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Abstract

Purpose: Viral hemorrhagic fevers (VHFs), such as Ebola virus disease, Marburg virus disease, and Lassa fever, are associated with significant
morbidity and mortality and the potential for person-to-person transmission. While most individuals in whom VHF is suspected will
ultimately be diagnosed with a non-VHF illness, such patients may present to any United States healthcare facility (HCF) for initial evaluation;
therefore, all HCFs must be prepared to evaluate and initiate care for suspect VHF patients, especially if they are acutely ill. Included within this
evaluation is the ability to perform basic routine laboratory testing before VHF-specific diagnostic test results are available, as well as rapid
malaria testing to assess for a common, dangerous “VHF mimic.”

Objective: To improve laboratory preparedness and readiness in the initial care of suspect VHF patients who may present to acute care
hospitals.

Design: Plan-Do-Study-Act quality improvement model.
Setting: Frontline healthcare facilities and their clinical laboratories.

Methods: We describe the development of a laboratory testing toolkit for a suspect VHF patient that can assist frontline HCFs in providing
basic laboratory testing required for the care of these patients.

Results: The toolkit provides guidance on infection prevention and control, waste management, occupational health, laboratory test collection,
processing, and resulting, in the context of suspect VHF patient evaluation.

Conclusions: The toolkit is designed to be readily adapted by any frontline HCF in the US. With the guidance provided, facilities will be able to
support safer initial evaluation of VHF suspects and ensure high-quality patient care.

(Received 9 February 2024; accepted 6 June 2024; electronically published 11 October 2024)

Introduction morbidity and mortality, person-to-person transmissibility, and
also by a lack of readily available therapeutic countermeasures.?
Early identification and isolation of individuals presenting with
signs and symptoms consistent with, and epidemiological risk
factors for VHF is critical for diagnosis. It is also necessary to
prevent nosocomial transmission to patients, visitors, and health-
care personnel.®
However, because VHF risk is low in non-endemic and non-
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Viral hemorrhagic fevers (VHFs), such as Ebola virus disease,
Marburg virus disease, and Lassa fever, are a group of emerging
infections categorized as high-consequence infectious diseases due
to a combination of clinical and epidemiological characteristics.!
Clinically, VHFs are characterized by their high levels of acuity,
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diagnosis, failure to identify a potential VHF can result in
unintended exposure and transmission risk.

Though patients with a VHF can present to any US HCF, the
number of US HCFs with established laboratory protocols to
perform routine diagnostic testing (eg electrolytes) on samples
from suspect VHF patients is unknown. Given the relative rarity of
VHFs and the stringent laboratory safety protocols needed to
minimize risk of workplace exposure, establishing and maintaining
these laboratory practices is challenging for HCFs, likely limiting
their implementation in most settings. Lack of access to routine
laboratory testing may result in additional patient morbidity and
mortality for multiple reasons. For example, for a patient with
potential VHF, the inability to perform basic chemistries and
electrolytes can delay important results necessary for supportive
care. Additionally, being unable to rapidly diagnose more common
“VHF mimics” such as malaria, can lead to delays in effective
treatment that can significantly impact patient morbidity and
mortality.* In fact, the Centers for Disease Control and Prevention
(CDC) has identified a delay in malaria diagnosis and treatment as
the major contributor to fatal malaria cases in the US.> As malaria
is more common among febrile returning travelers than VHF,
having access to rapid malaria diagnostics is crucial for optimal
management of suspect VHF patients. Currently, only one rapid
malaria diagnostic test (BinaxNOW Malaria, Abbott Diagnostics,
Scarborough, Maine) is Food and Drug Administration-approved
for use in clinical laboratories to aid in the diagnosis of malaria.®
It is estimated that fewer than 0.5% of clinical laboratories in the
US perform rapid malaria testing based on 2023 College of
American Pathologists survey data.”?

Most recently, an outbreak of Sudan ebolavirus in the fall of
2022 exposed the challenges facing clinical laboratories related to
frontline laboratory preparedness.” To support the laboratory
evaluation of travel-related Ebola virus disease cases for hospitals
across the New England Region, planning began within the US
Department of Health and Human Services (HHS) Region 1
Regional Emerging Special Pathogens Treatment Center
(RESPTC) at the Massachusetts General Hospital (MGH). This
planning included infection prevention and control, emergency
preparedness and laboratory leaders at MGH, and collaboration
with public health officials. During this planning, we identified
gaps across the region in frontline facility laboratory preparedness.

As part of the RESPTC mission to support regional
preparedness through evidence-based approaches and innovative
tools and education, we conceptualized and developed a
Laboratory Testing Toolkit for a suspect VHF Patient. The
Toolkit, described here, is intended to provide generalizable and
scalable resources to facilitate the development of local standard
operating procedures for frontline clinical laboratories for the care
of a suspect VHF patient.

Methods
Stakeholder identification and gap identification

In response to the outbreak of Ebola virus disease in Uganda in the
fall of 2022 and Marburg virus disease in Equatorial Guinea in early
2023, HCF within the Mass General Brigham (MGB) system
requested assistance to enhance their laboratory capabilities.
These requests and inquiries from other HCF outside of MGB,
coupled with the awareness of the rarity of a HCF laboratory to
have rapid malaria testing, prompted Region 1 RESPTC leadership
to prioritize the creation of this specialized Toolkit. MGB is a large
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integrated healthcare system in Massachusetts and New
Hampshire and includes ten acute care facilities ranging from
small facilities (hosting 14 licensed beds and 12,000 emergency
department visits per year) to large facilities (hosting 1,045 licensed
beds and 118,000 emergency department visits per year). For
reference, the largest MGB facility has one of the 25 busiest
emergency departments in the United States.'

In February and March of 2023, stakeholders in HHS Region 1
were identified. Key stakeholders included laboratory, infection
prevention and control, and emergency preparedness experts at the
state and a mix of academic medical centers, community, and
critical access hospitals.

Between March 22, 2023, and May 15, 2023, the Massachusetts
General Hospital RESPTC engaged with state health department
officials from the six HHS Region 1 states. State health department
officials were queried for additional state-level and HCF-level
laboratorian leadership for further engagement. HCFs were
assessed to have variable knowledge and resources required to
develop and implement laboratory protocols for collection,
processing, and analysis of specimens for initial laboratory testing
of a suspect VHF patient. Additionally, HCFs required additional
support for safe collection and expedited transport of VHEF-
specific confirmatory diagnostic specimens to state public health
laboratories.

Establishment of toolkit structure and content

To develop the Toolkit, a working group was convened comprising
members from the Region 1 RESPTC, MGH microbiology
laboratory, core laboratory, infection prevention and control,
emergency medicine, occupational health, and infectious diseases
services. Using the Clinical Laboratory Improvement Amendments
(CLIA) quality standards for laboratory testing, public health
guidance from CDC, and internal standard operating procedures
and established resources resulting from the collaboration between
the Region 1 RESPTC and the MGH clinical laboratory, the Toolkit
was developed with two main components: a base plan that outlines
facility-level planning of initial laboratory testing of a suspect VHF
patient; and an appendix inclusive of adaptable resources such as
checklists, templates, and other resources to facilitate local adoption.
The development team placed specific focus on each component of
the laboratory testing process (from specimen collection and lab test
menu to test result reporting) to ensure that all elements of the
testing procedure were addressed.!! Infection prevention and
control considerations including personal protective equipment,
cleaning and disinfection, and waste management were also
incorporated into the document where applicable in accordance
with guidance from CDC. All materials were structured to be
applicable across a diverse set of acute care facilities and adaptable
for individual facility use.

Vetting curated content and application of
plan-do-study-act cycles

To ensure that Toolkit content was relevant, current, reliable, and
evidence-based, iterations of the Toolkit were vetted through
subject matter experts using a Plan-Do-Study-Act framework.
The plan phase is detailed above. The Study phase included
collecting feedback from various end-user groups to assess the
utility and completeness of the Toolkit. The Act phase was
implemented in the winter of 2023-2024 and involved distribution
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of the Toolkit to acute care facilities within the MGB healthcare
system.

Results
Subject matter expert and stakeholder engagement

The evolution of the Toolkit is detailed in Supplemental Figure 1.
Over the eight-month period, twenty-four meetings or outreach
events occurred to inform Toolkit development. The toolkit
development team met six times to inform the Toolkit’s structure
and content. Additionally, seven meetings with subject matter
experts provided content-specific insight for resource develop-
ment. To bolster the Toolkit’s applicability and relevance among
diverse facilities, the team engaged in nine meetings with state
health department officials from the six HHS Region 1 states.

Toolkit structure: base plan

The Toolkit base plan consists of four sections designed to provide
guidance through all phases of laboratory testing. The first section
highlights key infection prevention and control, waste manage-
ment, and occupational health considerations while the remaining
three sections provide guidance on laboratory test collection,
processing, and resulting. Laboratory testing is divided into pre-
analytic, analytic, and post-analytic phases per CLIA guidance to
ensure quality standards for testing are addressed during each
phase of the testing process.'!

Infection prevention and control, waste management,
and occupational health

The infection prevention and control, waste management, and
occupational health sections highlight important infection pre-
vention and control considerations when performing laboratory
testing for a suspect VHF patient. Included in this section are
recommendations for selection, standardization, and training in
the use of personal protective equipment (PPE) (Figure 1). Also
discussed is the role of a trained observer competent in donning
and doffing procedures and PPE disposal, who can coach health
care personnels in proper technique. This section also references
the cleaning and disinfection of equipment, waste management,
and provides occupational health guidance in the setting of a
potential VHF exposure.

Pre-analytic considerations

The pre-analytic section describes best practices for laboratory test
selection, specimen collection and transportation, laboratory
accessioning, and specimen storage. For laboratory test selection,
a lab menu outlining the minimum testing necessary for the
evaluation and management of a suspect VHF patient is presented.
Inherent to test selection is the recommendation that all laboratory
testing be performed in the clinical laboratory space (as opposed to
testing at or near the point of care) by laboratory professionals for
improved adherence to testing procedures, maintenance of
competency, and regulatory oversight. When determining the
lab menu, the toolkit development team prioritized specific testing
that can be rapidly and safely performed by the clinical laboratory.
Included in this menu is basic chemistry and electrolyte testing to
identify life-threatening electrolyte, renal, and acid-base abnor-
malities and rapid malaria testing to assess for a common
alternative diagnosis in suspect VHF patients (Figure 2). For basic
chemistry and electrolyte testing, handheld blood analyzers that
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can be operated within a Class II Biosafety Cabinet (BSC) are
recommended. For rapid malaria testing, the commercially
available BinaxXNOW Malaria test provides a simple and accurate
screening tool for Plasmodium falciparum infection with 96%
sensitivity and 99% specificity compared to blood smear
microscopy.!? Like handheld blood analyzers, it can be safely
performed within a Class II BSC.!* Although blood smears for
malaria microscopy are still required to confirm rapid malaria
test results, due to laboratory safety considerations, these should
not be performed in suspect or confirmed VHF patients, and
treatment for malaria can be initiated prior to confirmatory
testing.'*

An additional component of the pre-analytic section includes
the description of a laboratory “go kit” cart which includes all
necessary equipment and supplies to support laboratory testing of
a suspect VHF patient (Figure 3). Self-contained specimen
collection supply kits are also recommended to ensure appropriate
specimen collection.

Analytic considerations

The analytic section provides guidance on preparing a safe
workspace, safe specimen manipulation and processing, and
laboratory test result reporting. This section includes recommen-
dations for laboratory staffing assignments, which involve the
assignment of two trained technologists for specimen processing.
One technologist serves as the “testing tech” and is responsible for
completing the testing within the Class II BSC. The other
technologist serves as the “buddy tech” and is responsible for
laboratory testing components occurring outside of the Class II
BSC. It also includes instructions for BSC preparation, with the
intent of creating well-differentiated “clean” and “dirty” areas
within the BSC (Figure 4).

Post-analytic considerations

The post-analytic section covers considerations specific to trans-
porting VHF specimens from the facility to the public health
laboratory. Specific guidance on safe specimen packaging and
shipping is also provided.

Toolkit structure: appendix

The Toolkit Appendix is formatted to include example documents
and templates that clinical laboratories can adapt for local use.
Additional checklists and task sheets are intended to further
support adoption and implementation at HCFs that have
previously not enacted Class II BSC laboratory testing. Packing
lists for a laboratory “go kit” and specimen collection supply kit, as
well as sample documents including a clinical lab requisition and
test result form are provided. Example checklists for laboratory
activation, pre-analytical specimen receipt and accessioning,
sample processing and resulting, and Category A waste handling
are included. An infection prevention and control task table
describing PPE recommendations based on task, and donning and
doffing checklists are included.

Discussion

VHFs are an emerging group of infections of high clinical
consequence due to their significant morbidity and mortality
and their potential transmission without prompt initiation of
appropriate infection prevention and control measures. The
identification and management of suspect VHF patients remains
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Infection Control Considerations

Your institution’s local Infection Control team must be involved in planning for handling specimens from suspect
VHF patients. The Infection Control team will partner with your clinical laboratory and emergency preparedness
teams to conduct a site-specific assessment to identify appropriate engineering, administrative, environmental
controls, and PPE. Recommended safe work practices include:

¢ Ensure HCPs have been trained and evaluated in all recommended protocols related to specimen
handling and processing.

* Ensure adherence to established workplace safety programs (e.g., OSHA’s Bloodborne Pathogens, PPE,
and respiratory protection standards).

* Ensure HCPs have demonstrated competency with donning and doffing appropriate PPE through testing
and assessment.

* Designate separate PPE donning and doffing spaces, when possible.

e Access to areas should be limited to essential personnel only. Log the entry and exit of all personnel who
enter laboratory areas containing specimens from a patient with a suspected VHF — see the Appendix for
an example Room Entry Log.

A trained observer should monitor and coach donning and doffing, ensuring adherence to protocols.
Clean and disinfect work areas using a facility-approved, disinfectant found on the United States
Environmental Protection Agency’s (EPA) List Q (EPA Disinfectants for Emerging Viral Pathogens). An EPA
List L (EPA Disinfectants for Use Against Ebola Virus) disinfectant must be used with confirmed or
suspect Ebolavirus patients.

PPE. While a variety of PPE combinations may be considered, facilities should select and standardize PPE
ensembles appropriate for HCPs via a risk assessment based on their roles and required tasks. See the Appendix
for an example Laboratory Infection Control Task Table Guidelines for Viral Hemorrhagic Fevers (VHFs).
Recommended PPE ensembles for laboratory personnel include the following single use, disposable
components:

* nitrile examination gloves

¢ solid-front, wrap-around gown extending to mid-calf that is fluid-resistant (ANSI/AAMI BP70 Level 3) or
fluid-impermeable (ANSI/AAMI BP70 Level 4)

e surgical mask (ASTM Level 3)

» eye protection (full-face shield or goggles/safety glasses with side shield)

Use of PPE beyond CDC guidance? is not recommended or addressed in this toolkit.

Before handling specimens, HCPs should be evaluated for proficiency and competency in donning and doffing
procedures and all necessary duties while wearing PPE. A trained observer, knowledgeable about the
recommended PPE, donning and doffing procedures, and PPE disposal should monitor and coach each HCP in
donning and doffing using a predetermined procedure checklist. An example Laboratory Donning and Doffing
Viral Hemorrhagic Fever (VHF) Personal Protective Equipment (PPE) Checklist is included in the Appendix. Review
of PPE protocols should be regularly performed to ensure HCPs are consistently compliant with all procedures.

2 CDC, Guidance for U.S. Hospitals and Clinical Laboratories on Performing Routine Diagnostic Testing for Patients with Suspected Ebola
Disease, https://www.cdc.gov/vhf/ebola/laboratory-personnel/safe-specimen-management.htmi#anchor 1670347424527

Figure 1. Recommended safe work practices and personal protective equipment for viral hemorrhagic fever suspect specimen handling and processing. HCP, health care
personnel; OSHA, Occupational Health and Safety Administration; EPA, Environmental Protection Agency; ANSI, American National Standards Institute; AAMI, Association for
Advancement of Medical Instrumentation; ASTM, American Society for Testing and Materials.

challenging for HCFs, due to a paucity of frontline facility intended as a resource for HCF laboratories to support initial
experience and familiarity with protocols for routine laboratory  laboratory testing for a suspect VHF patient.

testing on samples from patients with suspected VHFs. Here, we This step-by-step guide outlines best laboratory practices
describe the development of the Laboratory Testing Toolkit  throughout all stages of the testing process and is expected to
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Example Viral Hemorrhagic Fever (VHF) Laboratory Testing

Menu

Last reviewed: [date]; last updated: [date]

Essential Tests

Location &
Test Order Code Tube Type and Volume! Sl
Instrument
. . s ) ) lass Il BSC,
Basic Metabolic Adult: 3mL lithium heparin non-gel blood collection tube e
[order code] > it N . Portable Blood
Panel Pedi: 1mL lithium heparin non-gel blood collection tube
Analyzer
Malaria Screen | RN Adult: 3mL or SmL whole blood (K2 EDTA) collection tube g:i;i:g\s:;")oc
Pedi: 1mL whole blood (K, EDTA) collection tube :
Malaria Test
f;t;;ept? = e Adult: 2 x 5SmL whole blood (K2 EDTA) collection tube State Lab
5 Pedi: 2 x ImL whole blood (K2 EDTA) collection tube
Samples
Notes: 1. Use all tube types supplied in VHF Specimen Collection Supply Kit; 2. Two whole blood (Kz EDTA)
collection tubes needed for State Lab and CDC specimens

Additional Tests?

1047

Test Order Code Tube Type and Volume! Ll
Instrument
Blood Caltire [order code] Adult: Plastic adult blood culture set [location &
Pedi: Plastic pediatric blood culture bottle instrument]
Blood Gas & Adult: 3mL lithium heparin non-gel blood collection tube | [location &
Lactate? iskdon el Pedi: 1mL lithium heparin non-gel blood collection tube instrument]
- 3 Adult: 3mL lithium heparin non-gel blood collection tube | [location &
e R Pedi: 1mL lithium heparin non-gel blood collection tube instrument]
CBC with 3-Part Adult: 3mL whole blood (K; EDTA) collection tube [location &
Differential lorder code] Pedi: 1mL whole blood (K2 EDTA) collection tube instrument]
:’:s:?fai:ry — Viral_transport medium (VTM) or universal transport [location &
; medium (UTM) 3 mL tube with flocked NP swab instrument]
Viral Panel
PT/INR [order code] | Fresh non-anticoagulated whole blood (line) ‘[Iocatlon A
instrument]
Notes: 1. Use all tube types supplied in VHF Specimen Collection Supply Kit; 2. Recommended guidance for
the performance of tests beyond the minimum recommended test menu are not included in this document -
additional considerations with risk assessments are required prior to implementation. 3. Basic Metabolic
Panel and Liver Panel may share 1 lithium heparin non-gel blood collection tube - additional lithium heparin
non-gel blood collection tube needed for Blood Gasses & Lactate

Figure 2. Example viral hemorrhagic fever laboratory testing menu. BSC, biosafety cabinet; EDTA, Ethylenediamine tetraacetic acid; POC, point of care; CDC, Centers for Disease
Control and Prevention; PCR, polymerase chain reaction; CBC, complete blood count; VTM, viral transport medium; UTM, universal transport medium; NP, nasopharyngeal;

PT/INR, prothrombin time/international normalized ratio.

reduce the burden placed on frontline HCF to independently
develop processes and procedures. By providing templated
checklists and other documents that can be adopted and modified
for local settings, clinical laboratories can ensure safe laboratory
practices are followed while providing critical test results to
clinicians in a timely manner. In addition to ensuring that frontline
clinicians have access to these critical test results, this Toolkit also
emphasizes less visible, yet crucial laboratory capabilities, includ-
ing expedient packing and shipping of Category A samples, which
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are necessary to minimize the time from sample collection to
sample result.

Certain tradeoffs are necessary when designing readiness and
preparedness measures for suspect VHF patients. This Toolkit
details the minimum laboratory testing necessary for safe
supportive care of the VHF suspect prior to ruling out VHF
disease or, alternatively, transfer to a higher level of care. Although
CDC currently recommends performing numerous clinical
laboratory tests in the evaluation of a suspect VHF patient, most
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State lab requisition form

Facility requisition form

Inter-facility specimen
transport container
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transport container
Transport containers Biohazard waste bags

ik
T
Benchtop waste = F‘i ; Adult/Pedi specimen
containers : - - collection supply kits

Sharps container o= Gowns

Gloves Masks

Eye protection 3-tier metal cart

Figure 3. Assembled Laboratory “Go Kit” Cart.
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Example Class II Biosafety Cabinet (BSC) Placemat for Analysis of Viral Hemorrhagic
Fever (VHF) Specimens

Sharps Bleach Ethanol and Microcentrifuge Lined Waste
Container | Disinfectant DI Wash Tube Stand Container
Bottles

Lined
“VHF
Waste”
Container

Adjustable
Pipette and
Tips

Portable
Tube Caps '? Blood

Analyzer

y 4

Portable
Blood
Analyzer
Materials

Transfer
Pipettes

.

Transport
. . . S e L i Absorbent
Container 122000 15 e el

Biohazard Microcentrifuge J§ Isopropanol Test Tube BinaxNOW
Wipes Tubes Wipes Reagent Racks Malaria Card

Figure 4. Picture map of class Il biosafety cabinet placement for analysis of viral hemorrhagic fever specimens.

frontline clinical laboratories do not have the infrastructure or  for frontline laboratories since severe electrolyte derangements can
resources available to provide the entire recommended menu.  be rapidly fatal, as can untreated falciparum malaria. Should
In addition to the tests in the Toolkit, the CDC recommends facilities have the capacity for expanded laboratory testing, the

immediate blood smears with same-day results for malaria testing, =~ Toolkit is designed to be adaptable, with resources available to
complete blood count with differential, liver function tests,  guide additional testing.
coagulation testing, urinalysis, and blood cultures."® Of the tests

Although the Toolkit is designed to facilitate initial laboratory

recommended by CDC, this Toolkit focuses only on the basic  testing of a VHF suspect, there are limitations that frontline clinical
metabolic panel and rapid malaria testing as essential procedures  laboratories must consider. First, although rapid malaria testing is
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available, most clinical laboratories do not routinely perform this
testing due to the overall low prevalence of malaria in the US!®
Standard laboratory practice requires test verification to confirm
performance characteristics established by the manufacturer prior
to reporting patient results.!” Verification is often accomplished by
testing well-characterized clinical specimens which, for malaria,
will be challenging for many clinical laboratories given the paucity
of clinical cases in the US. Second, although the Toolkit does
provides resources for many aspects of the laboratory testing
process, it does not provide examples of verification protocols,
laboratory test training, proficiency testing, or competency assess-
ment; individual laboratories will need established procedures for
these items prior to patient testing and reporting. Finally, although
this Toolkit is derived from recommendations from CDC, guidance
from local and state health departments supersedes any included
information; state and local health departments must be contacted
for advice should a VHF suspect present to a frontline facility.!”

In summary, the Laboratory Testing Toolkit developed and
described here should enable wider implementation of safe and
expedited testing of suspect VHF patients. This framework has the
potential to improve readiness and preparedness in anticipation of
travel-related VHF cases.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ice.2024.143
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