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Abstract

Objective: Healthcare personnel (HCP) were recruited to provide serum samples, which were
tested for antibodies against Ebola or Lassa virus to evaluate for asymptomatic seroconversion.

Setting: From 2014 to 2016, 4 patients with Ebola virus disease (EVD) and 1 patient with Lassa
fever (LF) were treated in the Serious Communicable Diseases Unit (SCDU) at Emory University
Hospital. Strict infection control and clinical biosafety practices were implemented to prevent
nosocomial transmission of EVD or LF to HCP.
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Participants: All personnel who entered the SCDU who were required to measure their
temperatures and complete a symptom questionnaire twice daily were eligible.

Results: No employee developed symptomatic EVD or LF. EVD and LF antibody studies were
performed on sera samples from 42 HCP. The 6 participants who had received investigational
vaccination with a chimpanzee adenovirus type 3 vectored Ebola glycoprotein vaccine had high
antibody titers to Ebola glycoprotein, but none had a response to Ebola nucleoprotein or VP40, or
a response to LF antigens.

Conclusions: Patients infected with filoviruses and arenaviruses can be managed successfully
without causing occupation-related symptomatic or asymptomatic infections. Meticulous attention
to infection control and clinical biosafety practices by highly motivated, trained staff is critical to
the safe care of patients with an infection from a special pathogen.

The outbreak of Ebola virus disease (EVD) in the West African countries of Guinea, Liberia
and Sierra Leone in 2013-2016 was the largest in history, with 868 healthcare personnel
(HCP) among those who contracted the disease.! A few individuals who acquired EVD

in West Africa were evacuated to the United States and Europe? and were cared for in
biocontainment facilities in these countries.

Safe management of patients with special pathogens like Ebola virus is a critical area

of focus for healthcare facilities in outbreak settings and domestically in the United

States.® The development and implementation of infection control policies and procedures is
necessary to prevent the spread of these infections and to ensure the safety of HCP. Infection
control and staff safety have been the primary focus of the Serious Communicable Diseases
Unit (SCDU) at Emory University Hospital from the time of funding in 2001 and was
reemphasized when 4 patients with EVD were treated between August 2014 and November
201446 and when 1 patient with Lassa fever (LF) was treated in March 2016.7

Ebola virus disease is a highly contagious and often fatal zoonotic infection caused by a
virus of the Filoviridae family (genus Ebolavirus).8 Outbreaks of the disease are driven

by exposure to the body fluids of an individual who is sick with or has died from

EVD. Rigorous infection control practices are of paramount importance when providing
care for patients with EVD because of the low infectious dose (1-10 virus particles),

high concentration of virus in the blood and body fluids of acutely ill patients (108-10°
copies/mL), and large volume of body fluids produced during the acute phase of the
disease.? However, few studies to date have investigated the adequacy of infection control
practices implemented for the care of patients with EVD.1011 Also, substantial numbers of
asymptomatic or subclinical EVD infections may occur, based on modeling predictions2
and serologic surveys from the 2013-2016 West African outbreak as well in the Democratic
Republic of the Congo.13:14

The HCP in the Emory SCDU followed strict, well-defined infection control practices,
including monitored protocols for donning and doffing of personal protective equipment
(PPE), as described elsewhere, while caring for patients with EVD.1%16 Prior to becoming
an active member of the SCDU team, each HCP was required to demonstrate proficiency
and compliance with all relevant SCDU protocols. Environmental cleaning protocols were
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implemented that included frequent disinfection of high-touch surfaces and instructions for
addressing body fluid spills. All individuals who entered the SCDU were also required

to measure their temperatures and to complete a questionnaire twice daily for symptom
monitoring. Practitioners from the Occupational Injury Management Division (OIM)
supervised compliance with this monitoring system.

The objective of this study was to evaluate the efficacy of these infection control practices,
by performing serologic testing for Ebola virus (EBOV) and Lassa virus (LV) in SCDU HCP
to determine whether asymptomatic seroconversion had occurred in the biocontainment unit.

HCP serologic testing, occupational health records, and perceived risk survey

Institutional review board approval at Emory University was obtained prior to enrollment

in the study. Any HCP who were active members of the serious communicable diseases

unit (SCDU) team between February 1 and December 30, 2016, were eligible for serologic
testing. This cohort included individuals who had cared for patients with EVD and LF, as
well as those who were new to the team and had never participated in clinical care who
served as negative controls for this study. Participants underwent venipuncture for serologic
testing, completed an 11-question survey (Appendix A online), and authorized access totheir
OIM records during the care of the patients with EVD and LF. Routine venipuncture was
performed on the day of informed consent, and 1 serum tube was obtained. Included in

the informed consent was the provision that any team member who tested positive for
asymptomatic exposure to EBOV or LV would receive follow-up care and assessment
covered by worker’s compensation. The survey evaluated SCDU team members’ perception
of their risk of exposure to EVD or LF during the time they cared for patients. OIM records
were examined to determine whether team members had ever reported any concerning
symptoms. All healthcare providers who entered the anteroom of the SCDU, laboratory
technologists who handled patient samples, environmental services or nursing personnel
who managed the waste stream were required to measure their temperatures and to complete
a symptom questionnaire twice daily while caring for patients and for 21 days thereafter, and
these HCP were eligible for this study.

EBOV and LV antibody enzyme-linked immunosorbent assays (ELISA)

Levels of EBOV-specific binding antibodies in sera from healthy SCDU personnel

were measured by indirect antigen capture ELISAL? using different target antigens: (1)
recombinant EBOV glycoprotein (GP; Mayinga strain) minus the transmembrane region
(cat. no. 0501-015, IBT Bioservices, Rockville, MD); (2) whole inactivated Zaire Ebola
virus, Mayinga, Gamma-Irradiated (cat. no. NR-31807, BEI Resources, Manassas, VA);
(3) recombinant EBOV VP40 matrix protein (EBOV VP40, cat. no. 0564-001, IBT
Bioservices); and (4) EBOV nucleoprotein (NP), subtype Zaire, strain H. sapiens-wt/GIN/
2014/Kissidougou-C15 His Tag; cat. no. 40443-VVO7E, Sino Biological, Wayne, PA). Levels
of LV-specific binding antibodies in sera from SCDU personnel were also measured by
the indirect antigen capture ELISA using whole inactivated LV antigen (Josiah, Gamma-
Irradiated; cat. no. NR-31822, BEI Resources). For each EBOV- and LV-specific ELISA,
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endpoint titers of virus antigen-specific IgG were calculated as the highest serum dilution
with an optical density that was greater than the average optical density (determined at
wavelength 450 nm) plus 2 SD for sera from 7-10 healthy human donors with no prior
exposures to EBOV or LV. Positive controls were included for EBOV GP, whole EBOV, and
EBOV NP, EBOV convalescent plasma 1/90 dilution (provided by the CDC), and positive
controls were included for EBOV VP40, rabbit anti-ZEBOV VP40 pAb 1 pg/mL (cat.

no. 0301-010, IBT Bioservices). Positive controls were also included for whole LV, Lassa
convalescent plasma 1/100 dilution (provided by the CDC). The secondary antibody used
was horseradish peroxidase (HRP)-linked goat-anti human 1gG (Jackson ImmunoResearch,
West Grove, PA).

Statistical analysis

Results

Study participants were deidentified for aggregate analysis. Data analysis for demographics
was accomplished using Microsoft Excel (Microsoft, Redmond, WA). Proportions of HCP
with positive serologies against each antigen for EBOV and LF were calculated. EBOV- and
LV-specific endpoint ELISA titers were calculated using Prism 5 software for Mac OS X
(GraphPad Software, San Diego, CA). Titers <10 were assigned a titer of 5.

Study participant characteristics

Participant enrollment for this study took place between February 1 and December 30, 2016.
During this time, 59 individuals were approached, and 42 study participants consented and
completed the study. In addition, 10 study participants were enrolled prior to the SCDU
activation for having been exposed to a patient with LF in March 2016, and 8 of these
consented to an additional venipuncture after performing clinical care with this activation
(Figure 1).

Characteristics of the study participants are detailed in Table 1. Most were nurses who cared
for the patients inside the patient room. The mean age in years was 39 years (range, 22—70).
Most study participants were female (68%) and had spent >20 hours in the SCDU (73%).
Also, 7 participants had also participated in earlier clinical trials of investigational Ebola
vaccines (expressing the glycoproteins of Ebola Zaire and/or Sudan but no other Ebola
proteins) at the Hope Clinic of the Emory Vaccine Center (ClinicalTrials.gov identifiers:
NCT02231866 and NCT02408913). Two study participants were enrolled but did not have
the assay performed on their samples.

In addition, 8 study participants perceived that there had been a breach in protocol or

their PPE during their clinical care of the infected patients. Of these 8 study participants’
breaches, 7 were considered low risk by the criteria set forth by Jacobs et al.18 These
low-risk events included glove tears with no exposure, an outer glove tear while drawing
blood, an inner glove separating from the Tyvek suit during doffing, and bumping into the
wall during doffing. The one intermediate risk exposure involved a patient with Ebola virus
disease reaching under the powered air-purifying respirator (PAPR) and touching intact skin
on a healthcare worker’s neck. In this case, the HCP notified the clinical nurse specialist
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and promptly doffed safely and decontaminated in the shower without a visible scratch. This
individual was interviewed and closely monitored by OIM.

EBOV and LV antibody enzyme-linked immunosorbent assays (ELISA)

None of the participants’ sera had detectable titers of 1gG against EBOV VP40 or EBOV
NP relative to the positive controls (Fig. 2A and 2B; Table 2). However, sera from 6 of

42 study participants (4.3%; participants 7, 15, 22, 29, 30, and 34) contained high titers
(>1,000) of 1gG against EBOV GP. These levels were similar to those of the positive control
(Fig. 2C; Table 2). These same 6 participants’ sera also contained 1gG that bound whole
inactivated EBOV, albeit at lower titers than for EBOV GP or for the positive control
against whole EBOV (Fig. 2D; Table 2). These 6 participants with strong reactivity to the
EBOV GP had participated in earlier Ebola virus vaccine clinical trials at the Emory Hope
Clinic. Also, 1 additional HCP (participant 4) who had received an Ebola vaccine did not
demonstrate EBOV GP binding to the same level. This individual had declined to receive a
booster vaccine dose, while the other 6 had received the booster. Only a background level
of reactivity against EBOV GP (similar background against GP was previously observed in
EBOV vaccine trials!® was observed in HCP who had not previously received an EBOV
vaccine. None of the 42 participants’ sera demonstrated reactivity against whole LV antigen
in comparison to the positive control; a few study participants had titers <100 representing
non-specific reactivity (Fig. 3; Table 2).

HCP temperature and symptom monitoring

During the activation for the patients with EVD and the 21-day incubation period thereafter,
2,197 total days were monitored for the staff who were enrolled in this study and
participated in the care of these patients. During this time, these individuals had 24 discrete
complaints: 11 for headache, which were attributed to migraines, sinus infection, lack of
sleep, stress, and the influenza vaccine. Overall, 2 individuals had self-limited diarrhea;

3 had joint pain (present at baseline); 7 had nausea which was attributed to medications,
migraines, or food; and 1 individual had an upper respiratory infection.

During the activation for the patient with LF and the 21-day incubation period thereafter,
767 total days were monitored for those who were enrolled in this study and participated
in the care of these patients. During this time, the staff had 5 episodes of headache (2 with
migraines, baseline, 2 sinus-related, 1 tension), 2 had episodes of nausea, 2 had episodes
of joint pain (1 with tendonitis, 1 with chronic knee pain), 1 had a reaction to the smell of
bleach, 1 had an upper respiratory infection, 1 had sinus congestion, and/or 1 had tension
or stress. Furthermore, 4 individuals had joint pain (including knee pain, tendonitis, and
lower back pain) and 1 individual had weakness thought to be due to an upper respiratory
tract infection. There were no complaints of lack of appetite, diarrhea, abdominal pain, or
weakness.

Discussion

The experiences at the Emory SCDU demonstrate that patients with EVD and LF can be
managed safely and successfully without transmission to staff when appropriate protocols

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2022 July 04.
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in place are strictly followed. No SCDU employee developed either symptomatic EVD or
LF infection during the clinical care of these patients, the monitoring period, or thereafter.
Of the 42 individuals enrolled in this study, none had asymptomatic seropositivity for either
EVD or LF.

The serologic studies reported here confirm that our HCP did not have substantial exposure
to either EBOV or LV. We suspect that this was the result of strict adherence to effective
protocols by the team, with coaching and monitoring of every individual participating

in the clinical care during each shift. Donning and doffing protocols did not vary, and

a trained observer was always present. Surface cleaning was performed frequently with
close monitoring for visible contamination. These serologic results are also aligned with a
recent EBOV-specific antibody survey of oral fluid in a group of 268 returning international
responders who had worked in Ebola treatment units in West Africa. In this group of
international responders returning from West Africa, 1 study participant appeared to have
low-level reactivity that was not confirmed by other studies, and 1 study participant had
reactivity that was not replicated on a different assay; all other providers (99%) tested
negative.20 As our study has demonstrated, HCP who received investigational EBOV
vaccines may produce antibody responses against the EBOV proteins included in the
vaccines. Some of our HCP had received EBOV vaccines expressing a single EBOV protein,
GP. Their sera contained 1gG against only EBOV GP and whole EBOV (which would
display GP on its surface) but not against EBOV antigens that were not a part of the vaccine
(VP40 and NP). Antibodies against EBOV antigens not contained in the administered
vaccine would provide evidence for EBOV infection. Now that a EBOV GP-expressing
vaccine has demonstrated protection,1? it is likely that HCP at risk will have increasing
opportunities to receive a vaccine through a clinical trial or after licensure.

Despite the lack of seroconversions, the survey results from this study indicate the need

to have a compiled list of perceived breaches and a way to classify them. Of 40 providers
surveyed who had worked in the unit, 8 (20%) reported at least 1 breach in protocol,
although all but 1 were classified as low risk. This finding suggests that even with strict
protocol adherence, errors will occur occasionally. However, the fact that none of these
breaches translated to an asymptomatic or symptomatic infection argues that redundancies
in the infection control and clinical biosafety protocols were sufficient to protect personnel.
It also supports maintaining open communication among team members to address issues
as they are identified. For example, healthcare personnel in our unit were encouraged to
bring forth near misses or concerns at every shift, and these were discussed on daily calls
with the entire team. The classification presented by Jacobs et al'8 allows a standard risk
assessment algorithm that involves information from the breach as well as the clinical state
of the patient and environment. This algorithm was utilized to retrospectively classify the
breaches that were known during the activations and can be used prospectively in decision
making regarding postexposure prophylaxis for EVD.

Following potential breaches, twice-daily temperature and symptom monitoring also become
critical, although executing this procedure remains challenging. In our study, 29 of 63
individuals monitored for EVD (46%) and 16 of 43 study participants (37%) reported
symptoms that could have been concerning for developing EVD or LF. Although none were
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kraft et al.

Page 7

ultimately infected, they still required close observation. This task of monitoring HCP who
care for patients with special pathogens is a substantial undertaking for healthcare systems,
OIM groups, and state public health departments.?! These groups should be well supported
so that they can focus on the HCP at risk in these special circumstances. Twice-daily
monitoring is also burdensome to the HCP, and temperature and symptom log entries may
be missed, especially during the incubation period after caring for a patient if the HCP

is asymptomatic. The task of calling employees who miss an entry is time-consuming,
however. Appropriate worker support is needed, and backing of hospital administration is
essential in making cooperation mandatory for HCP. In the future, collection of baseline sera
and postevent sera could also be initiated for each biocontainment unit activation to provide
additional safety monitoring. In the event of a breach, additional sera could be drawn
longitudinally, and comparison to the baseline specimen would be helpful in determining
the occurrence of a true exposure. This method would also enable the capture of exposures
that do not result in clinical illness, if there is a possibility of asymptomatic infection. In
addition, future technologies that can automate and assist in monitoring of healthcare and
support personnel are needed.

In conclusion, we determined that the environment was free of detectable EBOV nucleic
acid after the care of patients with EVD and that no individual who entered the SCDU
while caring for patient(s) with EVD or LF had evidence of infection with the viruses they
treated. Collection of baseline sera and post activation sera should be considered for HCP in
a biocontainment unit to assess exposures and to ensure that no seroconversions occurred.
This process is essential for the safety and likely the retention of staff in biocontainment
units.22

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Layout of the Serious Communicable Diseases Unit, Emory University Hospital.
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Fig. 2.
Serum 1gG antibody titers against 4 Ebola virus (EBOV) antigens. Endpoint dilution titers

for 42 participants are shown on a log scale. Sera from participants who had previously
participated in trials of investigational vaccines expressing EBOV GP (but not expressing
EBOV VP40 or NP) are colored blue. The positive control serum titer from a convalescent
Ebola patient is shown in red at the far right of each panel (except for panel A displaying
EBOV VP40 titers and where an endpoint dilution titer was not determined for the positive
control, an affinity-purified rabbit anti-ZEBOV VP40 polyclonal Ab, which was used at 1
pg/mL with good detection of antigen). Relative to the controls, the only detectable titers of
IgG were in Ebola GP vaccine recipients and were against EBOV GP or whole inactivated
EBOV antigens. Low background titers of ~200 or less are seen in some individuals, as
report previously.
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Fig. 3.
Serum 1gG antibody titers against whole inactivated Lassa virus (LV). Endpoint dilution

titers for 42 participants are shown on a log scale. Sera from participants who had previously
participated in trials of investigational vaccines expressing Ebola virus (EBOV) GP (but not

expressing EBOV VP40 or NP, or LV antigens) are colored blue. The positive control serum

titer from a convalescent Lassa patient is shown in red at the far right of the panel. None

the 42 study participants’ sera had detectable reactivity to whole inactivated LV (background
reactivity observed in some individuals).
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Table 1.

Characteristics of Study Subjects

Subjects (n=42) Number (Percentage)
Role in unit

Physician 9 (21%)

Nurse 23 (55%)

Laboratory Technologist 10 (24%)

Special Pathogen

Ebola virus disease 30 (71%)

Lassa fever 31 (74%)

Control 4 (9%)
Age, in yearsa'lJ 4
Female 29 (69%)

Hours in SCDU

Control 4 (10%)
0-5 2 (5%)
6-10 1 (2%)
11-20 5 (12%)
>20 30 (71%)
Ebola vaccine recipient 8 (19%)

0,
Perception of breach” 8 (19%)

aAt time of first SCDU activation, excluding age at 2nd activation

bEchuded 4 control healthcare workers
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Table 2.
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IgG ELISA Endpoint Dilution Titers against Four EBOV Antigens and one LV Antigen. Titers less than 10

were assigned a titer of 5. Positive controls were virus-specific sera from convalescent patients.

Subject# EBOV GP WholeEBOV EBOV VP40 EBOV NP WholeLV
1 5 5 5 5 5
2 131 5 5 11 19
3 5 5 69 5 5
4 225 18 5 34 19
6 5 5 5 27 25
7 3173 101 10 10 11
8 44 5 109 5 31
10 5 5 5 5 5
11 5 5 114 5 5
12 5 5 21 5 5
13 11 5 5 5

14 40 5 26 5 20
15 3736 44 5 11 5
16 61 5 5 5 5
17 36 5 101 5 5
18 138 5 5 5 5
19 15 5 5 5 5
20 15 5 5 5 5
21 5 5 10 5 5
22 6058 421 75 12 5
23 5 5 20 5 5
24 106 5 5 5 5
25 180 5 16 5 5
26 5 5 5 5 5
27 5 5 5 5 5
28 10 18 37 5 5
29 5140 92 17 5 5
30 4115 96 10 5 5
31 195 5 5 68 5
32 5 5 5 5
33 5 5 5 5
34 2500 75 5 5 5
35 5 5 5 32 5
36 10 5 5 5 25
37 226 5 15 5 90
38 10 5 20 5 5
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Subject # EBOV GP WholeEBOV EBOV VP40 EBOV NP WhaleLV
39 5 5 5 5 5
40 36 5 27 5 5
41 53 5 5 5 5
42 5 5 5 5 5
43 5 5 5 5 5
44 5 5 35 5 5
+Controls 4948 2216 * 835 8373

*
Asterisk in EBOV VP40 cell indicates an endpoint dilution titer was not determined for this positive control, an affinity-purified rabbit
anti-ZEBOV VP40 polyclonal Ab which was used at 1ug/mL with good detection of antigen
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