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Background: The coronavirus disease 2019 (COVID-19) pandemic has caused enormous mortality worldwide. Low albumin level is
a risk factor for increasing mortality among patients in the intensive care unit (ICU). This study investigated the effect of albumin
infusion on critical COVID-19 patients with hypoalbuminemia.

Methods: A total of 114 COVID-19 ICU patients with hypoalbuminemia were recruited from Wuhan Leishenshan Hospital and
Zhongnan Hospital of Wuhan University. Clinical features and laboratory variables were collected through electronic medical records.
The cohorts were divided into two groups: albumin infusion and non-albumin infusion. Propensity-matched analysis was used to
compare patients who received albumin to controls. Statistical analyses were used to investigate the survival time and inflammation-
related blood biomarkers between groups.

Results: Lactate dehydrogenase, interleukin (IL)-6, IL-2 receptor, and IL-8 levels were significantly downregulated in the albumin
infusion group. Significant upregulations of lymphocyte counts and IL-10 were found in the albumin infusion group. There was a
negative association between albumin level and D-dimer or procalcitonin levels after treatment. The albumin infusion group had a
significantly longer survival time and shorter hospitalization time than control patients. Notably, a 1g increase in albumin level reduced
the risk of death by approximately 7.3% after adjusting for age and sex. Patients with increased albumin levels after treatment had
better prognoses than those without.

Conclusion: Albumin administration can regulate COVID-19-related biomarkers and reduce the risk of death in critical patients with
hypoalbuminemia. Clinicians should pay more attention to these risk factors. Targeted clinical interventions should be implemented to
minimize the negative impacts of hypoalbuminemia and improve disease outcomes.
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Introduction

Since late 2019, coronavirus disease 2019 (COVID-19) has evolved into a global pandemic and caused a high death toll
worldwide.! Previous reports concluded that serum albumin level was associated with the severity of several critical
medical conditions including severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome

(MERS),> which are characterized by dysregulated inflammatory processes.’

Similarly, one group reported that
COVID-19 patients with low serum albumin had longer hospitalizations and a worse prognosis.* Hypoalbuminemia

plays a key role in damaging the function of vital organs, leading to shock or death in intensive care unit (ICU) patients.
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Albumin is a single 67-kDa peptide chain protein that constitutes a large part of the colloid oncotic pressure of the
vasculature and helps maintain interstitial fluid homeostasis.” Human serum albumin, which is currently derived from
human serum, is a critical therapeutic used in the treatment of trauma, injury, hypoalbuminemia, and hypoproteinemia.®
Albumin infusion could promote plasma volume expansion and exert significant anti-inflammatory and antioxidative
effects.” One study showed that albumin infusion could be used to reduce lung injury in human ARDS.® This treatment
was also found to improve the prognosis of other chronic diseases including liver cirrhosis.” COVID-19 is characterized
by an inflammation-related cytokine storm that can further increase vessel permeability and facilitate albumin escape
from the interstitial space.'® More recent studies have revealed that lymphopenia, high D-dimer levels, and hypoalbu-
minemia are risk factors of severe or critical COVID-19 and could be used to predict patient prognosis, independent of
age and comorbidities.'""'? To the best of our knowledge, no study has assessed the effects of albumin administration on
COVID-19-related biomarkers or the prognosis of ICU patients with severe illness. The relation between inflammation
markers, patient survival and albumin infusion is unclear and needs to be explored. The aim of this retrospective cohort
study was to investigate whether albumin infusion could improve the biomarkers and prognoses of COVID-19 patients in
ICUs.

Methods

Study Design and Participants

A retrospective study was conducted from February 15, 2020, to July 30, 2021. All COVID-19 patients were definitively
diagnosed in accordance with the seventh version of diagnosis and treatment protocol for COVID-19 issued by the
National Health Committee of the People’s Republic of China (http://www.nhc.gov.cn/). All of the cases were critical
subtypes of COVID-19 and hospitalized in the ICUs of Lei Shenshan Hospital and Zhongnan Hospital of Wuhan
University. Leishenshan Hospital and Zhongnan Hospital of Wuhan University were two medical centers designed and

built by the Chinese government in Wuhan to treat the overwhelming number of critical COVID-19 patients early in the
pandemic. Nasopharyngeal swabs for laboratory diagnosis of COVID-19 were performed in duplicate with the reverse
transcription-polymerase chain reaction (RT-PCR).

All patients met the following inclusion criteria:

1. Age >18 years old,

2. Serum albumin level <40 g/L (normal range 45 g/L-55g/L),

3. The initial blood tests were completed within 24 hours after admission, with additional tests performed after
albumin infusion.

Patients were excluded if they met any one of the following exclusion criteria:
Age <18 years old,

History of other diseases that could affect albumin levels (eg, liver cirrhosis, renal dialysis, etc.),
Received albumin infusion before ICU admission,

el

Incomplete medical records.

Data Collection

Demographic and baseline clinical features were collected, including age, sex, education years, body mass index,
hospitalization duration, history of chronic diseases, highest body temperature during hospitalization, the time of negative
nucleic acid testing (period between the first positive PCR to the first negative PCR), and the time from symptom onset to
intubation. The time from symptom onset to ICU admission and the initial blood test results within 24 hours of admission
were collected from electronic medical records. Participants were divided into non-albumin infusion and albumin
infusion groups according to whether the patient received albumin infusion treatment for at least 3 consecutive days
after ICU admission. A multivariate logistic regression model was applied to estimate the propensity score based on the
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covariates including sex, age, comorbidity, lymphocyte count, and the time from symptom onset to ICU admission. The
propensity score was defined as the predicted probability of a patient receiving albumin administration, and a match
tolerance of 0.2 was set. The second blood tests were performed at the end of the 3-day consecutive albumin
administration treatment.

Ethics Approval

The data used in the study were obtained from routine clinical diagnosis and treatment, and all patients or their families
signed an informed consent form authorizing the use of their clinical data on admission. Therefore, this retrospective
study was approved by the ethical committee of Shanghai Sixth People‘s Hospital Affiliated to Shanghai Jiao Tong
University School of medicine(2020-KY-117), and the need for informed consent was waived. All patient data were
treated with confidentiality and in compliance with the Declaration of Helsinki.

Statistical Analysis

Categorical variables are expressed as frequencies and percentages. Normally distributed continuous variables are
summarized as means and standard deviations (SDs). Single-sample Kolmogorov—Smirnov tests were used to determine
whether data were normally distributed. Non-normally distributed continuous variables are presented as median and first,
third quartiles. Student’s ¢-tests were used to compare differences between two groups if the data were normally
distributed, otherwise we performed Mann—Whitney U-tests. Differences between categorical variable differences were
examined with y* tests. Kaplan-Meier curves and Log rank tests were employed to compare survival rates between
groups. A Cox proportional regression model was used to calculate the hazard ratios and 95% confidence intervals for
each factor affecting prognosis. Differences were considered statistically significant at P<0.05. All data analyses were
performed using SPSS 20.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

Clinical Feature Comparison Between Groups

A total 257 critical COVID-19 patients were screened in the study. 158 (61.5%) patients demonstrated hypoalbuminemia.
Figure 1 illustrates the process of patient recruitment and exclusion. A propensity score-matched (PSM) cohort of 114 patients
were included in the final analyses; they were divided into non-albumin infusion (n=65) and albumin infusion (n=49) groups.
Their clinical features are summarized in Table 1. There were no significant differences in albumin levels between the two
groups on admission (P=0.148). In the non-albumin infusion group, the albumin level was negatively correlated with highest
body temperature during hospitalization (Figure 2, P=0.045). However, the albumin infusion group had a shorter hospitaliza-
tion duration and lower body temperature during the study period than the group without albumin infusion (P=0.014 and
P=0.004, respectively). Compared with the albumin infusion group, more patients in the non-albumin infusion group were
intubated (P=0.033), but there was no significant difference in the timing of intubation between the two groups (P=0.098).
There were no statistical differences in other clinical categories including comorbidities and mortality.

Comparison of Laboratory Variables Between Groups After Albumin Infusion
Laboratory findings in both groups are summarized in Table 2. The number of lymphocytes, levels of C-reactive protein
and IL-10 were significantly upregulated in the albumin infusion group (P=0.008, P=0.006, P=0.001). Compared with the
non-albumin infusion group, the lactate dehydrogenase level was significantly reduced in the albumin infusion group
(P=0.029). The expression levels of inflammation-related proteins including interleukin (IL)-6, IL-2 receptor and IL-8
were significantly higher in the non-albumin infusion group (P=0.006, P=0.017 and P=0.005, respectively).

Correlations Between Post-Infusion Albumin Level and Other Laboratory Variables

We next explored the correlations between albumin levels and laboratory variables after 24 hours with or without
albumin infusion using Spearman correlation tests (Table 3). There was a significantly negative correlation between
levels of albumin and IL-6 in either the non-albumin infusion group (P=0.020) or albumin infusion group (P=0.012,
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158 patients eligible for the study

5 patients had the history of

liver cirrhosis

4 patients had the history of

hemodialysis

4 patients deceased before ICU admission

145 patients included in the study

9 patients did not have the
complete blood test results

114 patients included in the
final analyses

Figure | Patient recruitment flow chart.

Figure 3). Albumin level was also negatively associated with COVID-19-related biomarkers including white cell count,
D dimer, aspartate aminotransferase (AST), amylase, LDH, procalcitonin, myoglobin, and IL-8 in patients who did not
receive intravenous albumin (P=0.026, P=0.001, P=0.024, P=0.019, P=0.020, P=0.001, P=0.030; Table 3). Interestingly,

these correlations were not observed in the albumin infusion group.

Table 1 Comparison of Clinical Features Between Groups

Hypoalbuminemia ICU Patients

Non-Albumin Albumin Infusion | P value

Infusion Group Group
Total number 49 65
Males: females (n) 37/12 40/25 0.157
Age (years) 68.4£12.3 69.34.5+12.4 0.678
BMI (kg/m?) 22.1£3.1 21.0+4.1 0.541
Duration of hospitalization (days) 46.3+14.9 38.2.2%19.8 0.014*
Time to negative nucleic acid test (days) 23.4%15.1 21.2+16.5 0316
Highest body temperature during hospitalization (°C) | 38.7 (37.0, 41.1) 38.2 (36.9, 40.7) 0.004**
Time from symptom onset to intubation (days) 1.0£2.2 7.2+94 0.098
Time from symptom onset to ICU admission (days) 23.0%15.8 22.8+15.5 0.888
Intubations (n, %) Il (22.45%) 5 (7.69%) 0.033*
Deaths (n, %) 12 (24.49%) 22 (33.85%) 0.552

(Continued)
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Table | (Continued).

Hypoalbuminemia ICU Patients
Non-Albumin Albumin Infusion | P value
Infusion Group Group
Comorbidities (n, %)
Coronary heart disease 8 (16.33%) 8 (12.31%) 0.603
Cerebrovascular disease 7 (14.29%) 7 (10.77%) 0.777
Diabetes 10 (20.41%) 14 (21.54%) 1.000
Hypertension 18 (36.73%) 21 (32.31%) 0.852
COPD 3 (6.12%) 3 (4.62%) 1.000
Cancer | (2.04%) I (1.54%) 1.000
Albumin on admission (g/L) 31.50 (3.50, 39.40) 30.09 (23.10, 0.148
38.40)
Times of albumin infusion (median) N/A 4 N/A

Note: *P<0.05, **P<0.01.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disorder; ICU, intensive care unit.

Albumin Infusion Prolonged Survival Time

We then investigated the effect of albumin infusion on survival. As shown in Figure 4, COVID-19 patients with albumin
infusion had significantly longer survival than those without albumin infusion (P=0.045). We then performed Cox
regression analysis of the combined effects of albumin and other clinical variables on survival after infusion; the models
included albumin level after treatment, age, and sex are shown in Table 4. Alg upregulation in the level of albumin can
reduce the hazard ratio of death by 7.3% after adjusting for age and sex (P=0.005).

Relationship Between Survival Time and Number of Albumin Infusions
We then explored the relationship between the number of albumin infusions and survival time. We divided the albumin
infusion group into two subgroups based on the median number of treatments (<4 and >4 times groups). There was no

difference between the two groups in terms of survival time (P=0.415, Figure 5).
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Figure 2 Correlation between albumin levels and highest body temperature during hospitalization. There was a significant negative correlation was found between albumin
level and highest body temperature during hospitalization (R=—0.29, P=0.045). The solid red line and red dotted lines are the simple linear regression equation and 95%
confidence interval, respectively.
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Table 2 Comparison of Laboratory Variables Between Groups
Hypoalbuminemia ICU Patients P value
Non-Albumin Infusion Group Albumin Infusion Group
Uric acid (umol/L) 305.61%230.71 286.00+185.79 0.627
White cells (x10°%) 7.18 (2.86, 36.48) 8.66 (1.00, 19.25) 0914
Lymphocytes (x10%) 0.71 (0.17, 1.52) 0.85 (0.14, 2.60) 0.008**
Hemoglobin (g/L) 117.16+60.51 110.14+43.66 0.493
Platelets (x107%) 206.43+99.84 200.80+101.68 0.768
ESR (mm/H) 38.00 (2.00, 1204.22) 31.75 (2.00, 120.00) 0.685
Prothrombin time (s) 12.00 (10.40, 27.10) 12.40 (10.20, 34.20) 0.191
APPT (s) 30.10 (20.1, 109.70) 31.40 (18.60, 93.90) 0.956
D-dimer (mg/L) 2.82 (0.22, 80.00) 2.38 (0.39, 80.00) 0.746
ALT (IU/L) 24.00 (7.00, 1542.00) 29.00 (6.00, 655.00) 0.631
AST (IU/L) 26.00 (11.00, 4191.00) 31.00 (9.00, 1114.00) 0.215
Total bilirubin (umol/L) 9.90 (2.70, 45.60) 10.00 (0.50, 54.00) 0.503
Amylase (U/L) 64.75 (16.80, 107.90) 60.90 (41.60, 243.20) 0.212
Creatinine (umol/L) 74.70 (24.80, 1084.00) 62.50 (6.66, 1852.40) 0.061
Creatine kinase (IU/L) 59.00 (152.75, 5396.00) 63.00 (14.00, 11,607.00) 0.618
Lactate dehydrogenase (IU/L) 367.50 (175.00, 1388.00) 283.00 (120.00, 5000.00) 0.029*
Procalcitonin (ng/mL) 0.15 (0.04, 5.60) 0.16 (0.04, 14.30) 0512
C-reactive protein (mg/L) 4.32 (0.50, 111.12) 21.23 (0.50, 370.00) 0.006**
Cystatin C (mg/L) 1.55 (0.68, 196.44) 1.22 (0.07, 137.97) 0.272
Troponin (ng/mL) 0.02 (0.01, 50.00) 0.03 (0.01, 11.82) 0.254
Myoglobin (ng/mL) 22.04 (1.48, 3000.00) 50.08 (2.94, 3000.00) 0.056
IL-6 (pg/mL) 58.05 (1.50, 3634.00) 18.37 (1.50, 5000.00) 0.006**
IL-1 (pg/mL) 5.00 (5.00, 29.80) 5.00 (5.00, 25.70) 0.806
IL-2 receptor (U/mL) 1294.50 (80.00, 4806.00) 709.00 (57.00, 3349.00) 0.017*
IL-8 (pg/mL) 26.00 (5.00, 321.00) 14.50 (5.00, 321.00) 0.005**
IL-10 (pg/mL) 5.00 (5.00, 138.00) 6.75 (5.00, 138.00) 0.001**
TNF (pg/mL) 9.10 (4.00, 45.10) 10.71 (4.20, 118.00) 0.068
Note: *P<0.05, **P<0.01.
Abbreviations: ALT, alanine aminotransferase; APPT, activated partial prothrombin time; AST, aspartate aminotransferase; ESR,
erythrocyte sedimentation rate; ICU, intensive care unit; IL, interleukin; TNF, tumor necrosis factor.
Table 3 Associations Between Albumin Concentrations After Infusion and Laboratory
Variables
Non-Albumin Infusion Group Albumin Infusion Group
R P value R P value
Uric acid (umol/L) 0.037 0.799 —0.081 0.551
White cell (x107) -0.318 0.026* 0.190 0.156
Lymphocytes (x10%) 0.269 0.061 0.106 0.433
Hemoglobin (g/L) 0.110 0.453 —0.234 0.079
Platelets (%107 0.251 0.082 0.242 0.069
ESR (mm/H) -0.119 0.502 0.040 0.827
Albumin (g/L) 0.823 0.503 —0.009 0.948
Prothrombin time (s) —0.255 0.077 —0.056 0.682
APTT (s) 0.066 0.654 —0.235 0.078
D-dimer (mg/L) —0.454 0.00|** 0.091 0.503
ALT (IU/L) —0.272 0.059 0.051 0.704
AST (IU/L) —0.322 0.024* —0.109 0.418
(Continued)
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Table 3 (Continued).

Non-Albumin Infusion Group

Albumin Infusion Group

R P value R P value
Total bilirubin (umol/L) -0.229 0.113 —0.242 0.069
Amylase (U/L) 0.721 0.019% —0.427 0.167
Creatinine (pmol/L) —0.054 0.712 —0.124 0.358
Creatine kinase (IU/L) —0.208 0.151 —0.168 0.217
Lactate dehydrogenase (IU/L) | —0.0.331 0.020* 0.112 0.413
Procalcitonin (ng/mL) —0.503 0.00|** —0.035 0.796
C-reactive protein (mg/L) 0.073 0.638 0.054 0.696
Cystatin C (mg/L) —0.231 0.110 —0.093 0.491
Troponin (ng/mL) —0.199 0.185 0.024 0.862
Myoglobin (ng/mL) —0.442 0.002% —0.063 0.645
IL-6 (pg/mL) -0.377 0.020%* —0.350 0.012%
IL-1 (pg/mL) 0.097 0.603 —0.143 0.404
IL-2 receptor (U/mL) —0.199 0.291 —0.168 0.328
IL-8 (pg/mL) —0.396 0.030%* —-0.176 0.305
IL-10 (pg/mL) —0.221 0.233 0.121 0.481
TNF (pg/mL) —0.020 0914 —0.182 0.288

Note: *P<0.05, **P<0.01.
Abbreviations: ALT, alanine aminotransferase; APPT, activated partial prothrombin time; AST, aspartate aminotransferase;
ESR, erythrocyte sedimentation rate; IL, interleukin; TNF, tumor necrosis factor.

Relationship Between Survival Time and Albumin Levels After Infusion
We further investigated whether survival time was correlated with post-treatment albumin levels. Patients in the albumin

infusion treatment were subdivided into increased and non-increased groups based on whether levels were higher after

treatment. There was significant difference between the two groups in terms of survival time (P=0.038, Figure 6).

Discussion

This work focused on the effect of albumin administration on critical COVID-19 patient outcomes in the ICU. To our

best knowledge, this is the first study to report that intravenous albumin infusion could reduce the risk of death in
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Figure 3 Correlation between albumin levels and IL-6 concentrations. There was a significant negative correlation was found between albumin level and IL-6 (R=-0.35,
P=0.012). The solid red line and red dotted lines are the simple linear regression equation and 95% confidence interval, respectively.
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Figure 4 Kaplan-Meier survival curves of the non-albumin infusion and albumin infusion groups.

COVID-19 patients with low albumin levels. Hypoalbuminemia is very common and can be observed in the early stage
of this disease. Previous investigations reported that the incidence rate of hypoalbuminemia or malnutrition in critical
COVID-19 patients was around 50%.'*"'* The prevalence of hypoalbuminemia in our cohort was around 61.5% in the
early screening stage. This increased rate is partly due to the fact that the Leishenshan Hospital was the main referral
medical center for critical COVID-19 patients during the initial outbreak, so disease severity and progression were more
advanced in our cohort. Serum albumin is mainly synthesized by the liver, and it plays a pivotal role in maintaining pH
and normal microvascular permeability.'> Recent studies illustrated that patients with COVID-19 and hypoalbuminemia
have a much poorer prognosis than the patients with normal serum albumin levels, which is also consistent with other
infectious diseases.'®'® In the group without albumin treatment, the albumin level was negatively associated with
maximum temperature during hospitalization. Our results provide additional support for the hypothesis that low albumin
level is a risk factor for poor COVID-19 outcomes.

Hypoalbuminemia also reflects the body’s nutrition status. One study showed that serum albumin level and total
lymphocyte count could be used as surrogate predictors of malnutrition in surgical inpatients.'” Kurtz et al found that
long-term malnutrition could enhance COVID-19 disease severity.'® Human serum albumin contains abundant thiols that
inhibit oxidative stress-related clotting and platelet activation.'>*° In our cohort, albumin level negatively correlated with
the D-dimer concentration in the non-albumin infusion group, but there was no statistical relationship between these two
variables in the albumin infusion group. We hypothesized that albumin infusion could reduce clotting by regulating D
dimer activity. Two studies have reported that D-dimer level is associated with disease severity or mortality and is a
reliable blood biomarker for COVID-19 patient prognosis.''! Procalcitonin is a peptide precursor of calcitonin, which is
upregulated in other infectious diseases and has been considered a reliable diagnostic marker of sepsis.”” Hu et al
reported that procalcitonin could be used as an indicator of prognosis and contribute to determining the severity of
COVID-19.% A statistically negative association was found between the level of albumin and the level of procalcitonin
in the non-albumin group. However, there was no evident relationship in the albumin infusion group, and the interactive
mechanisms between albumin and D dimer or procalcitonin should be further investigated.

Table 4 Cox Regression Model Based on Albumin Level After Infusion

B Sig Exp (B) 95% CI
Sex 0.045 0.298 0.649 0.579 3.024
Age 0.011 0.525 1.011 0.974 1.038
Albumin level after infusion -0.076 0.005%* 0.927 0.890 0.981

Notes: The reference variables for sex and marital status are female and widower, respectively. **P<0.01.
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Figure 5 Kaplan-Meier survival curves of the <4 and >4 times infusion groups.
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Figure 6 Kaplan-Meier survival curves of increased and non-increased groups.

In the non-albumin infusion group, AST and amylase were significantly negatively and positively associated with the
albumin level, respectively. Evidences indicate that the COVID-19 virus can infect different organ systems through
binding the angiotensin-converting enzyme 2 receptor, which is expressed in many tissues including the liver, heart, and
muscle.?* Virus-induced cell death may contribute to liver function test abnormalities through its effects on portal
circulation.”” Interestingly, AST elevation was found to be more frequent than alanine aminotransferase abnormalities in
Chinese COVID-19 patients.”® AST is an enzyme that plays a key role in metabolizing amino acids. Elevated AST levels
may indicate liver, heart, or muscle damage. de-Madariahat et al reported that increased levels of amylase or lipase does
not necessarily indicate pancreatic injury in COVID-19.%” However, the albumin reduction was not associated with the
level of liver dysfunction in COVID-19 patients, but it was closely related with the severity of cytokine storm syndrome
(CSS) severity.?® CSS is caused by the excessive or uncontrolled release of pro-inflammatory cytokines and is associated
with multiple organ dysfunction. It is still unknown if alterations in AST and amylase are a primary outcome of damage
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caused by COVID-19 virus infection or a secondary result due to CSS. Regardless, it is notable that these organ
dysfunction were attenuated following albumin infusion.

One study indicated that albumin level is a better prognosis predictor for patients with respiratory distress syndrome
than other inflammatory factors including cytokines or CRP.?’ Another study showed that intravenous albumin infusion
with diuretics could enhance the oxygenation level by improving cardiac output and ventilation—perfusion matching in
the patients with ARDS.?° Lucijani¢ et al reported that the CRP/albumin ratio in COVID19 patients has been shown to be
associated not only with higher 30 days mortality but also with post discharge mortality, and to be predictive of tendency
for respiratory deterioration, higher VTE and bacteriemia occurrence.”’ Interestingly, we found that CRP levels were
significantly upregulated in the albumin infusion group. CRP is an acute-phase serum protein that can increase
microcirculation permeability and lead to albumin extravasation. One study demonstrated that human CRP injection
could protect mice against pneumococcal pneumonia.*> We hypothesized that albumin infusion could upregulate CRP
expression and thus play an anti-inflammatory role in the initial stage of COVID-19 infection. The interplay between
CRP and albumin requires further investigation.

COVID-19 infection could decrease serum albumin through multiple mechanisms. In our cohort, there was a
significant negative correlation between albumin level after treatment and the IL-6 concentration, which suggests that
the inflammation process is paralleled with a change in albumin concentration. IL-6 and tumor necrosis factor (TNF)-a
produced during inflammatory processes could lead to hypoalbuminemia both directly (due to reduced albumin synth-
esis) and indirectly (due to elevated microcirculatory permeability). IL-6 is the hallmark biomarker of COVID-19, and
albumin infusion could modulate the inflammation process and reduce oxidative stress. Albumin could also play a role in
protecting host cells from the oxidative burst that occurs in response to the viral infection. IL-8 and the IL-2 receptor
were significantly downregulated in the albumin infusion group. One study reported that IL-8 helps neutrophils reach
sites of infection and was positively correlated with polymorphonuclear-myeloid-derived suppressor cells (PMN-
MDSCs), which could lead to the fatal outcome of the disease.*®> Another group showed that COVID-19 patients with
high serum IL-2a receptor levels took longer to recover than those with low levels, presumably due to the reduced T-cell
activation.”* Albumin infusion could downregulate IL-8 and further reduce PMN-MDSC numbers. The IL-10 receptor is
found highly expressed in monocytes and macrophages. IL-10 activates the JAK1-TYK2-STAT3 pathway and further
upregulates STAT3-mediated transcription of genes to dampen the inflammatory response.”> Albumin treatment may
upregulate IL-10 and protect against host cell damage by inducing SHIP1-STAT3 complex formation.>® We observed that
high LDH levels were reversed in the albumin infusion group. LDH is expressed by all living cells and related to cellular
metabolism and death.’” The present findings suggest that albumin administration could downregulate LDH levels and
further reduce the systemic inflammatory response. Interestingly, we did not find a relationship between times of albumin
infusion and survival time. One study found no significant difference in major surgery patients with slow versus rapid
albumin administration rate.>® In our study, critical COVID-19 survival time was correlated with post-treatment albumin
levels. The relation between the rate of albumin infusion and the targeted albumin levels is unclear and needs to be
further investigated.

Our results should be considered in the context of several limitations. First, the retrospective design has its inherent
caveats. We chose the PSM method to reduce selection bias associated with albumin treatment. The relatively small
sample size may have limited our ability to identify risk factors due to low statistical power and underestimation of
covariate influence the on the results. Randomized, multicenter studies would provide more robust evidence to confirm
the relationship between albumin level and mortality. Secondly, we were unable to standardize all treatments for the two
groups, so there was some bias of measurements in the clinical setting. Third, we only monitored patients after albumin
infusion, and future studies should assess the longitudinal change of albumin. While we demonstrated that increased
albumin level after infusion could reduce the hazard odds of death, the optimal albumin level to achieve with treatment is
still unknown.

Conclusion
In summary, our results suggest that albumin infusion could shorten the hospitalization days, downregulate the expres-
sion of inflammation-related biomarkers and improve the prognosis of COVID-19 patients. Clinicians should pay more

6048 "o Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

attention to addressing hypoalbuminemia in hospitalized patients. Targeted interventions should be implemented to
minimize the negative impacts of hypoalbuminemia, which could reduce mortality and improve disease outcomes.
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