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ABSTRACT SARS-CoV-2 is a novel positive-sense single-stranded RNA virus that has
caused a recent pandemic. Most patients have a mild disease course, while approxi-
mately 20% have moderate to severe disease, often requiring hospitalization and, in
some cases, care in the intensive care unit. By investigating a perceived increased rate
of indeterminate QuantiFERON-TB Gold Plus results in hospitalized COVID patients, we
demonstrate that severely ill COVID-19 patients have at least a 6-fold reduction of inter-
feron gamma (IFN-g) levels compared to control patients. What is more, over 60% of
these severely ill COVID-19 patients’ peripheral T cells were found to be unable to pro-
duce measurable IFN-g when stimulated with phytohemagglutinin (PHA), a potent IFN-g
mitogen, reflected by an indeterminate QuantiFERON-TB Gold Plus result. This defect of
IFN-g production was independent of absolute lymphocyte counts and immunosuppres-
sive therapy. It was associated with increased levels of interleukin-6 (IL-6), which was a
predictor of patient outcomes for our cohort when measured early in the course of dis-
ease. Finally, in a subset of COVID-19 patients, we found elevated IL-10 levels in addition
to IL-6 elevation. In addition to finding a significant limitation of interferon-gamma
release assay (IGRA) testing in severely ill COVID-19 patients, these data provide evidence
that many of these patients demonstrate a focused Th2 immune response with inhibition
of IFN-g signaling and, in many cases, significant elevations of IL-6.
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QuantiFERON-TB Gold Plus is an enzyme-linked immunosorbent assay (ELISA) that
is utilized to evaluate patients for latent tuberculosis (TB) infection. To carry out

this test, peripheral blood is collected into specialized Vacutainer tubes. Two of the
tubes contain Mycobacterium tuberculosis peptides that stimulate interferon gamma
(IFN-g) production in CD4 and CD8 T cells in the blood sample. In addition to these two
antigen tubes, a positive control tube uses phytohemagglutinin (PHA) mitogen to induce
an IFN-g response and demonstrate that the patient’s T cells are functional. A fourth tube,
the negative control (no stimulant), is used to adjust for background and preexisting se-
rum IFN-g. Patients with latent tuberculosis will induce T cells in the antigen tubes to pro-
duce IFN-g that is quantitated by ELISA. A low response to PHA mitogen (,0.5 IU/ml) is
classified as an indeterminate result when a blood sample also has a negative response to
the TB antigens.

This study was initially undertaken because we found that the frequency of indetermi-
nate results for the QuantiFERON-TB Gold Plus assay was increased during the months of
March and April 2020 from a baseline of 8.7% to 15.50%. After analysis of patients that
had indeterminate QuantiFERON-TB Gold Plus assay results, we found that many of these
patients were immunosuppressed. However, after closer inspection, we identified a subpo-
pulation of indeterminate patients that were positive for SARS-CoV-2 and had not been
immunosuppressed. We subsequently evaluated all SARS-CoV-2-positive patients that had
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also been tested with the QuantiFERON-TB Gold Plus assay to determine the frequency of
deficient IFN-g responses in the COVID-19 population and assess additional laboratory cor-
relates and clinical outcomes in this group.

MATERIALS ANDMETHODS
Study design. This was a retrospective observational cohort study of patients with confirmed COVID-19

who were also tested with the QuantiFERON-TB Gold Plus assay between March 2020 and July 2020 at the
University of North Carolina and associated regional hospitals. The control group consisted of samples
obtained from June 2020 to September 2020 from patients who were similar in age. Data were obtained
from the electronic medical record in accordance with the University of North Carolina internal review board
(IRB)-approved study parameters (IRB number 20-2269).

Inclusion and exclusion criteria. Subjects included outpatients and inpatients, aged 18 years or older,
treated in the UNC Health Care system from March 2020 to September 2020 with a positive COVID-19 naso-
pharyngeal or tracheal aspirate sample using FDA-approved (EUA) SARS-CoV-2 PCR assays. Patients also
needed to have a positive SARS-CoV-2 PCR test within 10days of their QuantiFERON-TB Gold Plus test.
Patients that tested positive for Mycobacterium tuberculosis antigen response with the QuantiFERON-TB Gold
Plus assay were excluded. Overall, 48 patients met the inclusion criteria (Table 1).

IGRA for Mycobacterium tuberculosis testing. Interferon-gamma release assay (IGRA) testing was
performed using the QuantiFERON-TB Gold Plus (Qiagen) chemiluminescence assay on the Liaison XL
automated platform (DiaSorin) based on the manufacturer’s protocol. The Liaison XL (DiaSorin) was
used to quantify the concentration of IFN-g in each sample tube. A result of positive, negative, or inde-
terminate was made using an algorithm per the manufacturer’s instructions.

Additional clinical laboratory assays. Lymphocyte and neutrophil absolute counts were obtained
from patient peripheral blood drawn via venipuncture and collected in EDTA collection tubes using the
ADVIA (Siemens) clinical hematology analyzer. C-reactive protein (CRP), total bilirubin, and lactate dehy-
drogenase (LDH) concentrations were measured from patient serum by chemiluminescence utilizing the
VITROS 5600 (Ortho Clinical Diagnostics) clinical chemistry analyzer. Serum samples for cytokine analysis
were frozen within 12 h postcollection and then allowed to thaw immediately prior to analysis. Serum
concentrations of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) were measured by ELISA
sandwich immune assay V-Plex (Mesoscale Discovery), which was performed at the Mayo Clinic
(Rochester, MN). IL-2R, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12, and IL-13 were measured using multiplex bead
assay and multiplex array chemiluminescence at the Mayo Clinic (Rochester, MN).

Disease severity scores. To measure patient COVID-GRAM critical illness risk score at the time of
admission, several parameters were retrieved from the electronic medical record and used to calculate
the risk of critical illness using the formula previously described (1). The severity of COVID-19-related ill-
ness was scored using the recently developed WHO clinical progression scale (2). The Charlson comor-
bidity index (CCI) score was used to estimate the underlying level of preexisting disease severity for each
patient within our cohort. The scores were calculated using an online calculator (MDCalc) as previously
described (3, 4).

Statistical analysis. All statistical analyses were performed using GraphPad Prism version 9.0.
Comparison between cohort groups, subgroups, and control groups was performed using Mann-
Whitney U test, independent unpaired t test, or Welch’s t test, as appropriate. Comparison of group pro-
portions was performed using Fisher’s exact test. Survival curve comparison was performed using the
Gehan-Breslow-Wilcoxon test. Nested t test analysis was utilized to compare absolute lymphocyte count
and absolute neutrophil count levels. P values of,0.05 were considered significant.

TABLE 1 Sociodemographic characteristics of the patient cohort

Characteristic
COVID-19
patients (N=48)

Healthy subjects
(N=76) P value

COVID-19 IFN-g
normal (N=17)

COVID-19 IFN-g
low (N=31) P value

Gender, no. (%) ,0.0001 0.7622
Female 19 (40.0) 61 (80.3) 6 (35.3) 13 (41.9)
Male 29 (60.0) 15 (19.7) 11 (64.7) 18 (58.1)

Age (yr), mean6 SD 55.736 15.96 48.726 6.55 0.0054 596 18.31 53.946 15.20 0.2979

Race, no. (%) ,0.0001 0.9709
African-American 8 (16.7) 15 (19.7) 3 (17.6) 5 (16.1)
Asian 1 (2.1) 5 (6.6) 0 (0.0) 1 (3.2)
Caucasian 9 (18.8) 37 (48.7) 3 (17.6) 6 (19.4)
Hispanic or Latino 31 (64.6) 4 (5.3) 11 (64.7) 17 (54.8)
Pacific Islander 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0)
Other or unspecified 2 (4.2) 14 (18.4) 0 (0.0) 2 (6.5)

Mortality, no. (%) 16 (33.3) 0 (0.0) ,0.0001 5 (29.4) 9 (29.0) .0.999
CCI, median (range) 3 (0–12) 0 (0) ,0.0001 3 (0–9) 3 (0–12) 0.1992
WHO ordinal scale, median (range) 8 (1–10) 0 (0) ,0.0001 6 (1–10) 9 (5–10) 0.0518
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RESULTS

COVID-19 patients had more indeterminate QuantiFERON-TB Gold Plus interferon
gamma release assay (IGRA) results than would be expected by chance (64.58% versus
2.97%) (Fig. 1A). Control patients had a 6-fold increase in mitogen-induced IFN-g produc-
tion compared to the COVID-19 patients in our cohort, with control patients measuring
7.87 (IU/liter) and COVID-19 patients measuring 1.29 (IU/liter) on average (Fig. 1B). The pre-
vious generation of the IGRA, the QuantiFERON-TB Gold assay, has been shown to be
affected by immunosuppressive comorbidities and therapies (5, 6). Interestingly, when
excluding all patients who had been treated with immunosuppressive medications or had
preexisting immunosuppressive comorbidities, we found that the COVID-19 patients still
had a significant decrease in IFN-g produced by their peripheral blood T cells postmitogen
stimulation (Fig. 1C). COVID-19 patients that had indeterminate test results had lower IFN-g
values from the mitogen minus the nil tube compared to COVID-19 patients that had nega-
tive results (acceptable IFN-g control results) (Fig. 1D). It was interesting that in the COVID-19

FIG 1 Hospitalized patients with PCR-confirmed COVID-19 disease have peripheral blood T cells with
a lower IFN-g phenotype than closely aged healthy control patients. (A) COVID-19 patients have lower
levels of IFN-g produced in response to PHA stimulation than age-matched healthy patients. (B)
COVID-19 patients have lower levels of IFN-g produced by peripheral blood T cells. (C) COVID-19
patients that are not currently taking immunosuppressive medications have lower levels of IFN-g
produced by peripheral blood T cells, and those on immunosuppressive medications have extremely
low levels of IFN-g. (D) COVID-19 patients with indeterminate IGRA test results have extremely low
IFN-g production by peripheral blood T cells, while those with IGRA-negative test results have higher
levels of IFN-g produced but still lower than healthy controls. (E) COVID-19 patients with worse
outcomes have similar IFN-g produced by peripheral blood T cells. Comparisons of differences in
continuous variables within these groups were performed using the independent unpaired t test or
the Welch’s t test, as appropriate, where a difference in means was considered significant if the P
value was less than 0.05. **, P, 0.005; ***, P, 0.0005; ****, P, 0.0001.
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patients that did have measurable IFN-g, it was lower than what was typically observed from
our control patients.

We next sought to determine if there was a difference in survival outcomes in the COVID-
19 patient cohort who had decreased ability to produce IFN-g in response to mitogen stimula-
tion compared to controls. We found that while there was a trend toward COVID-19 patients
with increased IFN-g response to mitogen stimulation and survival (Fig. 1E), it was not statisti-
cally significant (P=0.067). However, as expected, there was a statistically significant difference
in mitogen-induced IFN-g in controls versus both the COVID-19 survivors and nonsurvivors.

For further analysis, we divided our COVID-19 cohort into two subgroups, one containing
the IGRA indeterminate patients (IFN-g control indeterminate) and one with acceptable IFN-g
response. A previous study has shown that lack of ability to generate IFN-g in response to
mitogen in this assay can be secondary to lymphopenia and not due to impaired or altered
peripheral T-cell status (7). We found that both the indeterminate and acceptable IFN-g
COVID-19 patients were lymphopenic, with no significant difference between their absolute
lymphocyte counts (Fig. 2A), indicating that lymphopenia was not the cause of our COVID-
19 patients’ IGRA indeterminate results. On the other hand, we found that there was a statis-
tically significant difference between the absolute neutrophil count and the resulting neutro-
phil-to-lymphocyte ratio between the two groups (Fig. 2A). Absolute neutrophil-to-lymphocyte

FIG 2 COVID-19 patients with IFN-g indeterminate controls have increased neutrophils but otherwise
similar levels of lymphocytes and neutrophils during the course of hospitalization. (A) COVID-19
patients with indeterminate IFN-g controls have slightly more neutrophils on average at the time IFN-g
testing was performed, leading to a higher neutrophil/lymphocyte ratio. Abs., absorbance. (B) COVID-19
patients with better outcomes had similar counts of lymphocytes and neutrophils at the time of IFN-g
testing. Comparisons of differences in continuous variables within these groups were performed using
the independent unpaired t test or the Welch’s t test, as appropriate, where a difference in means was
considered significant if the P value was less than 0.05. *, P, 0.05; **, P, 0.005.
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ratio has been correlated with severity of COVID-19 disease; however, we found no significant
differences in absolute counts between survivors and nonsurvivors in our cohort of patients
(Fig. 2B).

Several recent studies proposed that an “immunologic collapse,” manifested by sig-
nificant lymphopenia and reduced circulating T cells, characterizes severe COVID-19
disease (8, 9). Like these studies, we also observed a picture of leukopenia in all of the
COVID-19 patients in our cohort (Fig. 2A). However, we did not observe a pattern of
decreased absolute leukocytes between survivors and nonsurvivors in our cohort (see
Fig. S1A in the supplemental material). Further, we investigated if there was a differ-
ence in absolute neutrophil count in survivors versus nonsurvivors over time, but there
was no appreciable difference (Fig. S1B). Similarly, we compared the absolute lympho-
cyte and neutrophil counts (Fig. S1C and D) and found no significant differences.

Other factors that have been associated with COVID-19 disease severity are serum
CRP, LDH, and total bilirubin levels (10–12). We compared these serum levels between
COVID-19 patients that had IFN-g indeterminate and acceptable controls by IGRA (Fig.
3A). Interestingly, we found that a large portion of those with IFN-g indeterminate con-
trols had increased total bilirubin concentrations in peripheral serum. However, when
we compared survivors to nonsurvivors (Fig. 3B) from our COVID-19 cohort, we did not
see any differences in serum CRP, LDH, or bilirubin levels.

The COVID-GRAM critical illness risk score predicts the risk of critical illness in hospital-
ized COVID-19 patients (1). In our cohort, we found no appreciable difference between

FIG 3 Hospitalized COVID-19 patients with indeterminate IFN-g controls and different clinical outcomes
have similar markers of inflammation. (A) COVID-19 patients with decreased IFN-g-producing T cells had
similar levels of serum CRP and LDH; however, a portion did have significantly increased levels of total
bilirubin. (B) COVID-19 patients with worse outcomes have similar serum concentrations of CRP, LDH, and
total bilirubin. Comparisons of differences in continuous variables within these groups were performed
using the independent unpaired t test or the Welch’s t test, as appropriate, where a difference in means
was considered significant if the P value was less than 0.05. *, P, 0.05.
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indeterminate or negative IGRA testing results for patients using this scoring system (Fig.
4A). The median COVID-GRAM critical illness risk score for both the indeterminate and ac-
ceptable IFN-g control patients measured by IGRA was approximately 200, which is asso-
ciated with a 92% chance of critical illness based on the risk scale, further indicating that
our cohort was composed mainly of critically ill patients. To determine if an indetermi-
nate IFN-g control result was associated with overall mortality, we compared the overall
probability of survival using a Kaplan-Meier estimator of survival and found there was no
statistical difference between COVID-19 patient IFN-g production measured by IGRA and
survival outcome within our cohort (Fig. 4B). It is clear from the Kaplan-Meier estimate
that most of these patients are critically ill, with a survival rate of 70.6% in the acceptable
IFN-g control patients versus 72.7% survival in the indeterminate IFN-g control patient
group over the course of 10weeks, which is typically observed among critically ill COVID-
19 patient cohorts (13, 14). Indeed, the median and average WHO clinical progression
scale scores were six and seven, respectively, for the higher IFN-g-producing patient and
nine and eight, respectively, for the indeterminate IFN-g control patients, indicating that
nearly all of the patients in our cohort were in the intensive care unit (ICU) and received
high-flow oxygen (Fig. S2A). When comorbidities and severity of illness were investigated
in conjunction with WHO clinical progression scale scores, we found no significant differ-
ences in our COVID-19 patients (Fig. S2).

We wanted to determine if IL-6 and other cytokines were increased in our cohort of
COVID-19 patients. Of the 48 patients in our cohort, 34 had at least one measurement
of their serum IL-6 levels. As with previous reports, we found elevated concentrations
of IL-6 in all the COVID-19 patients in our cohort. A significant minority (44%) had IL-6
concentrations greater than 100pg/ml. These levels of IL-6 are often seen during over-
whelming bacterial sepsis or in cytokine release syndrome (15, 16). Additionally, we
found that nine of the 34 patients (27%) had cytokine levels greater than 400pg/ml
(the maximum measurable concentration for our assay). While not statically significant
(P=0.766), we found that COVID-19 patients who had indeterminate IFN-g controls
had a median concentration of serum IL-6 of 84.4 pg/ml and a mean of 128 pg/ml
(standard deviation [SD],6142; standard errors of the means [SEM],630.9) versus
patients with acceptable IFN-g. Controls had a median IL-6 level of 36.8 pg/ml and a
mean of 113 pg/ml (SD,6149; SEM,641.3) (Fig. 5A). While this difference may not be

FIG 4 COVID-19 patients with indeterminate IFN-g controls have similar critical disease scores and
survival outcomes. (A) Hospitalized COVID-19 patients with indeterminate IFN-g controls have similar
COVID-19 GRAM severity risk scores compared to patients with acceptable IFN-g controls. (B) COVID-19
patients with indeterminate IFN-g controls have similar survival outcomes during infection compared to
patients with acceptable IFN-g controls. Nonparametric scores between groups were performed using
Mann-Whitney U test, and the survival curve comparison for COVID-19 patients between the IFN-g groups
was performed using the Gehan-Breslow-Wilcoxon test. The difference between the means was
considered significant if the P value was less than 0.05.
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statistically significant, it may be physiologically significant, as those with higher IL-6
levels, above 100 pg/ml, may be far more likely to suffer ill effects.

To investigate if concentration of serum IL-6 could be related to mortality in our
cohort of patients, we compared the IL-6 concentrations measured near or at the col-
lection time of our IFN-g production assay in COVID-19 survivors versus nonsurvivors in
our cohort (Fig. 5B). We found that our surviving patients had significantly (P=0.039)
lower levels of IL-6 at the time point near or at the time IGRA samples were drawn.
This supports the hypothesis that IL-6 serum levels are good predictors of patient out-
comes. Exploring further if high concentrations of IL-6 could be associated with mortal-
ity, we excluded patients with IL-6 levels below 100 pg/ml taken at the time of or near
IGRA sample collection. As expected, there was no difference between these survival
groups (Fig. 5C). Interestingly, there is a subset of survivors that also had IL-6 levels
that were above 400 pg/ml at given time points during hospitalization. Many of these
high IL-6 measurements above 400 pg/ml occurred later in the disease course, whereas
the IL-6 levels measured in Fig. 5C in our deceased patients were typically measured
early in the disease course. These analyses provide evidence that higher serum concen-
trations of IL-6 early in the course of disease, specifically those above 100 pg/ml, are
associated with increased risk for COVID-19 mortality.

In order to evaluate the subtype of T-cell-mediated response and the potential presence
of a cytokine storm, we identified patients within our cohort for whom the clinical team had
ordered serum levels of multiple interleukins as part of a cytokine panel that also included
direct IFN-g levels and TNF-a. We identified seven patients in our study cohort that had this
additional data (Table 2). Six of these seven patients demonstrated serum IL-6 levels above
the normal reference range of 2.0pg/ml (or 5pg/ml, depending on the platform the assay
was performed on). Similar to the previously discussed results, we found that patients with
IL-6 levels higher than the reference range did worse, based on the WHO clinical progression
scale for COVID-19, and that the severity of their disease was loosely associated with the
degree of IL-6 elevation. Not surprisingly, all seven patients had IFN-g levels below the
threshold level of the test, including all those who tested negative with IGRA. Overall, the
IFN-g results further demonstrate that many patients with COVID-19 have diminished IFN-g
levels systemically. Of our patients for whom multiple cytokine measurements were per-
formed, we found the only other cytokine that appeared to be elevated consistently was IL-
10. Somewhat surprisingly, we found that none of the severely ill patients in our COVID-19
cohort had elevations in Th1 cytokines.

FIG 5 Serum concentrations of IL-6 are lower among COVID-19 survivors and similar between
indeterminate and acceptable IFN-g control COVID-19 patients. (A) Serum IL-6 concentrations measured
for COVID-19 patients near collection time for IFN-g production. (B) These same IL-6 levels were compared
between COVID-19 patients who succumbed to disease versus patients who survived the course of
disease. (C) Serum IL-6 concentrations measured near the time of collection for IFN-g production that
were.100pg/ml for COVID-19 survivors versus nonsurvivors. Comparison of differences in continuous
variables within these groups were performed using the independent unpaired t test or the Welch’s t
test, as appropriate, where a difference in means was considered significant if the P value was less than
0.05. *, P, 0.05.
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DISCUSSION

In this study, we demonstrate that our COVID-19 patient cohort had a 6-fold decrease,
on average, in their ability to produce IFN-g compared to healthy controls; the majority
(62.5%) lacked the ability to generate a measurable IFN-g level when stimulated with phy-
tohemagglutinin. As a result, it is possible that SARS-CoV-2 infection, through some direct
or indirect mechanism(s), subverts the ability of peripheral T cells to generate IFN-g.
Indeed, similar to previous reports (8), we found that both the indeterminate and accepta-
ble IFN-g COVID-19 patient groups in our study were lymphopenic; however, only the
indeterminate group failed to generate adequate IFN-g in response to phytohemaggluti-
nin, indicating there is a qualitative difference in the population of the T cells between
these two groups. As a cytokine, IFN-g is important for humoral and innate immune
responses and T-cell differentiation, and it has been hypothesized that regulation of the
immune system is altered during COVID-19 infection (8, 9, 17). IGRAs have become one of
the preferred methods for high-throughput screening of patients and staff for latent tuber-
culosis infection (LTBI) (18, 19). As such, it is a test of choice when patients exhibit respira-
tory disease symptomology, and tuberculosis is considered in the differential diagnosis.
This study demonstrates that IGRA may be limited as an adequate tool for the detection of
LTBI in patients with active COVID-19. Additionally, other IGRAs, such as T-spot.TB, might
be similarly affected in COVID-19-infected patients.

We found that patients with IFN-g indeterminate controls had elevated bilirubin on av-
erage. While there was not a significant difference in bilirubin levels between COVID-19
survivors and deceased patients, it is possible elevated bilirubin is an important marker
that is negatively associated with survival in COVID-19 patients that our study did not
have the power to identify. These data fit with several studies (12, 20, 21) that have shown
a correlation with increased total bilirubin and severe COVID-19.

IFN-g is well characterized to induce undifferentiated CD4-positive T helper cells
(Th0 cells) into differentiated Th1 cells while inhibiting Th2 cell differentiation (18, 20,
22, 23). Decreased production or the inability to produce IFN-g may have hindered
these patients in our study from generating an effective Th1 immune response. This
hypothesis is supported by our observations in the seven patients who had a cytokine
panel performed that showed no measurable increase in Th1 cytokines, IFN-g, IL-2, IL-
2R, and IL-12. Thus, using a model of Th1 versus Th2 immune response, the COVID-19-
positive patients in our cohort demonstrated a shift toward the Th2-based response,
with most COVID-19 patients demonstrating an increase in the Th2 cytokine IL-6 and a
subset of COVID-19 patients demonstrating increased IL-6 and IL-10 levels. However, it
must be noted that this was not a robust Th2 response, since other Th2 cytokines, spe-
cifically IL-4 and IL-5, were not increased in any of the seven COVID-19 patients who

TABLE 2 Cytokine panel results for cohort patients

Cytokine Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Reference (pg/
ml; patients 1–5) Patient 6 Patient 7

Reference (pg/
ml; patients 6–7)

Interleukin-2 ,2.1 2.2 ,2.1 2.4 ,2.1 #2.1 ,5 ,5 #12
IL-2 Receptor 673.4 4,328.2 1,804.4 3,720.5 774.8 175.3–858.2 98 959 #1,033
Interleukin-12 ,1.9 ,1.9 ,1.9 ,1.9 ,1.9 #1.9 ,5 ,5 #6
Interferon Gamma ,4.2 ,4.2 ,4.2 ,4.2 ,4.2 #4.2 ,5 ,5 #5
Interleukin-4 ,2.2 ,2.2 ,2.2 ,2.2 ,2.2 #2.2 ,5 ,5 #5
Interleukin-10 3.1 17.9 45.2 38.9 3.5 #2.8 ,5 29 #18
Interleukin-13 ,1.7 ,1.7 ,1.7 14 ,1.7 #2.3 ,5 ,5 #5
IL-1 Beta ,6.5 ,6.5 ,6.5 ,6.5 ,6.5 #6.7 6 ,5 #36
Interleukin-8 ,3.0 ,3.0 ,3.0 59.8 ,3.0 #3.0 ,5 ,5 #5
TNF-alpha ,1.7 ,1.7 ,1.7 1.7 2.7 #7.2 ,5 ,5 #22
Interleukin-5 ,2.1 ,2.1 ,2.1 ,2.1 ,2.1 #2.1 ,5 ,5 #5
Interleukin-6 19.5 46.4 9.5 153.3 ,2.0 #2.0 20.6 .400 #5
WHO ordinal score 6 6 8 9 4 6 9
CCI score 2 5 3 1 0 0 0
IGRA result Indeterminate Indeterminate Indeterminate Negative Negative Negative Indeterminate

Ward et al. Journal of Clinical Microbiology

October 2021 Volume 59 Issue 10 e00811-21 jcm.asm.org 8

https://jcm.asm.org


had these cytokines measured. Nevertheless, it is interesting that a Th2-directed immune
response is known to promote type 1 hypersensitivity (21, 24). Therefore, it is possible that
promoting a Th2 immune phenotype leads to a hypersensitivity-like immune response
that could promote lung and other organ injury, as observed in many severe COVID-19
cases (25). Future studies will need to be performed to better test this hypothesis.

Studies have reported (8, 16, 17, 23) that severely ill patients with COVID-19 have
findings consistent with a cytokine storm. This has resulted in many COVID-19 patients
being treated with pan-immunosuppression via steroids. Moreover, other studies have
demonstrated that IL-6 is elevated in patients with COVID-19, and this has resulted in
patients also being treated with IL-6 inhibitors such as tocilizumab (19, 26). Finally, IL-6
has been shown by several studies (27, 28) to be upregulated in COVID-19 patients,
especially those who are critically ill. When comparing the levels of serum IL-6 between
survivors and nonsurvivors (Fig. 5B), we found that patients who succumbed during
the course of disease had significantly higher concentrations of IL-6. Based on data
from our patients, it seems that serum IL-6 levels are most predictive of disease course
outcome when taken early in the acute phase of infection.

Our study has several limitations. It is a retrospective study and limited by the tests
ordered by the clinical care team. Our cohort is composed of COVID-19 patients with
worse disease course, composed mainly of severely ill COVID-19 patients in the ICU.
Our observations, especially those from the cytokine panel, are from a small sample
size. While these findings provide additional data to the existing literature, future stud-
ies will need to be completed to confirm our findings. Finally, there is the confounding
variable of immunosuppressive therapies or immunosuppressive conditions in the
COVID-19 patients included in our study, as nearly all patients that had elevated IL-6
levels were treated with tocilizumab.

SUPPLEMENTAL MATERIAL
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