell HCMV spreading 
and syncytium formation in epithelial cells, and transfer of HCMV from infected endothelial cells to 
leukocytes. The different approaches adopted to develop a PC including vaccine comprise a non-
replicating AD169 vaccine with the PC restored, modified vaccinia Ankara or alpha virus replicon 
expressing the PC, or recombinant PC produced by a stably transfected CHO cell line. Results of animal 
immunization showed that PC elicited significantly higher levels of neutralizing antibodies than gH/gL or 
gB. The subunit PC elicited in mice HCMV neutralizing antibody titers 100-1000 fold higher than those 
found in individuals recovering from HCMV infection. These results indicate that the PC is a strong 
candidate for a vaccine capable of selectively inducing a broad and potent protective antibody response. 
However, it should be reminded that an efficient T cell response is mandatory for control of HCMV 
infection in transplant recipients and neutralizing antibodies alone are not protective in vivo. A rapid 
development of HCMV-specific T cell response is also associated with a lower risk of transmission of 
HCMV to the fetus after primary infection in pregnancy. Recently we started to investigate the T-cell 
response elicited by PC after HCMV infection, in order to verify whether a PC-based vaccine could also 
be able to elicit an effective T cell response, or other viral antigens are required. 
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Human cytomegalovirus (HCMV) is the major infectious agent responsible for congenital malformations, 
is associated with severe or fatal disease in immunocompromised patients, and is linked to 
atherosclerosis and certain malignancies. Cellular receptors that mediate entry of HCMV into fibroblasts 
and neuronal cells have been identified, but the main receptor for entry into the major cell types infected 
in vivo—endothelial, epithelial, and myeloid lineage cells—is unknown. Entry into those cell types is 
believed to be mediated via the pentameric complex consisting of gH, gL, UL-128, UL130 and UL131. In 
this study, we found that the endothelin B receptor (ETBR) is critical for HCMV infection in endothelial, 
epithelial, and myeloid lineage cells through a mechanism involving signaling by G-protein-coupled 
receptors (GPCRs) and interaction with the viral pentameric complex. In endothelial cells, silencing of 
ETBR with siRNA significantly prevented HCMV infection, and ETBR-specific antagonists reduced 
HCMV infection by 80-99%. In fibroblasts, ETBR antagonists had little or no inhibitory effect on infection. 
However, in endothelial cells, pretreatment with ETBR antibody or ETBR protein significantly reduced 
HCMV infection. Transfection of ETBR into human or mouse cells increased production of HCMV 
transcripts and interestingly also viral particles. Total internal reflection fluorescence microscopy 
confirmed a specific interaction between HCMV and ETBR that was reduced by the ETBR ligand 
endothelin-1, anti-ETBR antibody, or ETBR antagonist. Microscale thermophoresis and co-
immunoprecipitation assays corroborated the physical binding of the viral pentameric complex and 
ETBR. Our findings show that ETBR is important in the HCMV life cycle and a potential target for 
antiviral therapy. 
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Robust CD4 T cell responses help to control chronic infection and restrict disease, but their specific 
requirements for resolving viral persistence remain poorly defined. During mouse cytomegalovirus 
(MCMV) infection, CD4 T cells recognizing an epitope derived from the viral M09 protein expand at late 
times of infection and display a unique phenotype compared to their conventional counterparts, including 
high IFNγ-production and low expression of the activated CD43 isoform. Ablating these late-rising CD4 T 
cells by mutating the MCMV M09 genomic epitope, or inducing them through vaccination, revealed their 
critical role in resolving persistent replication by overcoming IL-10 mediated immune suppression. 
Together, these data show that unique subsets of late-rising CD4 T cells are qualitatively superior in 
resolving chronic infection when compared to those that expand earlier, results that should be 
considered for vaccine development. 
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Human cytomegalovirus (HCMV) strains passaged in vitro rapidly acquire mutations that impact viral 
growth. These laboratory-adapted strains of HCMV generally exhibit restricted tropism, produce high 
levels of cell-free virus and develop susceptibility to natural killer (NK) cells. To permit experimentation 
with a genetically intact virus, that retained the phenotype of clinical virus, a wild-type (wt) strain Merlin 
genome was reconstructed using bacterial artificial chromosome (BAC) technology. Like clinical virus, 
this genome proved to be unstable in cell culture, however propagation of intact virus was achieved by 
placing the RL13 and UL128 genes under conditional expression. Here we show that wt-HCMV 
produces extremely low titres of cell-free virus, similarly to clinical virus. However a novel cell-cell 
transfer assay demonstrated that this virus efficiently infected fibroblasts, epithelial, monocyte-derived 
dendritic and Langerhans cells via direct transmission. This process of cell-cell transfer required the 
UL128 locus, but not the RL13 gene, and was significantly less vulnerable to the disruptive effects of 
interferon, restriction factors, and neutralizing antibodies, in multiple cell types, compared with cell-free 
entry. Resistance to neutralising antibodies was dependent on high level expression of a pentameric 
gH/gL/gpUL128-131A complex, a feature unique to wt but not passaged strains of HCMV. Cell-cell 
transfer is likely to be the dominant route of intra-host spread, thus the demonstration that wt-HCMV is 
uniquely resistant to aspects of innate, adaptive and intrinsic immune defences, underlines the 
importance of testing interventions against genetically intact strains.  
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Cytomegaloviruses evade NK cells by expressing viral major histocompatibility class I (MHC I) 
homologs. Guinea pig cytomegalovirus (GPCMV) encodes three putative MHC I homologs: gp147, 
gp148, and gp149. A GPCMV lacking all three MHC I homologs was attenuated in vivo but retained 
immunogenicity and efficacy comparable to parental wild type (WT) virus when used as a live vaccine 
(Crumpler, Vaccine 27, 2009). In the present study, mRNAs encoding gp147, gp148, or gp149 were 
detected during viral infection and gp147 and gp149 were glycosylated when transiently expressed as 
epitope-tagged proteins. Viruses with individual gene deletions designated Δ147, Δ148, and Δ149 were 
evaluated in vivo. Δ148 had no discernable phenotype. Δ147 and Δ149 were cleared from blood 7 days 
earlier than WT and failed to induce transient elevation of blood IFNγ mRNA that occurred following WT 
infection (p<0.01). Neutralizing and GPCMV-binding antibodies induced by Δ147 and Δ149 were lower 
on day 14 but indistinguishable from WT on days 28 and 70 post-inoculation. In a pre-conception 



vaccination/mid-gestation challenge model, efficacy of vaccination with Δ147 or Δ149 was comparable 
to WT. Maternal viremia was reduced from 9.3x10

5
 copies/ml in naïve controls to <100 copies/ml in 

vaccinated animals, and fetal infection declined from 35% in naïve animals to 0% in all three vaccine 
groups (p < 0.01). Average pup weight improved from 65 grams for pups born to naïve dams to 89, 92, 
or 90 grams for pups born to Δ147-, Δ149-, or WT-immunized dams, respectively (p<0.001). Pup 
mortality declined from 83% in naïve dams to 0, 10, and 21% in Δ147-, Δ149-, or WT-vaccinated dams, 
respectively (p<0.0001). These results are consistent with the hypothesis that gp147 and gp149 function 
as NK evasins and suggest that deletion of analogous MHC I homologs could enhance the safety and 
immunogenicity of a live human cytomegalovirus vaccine. 
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Human cytomegalovirus (HCMV) is an important pathogen as it can cause life-threatening infection in 
immunosuppressed patients, but also in utero infection that may lead to birth-defects. No prophylactic 
vaccine is available. HCMV infection in healthy subjects is generally asymptomatic and virus establishes 
latent infection that persists for life. Host immunity to HCMV is effective against reactivation infection and 
super-infection with a new strain. Thus, vaccine candidates able to elicit immune responses similar to 
those of natural infection may confer protection. Since neutralizing antibodies are essential for 
prophylactic vaccines, it is important to understand how antiviral antibodies are developed in the context 
of natural infection. We hypothesize that developmental path of neutralizing antibodies in seropositive 
subjects can be deciphered by interrogating respective host B-cell repertoires using unique genetic 
signature sequences of monoclonal antibodies (mAbs). Towards this goal, we isolated 56 HCMV-
specific mAbs from three healthy donors with high, medium and low levels of serum neutralizing titers. 
The mAbs specific for the pentameric complex of gH/gL/pUL128-131 were more potent in viral 
neutralization as opposed to those of gB. Using these mAbs as probes, patterns of extended lineage 
development for B-cells, genetic evidence of active antibody maturation, were revealed in two donors 
with high and medium titers. Importantly, the patterns of extended lineage evolution were limited to five 
mAbs specific to the pentamer, none of gB mAbs. Thus, memory B-cells of antiviral function such as 
neutralization were active during latency in healthy donors, potentially correlated with donors’ higher 
neutralizing titers. Also, our results indicated that memory B-cells of neutralization could be frequently 
mobilized, probably responding to silent asymptomatic viral episodes in the host, and further suggesting 
that neutralizing antibodies could play a role in control of recurrent infection. 
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The breadth of synthetic long peptide vaccine-induced CD8+ T cell responses determines the 
efficacy against mouse cytomegalovirus infection 
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There is an ultimate need for efficacious vaccines against human cytomegalovirus (HCMV), which 
causes severe morbidity and mortality among neonates and immunocompromised individuals. In this 
study we explored synthetic long peptide (SLP) vaccination as a platform modality to protect against 
CMV infection in preclinical mouse models. In both C57BL/6 and BALB/c mouse strains, prime-booster 
vaccination with SLPs containing MHC class I restricted epitopes of mouse CMV (MCMV) resulted in the 
induction of strong and polyfunctional (i.e., IFN-γ

+
, TNF

+
, IL-2

+
) CD8

+
 T cell responses, equivalent in 

magnitude to those induced by the virus itself. SLP vaccination initially led to the formation of effector 
CD8

+
 T cells (KLRG1

hi
, CD44

hi
, CD127

lo
, CD62L

lo
), which eventually converted to a mixed central and 

effector-memory T cell phenotype. Markedly, the magnitude of the SLP vaccine-induced CD8
+
 T cell 

response was unrelated to the T cell functional avidity but correlated to the naive CD8
+
 T cell precursor 

frequency of each epitope. Vaccination with single SLPs displayed various levels of long-term protection 
against acute MCMV infection, but superior protection occurred after vaccination with a combination of 
SLPs. This finding underlines the importance of the breadth of the vaccine-induced CD8

+
 T cell 

response. Thus, SLP-based vaccines could be a potential strategy to prevent CMV-associated disease. 
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Novel antivirals for the prevention and treatment of congenital CMV 
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Introduction: CMV causes congenital malformation and fetal death. There are no licensed therapeutics 
for prevention or treatment of CMV infection during pregnancy due to toxicity and limited efficacy. 
Promising experimental anti-CMV compounds (maribavir, letermovir, brincidofovir) and novel 
compounds (quinazoline derivative-vi7392, novel cellular kinase inhibitor-Sc88941 and novel dual-
specificity tyrosine phosphorylation-regulated kinase (DYRK) inhibitors) were investigated in our ex vivo 
placental models. Methods: The efficacy of current experimental and novel antivirals were studied at 
therapeutic concentrations (2.5µM) in vitro in Merlin-infected (1 pfu/cell) TEV-1 trophoblasts cells and 
AD169- and Merlin-infected explanted human multicellular placental models. Plaque assays, qPCR, 
immunofluorescence and western blot analyses were performed. Results: No cellular toxicity associated 
with antiviral treatment was observed in TEV-1 or placental cultures at the concentration used. 
Treatment of TEV-1 cells with maribavir, letermovir, cidofovir, vi7392, Sc88941, DYRK inhibitors or the 
reference ganciclovir significantly inhibited virus progeny production 7 days post infection (dpi) relative to 
untreated cells (89%, 82%, 74%, 69%, 99%, 97% and 64% inhibition respectively, p<0.05). Treatment of 
CMV-infected ex vivo placental explants at 5dpi with maribavir, letermovir, cidofovir, vi7392, Sc88941, 
DYRK inhibitors or ganciclovir also significantly inhibited CMV replication relative to untreated placental 
explants at 19dpi (p<0.05). Immunofluorescence and western blot analyses showed antiviral treatment 
inhibited CMV protein expression and viral dissemination. CMV infection induced focal upregulation of 
DYRK1A and DYRK1B predominately within the cytoplasm and nucleus respectively in CMV-infected 
cell cultures, placental explants and clinical placental tissue. Conclusion: Current experimental and 
novel anti-CMV compounds may be a viable therapeutic for use during pregnancy. The novel 
compounds need to be further studied for fetal toxicity in animal models. Even with effective vaccination, 
antivirals will continue to be needed for infections of pregnancy and immunosuppressed patients for at 
least 30 years. 
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A CMV vaccine based on non-replicating lymphocytic choriomeningitis virus vectors expressing 
gB and pp65 is safe and immunogenic in man 
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HB-101 is a CMV vaccine candidate based on non-replicating lymphocytic choriomeningitis virus vectors 
expressing two human CMV antigens, the tegument protein pp65 and a truncated isoform of the fusion 
protein gB. The safety and immunogenicity of HB-101 were evaluated in a randomized, placebo-
controlled, double-blind phase I dose-escalating trial (NCT02798692). Three cohorts of 18 subjects per 
cohort were enrolled. In each cohort, 14 subjects received the vaccine and four received placebo. 
Vaccine and placebo were administered on day 0, month 1, and month 3. Safety and reactogenicity data 
were collected and reviewed by an independent data and safety monitoring board. Immunogenicity 
readouts included humoral and cellular responses against gB, cellular responses against pp65, as well 
as humoral and cellular responses against the LCMV vector backbone. Overall, HB-101 was safe and 
elicited potent immune responses. Unblinded safety and immunogenicity data through month 4 of the 
study will be presented and will be the first public disclosure of these results. 
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A primary infection with cytomegalovirus (CMV) is one of the major threats following transplantation of a 
CMV-IgG-seropositive donor organ into a CMV-IgG-seronegative individual. Therefore, prophylactic 
treatment with valganciclovir is given in these individuals. However, CMV-specific T-cell immunity may 
exist without measurable anti-CMV IgG. The frequency and clinical relevance of solitary CMV-specific T-
cell immunity is not known. The aim of this study is to assess the frequency of solitary CMV-specific T 
cells in a cohort of CMV-IgG-seronegative individuals and the clinical relevance with respect to CMV-
infection following transplantation. 
In a cohort of 28 CMV-IgG-seronegative and 14 CMV-IgG-seropositive individuals, CMV-specific 
cytokine-producing and proliferating T cells were assessed prior to transplantation using the CD137 
multi-parameter assay and CFSE-dilution, respectively. CMV-specific humoral immunity was evaluated 
using the B-cell ELISPOT assay. 
 In 46% of CMV IgG-seronegative individuals CMV-specific CD137

+
IFN-γ-producing CD4

+
 T cells were 

detected above background (median values amounted to 0.01% versus 0.58% in CMV-IgG-seropositive 
individuals). CMV-specific proliferating CD4

+
 T cells were detected above background in 55% of the 

CMV-IgG-seronegative individuals (median values amounted to 0.4% versus 6.34% in CMV-IgG- 
seropositive individuals). CMV-specific IgG-producing antibody secreting cells (ASC) were barely 
detected in CMV-IgG-seronegative individuals (median values amounted to 3/10

5
 cells versus 48/10

5
 



cells in CMV-IgG-seropositive individuals). However, a positive association was observed for CMV-
specific CD137

+
IFN-γ-producing CD4

+
 T cells and CMV-specific IgG ASC (Rs=0.52, P<0.05). In 46% of 

CMV IgG-seronegative individuals a CMV-viremia developed following transplantation. CMV-specific 
CD137

+
IFN-γ-producing CD4

+
 T cells were associated with protection from a CMV-viremia following 

transplantation, i.e. positive responses were detected in 10/15 non-viremic versus 3/13 viremic recipients 
of a kidney transplant from a CMV-IgG-seropositive donor (P=0.02). 
A solitary CMV-specific T-cell response without detectable anti-CMV antibodies is frequent and clinically 
relevant as it yields significant protection to infection following transplantation with a kidney from a CMV-
IgG-seropositive donor. 
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KLRG1+ CD8 T cells induced by cytomegalovirus vector expressing NKG2D ligand RAE-1? 
provide robust protection against tumor challenge 
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Although T cell therapy has been proven as a successful approach against certain tumors, an efficient 
CD8 T cell tumor vaccine is still not available. Here we demonstrate that murine cytomegalovirus 
(MCMV) expressing NKG2D ligand RAE-1γ (RAE-1γMCMV) possesses an exceptional capacity to 
serve as CD8 T cell-based tumor vaccine. Immunization with the RAE-1γMCMV vector expressing 
SIINFEKL epitope postponed, or completely prevented the growth of B16 melanoma cells expressing 
ovalbumin. The protection against melanoma challenge was demonstrated in both, prophylactic and 
therapeutic approaches. Expression of RAE-1γ by the MCMV vector potentiated induction of KLRG1-
expressing SIINFEKL-specific CD8 T cells with enhanced effector properties, ensuring long-term 
protection, even against a secondary tumor challenge. This approach allowed further improvement of 
CD8 T cell properties by checkpoint therapy, resulting in a postponed tumor development and increased 
survival. Moreover, vaccination with the RAE-1γMCMV vector successfully induced protective CD8 T 
cells even when applied in immunologically immature newborn mice, providing protection against tumor 
challenge throughout their adult life. Altogether, our data demonstrate that RAE-1γ-expressing CMV 
vector represents a powerful base for the development of CD8 T cell tumor vaccines. 
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The guinea pig is the only small animal model for congenital CMV (cCMV). We investigated a novel 
disabled infectious single cycle (DISC) vaccine strategy, where the virus lacks the ability to express an 
essential capsid gene (GP85), except when grown on a complementing cell line (GPLtet-off). Using this 
strategy, two DISC GPCMV viruses were generated: 1) GP85DISC, lacking pentameric complex (PC), 
2) GP85DISCPC+, with PC. Vaccine strains were evaluated for immunogenicity and tested for efficacy 
against wild type virus cCMV. Both vaccines induced neutralizing antibodies to GPCMV and immune 
response to specific viral glycoprotein complexes (gB, gH/gL/gO, gM/gN, and PC). GP85DISCPC+ virus 
induced an antibody response similar to that of wild type GPCMV infection in convalescent animals with 
an average neutralizing antibody (NA) titer of >1:500 in GPL fibroblasts. The average NA titer for 
GP85DISC animals was lower (1:150). In congenital protection studies, female guinea pigs in each 
group were vaccinated and mated: GP85DISC (N=14); GP85DISCPC+ (N=19); non-vaccinated (N=15). 
During late second trimester, animals in all groups were challenged with wild type GPCMV (10^5 pfu). 
Animals went to term and pup outcome including viral load in target organs were analyzed. Live pup 
births in GP85DISC (94.4%, P=0.0002) and GP85DISCPC+ (96.8%, P=0.0001) were significantly higher 
compared to non-vaccinated animals (63.6%) suggesting that both vaccine strategies were successful. 
cCMV rate was significantly reduced in GP85DISC vaccinated pups (37%) compared to non-vaccinated 
group (76%; P=0.0034). However, inclusion of the PC in the GP85DISCPC+ vaccine reduced the 
transmission rate to 0% (P=0.0001 compared to GP85DISC or non-vaccinated groups). Overall, both 
DISC vaccines induced an immune response and decreased the rate of congenital infection but 
GPCMVPC+ was fully protective, potentially by increasing neutralizing antibody titer on epithelial cells. 
The increased safety of a non-replication competent virus makes this approach attractive as a CMV 
vaccine strategy. 
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A CMV vaccine would be aimed at three populations: women likely to have children in the future, 
toddlers who disseminate cytomegalovirus, and transplant recipients. For these targets antibody 
responses to gB and the pentamer, plus T cell responses (both CD4+ and CD8+) are needed. The main 
targets of the T cells are pp65 and IE1, but CD4+ help to antibody is crucial. The importance of antibody 
or T cell responses vary with the population vaccinated, but an effective vaccine should elicit all or most 
of those responses in order to affect CMV acquistion, passage of the virus to the placenta, and 
replication in the host. 
 
 
 
 


