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METHODS: cCMV qPCR ASSAY

Saliva swabs are collected from newborns who are < 21 days of age,
typically either in hospitals immediately following birth or during the
first visit with a pediatrician. The swab tip is gently rolled back and
forth under the newborn’s tongue no less than 30 minutes after
feeding. Upon receipt in our laboratory, the swabs are rehydrated in
nuclease-free water, and the swab “eluate” is then assayed in
duplicate in the PCR reaction.

The PCR reaction uses a robust, hot-start polymerase ideal for
multiplex reactions and complex sample matrices. The triplex assay
platform incorporates both internal reaction controls and run controls
which help prevent false negative results due to assay failure or
unsuitable samples.
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INTRODUCTION

Congenital CMV (cCMV) is reported to account for a quarter of all
cases of childhood deafness and is the principle cause of long-
term pediatric disabilities in the U.S. The long-term prognosis
following antiviral intervention is drastically improved if treatment
takes place within the first 21 days of life. At this patient age, the
virus is shed into bodily fluids such as saliva, urine, and blood.
Saliva can be collected from newborns easily and non-invasively
on swabs. Viral DNA remains stable on swabs during sample
transport to a testing facility, and real-time PCR has been shown
to be a sensitive and effective platform for detection of cCMV
infection in saliva. As such, in order to prevent long-term
complications stemming from untreated cCMV infection,
detection of this virus would be ideal for screening newborns.

The cCMV Qualitative PCR Test at Baebies relies on real-time
PCR in multiplex format - a highly useful tool for rapid detection
of cCMV which facilitates appropriate and timely intervention. Our
cCMV assay is currently offered as part of the Eli Supplemental
Newborn Screen, a comprehensive panel of biochemical and
molecular assays offered by Baebies. In our assay, CMV is
accurately detected from saliva swabs, and reliable results are
obtained in under three hours with no requirement for a separate
DNA isolation step. While we have focused primarily on detection
of CMV directly from saliva, a robust dried blood spot (DBS)-
based assay would facilitate incorporation of cCMV assays into
more newborn screening programs. We are currently exploring
two options to improve feasibility of a DBS-based cCMV PCR
assay with comparable sensitivity to saliva. Preliminary studies
focusing on choice of master mix as well as a custom DNA
extraction protocol have produced favorable results.

OBJECTIVE

● To develop a qualitative, multiplexed real-time PCR assay
for accurate and sensitive detection of cCMV in newborn
saliva samples.

METHODS: WORKFLOW
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Target Description
Amplicon 

(bp)
Detection 

Dye
CT for Positive 

Call

CMV Viral DNA; IE-2 
region 53 FAM ≤ 40 cycles

Internal Amp Control 
(IAC) Non-human DNA 93 Texas 

Red (TxR) ≤ 33 cycles

Endogenous Control 
(EC)

RPP30 hDNA
control 62 Cy5 ≤ 38 cycles
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Patient Specimen Requesting Entity and
Contacts

Baby's Name:

Date of Birth: 

Accession ID: 

Unique ID #: 

Medical Record #:

Gender:

Birth Weight:

Gestational Age at Birth: 

Altered Health Status:

Age at Collection:

Ethnicity: 

Specimen Type: DBS and FLOQSwab

Date Collected: 

Date Received: 

Date Reported: 

Submitter:

Submitter Address:

Submitter Phone: 

Mother's Name: 

Mother's Address:

Mother's Phone:

Physician Name: 

Physician Address: 

Physician Phone: 

Eli Supplemental Newborn Screening Report
Eli Supplemental Newborn Screening uses a combinatorial approach to identify newborns at risk of developing 32 newborn-onset
conditions using biochemical (phenotypic) and DNA (genotypic) assays. The intended use is for screening of newborns and infants
for these conditions because they are medically actionable. Many of these conditions are not part of routine public health newborn
screening. Thus, this screen adds additional value. However, this test is not a diagnostic test used for confirming a clinical suspicion
of a disease. For best medical care, Eli Supplemental Newborn Screening results should be clinically correlated with age, birth weight,
gestational age at birth, and treatments (e.g. transfusion) data from time of specimen collection. Parents/Individuals consenting may
choose genetic counseling and physician services for clinical correlation and discussion of the implications of the results reported
herein.

The lysosomal storage conditions MPS I (IDUA), Pompe (GAA), Gaucher (GBA) and Fabry (GLA) are performed on a SEEKER®

instrument (Baebies, Durham, NC), an FDA-cleared system for newborn screening of lysosomal storage disorders. The
congenital-Cytomegalovirus (cCMV), Creatine Kinase (CK), MPS II (IDS) and tNGS assays were separately developed as
laboratory-developed tests (LDTs). The tNGS assay covers the LSD genes IDUA, GAA, GBA and GLA, as well the DMD gene. In addition,
24 additional newborn-onset conditions such as G6PD, Spinal Muscular Atrophy (SMN1), other LSDs, copper transport disorders, and
childhood cancer (Retinoblastoma, RB1) are covered by the tNGS assay (see list of conditions and genes in Appendix). These LDTs
were developed at Baebies under CLIA #34D2155110, and have not been cleared or approved by the U.S. Food and Drug
Administration. The FDA has determined such clearance or approval is unnecessary for laboratory-developed tests.

Clinical Indication
Eli Supplemental Newborn Screening

Table 1. Target amplicons for the CMV Qualitative PCR Assay; including amplicon length, 
detection dye, and the CT cutoff required for a passing call. 

RESULTS:  cCMV PCR ASSAY

RESULTS:  cCMV PCR ASSAY

This LDT was developed for use in our EliScreen supplemental
newborn screening panel with funding from various sources, including
National Institute of Deafness and Communication Disorders
(NIDCD) of the National Institutes of Health award R44DC016576.
The assay was validated in accordance with CLSI guidelines for
validation of molecular assays. Limit of detection (LoD) for the assay
was determined using a “probit” or dose-response approach to
assess the lowest number of CMV copies where 95% of replicates
would test positive. LoD for this assay is 213 copies/ml of saliva, and
indicates the assay has comparable sensitivity to similar assays
reported in literature2.

CONCLUSIONS

We have developed and implemented a qualitative, real-time
PCR assay for rapid, accurate detection of congenital CMV
infection in newborns. Currently, this assay is offered by Baebies
as part of EliScreen; a supplemental, paid-out-of-pocket newborn
screening panel that allows expectant parents to be proactive in
understanding the health of their baby. Our assay is also offered
as a send-out service for hospital labs or pediatricians and is
being explored for use on our development-stage near-patient
digital microfluidic instrument, FINDER. Realistically, widespread
adoption of cCMV screening will likely require a DBS-based
assay for maximum feasibility. By developing a customized,
proprietary DNA extraction protocol specifically for very small
amounts of DBS, and designing a robust, sensitive assay for use
with complex biological matrices, we believe that the potential
exists to detect cCMV from standard NBS specimens.
Widespread screening for cCMV would facilitate prompt
identification of positive newborns, thus reducing the potential for
permanent disability associated with untreated infection.

Figure 1. The testing algorithm 
used by Baebies Lab Services 
to make reliable calls on cCMV
results. Every patient specimen 
must have a positive IAC and 
EC result in order for a cCMV
call to be valid. If the run data 
displays a Ct value for CMV 
then the sample is considered 
positive. The absence of a Ct 
value indicates a negative 
sample.
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Figure 2. Probit curve used to determine 
LoD; showing that 95% of samples will 
test positive at 213 CMV copies/ml.

Figure 3. Intermediate precision was assessed  
using a 20x2x2 approach, or 2 CMV 
concentrations on 2 plates a day for 20 days.

Clinical accuracy was determined by blindly testing 50 de-identified
newborn saliva samples kindly provided by Dr. Suresh Boppana
(Figure 4). Of the 50 samples, 15 tested positive for CMV at varying
concentrations and 35 tested negative. There was 100%
concordance between the results. To establish our sample
processing workflow and determine optimal storage temps and
durations for our processed sample extracts, we investigated the
change in Ct (∆Ct) over 21 days for extracts kept in cold storage. We
found that samples must only be stored frozen, as an increase in Ct
was observed after only 24 hours at 4∘C (Figure 5).

Figure 4. Accuracy assessment using 50 de-identified newborn saliva samples. Our 
results were identical to our collaborator’s for all samples. Figure 5. The change in 
Ct for extracts stored refrigerated versus frozen. Frozen extracts exhibited more 
stability (less increase in Ct) over time.  

Figure 6. Preliminary data showing 
comparable recovery between DNA extracted 
from DBS and saliva using our proprietary 
customized DNA extraction method for DBS. 
Additional studies interrogating recovery and 
sensitivity of our method are ongoing in our lab. 


