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a b s t r a c t 

Background: Universal screening of congenital cytomegalovirus (cCMV) infection is important for moni- 

toring and intervention during critical stages of speech and language development. This study aimed to 

explore the optimal detection strategy for cCMV infection screening. 

Methods: Serum samples from pregnant women and saliva and urine samples from their newborns were 

collected for the anti-CMV IgG and CMV DNA PCR tests, respectively. The sensitivity, specificity, and pre- 

dictive values as well as the likelihood ratios of 12 potential screening strategies for cCMV infection, 

based on tests for saliva, urine, and their combination, were evaluated. 

Findings: A total of 6729 pregnant women were enrolled, and the seroprevalence was 98.1%. Among 

6350 newborns that were followed up, 49 were defined as having cCMV infection. In the screening test, 

the CMV DNA positivity rate remained similar from day 0 to day 5, increased slowly from day 6 to day 

13, and became high in newborns beyond 13 days of birth. In the confirmatory testing, the positive rates 

increased significantly beyond day 21. For the 49 newborns with cCMV infection, the proportion of agree- 

ment between saliva and urine testing was poor. Upon evaluating alternative screening strategies, using 

saliva and urine screening with saliva and urine confirmation as the reference strategy, saliva screen- 

ing with saliva and urine confirmation showed good diagnostic accuracy and feasibility, with sensitivity, 

specificity, positive predictive and negative predictive values of 85.7%, 100.0%, 100.0% and 99.9%, respec- 

tively. 

Interpretation: In populations with high seroprevalence, saliva screening with saliva and urine confir- 

mation might be an alternative strategy for screening cCMV infections. The suggested timeframes for 

screening and confirmation are within 13 (ideally 5) and 21 (ideally 13) days of birth, respectively. 
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Research in context 

Evidence before this study 
We searched PubMed, Embase, Web of science and 

Cochrane for the studies published between database incep- 
tion and January 19, 2021, using search term ((“saliva” OR 

“urine”) AND (“cytomegalovirus” OR “CMV”) AND (“congen- 
ital” OR “fetal” OR “vertical transmission” OR “Intrauterine”
OR “Prenatal”) AND “infection”), without language restric- 
tions. However, only 9 studies involved saliva and urine in 

cCMV screening, where inconsistent results reported. In these 
studies, the collection and detection of saliva and urine was 
unparallel. For example, saliva was detected for first screen- 
ing and urine was later collected and detected for confir- 
mation, which limits the comparison of detection strategies 
using saliva and urine. Meanwhile, the screening population 

was small. A study from the United States demonstrated the 
real-time PCR assays of saliva specimens showed high sensi- 
tivity and specificity for detecting CMV infection when com- 
paring with rapid culture of saliva and should be consid- 
ered potential screening tools for CMV in newborns, while 
how could saliva and urine supplement each other for a bet- 
ter cCMV screening remained inconclusive. Besides, the sug- 
gested timeframe for sample collection to diagnose cCMV in- 
fection was inconsistent in different consensus (within 14 or 
21 days of birth). Hence, as lacking robust evidence, widely 
accepted agreement on the optimized detection strategy (in- 
cluding the optimal sample types and the acceptable time- 
frame of sample collection) to identify cCMV infection has 
not been reached, especially in newborns from population 

with high seroprevalence, who are responsible for the ma- 
jority of cCMV cases globally. 

Added value of this study 
To the best of our knowledge, the present study is the 

first one that systematically analyze the detection strategy of 
cCMV screening, by combining the two most accepted spec- 
imens (saliva and urine) in the screening and confirmation. 
The combination of high false-positive rate in the screening, 
inconsistent results of CMV shedding in saliva and/or urine, 
and early onset of postnatal infection has complicated the 
practice of cCMV screening in highly seropositive population. 
A total of 12 potential detection strategies were evaluated for 
their performance on the accuracy of cCMV infection diag- 
nosis. Among them, saliva screening with saliva and urine 
confirmation shows great feasibility and relatively good di- 
agnostic accuracy, which is a rational alternative for cCMV 

screening program. Besides, the suggested timeframe (screen- 
ing and confirmation are within 13 (ideally 5) and 21 (ideally 
13) days of birth, respectively) is raised based on analysis of 
the association between screening time and positive rate. 

Implications of all the available evidence 
Combining saliva with urine, as well as timely confirma- 

tory testing, is necessary for an effective cCMV screening pro- 
gram. Saliva screening with saliva and urine confirmation is a 
rational alternative for screening program of cCMV infection. 

ntrodction 

Human cytomegalovirus (CMV) infection is extremely common, 

ith more than 50% of all adults having been infected worldwide 

1] . Maternal-to-foetal transmission of CMV can occur following 

rimary or nonprimary (reactivation or reinfection) maternal CMV 

nfection during pregnancy [ 2 , 3 ]. Congenital CMV (cCMV) infec- 

ion is one of the leading causes of infant sensorineural hearing 

oss and developmental delay. Unfortunately, most cCMV infections 

annot be identified by pregnancy and neonatal examinations, par- 

icularly for newborns of mothers infected with CMV prior to preg- 

ancy, because effective indicators are lacking. 
2 
Universal screening of cCMV infection has been frequently dis- 

ussed for monitoring and intervention purposes during critical 

tages of speech and language development [4-6] . In practise, the 

etection of CMV DNA by polymerase chain reaction (PCR) in saliva 

nd/or urine samples (the two most accepted sample types) is 

idely adopted for diagnosing cCMV infection [7-10] . Due to the 

ifficulty of collecting urine from newborns, direct comparisons of 

he cCMV screening test performances using saliva and urine are 

ery limited and have inconclusive findings [ 11 , 12 ]. The sampling 

imeframe for cCMV detection is also inconsistent in the litera- 

ure [13-21] . A group of multinational experts [5] recommended 

hat repeated positive CMV PCR findings in two samples (either 

aliva or urine, and preferably saliva) collected within 21 days 

f birth at two time points be used to confirm the diagnosis of 

CMV infection. In contrast, a group of European experts stated 

hat cCMV infection should be diagnosed based on a single CMV- 

ositive PCR result from a urine sample obtained within 21 days 

but ideally within 14 days) of birth; saliva PCR testing can be an 

lternative, but a positive result should be confirmed using urine 

o avoid false-positive results caused by the contamination of ma- 

ernal CMV shedding in breastmilk [4] . Hence, a widely accepted 

greement on the optimal strategy for detecting cCMV infection, 

uch as the optimal sample type and sampling timeframe, in a 

arge screening population has not been reached. 

From 2015 to 2018, we conducted a prospective cohort study 

o understand the disease burden of cCMV in China, a country 

ith high CMV seroprevalence. Through the detection of CMV us- 

ng paired saliva and urine samples collected from newborns on 

ifferent days after birth for screening and confirmation, different 

etection strategies were herein analysed. 

ethods 

tudy cohort 

The study was a multicentre, mother-child cohort study. From 

une 2015 to September 2017, volunteers were recruited among 

regnant women attending their first pregnancy check at three 

ounty-level maternal and child health hospitals located in Xinmi, 

hongmu and Jiaxian, Henan Province of China. The participants 

onated their serum samples at enrolment for anti-CMV IgG test- 

ng to define their history of exposure to CMV. The saliva and 

rine samples were typically collected from their newborns within 

 days of birth for the CMV DNA screening test. Following posi- 

ive saliva and/or urine results, a subsequent saliva and urine sam- 

le was collected soon after diagnosis (typically within 21 days of 

irth) for a confirmatory test. 

The study was approved by the Ethical Committee of the 

chool of Public Health, Xiamen University (ClinicalTrials.gov, 

CT02645396). Informed consent was obtained from each partic- 

pant at enrolment. 

pecimen collection 

All specimens were collected under a predefined strict standard 

peration procedure to minimize contamination during specimen 

ollection, processing, and testing. For pregnant woman, 5 ml of 

lood was collected. Saliva specimens were collected from new- 

orns at least one hour after feeding by swabbing the inside of 

he mouth with a sterile cotton swab softly and sufficiently until 

t was soaked with saliva. The saliva swabs were placed in trans- 

ort medium (DMEM) immediately after collection. Urine speci- 

ens were collected by infant urine drainage bags (GuanKe Bio, 

ingBo, China), and faecal contamination was carefully avoided. All 

he specimens were stored at -20 °C and transported on dry ice to 

he central laboratory at Xiamen University at ten-day intervals for 



Y. Huang, H. Wang, T. Li et al. The Lancet Regional Health - Western Pacific 12 (2021) 100182 

D

p

L

v

p

w

t

K

s

u

U

r

O

p

s

c

q

m

C

w

f

r

a

l

I

[

S

c

p

r

i

a

i

m

w

a

c

p

f

i

s

t

w

a

t

i

t

1

d

t

b

r

n

i

l

n

Table 1 

Baseline characteristics of the women and their newborns 

Total newborns 

(n = 6350) 

Newborns with 

congenital CMV 

infection (n = 49) 

Maternal age (years) 

Mean (SD) 27.3 (4.2) 25.2 (3.1) 

Median (min, max) 27 (16, 46) 25 (18, 34) 

Maternal serostatus at the first 

antenatal visit (within 25.4 gw), No. 

(%) 

Seronegative 120 (1.9) 1 (2.0) 

Seropositve 6185 (98.1) 48 (98.0) 

Sex of newborns a , No. (%) 

Male 2983 (50.9) 26 (53.1) 

Female 2873 (49.1) 23 (46.9) 

Newborn feeding a , No. (%) 

Breast only 5357 (85.3) 40 (81.6) 

Formula 505 (8.0) 3 (6.1) 

Mixed 421 (6.7) 6 (12.3) 

Note. 
a Information regarding sex was missing from 494 newborns, and information 

regarding the feeding of 67 newborns was missing. SD: standard deviation. 
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NA PCR testing. Additional collection was scheduled as soon as a 

ositive PCR result was obtained. 

aboratory measurement 

Serum samples were tested for a CMV IgG antibody by a well- 

alidated enzyme-linked immunosorbent assay as previously re- 

orted [22] . Briefly, 8 mM ethylenediaminetetraacetic acid (EDTA) 

as added to the saliva or urine samples to inhibit DNA degrada- 

ion, and DNA was extracted using a Total Nucleic Acid Isolation 

it (GenMag, Beijing, China) according to the manufacturer’s in- 

tructions. Then, the CMV DNA was quantitated by real-time PCR 

sing one of three pairs of primers and probes targeting UL123 and 

L54, respectively (eMethod and eTable 1, supplementary mate- 

ial). The viral DNA load was quantitated using the World Health 

rganization (WHO) standard for human CMV nucleic acid am- 

lification technique (09/162, NIBSC, UK). The viral loads of the 

pecimens were calculated from the standard curves with a cy- 

le threshold (CT) value of the standard samples. This method of 

uantitative real-time PCR was used for both screening and confir- 

atory testing. 

ase definition of congenital CMV infection 

The positive criterion for the screening and confirmatory tests 

as a positive PCR test result in saliva and/or urine. A cCMV in- 

ection was diagnosed if a newborn with a CMV-positive screening 

esult in saliva and/or urine was further tested positive in saliva 

nd/or urine in a confirmatory test of subsequent samples col- 

ected within 21 days of birth, which was recommended by the 

nternational Congenital Cytomegalovirus Recommendations Group 

5] . 

tatistical analysis 

Pearson chi-square or Fisher’s exact test was used to statisti- 

ally analyse the categorical variables. The kappa value and pro- 

ortion of agreement were used to evaluate the agreement of the 

esults in the two groups. The kappa coefficient is a measure of 

nterrater agreement, and its magnitude reflects the strength of 

greement. When there is perfect agreement between the two rat- 

ngs, the kappa coefficient equals + 1; when the observed agree- 

ent exceeds chance agreement, the value of kappa is positive; 

hen agreement is worse than chance, the value of kappa is neg- 

tive. The exact 95% confidence intervals (CIs) for each rate were 

alculated. 

We evaluated the performances of 12 strategies (e Table 2 , sup- 

lementary material) for detecting cCMV infection, which were 

ormed by different combinations of saliva and urine in the screen- 

ng and confirmatory tests. Using saliva and urine screening with 

aliva and urine confirmation as the reference standard strategy, 

he sensitivity, specificity and predictive indices of each strategy 

ere calculated by standard methods to determine the proportions 

nd exact 95% confidence limits. It should be noticed that predic- 

ive indices are influenced by disease prevalence, and the pred- 

cative indices calculated here were based on population with ex- 

remely high seroprevalence where the cCMV prevalence is about 

.3%. The Youden index and likelihood ratios are composite in- 

ex to evaluate diagnostic tests, which were calculated based on 

he ratio of sensitivity and specificity. Youden index is seen to 

e the sum of the two fractions showing the proportions cor- 

ectly diagnosed for newborns with cCMV infection and uninfected 

ewborns, which was measured by the formulation of “sensitiv- 

ty + specificity-1” [23] . The formula to calculate the positive like- 

ihood ratio was the sensitivity divided by (1 - specificity), and the 

egative likelihood ratio was as (1 - sensitivity) divided by the 
3 
pecificity [24] . The positive likelihood ratio expresses change in 

dds favouring cCMV infection given a positive test result, whereas 

he negative likelihood ratio expresses the change in odds favour- 

ng infection given a negative test result [24] . 

The two-tailed P values < 0.05 were considered to be indicative 

f statistical significance. All statistical analyses were performed 

sing SAS software (version 9.4; SAS Institute, Cary, NC). 

ole of the funding source 

The sponsor of the study has involved in study design, but 

asn’t involved in data collection, data analysis, data interpretation, 

nd writing of the report. All authors had full access to all the data 

n the study and had final responsibility for the decision to submit 

or publication. 

esults 

tudy cohort 

A total of 6729 pregnant women were enrolled and underwent 

MV serological testing at their first antenatal visit ( < 25.4 gesta- 

ional weeks [gw], with a median value of 13.6 gw), and the sero- 

revalence rate was 98.1% (6602/6729) ( Figure 1 ). Among 6350 live 

ewborns, 287 were positive in either their saliva or urine speci- 

ens at the screening visit, and 49 were finally defined as having 

CMV infection by confirmatory tests conducted within 21 days of 

irth; 48 (98.0%) of these newborns were from CMV-seropositive 

others. The characteristics of all the newborns are shown in 

able 1 . 

mpacts of sample collection age and feeding method on the positive 

ates of congenital cytomegalovirus infection screening and 

onfirmatory tests 

In the screening test, the CMV DNA-positive rates were 3.9% 

249/6350) in saliva, 1.0% (63/6350) in urine and 4.5% (287/6350) 

n saliva and/or urine. The age at sample collection significantly 

mpacted the positive rate in urine (P = 0.04), saliva (P < 0.0 0 01) and

n the urine and saliva combination (P < 0.0 0 01) ( Figure 2 ). The pos-

tive rates remained similar from day 0 to day 5 (4.2%), increased 

lightly from day 6 to day 13 (9.2%), and jumped to a high level 

eyond 13 days of age (22.0%) ( Figure 2 A). 
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Figure 1. Flow diagram of enrolment and cCMV screening 
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For the confirmatory test, the impacts of age of sample col- 

ection on the positive rate were also observed in urine (P = 0.02), 

aliva (P = 0.03) and their combination (P = 0.03). In contrast to the 

inor differences in the positive rates between newborns tested 

ithin 13 days and newborns tested from 14 to 21 days of age, the 

ositive rate increased significantly after day 21 ( Figure 2 B). The 

onfirmed positive rate of newborns tested within 21 days of age 

as similar to those of newborns with a positive saliva screening 

est (29.2%, 42/144) and newborns with a positive urine screening 

est (35.9%, 14/39) (P = 0.5). 

For newborns that tested positive beyond 13 days of age in the 

creening, all of the confirmatory samples were collected beyond 

1 days of age, and the positivity rate was 42.9%. In newborns that 

ested positive within 13 days of birth in screening, the positive 

ates in confirmatory test were similar between those of newborns 

onfirmed within 13 days of birth and newborns confirmed from 

4 to 21 days of age (27.5% vs 29.1%) and lower than that of new-

orns confirmed beyond 21 days of age (43.1%). 
r

4 
When comparing the CMV-positive rates in saliva obtained from 

reastfeeding newborns, mixed feeding newborns and formula- 

eeding newborns, no significant differences in the positive screen- 

ng (3.8%, 4.8% and 4.6%, P = 0.5) and confirmatory (26.2%, 33.3% 

nd 27.3%, P = 0.8) testing rates were found ( Table 2 ). 

ytomegalovirus shedding in saliva and urine of congenital infected 

ewborns 

Among 6350 newborns tested for CMV in their paired saliva 

nd urine specimens at the screening visit, the kappa values for 

aliva and urine testing were as low as 0.15 (95% CI: 0.13-0.17). 

mong 171 newborns who underwent confirmatory testing within 

1 days of birth, the kappa value was also unsatisfactory (0.35, 95% 

I: 0.22-0.48) (e Table 3 , supplementary material). 

For the 49 newborns with cCMV, the detection of CMV in both 

aliva and urine was uncommon in the screening and confirmation 

ounds ( Figure 3 ). However, the confirmatory tests of both saliva 
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Figure 2. CMV-positive rates in the screening and confirmatory testing rounds sorted by newborn age at sampling. A: CMV-positive rates in the screening round sorted by 

newborn age at sampling. The detailed positive rates are listed in the table below the figure. The P statistic represents the significance of the positive rate by age at sampling 

as determined by the chi-square test. B: Confirmation rates in newborns with positive screening results sorted by age at sampling. The detailed confirmation positive rates 

are shown in the table supporting the figure. P1 = P value for the positive rate tendency in confirmatory testing sorted by the sampling day. P2 = P value for the significance 

of positive rates between newborns tested within 21 days of birth and beyond 22 days of age. Among 287 newborns with a positive screening result, the median age (range) 

at subsequent sample collection was 19 (9-53) days, and the median interval between the first and second samples was 16 (6-52) days. 

5 
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Table 2 

CMV-positive rates of newborns fed via different methods in the screening and confirmatory testing rounds 

N Positive rates among sample types 

Saliva and/or urine Saliva Urine 

Screening round a 

Breastfeeding No. (%) 5357 240 (4.5) 205 (3.8) 55 (1.0) 

Mixed feeding No. (%) 421 23 (5.5) 20 (4.8) 5 (1.2) 

Formula feeding No. (%) 505 23 (4.6) 23 (4.6) 3 (0.6) 

P value 0.6 0.5 0.6 

Confirmatory round (within 21 days of birth) b 

Breastfeeding No. (%) 141 40 (28.4) 37 (26.2) 17 (12.1) 

Mixed feeding No. (%) 18 6 (33.3) 6 (33.3) 0 (0.0) 

Formula feeding No. (%) 11 3 (27.3) 3 (27.3) 0 (0.0) 

P value 0.9 0.8 0.2 

Note. 
a The feeding method was missing for 67 newborns. 
b The feeding method was missing for one newborn. 

Figure 3. Viral loads in 49 cCMV newborns at the screening round. The red dots 

indicate the viral loads of newborns with positive saliva and urine samples at the 

screening round. The blue dots indicate the viral loads of newborns with only pos- 

itive saliva samples at the screening round. The green dots indicate the viral loads 

of newborns with only positive urine samples at the screening round. 
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nd urine were positive for all 7 of the newborns infected with 

CMV who had a viral load higher than 10 5 IU/mL in their saliva 

r urine at the screening test (6 of the 7 had CMV-positive saliva 

nd urine samples at the screening). 

erformances of the detection strategies for cCMV diagnosis 

Considering the different sample type choices and the neces- 

ity of a confirmatory test, 12 potential detection strategies (strate- 

ies 1 to 12) were formulated, and their diagnostic accuracies 

or detecting cCMV infection were compared ( Table 3 ). Strategy 

 (saliva and urine screening with saliva and urine confirmation) 

as defined as the reference standard in this analysis. All strate- 

ies showed negative predictive values (NPVs) not less than 99.4% 

wing to the low incidence of cCMV in the study cohort and the 

igh specificity of the assays. Strategies 2, 4, 5, 7 and 11 showed 

elatively high Youden index values ( > 0.8). 

Four strategies (strategies 2–4) without confirmatory testing 

howed low positive predictive values (PPVs), ranging from 28.7% 

o 35.9% ( Table 3 ). Strategy 3 (using urine only) showed a low sen-

itivity value (28.6%) and a poor negative likelihood ratio (0.72). 

The performances of eight strategies (strategy 5 to 12) with 

onfirmatory testing were determined to be 100% specific, and the 

PVs were 100%. Due to the low sensitivity of urine-based testing 

28.6%, strategy 3), the strategies using urine as the sole screening 

r confirmatory sample (strategy 8, 9, 10) showed poor sensitivities 

24.5%–28.6%). Strategy 11 (saliva and urine screening with saliva 

onfirmation) showed high sensitivity (93.9%), followed by strat- 

gy 7 (saliva screening with saliva and urine confirmation, 85.7%) 

nd strategy 5 (saliva screening and confirmation, 79.6%). 
6 
To improve the diagnostic accuracy, we explored an optimal 

ut-off value for defining positive screening results with saliva and 

rine samples using receiver operating characteristic (ROC) analy- 

is. At cut-off values of 657.4 IU/mL and 1206.0 IU/mL, the Youden 

ndex peaked (0.20 and 0.77, respectively) for saliva and urine 

creening, respectively. Upon applying the two cut-off values in the 

creening of saliva and urine, the PPV unfortunately remained low 

58.3%) even when the sensitivity was dropped to 42.9%. 

In the strategies using saliva as the only screening sample, the 

ighest viral load in the urine of newborns with false-negative 

CMV detection was 2.0 ×10 5 IU/mL (strategies 2, 5, 6 and 7). In 

he strategies using urine as the only screening sample, the high- 

st viral load in the saliva of newborns with false-negative cCMV 

etection was 6.8 ×10 4 IU/mL (strategies 3, 8, 9 and 10). 

iscussion 

In this large-scale cohort study, 49 of 6350 newborns were di- 

gnosed with cCMV infection based on positive CMV DNA results 

n saliva and/or urine at both screening and subsequent confirma- 

ory testing within 21 days of birth. To the best of our knowl- 

dge, this study is the first to systematically analyse the detection 

trategies for cCMV screening by combining the two most accepted 

pecimens (saliva and urine) in the screening, and the results pro- 

ided robust evidence for the optimal cCMV screening programme. 

n the evaluated strategies, using saliva and urine screening with 

aliva and urine confirmation as reference strategies, saliva screen- 

ng with saliva and urine confirmation was thought to be feasible 

nd reliable for screening for cCMV infection in settings with lim- 

ted medical resources. To avoid confounding factors, the suggested 

imeframes for screening and confirmation are within 13 (ideally 

) and 21 (ideally 13) days of birth, respectively. 

The estimated global CMV seroprevalence is 83% [1] , and 

onprimary infection is responsible for the majority of cCMV 

ases in developing and developed countries [25] . This study was 

ased on a population with extremely high seroprevalence, as 

early all of the cCMV infections (approximately 98.0%) were 

aused by maternal nonprimary infection during pregnancy. This 

tudy provides important additional evidence for selecting a 

CMV screening programme in newborns of highly seroprevalent 

opulations. 

The impact of the sampling time on the positive CMV testing 

ate was assessed in this study. In the screening round, the CMV- 

ositive rate was stable within 5 days of birth and tended to in- 

rease beyond 5 days of birth, especially beyond 13 days of birth, 

articularly for saliva. A multicentre cohort study in China showed 

hat the CMV-positive rate in infants without congenital infection 

as 20.3% at 12 weeks of age and 66.9% at one year old as de-
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Table 3 

Performances of the detection strategies for diagnosing congenital CMV infection in newborns 

cCMV- 

positive 

(n = 49) 

cCMV- 

negative 

(n = 6185) 

Total 

(n = 6234) 

Sensitivity (95% 

CI)-% 

Specificity (95% 

CI)-% 

Youden 

index 

Positive predictive 

value ∗ (95% CI)-% 

Negative predictive 

value ∗ (95% CI)-% 

Positive likelihood 

ratio (95% CI) 

Negative likelihood 

ratio (95% CI) 

Saliva and urine screening with saliva and urine confirmation (Strategy 1, the reference) 

Positive 49 0 49 100.0 100.0 1.00 100.0 100.0 - - 

Negative 0 6185 6185 

Saliva only screening (Strategy 2) 

Positive 42 102 144 85.7 (73.3, 92.8) 98.4 (98.0, 98.6) 0.84 29.2 (22.4, 37.1) 99.9 (99.8, 99.9) 52.0 (50.6, 53.4) 0.15 (0.11, 0.19) 

Negative 7 6083 6090 

Urine only screening (Strategy 3) 

Positive 14 25 39 28.6 (17.9, 42.4) 99.6 (99.4, 99.7) 0.28 35.9 (22.7, 51.6) 99.4 (99.2, 99.6) 70.7 (46.1, 108.5) 0.72 (0.68, 0.76) 

Negative 35 6160 6195 

Saliva and urine screening (Strategy 4) 

Positive 49 122 171 100.0 (92.7, 100) 98.0 (97.7, 98.4) 0.98 28.7 (22.4, 35.8) 100.0 (99.9, 100.0) 50.7 (49.9 – 51.5) 0.0 (0.0, -) 

Negative 0 6063 6063 

Saliva screening with saliva confirmation (Strategy 5) 

Positive 39 0 39 79.6 (66.4, 88.5) 100.0 (99.9, 100.0) 0.80 100.0 (91.0, 100.0) 99.8 (99.7, 99.9) - 0.20 (0.17, 0.25) 

Negative 10 6185 6195 

Saliva screening with urine confirmation (Strategy 6) 

Positive 12 0 12 24.5 (14.6, 38.1) 100.0 (99.9, 100.0) 0.24 100.0 (75.7, 100.0) 99.4 (99.2, 99.6) - 0.76 (0.72, 0.80) 

Negative 37 6185 6222 

Saliva screening with saliva and urine confirmation (Strategy 7) 

Positive 42 0 42 85.7 (73.3, 92.9) 100.0 (99.9, 100.0) 0.86 100.0 (91.6, 100.0) 99.9 (99.8, 100.0) - 0.14 (0.11, 0.19) 

Negative 7 6185 6192 

Urine screening with urine confirmation (Strategy 8) 

Positive 12 0 12 24.5 (14.6, 38.1) 100.0 (99.9, 100.0) 0.24 100.0 (75.7, 100.0) 99.4 (99.2, 99.6) - 0.76 (0.72, 0.80) 

Negative 37 6185 6222 

Urine screening with saliva confirmation (Strategy 9) 

Positive 14 0 14 28.6 (17.9, 42.4) 100.0 (99.9, 100.0) 0.29 100.0 (78.5, 100.0) 99.4 (99.2, 99.6) - 0.71 (0.68, 0.76) 

Negative 35 6185 6220 

Urine screening with saliva and urine confirmation (Strategy 10) 

Positive 14 0 14 28.6 (17.9, 42.4) 100.0 (99.9, 100.0) 0.29 100.0 (78.5, 100.0) 99.4 (99.2, 99.6) - 0.71 (0.68, 0.76) 

Negative 35 6185 6220 

Saliva and urine screening with saliva confirmation (Strategy 11) 

Positive 46 0 46 93.9 (83.5, 97.9) 100.0 (99.9, 100.0) 0.94 100.0 (92.3, 100.0) 100.0 (99.9, 100.0) - 0.06 (0.03, 0.12) 

Negative 3 6185 6188 

Saliva and urine screening with urine confirmation (Strategy 12) 

Positive 17 0 17 34.7 (22.9, 48.7) 100.0 (99.9, 100.0) 0.35 100.0 (81.6, 100.0) 99.5 (99.3, 99.6) - 0.65 (0.61 – 0.69) 

Negative 32 6185 6217 

Note: ∗Predictive indices would be influenced by disease prevalence, and the predicative indices calculated here were based on the cCMV prevalence of about 1.3% 

7
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ermined by urine testing [26] . Hence, a plausible explanation is 

hat perinatal or postnatal CMV infection occurs quickly after birth 

ue to close contact with people who shed the virus by breastmilk 

eeding, kissing, sharing food and utensils, etc. The positive rate 

n newborns screened beyond 13 days of birth was substantially 

igher, but potential contamination was excluded as the reason af- 

er analysing the data related with processes of sample collection 

nd detection. For newborns screened positive beyond 13 days of 

ge, all the confirmatory samples were collected beyond 21 days of 

ge, and the positive rate was 42.9%, which was similar as that in 

ewborns screened within 13 days and confirmed beyond 21 days 

f age (43.1%), but higher than that in newborns screened within 

3 days of birth and confirmed within 21 days of birth (28.7%). 

he higher positive rate in both screening and confirmational test- 

ng likely indicated the confounding of perinatal or postnatal in- 

ection. Hence, infection by viral particles shed during the perina- 

al or postnatal period might be established in newborns beyond 

3 days of age. In addition, based on a positive screening result 

ithin 13 days of birth, the positive rates of confirmatory testing 

n newborns within 13 days of birth and between 14 and 21 days 

f age were similar (27.5% and 29.1%), while they were lower than 

hat in newborns tested beyond 21 days of age (43.1%). This re- 

ult indicated that as long as the screening was conducted within 

3 days of birth, the influence of perinatal or postnatal infection 

as small when the confirmatory samples were collected beyond 

3 days but within 21 days of birth. Taking the above information 

nto consideration, we preliminarily suggest that the cCMV infec- 

ion screening test should be performed within 13 days (ideally 5 

ays) of birth and that the confirmation test should be performed 

ithin 21 days (ideally 13 days) of birth. 

Even among newborns screened within 5 days of birth, a large 

roportion (72.5%, 121/167) were negative at the confirmatory test- 

ng. Newborns with a high viral load (higher than 10 0 0 IU/mL 

n saliva or urine) had a higher positive rate at the confirmatory 

esting, but there was still a considerable proportion of newborns 

53.6%, 15/28) who were negative at the confirmatory testing. To 

mprove the diagnostic accuracy, we explored an optimal cut-off

alue for defining positive results at the screening stage with saliva 

nd urine; unfortunately, even when the sensitivity was dropped 

o 41.7%, the PPV remained low (58.8%). 

The high false-positive screening rate, for which the reasons 

re unclear, highlights the necessity of confirmatory testing for 

CMV. Contamination from breastmilk is a possible explanation; 

owever, this was not the main reason in our study since (1) the 

MV-positive rates were not significantly different among new- 

orns fed breastmilk only, breastmilk and formula, or formula 

nly in either the screening or confirmation rounds; (2) the pro- 

ortions of positive result in confirmation tests were similar be- 

ween newborns with positive urine and positive saliva screen- 

ng results; and (3) the tendencies of positive rates in the screen- 

ng and confirmatory testing rounds were similar between saliva 

nd urine. Hence, the collection of saliva at least 1 hour af- 

er breastfeeding potentially limits the influence of breastmilk 

ontamination. 

The combinatory testing of saliva and urine greatly improved 

he sensitivity. In total, 14.3% and 71.4% of cCMV diagnoses were 

issed by screening only saliva or only urine, respectively; for con- 

rmatory testing, these proportions were 6.1% and 65.3%, respec- 

ively. Previous studies have reported that the viral load in blood 

f newborns with cCMV after birth might be closely related to ad- 

erse clinical outcomes [ 8 , 27 , 28 ]. Screening using only saliva or

nly urine would have resulted in the false-negative diagnosis of 

1.3% of the 16 cCMV newborns with a high viral load ( > 10 0 0

U/mL) in our study. The data on CMV shedding in saliva and 

rine among the 49 newborns with cCMV infection were in poor 

greement. For cCMV newborns with viral loads higher than 10 0 0 
8 
U/mL, the agreement was improved but still unsatisfactory. High 

greement exists only in newborns with high viral loads ( > 10 5 

U/mL in saliva or urine). Large-scale studies comparing CMV DNA 

esting between saliva and urine are lacking. In several studies 

rom America and Europe, highly consistent testing results from 

aliva and urine were shown in newborns mainly born to mothers 

ith primary infection [ 8 , 11 , 29 ]. However, an increasing number

f studies have reported inconsistent testing results between saliva 

nd urine, especially in studies from Asia, where a substantial 

ajority of newborns with cCMV are born to seropositive moth- 

rs with nonprimary infection during pregnancy. A study in Israel 

12] showed that the urine confirmatory positive rate was 54.4% in 

ewborns with a positive saliva screening result. The kappa value 

etween saliva and urine testing was low (0.31) in a study from 

ndonesia [30] . Inconsistent saliva and urine results were also re- 

orted in studies from Spain and Germany [ 31 , 32 ]. The discrepant

esults were obtained from populations in different regions, where 

he dominant infection types (primary infection, reinfection or re- 

ctivation) in pregnant women are potentially very different. cCMV 

nfections in newborns caused by maternal primary infection, rein- 

ection and reactivation might have different virus shedding pat- 

erns in saliva and urine due to the differential characteristics of 

mmunity and viruses in the microenvironment at the maternal–

oetal interface. This study revealed a clue regarding this hypoth- 

sis, as among newborns from seropositive pregnant women who 

xhibited inconsistent viral shedding in different body fluids, the 

ingle newborn with cCMV infection from a mother with primary 

nfection in this study exhibited shedding in both their saliva and 

rine at both the screening and confirmatory rounds. 

Testing for CMV in saliva and/or urine with confirmation of 

ositive results by testing a subsequent sample (either saliva 

r urine) was recommended by the International Congenital Cy- 

omegalovirus Recommendations Group for the diagnosis of CMV 

n newborns [5] . To analyse the optimal strategy for a large screen- 

ng programme, twelve detection strategies formulated by differ- 

nt combinations of saliva and urine testing were evaluated in 

his study. Saliva and urine screening with saliva and urine con- 

rmation was deemed the most comprehensive and accurate di- 

gnostic strategy and was therefore set as the reference strategy 

or evaluation. Saliva and urine screening with saliva confirma- 

ion showed a relatively good diagnostic accuracy, with sensitiv- 

ty, specificity, positive predictive and negative predictive values 

f 93.9%, 100.0%, 100.0% and 100.0%, respectively. However, the 

idely perceived challenges of urine collection, such as the un- 

ertainty regarding the time of newborn urination, possible fae- 

al contamination and easily droppable urine bags, makes the ap- 

lication of large-scale screening strategies difficult. The strategy 

f saliva screening with saliva and urine confirmation significantly 

ncreased the feasibility of conduction while maintaining good di- 

gnostic accuracy (Se = 85.7%, Sp = 100.0%, PPV = 100%, NPV = 99.9%) 

nd thus might be an alternative for large-scale screenings with 

imited medical resources. 

This study does have some limitations. First, we did not con- 

uct hearing tests in infants infected with cCMV. Clinical data are 

eeded, integrating with laboratory finding, to better understand 

he true burden of cCMV in infants with discordant results be- 

ween saliva and urine. We hope to perform follow-up examina- 

ions to determine the clinical outcomes of all newborns poten- 

ially infected with cCMV and will update the results in future 

eports. Second, we excluded newborns who screened positively 

ut were sampled beyond 21 days of age from the confirmatory 

esting, which may have affected the diagnostic accuracy analy- 

is. Nonetheless, as a sensitivity analysis, we re-evaluated all the 

trategies without the requirement of confirming the time window. 

imilar results and conclusions were obtained (eTable 4, supple- 

entary material). Taking the above into consideration, the main 
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esults and conclusions of this study are still reliable despite these 

imitations. 

The epidemiology of CMV infection differs among regions due 

o not only the varied sociodemographic and environmental fac- 

ors underlying CMV infection but also the differential virological 

nd immune characteristics among regions and races, which may 

ead to differential patterns of cCMV infection in newborns. Stud- 

es from Asia are limited, and most of the current knowledge about 

CMV infection is based on studies from Europe and America. Our 

tudy could provide helpful information for future screening pro- 

rammes in Asia. 

In conclusion, the combination of high false-positive screening 

ates, inconsistent CMV shedding in saliva and/or urine, and early- 

nset postnatal infection complicates the practise of cCMV screen- 

ng in highly seropositive populations. Our data showed that com- 

ining saliva with urine, as well as timely confirmatory testing, are 

ecessary for effective cCMV screening in populations with high 

eroprevalence. Saliva screening with saliva and urine confirmation 

s an alternative cCMV screening strategy in settings with limited 

edical resources. In addition, the suggested timeframes of screen- 

ng and confirmation are within 13 (ideally 5) and 21 (ideally 13) 

ays of birth. 
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