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Background

Congenital cytomegalovirus (CMV) infection is an important cause of hearing loss, 
and most infants at risk for CMV-associated hearing loss are not identified early in 
life because of failure to test for the infection. The standard assay for newborn CMV 
screening is rapid culture performed on saliva specimens obtained at birth, but this 
assay cannot be automated. Two alternatives — real-time polymerase-chain-reaction 
(PCR)–based testing of a liquid-saliva or dried-saliva specimen obtained at birth 
— have been developed.

Methods

In our prospective, multicenter screening study of newborns, we compared real-time 
PCR assays of liquid-saliva and dried-saliva specimens with rapid culture of saliva 
specimens obtained at birth.

Results

A total of 177 of 34,989 infants (0.5%; 95% confidence interval [CI], 0.4 to 0.6) were 
positive for CMV, according to at least one of the three methods. Of 17,662 new-
borns screened with the use of the liquid-saliva PCR assay, 17,569 were negative for 
CMV, and the remaining 85 infants (0.5%; 95% CI, 0.4 to 0.6) had positive results 
on both culture and PCR assay. The sensitivity and specificity of the liquid-saliva 
PCR assay were 100% (95% CI, 95.8 to 100) and 99.9% (95% CI, 99.9 to 100), respec-
tively, and the positive and negative predictive values were 91.4% (95% CI, 83.8 to 
96.2) and 100% (95% CI, 99.9 to 100), respectively. Of 17,327 newborns screened by 
means of the dried-saliva PCR assay, 74 were positive for CMV, whereas 76 (0.4%; 
95% CI, 0.3 to 0.5) were found to be CMV-positive on rapid culture. Sensitivity and 
specificity of the dried-saliva PCR assay were 97.4% (95% CI, 90.8 to 99.7) and 
99.9% (95% CI, 99.9 to 100), respectively. The positive and negative predictive values 
were 90.2% (95% CI, 81.7 to 95.7) and 99.9% (95% CI, 99.9 to 100), respectively.

Conclusions

Real-time PCR assays of both liquid- and dried-saliva specimens showed high sensi-
tivity and specificity for detecting CMV infection and should be considered potential 
screening tools for CMV in newborns. (Funded by the National Institute on Deafness 
and Other Communication Disorders.)
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Cytomegalovirus (CMV) is a frequent 
cause of congenital infection and a leading 
nongenetic cause of sensorineural hearing 

loss.1-5 In most infants with congenital CMV in-
fection, clinical abnormalities do not manifest 
at birth; rather, the infection is asymptomatic. 
However, sensorineural hearing loss eventually 
develops in approximately 10 to 15% of CMV-
positive children,3,4,6-8 in a substantial propor-
tion who are not diagnosed by means of new-
born hearing screening.7-9 Screening of newborns 
for CMV infection will permit early identifica-
tion of at-risk congenitally infected infants for 
purposes of targeted monitoring and interven-
tion during critical stages of speech and language 
development.10,11

A variety of methods have been evaluated for 
use in the diagnosis of congenital CMV infection 
on the basis of saliva, urine, and dried-blood-spot 
specimens obtained from newborns.12-17 Culture-
based testing of urine and saliva specimens has 
been the standard method to identify infants with 
congenital CMV infection.13,18,19 However, cul-
ture-based methods are not easily amenable to 
automation and, therefore, cannot be adapted for 
large-scale newborn screening.

Since dried-blood-spot specimens are obtained 
routinely in all infants, the usefulness of poly-
merase-chain-reaction (PCR) testing of dried-blood 
spots for the diagnosis of congenital CMV infec-
tion has been examined.15,16,20-23 In addition, our 
recent large-scale newborn-screening study of a 
dried-blood-spot PCR assay that was prospectively 
compared with the standard saliva rapid culture 
showed that real-time dried-blood-spot PCR assay 
fails to identify the majority of CMV-infected new-
borns.14 Therefore, challenges remain in achiev-
ing high sensitivity of dried-blood-spot testing to 
screen newborns for CMV infection.24 Urine spec-
imens collected on filter disks have also been ex-
plored as samples for CMV screening in newborns, 
but urine samples are harder to collect than saliva 
samples; this approach has not been validated by 
direct comparison with culture.17,25

Because of their ease of collection and since 
high titers of CMV are shed in the saliva of in-
fected newborns, saliva specimens appear to be a 
better and less invasive type of sample for newborn 
screening.24,26,27 The current study was designed to 
determine the usefulness of a real-time PCR assay 
of saliva specimens obtained from newborns for 
CMV screening. During phase 1 of the study, saliva 

specimens were placed in transport medium and 
stored at 4°C before testing. PCR testing of dried-
saliva specimens (those that were not placed in 
transport medium and remained at ambient tem-
perature during specimen storage and transport) 
was examined in phase 2 of the study, since dried 
specimens are easier to store and transport. Finally, 
all PCR assays were performed without a DNA-
extraction step, to test an assay that would be more 
practical for screening all newborns.

Me thods

Study Design

Infants born at seven hospitals in the United States 
from June 2008 through November 2009 were 
enrolled prospectively in our National Institute on 
Deafness and Other Communication Disorders 
(NIDCD) CMV and Hearing Multicenter Screening 
(CHIMES) study. All live-born infants were eligi-
ble for participation. Infants with positive saliva-
screening results (from rapid culture or PCR assay) 
were enrolled in the follow-up component of the 
study to monitor hearing outcome. Clinical deci-
sions about evaluation and possible treatment of 
the CMV-infected infants were made by the physi-
cians at each study site.

The NIDCD was the study sponsor and pro-
vided general oversight for the design and conduct 
of the study. However, the NIDCD had no role in 
the collection, management, analysis, and inter-
pretation of the data or in the preparation, review, 
or approval of the manuscript. Institutional-review-
board approval was obtained at each study site, 
and written informed consent was obtained from 
a parent or parents of all participating infants. The 
study was conducted according to the protocol 
(available with the full text of this article at NEJM 
.org). Race or ethnic group was reported by a par-
ent. The study was designed by the CHIMES study 
investigators in consultation with NIDCD project 
officers. All authors vouch for the integrity of the 
data and data analyses and made the decision to 
submit the manuscript for publication. Members of 
the CHIMES study group are listed in the Supple-
mentary Appendix, available at NEJM.org.

Specimen Collection

A real-time PCR protocol developed in our labo-
ratory was adapted to test saliva specimens from 
newborns.14 Saliva specimens were collected by 
swabbing the inside of the baby’s mouth using a 
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sterile polyester-fiber–tipped applicator (PurFybr) 
and transported to the central laboratory at the Uni
versity of Alabama at Birmingham within 1 week 
after collection.14,19

Saliva swabs were placed in transport medium, 
transported to the central laboratory, and tested 
by means of rapid culture. During phase 1 of the 
study (beginning in June 2008), the specimens 
were also tested by means of liquid-saliva PCR 
assay. For phase 2 of the study (March through 
November 2009), an additional saliva swab col-
lected at the same time was allowed to air-dry, 
placed in a sterile tube without transport medium, 
maintained and transported at ambient tempera-
ture to the central laboratory, and tested by means 
of dried-saliva PCR assay. Saliva specimens from 
some of the infants born between June 2008 and 
February 2009 were tested with the use of all three 
methods (rapid culture, liquid-saliva PCR assay, 
and dried-saliva PCR assay).

Specimen Processing and Testing

Liquid-saliva specimens were processed for rapid 
culture and PCR assay as described previously.14,19 
Dried-saliva specimens were processed by adding 
300 μl of PCR-grade water to the tubes containing 
the swabs, vortexing, and incubating for 20 min-
utes at room temperature. Then, 5 μl of the eluate 
containing saliva was used, without first undergo-
ing DNA extraction, in the real-time PCR assay.

Rapid-Culture Assay
A rapid-culture assay for the detection of early-anti-
gen fluorescent foci, involving a monoclonal anti-
body against the major immediate early antigen 
of CMV, was used to detect CMV in saliva speci-
mens.14,18,19 Laboratory personnel performing the 
rapid culture were unaware of the results of PCR 
assay, and those performing the PCR assay were 
unaware of the results of the rapid culture.

Real-Time PCR Assay
A real-time PCR protocol described previously for 
dried-blood spots was performed to detect CMV 
DNA in saliva samples.14 A sample was considered 
positive if five or more copies per reaction were 
detected.

Follow-up Testing
Infants with positive rapid culture, PCR assay, or 
both were reevaluated to determine whether the 

PCR results were true or false positive results. This 
was done by testing saliva and urine18,19 specimens 
with the use of rapid culture and PCR assay (as 
described above).

Statistical Analysis

The results of the liquid- and dried-saliva real-time 
PCR assays were compared with those of saliva 
rapid culture (the standard method). Sensitivity, 
specificity, and predictive values for the PCR as-
says were calculated using standard methods for 
proportions and exact 95% confidence limits.

Likelihood ratios are based on the ratio of sen-
sitivity and specificity and are independent of the 
prevalence of congenital CMV infection in the 
population; therefore, likelihood ratios can be used 
directly to estimate the probability of congenital 
CMV infection at the individual level.28 The posi-
tive likelihood ratio was calculated as the sensi-
tivity divided by (1 − specificity), the negative likeli-
hood ratio was calculated as (1 − sensitivity) divided 
by the specificity, and the 95% confidence intervals 
were calculated according to the method described 
by Simel and colleagues.24 All statistical analyses 
were performed using SAS software, version 9.2 
(SAS Institute).

R esult s

Study Population and Specimens

During the study period, 34,989 infants were en-
rolled. The mean (±SD) age at the time of collec-
tion of saliva specimens was 1.0±1.2 days. Char-
acteristics of the study population are shown in 
Table 1. Nearly all the infants (98.0%) were from 
well-baby nurseries. The median age at the time 
of collection of follow-up samples was 3.6 weeks 
(interquartile range, 2.6 to 6.6). Overall, 177 new-
borns (0.5%; 95% confidence interval [CI], 0.4 to 
0.6) tested positive for CMV on screening by means 
of rapid culture, PCR assay, or both. No study-
related adverse events were observed.

Newborn CMV Screening with Saliva Rapid 
Culture and Real-Time PCR Assay

Rapid Culture and Liquid-Saliva PCR Assay
During phase 1, liquid-saliva specimens were col-
lected from 17,662 newborns and tested for CMV 
with the use of rapid culture and liquid-saliva 
real-time PCR assay. A total of 93 infants (0.5%; 
95% CI, 0.4 to 0.6) tested positive for CMV by any 
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test (Fig. 1). All 85 infants with a positive rapid-
culture result also had a positive liquid-saliva PCR 
assay, and the PCR assay also identified 8 addi-
tional infants as infected although their culture 
results were negative (Table 2). The sensitivity of 
liquid-saliva real-time PCR assay as compared 
with standard rapid culture was 100% (95% CI, 
95.8 to 100) (based on 85 of 85 infants); the spec-
ificity was 99.9% (95% CI, 99.9 to 100) (based on 
17,569 of 17,577 infants). The positive and nega-
tive predictive values for the saliva PCR assay 
were 91.4% (95% CI, 83.8 to 96.2) and 100% 
(95% CI, 99.9 to 100), respectively (based on 85 of 
93 infants and 17,569 of 17,569 infants, respec-
tively). The positive likelihood ratio for the liquid-
saliva PCR assay was 2197 (95% CI, 1099 to 4393), 
and the negative likelihood ratio was 0 (95% CI, 
0.0 to 0.1). Of the 93 newborns who were positive 
on screening, 79 (85%) were enrolled for follow-
up, of whom 72 tested positive on both rapid cul-
ture and PCR assay, with 1 of the 72 found to be 
negative on retesting by means of rapid culture 
and PCR assay of both saliva and urine speci-
mens. Of the 8 infants who tested positive on 
PCR assay only, 7 were enrolled in follow-up; of 

those, 6 were found to be negative for CMV on 
retesting by means of rapid culture and PCR assay 
of both saliva and urine specimens.

Rapid Culture and Dried-Saliva PCR Assay
During phase 2, a dried-saliva specimen was also 
collected from 17,327 newborns. Of the 84 (0.5%; 
95% CI, 0.3 to 0.5) newborns who were positive for 
CMV on either type of screening assay, 76 (90%) 
were positive on rapid culture (Fig. 1). The dried-
saliva real-time PCR assay yielded positive results 
for 74 of the 76 samples that were positive on 
rapid culture and an additional 8 samples that were 
negative on rapid culture (Table 2). As compared 
with rapid culture, the sensitivity of the dried-saliva 
PCR assay was 97.4% (95% CI, 90.8 to 99.7) (based 
on 74 of 76 infants) and the specificity was 99.9% 
(95% CI, 99.9 to 100) (based on 17,245 of 17,253 
infants), respectively. The positive and negative pre-
dictive values for the dried-saliva PCR assay were 
90.2% (95% CI, 81.7 to 95.7) and 99.9% (95% CI, 
99.9 to 100), respectively (based on 74 of 82 infants 
and 17,243 of 17,245 infants, respectively). The pos-
itive likelihood ratio for the dried-saliva PCR assay 
was 2100 (95% CI, 1049 to 4202), and the negative 
likelihood ratio was 0.03 (95% CI, 0.0 to 0.1) (Table 
2). Of the 84 infants who were positive for CMV 
on either test, 74 (88%) were enrolled in follow-up. 
All 66 infants whose specimens were positive by 
means of both rapid culture and PCR assay and 
were enrolled in follow-up were positive for CMV 
on retesting. The 2 infants who were positive on 
rapid culture but negative on PCR assay were found 
to still be positive for CMV on retesting with the use 
of rapid culture and PCR assay. Of the 8 infants 
who were found to be CMV-positive on PCR assay 
but not rapid culture, 2 were lost to follow-up and 
6 underwent retesting with the use of rapid cul-
ture: 4 were found to be CMV-negative and 2 were 
found to still be CMV-positive.

Liquid-Saliva vs. Dried-Saliva PCR Assay
Between June 2008 and February 2009, all three 
screening methods (saliva rapid culture, liquid-
saliva PCR assay, and dried-saliva PCR assay) were 
carried out on saliva specimens obtained from 5276 
newborns. There was 100% agreement between 
the results of the liquid-saliva and the dried-saliva 
PCR assays (Table 3). Both types of PCR assay con-
firmed the CMV-positive status of all 42 infants 
with positive rapid-culture results and identified 
1 additional infant as being CMV-positive after re-

Table 1. Baseline Characteristics of the 34,989 Study 
Newborns.*

Characteristic Value

Sex — no. (%)

Female 17,278 (49.4)

Male 17,711 (50.6)

Race or ethnic group — no. (%)†

Asian 1,358 (3.9)

Black 8,298 (23.7)

White, Hispanic 11,356 (32.5)

White, non-Hispanic 12,835 (36.7)

Other, including >1 category 1,142 (3.3)

Insurance for hospital stay — no. (%)

Private 23,326 (66.7)

Public or no insurance 11,663 (33.3)

Hospital nursery — no. (%)

“Well-baby” nursery 34,275 (98.0)

Neonatal intensive care 714 (2.0)

Maternal age — yr

Mean 27.3±6.1

Median (range) 27 (12–52)

*	Plus–minus values are means ±SD.
†	Race or ethnic group was reported by a parent.
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ceiving negative results on rapid culture and posi-
tive results on retesting.

Discussion

Our large, prospective study of CMV screening in 
newborns shows that the real-time PCR assay of 
both liquid-saliva and dried-saliva samples has ex-
cellent sensitivity (>97%) and specificity (99.9%) 
as compared with the standard saliva rapid cul-
ture. This indicates that the saliva PCR assays, 
which can easily be adapted for large-scale screen-
ing of newborns, will identify most infants who 
have congenital CMV infection.

The majority of infants with congenital CMV 
infection will not be identified by means of clinical 
examination during the newborn period. In addi-
tion, sensorineural hearing loss can develop after 
birth and continue to progress during early child-
hood in a significant proportion of children with 
CMV-associated sensorineural hearing loss.1,6‑8,29 
Thus, the availability of rapid and reliable diagnos-
tic methods that can be adapted for high-through-
put screening is essential for early identification 
of children at risk for CMV-associated sensorineu-

ral hearing loss. Testing dried-blood-spot speci-
mens with the use of PCR-based methods appeared 
to be a promising strategy for CMV screening in 
newborns, because several previous studies re-
ported that dried-blood-spot PCR assay is highly 
sensitive in identifying infants with congenital 
CMV infection.15,20,21,30

However, the results of our recent multicenter 
study comparing dried-blood-spot real-time PCR as-
says with saliva rapid culture in more than 20,000 
infants revealed that dried-blood-spot PCR assays 
identified fewer than 40% of CMV-infected new-
borns.14 In addition, the performance of the dried-
blood-spot PCR assay has been shown to vary 
according to the size of the filter-paper punch, 
the DNA-extraction methods, and the PCR-
assay protocols used.16,22,23,31 These findings, 
in addition to demonstrating the challenges in 
developing sensitive high-throughput assays for 
testing dried-blood spots, suggest that many new-
borns with congenital CMV infection may not 
have detectable CMV DNA in peripheral blood. 
Further advances in PCR methods might improve 
the sensitivity of the dried-blood-spot PCR assay, 
however, allowing for acceptable levels of detec-

34,989 Newborns were enrolled

17,662 In phase 1 underwent
screening by saliva rapid culture

and liquid-saliva PCR assay

17,327 In phase 2 underwent
screening by saliva rapid culture

and dried-saliva PCR assay

17,569 Tested negative
for CMV and did not

undergo further screening

17,243 Tested negative
for CMV and did not

undergo further screening

93 Tested positive for CMV 84 Tested positive for CMV

85 Were positive on rapid
culture

85 Were positive on liquid-
saliva PCR assay

8 Were positive on PCR
screening but not on

rapid culture

76 Were positive on rapid
culture

74 Were positive on dried-
saliva PCR assay

8 Were positive on PCR
screening but not on

rapid culture

Figure 1. Enrollment and Prospective Screening of 34,989 Newborns.

CMV denotes cytomegalovirus, and PCR polymerase chain reaction.
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tion of infants with congenital CMV infection in 
the future.

The data reported here show that the same 
dried-blood-spot PCR protocol applied to saliva14 
identified more than 97% of CMV-infected new-
borns. In addition, these findings show that saliva 
is a more reliable type of specimen than dried-
blood spots for identifying congenital CMV infec-
tion by means of PCR assay and can be an effec-
tive tool for mass screening of newborns for CMV. 
Although testing of urine specimens collected on 
filter disks inserted into diapers of newborns was 
recently shown to be a promising approach for 
newborn CMV screening, urine specimen collec-
tion is not without challenges.17,32 Obtaining urine 
specimens from infants requires additional steps 
and time that are not needed for collecting saliva, 
and validation of methods of urine collection and 
urine PCR assay are needed before the practical-
ity of urine-sample screening can be evaluated for 
large-scale CMV screening in newborns.

In 16 infants, saliva specimens were positive on 
screening by means of real-time PCR assay but not 
rapid culture. To determine whether these PCR 
results were false positives, retesting was per-
formed with the use of PCR assay of saliva and 
rapid culture of saliva and urine specimens ob-
tained at the time of enrollment into the follow-
up study. If these tests were negative, we consid-
ered the screening results to be false positives. 
Three infants who were found to be CMV-positive 
only at birth, one by means of liquid-saliva PCR 
assay and two by means of dried-saliva PCR as-
say, had positive results on rapid culture and PCR 

assay during follow-up. These findings indicate 
that PCR assays identified additional CMV-infect-
ed newborns missed when tested with the use of 
rapid culture.

In 10 infants who had negative rapid culture 
results but positive PCR results (6 on liquid-saliva 
PCR assay and 4 on dried-saliva PCR assay), retest-
ing yielded false positive PCR results: the follow-
up saliva and urine specimens were negative for 
CMV. As CMV is occasionally shed in the genital 
tract secretions of seropositive women at delivery 
and in the breast milk of most seropositive moth-
ers, these false positive results could be due to 
CMV-containing maternal secretions present in the 
infants’ saliva samples.33-38 Although false posi-
tive saliva PCR results could lead to unwarranted 
parental anxiety and additional testing in infants 
to confirm or rule out congenital CMV infection, 
the overall frequency of false positive results for 
both liquid-saliva and dried-saliva PCR assays was 
less than 0.03%. In addition, the small negative 
likelihood ratios for both saliva PCR assays indi-
cate that a negative result on these assays does rule 
out congenital CMV infection (Table 2).28 Never-
theless, when saliva PCR assay is used to screen 
newborns, a positive screening result should be 
confirmed within the first 3 weeks of age to avoid 
false positive screening results.

The dried-saliva PCR assay failed to detect CMV 
infection in two newborns, leading to slightly 
lower sensitivity (97.4%; 95% CI, 90.8 to 99.7) 
than for the liquid-saliva PCR assay. Nevertheless, 
the simplified procedures for specimen collection, 
storage, and transport, combined with the high 

Table 2. Real-Time Polymerase-Chain-Reaction (PCR) Assays of Liquid- and Dried-Saliva Specimens, vs. Rapid Culture, 
Used to Screen for Congenital Cytomegalovirus Infection.

Rapid Culture Liquid-Saliva PCR Assay Dried-Saliva PCR Assay

Positive Negative Total Positive Negative Total

Positive 85 0 85 74 2 76

Negative 8 17,569 17,577 8 17,243 17,251

Total 93 17,569 17,662 82 17,245 17,327

Sensitivity (95% CI) — % 100 (95.8–100) 97.4 (90.8–99.7)

Specificity (95% CI) — % 99.9 (99.9–100) 99.9 (99.9–100)

Positive likelihood ratio (95% CI) 2197 (1099–4393) 2100 (1049–4202)

Negative likelihood ratio (95% CI) 0 (0.0–0.1) 0.03 (0.0–0.1)

Positive predictive value (95% CI) — % 91.4 (83.8–96.2) 90.2 (81.7–95.7)

Negative predictive value (95% CI) — % 100 (99.9–100) 99.9 (99.9–100)
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sensitivity, support dried-saliva PCR assay as a rea-
sonable approach to CMV screening in newborns. 
Although the need for collection of an additional 
specimen adds to the complexity of the existing 
newborn-screening programs, the saliva PCR as-
says described in this study have four main advan-
tages for CMV screening in newborns. These are 
reasonable sensitivity and specificity, noninvasive 
specimen collection, elimination of the DNA-
extraction step (which simplifies the laboratory 
procedures, thus providing considerable cost sav-
ings), and the fact that dried-saliva specimens 
can be stored and transported at room tempera-
ture, further simplifying specimen handling and 
transport.

A limitation of this study is that the 34,812 
infants found to be CMV-negative on both rapid 
culture and PCR assay of saliva samples obtained 
at the screening visit were not enrolled in follow-
up to definitively exclude congenital CMV infection 
(by retesting with the use of rapid culture of sa-
liva or urine). Therefore, it is possible that CMV-
infected newborns may have been missed by the 
rapid culture, affecting our determination of the 
sensitivity and specificity of saliva PCR assay. How-
ever, we believe this possibility is quite low, since 
the saliva rapid culture has been shown to have a 

sensitivity of at least 98%.14,19 At present, although 
imperfect, rapid culture of saliva or urine speci-
mens remains the most widely accepted standard 
method for identification of infants with congeni-
tal CMV infection.14,19,27

In summary, the usefulness of saliva specimens 
for identification of CMV by means of PCR assay 
was shown. The screening methods have been 
further simplified, with the use of dried speci-
mens and processing that does not require a DNA-
extraction step, without significant loss of sen-
sitivity or specificity. This strategy appears to be 
suitable for a high-throughput assay for large-scale 
screening to identify newborns with congenital 
CMV infection.
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Table 3. Real-Time Polymerase-Chain-Reaction (PCR) Assays of Liquid- and Dried-Saliva Specimens, vs. Rapid Culture, 
in 5276 Newborns Who Underwent All Three Assays Used to Screen for Congenital Cytomegalovirus Infection.

Rapid Culture Liquid-Saliva PCR Assay Dried-Saliva PCR Assay Total

Positive Negative Positive Negative

number of newborns

Positive 42 0 42 0 42

Negative 1 5233 1 5233 5234

Total 43 5233 43 5233 5276
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