
Vitamin D, once synthesized by the skin under the exposure 
of -radiations and UV light or ingested, is metabolized 

by the liver into 25-hydroxyvitamin D [25(OH)D] and then fur-
ther metabolized into the active form 1,25 dihydroxyvitamin D 
[1,25(OH)2D] by the kidney and several others tissues. Optimal 
serum level of 25-hydroxyvitamin D is considered 30 ng/ml [1]. 
1,25(OH)D plays a crucial role in calcium and phosphate ho-
meostasis and also exerts autocrine and paracrine functions in 
several tissue [2]. 

In particular, it has been reported that vitamin D deficien-
cy is associated with impaired pulmonary function, increased 
incidence of viral, and bacterial infections and inflammatory 
disease including asthma and chronic obstructive pulmonary 
disease [3]. Moreover, vitamin D deficiency contributes to acute 
respiratory distress syndrome (ARDS) [4]. These important 
observations are corroborated by several biological/molecular 
mechanisms, although vitamin D can generally reduce risk of 
infections and down regulate the immune/inflammatory reac-
tion. Indeed, functional vitamin D receptors (VDR) are highly 
expressed in B-lymphocytes and T-lymphocytes and mainly in 
monocytes/macrophages, thus justifying a role in modulating 
both innate and adaptive immune responses [5,6]. 

At present, there is growing evidence that vitamin D status may 
influence the evolution of coronavirus disease 2019 (COVID-19) 
pneumonia [7-9]. Currently, there is no definitive evidence link-
ing vitamin D levels and the severity of the clinical course. 

The aim of the study was to investigate the association be-
tween vitamin D status and lymphocyte subpopulations in hos-
pitalized pneumonia COVID-19 patients.

The study population was represented by 33 COVID-19 pa-
tients admitted to the University Hospital in Siena, Italy, from 
23 March to 27 April 2020. All patients were of Caucasian 
ethnicity, except for one Hispanic. The mean age was 66 years 
(range 41–85): 11 females (age range 70.0 ± 13.3 years) and 



22 males (age range 63.7 ± 14.2 years). All patients presented 
with symptoms compatible with COVID-19, a positive severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) na-
sal-pharyngeal swab, and radiologic evidence of interstitial 
pneumonia. Patients were divided into moderate and severe 
groups according to respiratory impairment and clinical man-
agement. All patients in the severe group underwent intubation 
and mechanical ventilation in the COVID-19 intensive care 
unit, while moderate patients were hospitalized for pharmaco-
logical treatment and oxygen supplementation or noninvasive 
ventilation. 

Peripheral blood samples were obtained on admission before 
starting specific pharmacological treatment for COVID-19 and 
were processed by flow cytometry. Peripheral blood samples 
were analyzed for lymphocyte phenotyping. Peripheral blood 
cells were processed by flow cytometry using a panel of mono-
clonal antibodies (BD Multitest™ 6-color TBNK, San Jose, 
CA, USA), including FITC-labeled CD3, PE-labeled CD16 
and CD56, PerCPCy5.5-labeled CD45, PECy7-labeled CD4, 
APC-labeled CD19, and APCCy7-labeled CD8, according to 
the manufacturer’s instructions. At least 30,000 events were 
collected for each sample. The data were analyzed using DIVA 
software (BD Biosciences, San Jose, CA, USA). Lymphocyte 

subpopulations were phenotyped on the basis of forward (FSC) 
versus side (SSC) scatters and additional gating was applied 
using SSC versus CD45 to distinguish lymphocytes from cell 
debris. Total numbers and percentages of lymphocyte sub-
populations were gated to distinguish CD3+ (T), CD3+CD4+ 
(T-helper), CD3+CD8+ (T-suppressor), CD3- CD16+/56+ (nat-
ural killer), and CD19+ (B) cells. Flow cytometric plots and a 
gating strategy for the identification of the different lymphocyte 
populations are shown in Figure 1.

Moreover, in all subjects fasting blood samples were drawn 
between 08.00 and 09.00 in the morning, and serum samples 
were stored at -70°C until assayed. Serum 25(OH)D was de-
termined by a chemiluminescence immunoassay (LIAISON 
25(OH)D Total Assay, DiaSorin Inc, Stillwater, MN, USA). In 
our laboratory the intra- and interassay coefficients of variation 
were 6.8% and 9.2%, respectively. Hypovitaminosis D was de-
fined for total values 25(OH)D < 30 ng/ml. Hypovitaminosis 
was categorized as vitamin D insufficiency [25(OH)D < 30 ng/
ml], deficiency [25(OH)D < 20 ng/ml], and severe deficiency, 
[25(OH)D < 10 ng/ml], accorded to commonly accepted clinical 
criteria [10]. 

Lymphocyte subpopulations and vitamin D levels of 16 
healthy control subjects matched for age, sex, and seasonality 
were determined with the same method and were compared with 
those of COVID-19 pneumonia patients.



The Kolmogorov-Smirnov test was used to verify the normality 
of the distribution of the outcome variables. All the variables 
were normally distributed and were expressed as mean ± stan-
dard deviation. The significance between the means was tested 
using Student’s -test. The correlations between the groups were 
analyzed with the Pearson’s correlation test.

All tests were two-sided, and < 0.05 was considered sta-
tistically significant. Statistical analyses were performed using 
Statistical Package for the Social Sciences software version 10.1 
(SPSS Inc., Chicago, IL, USA).

The biochemical characteristics are shown in Table 1. Male pa-
tients were slightly older and had serum levels of 25(OH)D 
slightly lower with respect to female patients (8.9 ± 5.1 vs. 12.1 
± 11.5 ng/ml, respectively), but the difference did not reach any 
statistical significance. In particular, the majority of patients 
with COVID-19 pneumonia (70.8%) had serum 25(OH)D  
levels < 10 ng/ml, which is universally considered as severe de-
ficiency [Figure 2A]. Moreover, the values of 25(OH)D were 
significantly lower in the group of patients with the more severe 
disease with respect to those with moderate disease (8.5 ± 2.9 
vs. 10.9 ± 7.6 ng/ml, respectively). 

Table 2 shows vitamin D serum levels and lymphocyte subpop-
ulations in the COVID-19 pneumonia patients and in the healthy 
controls. As expected, 25(OH)D levels were significantly lower 
(  < 0.01) in patients with COVID-19 pneumonia than in healthy 
controls. Similarly, lymphocyte subpopulations were significant-
ly lower in COVID-19 pneumonia than in healthy subjects. The 
correlations between vitamin D serum levels and percent of neu-
trophils and percent of lymphocytes are reported in Figure 2B. 
The percentage of neutrophils presented a significant negative 
correlation (r = -0.74; < 0.001) with vitamin D serum levels, in 
contrast to the percentage of lymphocytes presented a significant 
positive correlation (r = 0.43;  < 0.01) with 25(OH)D serum lev-
el. Moreover, vitamin D serum levels were positively correlated 
with CD3+ (r = 0.37, < 0.05), CD4+ (r = 0.41, < 0.05), CD8+ 
(r = 0.32, < 0.07), and CD19+ (r = 0.38, < 0.05) [Figure 2C].

To the best of our knowledge, this is the first study to eval-
uate the relationship between vitamin D levels and lympho-
cyte subpopulations in hospitalized COVID-19 pneumonia 
patients. Although several studies have reported that vitamin 
D status may influence the outcomes in COVID-19 pneumo-
nia patients, the physiopathological mechanism remains con-
troversial [8,9]. 

Our study demonstrates that low 25(OH)D levels were as-
sociated with the percentage low counts of lymphocytes, CD3+ 





T-lymphocytes, CD4+ T-helper cells, and CD8+ T-cytotox-
ic lymphocytes. T-cells subsets have been reported to play a 
crucial role in protecting against infection. In particular, CD4 
T-helper cells can resist susceptibility to infection through a spe-
cific cytokines pattern and CD8+ T-cells are critical for killing 
cells infected with viruses and bacteria [11]. In this preliminary 
study, the lowest percentages of T-cell subsets were demon-
strated in COVID-19 pneumonia patients with severe vitamin 
D deficiency. This finding seems to support the hypothesis that 
vitamin D deficiency may alter T-cell differentiation and matu-
ration. In fact, epidemiological studies have shown that vitamin 
D deficiency is related to infections in the respiratory tract and 
acute lung injury [12]. Moreover, VDRs are distributed exten-
sively in respiratory epithelial and immune cells (B cells, T 
cells, macrophages, and monocytes) and 25(OH)D, the major 
circulating form of vitamin D, is converted into the active form 
of 1,25(OH)D in both bronchial epithelium and immune cells 
[13]. Cytokines and toll-like receptor (TLR) ligands in the re-

-
ylase (CYP27B1), which is necessary for vitamin D activation. 
However, sufficient serum levels of 25(OH)D are required to 
increase the levels of 1,25(OH)D and thus improve the immune 
response to respiratory virus infection. The protective effect of 
vitamin D has been reported in several lung diseases charac-
terized by cytokine hyperproduction, such as pneumonias and 

ARDS-related conditions [14]. In particular, the patients with 
severe COVID-19 pneumonia present a significantly increased 
circulating levels of several pro-inflammatory cytokines and 
chemokines [15].

At present, there is growing evidence that vitamin D defi-
ciency increases the risk of COVID-19 infection severity and 
mortality. In fact, COVID-19 infection leads to a deregulation of 
the immune system and the forming of a cytokine storm, often 

-
tive of the adaptive immune system, vitamin D may be able to 
prevent this severe complication through binding to VDRs, so 
leading to gene transcription changes. In particular, vitamin D 
leads to a blunting of the Th1 immune response and favors the 
response of Th2 and regulatory T cells [16]. Moreover, Saris 
and colleagues [17] reported that the reduction of Th1 cells in 
patients with COVID-19 pneumonia and mechanically ventilat-
ed patients, might suggest an inadequate or ineffective cytotoxic 
antiviral response [18]. 

This preliminary study confirms the high prevalence of vitamin 
D deficiency in patients with COVID-19 pneumonia. Moreover, 
we have found that vitamin D deficiency is associated with a 
reduction of lymphocyte subsets and altered T-lymphocyte ac-
tivation. This finding may contribute to elucidate the mecha-
nisms by which vitamin D influences the course and outcome of 
COVID-19 pneumonia. Moreover, the assessment of lympho-
cytes subpopulations could represent a new biochemical param-
eter able to identify the susceptibility to infection and mapping 
severity and clinical complexity among COVID-19 pneumonia 
patients. Further studies carried in larger populations are war-
ranted to confirm these results.



Although human respiratory syncytial virus (RSV) is an 
important cause of illness and death in older adults, no 
RSV vaccine has been licensed. In a phase 2A study, 
Schmoele-Thomas and colleagues randomly assigned 
healthy adults (18–50 years of age), in a 1:1 ratio, to 
receive a single intramuscular injection of either bivalent 
prefusion F (RSVpreF) vaccine or placebo. Approximately 
28 days after injection, participants were inoculated 
intranasally with the RSV A Memphis 37B challenge 
virus and observed for 12 days. After participants were 
inoculated with the challenge virus, vaccine efficacy of 
86.7% (95% confidence interval [95%CI] 53.8–96.5) was 
observed for symptomatic RSV infection confirmed by 
any detectable viral RNA on at least 2 consecutive days. 

The median AUC for the RSV viral load (hours × log
10 

copies per milliliter) as measured by RT-qPCR assay was 
0.0 (interquartile range [IQR] 0.0–19.0) in the vaccine 
group and 96.7 (IQR 0.0–675.3) in the placebo group. 
The geometric mean factor increase from baseline in 
RSV A-neutralizing titers 28 days after injection was 20.5 
(95%CI 16.6–25.3) in the vaccine group and 1.1 (95%CI 
0.9–1.3) in the placebo group. More local injection-site 
pain was noted in the vaccine group than in the placebo 
group. No serious adverse events were observed in 
either group.

In this randomized, placebo-controlled trial, Lamontagne 
and co-authors assigned adults who had been in the 
intensive care unit for no longer than 24 hours, who had 
proven or suspected infection as the main diagnosis, and 
who were receiving a vasopressor to receive an infusion 
of either vitamin C (at a dose of 50 mg/kg of body weight) 
or matched placebo administered every 6 hours for up 
to 96 hours. The primary outcome was a composite of 
death or persistent organ dysfunction (defined by the 
use of vasopressors, invasive mechanical ventilation, or 
new renal-replacement therapy) on day 28. A total of 872 
patients underwent randomization (435 to the vitamin C 
group and 437 to the control group). The primary outcome 
occurred in 191 of 429 patients (44.5%) in the vitamin C 
group and in 167 of 434 patients (38.5%) in the control 

group (risk ratio 1.21, 95%confidence interval [95%CI], 
1.04–1.40,  = 0.01). At 28 days, death had occurred 
in 152 of 429 patients (35.4%) in the vitamin C group 
and in 137 of 434 patients (31.6%) in the placebo group 
(risk ratio 1.17, 95%CI 0.98–1.40) and persistent organ 
dysfunction in 39 of 429 patients (9.1%) and 30 of 434 
patients (6.9%), respectively (risk ratio 1.30, 95%CI 0.83–
2.05). Findings were similar in the two groups regarding 
organ-dysfunction scores, biomarkers, 6-month survival, 
health-related quality of life, stage 3 acute kidney injury, 
and hypoglycemic episodes. In the vitamin C group, one 
patient had a severe hypoglycemic episode and another 
had a serious anaphylaxis event.


