A new biomarker in severe pneumonia associated
with coronavirus disease 2019: hypoalbuminemia.
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ABSTRACT
BACKGROUND: Effective triage and early detection are very important for controlling and treating coro-
navirus disease 2019 (COVID-19). Thus, the relationships between hypoalbuminemia and other acute-
phase reactants in such cases need to be evaluated.
OBJECTIVES: To investigate the importance of albumin levels in cases of severe pneumonia due to
COVID-19.
DESIGN AND SETTING: Prospective study conducted in Ankara City Hospital (a stage 3 hospital), Turkey.
METHODS: Data from 122 patients diagnosed with pneumonia due to COVID-19 who were admitted to
this hospital were analyzed statistically in comparison with date from 60 healthy controls. Three groups
were established: healthy controls, intubated patients and non-intubated patients. Lung tomography
scans from the patients were examined one-by-one. Real-time polymerase chain reaction (RT-PCR) test
results were recorded.
RESULTS: Albumin levels were statistically significantly lower in the intubated and non-intubated groups
than in the control group, in comparing the three groups (P < 0.01). The other acute-phase reactants, i.e.
neutrophil-to-lymphocyte ratio and C-reactive protein levels, were significantly higher in the intubated
and non-intubated groups than in the control group (P < 0.05). Albumin levels were also significantly low-
er in the intubated group than in the non-intubated group (P = 0.02). No differences were detected with
regard to other parameters (P > 0.05).
CONCLUSIONS: Hypoalbuminemia may constitute a biomarker indicating the severity of pneumonia due
to COVID-19.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) was caused by a novel coronavirus infection called
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).! The infection spread rapidly
all over the world and was declared to be a pandemic by the World Health Organization. A total
of 78,604,532 documented cases had been reported worldwide as of December 26, 2020, and
1,744,235 patients had died.? Since there is no current specific treatment and drug against this
novel virus, it is very important to determine the risk factors for severe prognosis.

Lung involvement is a serious complication in severe infection and requires hospital-
ization in an intensive care unit. Usually, the lungs are bilaterally affected. Treatment with
mechanical ventilation may be necessary as a result of severe respiratory failure. There is no
special drug for treatment of these patients, and supportive treatments are applied. The blood
parameters of these patients can be variable. Examination of blood parameters in cases of
severe pneumonia due to COVID-19 is providing a guide to prognosis and treatment in cases
with comorbidities.

Albumin is a protein synthesized by the liver plays important roles in maintaining nutrition
and plasma osmolality.’ Serum albumin, C-reactive protein (CRP), white blood cell (WBC) and
neutrophil-to-lymphocyte (N/L) ratio values are known to be acute-phase reactants. The WBC,
CRP and N/L ratio are objective systemic inflammation markers that are usually taken to mea-
sure the susceptibility of the patient to mortality.*¢ In our study, the relationships between these

acute-phase reactants were compared in cases of severe pneumonia due to COVID-19.
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OBJECTIVES

Serum albumin, C-reactive protein, white blood cell and neu-
trophil-to-lymphocyte ratio values are known to be acute-phase
reactants. Their levels change during acute-period events in
metabolism. Changes to in the levels of these biomarkers during
the acute period of COVID-19 pneumonia can provide us with
information about the severity of the disease and can be used to
predict the prognosis.

In our study, the relationships between these acute-phase reac-
tants were compared in cases of severe pneumonia due to COVID-
19. Effective triage and early detection are very important for con-
trolling and treating this disease. For this purpose, the relationship
between hypoalbuminemia and other acute-phase reactants was

compared in cases of severe pneumonia due to COVID-19.

METHODS

Approval was obtained from the Ethics Committee of Ankara
City Hospital (date: April 14, 2021; number: 14.04.2021/1527).
The blood samples were taken from 122 patients and 60 healthy
volunteers and were evaluated using a computer after working in
the laboratory.

The subjects were divided into three groups: group 1: healthy
controls; group 2: intubated; and group 3: non-intubated. Lung com-
puted tomography (CT) scans from the patients who were diag-
nosed with COVID-19 were examined one-by-one. Patients who
were diagnosed with COVID-19 as a result of lung tomography
reports were included in the study. Polymerase chain reaction (PCR)
results from the analysis system were reviewed. The tomography
findings from 42 PCR-negative patients were compatible with
presence of COVID-19. These patients were included in the study.

Albumin, CRP, WBC and N/L ratio values of all the cases
included in the study were separately entered into the statistics
software. Individuals who were under the age of 18 years, trauma

patients, and pregnant women were excluded from the study.

Statistical analysis

Statistical analyses were done by using the IBM SPSS Statistics
(version 22) computer software (IBM, Armonk, United States,
2011). The distribution of the variables was examined by using
the Kolmogorov-Smirnov and Shapiro-Wilk tests. The quan-
titative data were expressed as the mean * standard deviation
(SD) or the median and interquartile range (IQR). One-way
analysis of variance (ANOVA), with Tukey’s post-hoc test, and
the independent-group Student t test were applied to the data
that showed normal distribution. The Kruskal-Wallis, Mann-
Whitney U and Dunn post-hoc tests were applied to the data
that did not show normal distribution. Chi-square testing was
performed on categorical data. P-values < 0.05 were considered

statistically significant.

RESULTS

The demographic data of the pneumonia cases due to COVID-19
and the control group are presented in Table 1. No significant dif-
ferences were detected with regard to age or gender. Among the
122 patients, 80 were not intubated and 42 were intubated and
treated with mechanical ventilation. PCR test results were neg-
ative in the cases of 42 patients and positive for 80 patients.
The tomography scans of all the patients were examined and the
findings were entered into the system. The tomography findings
from 42 PCR-negative patients were compatible with COVID-
19. The tomography results from the two different patient groups
with COVID-19 pneumonia are shown in Figure 1.

The P-value was calculated for each parameter by making com-
parisons between the groups in the statistical analyses. From exam-
ination of the data of the three groups, it was found that the albumin
levels were lower in the intubated and non-intubated groups than
in the control group, at statistically significant levels (P < 0.01).
The distribution of the data is shown in Figures 2 and 3. The albu-
min levels were lower in patients with COVID-19 pneumonia who
received negative results from the PCR (Figure 2). Also, com-
parison of the intubated and non-intubated groups showed that
the albumin levels were significantly lower in the intubated and
non-intubated groups, as seen in Table 1 (P = 0.02). Albumin lev-
els were also found to be significantly lower in the intubated group
than in the non-intubated group, as shown in Figure 3 (P = 0.02).

When the other acute-phase reactants, i.e. N/L ratio and CRP
level were compared among the three groups, they were found to
be significantly higher in the intubated and non-intubated groups
(P < 0.05). However, no differences were detected between the
intubated and non-intubated groups (P > 0.05). The WBC values
did not show any statistically significant differences among the
three groups or between the two groups (intubated and non-in-
tubated) (Figure 4).

Comparison of the intubated and non-intubated groups with-
out involving the control group showed that there was only a sta-
tistically significant difference in the albumin levels (P = 0.002).
As demonstrated in Figure 3, the albumin levels were found to be
even lower in intubated cases than in non-intubated cases. No sig-
nificant differences were detected with regard to CRP, WBC and
N/L ratio (P > 0.05).

DISCUSSION

In our study investigating the role of acute-phase reactants in
the etiopathogenesis of COVID-19 pneumonia, the low serum
albumin level in these cases makes us think that hypoalbu-
minemia may be a biomarker. The data relating to WBC, CRP
and N/L ratio were similar to those reported in the literature.
Hypoalbuminemia was seen to be an important prognostic cri-

terion in cases of mortality among individuals with COVID-19



Table 1. Characteristics of routine blood parameters of the three groups: healthy controls, intubated patients and non-intubated patients

L. Control group Non-intubated group Intubated group . -
Characteristics (n = 60) (n = 80) (n=42) P-value P-value
Age in years: median (IQR), range 40.0 (29-72), 18-79 70.0 (57-75), 23-100 80.0 (73-87), 55-100 0.361 0.693
Gender: male/female 34/26 49/31 25/17 0.861 0.876
Laboratory analysis: median (IQR)

Na, mEq/I 140 (138-142) 138 (135-141) 138 (134-141) 0.236 0.495
K, mEq/I 4.2 (4.0-4.5) 4.2 (3.9-4.7) 4.3 (3.8-4.5) 0.194 0.221
Ca, mg/dl 9.1 (9.0-9.4) 8.6 (8.1-9.3) 8.5 (7.8-9.0) 0.110 0.820
Glucose, mg/dI 98 (85.25-100.2) 115 (95.8-168.5) 118.5 (96.5-165) 0.003 0.222
LDH, U/I 198 (172-244.5) 308 (217.5-454.0) 323.5 (204-460) 0.006 0.951
WBC x10%/I 7.75(6.7-1.7) 7.3(5.4-10.8) 7.1 (5.5-9.6) 0.341 0.460
Hemoglobin, g/dI 13.8(12.7-14.5) 12.0(10.6-13.6) 11.9(9.9-12.9) <0.001 0.795
PLT x10%1 250 (200.8-304.5) 251.5(160.5-340) 235.5(148.5-317.3) 0.584 0.570
N/L ratio 2.1(1.4-5.4) 5.9(3.4-12.8) 6.9 (2.9-11.7) 0.002 0.411
Albumin, g/dl 36.0 (44.0-48.0) 35.0(32.0-39.0) 31.0 (27.8-35.0) <0.001 0.002
CRP, g/l 0.03 (0.02-0.07) 0.05(0.01-0.12) 0.08 (0.03-0.12) 0.041 0.807
Comorbidities
Systemic hypertension, n (%) - 24 (19.7%) - -
Diabetes mellitus, n (%) - 25 (20.5%) - -
Ischemic heart disease, n (%) - 34 (27.9%) - -
Chronic renal disease, n (%) - 5(4.1%) - -
Cancer, n (%) - 4 (3.3%) - -
Cerebrovascular events, n (%) - 4 (3.3%) - -
Chronlc obstructive pulmonary ) 5 (4.1%) ) )
disease, n (%)
Neurological disease i 9(7.4%) i i
(Alzheimer, Parkinson etc.) ’
Other, n (%) - 12 (9.8%) - -

IQR = interquartile range; Na = sodium; K = potassium; Ca = calcium; LDH = lactate dehydrogenase; WBC = white blood cell; PLT = platelet; N/L ratio =
neutrophil-to-lymphocyte ratio; CRP = C-reactive protein. P-values less than 0.05 were considered significant and are highlighted in bold. ‘Comparison of three

groups; “Comparison of intubated and non-intubated groups.

Figure 1. Computed tomography (CT) sample images of patients with COVID-19.

pneumonia. Adding albumin to the treatment may be effective in

reducing mortality in cases of hypoalbuminemia, which we think

may constitute a biomarker showing the severity of the disease.
The mechanisms of hypoalbuminemia in COVID-19

have not been fully investigated or explained. In some studies,

hypoalbuminemia has been detected in severe COVID-19 cases.
There is a possibility that the coronavirus may also affect liver func-
tions, and thus may be as the reason for the low serum albumin
levels in cases of severe COVID-19 pneumonia. Therefore, hypo-

albuminemia may suggest the presence of liver dysfunction.”



Figure 2. Albumin levels in the three groups (healthy controls,
PCR-negative patients and PCR-positive patients) according
to polymerase chain reaction (PCR) results.

Figure 3. Albumin levels of the patient groups according to
intubation.

COVID-19 is a pandemic that first appeared in Wuhan, China,
in December 2019, and has spread all over the world. There is still
no specific treatment for the disease and vaccine studies are still con-
tinuing. Patients with severe bilateral lung involvement are intubated
and treated with mechanical ventilation. This is done especially in
cases of patients with blood oxygen levels falling below certain lev-
els. Supportive treatments are applied in such cases of severe pneu-
monia due to COVID-19, which might otherwise lead to death.

Albumin is a protein that is synthesized by the liver and plays
important roles in maintaining nutrition and plasma osmolal-
ity.* Li et al. argued that low albumin levels are indicative of poor
nutritional status and also reduce the immunity of the body.
Furthermore, they reported that the immune response of the
host to ribonucleic acid (RNA) virus infection is often weakened
because of the nutritional insufficiency, which is not always taken
into consideration in making the clinical diagnosis and imple-
menting the treatment.” Comorbid conditions may be the cause
of low albumin levels in patients diagnosed with COVID-19 and
hypoalbuminemia.

Hypoalbuminemia is related to inflammation. Inflammation
causes expansion of the interstitial gap and the volume of albu-
min distributed increases through increased capillary permea-
bility, with escape of serum albumin. It has been shown that the
half-life of albumin is shortened and that the total albumin mass
is reduced. These two factors cause hypoalbuminemia, despite
increased fractional synthesis rates in the plasma. For this rea-
son, hypoalbuminemia stems from inflammatory conditions that
prevent adequate responses to events, such as surgery or chemo-
therapy, and is associated with poor quality of life and decreased
survival. Decreased serum albumin levels are indicative of clinical
deterioration. Albumin acts as a main extracellular cleaner, antioxi-
dant and supplier of amino acids for cell synthesis. Management of
hypoalbuminemia needs to be based more on correcting the causes

of the continuing inflammation than on albumin infusion.®'°

Figure 4. C-reactive protein (CRP), neutrophil-to-lymphocyte (N/L) ratio and white blood cell (WBC) levels of the three groups (healthy

controls, non-intubated patients and intubated patients).




The inflammation in cases of pneumonia that develop due to
COVID-19 can cause hypoalbuminemia. Improvement of states
of hypoalbuminemia through COVID-19 treatment can contrib-
ute to reducing the inflammation.

In the present study, the albumin levels were low in the analy-
ses made in the two groups diagnosed with COVID-19 pneumo-
nia (intubated and non-intubated), without involving the control
group. The lack of significant differences in other parameters in the
comparisons between these two groups suggests to us that hypoal-
buminemia is more important for showing the severity of the dis-
ease. The significantly lower albumin levels in the intubated group
than in the non-intubated group suggests to us that these lower
levels show the greater severity of the disease. Addition of albu-
min to the treatment, in cases of detection of hypoalbuminemia in
intubated patients, may contribute to the recovery. Wider studies
are needed on this issue.

States of comorbidity that can lower serum albumin levels
may contribute to hypoalbuminemia in the COVID-19 pan-
demic. These conditions are encountered in intensive care patients.
The presence of comorbidities may adversely affect the treatment
process. In some published papers, it was reported that serum
albumin levels were negatively affected in situations of hyper-
volemia.®!? Cases of COVID-19 pneumonia with hypervolemia
may be more affected. Avoiding hypervolemia can contribute to
recovery. Conditions such as hypervolemia, proteinuria or liver
failure, which may decrease serum albumin levels in COVID-19
pneumonia, should be treated.

It was reported in some previous studies that hypoalbumin-
emia, lymphopenia, decreased lymphocyte and neutrophil per-
centages, high C-reactive protein levels and high lactate dehydro-
genase (LDH) levels were common laboratory abnormalities.'*
It was also found that serum albumin values, lymphocyte cell
counts and percentages, neutrophil percentages and LDH and
CRP levels were highly correlated with acute lung damage.*® These
conditions can play critical roles in cases of severe pneumonia
that develop due to COVID-19. In our study;, it was found that
albumin values were low, compared with those of the control
group. Also, the CRP levels and N/L ratios were high and the
WBC values were not significant. Moreover, our findings were
in line with those in the literature.

We believe that an idea of the severity of the disease of this
pandemic, which has affected the entire world, can be obtained in
terms of lower albumin levels in cases of greater severity of lung
involvement. Treatments for hypoalbuminemia can contribute to

improving the condition of patients with pneumonia.

Limitations
Our study population was small. Serum albumin levels are also

affected by conditions such as hypervolemia. It needs to be

asked whether serum albumin levels might also cause worsen-
ing of COVID-19 pneumonia accompanied by hypervolemia,
and whether these levels might have a role in etiopathogenesis.

More extensive studies may be required.

CONCLUSION
Hypoalbuminemia may constitute a biomarker indicating the

severity of cases of pneumonia due to COVID-19.
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