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Dysregulation of immune response was observed in COVID-19 patients. Thymosin alpha 1
(Ta1) is used in the management of COVID-19, because it is known to restore the
homeostasis of the immune system during infections and cancers. We aim to observe the
longitudinal changes in T lymphocyte subsets and to evaluate the efficacy of Ta1 for COVID-
19. A retrospective study was conducted in 275 COVID-19 patients admitted to Shanghai
public health clinical center. The clinical and laboratory characteristics between patients with
different T lymphocyte phenotypes and those who were and were not treated with Toi1 were
compared. Among the 275 patients, 137 (49.8%) were males, and the median age was 51
years [interquartile range (IQR): 37-64]. A total of 126 patients received Ta1 therapy and 149
patients did not. There were 158 (57.5%) patients with normal baseline CD4 counts
(median:631/uL, 1QR: 501~762) and 117 patients (42.5%) with decreased baseline CD4
counts (median:271/uL, IQR: 201~335). In those with decreased baseline CD4 counts, more
patients were older (p<0.001), presented as critically ill (p=0.032) and had hypertension
(p=0.008) compared with those with normal CD4 counts. There was no statistical difference in
the duration of virus shedding in the upper respiratory tract between the two groups
(p=0.214). In both the normal (14 vs 11, p=0.028) and the decreased baseline CD4 counts
group (15 vs 11, p=0.008), duration of virus clearance in the patients with Ta1 therapy was
significantly longer than that in those without Ta1 therapy. There was no significant difference
in the increase of CD4+ (286 vs 326, p=0.851) and CD8+ T cell (154 vs 170, p=0.842) counts
in the recovery period between the two groups with or without Ta1 therapy. Multivariate linear
regression analysis showed that severity of illness (p<0.001) and Ta1 therapy (p=0.001) were
associated with virus clearance. In conclusion, reduction of CD4+ T and CD8+ T cell counts
were observed in COVID-19 patients. Tail may have no benefit on restoring CD4+ and CD8+
T cell counts or on the virus clearance. The use of Ta1 for COVID-19 need to be more
fully investigated.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) caused by SARS-
CoV-2 emerged in Wuhan China in December 2019, and rapidly
spread worldwide. By August 16, 2020, there were nearly 21.3
million confirmed cases and 76,1779 deaths (1). Although there
are multiple vaccines that have been developed and are available
in many areas (2-4), the number of new confirmed COVID-19
cases and new death globally remains to be increasing. However,
there are still no effective antiviral drugs to treat the disease.
Some recommended antiviral drugs for COVID-19, such as
lopinavir/ritonavir, hydroxychloroquine and remdesivir were
proved to have no efficacy (5-9). Therefore, the treatment of
COVID-19 is mainly symptomatic and supportive.

The immune response of the host has an important effect on
the development and prognosis of infectious diseases. Studies
showed that total lymphocytes, CD3+T cells, CD4+ T cells and
CD8+ T cells decreased in COVID-19 patients, and significantly
decreased T cell lymphocyte subset counts were related to the
severity and prognosis of COVID-19 (10-13). In addition to the
reduction of T cell counts, the function of the surviving T cells
also appeared exhausted in COVID-19 patients (14). Therefore,
activation and expansion of innate and adaptive lymphocytes
play a major role in COVID-19 (15). Studies have shown that the
viral load of SARS-CoV-2 detected from patient respiratory
tracts is related to lung injury and disease severity (16). Lower
CD4 counts before treatment has predicted a longer duration of
virus RNA detection in the upper respiratory tract (17).
Thymosin alpha-1 (Tol) is one of the main active components
of thymic hormone, which is composed of 28 amino acid
residues. Synthetic preparations of Tal have been approved
for clinical applications as immunomodulatory biological
response modifiers. Totl can induce the differentiation and
development of T cells, help to enhance the T cell response to
antigens, and increases the level of lymphokine receptors on T
cells. Tol has shown efficacy in the treatment of several diseases
in which the immune system is compromised or malfunctioning
(18, 19). Dysregulation of immune response was observed in
patients with COVID-19. A powerful cytokine storm
accompanies COVID-19 pneumonia. Both helper T (Th) cells
and suppressor T cells in patients with COVID-19 were below
normal levels. The percentage of naive Th cells increased, and
memory Th cells decreased in severe cases (20, 21). Based on the
above findings, Totlwas used in the treatment of COVID-19. The
purpose of this study was to investigate the characteristics of
longitudinal alterations of T lymphocyte subsets in COVID-19
patients and the efficacy of Tal for the treatment of COVID-19.

MATERIALS AND METHODS

Study Design and Participants

This study enrolled all the patients with COVID-19 who were
admitted to the Shanghai Public Health Clinical Center
(Shanghai, China) from Jan 20, 2020 to March 16", 2020
(n=275). All patients were diagnosed with COVID-19

according to the Chinese guidelines for diagnosis and
treatment of COVID-19 (5). The demographic, clinical and
laboratory data of the 275 patients were retrospectively
collected, and included gender, age, severity of disease,
treatment regimen, comorbidities, CD4+ and CD8+ T cell
levels on admission and before discharge, levels of white blood
cell, high-sensitivity C-reactive protein, erythrocyte
sedimentation rate and lactic dehydrogenase, and duration of
virus shedding in the upper respiratory tract.

According to whether they received Tal treatment, the
patients were divided into two groups: Tal therapy group
(n=126) and non-Toal therapy group (n=149). Decisions
regarding whether to use Tal therapy was made based on
whether the disease was progressing. Toul was administered
subcutaneously at a dose of 1.6mg twice a week according to
the drug instructions until improvement of disease. To identify
SARS-CoV-2 infection and persistence, throat swab samples
were obtained from all patients each day during hospitalization
and tested SARS-CoV-2 RNA using real-time reverse
transcriptase polymerase chain reaction assays.

The patients were divided into 2 groups according to their
baseline CD4+ T cell counts after obtained at admission: those
with abnormal baseline CD4+T cell counts and those with not
decreased CD4+ T cell on admission. For each CD4+ T cell
group, patients were further divided into subgroups who were
either given Tl therapy or not. The clinical and laboratory data
between the groups and subgroups were compared. The changes
in the levels of CD4+ and CD8+T cells throughout the course of
COVID-19 were also analyzed.

Laboratory Test

RT-PCR Detection for SARS-CoV-2

The total nucleic acids were extracted from the nasopharyngeal
swabs of patients. The open reading frame lab (ORFlab) and
nucleocapsid (N) gene were detected by performing real-time
PCR assay [DA0992-Detection Kit for 2019-nCoV (PCR-
Fluorescence), ABI7500]. The number of cycles (CT value) was
used to measure the viral load. A CT value <30 was defined as
SARS-CoV-2 viral positive. The limit of detection was
500 copies/ml.

Detection for T Lymphocyte Subset
CD3+/CD4+/CD8+/CD45+ T-cell counts (cells/uL) were
measured by multiple-color flow cytometry with human
monoclonal anti-CD3-fluorescein isothiocyanate (FITC), anti-
CD8-phycoerythrin (PE), anti-CD45-Peridinin-Chlorophyll-
Protein Complex (PerCP), anti-CD4-allophycocyanin (APC)
antibodies (BD Multitest' CD3/CD8/CD45/CD4) according
to the manufacturer’s instructions. Fow cytometry was
performed using a BD FACS Canto II flow cytometry system
(BD Biosciences).

The laboratory reference intervals were determined as follows:
CD4 count: 410- 1590 cells/uL, CD8 count:190-1140 cells/uL,
LDH:109-245 U/L, hs-CRP 0~10 mg/L, WBC:(3.5-9.5) x10°/L,
and lymphocyte: (1.1-3.2) x10°/L, according to instructions of test
kits and previously published data (22, 23).
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Statistical Analysis

Data were analyzed using SPSS 24.0 software (IBM Corp.,
Armonk, NY). Quantitative data with normal distribution were
expressed as means * standard deviation (x £ SD) and compared
using t tests; quantitative data with skewed distribution were
expressed as median (inter-quartile range, IQR) and compared
using the Mann-Whitney U test. Categorical variables were
expressed as frequencies and percentages and compared using
the chi-square (x2) test or Fisher exact test. The multivariate
linear regression analysis was used to identify risk factors
associated with duration of virus shedding in the upper
respiratory tract. All tests were two tailed, and p<0.05 were
considered statistically significant.

RESULTS

Demographic and Clinical Characteristics
of COVID-19 Patients

A total of 275 confirmed COVID-19 patients were included in
this study. Among them, 137 (49.8%) were male and 138 (50.2%)
were female, with a median age of 51 years (IQR:37764). There
were 158 (57.5%) and 117 (42.5%) patients with normal (M:631
cells/uL, IQR: 5017°762) and abnormal (M:271 cells/uL, IQR:

2017335) baseline CD4+T cell counts, respectively. More patients
aged>60 years were classified as severe or critical type of COVID-
19 (p=0.001), and had lower baseline CD4 and CD8 counts
(p<0.001), compared with those aged 60 years. Compared with
the normal CD4 group, more patients in the abnormal CD4
group were older (p<0.001), had a higher proportion of
hypertension (p=0.008), lower CD8+ T cell counts (p<0.001),
lactate dehydrogenase (LDH) elevation (p<0.001), received
treatment with glucocorticoid (p<0.001), intravenous
immunoglobulin (IVIG) (p<0.001) and Toal (p=0.001).
However, there was no significant difference in the duration of
virus shedding in the upper respiratory tract between the two
groups (p=0.214). See Table 1.

Effects of Ta1 on the Duration of SARS-
CoV-2 Shedding in the Upper

Respiratory Tract

Among the 275 COVID-19 patients, 126 patients received Tol
therapy, with a median number of 5 injections (IQR: 3-7, range:
1-24). Irrespective of baseline CD4+ T cell counts, the duration
of SARS-CoV-2 shedding in the upper respiratory tract in the
Tl subgroup was significantly longer than that in the untreated
subgroup [Tal vs non-Toul: 14 vs 11 (p=0.028) in the normal
CD4 group, 15 vs 11 (p=0.008) in the abnormal CD4 group].

TABLE 1 | Demographic and clinical characteristics of patients with COVID-19.

p With normal baseline CD4 With abnormal baseline CD4 P
counts (n=158) counts (n=117)

Characteristics Total Age >60years Age < 60 years
(n=275) (n=92) (n=183)
Sex, (n, %)

Male 137 (49.8) 41 (44.6) 96 (52.5)
Age, M (IQR), years 51 (37-64) 66 (64-70) 40 (32-51)
>60, (n, %) 92 (33.5) 92 (100) 00

Severity of disease, (n, %)

mild or moderate 257 (93.5) 79 (85.9) 178 (97.3)
severe or critical 18 (6.5) 13 (14.1) 5(2.7)
Use of IVIG, (n, %) 50 (18.2) 23 (25.0) 27 (14.8)
Use of Tad, (n, %) 126 (45.8) 54 (58.7) 72 (39.3)

Baseline CD4 counts, M (IQR),

448 (300- 391 (207-578)

497 (317-700)

cells/ul 654)
Baseline CD8 counts, M (IQR), 259 (163- 180 (121-262) 3083 (195-449)
cells/ul 389)
Hospital days, M (IQR) 16 (12-23) 17 (13-25) 16 (12-22)
Comorbidities, (n, %)
hypertension 57 (22.2) 15 (16.3) 42 (23.0)
diabetes 24 (9.3 6 (6.5) 18 (9.8
coronary heart disease 12 (4.7) 4 (4.9) 8 (4.4)
COPD 4(1.6) 1(1.1) 3(1.6)
WBC (x10%L), M (IQR) 4.77 5.11 (4.09- 4.64 (3.74-5.83)
(3.89- 6.13)
5.94)
Lymphocytes (x10%/L), M (IQR) 1.13 1.34 (1.06- 1.01 (0.75-1.38)
(0.79- 1.79)
1.49)
hs-CRP>10mg/L, n (%) 128 (49.8) 42 (45.7) 104 (56.8)

LDH (U/L), M (IQR)

Duration of virus shedding in the

URT, days, M (IQR)

229 (193- 214 (189-252)
290)

12 (8~19) 13 (9-21)

241 (198-313)

12 (8-18)

0.217 74 (46.8) 63 (53.8) 0.250
<0.001 45 (33-61) 55 (40-65) <0.001
<0.001 43(27.2) 49 (41.9) 0.011
0.001 152 (96.2) 105 (89.7) 0.032
6(3.9) 12 (10.3)
0.038 12 (7.6) 38 (32.5) <0.001
0.001 59 (37.3) 67 (57.3) 0.001
<0.001 631 (501-762) 271 (201-335) <0.001
<0.001 337 (226-464) 170 (119-257) <0.001
0.046 16 (12-21) 17 (12-24) 0.361
0.200 24 (15.2) 33(28.2) 0.008
0.358 10 (6.3) 14 (12) 0.102
0.993 4(25) 8(6.8) 0.084
0.718 1(0.6) 3(2.6) 0.186
0.076 4.75 (3.79-5.91) 4.85 (4.02-6.14) 0.235
<0.001 1.26 (0.93-1.61) 0.96 (0.73-1.33) <0.001
0.080 77 (48.7) 69 (59.0) 0.092
0.001 214 (188-257) 255 (207-335) <0.001
0.192 12 (8-18) 13 (9-21) 0.214

IVIG, intravenous immunoglobulin; Te1, thymosin alpha-1; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; LDH, lactic dehydrogenase; URT, upper respiratory tract.
The laboratory reference intervals were determined as follows: CD4 count: 410-1590cells/ul., CD8 count:190-1140cells/uL, LDH:109-245U/L, hs-CRP 0~10mg/L, WBC:(3.5~9.5) x109/L,

and lymphocyte: (1.1~3.2) x109/L, according to instructions of test kits and previously published data (22, 23).
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And it is important to note that a higher proportion of patients in
the Toul group also received glucocorticoid (p < 0.001) and IVIG
(p < 0.001) than did the group that did not receive Tal. See
Table 2.

Effect of Ta1 on the Restore of CD4+ and
CD8+ T Cell Counts

Reassessment of the lymphocyte subset profile during the
convalescence period before discharge was done in 178
patients, among whom 110 received Tol therapy and 68 did
not. Alterations in the levels of CD4+ and CD8+ T cells in the
recovery period were analyzed. There was no statistical difference
in the increase in CD4+ (p=0.851) or CD8+ T cell counts
(p=0.842) between the two groups of patients with (n=110) or
without Tal therapy (n=68). This was also true for the
subgroups of patients with normal or decreased baseline CD4+
T cell counts. Whether or not having received Tal therapy, the
elevation in the CD4+ T cell counts was more pronounced in the
patients with decreased baseline CD4+ T cell counts (n=77)
compared with those with normal baseline CD4+ T cell counts
(n=101) (p=0.038); however, there was no significant difference
in the increase of CD8 counts (p=0.058). See Figure 1.

Factors Associated With SARS-CoV-2
Clearance in COVID-19 Patients

Multivariate linear stepwise regression analysis, which included
age, gender, severity of disease, Tal treatment, use of
glucocorticoid or IVIG, was conducted in 275 patients. The
results showed that the severity of disease (p<0.001) and
treatment with Tal (p=0.001) were correlated with duration of
SARS-CoV-2 RNA detection in the throat swabs from COVID-
19 patients. Nevertheless, age, gender, and use of glucocorticoid
or IVIG were not correlated with the duration. See Table 3.

Of the 126 patients treated with Tal, the median starting time
of Tol therapy was 10 days (IQR:6-15; range:1-35) after the
onset of disease, and the median number of injections was 5
(IQR: 3-7; range: 1-24). Considering the doses and starting time

of Toul treatment varied among patients, we further conducted
multivariate linear stepwise regression to clarify the effect of the
two factors on the virus clearance. The other factors included in
the analysis were age, gender, severity of disease, use of
glucocorticoid or IVIG. As shown in Table 3, the time
of administering Tal (p<0.001), the total number of doses of
Tol (p<0.001), and severity of disease (p=0.046) were all
associated with the duration of SARS-CoV-2 shedding in the
upper respiratory tract.

DISCUSSION

According to this study, T-lymphocytes subsets changes during
the course of COVID-19. The decline of CD4+ and CD8+ T cell
counts was observed at the onset of disease and increased during
the convalescent stage. The increases in CD4+ and CD8+ T cell
counts were more pronounced in patients with decreased
baseline CD4+ T cell counts, compared with those with
normal baseline CD4+ T cell counts. We found that the use of
Tl had no effect on promoting the recovery of CD4+ and CD8+
T cell counts. On the contrary, multivariate linear regression
analysis revealed that the severity of the disease and use of Tal
may actually be related with a prolonged time of virus clearance.

According to Chinese guidelines for diagnosis and treatment
of COVID-19, the severity of COVID- 19 is classified as mild,
moderate, severe and critical (5). It is clear that there are also,
some asymptomatic persons who have been infected with SARS-
CoV-2 (24). The heterogeneity of clinical manifestations of
COVID-19 may be related to a variety of factors. Here we have
described the clinical features of COVID-19 from the perspective
of the patient’s cellular immunity status and found that patients
with reduced baseline CD4+ T cell counts were more likely to be
older, have higher levels of LDH, more severe symptoms, and
have hypertension. Older age, hypertension, and high LDH level
were all found to be risk factors for severe illness or death (25).
These results suggest that lower CD4+ T cell counts may be an

TABLE 2 | Characteristics of COVID-19 patients with and without therapy with Tou1.

Characteristics With normal baseline CD4 counts P With decreased baseline CD4 P Total (n=275)
(n=158) counts (n=117)
Tol+ (n=59) Tol- (n=99) Tol+ (n=67) Tol1- (n=50)

Age, M(QR), years 51 (34-63) 42 (33-60) 0.306 63 (50-68) 47(36-60) <0.001 51 (37-64)
Sex (n, %)

male 35 (59.3) 39 (39.4) 0.015 38 (56.7) 25 (50) 0.471 137 (49.8)
Duration of virus shedding in the URT, days, M(IQR) 14 (8-25) 11 (7-17) 0.028 15 (10-22) 11 (8-16) 0.008 12 (8~19)
Use of IVIG (n, %) 12 (20.3) <0.001 32 (47.8) 6 (12.0) <0.001 50 (18.2)
Use of glucocorticoid (n, %) 10 (16.9) 3(3.0) 0.005 31 (46.3) 6 (12.0) <0.001 50 (18.2)
Severity (n, %)

Mild or moderate 54 (91.5) 98 (99.0) 0.052 55 (82.1) 50 (100) 0.002 257 (93.5)

Severe or critical 5 (8.5) 1(1.0 12 (17.9) 0(0) 18(6.5)
Baseline CD4 counts, cells/uL, M(QR) 637 (498-741) 631 (502-768) 0.723 261 (182-332) 298 (234-341)  0.059 448 (300-654)
Baseline CD8 counts cells/uL, M(IQR) 325 (200-432) 364 (248-494) 0.156 159 (96-229) 211 (134-294)  0.014 259 (163-389)
Hospital days, M(IQR) 18 (14-29) 15 (11-20) <0.001 21 (15-26) 14 (11-18) <0.001 16 (12-23)
Lymphocytes (x10%L) M(QR) 1.04 (0.75-1.52)  1.33(1.05-1.77) 0.002 0.9 (0.67-1.29) 1.11(0.8-1.39)  0.079 1.13(0.79-1.49)
LDH (U/L), M(IQR) 221 (183-288) 213 (189-247) 0.471 255 (215-338) 245 (204-334)  0.675 229 (193-290)

Tod, thymosin alpha-1; URT, upper respiratory tract; IVIG, intravenous immunoglobulin; IFNo2b, interferono2b; LDH, lactic dehydrogenase.
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FIGURE 1 | CD4+ and CD8+ T-lymphocytes counts increased from baseline during the convalescence of COVID-19. Changes of CD4+ and CD8+ T cell counts in
COVID-19 patients with baseline CD4 counts > 410 cells/uL and<410 cells/uL (A, B), with normal baseline CD4 counts (C, D), with decreased baseline CD4 counts

indicator of more severe disease, and patients should be
monitored more carefully. However, we found no significant
differences in the clearance time of virus and duration of

hospitalization between the two groups. This suggests that
changes in T-lymphocyte subsets may be correlated with the
severity of the disease, but not with the duration of the disease.
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TABLE 3 | Multivariate analysis of factors correlated with the duration of virus shedding in the upper respiratory tract.

Population Factors

All the 275 included patients Severity of disease
To1 treatment
Starting time of Tau1 therapy
Total doses of Ta1

Severity of disease

126 patients with Tae1 therapy

B t p
0.260 4.438 <0.001
-1.193 -3.305 0.001
0.556 8.612 <0.001
0.403 5.094 <0.001
0.161 2.016 0.046

Tal, thymosin alpha-1.

Qin et al. also found that the number of T lymphocytes decreased
significantly in severe COVID-19 patients, and the level of both
helper and inhibitory T cells were below normal in the COVID-
19 group (20). Therefore, monitoring of T-lymphocyte subsets is
helpful for the early screening of critical diseases, but individuals
infected with SARS-CoV-2 should be managed as an equally
important source of infection regardless of the patient’s clinical
characteristics and immune status.

We observed that the number of CD4+ and CD8+ T cells
increased during the convalescence period of COVID-19, and
the increased number of CD4+ T cells in patients with low
baseline CD4+ T cell counts was significantly higher than in
those with normal CD4+ T cell counts. However, the mechanism
of this change is unclear. The study published by Liu et al. also
showed the similar results that Tol treatment effectively restored
T-cell numbers in cases with counts of CD8+ or CD4+ T cells
less than 400/uL or 650/uL, respectively. Patients with higher T-
cell numbers gained no benefits from Tol treatment (26).
However, the patients included in the two studies were
different. The study published by Liu et al. included only
severe and critical COVID-19 patients, whereas our study
included patients mainly classified as mild or moderate types.
Liu et al. investigated whether Tou1 can restore T-cell numbers in
COVID-19 patients with severe lymphocytopenia by the means
of comparing the changes in CD4+ and CD8+ cell counts before
and after Toul treatment in 34 cases. However, this comparison
was only self-contrast before and after Toul treatment other than
comparisons between groups (Tol treatment group vs. Tol
non-treatment group). It was not clear whether the increase of
T-cell counts was part of the disease course or the effect of T ol
therapy. Our study also observed the increase of CD4+ and CD8+
T cell counts in the recovery period of disease in both groups of
patients with and without Tol therapy. However, there was no
significant difference in the changes of CD4+ or CD8+ T cell
counts between the two groups. A multicenter retrospective study
evaluated the efficacy of Toul for critical COVID-19 patients, and
the results suggested that treatment with Tal could markedly
decrease 28-day mortality and attenuate acute lung injury in
critical type of COVID-19 patients (27). However, another study
which also enrolled the critical COVID-19 patients came to the
opposite conclusion - there was no association between use of
thymosin ol and decreased mortality in critically ill COVID-19
patients (28). The reasons for the different results are unknown,
one study found that gender differences may be a factor in
sustaining COVID-19 immunity responded to Toul (29).

As an immunomodulatory agent, Tal has shown good
efficacy in a variety of diseases, including hepatitis B, cancer,

sepsis, cystic fibrosis, etc. (18, 19). However, Toll showed no
benefit for COVID-19 in our study in the perspective of restoring
CD4 and CD8 counts. On the contrary, the duration of SARS-
CoV-2 RNA shedding in the upper respiratory tract in patients
given Toul therapy was significantly longer than that in those
who did not. A possible explanation of the finding is that the
severe and critical COVID-19 disease was more common in the
Tal therapy group. Multivariate regression analysis showed that
the severity of disease was an influencing factor of virus
clearance. The more severe disease was, the longer patients
shed virus.

At the present time, Toul is mainly used for the treatment of
diseases with immunodeficiency or immune disorders. However,
the physiological basal levels of Toul and the most eftective dose
and schedule of treatment remain unclear. According to expert
opinion, low serum Tal levels are predictive and/or associated
with different pathological conditions. In the case of Tal
treatment, it is crucial to know the patient’s baseline serum
Tal level to establish effective treatment protocols and monitor
its effectiveness over time (30). COVID-19 is an emerging
infectious disease, and it remains unclear just what the host
immune response to SARS-CoV-2 infection is. The cytokine
release syndrome (CRS) appears to affect patients with severe
disease. Strategies for choosing whether to enhance or suppress
the immune response may be based on the stage of and pattern of
the immune reaction induced by SARS-CoV-2 virus (31). In vitro
studies have shown that Tal could mitigate cytokine expression
and inhibit lymphocyte activation in a CD8+ T-cell subset from
COVID-19 patients, which suggest that the potential role of Tal
in modulating the immune response homeostasis and the
cytokine storm in vivo (32). It’s important to know the profiles
of Tal and cytokines secretion during the course of COVID-19
disease, which would be a prerequisite for determining whether or
not Tol is a useful treatment for COVID-19.

There are, of course, some limitations of this study. They
would include possible selection bias, the small sample size,
incomplete patient data, a retrospective study, etc. In addition,
the treatment regimen of Toul was not standardized and may not
have been a correct one. Besides, there were many influencing
factors, which may affect the conclusion of statistical analysis.

In conclusion, we have demonstrated that there is an
alteration in the T-lymphocyte subsets during the course of
COVID-19. Tal appeared to have no beneficial effect neither
on the recovery of CD4+ and CD8+ T cell counts nor on the
virus clearance during the convalescence stage of COVID-19. We
suggest that any further use of Toll for COVID-19 needs to be
further investigated.

Frontiers in Immunology | www.frontiersin.org

June 2021 | Volume 12 | Article 568789


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Wang et al.

Effect of Ta1 for COVID-19

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Shanghai Public Health
Clinical Center. Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the submitted
version. HL have contributed to the conception and design. ZW,

REFERENCES

. World Health Organization. Coronavirus Disease (COVID-19) Outbreak
Situation. Available at: https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports (Accessed Acssessed May 8, 2021).
2. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A. C4591001 Clinical
Trial Group, Et al. Safety and Efficacy of the BNT162b2 Mrna Covid-19
Vaccine. N Engl ] Med (2020) 383(27):2603-15. doi: 10.1056/NEJM0a2034577
3. Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, Hou LH, et al. Immunogenicity
and Safety of a Recombinant Adenovirus Type-5-Vectored COVID-19
Vaccine in Healthy Adults Aged 18 Years or Older: A Randomised,
Double-Blind, Placebo-Controlled, Phase 2 Trial. Lancet (2020) 396
(10249):479-88. doi: 10.1016/S0140-6736(20)31605-6
4. Gao Q, Bao L, Mao H, Wang L, Xu K, Yang M, et al. Development of an
Inactivated Vaccine Candidate for SARS-Cov-2. Science (2020) 369(6499):77—
81. doi: 10.1126/science.abc1932
5. Notice of the General Office of the National Health Commission on Issuing on
Guidelines on the Diagnosis and Treatment of Covid-19 (Trial Version 7).
Available at: http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294
a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
(Accessed Acssessed May 10, 2020).
6. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A Trial of Lopinavir-
Ritonavir in Adults Hospitalized With Severe Covid-19. N Engl ] Med (2020)
382:1787-99. doi: 10.1056/NEJM0a2001282
7. ChenJ,Ling Y, XiX, Liu P, Li F, Li T, et al. Efficacy of Lopinavir/Ritonavir and
Arbidol in the Treatment of COVID-19 Patients. Chin ] Infect Dis (2020)
38:86-9. doi: 10.3760/cma.j.issn.1000-6680.2020.02.006
8. Tang W, Cao Z, Han M, Wang Z, Chen ], Sun W, et al. Hydroxychloroquine in
Patients With Mainly Mild to Moderate Coronavirus Disease 2019: Open Label,
Randomised Controlled Trial. BMJ (2020) 369:m1849. doi: 10.1136/bm;j.m1849
9. WangY, ZhangD,DuG,DuR, Zhao], Jin Y, et al. Remdesivir in Adults With Severe
COVID-19: A Randomised, Double-Blind, Placebo-Controlled, Multicentre Trial.
Lancet (2020) 395(10236):1569-78. doi: 10.1016/S0140-6736(20)31022-9
10. Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, et al. Characteristics of
Peripheral Lymphocyte Subset Alteration in COVID-19 Pneumonia. ] Infect
Dis (2020) 221:1762-9. doi: 10.1093/infdis/jiaal 50

11. Xu B, Fan CY, Wang AL, Zou YL, Yu YH, He C, et al. Suppressed T Cell-Mediated
Immunity in Patients With COVID-19: A Clinical Retrospective Study in Wuhan,
China. J Infect (2020) 81:¢51-60. doi: 10.1016/}.jinf.2020.04.012

12. LiuJ, Li§, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal Characteristics

of Lymphocyte Responses and Cytokine Profiles in the Peripheral Blood of

SARS-CoV-2 Infected Patients. EBioMedicine (2020) 55:102763. doi: 10.1016/

j.ebiom.2020.102763

—

JC, and CZ were in charge of writing, data collection and
analysis. LL, TQ, YS, YZ, LX, TL, and ZQ contributed to the
data collection. CS revised the manuscript.

FUNDING

This work was funded by the Fudan university (IDF162005),
Shanghai Public Health Clinical Center (2020YJKYO01), Shanghai
major projects on infectious diseases (shslczdzk01102), Shanghai
Municipal Health Commission Scientific Research Project
(201940225), Shanghai Science and Technology Commission
(20411950200), and Chinese medicine administration of
Shanghai Health Protection Committee (2020NCP001).

ACKNOWLEDGMENTS

We thanked all the patients involved in the study.

13. Jiang M, Guo Y, Luo Q, Huang Z, Zhao R, Liu S, et al. T-Cell Subset Counts in
Peripheral Blood can be Used as Discriminatory Biomarkers for Diagnosis
and Severity Prediction of Coronavirus Disease 2019. J Infect Dis (2020)
222:198-202. doi: 10.1093/infdis/jiaa252

14. Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and
Functional Exhaustion of T Cells in Patients With Coronavirus Disease 2019
(COVID-19). Front Immunol (2020) 11:827. doi: 10.3389/fimmu.2020.00827

15. Odak I, Barros-Martins J, Bosnjak B, Stahl K, David S, Wiesner O, et al.
Reappearance of Effector T Cells is Associated With Recovery From COVID-
19. EBioMedicine (2020) 57:102885. doi: 10.1016/j.ebiom.2020.102885

16. Liu Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, et al. Clinical and
Biochemical Indexes From 2019-nCoV Infected Patients Linked to Viral
Loads and Lung Injury. Sci China Life Sci (2020) 63:364-74. doi: 10.1007/
s11427-020-1643-8

17. Ling Y, Xu SB, Lin YX, Tian D, Zhu ZQ, Dai FH, et al. Persistence and
Clearance of Viral RNA in 2019 Novel Coronavirus Disease Rehabilitation
Patients. Chin Med ] (Engl) (2020) 133:1039-43. doi: 10.1097/CM9.
0000000000000774

18. Wang FY, Fang B, Qiang XH, Yu TO, Zhong JR, Cao J, et al. The Efficacy and
Immunomodulatory Effects of Ulinastatin and Thymosin ol for Sepsis: A
Systematic Review and Meta-Analysis. BioMed Res Int (2016) 2016:9508493.
doi: 10.1155/2016/9508493

19. Romani L, Oikonomou V, Moretti S, Iannitti RG, D’Adamo MC, Villella VR,
et al. Thymosin ol Represents a Potential Potent Single-Molecule-Based
Therapy for Cystic Fibrosis. Nat Med (2017) 23:590-600. doi: 10.1038/
nm.4305

20. Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of Immune
Response in Patients With COVID-19 in Wuhan, China. Clin Infect Dis
(2020) 71:762-8. doi: 10.1093/cid/ciaa248

21. Sun X, Wang T, Cai D, Hu Z, Chen J, Liao H, et al. Cytokine Storm
Intervention in the Early Stages of COVID-19 Pneumonia. Cytokine Growth
Factor Rev (2020) 53:38-42. doi: 10.1016/j.cytogfr.2020.04.002

22. Jiang W, Kang L, Lu HZ, Pan X, Lin Q, Pan Q, et al. Normal Values for CD4
and CD8 Lymphocyte Subsets in Healthy Chinese Adults From Shanghai. Clin
Diagn Lab Immunol (2004) 11:811-3. doi: 10.1128/CDLI.11.4.811-813.2004

23. WuX, Zhao M, Pan B, Zhang ], Peng M, Wang L, et al. Complete Blood Count
Reference Intervals for Healthy Han Chinese Adults. PloS One (2015) 10:
€0119669. doi: 10.1371/journal.pone.0119669

24. Epidemiology Working Group for NCIP Epidemic Response, Chinese Center
for Disease Control and Prevention. The Epidemiological Characteristics of an
Outbreak of 2019 Novel Coronavirus Diseases (COVID-19) in China.
Zhonghua Liu Xing Bing Xue Za Zhi (2020) 41:145-51. doi: 10.3760/
cma.j.issn.0254-6450.2020.02.003

Frontiers in Immunology | www.frontiersin.org

June 2021 | Volume 12 | Article 568789


https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/S0140-6736(20)31605-6
https://doi.org/10.1126/science.abc1932
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
https://doi.org/10.1056/NEJMoa2001282
https://doi.org/10.3760/cma.j.issn.1000-6680.2020.02.006
https://doi.org/10.1136/bmj.m1849
https://doi.org/10.1016/S0140-6736(20)31022-9
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1016/j.jinf.2020.04.012
https://doi.org/10.1016/j.ebiom.2020.102763
https://doi.org/10.1016/j.ebiom.2020.102763
https://doi.org/10.1093/infdis/jiaa252
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.1016/j.ebiom.2020.102885
https://doi.org/10.1007/s11427-020-1643-8
https://doi.org/10.1007/s11427-020-1643-8
https://doi.org/10.1097/CM9.0000000000000774
https://doi.org/10.1097/CM9.0000000000000774
https://doi.org/10.1155/2016/9508493
https://doi.org/10.1038/nm.4305
https://doi.org/10.1038/nm.4305
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1016/j.cytogfr.2020.04.002
https://doi.org/10.1128/CDLI.11.4.811-813.2004
https://doi.org/10.1371/journal.pone.0119669
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Wang et al.

Effect of Ta1 for COVID-19

25.

26.

27.

28.

29.

30.

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors Associated With
Acute Respiratory Distress Syndrome and Death in Patients With
Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med
(2020) 180:934-43. doi: 10.1001/jamainternmed.2020.0994

Liu Y, Pang Y, Hu Z, Wu M, Wang C, Feng Z, et al. Thymosin Alpha 1 (To.l)
Reduces the Mortality of Severe COVID-19 by Restoration of Lymphocytopenia
and Reversion of Exhausted T Cells. Clin Infect Dis (2020) 71:2150-7.
doi: 10.1093/cid/ciaa630

Wu M, JiJ], Zhong L, Shao ZY, Xie QF, Liu ZY, et al. Thymosin a1 Therapy
in Critically Ill Patients With COVID-19: A Multicenter Retrospective Cohort
Study. Int Immunopharmacol (2020) 88:106873. doi: 10.1016/j.intimp.
2020.106873

Sun Q, Xie ], Zheng R, Li X, Chen H, Tong Z, et al. The Effect of Thymosin o
on Mortality of Critical COVID-19 Patients: A Multicenter Retrospective Study.
Int Immunopharmacol (2021) 90:107143. doi: 10.1016/j.intimp.2020.107143
LiX, Liu L, Yang Y, Yang X, Wang C, Li Y, et al. Gender-Associated Difference
Following COVID-19 Virus Infection: Implications for Thymosin Alpha-1
Therapy. Int Immunopharmacol (2021) 90:107022. doi: 10.1016/j.intimp.
2020.107022

Pica F, Gaziano R, Casalinuovo IA, Moroni G, Bu¢ C, Limongi D, et al.
Serum Thymosin Alpha 1 Levels in Normal and Pathological Conditions.

32.

Expert Opin Biol Ther (2018) 18(supl):13-21. doi: 10.1080/14712598.
2018.1474197

. Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang X, et al. Covid-19 Infection:

The Perspectives on Immune Responses. Cell Death Differ (2020) 27(5):1451—
4. doi: 10.1038/s41418-020-0530-3
Matteucci C, Minutolo A, Balestrieri E, Petrone V, Fanelli M, Malagnino V,
et al. Thymosin Alpha 1 Mitigates Cytokine Storm in Blood Cells From
Coronavirus Disease 2019 Patients. Open Forum Infect Dis (2020) 8(1):
ofaa588. doi: 10.1093/ofid/ofaa588

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wang, Chen, Zhu, Liu, Qi, Shen, Zhang, Xu, Li, Qian, Steinhart
and Lu. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

June 2021 | Volume 12 | Article 568789


https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1093/cid/ciaa630
https://doi.org/10.1016/j.intimp.2020.106873
https://doi.org/10.1016/j.intimp.2020.106873
https://doi.org/10.1016/j.intimp.2020.107143
https://doi.org/10.1016/j.intimp.2020.107022
https://doi.org/10.1016/j.intimp.2020.107022
https://doi.org/10.1080/14712598.2018.1474197
https://doi.org/10.1080/14712598.2018.1474197
https://doi.org/10.1038/s41418-020-0530-3
https://doi.org/10.1093/ofid/ofaa588
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Thymosin Alpha-1 Has no Beneficial Effect on Restoring CD4+ and CD8+ T Lymphocyte Counts in COVID-19 Patients
	Introduction
	Materials and Methods
	Study Design and Participants
	Laboratory Test
	RT-PCR Detection for SARS-CoV-2
	Detection for T Lymphocyte Subset

	Statistical Analysis

	Results
	Demographic and Clinical Characteristics of COVID-19 Patients
	Effects of Tα1 on the Duration of SARS-CoV-2 Shedding in the Upper Respiratory Tract
	Effect of Tα1 on the Restore of CD4+ and CD8+ T Cell Counts
	Factors Associated With SARS-CoV-2 Clearance in COVID-19 Patients

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


