Jefferson

o Thomas Jefferson University
Thomas Jefferson University

HOME OF SIDNEY KIMMEL MEDICAL COLLEGE Jefferson Digital Commons
Department of Pathology, Anatomy, and Cell Department of Pathology, Anatomy, and Cell
Biology Faculty Papers Biology

1-1-2022

Interferon Gamma Release Assay Mitogen Responses in
COVID-19

Dagan Coppock
Claire E. Zurlo
Jenna M. Meloni
Sara L. Goss

John J. Zurlo

See next page for additional authors

Follow this and additional works at: https://jdc.jefferson.edu/pacbfp

b Part of the Infectious Disease Commons, Medical Anatomy Commons, Medical Cell Biology

Commons, and the Medical Pathology Commons

Let us know how access to this document benefits you

This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been
accepted for inclusion in Department of Pathology, Anatomy, and Cell Biology Faculty Papers by an authorized
administrator of the Jefferson Digital Commons. For more information, please contact:
JeffersonDigitalCommons@jefferson.edu.


https://jdc.jefferson.edu/
https://jdc.jefferson.edu/pacbfp
https://jdc.jefferson.edu/pacbfp
https://jdc.jefferson.edu/pacb
https://jdc.jefferson.edu/pacb
https://jdc.jefferson.edu/pacbfp?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/689?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/665?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/669?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/669?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/676?utm_source=jdc.jefferson.edu%2Fpacbfp%2F348&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/

Authors
Dagan Coppock, Claire E. Zurlo, Jenna M. Meloni, Sara L. Goss, John J. Zurlo, and Matthew A. Pettengill



woy

1971ZIMNZIOBPXZOBBGE0AL DAEIOYIASALLIAIPOOAEIEAHIDI/AD AUMY L XOMADUOINX FOHISABZIUTMH+BFNIONL WNO3Z LABY HJRGINAUE Aq

2202/61/20 U0

ORIGINAL ARTICLE

Interferon Gamma Release Assay Mitogen Responses
in COVID-19

Dagan Coppock, MD, MSCE,* Claire E. Zurlo, MD, 1 Jenna M. Meloni, BA,} Sara L. Goss, MLS, f
John J. Zurlo, MD,* and Matthew A. Pettengill, PhD}

Background: Elevated cytokine release and T cell exhaustion have been
associated with COVID-19 disease severity. T cell activity may be indi-
rectly measured through interferon gamma release assays (IGRAs), which
use mitogen stimulation of T lymphocytes as a positive control. In our in-
stitution, an unexpectedly high rate of indeterminate IGRAs was noted in
COVID-19—positive patients. We aimed to evaluate the clinical characteris-
tics associated with indeterminate IGRA results and the difference in mitogen
responses between COVID-19—positive and COVID-19—negative patients.
Methods: We reviewed all patients, regardless of COVID status, who
were admitted between March 1, 2020, and May 31, 2020, and for whom
an IGRA was collected. For COVID-19—positive individuals, we evaluated
the statistical association of their IGRA results and clinical characteristics, in-
cluding demographics, laboratory values, comorbidities, and hospitalization-
related outcomes. For both COVID-19—positive and COVID-19-negative in-
dividuals, we evaluated IGRA mitogen control values relative to COVID-19
status as stratified by absolute lymphocyte count.

Results: In COVID-19-—positive patients, indeterminate IGRA results
were statistically associated with white blood cell count and other markers
of inflammation. When comparing COVID-19—positive and COVID-19—
negative patients, we noted a statistically significant difference in IGRA
mitogen control values when stratified by absolute lymphocyte count.
Conclusions: Indeterminate IGRA results were associated with higher
levels of inflammatory markers. Furthermore, when comparing mitogen
responses between COVID-19—positive and COVID-19-negative patients,
there was an observed difference in T cell reactivity between the groups.
The mitogen response in IGRAs may serve as a surrogate for T cell func-
tion and a marker of disease severity in COVID-19.

Key Words: COVID-19, IGRA, lymphopenia, SARS-CoV-2
(Infect Dis Clin Pract 2022;30: ¢1085)

I n January 2020, the World Health Organization received reports
of a cluster of atypical pneumonia cases in Wuhan, China.' The
disease was later named COVID-19 and the causative virus iden-
tified as severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2).! The presence of certain clinical comorbidities, such as
diabetes and cardiovascular disease, has repeatedly been shown
to be a significant predictor of mortality.>* One proposed mech-
anism underlying this mortality is the elevated release of cytokines
followed by the uncontrolled activation and subsequent exhaus-
tion of T cells.” Although lymphopenia is a well-known clinical
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hallmark of COVID-19,%7 functional T cell exhaustion, as mani-
fested by the low expression of interferon gamma (IFN-y), is also
predictive of disease severity.®

The Qiagen QuantiFERON-TB Gold Plus (QTB) is a com-
monly used IFN-y release assay (IGRA) that detects the release
of IFN-vy by a patient's T lymphocytes when exposed to Mycobac-
terium tuberculosis (MTB) ESAT-6 and CFP-10 antigens.” For its
positive control, the QTB test requires that a patient's lymphocytes
also be exposed to a proprietary mitogen.'® In patients with functional
lymphocytes, the mitogen stimulates T cells to produce IFN-y, re-
gardless of whether the patient is infected with MTB. Per manufac-
turer guidelines, patients with a low mitogen response (compared
with a negative control) in the setting of a negative MTB antigen re-
sponse are deemed to have indeterminate test results, whereas those
with a normal mitogen response in the setting of a negative antigen
response are deemed to have negative test results.'!

Early in the COVID-19 pandemic, patients admitted to the
Thomas Jefferson University Hospital with COVID-19 were
screened using the QTB test as a prerequisite to receiving toci-
lizumab. The Thomas Jefferson University Hospital Clinical Mi-
crobiology Laboratory noticed an increase in the percentage of
QTB tests that were indeterminate relative to prior rates. A quality
control investigation by the laboratory found that the indeterminate
rate was elevated (28.9%) during April and May 2020, compared
with indeterminate rates from the preceding 5 months (16.8%),
and that most of the indeterminate results were in COVID-19 pa-
tients. Here, we explore the hypothesis that COVID-19—positive pa-
tients with indeterminate QTB test results have different clinical
characteristics compared with those who have negative test results.
Furthermore, we evaluate the hypothesis that there is a significant
difference in mitogen response between COVID-19—positive pa-
tients and COVID-19—negative patients as stratified by absolute
lymphocyte count (ALC).

MATERIALS AND METHODS

As a part of a cross-sectional design, we reviewed the IGRA
results for all inpatients at our 717-bed hospital in central
Philadelphia from March 1 through May 31, 2020. Interferon
gamma release assays were performed using the QTB test follow-
ing the manufacturer's recommendations for specimen collection
and processing. Interferon gamma enzyme-linked immunosorbent
assays (Qiagen, Germantown, Maryland) were performed on a Dynex
Agility automated enzyme-linked immunosorbent assay proces-
sor according to manufacturer's instructions. All QTB tests were
collected as a part of routine laboratory work for COVID-19—
positive patients before possible administration of tocilizumab.

Among patients for whom a QTB had been performed, we
identified those who tested positive for SARS-CoV-2. For these
patients, we confirmed that the patients were admitted for a new
diagnosis of COVID-19 by individual chart review. Furthermore,
we collected the following elements from real-time electronic
health record data, also confirmed by individual chart review: ba-
sic demographics, date of hospitalization, date of symptom onset,
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TABLE 1. Clinical Characteristics of COVID-19-Positive Patients and Bivariate Analyses Based on QuantiFERON Test Results

QuantiFERON Test Results

Indeterminate Negative P for Fisher Exact Test
Clinical Variables n =48 % of Total or Mean Value n=27 % of Total or Mean Value or Student 7 Test
Demographics
Age group, y
<25 2 2.7% 1 1.3% 0.54
25-44 5 6.7% 5 6.7%
45-64 21 28% 12 16.0%
65-74 10 13.3% 7 9.3%
=75 10 13.3% 2 2.7%
Sex
Female 14 18.7% 10 13.3% 0.61
Male 34 45.3% 17 22.7%
Race/ethnicity
White 11 14.6% 8 10.7% 0.65
African American 19 25.3% 10 13.3%
Asian 11 25.3% 4 5.3%
Hispanic 5 6.7% 5 6.7%
Unknown 2 2.7% 0 0.0%
Laboratory values
ALC 48 0.81 x 10? cells/ul 26 1.1 x 10° cells/ul 0.0656
LDH 46 617.30 IU/L 26 419.31 IU/L 0.0001
CRP 47 19.48 mg/dL 26 13.28 mg/dL 0.0374
D-dimer 46 7022.74 ng/mL 26 1470.39 ng/mL 0.0024
Ferritin 48 1920.88 ng/mL 27 1288.89 ng/mL 0.1685
Fibrinogen 41 650.46 mg/dL 22 685.31 mg/dL 0.5983
WBC count 48 10.7 x 10° cells/L 27 7.4 % 10° cells/L 0.0138
ANC 48 9180 cells/uL 26 5460 cells/uL 0.0035
Comorbidities
Diabetes mellitus
No 25 33.3% 17 22.7% 0.47
Yes 23 30.7% 10 13.3%
Hypertension
No 15 20.7% 14 18.7% 0.090
Yes 33 44.0% 13 17.3%
Obesity
No 32 42.7% 17 22.7% 0.803
Yes 16 21.3% 10 13.3%
Coronary artery disease
No 42 56.0% 24 32.0% 0.586
Yes 6 8.0% 3 4.0%
Smoker
No 44 58.7% 26 34.7% 0.65
Yes 4 5.3% 1 1.3%
Use of immunosuppressive medications
No 47 62.7% 27 36.0% 1.00
Yes 1 1.3% 0 0.0%
Clinical outcomes
Died
No 34 45.3% 22 29.3% 041
Yes 14 18.7% 5 6.7%
Use of invasive mechanical ventilation
No 25 33.3% 16 21.3% 0.632
Yes 23 30.7% 11 14.7%

Continued next page
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TABLE 1. (Continued)

QuantiFERON Test Results

Indeterminate Negative P for Fisher Exact Test
Clinical Variables n =48 % of Total or Mean Value n=27 % of Total or Mean Value or Student 7 Test

Use of noninvasive mechanical ventilation
No 29 39.7% 24 32.9% 0.028
Yes 17 23.3% 3 41.1%

ECMO
No 43 57.3% 27 36.0% 0.153
Yes 5 6.7% 0 0.0%

ICU admission
No 19 25.3% 15 20.0% 0.230
Yes 29 38.7% 12 16.0%

Use of HFNC
No 21 28.0% 12 16.0% 1.00
Yes 25 33.3% 15 20.0%

Medication use

Anticoagulation use
No 1 1.3% 2 2.7% 0.551
Yes 45 60.0% 25 33.3%

Corticosteroid use
No 14 18.7% 13 17.3% 0.142
Yes 32 42.7% 14 18.7%

Remdesivir use
No 42 56.0% 27 36.0% 0.290
Yes 4 53% 0 0.0%

Hydroxychloroquine use
No 26 34.7% 15 20.0% 1.00
Yes 20 26.7% 12 16.0%

Tocilizumab use
No 21 21.0% 15 20.0% 0472
Yes 25 33.3% 12 16.0%

date of first positive COVID-19 test, discharge date and disposi-
tion, length of stay, mortality, need for intensive care unit (ICU)
stay, use of invasive or noninvasive mechanical ventilation, use of
high flow nasal cannula (HFNC), use of extracorporeal membrane
oxygenation (ECMO), medical comorbidities (hypertension, hyper-
lipidemia, coronary artery disease obesity, obesity, use of immuno-
suppressive medications, diabetes, and active smoking), laboratory
studies within 7 days of COVID-19 diagnosis [white blood cell
(WBC) count, absolute neutrophil count (ANC), ALC, C-reactive
protein (CRP), lactate dehydrogenase (LDH), D-dimer, ferritin,
and fibrinogen], and medication use. For patients with more than
one IGRA test, the IGRA result closest to the date of COVID-19
test positivity was used in the analyses.

For both COVID-19-negative and COVID-19—positive patients
for whom an IGRA had been performed, we evaluated QTB mitogen
control values relative to COVID-19 status and ALC value (low
<0.8 x 10°/L). Values were grouped by COVID-19 status (posi-
tive vs negative) and ALC status (low vs normal).

In patients with a positive COVID-19 test, simple counts and
proportions were used to describe categorical variables of interest,
whereas simple counts and means were used to describe continu-
ous variables of interest. The association between categorical var-
iables and QTB test results was evaluated using Fisher exact test
(ar=.05). For continuous variables, the means were compared be-
tween patients with negative results and those with indeterminate

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

results using Student 7 tests (o = .05). Missing values were ex-
cluded from the analysis. These analyses were performed using
Stata software (version 16.1, StataCorp, College Station, Texas).
Scatterplots were created to display mitogen control values for
COVID-19-positive and COVID-19-negative patients as stratified
by low and normal ALC values. Within both ALC strata, mitogen
control values for COVID-19—positive and COVID-19-negative pa-
tients were compared using Mann-Whitney U tests (a = .05). The
scatterplots and statistical analyses were generated using GraphPad
Prism 8.3.1 (GraphPad Software Inc, San Diego, California).

ETHICS

This investigation (protocol #20E.709) was approved by the
Thomas Jefferson University institutional review board. Given the
minimal risk to privacy, the institutional review board granted a
waiver of consent.

RESULTS
For the study period, 188 QTB tests were identified among
180 patients. Of those 180 patients, 75 were COVID-19—
positive. Through chart review, the COVID-19—positive patients
were confirmed as patients admitted with new infections. Of the
75 patients, 48 had indeterminate QTB test results and 27 had neg-
ative results. The time from symptom onset to a positive COVID-
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19 test was similar between those patients with an indeterminate
QTB test and those with a negative QTB test (11 and 10 days, re-
spectively). Table 1 shows the baseline characteristics of all patients.
The mean age was similar, and most patients (68%) were male with
no statistical differences in test result by sex or race/ethnicity.

Indeterminate QTB test results were statistically associated
with higher levels of COVID-19-related inflammatory markers,
including LDH, CRP, and D-dimer. Indeterminate results were
also associated with higher WBC and ANCs. There were no statis-
tically significant differences between the 2 groups with respect to
comorbidities. With regard to clinical outcomes, there were no sta-
tistically significant differences between the groups except for the
use of noninvasive mechanical ventilation, which was higher in
the QTB-negative group. However, although the differences did
not reach statistical significance, there were more patients who
died, more who were admitted to the ICU, and more who required
mechanical ventilation, ECMO, or HFNC among those with an inde-
terminate QTB test result. Finally, there were no differences between
the QTB-indeterminate and QTB-negative cohorts regarding the use
of specific medications, including anticoagulation, corticosteroids,
remdesivir, hydroxychloroquine, or tocilizumab.

Figure 1 displays the results of QTB mitogen control values
for COVID-19—positive and COVID-19-negative patients as strat-
ified by ALC value. For patients in both ALC strata, the mitogen
control values for COVID-19-negative patients were significantly
higher than those for COVID-19—positive patients.

DISCUSSION

The immunopathogenesis of SARS-CoV-2 infection has
been difficult to define given the complex pathways that lead from
the hyperactivation of T cells to their ultimate depletion and im-
pairment.'? Lymphopenia is a common finding in patients with
COVID-19 with disease states of varying degrees of severity.!?
The degree of lymphopenia has been correlated with disease

. * p=0.016

10-
1- “enn
0.1

0.014

Mitogen Control value

0.001

severity and mortality.'* However, there are also qualitative T cell
defects in patients with COVID-19. In symptomatic patients, there
is an increase in T cell expression of exhaustion markers, such as
programmed cell death protein 1 and NKG2A, as well as the di-
minished capacity to produce IFN-y.'*!3 This diminished capac-
ity may be the mechanism underlying our current findings.

When comparing mitogen responses between COVID-19—
positive and COVID-19—negative patients, there is an observed differ-
ence in T cell reactivity between the groups. In our study, COVID-
19-positive patients expressed less INF-y than COVID-19-negative
patients, which may suggest some degree of exhaustion. Conse-
quently, if IGRA results are used as a surrogate for T cell function,
indeterminate results may suggest T cell exhaustion given the low mi-
togen response. By contrast, a negative test may suggest less- or
nonimpaired T cell function, given the normal mitogenic response.

We have observed that, among COVID-19 patients, there
were statistically significant differences in a number of inflamma-
tory markers when comparing those with IGRA-negative results
and those with IGR A-indeterminate results. Furthermore, in terms
of clinical outcomes that suggest disease severity, there were more
patients who died, more who were admitted to the ICU, and more
who required mechanical ventilation, ECMO, or HFNC among
those with an indeterminate IGRA result, although these differ-
ences were not statistically significant. [f IGRA results are, in fact,
reasonable surrogates for T cell function, there may be a role for
their use in predicting COVID-19 disease severity.

There are limitations to our study. This study was cross-
sectional with a small sample size. Deriving causal relationships
in this setting is a challenge. The timing of QTB test collection
and the presence of unmeasured confounders may have impacted
our results. One concern is the effect of immunomodulators. Per
institutional protocol, QTB tests were collected before tocilizumab
administration. However, corticosteroid use may have occurred be-
fore test collection. This may have, in turn, affected lymphocytic
response to mitogen stimulation. Furthermore, categorization of

* p=0.012

ALC, Absolute Lymphocyte Count

FIGURE 1. Comparison of QuantiFERON mitogen control values in patients with low and normal ALCs, grouped by COVID-19-positive and

COVID-19-negative status.

4 | www.infectdis.com

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.


http://www.infectdis.com

Infectious Diseases in Clinical Practice e Volume 30, Number 1, January 2022

IGRA Mitogen Responses in COVID-19

patients as COVID-19—positive or COVID-19-negative in our
study was based on the results of laboratory testing with molecu-
lar assays, but it is possible that some patients in our COVID-19—
negative groups were infected with SARS-CoV-2 at some point in
their clinical course but were not diagnosed because of imperfect
clinical sensitivity or timing of testing. In future studies, we can
draw upon larger sample sizes with the consideration of the timing
of our predictor variable—QTB test results—and potential clini-
cal outcomes. This will allow us to generate the necessary models
to evaluate QTB tests as an indicator of COVID-19 disease sever-
ity. If borne out in larger observational studies, QTB tests and
other IGRAs could become a rapid tool in identifying patients that
may have a deficient immune response to SARS-CoV-2 and are,
therefore, destined for poor clinical outcomes.
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