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ABSTRACT The American Academy of Pediatrics currently recommends herpes sim-
plex virus (HSV) culture or PCR for testing of swabs of the conjunctivae, mouth, na-
sopharynx, and rectum (surface swabs) from neonates. The objectives of this study
were to compare the performance and time to results of HSV PCR with those of HSV
culture with surface swabs from neonates. Banked multisource surface swab samples
that were collected from infants less than or equal to 30 days old from January 2017
to December 2017 and that had previously been cultured for HSV were identified
and tested retrospectively by HSV PCR. Surface swab samples from 97 patients were
included in the study. Of these 97 patients, 7 (7%) had clinical HSV disease. Of the 7
neonates with HSV disease, 3 (42.9%) had surface swabs positive by culture and 6
(85.7%) had swabs positive by PCR. Limiting the analysis to specimens that were
positive only by culture or only by PCR, the specificity for both methods was 100%,
but the sensitivity of PCR was 100%, whereas it was 50% for culture. During the
study period, 341 HSV cultures and 426 HSV PCRs were performed. The median time
from swab collection to reporting of results was 7.6 days (interquartile range [IQR],
7.1 to 7.9 days) for culture and 0.8 days (IQR, 0.6 to 1.0 days) for PCR. HSV PCR of
surface swabs from neonates was considerably more rapid and sensitive than HSV
culture without yielding false-positive results. Although larger studies are needed to
support our findings, strong consideration should be given to utilize PCR instead of
culture for the detection of HSV in surface swabs from neonates.
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eonatal herpes simplex virus (HSV) infections in the United States are relatively

rare, with an estimated annual incidence of 9.6 per 100,000 births (1). Unfortu-
nately, however, these infections are associated with significant morbidity and mortal-
ity. In addition to obtaining a whole-blood and cerebrospinal fluid (CSF) sample for HSV
PCR assay, the American Academy of Pediatrics (AAP) currently also recommends
obtaining swab specimens from the conjunctivae, mouth, nasopharynx, and rectum
(surface swabs) for HSV culture or PCR as part of the diagnostic workup for neonatal
HSV disease (2, 3). Limited data exist regarding the sensitivity of PCR compared to
culture for the diagnosis of HSV disease from neonatal surface swabs. The objective of
this study was to compare the performance and time to results of PCR with those of
conventional cell culture for the detection of HSV in surface swab samples obtained
from children less than 30 days old.

MATERIALS AND METHODS

Study design. The multisource surface swabs used in this study were single swabs of the conjunc-
tivae, mouth, nasopharynx, and rectum and did not include samples from skin vesicles. Pooled multi-
source surface swabs from patients less than or equal to 30 days old were collected in M4 viral transport
medium (VTM) from January 2017 to December 2017 and submitted to the Children’s Hospital Colorado
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Clinical Microbiology Laboratory for prospective HSV culture. Each sample in VTM was vortexed, clarified
by centrifugation, and inoculated within 24 h into culture, with the residual fluid frozen at —70°C. For
culture, centrifugation-enhanced MRC5 shell vials were held for 18 to 24 h and MRC5 tubes were held
for 7 days, with blind staining of shell vial coverslips and confirmation of a cytopathic effect in tubes,
using fluorescein-labeled HSV-1- and HSV-2-specific monoclonal antibodies (Remel, PathoDx; Thermo
Fisher Scientific, Waltham, MA). Banked samples from infants less than or equal to 30 days old collected
from January 2017 to December 2017 were identified and tested retrospectively by HSV PCR. For PCR,
each sample was thawed at room temperature, extracted on a Qiagen EZXL instrument (Germantown, MD)
using the virus (version 2.0) minikit, and tested by the Luminex Multicode RTx HSV 1&2 PCR assay (Austin, TX)
on an ABI 7500 instrument (Thermo Fisher Scientific, Waltham, MA). The Luminex assay is cleared by the U.S.
Food and Drug Administration to test vaginal swabs and was validated by our laboratory (at Children’s
Hospital Colorado) to test other specimen types. Our validation demonstrated a limit of detection of 1 to 5
copies of HSV-1 and 5 to 10 copies of HSV-2 per reaction in swabs, CSF, or blood.

Sensitivity and specificity were calculated using standard statistical methods and clinical truth as the
gold standard. Clinical truth was defined as a positive HSV PCR result from a vesicle, blood, or CSF
specimen and patient receipt of a full course (14 to 21 days) of intravenous (i.v.) acyclovir by the treating
clinical team. Clinical and laboratory data were collected from the electronic medical record (EMR). The
median time to results was calculated by subtracting the time from collection to the time to results
reported in the EMR for all HSV PCRs and HSV cultures for all patients reported during 2017, and the
times were compared using a Wilcoxon rank sum test. Statistical analyses were performed using SAS
(version 9.4) software. The use of clinical specimens and data was approved by the Colorado Multiple
Institutional Review Board.

RESULTS

From 1 January to 31 December 2017, 102 multisource, surface swab samples from
unique patients were submitted for HSV culture. Ninety-seven (95%) had sufficient
sample remaining to perform PCR and were included in the study. Of the 97 patients,
7 (7%) had clinical HSV disease. The diagnostic workup and clinical presentations of
these 7 neonates are shown in Table 1. All 7 neonates had a positive blood PCR result
and were treated with a full course of i.v. acyclovir.

Of the 7 neonates who had clinical HSV disease, 3 (42.9%) had surface swabs that tested
positive by HSV culture and 6 (85.7%) had swabs that tested positive by PCR. The 3 positive
cultures were all positive by the shell vial assay at 24 h, and the relative PCR threshold cycle
(C;) values ranged from 18.0 to 35.9 (Table 1). One patient with clinical HSV disease had
surface swabs that were negative by both PCR and culture. Compared to the clinical truth,
the sensitivity, specificity, positive predictive value, and negative predictive value for culture
and PCR are shown in Table 2. When limiting the analysis to specimens that were positive
either only by culture or only by PCR, the specificity of both methods was 100%, but the
sensitivity of PCR was 100%, whereas it was 50% for culture. During the study period, the
laboratory performed 426 HSV PCRs and 341 HSV cultures for surface swabs and other
specimens. HSV PCRs during this time were from patients of all ages and specimens,
excluding neonatal multisource surface swabs and respiratory specimens. The median time
to results was 0.8 days (interquartile range [IQR], 0.6 to 1.0 days) for PCR and 7.6 days (IQR,
7.1 to 7.9 days) for HSV cultures (P < 0.001).

DISCUSSION

Although PCR is now the standard method to detect HSV in spinal fluid and blood,
culture is still recommended by the AAP and, therefore, still used by many laboratories to
detect the virus in surface swabs from neonates (3). This practice is primarily due to the lack
of studies comparing the sensitivity of culture to that of PCR with surface specimens from
newborns (2). Here we provide data that PCR has a higher sensitivity than culture, in
agreement with previous studies of HSV detection in dermal, genital, ocular, mouth, and
skin swabs from adults and older children (4-9). In addition, PCR did not exhibit any
false-positive results. This high specificity is important, as concern exists that performing
PCR shortly after birth could detect transient maternal contamination, as opposed to
actively replicating virus (2, 10). However, this concern seems to be minimal, as most
neonates evaluated for HSV are usually discharged from the hospital after birth but return
days later for evaluation. Furthermore, false-positive PCR results, particularly those due to
HSV-1, could occur due to contamination from other exogenous sources, resulting in
unnecessary, prolonged acyclovir treatment. Concordance between HSV types by culture
and PCR across specimen sites somewhat mitigates this concern.
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TABLE 2 Performance of HSV culture and HSV PCR with neonatal multisource surface
swabs compared to clinical truth?

No. of positive

specimens
Assay for HCV  (n = 97) Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Culture 3 429 100 100 95.70
PCR 6 85.7 100 100 98.90

aPPV, positive predictive value; NPV, negative predictive value.

PCR affords several distinct advantages over culture. PCR is now a widely available
testing modality, and many laboratories no longer have the expertise or capacity to
perform HSV culture. Importantly, PCR provides a greatly improved turnaround time to
results compared to culture. At our institution (Children’s Hospital Colorado), which per-
forms a commercially available HSV PCR assay once daily, PCR provides results a median of
6.8 days sooner than culture. Furthermore, turnaround times can be even longer at
institutions that send swabs to a reference lab for culture because culture is not available
in-house. This practice is very problematic for this patient population, as providers often
wait for final results to rule out a diagnosis of HSV disease, during which time neonates are
hospitalized and receive i.v. acyclovir therapy. Indeed, at our institution acyclovir treatment
is continued in high-risk neonates until PCRs or cultures of samples from all sources are
negative. Faster results could decrease hospital lengths of stay and minimize acyclovir
exposure and the potential side effects associated with this medication. Indeed, recent
studies have highlighted the increasing use of acyclovir over the past decade (11), the
existing controversies regarding which neonates should be tested for HSV, and how these
patients should be managed (12, 13). Replacing HSV culture with HSV PCR for surface swabs
could simplify and streamline diagnostic algorithms by expediting results.

There are several limitations to our study. First, samples were frozen prior to
performing PCR, which may have influenced its performance. Second, we utilized only
one PCR assay, and as such, results may not be generalizable to other assays. Finally,
although we collected samples for an entire year, our overall sample size was small and
included only 7 neonates with clinical HSV disease.

In summary, our study is one of the first to compare and demonstrate the improved
sensitivity of PCR over that of culture for the detection of HSV in multisource surface swabs
from neonates. Furthermore, PCR demonstrated greatly improved turnaround times com-
pared to culture, which affords important clinical advantages. Although larger studies are
needed to support our findings, strong consideration should be given to ordering PCR
instead of culture for the detection of HSV in surface swabs from neonates.
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