
C1.indd   1 4/11/2022   4:33:53 PM



* Genius Digital Diagnostics is CE-marked for diagnostic use in Europe and is not currently available for sale in the U.S. May not be available in all markets. Contact your local 

ADS-03595-001 Rev. 001 © 2022 Hologic, Inc. All rights reserved. Aptima, Genesis, Genius, Hologic, ThinPrep and associated logos are trademarks and/or registered 
trademarks of Hologic, Inc. and/or its subsidiaries in the United States and/or other countries. This information is intended for medical professionals in the U.S. and is not intended 
as a product solicitation or promotion where such activities are prohibited. Because Hologic materials are distributed through websites, eBroadcasts and tradeshows, it is not 
always possible to control where such materials appear. For specific information on what products are available for sale in a particular country, please contact your local Hologic 
representative or write to diagnostic.solutions@hologic.com.

Explore 
Genesis

Powering Healthcare with Technology  
to Shape the Future of Digital Diagnostics
The Genius™ Digital Diagnostics System* is 
the first digital cytology platform to combine 
a new artificial intelligence (AI) algorithm with 
advanced volumetric imaging technology to help 
cytotechnologists and pathologists identify pre-
cancerous lesions and cervical cancer cells in 
women – transforming cervical cancer screening 
and ushering in a new era of cytology innovation.

* Genius Digital Diagnostics is CE-marked for diagnostic use in Europe and is not currently available for sa
Hologic representative for availability in your country.

03595-001 Rev. 001 © 2022 Hologic, Inc. All rights reserved. Aptima, Genesis, Genius H
ks of Hologic, Inc. and/or its subsidiaries in the United States and/or other countries. Th

olicitation or promotion where such activities are prohibited. Because Hol
control where such materials appear. For specific information on w

diagnostic.solutions@hologic.com.

Pow
to Sh
The Gen
the first d
a new artifi
advanced v
cytotechno
cancerous l
women – tr
and usheri

C E - M A R K E D

The Next Evolution in Cervical Cancer 
Screening is Coming

Dedicated to Innovation in Cytology  
for the Betterment of Patient Care

A commitment to patients  
and cytology labs –

At Hologic, we know that every sample represents a patient, requiring 
careful handling and accurate identification – because of this, labs need to 
be confident in their results without compromising productivity.

That is why we are committed to new cytology innovations that will help 
detect cervical cancer earlier and more e�ectively, so labs can benefit 
from groundbreaking technology, and women from great care.

Enabling Cytology Labs to Do More

Hologic is Redefining  
Cytology Screening. Again.

Advanced automation in a small footprint.
O�ering automated chain of custody, streamlined cytology processing, and 
hands-free sample aliquoting in a single instrument, the ThinPrep® Genesis™ 
processor provides advanced automation in a small footprint.

Follow the Cells and Make a Diagnosis 
Beyond the Glass

A new version of the free education website 
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enhance your experience and immerse you 
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Forecast still cloudy 
on COVID

FROM THE EDITOR

COVID-19 reports, with the exception of 
maybe weather and the stock market, are 
the most viewed (and most impactful) 

numbers in our daily lives in spring of 2022. 
They are also changing more and, as a result, 

are harder to predict, than any changes in 
weather or business.

Over the past month alone, we have seen both 
the highs and the lows. After sharp increases in 
the first half of March, the CDC reported that 
COVID-19 cases have been on a steady decrease 
for the latter half of said month. Indeed, rates 
of infection and mortality have been on steady 
declines throughout the country.

However, international headlines, particularly in the UK and 
China, can hardly be encouraging.

In fact, COVID in China is raging as the country is in the 
midst of their worst outbreak since the pandemic began (and 
far surpassing the height of the initial spread in Wuhan in 2020).

China shut down Shanghai and other surrounding areas with 
an ongoing lockdown of around 26 million people, again bringing 
factory shutdowns and future potential shortages of supplies 
back to the forefront of concern.

According to NPR, China sent more than 10,000 health workers 
from around the country to help the city with mass testing of 
the Shanghai residents. 

In Britain, COVID is surging as well, and a new Omicron 
variant, XE, has been identified and detected.

And, while overall national rates here in the U.S. have been 
falling, on a state-level things are much different, as close to 
half of the states are seeing their COVID numbers on the rise.

Thus, we laboratorians cannot rest on our laurels or put away 
our COVID test procedures yet.

COVID-19 will continue to be a fact of our lives for the fore-
seeable future, and we, the laboratorians, the epidemiologists, 
the scientists, must continue to consider ourselves as not just 
valued public servants, but also as community leaders.

In these troubling times, we in the laboratories are shaping 
and influencing the lives of everyone.

We are responsible for detecting and responding to a public 
emergency, and every action we take has reverberations through-
out our community and throughout the world. And it looks like 
for now, our labs and our laboratorians are still going need to be 
ready to tackle the next variant or the next twist on COVID care.

I welcome your comments, questions and opinions – please 
send them to me at krussell@mlo-online.com.

By Kristine Russell
Executive Editor
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THE OBSERVATORY :: NEWS  TRENDS  ANALYSIS 

One-year
survival rates for infants born alive 

2014–2016 with gestational age 22 and 
23 weeks were 30% and 61%

75 %
Of the premature babies had neuro-

psychiatric impairments, 

30 % 
Of the premature infants had Attention-

Deficit/Hyperactivity Disorder, ADHD.

20 years
the survival rate among extremely 
premature babies has risen sharply, 

especially in those born in gestational 
weeks 22 and 23

88 % 
Of the premature infants had other 
medical diagnoses, such as Asthma 

(63 percent) or postnatal growth 
restriction (39 percent).

55 % 
Of the premature infants required 

habilitation support.

Source: University of Gothenburg, Neuro-
developmental disorders and somatic diag-
noses in a national cohort of children born 
before 24 weeks of gestation; https://www.
gu.se/en/news/wide-ranging-diagnoses-in-
children-born-before-24-weeks-gestation

Fast Facts
In a study of children born after a 
pregnancy of less than 24 weeks, 
nearly all (96 percent) had some 
degree of development disorder. 
According to the study, from the 

University of Gothenburg, neuropsy-
chiatric and somatic diagnoses are 

prevalent as these extremely preterm 
infants grow into adulthood.

Among these children born before 24 
weeks of pregnancy:

Image by Claire51700 from Pixabay

MDS are most common in patients 
over 70 years old and are conditions 
that can occur when the blood-
forming cells in the bone marrow 
become abnormal. AML also starts 
in the bone marrow and is most com-
monly diagnosed in older patients, 
but most often it quickly moves into 
the blood, as well.

CDC reveals effect of COVID-19 on 
tuberculosis
New data suggests that the pandemic 
has had a substantial effect on TB trends 
in the United States, according to the 
Centers for Disease Control (CDC).

Before COVID-19, TB disease diag-
noses typically declined between 1% 
and 2% each year. The 2020 and 2021 
declines may be related to factors as-
sociated with the COVID-19 pandemic, 
including a true reduction in incidence 
as well as delayed or missed TB diag-
noses.

Efforts to prevent COVID-19, such 
as wearing masks and distiancing, may 
also reduce the spread of TB.

Widespread disruptions to health-
care during the COVID-19 pandemic 
may have delayed TB diagnoses. The 
COVID-19 pandemic has strained 
public health services, including TB 
prevention and control services.

Similarities in symptoms between 
COVID-19 and TB disease may have led 
to missed TB diagnoses. Case reports 
have revealed some people with TB 
disease were evaluated for COVID-19 
— but not tested for TB — during 
multiple encounters with healthcare 
systems. Initial misassumptions might 
have contributed to missed diagnoses, 
or delayed diagnoses until more ad-
vanced stages of disease.

TB prevention and control activities 
are essential public health functions for 
communities throughout the United 
States. To assist in these efforts, CDC 
launched the Think. Test. Treat TB 
campaign to help raise awareness of 
TB and recognize the importance of 
TB prevention. 

Philip LoBue, MD, FACP, FCCP, 
Director of CDC’s Division of Tuber-
culosis Elimination, said, “Delayed or 
missed tuberculosis disease diagnoses 
are threatening the health of people 
with TB disease and the communities 
where they live. A delayed or missed TB 
diagnosis leads to TB disease progres-
sion and can result in hospitalization or 
death – and the risk of transmitting TB 
to others. The nation must ensure that 
healthcare providers understand how 
to diagnose and distinguish TB disease 
from potential cases of COVID-19.” 

Scientists discover new patho-
genic mechanism in hematologi-
cal malignancies
Scientists at Yale Cancer Center have 
discovered new consequences of spe-
cific gene mutations that play a role 
in the development of myelodysplastic 
syndromes (MDS) and acute myeloid 
leukemia (AML), according to a news 
release.

Approximately half the patients di-
agnosed with MDS and 10% of patients 
with AML are found to have splicing 
factor mutations leading to ineffective 
blood cell production and malignancy. 
The new research revealed that mu-
tations in the splicing factor U2AF1 
improve the ability of the cancer cells 
to respond to and survive stress. The 
findings were published in Molecular 
Cell.

Splicing factor mutations are particu-
larly common in MDS and leukemia 
but also occur in other cancers. RNA 
splicing is a fundamental process ac-
counting for cell diversity. The genetic 
code is transcribed from DNA to RNA 
molecules, which have to be processed 
to function properly. During splicing, 
RNA molecules are cut and select 
pieces are reconnected by splicing 
factors, including U2AF1. Mutations 
in splicing factors result in mistakes 
in this process.

In the new study, the research 
team demonstrated that mutations in 
U2AF1 alter RNA binding, splicing, and 
turnover of numerous RNAs, and en-
hance the formation of so-called stress 
granules, biomolecular condensates of 
RNAs and proteins, that mediate cellu-
lar adaptation to stress. This improved 
stress response may explain the clonal 
advantage of mutant cells and the de-
velopment of MDS or AML.

“The discovery that U2AF1 muta-
tions enhance stress granule formation 
may open novel avenues to prevent or 
treat myelodysplastic syndromes and 
acute myeloid leukemia,” said Giulia 
Biancon, PhD, Postdoctoral Associate 
in the Halene Laboratory at Yale Cancer 
Center and lead author on the paper.

“This discovery was possible by de-
veloping new experimental and ana-
lytic methods integrating big data. The 
mechanism of enhanced stress granule 
formation was not easy to detect be-
cause it’s not caused by a single large 
change to one RNA molecule, but by 
the sum of many small changes to hun-
dreds of RNA molecules,” said Toma 
Tebaldi, PhD, Assistant Professor at the 
University of Trento, Adjunct Assistant 
Professor at Yale School of Medicine, 
and co-senior author on the paper.
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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

CONTINUING EDUCATION :: WOMEN’S HEALTH

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 P.A.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.

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

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 
CMV 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.

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

acquired HSV1, while more than 490 million people from 15 
to 49 years of age have HSV2.1

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.2-4

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.5 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.

Screening for CMV is not yet universally recommended, even though 
congenital infections pose a serious health risk for newborns.
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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.6

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.7 Half of the babies born to 
infected mothers get infected themselves.8 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 2015.9 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.7

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).10 Universal 
GBS screening for pregnant women is recommended between 
the 36-38-week mark using a vaginal-rectal swab.8 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.11-12 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.13

There are several FDA cleared NAATs 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.5

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.9 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.12 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.14 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 

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.
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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, 
CMV 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.15,16

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.17

Most laboratory tests currently available to identify a first-time 
maternal infection can also be challenging to interpret and cannot 
predict if 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 it is part of TORCH 

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.15 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. 
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1. 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

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

	{ True 	{ False
3. What type of detection of HSV1, HSV2, and 

GBS has produced reliable results with high 
sensitivity and faster turnaround times?

	{ Ultrasound
	{ Environmental
	{ Microbial
	{ Molecular

4. 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

5. 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
6. 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

The rise of molecular diagnostics for common maternal and fetal tests
MAY 2022 [This form may be photocopied. It is no longer valid for CEUs after November 30, 2023.]  
Passing scores of 70 percent or higher are eligible for 1 contact hour of P.A.C.E. credit.
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7. 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

8. 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
9. Molecular diagnostics have become the 

recommended laboratory method to aid in 
diagnosis of _________.

	{ viral infections
	{ bacterial infections
	{ fungal infections
	{ parasitic infections

10. 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
11. How is HSV1, primarily transmitted?

	{ Through blood transfusions
	{ Through saliva
	{ Through open cuts
	{ Through unsanitary restrooms

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

	{ 34%
	{ 59%

	{ 78%
	{ 67%

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

	{ HSV1
	{ HSV2

	{ Neither
	{ Both

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

	{ Low birth weight
	{ central nervous system infection
	{ breathing difficulties
	{ jaundice

15. How can HSV be passed by the mother to 
the infant?

	{ during birth
	{ after birth
	{ A and B
	{ None of the above

16. 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 
_________.

	{ 60 minutes
	{ 24 hours

	{ 30 minutes
	{ 18 hours

17. 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

18. Among newborns, infection by Group B 
Streptococcus is one of the leading causes 
of________________, making it a serious concern 
for neonatal care.

	{ blindness
	{ meningitis and sepsis
	{ pneumonia and strep
	{ ear, nose, and throat infections

19. 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%
	{ 4%

	{ 43%
	{ 62%

20. 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
	{ A and B
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The evolution of SARS-CoV-2 has 
been unpredictable. Factors such 
as inequitable global vaccine dis-

tribution, long-haul COVID-19 among 
immunocompromised patients, and 
possible transmission between humans 
and other mammals, have contributed 
to the rapid increase in the number of 
mutations. The continued emergence and 
spread of new variants reinforce the criti-
cal role that genomic sequencing has in 
the enhanced surveillance of COVID-19.

To keep pace with an ever-evolving 
virus, efficient identification, and char-
acterization in near real-time is critical.  
There are several ways to achieve this 
objective. PCR-based methods are ef-
ficient and sensitive but are limited in 
their ability to detect novel disease agents 
or aggressive mutations of known patho-
gens. Additionally, it only offers a binary, 
presence or absence result.

Next-generation sequencing (NGS) is 
a promising technology that overcomes 
these limitations. It is paramount to 
employ rapid and reliable genomic sur-
veillance tools that track viral evolution. 
Through sequencing, specifically whole 
genome sequencing (WGS), researchers 
can determine the novel cause of infection 
and characterize the pathogen’s genetic 
material to better understand pathogenic 
virulence, transmission, susceptibility to 
antiviral agents, resistance to treatment, 

or vaccine targets aimed at curbing the 
pandemic.

Unfortunately, NGS methods have 
traditionally been labor-intensive, 
expensive, and time-consuming, with 
sequencers taking several days to 
generate data along with a significant 
amount of bioinformatics analysis to 
interpret meaningful results. This is far 
too long to have any meaningful impact 
beyond academic utilization and does 
not achieve the goal of reducing the im-
mediate spread of infection. While these 
barriers dissuade many laboratories from 
adopting sequencing technology, there 
are examples of laboratories incorporat-
ing novel approaches to NGS-methods 
and adapting them for a rapidly changing 
landscape for infectious disease detec-
tion and public health intervention. The 
Nebraska State Public Health Laboratory 
(NPHL) is located on the University of 
Nebraska Medical Campus (UNMC) and 
is supported by both UNMC as well as 
the Nebraska Department of Health and 
Human Services.  As the Assistant Direc-
tor at NPHL, we knew early-on in the 
pandemic that, even though sequencing 
would be time-consuming, it would be 
integral to monitoring the virus.

At the start of the pandemic, NPHL 
was approached by a California based 
start-up, Clear Labs, that developed 
an automated solution for sequencing. 

NPHL piloted the system and was able 
to increase sequencing by three-fold to 
approximately 320 samples per week 
with minimal training, removing the 
requirement for staff to have expertise 
in sequencing. The Clear Dx WGS SARS-
CoV-2 assay (RUO)* can process extracted 
RNA for up to 32 clinical samples in one 
run with a sample to result within 20 
hours. The platform does this by automat-
ing PCR, library preparation, sequencing, 
and bioinformatic consensus genome cre-
ation (see Figure 1). The adoption of the 
Clear Labs Clear Dx SARS-CoV-2 WGS 
platform, and its turnkey approach, is 
helping NPHL better serve the residents 
of Nebraska and ensure that the Nebraska 
public health system has access to inno-
vative technology that can help identify 
and manage future health events. Having 
an automated system builds laboratory 
capacity because staff and resources can 
be re-deployed to other testing needs to 
respond efficiently and effectively during 
the pandemic. The NPHL has been able 
to manage the sequencing workload of 
the entire State with 5 staff members due 
to the minimal hands-on time needed 
to set up a  run (20-30 minutes) and the  
automated bioinformatics pipeline that 
allows staff to quickly analyze the data for 
a fast turn-around time for results

In addition to sequencing being able to 
provide information about disease trans-
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The impact of next-gen sequencing on 
tracking SARS-CoV-2 variants
By Baha Abdalhamid and Ramin Khaksar
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mission, it was important for public health 
officials to understand the distribution in 
the community. NPHL can track the rise 
and introduction of new variants such 
as Omicron through information gained 
from viral sequencing to implement ap-
propriate public health countermeasures 
for an impacted area or population.

In the Fall of 2020, a novel mutation 
was detected and clustered to a group of 
elderly patients who lived in a nursing 
home. The patients had no symptoms, 
however, had high viral levels detected 
suggesting there may be an increase in 
transmissibility but decrease in virulence. 
NPHL researchers discovered that a spe-
cific mutation in the spike protein was 
impacting protein structure, conferring 
decreased virulence. Discoveries like this 
allow the scientific community to develop 
a more in-depth understanding of muta-
tions that may have an impact on viral 
infectivity, pathogenicity, and transmis-
sion. Thus, NPHL continues to request 
and sequence samples across the state to 
actively monitor and track SARS-CoV-2 
as part of pandemic preparedness.

With the onset of the SARS-CoV-2 
pandemic, Clear Labs quickly added 
clinical sequencing to expand beyond 
its core business of food safety testing to 
help with the fight against the COVID-19 
pandemic. It used its automated platform 
as the framework for development of two 
NGS assays, a SARS-CoV-2 diagnostic/
strain surveillance assay, and a SARS-
CoV-2 whole genome sequencing (WGS) 
assay. Currently, more than 50% of state 
public health laboratories (PHLs) use the 
Clear Dx platform for WGS. The assays 
have significantly increased the PHLs 
SARS-CoV-2 sequencing efforts and have 
aided in the identification and surveil-
lance of existing and emerging strains, 
such as the Omicron sub lineage, BA.2. 
Both assays are fully automated and use 
integrated bioinformatic pipelines to gen-
erate high quality consensus genomes.

The Clear Dx platform is custom-built 
with a PCR instrument and sequencers 
housed within a robot that automates 
pipetting, minimizing the requirement 
for manual pipetting by staff. Once 
sequences are generated, the data is 
analyzed through a bioinformatics pipe-
line that produces raw sequencing data 

(FASTQ) and high quality assemblies 
(FASTA) that can be exported for further 
analysis or to public databases such as 
the Global Initiative for Sharing Avian 
Influenza Data (GISAID) and National 
Center for Biotechnology Information 
(NCBI), allowing for data sharing with 
the national and international scientific 
community in near real time.

There are numerous benefits associ-
ated with adopting an automated system:
1. Minimal personnel time required for 
sequencing set up and analysis, freeing 
up staff to perform other required tasks 
in the laboratory
2. Ease in set up and training so that 
laboratory staff with varying expertise 
and training have the ability to run the 
instrument, resulting in minimal disrup-
tion in laboratory operations and testing
3. Fast turn-around time (<20 hours) 
from starting the instrument to obtaining 
a result, resulting in a faster response to 
outbreak investigations, variant tracking, 
and surveillance
4. Increasing the testing volume to meet 
the demands of the pandemic
5. Reduction in user errors to ensure 
accurate and consistent results

The clinical community has embraced 
automation to enhance laboratory capac-
ity and workflow efficiencies. Automation 
of sequencing will allow for all labora-
tories to contribute to generating data 
with regards to pathogens that are seen 
regularly in the clinical laboratory, such 
as multi-drug resistant organisms, organ-
isms associated with Hospital Acquired 
Infections (HAI), and many more. Utiliza-
tion of NGS on a routine basis will enable 
collection of data that can help to expand 
development of more precise clinical di-
agnostics, new antibiotic formulations, 
vaccines, etc. to tackle these organisms 
that continue to affect the health of our 
communities.

As we are envisioning a future with 
increased availability of automated 
solutions, the complement to automat-
ing sequencing will be to automate 
technology-enhanced analytics that 
have the capability to analyze data in 
a standardized and accessible fashion.  
Automation of genomic data analysis can 
remove the burden of manual analysis to 
enable faster identification of outbreak 

clusters; clearer understanding of the 
course of spread of a pathogen through 
a hospital or community; predicting the 
evolution of the pathogen as a form of 
risk modeling for public health policy de-
cision-making; and many more benefits. 
In addition, cloud-connected systems can 
enable near real-time data extraction and 
insights, minimizing the lag time that cur-
rently exists for data consolidation across 
states. To have an effective national and 
international pathogen surveillance 
system, it is important to recognize and 
overcome the persisting challenges with 
multi-jurisdictional data stewardship, 
data privacy protection, and data sharing..

Academic, clinical, and public health 
laboratories have been integral in the pan-
demic response through their sequencing 
efforts. Whole genome sequencing has 
been an important tool for obtaining 
insight about SARS-CoV-2 that assisted 
public health officials design targeted 
strategies to help minimize the spread 
and curb the reach of the virus across 
all communities. The utilization of NGS 
for SARS-CoV-2 surveillance has been 
a great asset for the public health and 
scientific communities. Prior to COVID-
19, sequencing was conducted for special 
projects, and in a limited capacity, due to 
cost and the extensive time requirement 
for set up. The pandemic has introduced 
the necessity for performing sequencing 
more frequently and for more pathogens. 
Democratizing genomics through lower-
ing costs, automation, integrated bioin-
formatics, and a curated public database, 
paves the way for the establishment of 
a critical genomic infrastructure that 
can accelerate rapid data exchange and 
deliver near real-time pathogen insights 
to better prepare for future pandemic that 
may arise. 

Ramin Khaksar, Chief Scientific 
Officer of Clear Labs, a supplier of 
fully automated, next-generation 
sequencing (NGS) for genomic 
surveillance and diagnostics 

Baha Abdalhamid, MD, PhD, D 
(ABMM), Assistant Professor, 
Department of Pathology and 
Microbiology at the University of 
Nebraska Medical Center
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The cost of errors and its antithesis, 
the cost of quality, is often written 
about in terms of financial impact to 

medical laboratories and the healthcare 
system. This article will highlight the 
human impact of errors, ways in which 
the errors can occur within the auspices 
of the laboratory, and the need for more 
transparency in discussing the challenge 
in order to reduce the impact.

Medical errors rarely make the head-
lines and when they do, it’s typically 
coverage of the most catastrophic events. 
The public tends to think of these as being 
attributable to errors by overworked and 
hurried doctors, such as surgery per-
formed on the wrong side of the body, 
or a cancer missed on a scan, or simply 
misinterpreting a patient’s symptoms. 

In 2000, the Quality of Healthcare in 
America project through the Institute of 
Medicine published a landmark report 
titled To Err is Human: Building A Safer 
Health System in which the extent of 
medical errors was detailed along with 
recommendations for improvement. The 
report reviewed several studies and esti-
mated that between 44,000 to 98,000 deaths 
occur in the United States each year due 
to medical errors, leading to national costs 
between $17 and $29 billion annually. In 
2016, the BMJ published a paper detailing a 

new analysis indicating that medical errors 
were the third leading cause of death in 
the United States. It further estimated 
the number of US deaths annually due 
to medical error at 250,000 minimum, and 
as high at 400,000. This range equates to 
500–1000 deaths every day. 

This data clearly pointed to a national 
crisis and despite the time between the 
2000 and 2016 reports and now, there 
has been no indication that the trend 
has been reversed. While the Institute 
of Medicine categorizes medical errors 
into four groups: Diagnostic Errors, 
Treatment Errors, Preventative Errors, 
and Communication / Equipment or 
Other Errors, this profession’s natural 
focus is in Diagnostic Errors.

Diagnostic errors
Consider a few real-life stories.
• A couple that had been married for 

50 years were healthy except he re-
quired blood thinner medication for 
a treatable heart condition. However, 
incorrect prothrombin test results led 
to several increases in his medication. 
He died shortly after of a brain hemor-
rhage from over-medication.

• Over 100 patients tested positive for 
prostate cancer when in fact the test 
results from a prominent institution 

were wrong and some patients un-
derwent treatment for non-existent 
tumors. The problem was later de-
termined to be errors by equipment, 
personnel, and procedures. 

• As part of a routine military physical, 
a soldier was told he was HIV positive. 
This led to him and his wife separat-
ing. Later the soldier found out he was 
actually HIV negative and the first test 
had been incorrect. 

• A young couple was proud parents of a 
baby girl until routine tests cast doubt 
on the father’s paternity. The couple 
split up over this issue but reunited 
some years later and had another 
child. Knowing the first child wasn’t 
his, he insisted on a paternity test. 
They subsequently learned the first 
child was his and the original test had 
been compromised.
In each of the four cases, something 

went wrong between tests being ordered 
and clinicians acting upon results. And in 
each case, the errors led to traumatic ex-
periences for the individuals and families 
involved, unintentional death, incorrect 
treatment, or the demise of a relationship.

A diagnostic error is simply an incor-
rect diagnosis of a patient condition and 
typically falls into one of four categories: 
error or delay in diagnosis, failure to 
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More than cost: The true impact of errors
By Andy Quintenz
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employ indicated tests, use of outmoded 
tests, or failure to act on results.

In its 2015 report, Improving Diagnosis 
in Healthcare, the Institute of Medicine 
estimated that diagnostic error is the 
cause of 10% of patient deaths, 17% of 
hospital adverse events, and the leading 
driver of malpractice claims. Perhaps 
even more surprising was the report’s 
estimate that, in the US, an individual 
will be incorrectly diagnosed at least once 
in their lifetime. This is not just receiving 
an incorrect diagnosis but that the doctor 
will also have acted upon it. 

It should be noted that not all diagnostic 
errors originate in the clinical laboratory. 
The reported statistics include other types 
of diagnostics such as imaging, diagnostic 
errors stemming from misinterpretation 
of results, and diagnosis and treatment 
with inadequate information. Unfortu-
nately, very few medical institutions have 
processes in place, or the resources to 
track diagnostic errors or determine their 
causes. Therefore, it’s unknown how many 
are attributable to laboratory errors. 

Laboratories, hospitals, and clinicians 
alike are naturally reluctant to share in-
formation about diagnostic errors due 
to the litigious nature of society. While 
almost every laboratory has experienced 
a laboratory error being acted upon, it is 
rare that these are shared outside of the 
institution, even for the sake of educa-
tional enlightenment. 

US laboratories routinely run upwards 
of 500 tests, larger laboratories may have 
another 500 that are run less frequently. 
This requires each lab to be able to main-
tain equipment and competency for up to 
1000 tests, and the larger reference labs 
even twice that, with tests running the 
gamut of highly automated instrumenta-
tion to very manual methods. All of these 
tests require reliance on equipment and 
staff performing at the highest level. But 
instruments fail and human nature being 
what it is, people make errors as well.

Categories of errors 
It’s important that laboratorians, and 
others who are involved in the testing 
process, understand potential sources 
of error so they remain alert and bring 

attention to a situation that needs to be 
evaluated before reporting out results. 
Not all errors are created equally. There 
are errors that are limited in impact, 
affecting a single or small number of 
test results, while other errors have the 
potential to affect a large number, even 
across days or weeks of testing. Below are 
examples of these types of errors
Errors that typically affect multiple 
patients:
• Lab equipment isn’t working prop-

erly. Equipment failures can be small 
enough to impact sample results 
without causing an obvious failure. 
Certain components can begin to react 
to wear, and will still allow operation 
but may use an inadequate amount 
of reagents or cause the calibration 
to shift.

• Improper storage or handling of reagents. 
Reagents that are left out or stored at 
improper temperatures may degrade 
before their expiration dates and lead 
to incorrect test results until replaced 
with reagents that have been handled 
properly. 

• Procedures aren’t followed. A hastily 
trained employee may not understand 
a procedure well and apply a short-
cut that inadvertently affects all the 
samples they are running.

• Samples are not properly handled. 
Samples that are collected offsite may 
be stored properly until pickup or left 
for courier pickup and then exceed 
storage temperatures after leaving 
the facility. 

Errors that typically affect a single patient:
• A sample isn’t collected or labeled properly. 

The sample may be collected in the 
wrong tube, it may be poorly drawn 
and hemolyzed, or not labeled at the 
time of draw with an incorrect label 
applied later. In these instances, the 
impact is to the tests designated to be 
run on that particular sample tube. 

• Samples aren’t properly handled. This can 
be caused by not rocking the tube to 
cause mixing with the anti-coagulant. 
Excessive vibration from transport can 
cause hemolysis. 

• Lab testing with time constraints are 
delayed in running or reading. Certain 
tests require samples to be centrifuged 
or run within a certain amount of time 
from collection and when not, may lead 
to incorrect results. Similarly, when a 
test cartridge that must be read within a 
specified time period after inoculation 
is read later than required, may lead 
to an incorrect result.

• A test result is entered incorrectly into the 
patient record, or the wrong record. Many 
but not all instruments automatically 

communicate with an LIS and many 
test methods require manual entry of 
results. These can lead to transcription 
or transposition errors. 

Moving forward
Sometimes a single lab test can diagnose 
a disease but more frequently, several 
lab tests are used by the clinician to 
gain insights as to what is happening in 
the body and aid in the diagnosis. These 
test results impact the treatment plan a 
patient receives, such as surgery, medica-
tion, or type of therapy. Clinicians use test 
results as one piece of the puzzle when 
diagnosing patients but it’s a critical 
piece that provides insights that clinical 
observation cannot uncover. 

As the reports point out, errors will 
always occur but steps can be taken to 
reduce their number and their impact.

Errors can be prevented by designing 
systems that make it hard for people to do 
the wrong thing and easy for people to do the 
right thing. [It is] a serious concern in health-
care that, if discussed at all, is discussed only 
behind closed doors. As healthcare and the 
system that delivers it become more complex, 
the opportunities for errors abound.

Communication is key. One of the rec-
ommendations of the Institute of Medicine 
is for health systems and laboratories to 
create an environment where errors and 
near misses can be discussed and triaged 
for improvements. These learnings need 
to be shared, in a blinded way, outside 
the individual institutions to benefit not 
only the greater laboratory community 
but more importantly, for patients’ well-
being. Staff coming forward and sharing 
errors and near misses during monthly 
or quarterly quality reviews should also 
become standard practice. It’s how we 
all learn. 
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“US deaths annually due 
to medical error at 250,000 
minimum, and as high at 
400,000. This range equates to 
500–1000 deaths every day. 1” 
—Andy Quintenz.
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For our second “State of the Industry” survey 
topic in 2022, Medical Laboratory Observer 
(MLO) selected Lab Management Best 

Practices as its focus. We gathered responses from 
189 clinical laboratory professionals with 64% of 
respondents in director, manager, administrator, 
or supervisor positions.

The survey results show how the COVID-19 pan-
demic, continued staf� ng shortages, and supply 
chain disruptions have impacted clinical lab opera-
tions and revenues. It also reveals some of the most 
popular approaches for addressing these challenges, 
from talent recruitment and retainment strategies, 
to the implementation of automated technologies.

To bring the data to life, we interviewed U.S. clini-
cal laboratory leaders and lab suppliers and service 
providers to gain their perspectives on the state of 
the industry. They shared their personal experiences 
and voiced their opinions on what must change to 
sustain lab operations moving forward.

Recruiting and retaining staff members
Staff shortages are placing intense pressure on clinical 
laboratories as they struggle with high demand for 
testing and the desire among clinicians and patients 
to get accurate results quickly.

“We’ve taken a hard hit in staf� ng levels from 
losing individuals to retirement, new techs who 
decided they didn’t want to stay in the � eld, and 
others leaving for jobs with higher pay,” said Aaron 
Hurst, Laboratory Supervisor for NMC Health in 
Newton, Kansas.

Tim Schroeder is Director of Lab for Mahaska 
Health, a 25-bed critical access hospital in Oskaloosa, 
Iowa. His team of fewer than 20 FTEs runs 24/7 
testing for the hospital and for 40+ hospital-based 
providers through clinics and two satellite facilities, 
averaging 500,000 tests per year.

“Even before the COVID-19 pandemic, we were 
four FTEs short,” said Schroeder. “Just the raw 
number of hours we have to cover in a week is 
300. I’ve had three people out at once with COVID 

for two weeks – a lab assistant and two techs – so 
everybody must juggle. At times, I’ve been working 
benches at 6 a.m. and other days stayed working 
benches until 7 p.m.”

The survey results show that labs across the coun-
try are facing these same challenges, with 76% of 
respondents saying they have had multiple staff 
members out sick with COVID-19 at the same time, 
up from 60% in 2021.

Competing for talent
Lab leaders are challenged to retain current staff 
members as they face � erce competition from other 
labs offering better pay. Others noted how lab profes-
sionals are increasingly leaving the � eld to pursue 
careers in other industries with less pressure and 
better compensation.

Among those surveyed, 27% said their labs ex-
perienced budget cuts due to lost revenue from 
elective procedures and tests, causing temporary 
staff furloughs and 24% hiring freezes, making it 
dif� cult to hire more staff.

“During the ups and downs of 
COVID, we would have one week 
where we’d be � exing people off 
and making cost cuts, then two 
weeks later trying to put the same 
staff members on overtime,” said 
Lee Panton, a recently retired 
Lab Director from California. 
“Because of the high cost of living 
in California, the majority of the 

laboratory staff have two jobs. During surges, both 
employers would be asking them to work double. 
Plus, most were off duty due to COVID exposures 
at some point.”

Panton said larger health systems in her area have 
been able to increase wages while smaller facilities 
don’t have the resources to match these higher pay 
rates. Smaller labs were even competing with retail 
COVID test sites and reference labs for techs during 
the height of the pandemic.

Best Practices for Lab 
Management in 2022
Lab professionals focus on staffing
By Kara Nadeau, MLO Features Editor

Lee Panton
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“We had one local hospital lose three phleboto-
mists on the same day because they got a $10/hour 
raise proposal to go to another place. I lost two 
phlebotomists who left for an extra $10/hour. When 
the grocery stores were offering an extra $5 per hour 
in COVID hazard pay, the people in the lab asked, 
‘What about us?’”

Other major roadblocks to staf�ng include fewer 
staff members in non-SARS-CoV-2 areas of the lab, 
making it dif�cult to meet turnaround-time goals 
(44%), fear/anxiety among prospective job candidates 
about working in a lab during the pandemic (36%), and 
more staff than usual assigned to the pre-analytical 
area to keep up with SARS-CoV-2 tests (33%).

“We brought in some recently graduated phle-
botomists during the pandemic, but as soon as they 
saw the PPE they had to wear, they didn’t do well 
and left in fear of the COVID-19 patients they were 
testing,” said Panton.

Real-world solutions to staffing
Continuing education was noted as a popular op-
tion for retaining and recruiting staff with 60% of 
respondents saying their labs have pursued this 
route, up from 42% in 2021. More than half (53%) 
said their employers have offered �nancial incen-
tives (sign-on bonuses, merit allowances, retention 
bonuses). Other tactics include:
• Partnerships with local colleges and tech schools to 

offer internships in their labs (44%)
• Shift changes to offer employee scheduling �exibility (44%)
• Efforts to address safety concerns, such as repetitive 

stress injuries and injuries from sharps (43%)
Panton and her team launched a medical lab 

technician (MLT) training program �ve years ago 
in partnership with two colleges to address staff 
shortages, taking on four-to-�ve MLT students per 
semester. She comments:

“I was told a couple of years ago that, in California, 
there were 66 graduates of MLT programs entering 
the workforce each year while there was expected to 
be 6,500 potential openings in the next �ve years. 
Taking on students was not easy on our staff, but 
once the students had basic training, they were able 
to be helpful. A lot of schools let students go during 
the pandemic, but we allowed them to work so they 
could continue their training.”

Hurst says his lab has put in place programs and pro-
cesses to help grow their own technicians. They provide 
tuition support and scholarships to phlebotomists who 
want to go back to school to become lab technicians, 
provided they stay with them for a speci�ed number 
of years following graduation. They have also brought 
in lab aids who can handle basics tasks, freeing up 
technicians to run tests and discern results.

At Mahaska Health, Schroeder says he has suc-
cessfully identi�ed and hired technicians through 

networking both in the U.S. and beyond its bor-
ders. He recently hired a local tech recommended 
by one of his staff members. In his past positions, 
he had hired techs from the Philippines, and they, 
in turn, have recommended others for employ-
ment. He is currently in the process of hiring two 
additional Filipino techs.

Of those lab professionals who participated in the 
survey, 17% said their employers have offered perks, 
such as free parking, onsite gym, onsite day care, 
and reimbursement of  public transportation costs, 
to try to recruit and retain staff members.

Panton acknowledged that keeping staff members 
happy is a challenge, particularly when the lab can’t 
offer higher wages, and shared her approach focused 
on providing �exibility:

“The lab is dynamic, and personnel is your 
number one factor. I would put out the schedule 
six-to-eight weeks in advance while a typical 
hospital would put it out two-to-four weeks in 
advance. That way, my staff members had plenty of 
time to tell me what days they wanted off around 
their other jobs and personal lives. If they had any 
desire to make a change, they could trade among 
themselves without limit. We had to make daily 
adjustments to workload, but having the template 
helped everyone signi�cantly.”

The establishment of clinical ladders (structures 
to encourage professional development, such as 
from novice to expert) is a popular technique for 
staff recruitment and retainment, with 33% of those 
surveyed saying their labs have pursued this, fol-
lowed by implementation of succession-planning 
processes that offer additional responsibilities to 
top performers and measure results (22%).

Addressing supply chain disruptions
Two years into the COVID-19 pandemic, the clinical 
lab industry is still feeling the impacts of supply 
chain disruptions and shortages.

When asked what best practices they have 
implemented to address supply-chain issues 
during the pandemic:
• 58% of respondents said they have utilized multiple 

testing platforms
• 51% have implemented standing orders (instead of just 

in time) for crucial supplies
• 47% have worked with state public health of�cials to 

gain access to needed testing supplies
• 22% have re-vamped product-evaluation process to 

measure performance of new supplies and new vendors 
more accurately

• 19% have switched to reusable types of personal 
protective equipment (PPE), such as moving from 
disposable to reusable lab coats
Hurst’s lab has implemented multiple platforms 

to diversify its testing options. That way, if they face 
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allocation or shortages for reagents for one modality, 
they can switch to another.

“Just-in-time (JIT) inventory during a pandemic is 
not effective,” said Hurst. “Nobody could get enough 
PCR tests. It has been a nightmare. The number one 
lesson learned is that labs must be proactive instead 
of reactive to get what they need.”

Getting creative with ordering
Schroeder described how his lab installed a PCR 
testing platform in December 2020, which his team 
validated via a Zoom meeting with the manufacturer. 
At the time, they were only able to secure enough 
reagents to perform validation testing because the 
kits were on allocation with the manufacturer. The 
manufacturer began supplying additional reagents in 
April/May 2021, but the amount was still not enough 
to meet the lab’s testing demands. Schroeder knew 
he had to get creative with his ordering strategy.

“I ordered 700 kits (7,000 tests) from the manufac-
turer, a 500 kit order to ensure that I would receive ad-
equate allocation to perform needed patient testing.”

In another case, Schroeder ordered kits for the 
lab’s molecular platform used to run strep screen 
con�rmations. Although the lab was performing 50 
of these tests per day, the distributor sent them only 
25 tests total.

“I ordered 10 kits (250 tests) from the manufacturer, 
but they only sent me one kit (25 tests) because they 
were on allocation. We were performing 40-50 tests/
day. I called and talked to my sales rep. He said they 
only sent one kit (25 tests) because we were a 25-bed 
critical access hospital, and I explained how our lab 
does 6,000 strep tests per year and needs 10 kits 
per week. I got in touch with the testing platform’s 
national product manager, and we were able to place 
an order for 100 kits (2,500 tests), which is a �ve-
month supply for us. I was told that the company 
actually brought in people and paid them overtime 
to ful�ll our order.”

Collaborating with suppliers
“Labs are always looking to vendors to help them, 
but it is also important that we help the vendors,” 
said Hurst. “Early in the pandemic, our lab offered to 
perform studies on COVID-19 tests for the suppliers 
of these tests. The bene�ts were all around: The sup-
pliers had a lab to help validate their modalities and 

we had access to tests for COVID 
before many others did.”

Jillian Bishop, Marketing and 
Engagement Manager, Electronic 
Imaging Materials, stressed the 
importance of suppliers and labs 
working together to help ensure 
testing platforms and supplies are 
available when needed.

“We’ve found labs and their suppliers need to stay 
a step ahead of supply chain issues in order to be 
prepared,” said Bishop. “[With regards to labels], the 
best way to do this is ensuring labels are ordered 
as early as possible, because many raw material 
shipments are being delayed and production lead 
times are extended.”

“Another way to prepare is to qualify secondary 
label materials that withstand your speci�c lab 
processes,” Bishop added. “Ask your label supplier 
to identify alternatives to your current labels - then 
test them thoroughly. If your current materials 
become dif�cult to acquire, you’ll have another 
option ready to go.”

Bishop says Electronic Imaging Materials sources 
from multiple suppliers, in multiple geographic loca-
tions. They work with their lab clients to provide 
alternate materials that are equal, if not better, in 
the event of a supplier stock-out, stating:

“Having a back-up material already chosen and 
vetted will save you crucial time when you need to 
reorder. Don’t get caught without the necessary labels 
to keep your lab activities moving.”

Balancing costs and reimbursements
As the American Clinical Laboratory Association 

(ACLA) states, payers have slashed reimbursements 
for lab services as the costs associated with pro-
viding critical laboratory services – including labor, 
supplies, and transportation – continue to rise.1

The survey found labs increasingly implementing 
new information technology (IT) solutions to help en-
sure reimbursement covers their costs. This includes:
• Solutions to reduce human error (78% for non-SARS 

tests, 58% for SARS tests)
• Solutions to help keep current with regulations (71% 

for non-SARS tests, 59% for SARS tests)
• Analyzers that provide walkaway testing to reduce 

staf�ng and FTE hours (76% for non-SARS tests, 53% 
for SARS tests)

Improving revenue capture
The lack of knowledge and/or IT systems to bill for 
services correctly is a major challenge to lab rev-
enue, according to Jim O’Neill, Laboratory Services 
Business Development Manager, Advanced Data 
Systems. He stated:

“Many laboratories have not integrated their 
laboratory information system (LIS) and billing and 
�nancial system appropriately, causing work�ow 
issues and lost or dropped charges between the 
LIS and billing vendor. This represents billions of 
dollars a year that labs are losing when charges 
don’t come over from the LIS to the billing system.”

The survey results correlate to O’Neill’s obser-
vations, with 40% of respondents citing lack of 
interoperability between their LIS and revenue Jillian Bishop
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cycle management software as 
a stumbling block, 38% lack of 
software to automate tracking/
analysis of costs, and 37% insuf-
�cient staff time.

O’Neill says another roadblock 
to reimbursements is the inability 
of labs to collect, from referring 
physicians, appropriate and com-

plete information required by payers, including 
medical notes.

“Labs must look at their internal systems to make 
sure their LIS front end system or their middleware 
company has the appropriate tools to collect the 
required billing information to get paid from the 
different payers,” he said. “They should look at in-
tegrating data to �ow from the LIS or middleware 
vendor to the billing company with regards to lab 
reports, requisitions, and doctor and patient chart 
information/medical notes.”

Coding frustrations and modi�cations also continue 
to challenge lab professionals, with 80% of survey 
respondents indicating they had taken steps to allevi-
ate these issues, including the creation of standard 
lab processes and staff education materials (78% for 
non-SARS and 66% for SARS testing) and standard-
ized instrumentation work�ows and checklists (77% 
for non-SARS and 57% for SARS testing).

Higher deductibles and co-pays mean more lab 
revenue is coming directly from the patient, and 
labs struggle �nancially from patients not paying 
their bills in a timely manner, according to O’Neill. 
He says staf�ng shortages have forced labs to get 
more creative with how they attempt to collect on 
these payments, stating:

“More labs are sending patient notices via text 
and email as an alternative to lab billing staff stuff-
ing hundreds, if not thousands, of envelopes on a 
weekly or monthly basis and paying higher postage 
rates to mail them.”

Uncovering new savings opportunities
Those surveyed said they are also �nding new sav-
ings opportunities to help maximize reimbursements 
and revenue. The majority (81%) said they have 
adopted processes to review savings opportunities 
for non-SARS testing, such as evaluating analyzers 
on a regular schedule (46% for SARS testing). The 
implementation of ongoing waste and ef�ciency 
studies to �nd potential savings in overhead is an-
other key initiative among lab professionals, with 
79% having taken this action for non-SARS testing 
(43% for SARS).

With regards to efforts to improve inventory con-
trol and consumable supply costs:
• 75% evaluated inventory levels for basic supplies, such 

as assays and controls/reagents

• 53% worked with supply chain management on supplies 
that are on group purchasing organization (GPO) 
contracts that offer additional savings

• 37% developed supply utilization tracking and record 
keeping

• 36% worked with other members of the organization, 
such as the Chief Medical Of�cer (CMO) and physicians, 
to standardize test ordering throughout the organization

• 19% implemented vendor-managed ordering
• 15% developed ongoing review comparing supply 

reports to the number of invoiced tests
• 13% gained access to electronic inventory tracking from 

the supply chain/materials management department
• 10% implemented lease agreements that do not include 

volume commitments
“Labs can’t control consumable supply costs, but 

they can use nontraditional vendors if they perform 
the proper vetting,” said Hurst. “We were able to get 
many needed supplies this way.”

Implementing new tests and technologies
When asked what technologies their labs prioritize 
in their capital budgets, 68% said technology needed 
to improve quality/reduce costs, 53% technology 
needed to remain competitive, 48% technology 
needed to cover staff shortages with automated 
equipment, and 45% technology needed to cover 
broken equipment.

Hurst said his lab’s implementation of an automation 
line in December 2019 has helped the team navigate 
the challenges of the pandemic in terms of high testing 
volumes and low staf�ng levels. The lab has long seen 
the value of automation, having automated its blood 
bank to be completely paperless back in 2007.

The survey �ndings revealed that close to one-
quarter of labs had automated manual processes in 
the pre-analytical phase of testing (24%). A similar 
number had implemented evidence-based test uti-
lization backed by data (24%) and/or implemented 
a pre-approval program for tests that are send-outs 
(23%). Slightly fewer (17%) had purchased additional 
centrifuges to reduce bottlenecks in testing work�ows.

As for best practices around adopting new tools for 
laboratory automation, such analyzers or software, 
63% said they have analyzed work�ow processes for 
proper space planning, 51% involved the IT depart-
ment early in the process, and 29% designated a 
project manager to coordinate short- and long-term 
planning and implementation with the vendor.

With lower revenues and less money to invest in 
new technologies, lab leaders must do their best 
to ensure their equipment upgrades deliver the 
desired results. Corinne Fantz, PhD, Vice President, 
Chief Medical Partner, Core Lab and Point of Care, 
Cardiometabolism and Neurology Network at Roche 
Diagnostics North America, offers the following 
recommendations when evaluating analyzers.

Jim O’Neill
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under supervision, before they begin to do tasks 
without supervision,” said Maggie Morrissey, Director, 
Recruiting and Staf�ng Services, Lighthouse Lab 
Services. “Regardless of the new employee’s experi-
ence, sometimes one lab might practice one technique 
and one lab might use a different technique. Making 
sure that lab staff/management is always available for 
questions or concerns and encouraging questions be 
asked to prevent mistakes from being made.”

Making improvements for the road ahead
Clinical labs will likely continue to struggle with staff 
shortages and supply chain disruptions for quite 
some time, and nobody can predict the trajectory 
of the COVID-19 pandemic. When asked for their 
recommendations on how to alleviate the burden of 
these challenges moving forward, those interviewed 
offered these thoughts.

Improve lab culture
Work culture is one reason why lab profession-
als leave one employer and go to another, says 
Morrissey. She recommends labs take steps to 
establish cultures that appeal to staff members’ 
both personally and professionally.

“We often hear candidates say they don’t want to 
work at speci�c companies because of poor culture,” 
said Morrissey. “Reevaluating culture, bene�ts of-
fered, and other ‘soft’ aspects can really help with 
attracting new talent. One Lab Tech told me: ‘They 
need to make the work environment more exciting. 
Do fun activities for lab week. Have a free lunch once 
a month or every other week for the employees. 
Also, make sure employees are not sitting around 
doing nothing for hours. Make sure there is a plan 
set, so techs know what they are going to do from 
the moment they clock in.’”

Further define career paths
Panton says most of the MLT students who participated 
in her former lab’s training program expressed interest 
in becoming clinical laboratory scientists (CLS), but the 
state of California doesn’t currently have a clear path-
way to transition from MLT to CLS. She encourages 
the development of these career pathways, explaining 
how her team took steps in this direction:

“About halfway through MLT student training, we 
gave them the opportunity to work as clerks so they 
could learn the front desk. Some wanted to learn 
phlebotomy, too, so that helped. When they gradu-
ated, they took their exams, and many stayed about 
18-to-24 months so they could get into CLS programs 
and be potential CLS for us to hire upon graduation.”

Increase lab automation
Hurst expressed his surprised at how so few labs, 
similar in size to his, have embraced automated 

“Every test result impacts patient care. Lead with 
the medical value of the tests you want to offer – 
tests that provide quality results. Performance stats 
beyond best case scenarios may be dif�cult to come 
by, but be sure to ask your vendors about mean up 

time and recalls in addition to the 
number of tests per hour.”

Fantz recommends that labs 
consider their institution type and 
size when evaluating analyzers. 
“[Question] whether the reagents 
can be shared across a family of 
instruments to be more ef�cient 
and harmonized to share reference 
intervals at sister hospitals to re-

duce interpretation error and improve patient safety.”
“Menu can impact ef�ciency,” Fantz added. “If you 

need a second analyzer to run a complete panel of 
tests, that is likely to make your lab less ef�cient and 
cost more. If the test needs to be sent out, delays 
could impact the patient and increase the chance the 
result is lost or never seen by the ordering provider.”

With regards to improvements in the quality and 
ef�ciency of testing, more than half of those surveyed 
(65%) said they had standardized test ordering pro-
cedures and formularies, while 32% said they had 
programmed hard stops or other functionality into 
electronic health records (EHR) systems to guide 
physicians’ test-ordering practices.

An important step in introducing new software is 
verifying that changes do not detrimentally impact 
patient results, according to Fantz. She states: “Human 
factors engineering and consulting with your manu-
facturer may help labs consider implementing the 
right safeguards necessary to ensure patient safety.”

Training staff on new technology
As staf�ng shortages are a major challenge through-
out the industry, we asked lab professionals what 
best practices they have developed to train staff on 
new software.

At the top of the list was the creation of standard 
work�ows for all lab employees (60%), followed 
by the creation of a train-the-trainer model (52%). 
Also noted was the development of mandatory 
training for new lab employees that is led by the IT 
department (25%), development of lunch-and-learn 
training sessions (15%), and sending a lab person 
to laboratory information system (LIS) school to 
develop an in-house expert (14%).

With high staff turnover rates, lab leaders must 
also take into consideration the training of new 
staff members on equipment, both old and new, 
to maintain the quality and ef�ciency of operations 
despite changes in personnel.

“Many lab techs point to having a very strong 
training process that encourages repetition of tasks 

Corinne Fantz, Ph.D
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technologies. He says automation of lab processes 
has “really saved” his lab during the pandemic, and 
encourages others to do the same, stating:

“If you don’t think you can afford it, you can.”
“Front-end automation, no reagent preparation, 

minimum number of calibrations, and quality 
control, middleware, and automated storage and 
retrieval can help labs address staf�ng challenges,” 
said Fantz. “But labs aren’t commodities. Behind 
every test, is a patient and behind every test result, 
is a laboratorian. Together, operational ef�ciencies, 
quality instruments and assays coupled with digital 
solutions and dedicated laboratory professionals 
deliver the highest quality patient care.”

Diversify suppliers
“They say be loyal to your main distributor, but 
at the same time I have had to buy things from 
anybody and everybody to keep the lab running,” 
said Schroeder. “You have to be loyal but also think 
outside the box.”

Schroeder recommends leveraging existing re-
lationships with distributors and manufacturers, 
but at the same time, exploring new partnerships. 
He says when a lab is facing supply shortages, it 
can be hard to establish a new relationship with a 

distributor or manufacturer in the moment. Instead, 
he suggests labs be proactive and place orders with 
various suppliers on a regular basis. That way, those 
suppliers will be there when the lab needs them.

Secure RCM support
O’Neill says revenue cycle management (RCM) is a 
top concern and challenge among Advanced Data 
System’s lab clients. Staff shortages make it harder 
to manually process billing and keep up with payers’ 
changing requirements. He sees more labs engaging 
with RCM service providers to perform these tasks 
on their behalf.

“The comments we are hearing from customers 
are number one staf�ng shortages, then the lack 
of system integration, and lack of experience with 
regards to correct panel coding and keeping up 
with regulatory changes with the insurance com-
panies,” said O’Neill. “In the past year, we have 
had a 37% increase in customers requesting RCM 
service versus licensing our product to do their 
own billing in house.”
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LAB MANAGEMENT :: SUPPLY FORECASTING & HANDLING

Forecasting supplies for laboratories and hospitals, post 
pandemic, is a complex task, involving a complicated bag 
of tricks. Suppliers are also gravely affected by the shortages, 

always conscious of the needs of their customers. 
The Center for Biologics Evaluation and Research (CBER), 

within the FDA that regulates biological products for human use 
under applicable federal laws, identifies shortages of biologics 
as a threat to public safety.

“CBER’s Office of Compliance and Biologics Quality (OCBQ) 
directs the CBER-regulated product shortage program, which 
includes product discontinuations. [Currently,] shortages of 
drugs and biologics pose a significant public health threat, 
delaying, and in some cases even denying, critically needed 
care for patients.”1  

With significant challenges, due to shortages, supply fore-
casting and acquisition require laboratories and hospitals to 
examine a number of different categories in order to acquire 
necessary supplies to effectively complete the tasks at hand.

Causes of shortages
The FDA is aware of the shortages, brought on by the pandemic, 
and explains the causes and possible other scenarios.

In a January 2022 news release entitled Blood Specimen Col-
lection Tube Conservation Strategies - Letter to Health Care and 
Laboratory Personnel, the U.S. Food and Drug Administration 
(FDA) stated that it “is aware the United States is experiencing 
significant interruptions in the supply of several blood speci-
men collection (blood draw) tubes because of an increase in 

demand during the COVID-19 public health emergency and 
recent vendor supply challenges. The FDA is expanding the 
medical device shortage list to include all blood specimen col-
lection tubes.”2

In another article, CBER-Regulated Products: Possible Causes 
of Shortages, the FDA introduces the possibility of additional 
causes for supply shortages.

“Quality problems at the manufacturing facility are the 
most common causes of CBER-regulated product shortages. 
Other causes of product shortages include increased demand, 
corporate delays in manufacturing or shipping, distribution 
disruptions, production changes, unavailability of component 

materials, new indications, decisions to discontinue the product, 
or natural disasters,”3 the FDA article states.

Laboratories/Hospitals: 

Inventory management
Focusing on inventory management, storage and distribution, 
introduction of new products, the ever-changing COVID-19 
pandemic outlook, and best practices that include future pan-
demic readiness, laboratories forge ahead with the purchasing 
of supply inventory and assembling a stockpile of supplies, 
ever mindful of unexpected events and emergency situations, 
similar to the COVID-19 outbreak.

Sarah Bower, MPA, MT (AMT), Laboratory Manager, Mary 
Greeley Medical Center, in Ames, IA, when asked who, on her 

team, is responsible for inventory management, 
replied, “We have 6-7 staff in our lab who are 
licensed in our system to order supplies, based 
on KanBan principles.  After an order is placed 
in the online ordering system, it is routed to the 
email of the manager or director to approve.  
Very high dollar amount purchases may also 
be approved by administration. The buyer re-
sponsible for lab products then places the order 

and also notifies us any time she is made aware that a supply 
is on backorder.”

Implementing the KanBan principles, a visual system that 
manages inventory control, Bower and her laboratorians are 
able to diagnose the potential upcoming hardships related to 
the ordering of necessary supplies. A Kanban bin system for 
inventory management, uses two bins in your supply area to 
visually see when it’s time for restock. In general. When the 
first bin of materials or work-in-process is empty, it’s time to 
reorder or restock.

Storage and distribution
Determining and forecasting, the PAR levels of supplies within 
the laboratories require the utilization of data in order to de-
termine test volumes. 

Bower states, “The laboratory is responsible for determining 
our PAR levels for lab supplies. This is done using data from 
our Slicer Dicer app within Epic (to determine test volumes) 
and also by reviewing past ordering frequencies.” 

Introduction of new products
When introducing new products into the laboratories and 
hospitals, procedures must be followed to ensure a smooth 
transition for all members of the staff. 

According to Bower, Mary Greely Medical Center is lucky to 
have a purchasing agent who worked in the laboratory, prior to 
her current position, with a good understanding of lab supplies. 
When asked about the procedure for introducing new products, 
Bower said, “Under normal circumstances, when a brand-new 
product is introduced, laboratory staff try the product and then 
fill out an evaluation form, prior to integrating the product.  
Their input is instrumental to the process.”

Bower said an area where the laboratory was forced to inte-
grate new testing products and supplies involved COVID-19 
testing. She stated, “This affected nursing as well as the lab.  

Supply limitations, now and in the future
By Gail Castanho, MLO Managing Editor

Sarah Bower,
MPA, MT (AMT)

Photo by PeopleImages @ Getty images
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Our microbiology section head worked tirelessly to ensure 
lab staff were trained very quickly…because we still had to 
meet CLIA regulations with respect to introducing new tests. 
To keep all lab staff apprised of ongoing changes, we formed 
a channel in MS Teams called “COVID” and also devoted one 
of our white boards in the lab to just COVID related updates. 
We also communicated change of testing supply information 
to the nursing leaders of all affected departments.”

Changes due to COVID-19 pandemic
The COVID-19 pandemic illuminated supply shortages, wreak-
ing havoc on laboratories and hospitals. Fortunately, the evolu-
tion of hyper-awareness and ingenuity became the norm for 
those labs that continued to provide necessary testing during 
a most difficult time. 

COVID-19 brought unprecedented challenges to clinical labo-
ratories. While U.S. labs strove to provide quality and accurate 
test results in the face of 2020’s adversity, the uncertainty and 
lack of supplies were a significant hurdle, hindering day-to-day 
laboratory operations and the ability to increase testing capacity. 

According to the article, Supply Shortages Impacting COVID-19 
and Non-COVID Testing, “the uncertainty and lack of supplies 
were a significant hurdle, hindering day-to-day laboratory 
operations and the ability to increase testing capacity.”4

“In 2020, ASM partnered with the Association of Supply 

Chain Management to collect testing supply status for both 
COVID-19 tests, as well as other microbiological tests to 
highlight, and ultimately alleviate, these debilitating supply 
chain issues. Starting Sept. 11, 2020, ASM began independently 
collecting shortage data directly from clinical labs using the 
Clinical Microbiology Supply Shortage Collection (CMSSC) 
tool, drawing attention to the data provided by laboratory 
directors, and practicing clinical microbiologists without 
external influence. This data reflects shortages of medium, 
reagents, collection devices and consumables that significantly 
impacted day-to-day testing for both COVID-19 and other 
infectious diseases during the time period of Sept. 11, 2020 
to Jan. 15, 2021.”4

“147 CLIA-certified labs responded to the survey across the 
U.S. The CMSSC tool results also show the following non-
COVID-19 shortages:
• 35.1% of labs have a shortage of supplies for the molecular 

detection of sexually transmitted infections.
• 47.5% of labs have a shortage of supplies for detection of 

routine bacteria (including the bacteria causing strep throat, 
pneumonia, bronchitis, and urinary tract infections).

• 29.4% of labs have a shortage of supplies for mycobacteria 
testing (including supplies for tuberculosis (TB), Buruli 
ulcer and pulmonary nontuberculous mycobacterial 
disease testing).

Medical Device Shortages During the COVID-19 Public Health Emergency

Category Product Code 
(Description)

Availability 
and Estimated 
Shortage 
Duration2

Additional Information Reason for 
Interruption 
(per 506J)

Date
(YYY/MM/DD)3

Laboratory Reagents 
and Testing Supplies 
- Testing Supplies & 
Equipment

JJH (Clinical sample 
concentrator)

• Limited supply 
available.

• Estimated for 
duration of 
the COVID-19 
Public Health 
Emergency.

In an effort to mitigate 
ongoing shortages, the U.S. 
government continues to 
support mitigations including 
alternatives (see COVID-19 
Testing Supplies FAQ).

Demand 
increase for 
the device

2020/08/14 Initial
2022/02/04 
Reverified

Laboratory Reagents 
and Testing Supplies 
- Testing Supplies & 
Equipment

NSU (Instrumentation 
for clinical multiplex test 
system)

• Limited supply 
available.

• Estimated for 
duration of 
the COVID-19 
Public Health 
Emergency.

In an effort to mitigate 
ongoing shortages, the U.S. 
government continues to 
support mitigations including 
alternatives (see COVID-19 
Testing Supplies FAQ).

Demand 
increase for 
the device

2020/08/14 Initial
2022/02/04 
Reverified

Laboratory Reagents 
and Testing Supplies 
- Testing Supplies & 
Equipment

PPM (General purpose 
reagents for in vitro 
diagnostic tests, 
including pipette tips4)

• Limited supply 
available.

• Estimated for 
duration of 
the COVID-19 
Public Health 
Emergency.

In an effort to mitigate 
ongoing shortages, the U.S. 
government continues to 
support mitigations including 
alternatives (see COVID-19 
Testing Supplies FAQ).

Demand 
increase for 
the device

2020/08/14 Initial

Specimen Collection, 
Swab - Testing 
Supplies & Equipment

KXG (Absorbent tipped 
applicator)

• Limited supply 
available.

• Estimated for 
duration of 
the COVID-19 
Public Health 
Emergency.

In an effort to mitigate 
ongoing shortages, the 
U.S. government continues 
to support mitigations 
including alternatives 
(see COVID-19 Testing 
Supplies FAQ).

Demand 
increase for 
the device

2020/08/14 Initial
2022/02/04 
Reverified

https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/medical-device-shortages-during-covid-19-public-health-emergency
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• 8.8% of labs have a shortage of supplies for routine parasite 
testing.

• 19.4% of labs have a shortage of supplies for routine fungal 
testing (ranging from superficial, localized skin conditions to 
deeper tissue infections to serious lung, blood (septicemia) 
or systemic diseases).”4

When asked if her laboratory’s process of acquiring and/
or integrating supplies has changed since the COVID-19 pan-
demic, Mary Greeley’s Bower replied, “We still tend to utilize 
our KanBan system for most supplies. However, any item which 
has been subject to a backorder receives special treatment.  We 
may order more than our usual number of the product, or order 
more frequently, depending on the advice of our buyer in the 
purchasing department.  We have become much more “tuned 
in” to laboratory news with respect to national shortages.”

Best practices and future pandemic readiness
Having experienced the COVID-19 pandemic, and the effects 
of supply shortages, the idea of a preparedness plan seems 
likely, and necessary, at the same time. Mary Greeley Medical 
Center is among those laboratories that is continuously working 
to institute such a plan, based on the awareness brought about 
through the COVID-19 pandemic. Additionally, the pandemic 
shown a light on collaboration with borrowing and sharing 
supplies among labs and hospitals and creating partnerships. 

“We have not yet determined a definite plan for future pan-
demic readiness as it relates to supplies.  However, one thing 
that became very apparent to us was that our collaborative 
relationships with nearby clinics and hospitals was instrumental 
to effectively managing unexpected shortages. We were able to 
loan blue top tubes to a very large hospital who otherwise would 
not have been able to get them at all. When we ran perilously 
low on purple and green top tubes, we received small loans of 
tubes from several other institutions that helped us make it to 
the next shipment,” Bower said.

To help laboratories deal with supply shortages, The Choosing 
Wisely program was created, which is an initiative of the ABIM 
Foundation that focuses on avoiding unnecessary medical tests, 
treatments, and procedures.5

“Programs such as Choosing Wisely, and other laboratory 
medicine stewardship guidelines, have been designed around 
the patient-centric and fiscally prudent principle of reducing 
testing that adds no value to patient care, and that even may 
be associated with increased risks…COVID-19 supply chain 
issues have clearly created a healthcare crisis, including for 
the practice of laboratory medicine. But this crisis presents 
laboratorians with a golden window of opportunity to initi-
ate or strengthen our effective test utilization and labora-
tory stewardship efforts, using Choosing Wisely and other 
guidelines as a foundation for engaging in interdisciplinary 
organizational discussions.”6

Suppliers/Vendors: 

Managing the needs of laboratories
Lee H. Hilborne, MD, MPH, FASCP, DLM(ASCP)CM, and col-
leagues, in an article entitled, Laboratory Supply Shortages: Turning 
Crisis to Opportunity, wrote, “as the pandemic continues to ravage 
the global medical community, supply chain issues have intro-
duced new challenges that extend far beyond COVID-19 testing. 
Shortages of specimen tubes, personal protective equipment, 
and other common laboratory consumables threaten access to 
all aspects of diagnostic testing.”

Vendors, as suppliers for laboratories and hospitals, also 
have been affected by the upheaval occurring, due to short-
ages and the pandemic. Fortunately, not all suppliers have 
experienced, or have been negatively affected by current 
pandemic-type shortages.

 Richard Noel, Marketing Director, North America, Lumira 
DX, a supplier of COVID-19 antigen tests, was asked, “What 
are you doing to manage labs’ needs?” Responding, Noel said 
his company has been fortunate and has never had “to put any 
customers on allocation or gone on backorder for the SARS-
CoV-2 Antigen Test.” 

As a way to explain, Noel referred to the company’s “in-
novative test strip manufacturing process…and automated 
manufacturing lines that can produce tens of millions of tests 
per month.”

While Noel’s experiences regarding the 
on-going supply chain in the pandemic and 
post-pandemic timeframe are notable, they 
are not the norm, for suppliers. Because of 
the long-standing difficulties brought on by 
the shortages, government agencies have 
stepped in with suggestions for buffering 
such adversities.

Recommendations
For the time being, while pandemic shortages still exist, the 
FDA has provided recommended strategies for the conserva-
tion of supplies.

The FDA recommends healthcare providers, laboratory direc-
tors, phlebotomists, and other personnel consider the following 
conservation strategies to minimize blood collection tube use 
and maintain quality and safety of patient care2:
• Only perform blood draws considered medically necessary.
• Remove duplicate test orders to avoid unnecessary blood draws.
• Avoid testing too frequently or extend time intervals between 

tests whenever possible.
• Reduce tests at routine wellness visits and allergy testing 

only to those that target specific disease states or where it 
will change patient treatment.

• Consider add-on testing or sharing samples between laboratory 
departments if previously collected specimens are available.

• If you need a discard tube, use a tube type that has a greater 
quantity available at your facility.

• Consider point of care testing that does not require using 
blood specimen collection tubes (lateral flow tests) 
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Hematology, Immunohematology, Surgical 
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Grand Junction is a city in Colorado’s 
Western Slope region. It’s known as the 
hub of Colorado’s wine country. The city 
boast a quality of living that is unmatched 
across the region. Mild winters that are 
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walking/running, and you are just short 
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www.visitgrandjunction.com. 

Job Description:  
Medical Technologist works throughout the lab as a generalist and works 
the night shift, weekends, and holidays by themselves when priorities 
demonstrate a need. Duties include, but are not limited to:
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on a variety of biological 
specimens and/or 
environmental samples 
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control systems
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evaluation of data, ensures 
discrepancies are identified and 
attended by troubleshooting 
instrument performance and/
or QC material performance

• Performs, evaluates, interprets, 
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procedures and results

   How to Apply:
Send your resume directly to the acting Lab 
Managers kyle.hendren@va.gov or  
sandra.dunning@va.gov.

Scan the QR Code and apply to one of our many open 
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The silent pandemic is 
no longer silent
By Diane Flayhart, MBA

S ince the introduction of penicillin in 1942, antimicrobi-
als have transformed the treatment of infections and 
have saved millions of lives. But decades of misuse and 

outdated guidelines have driven a rise in the organisms that 
are resistant to these lifesaving drugs. 

Antimicrobial resistance (AMR)—bacteria’s ability to over-
come the effects of the drugs designed to kill or disarm them—is 
one of the world’s greatest public health threats. Today, at least 
1.27 million deaths worldwide are attributed to resistant bacte-
rial infections per year, and this number is growing.1 

According to the Centers for Disease Control and Prevention 
(CDC), in the United States alone, more than 2.8 million 
antibiotic-resistant infections occur each year; in fact, some-
one dies every 15 minutes from a drug-resistant infection.2

 As it continues to increase rapidly across the world, AMR is 
considered a “silent pandemic,” which actually threatens 
modern medicine. As the pathogens that cause infections 
become increasingly drug-resistant, common medical proce-
dures—including surgery, childbirth, and chemotherapy—will 
become increasingly life-threatening. Put into perspective, if left 
unabated, the effects of AMR could be worse than COVID-19.3

 Future projections suggest AMR could result in millions 
of deaths and trillions of dollars in lost global production.4

A recent publication, Global burden of bacterial antimicrobial resis-
tance in 2019: a systematic analysis, provided in-depth insights 
into the global burden of drug resistant infections. It is a com-
prehensive assessment of the global burden of AMR, as well as 
an evaluation of the availability of data. The paper uses several 
sources for the data and an estimation model to determine rates 
for regions that did not have complete data resources. In total, 
471 million individual records or isolates covering 7585 study-
location-years were used as input data to the estimation process. 

There were an estimated 4.95 million (3.62–6.57) deaths associ-
ated with bacterial AMR in 2019, including 1.27 million (95% UI 
0.911–1.71) deaths attributable to bacterial AMR. This data clearly 
demonstrates that bacterial AMR is a leading global health issue. 
These numbers also make AMR more deadly than such leading 
infectious disease threats as malaria and HIV/AIDS.The analysis 
showed that AMR all-age death rates were highest in some low 
and low middle income countries (LMICs), making AMR not 
only a major health problem globally but a particularly serious 
problem for some of the poorest countries in the world.

The analysis assessed burden of resistance by region, as 
well as by type of organism causing the infection and the 
source of the infection. By region, Sub-Saharan Africa had the 
highest burden (27.3 deaths per 100,000 attributable to AMR 
and 98.9 per 100,000 associated with AMR), followed by South 
Asia (21.5/100,000 attributable and 76.8/100,000 associated 
deaths). In comparison, high-income regions had an AMR-
attributable death rate of 13/100,000 and an AMR-associated 
death rate of 55.7/100,000. The lowest regional AMR burden 
was in Australasia (6.5/100,000 attributable and 28.0/100,000 
associated deaths).

A broad analysis of pathogens causing disease was com-
pleted. There were six AMR pathogens that caused 929,000 
of the 1.27 deaths attributable to AMR. The six pathogens 
responsible for more than 250,000 deaths associated with AMR 
were E coli, Staphylococcus aureus, K pneumoniae, S pneumoniae, 
Acinetobacter baumannii, and Pseudomonas aeruginosa, by order 
of the number of deaths. The prevalance of these pathogens, 
however, varied by region. In the high-income super-region, 
approximately half of the fatal AMR burden was linked to two 
pathogens: S aureus and E coli. By contrast, in sub-Saharan 
Africa, the leading pathogens were distinct from those of the 
high-income super-region, and each represented a smaller 
share of the AMR burden; S pneumoniae contributed to 15.9% of 
the deaths attributable to AMR and K pneumoniae contributed 
to 19.9% of the deaths attributable to AMR.

Three infectious syndromes dominated the global bur-
dens attributable to and associated with AMR in 2019. The 
syndromes were lower respiratory and thorax infections, 
bloodstream infections, and intra-abdominal infections. 
Combined, these three syndromes accounted for 78% of deaths 
attributable to AMR in 2019; lower respiratory infections alone 
accounted for more than 400,000 attributable deaths and 1.5 
million associated deaths.

Now we have the data, what are the actions we 
need to take
In conclusion, the authors of the paper noted, understanding 
the burden of AMR and the leading pathogen–drug combina-
tions contributing to it is crucial to making informed and 
location-specific policy decisions, particularly about infection 
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prevention and control programs, access to essential anti-
biotics, and research and development of new vaccines and 
antibiotics. There are serious data gaps in many low-income 
settings, emphasising the need to expand microbiology labo-
ratory capacity and data collection systems to improve our 
understanding of this important human health threat.

AMR is real, preventable, and actionable
There are immediate areas of action that we can take today to 
make an impact against drug-resistant infections. 

Infection prevention
Preventing infections, particularly healthcare-associated infec-
tions (HAIs) that spread in hospitals, need to be considered as 
the first line of defense against AMR. According to the CDC, 
resistant bacteria cause 18% of central line-associated blood-
stream infections (CLABSIs), 15% of surgical site infections 
(SSIs) and 10% of catheter-associated urinary tract infections 
(CAUTIs) in U.S. hospitals.5

• The CDC has tools available to assess infection prevention 
practices and guide quality improvement. 
• Combatting AMR globally requires WASH (Water, 
Sanitation, and Hygiene) and IPC in all healthcare systems. 
In many low- to middle-income countries, WASH is inad-
equate with 1 in 3 healthcare facilities lacking hand hygiene 
materials at point of care and over 900 million people using 
healthcare facilities with no water service. Learn more about 
this challenge and efforts underway on the WHO, UNICEF, 
and WaterAid’s websites.
• The Society for Healthcare Epidemiology of America 
(SHEA) has updated their training course in best practices 
in infection prevention and control for hospital clinicians 
with direct patient care responsibilities. The online program, 
known as Prevention Course in HAI Knowledge and Control 
(Prevention CHKC), is currently available.

Preventing infections through vaccinations is critical for 
reducing the need for antibiotics. Vaccines are available for 
only one of the six leading global AMR pathogens, S pneu-
moniae. While vaccine programs are underway for several 
bacterial pathogens, it is also important to note that vaccines 
for viruses, the influenza or rotavirus vaccines, also play a 
role in preventing febrile illness. A reduction in febrile ill-
ness, which can lead to a reduction in antibiotic prescribing 
and can reduce the development of resistance. A recent study 
by Gupta, et.al, demonstrates that periods of high influenza 
activity corresponds with high rates of antibiotic resistance in 
respiratory and non-respiratory infections. While this study 
does not demonstrate causality, it does show the anecdotal 
link between AMR and flu season.6

Antibiotic and diagnostic stewardship
Antimicrobial stewardship programs in healthcare settings are 
designed to optimize antibiotic therapies, with the intention 
of slowing the emergence of drug-resistance. Accurate and 
rapid diagnostic testing is a crucial element of stewardship. 
Diagnostic testing can identify the infection-causing organism, 
determine whether it is resistant and guide the appropriate 
therapeutic choice. Essentially, antibiotic stewardship means 
being smarter—more discriminating and more appropriate—
about how we (as a society) use them. 

Awareness and advocacy
To change behaviors and practices around antibiotic utilization, 
the risk of drug resistant infections needs to better understood 

by organizations and individuals. Antimicrobial resistance is a 
complex problem that involves human health, animal manage-
ment, and agriculture practices. The Antimicrobial Resistance 
Fighter Coalition is a is a bold collective of like-minded organi-
zations, leaders, and individuals united in their commitment 
to address the threat and burden of antimicrobial resistance

The podcast series, Superbugs and You, is co-produced by 
the Antimicrobial Resistant Fighter coaltion and Center for 
Infectious Disease Research and Policy 
(CIDRAP). The podcasts address this 
global AMR crisis through conversa-
tions with patients, clinicians, and 
researchers to discover how super-
bugs are affecting people and health-
care systems globally. It highlights 
sactions that the average citizen can 
take today to make sure the drugs we 
already have stay effective, in order to 
protect ourselves, our families, and our 
communities.

Are you ready to take action against drug-resistant infec-
tions? Download Activation Kits from the Anticrobial Resistant 
Fighter Coaltion’s website. Each kit includes an introduction 
and overview on how the specific audience can use the kit, 
talking points and messaging, materials to use in digital and 

news media, specific action items 
you can take to combat AMR, and 
resources to use within your com-
munity to reach decision-makers.

Halting and reversing this mas-
sive challenge will require the 
combined resources and efforts 
of both public and private sectors. 
AMR has no single solution, and 
the challenges cannot be solved 
without multiple players working 

collectively on a common AMR agenda. 
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Polymerase Chain Reaction (PCR) 
is a standard laboratory technique 
used to amplify a specific sequence 

of DNA many times over. This technique 
has become an important tool in clinical 
laboratories for the detection of infectious 
pathogens that do not grow in convention-
al culture media.1 PCR-based methods are 
powerful techniques2; with the ability to 
detect a single molecule of DNA, disease 
can be detected at extremely low levels. 
Such sensitivity, however, makes PCR 
highly susceptible to cross-contamina-
tion, particularly from exogenous DNA 
sources. The most common sources of 
contamination include sample to sample 
transfer and amplicon carryover.3

The consequences of contamination can 
be severe and include erroneous results, 
extensive investigation to identify the 
source of contamination, cleanup leading 
to laboratory downtime and delays, as well 
as loss of credibility. Implementation of 
safeguards and strict adherence to robust 
protocols such as those summarized below 
is often sufficient to ensure that cross-
contamination in the molecular laboratory 
is a rare event.

Laboratory Construction
The layout for a molecular laboratory 
should be designed to allow for areas 
dedicated for sample and reagent prepa-
ration and for amplification reaction and 
detection activities (e.g., agarose gel elec-
trophoresis, when necessary).4 Ideally, a 
molecular laboratory would be designed 
with three or four separate rooms, de-

pendent on the PCR method used.5 At 
a minimum, it is recommended to have 
two separate rooms defined as a pre-PCR/
clean room where sample preparation 
steps such as DNA/RNA extraction and 
PCR preparation occur, and a post-PCR/
dirty room where PCR reactions and other 
post-PCR analyses are performed.5 In sce-
narios where space does not permit dedi-
cated rooms, separate benches should be 
identified for pre-PCR activities (reagent 
preparation, sample preparation) and 
post-PCR activities (PCR amplification, 
PCR analysis). As an additional control 
when all PCR steps are performed in the 
same room, timetables can be established 
where pre-PCR and post-PCR steps are 
performed at different times of the day.4

Reagent Preparation room.5 The cleanest 
of all spaces used for PCR, this room is 
dedicated to activities such as prepara-
tion and aliquoting of reagent stocks. 
In addition, reaction mixes may also be 
prepared here, excluding the addition of 
the extracted nucleic acids from the clinical 
sample. To reduce the possibility of con-
tamination, extracted DNA/RNA and/or 
PCR products should never be present in 
the reagent preparation room.

Sample preparation room.5 Because it 
is important to keep PCR products away 
from where clinical sample extraction 
occurs, this room is generally split into two 
areas: one dedicated to DNA and/or RNA 
extraction activities and one dedicated to 
nucleic acid addition to the PCR reaction 
mixtures. The reverse transcriptase step 
of reverse transcription (RT)-PCR is per-

formed in this room, as well as the addition 
of DNA or cDNA, and positive controls to 
the PCR reaction mixture. Ideally isolated 
nucleic acids are added to PCR reaction 
mixes in a laminar flow hood.

PCR amplification room.5 PCR in-
struments (i.e., thermocyclers) used for 
amplification steps are kept in this room.  
Additional analysis is not required for real 
time PCR, and tubes containing RT-PCR 
products should never be opened.

Post-PCR analysis.5 When agarose gel 
electrophoresis is required, it should 
occur in a dedicated room/area as it will 
be contaminated with amplicons from 
the PCR reaction. A laminar flow hood is 
recommended for any steps requiring the 
opening of tubes containing amplicons. To 
control for contamination, it is also criti-
cal that personnel performing post-PCR 
analysis not return to pre-PCR work areas 
in the same day.

Engineering Controls
Air flow.6 The reagent preparation room 
should have positive air pressure to keep 
contaminants out. In contrast, the post-PCR 
analysis room should be under negative air 
pressure to keep amplicon contaminants 
in. When possible, the air handlers for the 
different PCR areas should be connected 
to separate air ducts, with each leading to 
a separate location for exhaust.

Air lock doors. Ideally, a vestibule pro-
vides the main access point to the clean 
room and is constructed with two or more 
doors. The interlock function allows only 
one door to be open at a time. By prevent-

ing both doors form being 
open simultaneously, air 
and airborne particulates 
are unable to enter or exit 
the airlock, thus reduc-
ing the opportunity for 
cross-contamination.

Laboratory Operation
UnidirectionaI.5 All steps 
should occur sequentially 
moving from clean room 
to dirty room. For example, 
PCR protocols should begin 
in the reagent preparation 
room, move to the sample 
preparation room, and end 
in the PCR amplification or 
post-PCR analysis room. 

INFECTION DIAGNOSTICS :: CROSS-CONTAMINATION

Preventing cross-contamination in a 
molecular laboratory
By Jeanne Rhea-McManus, PhD, MBA, DABCC, NRCC

Dedicated PPE Dressing Area

R eag en t P rep arati on  R oom S amp le P rep arati on  R oom P C R  Amp li fi c ati on  R oom P C R  An aly si s R oom

Dedicated PPE Dressing Area Dedicated PPE Dressing Area Dedicated PPE Dressing Area

Ideal layout for a molecular laboratory to reduce contamination events. This layout ensures separation of clean reagents and equipment from exog-
enous DNA sources (i.e., samples and/or amplicon containing material).
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This helps to ensure reduce the risk of 
contamination by keeping clean areas 
free of amplicons.

Pass through air locks. Use of pass-
through cabinets can facilitate a unidirec-
tional workflow. These boxes are designed 
to maintain complete environmental sepa-
ration between work areas and minimize 
cross contamination.

Dedicated Personnel.5 Laboratory 
personnel dedicated to either clean room 
activities or dirty room activities is recom-
mended. Clean lab coats and gloves should 
be worn when performing PCR; gloves 
should be changed frequently. In the event 
that laboratory personnel need to move 
from a dirty room back to a clean room, 
all personal protective equipment (PPE) 
should be changed, and hands washed.

Dedicated consumables and equipment.5 

The availability of dedicated storage (e.g., 
freezer, fridge) in each room prevents move-
ment of reagents and samples between 
dedicated areas, thereby minimizing the 
potential for contamination. In addition, 
consumables (e.g., lab coats, gloves, goggles, 
disposable shoe covers, etc.) and equip-
ment (e.g., pipettes, centrifuges, pipette tips, 
etc.) should never be brought from dirty 
rooms back into clean rooms.

Aerosol-resistant pipettes. Sample to 
sample contamination can occur due to 
aerosols. Use of barrier tips prevents liquids 
and aerosols from contacting the pipette.

Pipetting techniques. Use of proper 
pipetting technique can also prevent 
contamination. This includes ensuring 
the pipette tip is securely seated on the 
pipette and aspirating at a vertical 90° 
angle with consistent smooth speed and 
pressure. When dispensing liquid, the 
pipette should be held at a 45° angle with 
the tip of the pipette touching the side of 
the receptacle to minimize splashing.

No template control (NTC).7 NTCs 
consist of all reagents added during prepa-
ration of the PCR reaction mixture but uses 
water instead of the extracted sample. 
Including an NTC in PCR amplification 
reactions allows for the identification of 
contamination in samples, reagents, and/
or the lab environment.

Cleaning/decontamination 
techniques
Surface and Equipment.8 Following ap-
propriate cleaning and decontamination 
techniques both before and after PCR 
reduces the potential for contamination 
of the PCR reaction. Frequent cleaning 
of work areas with freshly made 10-15% 
sodium hypochlorite solution (bleach) 
followed by rinsing with 70% ethanol 
or cleaning with commercially avail-

able DNA-destroying decontamination 
products is recommended. Alternatively, 
cleaning of work surfaces and equipment 
with 70% ethanol followed by irradiation 
with UV light can also be done; irradiation 
is critical as ethanol only precipitates but 
does not remove DNA.

UV irradiation.9 This technique 
induces thymidine dimer formation 
in the DNA rendering it unusable as 
a template for further amplification. 
Use of UV irradiation is recommended 
for laminar flow hoods for at least 30 
minutes prior to use, followed by clean-
ing with 70% ethanol.

Additional Considerations
Quality Monitoring Statistics10 As men-
tioned, the greatest risk source of con-
tamination for PCR-based tests is from 
exogenous DNA. Laboratories must have 
clearly written procedures in place to 
monitor for the presence of false-positive 
results. This can include implementa-
tion of wipe or swipe tests on a defined 
schedule, positivity rate monitoring by 
reviewing summary statistics at the local 
and regional level, and investigations of 
physician inquiries.

Wipe or swipe tests involve dampen-
ing of a sterile swab in sterile saline and 
wiping potentially contaminated surfaces 
of a laboratory (e.g., benches, pipettes, 
handles of fridge/freezer, centrifuges, etc.). 
These swabs are then processed and tested 
in manner similar to patient samples. A 
positive result from a wipe test is indicative 
of environmental contamination.

Contamination from Serology Testing11 

In some scenarios, diagnosis of an infec-
tious disease such as Hepatitis C (HCV) 
or Human Immunodeficiency Virus (HIV) 
begins by screening for anti-HCV or anti-
HIV antibodies. If antibodies are detected 
in a sample, further testing a PCR-based 
method is required for confirmation. 
When the same sample used for serology 
testing is also used for nucleic acid testing 
the potential exists for increased risk of 
cross-contamination, dependent on the 
design of the laboratory instruments 
used for serology testing. For example, 
instruments using a washable sample 
probe pose a slightly increased risk for 
cross-contamination versus instruments 
that utilize a disposable tip. As a mitigation, 
it has been suggested that low level RNA 
results from samples previously tested on a 
serology instrument with a washable probe 
be rejected and a new sample requested 
for repeat PCR analysis. Alternatively for 
samples screened on an instrument using 
disposable tips, there may be no need for a 
separate tube for confirmatory PCR testing.

Conclusion
The safeguards and operational recom-
mendations summarized above serve 
to prevent contamination of molecular 
diagnostic tests and subsequent impact 
to diagnostic and treatment decisions. In 
many scenarios,molecular testing plays a 
major role in the management of patients, 
thus prevention of contamination must be a 
priority in clinical molecular laboratories. 
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PRODUCT FOCUS :: SPECIMEN COLLECTION

Safety lancet for heelsticks 
MiniCollect PIXIE is a safety lancet designed for capillary blood collection by heel-
stick.  There are three options available with varying incision lengths and penetra-
tion depths adapted for different stages of infant development. The safety feature 
is designed for ease of use, with a blade that retracts automatically after incision. 
Greiner Bio-One

Capillary blood collection tubes
Microvette APT from SARSTEDT is a capillary blood collection tube that meets processing require-
ments for automated blood analysis systems. 250µl and 500µl options are available with K2EDTA 
preparation, 13 x 75 mm dimensions with space for barcode labels, and a robust sealing cap with 
integral pierceable membrane for direct sampling.
SARSTEDT

Swabs for maximum cell yield collection
Puritan patented flocked swabs, with unique fibers, provide high collection and 
elution capacities. PurFlock Ultra with multi-length fibers engineered for maxi-
mum cell yield from a small sample size, or HydraFlock with floret-shaped fibers 
designed for greater surface area absorption. Available in assorted tip shapes 
and sizes, and various breakpoint options. 
Puritan Medical Products

For more information, call 1-800-421-6936

or visit owenmumford.com
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Simple, accurate vitamin D testing
LIAISON® 25 OH Vitamin D 
TOTAL Assay offers…
• Ease of use with calibrators   
   included onboard each   
 reagent integral.

• Accuracy and precision, certified by the CDC’s VDSCP   
    program.
• Consolidation with PTH and 1,25 Dihydroxyvitamin  
    D for a complete bone & mineral testing solution.

Now available in a 200-test format. 
DiaSorin

Aptima® Mycoplasma genitalium assay
Expand your offering to include 
Mycoplasma genitalium (M. 
gen) testing, now recommended 
in the CDC 2021 STI Treatment 
Guidelines for patients with re-
current cervicitis and urethritis. 
The Aptima® rRNA-based NAAT 
provides up to 100% sensitivity 
in the detection of M. gen.

Hologic

Prime Plus Critical Care Blood Gas Analyzer
Stat Profile Prime Plus® whole blood 
critical care analyzer combines mainte-
nance-free cartridge technology for sen-
sors and reagents with patented, non-lys-
ing whole blood co-oximetry technology. 
Test menu includes blood gases, electro-
lytes, metabolites, Hb, Hct, MCHC, CO-Ox, 
and estimated plasma volume, with results 
in about one minute.

Nova Biomedical

Clean Catch Collection
Peezy Midstream urine specimen 
collection device is designed to 
obtain a clean catch urine sample 
helping provide more accurate 
results, diagnosis and treatment.

Owen Mumford

Celebrating its 10th year API DataDirect is the future of 
proficiency testing, saving time and eliminating costly 
clerical errors!

9 No middleware or software installation
9 Automated mapping
9 Quantitative & Qualitative results
9 It’s free!

Over 4 million results uploaded utilizing API DataDirect!

www.api-pt.com

High-sensitivity POC SARS-CoV-2 Antigen 
Analyzer

Verify infection quickly with a rapid 
microfluidic immunofluorescence 
assay that provides lab comparable 
results at point of care, with 97.6 % 
positive agreement to RT-PCR in 12 
minutes.

Authorized for use in CLIA waived settings.

LumiraDX 

Safety SubCulture Unit 2  - Needleless 
Subculture Procedure

Safety SubCulture Unit 2 enables 
a safe and needleless subculture 
of positive blood culture bot-
tles to slides and media plates. 
Other subculture devices transfer 
samples with exposed needles. 
Protect staff with a safety-oriented 
subculture solution.

ITL BioMedical

New RF (Ver.2) Assay for Chemistry 
Analyzers 

KAMIYA BIOMEDICAL is intro-
ducing a new reagent for mea-
suring RF.  4 times wider mea-
suring range than most other RF 
assays with superior sensitivity.  
Applications available for most 
chemistry analyzers.  For IVD use.

KAMIYA BIOMEDICAL

CLINICAL SPOTLIGHTS
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CLINICAL SPOTLIGHTS

Point-of-care test
The CLIA waived Acucy® Influenza 
A&B Test on the Acucy® System is 
a rapid (result in 15 minutes) chro-
matographic immunoassay that 
provides clinicians’ flexibility in the 
workflow - with Read now or Walk-

away mode, easy transfer of results to the EHR; and 
accurate, standardized results for improved patient care.

SEKISUI Diagnostics

ACL TOP® Family 50 Series
ACL TOP® Family 50 Series 
Hemostasis Testing systems 
offer the most advanced auto-
mation, quality management, 
and routine to specialty assays 
for mid- to high-volume clinical 
laboratories, including those 
with lab automation tracks.

Werfen - Hemostasis

Four Respiratory Tests in One
The Solana Respiratory 
Viral Panel (RVP) combines 
Solana Influenza A+B and 
Solana RSV + hMPV, to de-
tect and differentiate four 
common respiratory virus-

es from a single patient sample for improved patient 
management.

Quidel

Reliable Vitamin D Testing at your fingertips
Benefits of the Cascadion Mass 
Spec Vitamin D

Thermo Fisher Scientific

• Utilizes mass spectrom-
etry-based gold standard 
technology
• Complete measurement of 
Vitamin D2 and D3 with Total 
25-OH Vitamin D reported

• No manual preparation with ready to use internal 
standard, calibrators, and controls

Syndromic respiratory testing, reimagined
Simplify and automate your multiplex 
respiratory testing with the QIAstat-
Dx Analyzer. 

• Less than one-minute hands-on time 
• Single-use cartridge
• Comprehensive results for >20     
   pathogens in about an hour 

• Ct values viewable for detected pathogens
• Sophisticated connectivity features

QIAGEN

StatStrip Glucose Hospital Meter System
StatStrip is the only glucose 
meter with FDA clearance for 
use with critically ill patients, 
after extensive studies at Mayo 
Clinic and Johns Hopkins of over 
17,000 capillary glucose results 
on critically ill patients. Use of 

any other glucose meter on these patients is “off-label” 
according to the FDA.

Nova Biomedical 
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Laboratory operations at an 
orthopedic specialty hospital
By Kristine Russell

Dr. Esther Eke assumed the position of 
Laboratory Director at Jack Hughston 
Memorial Hospital (JHMH) in Phenix 
City Alabama on March 23,  2020. 
Before joining JHMH, Eke held various 
managerial positions in different hos-
pitals in the Texas area.  Dr. Eke Joined 
Lonestar College System in January 
2008 as an Adjunct Faculty until the 
present. She chaired the Executive 
board in several Non-Governmental 
Organizations (NGOs).

She has worked as Lead consultant, 
Technical expert in several projects: 
Laboratory start-up, Accreditation 
consultant, Policy formulation, and in 
Monetary investments.

Dr. Eke holds a BS, MBA, and PhD 
in Epidemiology (Infection Disease) 
from Walden University USA, Master 
in Healthcare Management from the 
University of Phoenix USA, and BS in 
Medical Technology (Clinical Laboratory 
Scientist) from University of Texas Medi-
cal Branch Galveston Texas (UTMB).

Dr. Eke published a scholarly article, 
Predictor of Mastectomy in Male 
Breast Cancer  in 2017.

What drew you to a specialty ortho-
pedic hospital, and what do you find 
different about your facility?
Jack Hughston Memorial Hospital 
(JHMH) is a licensed 70 bed hospital 
in Phenix City, Alabama. The hospital 
delivers the highest quality patient care 
in orthopedics, as demonstrated through 
the many awards they have received over 
the years. JHMH has been ranked, by 
Healthgrades, in the top 10% nationwide 
for both orthopedic and joint replace-
ment care; in fact, it is the only hospital in 
Alabama to be recognized for excellence 
in both these areas during a given year.     
Furthermore, it is the only hospital in the 
nation to receive Healthgrades America’s 
100 Best for Orthopedic Surgery and 
America’s 100 Best for Joint Replacement 
for eleven years in a row (2012-2022). 
JHMH also boasts the Medicare Top 5 
rating, two years in a row. 

JHMH sits on a hill overlooking 
River Chase and within a block of the 
Chattahoochee River. Individuals are 
drawn in by its beautiful grounds and 
newly updated facade. Inside, they are 
welcomed by friendly employees and 
physicians who are devoted to excellent 
patient care. 

Many patients express that, while 
receiving care at JHMH, they felt as if they 
were treated like family. “I believe that is 
what sets us apart from other hospitals, of 
which I am very proud,” Eke states.

What role did JHMH play in re-
sponse to the COVID-19 pandemic?
Like every hospital, worldwide, JHMH 
was significantly impacted by the pan-
demic, the novel Covid-19 outbreak. We 
changed several processes in order to 
continue patient care while minimizing 
the spread of the disease.

Specifically, we began testing all 
patients who were admitted to the hospi-
tal. We changed our cleaning procedures 
and chemicals. We instituted screening 
measures for hospital entry. Lastly, we 
began a free COVID-19 vaccination clinic 
to serve those in our community.

During the first few months of the 
COVID-19 outbreak, there was a sig-
nificant reduction in the number of 
surgeries. This was due to the state 

government mandate to stop elective 
surgeries. After two months, the man-
date was lifted, and the hospital quickly 
returned to normal surgical volume. We 
have remained in line with regulatory 
requirements and guidelines for the 
duration of the pandemic, including 
mandatory masks, vaccinations, and 
physical distancing. 

How did you address the testing 
challenges as a speciality orthope-
dic hospital? 
During COVID, diagnostic laboratory 
testing volume increased exponentially. 
At the same time, we had many difficul-
ties filling technologist and phlebotomist 
positions. We managed these challenges 
by first creating a position for a lab 
assistant whose primary responsibility 
is receiving and performing COVID 
tests during our heaviest testing times.  
We assessed and changed salaries and 
offered bonuses to attract new employees. 
We also employed travelers to augment 
our staff. These strategies, along with the 
tireless efforts of veteran lab employees, 
allowed us to continue to provide excel-
lent, uninterrupted services.

What led you to choose a career as 
a clinical laboratorian and your cur-
rent role as a Lab director?
I cannot say enough about the outstand-
ing job that our laboratory staff and 
medical technologists have done, and 
continue to do, during the pandemic. 
In my opinion, they are unsung heroes 
in our nation’s fight against COVID-19 
although you don’t hear much about 
them in the news or other stories. But, 
just like other medical professionals, lab 
staff went above and beyond, working 
hard and long hours to serve patients 
and employees during the pandemic. 
We are fortunate at the “Jack” that our 
leadership recognizes efforts of the 
laboratory department as an integral 
part of our patients’ treatment and its 
employees as important members of the 
Hughston family.

Dr. Eke mentioned that she ended 
up in a laboratory career on the way to 
a career in medicine. Having children 
moved her into a lab career instead. 

How we met this Lab Innovator? 
Medical Laboratory Observer (MLO), 
met Dr. Esther Eke in November 2021, 
at our Lab Directors Summit in the 
Chicago area. Dr. Eke was chosen 
by our  Summit staff because of her 
involvement in decision-making for 
the products and services used and the 
management of her laboratory.  She also 
was interested and willing to discuss 
challenges at her lab that she was look-
ing to find solutions for.  The  magic 
of the Lab Directors Summit is the 48 
hours of networking opportunity and 
idea sharing with other Lab Directors 
and participation at our round-table 
disscussions with suppliers and peers. 
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With Solana, you can sustain your molecular 
testing of critical assays for which you 
might be considering alternate methods. 
Coupled with the power of Virena® cloud 
based analytics, you can quickly implement 
a more complete solution to protect the 
health of your patients and your facility.

*THIS TEST IS AVAILABLE FOR SALE IN THE USA UNDER EMERGENCY USE AUTHORIZATION. The Solana SARS-CoV-2 Assay has not been FDA cleared or 

approved, but has been authorized by the FDA under an Emergency Use Authorization (EUA) for use by authorized laboratories for the detection of nucleic 

acid from SARS-CoV-2, not for any other viruses or pathogens. This assay is only authorized for the duration of the declaration that circumstances exist justi-

fying the authorization of emergency use of in vitro diagnostics for detection and/or diagnosis of COVID-19 under Section 564(b)(1) of the Federal Food, Drug 

and Cosmetic Act, 21 U.S.C. § 360bbb-3(b)(1), unless authorization is terminated or revoked sooner.
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*SARS-CoV-2 

In�uenza A+B 

RSV + hMPV 

Respiratory Viral Panel 

Strep Complete 

C. dif�cile 

GAS 

GBS 

HSV 1+2/VZV 

Bordetella Complete 

Trichomonas

Easy, �exible work�ow – Integrated seamlessly 

for single specimen or high-throughput batching 

up to 12 tests at a time

Minimal training – Get up and running quickly

Enhanced diagnostics 

featuring data analytics  

and surveillance
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This test has not been FDA cleared or approved but has been authorized by FDA for emergency use under an EUA for use by authorized laboratories; this test has been 
authorized only for the detection of nucleic acid from SARS-CoV-2, not for any other viruses or pathogens; and the emergency use of this test is only authorized for the 
duration of the declaration that circumstances exist justifying the authorization of emergency use of in vitro diagnostics for detection and/or diagnosis of COVID-19 
under Section 564(b)(1) of the Federal Food, Drug, and Cosmetic Act, 21 U.S.C. § 360bbb-3(b)(1), unless the declaration is terminated or authorization is revoked sooner.
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Innovative qSTAR technology 
transforms molecular diagnostics 
and lab efficiency with fast direct 
amplification within 20 minutes on 
open RT-PCR systems. 

Reach
for the
STAR
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