CONTINUING EDUCATION :: WOMEN'S HEALTH

One of the highest-impact areas of women's health involves testing pregnant women for viral and bacterial pathogens that may affect the baby.

The rise of molecular diagnostics for
common maternal and fetal tests

Increased focus on identifying viral and bacterial pathogens commonly passed

By Michelle Tabb, PhD

of the highest-impact areas involves caring for women during

pregnancy. After all, any testing or treatment performed in
this window affects not only the health of the expectant mother
but also the health of the baby.

Obstetricians and their clinical laboratory partners are in-
creasingly focused on the identification of viral and bacterial

I n the broad medical domain known as women’s health, one

Earning CEUs

See test on page 14 or online at www.mlo-online.com under the
CE Tests tab. Passing scores of 70 percent or higher are eligible
for 1 contact hour of PA.C.E. credit.

LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:
1. List common pathogens that is passed from mother to infant.

2. Discuss limitations of culture-based pathogen screening
methods.

3. Discuss the benefits of molecular-based pathogen
screening methods.

4. Describe the etiology, pathogenicity, and past and current
screening methods for mother-to-infant pathogenic infections.

8 | MAY 2022

pathogens commonly passed on to the developing fetus during
gestation or to the infant during birth. Common infectious
disease targets include the herpes simplex virus — both HSV1
and HSV2 — and group B Streptococcus (GBS). A congenital
infection of particular concern, cytomegalovirus (CMV), is a
well-known healthcare issue, however screening for primary
CMYV infection or reactivation during pregnancy or for CMV
in newborns is currently not included in universal screening
recommendations.

All three pathogens are pervasive among the general public
and can infect their hosts without triggering symptoms, often for
years. As a result, many people are unaware that they are silently
harboring these pathogens, leading to increased transmission,
possibly to vulnerable pregnant women. While these pathogens
can be relatively harmless for healthy adults, infection in utero
or during birth can be much more dangerous for a baby’s health
and development. This is why testing expecting mothers is es-
sential for delivering effective healthcare for women.

In recent years, technological improvements have made mo-
lecular diagnostics an attractive alternative to traditional testing
techniques for this particular area of women’s health needs.
Molecular detection of HSV1, HSV2, and GBS have produced
reliable results with high sensitivity and faster turnaround times,
often delivering information in just a few hours, compared to
the days or even weeks it can take with culture-based methods.
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Now, the advent of sample-to-answer molecular di-
agnostic systems — instruments that handle everything
from sample preparation and pre-analytics to analysis and
reporting results with minimal intervention from clinical
lab members — offer a new approach to molecular diag-
nostics for this type of maternal/fetal or mother/newborn
testing. These streamlined systems make it easier for even
small clinical laboratories to expand their test menus and
introduce women’s health testing in a feasible and cost-
effective manner.

Why molecular diagnestics matter

For as long as any current practitioner can remember, cul-
ture-based testing has been considered the gold standard
for diagnosing most infectious diseases. It’s inexpensive,
does not require advanced training, and has the advan-
tage of being familiar to pathologists and laboratorians
worldwide. After all, direct observation of an organism
provides a definitive result.

So why look for alternatives to a testing methodology that
has served us well for more than a century? Culture’s one
great weakness: time. While culture-based tests generally
give reliable results, they do so at their own pace, which is not
necessarily in-line with the pace of healthcare. Typical cultures
might generate results in 48 hours; with certain slow-growing
pathogens, results may take weeks. When additional cultures
need to be added, such as for antibiotic susceptibility testing,
answers often cannot be produced quickly enough to make a
difference in the treatment of a patient.

Fortunately, speed is where molecular diagnostics shine.
These tests do not require growing microbes over time; they
simply detect and quantify the nucleic acids present in a sample,
allowing for diagnosis of known — and sometimes even novel —
pathogens based on their DNA or RNA signatures. Depending
on the test, results may be generated in an hour or just a few
hours. Typically, molecular diagnostics can achieve excellent
sensitivity and specificity because of their genomic foundation.

Across many clinical testing indications, molecular diagnostics
(often called NAATS for nucleic acid amplification tests) are now
included in diagnostic guidelines alongside stalwart methods
like culture. In some cases, particularly viral detection, molecular
diagnostics have actually supplanted culture to become the
recommended laboratory method to aid in diagnosis.

Another reason for the increasing use of molecular diag-
nostics is their flexibility for expansion. The conserved DNA
or RNA genomic targets or signatures of multiple pathogens
can be combined in a panel test, allowing laboratorians to
test for several of the most common culprits in a single assay.
This streamlined approach is instrumental when symptoms
of infection overlap, such as testing respiratory infections or
gastrointestinal infections.The panel-based approach delivers
answers for all pathogens together quickly, while serial testing
for each pathogen could drag on for days.

Below, we will review molecular diagnostics in the context
of testing for HSV1 & 2, GBS, and CMV.

HSV testing

The herpes simplex virus is one of the most pervasive human
pathogens, globally. HSV1, primarily transmitted through
saliva, causes both oral herpes (recognizable through telltale
cold sores) and genital herpes. HSV2 is sexually transmitted
and causes genital herpes as well as oral herpes. According to
estimates from the World Health Organization, some 67% of
adults under the age of 50 — that’s 3.7 billion people — have
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Screening for CMV is not yet universally recommended, even though
congenital infections pose a serious health risk for newborns.

acquired HSV1, while more than 490 million people from 15
to 49 years of age have HSV2.!

Both types of HSV lead to lifelong infections, but in many
cases, people are asymptomatic and never realize they have
the virus. Those who develop symptoms may experience epi-
sodic mucocutaneous or cutaneous lesions, or even fulminant
encephalitis. In developing babies, exposure to either type of
HSV could lead to a dangerous central nervous system infection;
left untreated, the infection can be fatal. HSV can be passed
by the mother to the infant during birth, or less commonly, in
utero or after birth.>*

For these reasons, it is essential to understand the risk of a
mother passing either type of HSV to her baby, particularly if
the mother experiences her primary infection while pregnant
or has an active outbreak at the time of birth. If a pregnant
woman exhibits lesions associated with herpes infection, she
should be tested for HSV1 and HSV2. In some cases, it can be
challenging for clinicians to distinguish between herpes lesions
and lesions from other infections, such as syphilis or varicella-
zoster virus (VZV) making panel tests that cover some or all of
these pathogens in one assay useful for a definitive diagnosis.

The ability to test for several infectious etiologies simultane-
ously is one reason that molecular diagnostics are a good fit for
HSV1 & 2 testing. Another is speed. Culture-based testing for
these viruses typically takes a minimum of two to three days, the
ability to maintain mammalian cell-culture lines and specialized
staff, while commercially available molecular diagnostic tests
can generate highly accurate results in just 60 minutes. That
kind of turnaround time may not be essential for the mother,
but every minute counts for a potentially infected baby.

When doctors know that a mother had evidence of an active
HSV infection while giving birth, they can immediately test
the newborn. Comprehensive testing may include “surface
specimens” which include eye, mouth, nose and anal swabs
as well as swabs of any skin lesions if present, whole blood,
and a lumbar puncture to check the cerebrospinal fluid for the
presence of the virus.’ Rapid molecular diagnostics can provide
results for all of those samples in an hour, but it is important
to select a platform that can be used with all sample types.
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HSV1 and HSV2 both lead to lifelong infections, but many people never
realize they have the virus. Without testing, pregnant women may be
unaware of the risk to their babies.

In addition to providing an accurate diagnosis, the speed of
molecular testing helps ensure that a newborn gets the best
treatment. When a mother is known to have HSV — especially
if she was first infected while pregnant, which may be the most
dangerous situation for the developing baby — doctors often
start the baby on antiviral and antibiotic treatments immediately.
Getting reliable answers about the baby’s infection status in
an hour means that at least one of those treatments can be
de-escalated quickly.®

GBS testing

Among newborns, infection by Group B Streptococcus is one
of the leading causes of both meningitis and sepsis, making it
a serious concern for neonatal care. According to an estimate
from the U.S. Centers for Disease Control and Prevention, 25%
of pregnant women are asymptomatically colonized with GBS
in genital and rectal mucous membrane areas that a baby would
be exposed to during vaginal birth.” Half of the babies born to
infected mothers get infected themselves.®Vertical transmission
of GBS to the newborn occurs either shortly before or during
delivery, and can result in an invasive infection known as early-
onset disease (EOD). Infants with EOD will present with fever,
lethargy, sepsis, pneumonia, and, more rarely, meningitis within
the first 24 to 48 hours of life. In the 1970s, GBS emerged as the
primary cause of infection of infants in the first week of life
with fatality rates as high as 50%. In 1990, the CDC estimated
an incidence of GBS disease of 1.8 cases per 1,000 live births,
but as a result of universal screening and intrapartum antibiotic
treatment, GBS EOD has been reduced to an incidence of 0.23
infants per 1,000 live births as of 2015. On average, even with
universal screening in place, 1,000 babies in the United States
develop EOD each year, with approximately 4 to 6% leading to
death. Late-onset disease (LOD) can also occur in the neonate
around 3 to 4 weeks of age and typically manifests as bacteremia
or meningitis with approximately 1,000 babies in the United
States affected per year.”
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Current clinical practices are focused on the identification of
women who are colonized with GBS and are, therefore, at highest
risk of transmission to the newborn infant to target administra-
tion of intrapartum antibiotic prophylaxis (IAP)." Universal
GBS screening for pregnant women is recommended between
the 36-38-week mark using a vaginal-rectal swab.? Eighteen to
twenty-four (18 to 24) hour broth enrichment of the swab is
recommended prior to detection of GBS by either subsequent
culture or PCR-based detection because enrichment has been
shown to increase the sensitivity of detection."? If the results
are positive, the patient can be treated with antibiotics during
labor.This approach demonstrably reduces the risk of mother-
to-baby transmission, reducing EOD occurrence.”

There are several FDA cleared NAATSs available for antepartum
or intrapartum detection of GBS organisms from vaginal-rectal
swab specimens collected from pregnant women. However, the
sensitivity of NAATs may be significantly decreased when used
for rapid testing while a mother is in labor because the 18-24
hour enrichment step cannot be included in those situations.
Neonatal cases of GBS disease have occurred in babies born to
mothers whose screens were negative during pregnancy, which
underscores the need for high sensitivity testing.’

In the event an infected mother passes GBS to her baby, time is
of the essence. Severe infections in the infant can trigger dangerous
symptoms within the first day or two after delivery. Rapid diagnosis
of GBS infection in the newborn is essential for positive outcomes.

Conventional testing for GBS is performed with culture using
blood agar plates followed by a confirmation test such as Christie,
Atkins, and Munch-Peterson (CAMP) factor reaction or latex
agglutination, which can be labor-intensive and delay results
up to 48 hours.” While this time-consuming process may be
acceptable for testing the expectant mother at 36-38 weeks, it
is not suitable for testing a newborn who may quickly spiral
into a severe and time-sensitive infection crisis. The presence of
GBS DNA in normally sterile body fluids such as CSF provides
presumptive evidence of neonatal infection.

More and more, physicians are turning to GBS molecular di-
agnostics instead of conventional culture both for newborns and
mothers.These tests” high sensitivity and specificity outperform
that of culture.”? Multiplex panel PCR assays are available in
many clinical laboratories for direct testing of CSF that include
GBS and other central nervous system pathogens. And given
the severity of the risk to an infected neonate, obstetricians
cannot afford to miss a positive case in a pregnant woman. Rapid
results from a molecular test can also be a significant benefit if
the patient goes into pre-term labor, allowing her healthcare
team to manage risk carefully through the use of prophylactic
antibiotics during labor.

For pregnant women allergic to penicillin — the antepartum
treatment typically prescribed to reduce GBS transmission —
culture and subsequent susceptibility testing remain helpful
for characterizing the pathogen’s antibiotic resistance profile
and selecting the best course of treatment.

CMV testing

Human cytomegalovirus (CMV) infection is common and usually
results in a mild, non-specific illness in otherwise healthy indi-
viduals followed by asymptomatic latency. It is estimated that
50% of adults are infected by age 40 in the U.S. alone. However,
congenital CMV can wreak havoc during fetal development, and
perinatal CMV can cause severe symptoms in newborns. CMV
causes more cases of congenital disease than the 29 most com-
monly screened metabolic and endocrine disorders combined.
About 90% of babies born with congenital CMV infection will
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appear healthy at birth, but up to 20% of these babies may die
due to complications from the infection. Later in life, children
with CMV may suffer developmental delays and hearing loss —
congenital CMV is the leading cause of non-genetic sensorineural
hearing loss and neurodevelopmental abnormalities in infants.
Saliva swabs and urine are the preferred sample types for
testing newborns for CMV infection. Testing must be performed
before the neonate is 21 days old given, after that timeframe,
CMYV infections may be acquired via environmental exposure.
The possible long-term sequelae associated with congenital
infection is much more severe than if the infection is acquired
post-birth, so knowing the timing of infection is critical for appro-
priate support. If saliva is used for the initial testing, confirmatory
testing with urine is required since CMV seropositive mothers
can shed CMV in their breastmilk, potentially contaminating
a neonatal saliva swab after a baby has breastfed. Symptom-
atic congenital CMV infections can be treated with antiviral
medications like ganciclovir and valganciclovir. Treatment can
potentially decrease the severity of long-term impacts such as
hearing loss and developmental delays, and is most efficacious
when administered within the first 30 days post-birth.”>
While the risk of mother-to-baby transmission would argue
for universal CMV screening of pregnant women, historically
there have not been tests available with sufficient sensitivity
and specificity to make this approach helpful or actionable.”
Most laboratory tests currently available to identify a first-time
maternal infection can also be challenging to interpret and cannot
predictif the fetus may become infected. Because of this, routine
screening for primary CMV infection in pregnant women is not
recommended in the United States, even when itis part of TORCH
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screening. In cases where there is strong reason to believe a
mother has been infected with CMV, maternal infection and
transmission risk may be assessed through antibody testing.

Molecular diagnostics for CMV is recommended to detect the
virus in the developing fetus and newborns. Fetal diagnosis can
be made with amniocentesis using CMV PCR after 21 weeks of
gestation. The standard laboratory test for diagnosing congenital
CMV infection in newborns is PCR using saliva swabs with urine
collected and tested for confirmation.” As molecular diagnostic
developers continue to expand the number of infectious diseases
their tests cover, new options for CMV testing are emerging. As
these tests are evaluated and validated through clinical studies,
molecular CMV assays to diagnose congenital CMV infection
will likely be more broadly available.

Sample-to-Answer systems

For most molecular tests mentioned above, there are many
combinations of reagents, kits, and analysis platforms to produce
the desired information. Many clinical labs choose to design
and validate their own laboratory-developed tests (LDTs) to
suit their testing needs. These can be designed on the lab’s
platform of choice, making it possible to introduce new tests
without investing in new instrumentation.

However, LDTs are not the right choice for all labs. Smaller
laboratories that lack deep experience in assay development
or where extensive molecular workflows are not common, may
prefer to use an FDA-cleared kit.

A recent trend among molecular diagnostic developers has
been in response to lab professionals seeking easier-to-use
systems that require less hands-on time. These instruments
are often known as“sample to answer” or“sample in, answer
out.” As the name suggests, sample-to-answer systems handle
all the processing steps internally, from sample preparation to
thermal cycling and analysis.

Currently available sample-to-answer systems offer low to
medium throughput, making them a good option for lower-
volume testing needs.They are typically not a viable alternative
for testing workflows where labs need to run hundreds or even
thousands of samples at a time.

For tests where such high-volume capacity is not required,
sample-to-answer systems can allow labs to expand their test of-
ferings quickly without investing in new equipment or validating a
new process each time. Some systems are designed to perform all
of the benchtop steps for molecular diagnostics within a sample-
to-answer workflow. Some of these systems are designed to work
with cartridges that perform both the extraction and amplification
steps, and other systems eliminate the extraction process altogether
through direct testing. There are several sample-to-answer systems
available today that offer different cartridges or kits for HSV1/2
and GBS testing as well as for congenital CMV. Because these tests
are developed by diagnostic manufacturers and are FDA-cleared
as in vitro diagnostics, they do not require the extensive internal
development and validation needed for LDTs.

Conclusion

In the arena of women’s health focused on pregnant women
and their developing babies, molecular diagnostics offer sig-
nificant advantages compared to the previous gold standard of
culture-based testing. Molecular assays allow clinical laboratory
teams to generate answers faster, test more comprehensively,
and expand their test menus to meet the needs of their patient
population. For HSV1 & 2, GBS, and CMV testing, molecular
diagnostics are attractive alternatives to other more laborious
and time-consuming assay techniques. 9
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6.

Obstetricians and their clinical laboratory
partners are increasingly focused on the
identification of ___ ____commonly
passed on to the developing fetus during
gestation or to the infant during birth.

viral and bacterial pathogens

rubella

West Nile virus

Colored blindness

Screening for primary CMV infection or
reactivation during pregnancy or for CMV in
newborns is currently included in universal
screening recommendations.

True False

What type of detection of HSV1, HSV2, and
GBS has produced reliable results with high
sensitivity and faster turnaround times?

Ultrasound

Environmental

Microbial

Molecular

What type of system includes instruments that
handle everything from sample preparation and
pre-analytics to analysis and reporting results?
Sample-to-answer system
All-in-One system
Prep-to-Report system
Direct-Diagnostics system
What is the benefit of streamlined systems for
small clinical laboratories?
Because of these systems, they are exempt
from women's health testing
They make it easier to expand their test
menus and introduce women's health
testing
They are able to charge higher fees if they
conduct women's health tests
None of the above

Culture-based testing has been considered the
gold standard for diagnosing most infectious
diseases. Why?

It's inexpensive

It does not require advanced training

It has the advantage of being familiar to

pathologists and laboratorians worldwide
All of the above

10.

1.

12.

13.

Culture-based tests generally give reliable
results, but what is their one weakness?

Possible contamination

Readability

Testing limitations

Timing not in pace with healthcare needs
Newer diagnostics tests detect and quantify
the nucleic acids present in a sample, allowing
for diagnosis of known — and sometimes even
novel — pathogens based on their DNA or RNA
signatures.

True False

Molecular diagnostics have become the
recommended laboratory method to aid in
diagnosis of
viral infections
bacterial infections
fungal infections
parasitic infections
The conserved DNA or RNA genomic targets
or signatures of multiple pathogens can be
combined in a panel test, allowing laboratorians
to test for several of the most common culprits
in a single assay. When is this helpful?
When labs are short-handed, and testing is
back logged
When symptoms of infection overlap,
such as testing respiratory infections or
gastrointestinal infections
During COVID-19 pandemic
Whenever working with DNA and RNA
genomics

How is HSV1, primarily transmitted?
Through blood transfusions
Through saliva
Through open cuts
Through unsanitary restrooms

According to estimates from the World Health
Organization, of adults under the age of
50 have acquired HSV1.

34% 78%

59% 67%

Which type(s) of HSV lead to lifelong infections
where, in many cases, people are asymptomatic
and never realize they have the virus?

HSV1 Neither

HSV2 Both

14.

15.

16.

17.

18.

19.

20.

MEDICAL LABORATORY OBSERVER

In developing babies, exposure to either type of
HSV could lead to

Low birth weight

central nervous system infection

breathing difficulties

jaundice
How can HSV be passed by the mother to
the infant?

during birth

after birth

AandB

None of the above

Culture-based testing for these viruses typically
takes a minimum of two to three days, while
commercially available molecular diagnostic
tests can generate highly accurate results in

30 minutes
18 hours

60 minutes
24 hours

What can doctors do when they know that a
mother had evidence of an active HSV infection
while giving birth?

immediately quarantine the mother

immediately quarantine the newborn

immediately test the mother

immediately test the newborn
Among newborns, infection by Group B
Streptococcus is one of the leading causes
of ,makingita serious concern
for neonatal care.

blindness

meningitis and sepsis

pneumonia and strep

ear, nose, and throat infections
About 90% of babies born with congenital CMV
infection will appear healthy at birth, but what
percentage of these babies may die due to
complications from the infection?

20% 43%

4% 62%
Treatment with antiviral medications can
potentially decrease the severity of long-
term impacts of CMV, in infants, such as

hearing loss
developmental delays
weakness in limbs
AandB
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