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Introduction: Congenital Cytomegalovirus (cCMV) is the most common congenital viral infection and leading cause of non-genetic sensorineural hearing loss in children. Timely treatment within the first months of life can prevent hearing loss. We evaluated utility, feasibility, and short-term cost implications of targeted cCMV screening in a tertiary public healthcare institution in Singapore.



Methods: We analyzed data from neonates born at ≥35 weeks gestation from 1st February 2022 to 31st January 2023, at the National University Hospital, Singapore. Screening criteria for CMV testing were neonates who failed hearing screening at birth, had a birth weight <2.5 kg, small for gestational age (SGA), or had clinical suspicion for cCMV. Urine samples were obtained within two weeks of birth for CMV polymerase chain reaction (PCR) testing. We collected clinical, ophthalmological, neuroimaging, laboratory, and audiological data. A limited, short-term cost analysis was performed to compare costs of three cCMV screening strategies (universal, targeted, and no screening) two years after implementation.



Results: Out of 5,277 neonates, 305 (6%) met the screening criteria. Among those screened, 70.5% (215/305) were SGA or had a birth weight <2.5 kg, and 23.3% (71/305) failed the hearing screen. The overall diagnostic yield was 0.06% (3/5,277). There was one false positive result (0.3%; 1/305). Three neonates (0.98%; 3/305) were diagnosed with cCMV by urine PCR. One was SGA without intracranial abnormality, and two had low birth weight with intracranial calcifications. None had cytopenia or transaminitis, and all ophthalmology screenings were normal. All infected neonates were started on Valganciclovir. One neonate failed the hearing test at one month of age but passed repeat assessments by three months. Two neonates exhibited upper motor neuron signs in the lower limbs and are on long-term follow-up. The total estimated direct treatment-related cost without cCMV screening was S$104,445.79. In the targeted screening model, the total cost was S$146,656.30, compared to S$853,890.16 in the universal screening model.



Conclusion: We demonstrated the feasibility of targeted cCMV screening, which complements universal newborn hearing screening in a tertiary neonatal center in Singapore. Targeted cCMV screening can be implemented cost-effectively during the neonatal period, enabling early detection and intervention.
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Introduction

Congenital cytomegalovirus (cCMV) is the most common congenital viral infection (1) with an overall birth prevalence between 0.6%–6.1%. (2–4) At birth, although most infants are asymptomatic (5), 10%–15% of these infants develop long-term sequelae (1, 3, 6). cCMV is the leading cause of non-genetic sensorineural hearing loss (SNHL) in children (2, 3, 7–9). It accounts for 21% of infants with hearing loss at birth (10), and 25% of deafness by 4 years (2, 9). cCMV also results in neurodevelopmental delay ranging from psychomotor and cognitive disabilities (3, 7) to visual impairment (11), causing a significant economic burden (5, 12).

cCMV is a common infection in Singapore with more than 80% maternal IgG seroprevalence (13, 14). In the past, limited awareness by both healthcare providers and parents, the lack of effective antiviral therapy, and the absence of a rapid and inexpensive diagnostic test contributed to the absence of cCMV screening program in Singapore (15). There is a renewed interest to introduce cCMV screening in Singapore, driven by the success of antiviral treatment in symptomatic infants and the recognition that early intervention with antiviral therapy during the critical language and speech acquisition period improves outcomes (13, 16–18). Encouragingly, a recent local study reported favourable parental attitudes towards universal cCMV screening (19).

We implemented targeted cCMV screening for all neonates born after 35 weeks gestation at our center. We integrated this screening into the universal newborn hearing screening program to detect congenital hearing loss. This approach enabled us to assess the effectiveness of a targeted strategy in identifying neonates with cCMV-related hearing loss, as well as those showing early signs of cCMV at birth. Our aim is to evaluate the utility, feasibility, and short-term cost implications of targeted cCMV screening in a tertiary public healthcare institution in Singapore.



Methods

This was a prospective study. We analyzed data from neonates born at ≥35 weeks’ gestation from 1st February 2022 to 31st January 2023 at the National University Hospital, Singapore. Secondary outcomes of interest were maternal risk factors associated with cCMV infection; type, duration and potential adverse effects of antiviral therapy; neonatal morbidities including SNHL, neurological, visual impairments; and the rate of follow-up.

All neonates with gestational age ≥35 weeks who failed hearing screen at birth, were small for gestational age (SGA) or with a birth weight less than 2.5 kg, or with clinical suspicion for cCMV infection were included (Figure 1). We defined symptomatic cCMV according to the European Society for Paediatric Infectious Diseases guidelines 2017 (17), which included physical examination findings of SGA, microcephaly or neurologic signs. We excluded neonates with gestational age <35 weeks at birth or who were screened for cCMV after three weeks of age. Institutional ethics board approved the study (Domain Specific Review Board reference: 2022/00752).


[image: Figure 1]
FIGURE 1
Targeted newborn screening protocol for cCMV at the national university hospital of Singapore. CMV, cytomegalovirus; PCR, polymerase chain reaction; AABR, automated auditory brainstem response.


We collected urine via sterile cotton balls placed in a urine bag within two weeks from birth for CMV polymerase chain reaction (PCR) testing (8, 20, 21). Samples were processed using CMV ELITe MBG Kit on ELITe InGenius System with a detection limit of 220 copies/ml. We defined a positive result for cCMV infection as more than 220 copies/ml in the urine. Notably, blood CMV testing has a limit of detection 90 IU/ml and borderline result is defined as CMV DNA detected but <180 IU/ml. Neonates with positive urine CMV results were closely reviewed to determine if they developed clinically apparent disease.

Clinical decisions on further evaluation and treatment of cCMV-infected infants were made by managing physicians with inputs from pediatric infectious disease specialists. As per our practice cCMV-infected neonates undergo baseline evaluation including full blood count, liver function test and a cranial ultrasound and are evaluated for cCMV-related ophthalmological complications. Symptomatic cCMV-positive neonates are treated with 6-months of Valganciclovir (17), with 2–4 weekly blood test monitoring and a repeat cranial ultrasound. They are also closely followed up outpatient for ophthalmological and auditory sequelae. Hearing assessment is performed with otoacoustic emissions and automated auditory brainstem response. We use Alarcon Score, a validated prognostic tool for infants with cCMV (22). This scoring system includes neuroimaging components and results of hearing screenings and correlates the score with severity of morbidity or mortality.

We extracted the following data from electronic medical records: maternal and neonatal demographics, gestational age, birth weight, length, head circumference, indications for cCMV screening and test results, symptoms, hearing screen results, blood tests and imaging, and treatment duration and complications. We analyzed the data using descriptive statistics to calculate proportions. We summarized the data as count [percentage] and mean [standard deviation (SD)] or median [interquartile range (IQR)] depending on the normality of distribution.

We performed limited, short-term cost analysis to compare cost differences of three strategies of cCMV screening (i.e., universal, targeted and no screening). These included costs involved in screening and treating all cCMV. Major cCMV-related morbidities and the costs associated with further treatment and follow-up were also incorporated into the analysis, up until two-years-old (23). Screening cost of CMV PCR processing of urine sample was S$150.00/sample, excluding nursing manpower and ancillary cost of collecting urine. The cCMV diagnostic evaluation was assumed to be 100% accurate. Infants diagnosed with cCMV were assumed to undergo a medical evaluation and receive treatment as per our unit's cCMV protocol (Figure 1). We calculated the cost required for a comprehensive medical evaluation which includes a panel of blood tests and auditory and ophthalmological evaluation. The analysis included costs of follow-up with the cost of oral Valganciclovir therapy and monitoring for drug toxicity of all cCMV-positive infants (Tables 1, 2) (24). Follow-up costs include cost of consultations, cranial ultrasound, two-to-four weekly blood tests monitoring, a one-time eye review and 6-monthly auditory screenings until two-years-old (25). For unidentified cCMV infants who develop hearing loss, the costs of undiagnosed hearing loss requiring cochlear implants were calculated. The costs associated with a proportion of these infants at risk of neurodevelopmental delays and requiring early intervention with physiotherapy were included. All cost estimations, both in-patient and out-patient, were based on unsubsidised rate and expressed in Singapore dollars (1 USD = 1.34 SGD).


TABLE 1 Detailed breakdown of cost analysis for different strategies of cCMV screening.
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TABLE 2 Components of cost analysis for cCMV screening, evaluation and treatment.
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Based on an estimated cCMV prevalence (2, 4), 0.5% of the neonates were assumed to be cCMV-positive (26/5,277). Of these, we assumed an estimated 10% of cCMV-positive infants to be symptomatic and therefore require treatment (3, 4, 17). 7.5% of cCMV-positive infants were assumed to have significant hearing loss requiring cochlear implants, yielding the final number 2 out of 26 infants. This estimation was based on a previously published study suggesting 15% of cCMV infants develop SNHL, of which 50% develop severe bilateral hearing loss (26). According to another study, the mean age for cochlear implantation in cCMV-positive infants is 2.9 years and we calculated follow-up costs up to two-years-old (27). We estimated 8% of cCMV-positive infants would develop motor or speech delay and require therapy (28). We assumed universal screening was capable of identifying all cCMV-positive cases.



Results


3.1 Baseline characteristics of screened neonates and their mothers

From 1st February 2022 to 31st January 2023, 5,277 neonates were born at the National University Hospital, Singapore. Three hundred and five neonates met the inclusion criteria for cCMV screening (Figure 2). The mean gestational age of the neonates screened was 38.28 (IQR 37.4, 39.1) weeks with a mean birthweight of 2,571 (±474.5) grams. Majority of neonates were Chinese and Malay (39.3%, n = 120/305 and 40.3%, n = 123/305, respectively). The median maternal age was 31 (IQR 28, 34) years. 46.6% (142/305) of mothers were multiparous. 10.2% (31/305) of mothers underwent serological testing for CMV, out of which 38.7% (12/31) were CMV IgG positive (Table 3).
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FIGURE 2
Comparing universal hearing-based versus targeted cCMV screening.



TABLE 3 Demographic characteristics of mothers and neonates screened for cCMV at national university hospital from 1st of February 2022 to 31st January 2023 (n = 305).
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3.2 Indications for screening

All 305 neonates who met the inclusion criteria were screened following the targeted screening protocol (Figure 2). Among these neonates, 23.3% (71/305) failed a hearing screen. Of the remaining neonates, 91.9% (215/234) were SGA or had a low birth weight of less than 2.5 kg, and 8.1% (19/234) had other clinical suspicion of cCMV (e.g., microcephaly, abnormal antenatal head scan, or intrauterine growth retardation). 70.5% (215/305) neonates were either SGA or had a birth weight <2.5 kg, regardless of hearing test status. Among these neonates, 48.4% (104/215) were symmetrical SGA. 9.8% (30/313) neonates had more than one indication for CMV screening (Table 3).



3.3 Baseline characteristics of neonates with cCMV, treatment course and their subsequent follow-up

Among those screened, 0.98% (3/305) were diagnosed with cCMV. The overall diagnostic yield for the entire population was 0.06% (3/5,277). We excluded one infant with false positive result who had an inconclusive initial test result but a confirmatory second sample sent within the first week of life was negative.

The median gestational age of the infected neonates was 37 (IQR 37, 37.2) weeks, mean birthweight was 2,333 (±135.8) grams, and mean head circumference was 33 (±1) cm (Table 4). Two out of three were born to mothers with frequent occupational exposures to young children (22–24). The third neonate was born in another hospital and transferred to our institution for phototherapy with limited information on maternal age, occupation, and hearing test results at birth. Only one out of three neonates had maternal CMV serological testing during pregnancy.


TABLE 4 Neonates with positive CMV test results (n = 3, excluding one false positive).
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Of the three infected neonates, two had central nervous system involvement and required treatment. The remaining neonate was treated despite having mild disease after shared decision-making with parents (Table 4). All three infants were on the mild-unaffected spectrum based on the Alarcon score. One neonate had normal neuroimaging while two had intracranial calcifications detected on surveillance cranial ultrasounds or magnetic resonance imaging of the brain. None of the neonates had cytopenia or liver transaminitis at baseline. One of the infected neonates had viraemia with less than 180 IU/ml viral load in blood CMV testing.

All three infected neonates were started on oral Valganciclovir at 16 mg/kg twice daily dosing. The plan was for six months of treatment with regular follow-up for clinical monitoring, compliance and side effects (17). The first neonate completed the entire treatment course. The other two neonates did not complete the prescribed duration of treatment. One completed 11 weeks of treatment; Valganciclovir was stopped when she developed probable drug-associated neutropenia, with the lowest absolute neutrophil counts of 0.52 × 109/L. The other neonate had three weeks of treatment; after which it was stopped due to logistical and cost constraints.

One-year outcomes of cCMV-positive infants revealed that one neonate had failed initial hearing screen at birth, and one had failed hearing screen at one month of age, but all had normal repeat hearing assessment from three months of age (Table 4). All had normal initial and subsequent follow-up ophthalmological evaluations. Two of the three infants initially showed neurological abnormalities, diagnosed by paediatric neurologists, in the form of upper motor neuron signs that could not be explained by other factors. Neurological abnormalities normalized after physiotherapy (Table 4).



3.4 An initial cost analysis comparing no screening, targeted screening and universal screening strategies

A limited short-term cost analysis was performed to compare cost differences amongst universal, targeted and no cCMV screening strategies (Figure 3). Without any screening, we estimated that the total direct cost to be S$104,445.79, primarily from untreated cCMV-positive infants who subsequently develop severe hearing loss requiring cochlear implants, and from those who experience motor or speech delay necessitating therapy. The estimated total cost for universal screening model was S$853,890.16, with costs derived mainly from cCMV-positive neonates undergoing further evaluation, treatment with Valganciclovir and follow-ups and monitoring for toxicity. The estimated total cost for the targeted screening model was S$146,656.30 (Table 1).
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FIGURE 3
Cost analysis for different strategies of cCMV screening.





Discussion

In our study, all the three positive cCMV neonates were SGA or had low birth weight, which is similar to a study done by Lorenzoni et al. (29). As compared to other studies on targeted screening for cCMV which mainly screened neonates based on failed newborn hearing screening, our study included other risk factors (e.g., SGA and other clinical suspicions for cCMV) in screening neonates.

The gold standard for cCMV diagnosis is via PCR (30, 31). Viral cultures are associated with high costs, require special storage and transport facilities and are not adaptable for large-scale screening (5). Testing saliva specimens are confounded by false positives from cervico-vaginal secretions and breastfeeding (32). There is also ongoing interest to incorporate cCMV screening with dried blood spot tests (33), however studies reported low sensitivity of this method (34, 35). Urine collection is an attractive option as it is non-invasive, simple to collect and sensitive (8, 20, 21, 36). As such, we chose urine CMV PCR screening within the first two weeks of life to differentiate between congenital vs. postnatal CMV infection as recommended by Ross et al. (21)

cCMV screening meets many of the screening criteria including it being an important health problem; there is a recognizable latent or early preclinical stage; tests are available, simple, validated and acceptable; and treatment/intervention is available and improves outcome (5, 37, 38). There is evidence of potential benefit from antiviral therapy for children with hearing loss at birth (5). There is also evidence that earlier detection together with nonpharmacological interventions improves outcomes for children with delayed hearing loss occurring between 9 and 24 months of age (16, 39).

Our study further strengthens the view that targeted screening is feasible and can be integrated with existing newborn hearing screening—a finding similar to other previous studies (37, 38, 40). cCMV is a common cause of sensorineural hearing loss and early identification allows for earlier intervention and treatment. This integration can be done with little to no additional administrative costs (23).

Several studies recommend targeted screening models similar to our study (41, 42). Targeted screening model focuses on neonates who failed the hearing screen at birth, were small for gestational age (SGA), had a birth weight less than 2.5 kg, or had clinical suspicion of cCMV infection (43, 44). Some studies also suggest including preterm infants due to higher cCMV prevalence among them (29, 45).

Implementing cCMV screening can improve the quality of life for cCMV-positive infants and reduce the economic burden of the disease (12, 46). Studies have described high lifetime costs associated with cCMV-related disabilities, including need for assistive devices, medical costs, special education, and lost productivity (47, 48). At birth, most infants are asymptomatic, but 10%–15% develop long-term sequelae. Universal screening would help identify additional asymptomatic cCMV-positive infants not included in targeted screening and prevent severe complications with timely interventions (49). Oral antiviral therapy is effective, albeit costly in some countries and needs regular follow-up for compliance and complications (16).

A long-term cost savings analysis (23), including averted costs associated with long-term disabilities like hearing loss, would further support universal screening. Although there are concerns that universal screening may cause anxiety in families, studies have shown that parents generally accept screening programs (50). Overall, any screening program is beneficial. The success of a good screening program is tied to adequate access to proper intervention at an affordable level. We believe universal screening is plausibly the most pragmatic as a starting point in countries where cCMV screening is not routine.

Based on our preliminary cost analysis, no cCMV screening might have appeared to be the most cost-saving strategy from a pure short-term economic standpoint. However, it is important to note the minor cost differences between the targeted and no screening strategies, especially when compared to the cost of universal screening. We must also consider the cost savings achieved by preventing cCMV-related disabilities such as hearing or neurological impairments, which in turn improves the quality of life (51). Another benefit that needs to be factored in is avoiding a diagnostic dilemma for cCMV infected children who are born with nonspecific symptoms or who are asymptomatic at birth and subsequently develop disabilities (5). Avoiding such diagnostic dilemma could reduce parental anxiety and stress.

In our study, two out of three neonates did not complete the recommended duration of treatment, one citing cost and financial limitations and another from side-effects from Valganciclovir treatment. Hence even with increasing evidence of benefit of cCMV treatment, there should be detailed counselling of parents on the expected course, benefits and side effects of treatment, and treatment costs.

We would like to highlight several shortcomings of this report. Firstly, our analysis is currently limited to major morbidities associated with cCMV. In calculating the cost, we made few assumptions like the rate of cCMV if universal screening were adopted, the rate of uptake of antiviral treatment, and success rate and complications following such therapy. We assumed cCMV treatment to be 100% effective with no complications. We did not perform long-term cost-benefit analysis. We also excluded quality of life and disability adjusted life years from this estimation (18). Another limitation is that the cost analysis did not account for parental, family, societal burden of having a child with cCMV-related disabilities such as hearing loss or neurodevelopmental disability. Lastly, although maternal CMV serology taken during pregnancy was reported, the exact trimester at which testing was done is unknown.



Conclusion

Our study showed that targeted cCMV screening is feasible and it complements universal newborn hearing screening in our unit. In the absence of a universal cCMV screening program, targeted cCMV screening should be implemented in the neonatal period to allow for early detection and intervention.

.
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No screening Cost of screening 0 150 0
Cost of treating 0 492 0
Cost of undiagnosed hearing loss 2 19,590 99,180
Cost of physiotherapy 21 2507.52 5265.79
Total sum of no screening 104,445.79

Targeted screening | Cost of screening 305 150 45,750
Cost of investigating cCMV positive infants—blood tests, cranial 3 492 1476
ultrasound, eye review
Cost of treatment with 6 months of oral Valganciclovir 3 1845.12 553536
Cost of follow-up and monitoring for toxicity 3 1,692.80 50784
Cost of undi hearing loss 17 19,590 84,303
Cost of physiotherapy 1.8 2,507.52 4551354
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Cost of investigating cCMV positive infants—blood tests, cranial 2% 192 12792
ultrasound, eye review
Cost of treatment with 6 months of oral Valganciclovir 3 1,845.12 553536
Cost of follow-up and monitoring for toxicity 2 16928 430128
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Total sum of universal screening 853,890.16

Total number of neonates from February 2022—January 2023, 5277. Neonates identified via targeted screening criteria—305. cCMV prevalence in general newborn population and targeted
study population of bigh-risk infants were assumed to be 0.5% and 0.98% respectively.
The bold values represent the total cost for each individual screening strategy.





OPS/images/fped-13-1510612-t003.jpg
Characteristics

Male 129 (42.3)

Female 176 (57.7)

Maternal age in years (median, interquartile range) 3128, 34)
i 142 (46.6)

Maternal CMV status

Unknown

Negative (IgG and IgM negative)

Primary Infection (IgM positive)

CMV Immune (IgG positive with high avidity)
Race

Chinese 120 (39.3)
Malay 123 (40.3)
Indian 35 (11.5)
Others 27 8.9)

Mean gestational age (median, interquartile range) 38.28 (37.4, 39.1)

age
Preterm (<37 weeks) 40 (13.1)
Term (237 weeks) 265 (86.9)

Birth weight centile

<10th centile 194 (63.6)
10th-90th centile 108 (35.4)
>90th centile 3(1)

Occipital-frontal head circumference Centile

<10th centile 129 (42.5)
10th-90th centile 168 (54.9)
>90th centile 7(22)
No data (out-born) 1(03)

Neonatal hearing screen result (AABR/OAE)
Unilateral Failed 20 (6.6)
Bilateral Failed 51 (167)
Passed 231 (75.7)
No data (out-born) 3
SGA symmetrical 104 (34.1)
SGA asymmetrical 90 (29.5)
Low birth weight <2.5 kg 21 (69)

Other screening indications
Microcephaly 29 (9.5)
Macrocephaly 2(07)
Intracranial abnormalities 14 (4.6)

Others e.g, intrauterine growth restriction, generalized skin 3(10)
erosions, perinatal depression concerns of intrauterine infection

> One indication for cCCMV screening 30 (9.8)





OPS/images/fped-13-1510612-t002.jpg
Screening

Urine CMV test

Evaluation

Blood investigations—full blood count, liver function test, Serum CMV PCR

Ultrasound cranium
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Total

Treatment

Valganciclovir 60 mg/ml suspension $9.61 per ml

For 2 kg baby, assuming 6 months of oral iclovir 60 mg/ml with dose of 16 mg/kg/dose (BD dosing), conservatively
total 6 months would cost at least $1,845.12. Price will increase as baby gains weight and dose increases.

Outpatient costs
~ until 2 years
old

Follow-up consult costs—first repeat cranial ultrasound, and blood test monitoring 2-4 weekly for first 6 months of life

Eye screening follow-up—first review

47

Audio consult with hearing tests (otoacoustic emission) done 6-monthly until 2 years old and tympanogram once
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Total

1,692.80

Cochlear implant device, bilateral
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[60 +38.6 + 19.40] x5 = 590
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10448 x 24
2,507.52
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Refer to Paediatric Ophthalmols Paediatric i Disease, and iology
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Characteristics of CMV Average
positive newborns
Race Chinese Chinese Malay
Gestational age (weeks + days) 3740 37+0 37+3 37 (37, 37.2)
(median, interquartile range)
Birth weight (gm, percentile) 2,350 (13%) 2,460 (13%) 2,190 (4%) 2,333 (+1358)
Occipital frontal circumference (cm, 33 (52%) 34 (68%) 32 (20%) 33 (1)
percentile)
Maternal age (years) 33 33
Maternal occupation General practitioner Pre-school teacher
Newborn hearing screen Passed Failed both OAE &
AABR
Blood CMV Negative at 1 month of age Positive at 2 weeks of age (<180 IU/ml viral load); | Negative at 4 months,
negative by 1 month of age of age
Neuroimaging CrUS: left basal ganglia calcification | CRUS: scattered tiny echogenic foci in bilateral CrUS normal
crUs CrUS (repeat): Left basal ganglia cerebral hemispheres.
MRI calcification appear smaller and less | MRI: few small foci of susceptibility seen in the
distinct supratentorial reflecting calcification/
hemorrhagic foci
Alarcon score 1 0
0 evaluation Normal Normal
Liver function test Normal Normal Normal
Absolute Neutrophil Count (10°/L) 214 052 256 259 (+032)
Treatment with Valganciclovir
Initiation of Valganciclovir treatment 3 weeks of life 2 weeks of lfe 3 weeks of life | 26 (+0.6) weeks
of life
Duration of treatment 24 weeks 11 weeks 3 weeks 256 (+4.0)
-stopped in between ~stopped due to costs. weeks.
Follow-up for adverse effects
Hearing Normal | Failed hearing at 1 month, passed by 3 months | Normal | B
Normal Upper motor neuron signs in lower limbs | Upper motor neuron -

Neurology

signs in lower limbs

Descriptive statistics were performed with data summarized as count (percentage) and mean [standard deviation (SD)] for categorical and continuous variables, respectively. CrUS, Cranial
ultrasound. MRI, Magnetic Resonance Imaging.
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