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Effect of vitamin D blood levels on the disease in patients with COVID-19
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The danger of COVID-19 infection is its higher contagiousness (several times higher than influenza),
a long incubation period (up to 14 days), and is complicated by the fact that patients without any
symptoms are carriers of the infection. Currently, the clinical and epidemiological researches on the
characteristics of the disease continue, along with the development of the new means of its prevention
and treatment. The most important preventive resource is the activation of the antiviral innate im-
mune system. According to the literature, an adequate supply of vitamin D is one of the foundations
of the antiviral immune system, including against the influenza virus. No clinical trials have been
conducted to determine the relationship between vitamin D blood level and clinical outcome in
COVID-19 patients.

To study the effect of blood levels of vitamin D in patients infected with COVID-19 on the course of
the disease and the outcome of treatment, a medical history of 19 patients with laboratory-confirmed
COVID-19 infection was analyzed. The patients were treated at the «MediClub» LLC between
15.06.2020 - 15.07.2020. «MediClub» hospital was approved by «TABIB» Azerbaijan for the treat-
ment of patients with COVID-19. Data on clinical manifestations and blood 25-hydroxyvitamin D
[25(OH)D] levels were obtained from all medical histories.

A retrospective analysis of laboratory-confirmed cases of COVID-19 showed a relationship between
the blood level of 25-hydroxyvitamin D [25(OH)D] and the nature of the course of COVID-19 and
the development of complications of the disease.

Taking into account the main cause of critical complications of COVID-19 is impaired immunity,
and cholecalciferol harmonizes the functioning of the immune system at all its levels, it can be con-
cluded that an adequate level of vitamin D in the blood increases the likelihood of a light course of
COVID-19 and its favorable outcome.
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INTRODUCTION

The coronavirus infection COVID-19 was of-
ficially registered by the World Health Organiza-
tion (WHO) on December 31, 2019, when the PRC
Ministry of Health reported 44 cases of SARS in
Wuhan City, Hubei Province. On February 11,
2020, the WHO determined the official name of the
infection caused by the new coronavirus - COVID-
19 ("Coronavirus disease 2019"). On February 11,
2020, the International Committee on Taxonomy
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of Viruses stated the official name of the infectious
agent, a SARS-CoV-2. It has been established that
COVID-19 is caused by the new coronavirus
SARS-CoV-2. Later, on March 11, 2020, WHO
declared a COVID-19, a pandemic (I'pomoBa u jip.,
2020; BpemeHHBIE METOAMYECKIE PEKOMCHIAITHH:
HpO(bI/IJ'IaKTI/IKa, JUarHoCTHuKa 1 JCYCHUC HOBOH
koponasupycuoit uadpexuu (COVID-19), 2020).
The danger of COVID-19 infection is its
higher contagiousness (several times higher than
influenza), a long incubation period (up to 14 days)
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and is complicated by the fact that patients without
any symptoms are carriers of the infection.
COVID-19 is characterized by a severe course in
the presence of the chronic pathology in patients.
These COVID-19 features place increased demand
on the healthcare system. In particular, the higher
contagiousness leads to the simultaneous disease
incidence of COVID-19 of the large number of
people, which has led to the overload of the health
care system in several countries. More severe
course of infection in patients with a chronic pa-
thology is associated with use for adaptive lung
ventilation (ALV) and with a higher mortality rate
(I'pomoBa u nip., 2020).

Currently, the clinical and epidemiological re-
searches on characteristics of the disease continues,
along with the development of the new means of its
prevention and treatment. The most common clini-
cal manifestation of the COVID-19 is bilateral
pneumonia (diffuse alveolar damage and microan-
giopathy); acute respiratory distress syndrome
(ARDS) was recorded in 3-4% of the patients. Some
patients develop hypercoagulable syndrome with
thrombosis and thromboembolism, along with the
other damage of the organs and systems (the central
nervous system, myocardium, kidneys, liver, gastro-
intestinal tract, endocrine and immune systems), and
also sepsis and septic shock may be developed.

Attempts to control the COVID-19 only by
guarantine measures (for example, wearing masks,
gloves, washing hands, social distancing, self-iso-
lation, and other) do not engage the most important
preventive resource such as the activation of anti-
viral innate immune system. This aspect is espe-
cially important in the case of COVID-19, as this
infection is highly contagious and can lead to se-
vere pneumonia and acute respiratory failure. To
identify risk groups for a severe course of the dis-
ease, it is necessary to systematize the features of
the pathogenesis of COVID-19, which distinguish
it from other coronavirus infections (Alipio, 2020).

Vitamin D is one of the most important im-
munity regulators. Adequate supply of vitamin D
is one of the foundations of anti-viral immune sys-
tem, including against the influenza virus. It has
been proven that vitamin D reduces the risk of

acute respiratory viral infection (ARVI) (Ron-
danelli et al., 2018). Vitamin D deficiency is asso-
ciated with impaired functioning of innate and
adaptive immune systems, also with increased risk

102

of viral and bacterial diseases. A patient of any age
with vitamin D deficiency develops chronic in-
flammation, which significantly reduces the body's
resistance to bacterial and viral diseases (ARVI, in-
fluenza, rhinitis, bronchitis, obstructive pulmonary
diseases) (I'pomoBa u ap., 2020). In addition, vita-
min D increases cell-mediated immunity (Can-
torna, 2010), modulates adaptive immune system
(Sharifi et al., 2019) and increases the expression
of genes encoding the antioxidant enzymes (Lei et
al., 2017). Therefore, several authors have pro-
posed the use of vitamin D for the prevention and
treatment of COVID-19 (Alipio, 2020). No clinical
trials have been conducted to determine the ability
of vitamin D to suppress the COVID-19 virus.
There is a lack of tests for the statistically signifi-
cant relationship between vitamin D levels and
clinical outcome in COVID-19 patients. In this ar-
ticle, we have used vitamin D status to predict clin-
ical outcomes in patients infected with COVID-19.
The analysis was based on the level of 25-hy-
droxyvitamin D [25(OH)D], a measure of the
amount of vitamin D in the body.

Purpose of the study: To study the effect of
blood levels of vitamin D in patients infected with
COVID-19 on the course of the disease and the
outcome of treatment.

MATERIALS AND METHODS

We analyzed medical history of 19 patients
with laboratory confirmed COVID-19 infection.
The patients were treated at the «MediClub» LLC
between 15.06.2020 - 15.07.2020. Hospital «Med-
iClub» was approved by «TABIB» Azerbaijan for
the treatment of patients COVID-19. Data on clin-
ical manifestations and blood 25-hydroxyvitamin
D [25(0OH)D] levels were obtained from all medi-
cal histories. It should be noted that the patients we
analyzed were inpatients. They were hospitalized
due to the severity of the physical condition. Thus,
all the patients had respiratory failure and in-
creased body temperature. The clinical analyzes
were obtained from the patients, presentation of
pulmonary infection on computer tomography
(CT). It was important to obtain the level of 25-hy-
droxyvitamin D [25(OH)D in the blood of the pa-
tients and to assess their clinical condition in ac-
cordance with the obtained data.
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RESULTS AND DISCUSSION

A total of 19 patients with COVID-19 en-
rolled to this study, where 11 were men and 8 were
women (Fig. 1). Most of the patients were men
(58%).
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Fig. 1. The total number of patients participating in the
study (total 19 patients).
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Fig. 2. Distribution of patients participating in the
study by age (total 19 patients).

The age distribution of the patients was fol-
lowing (Fig. 2):

» adolescence boys: 17-21 years, girls: 16-
20 years;

» mature age (1 period) men: 21-35 years,
women: 20-35 years;

» mature age (period 2) men: 35-60 years,
women: 35-55 years;

» advanced age: 55/60-75 years;

» senior adult: 75-90 years;

» long-livers - 90 years or more.

In our study, the overwhelming number of pa-
tients (15 patients) belongs to mature age (period
2), 37% and to old age, 43%, which amounted to
80% in general.

The patients’ distribution by the volume of
lung damage is presented in the Fig. 3.

® No hung damage (2 patients)
» Lung damageup to 10% (7 patients)
» Lung damageup o 3% (1 patient)
Lung damageup to 0% (3 patients)
= Lung damageis more than 5% (§ patienis)

Fig. 3. Distribution of patients participating in the
study by the volume of lung damage
(19 patients in total).

According to the volume of lung damage, con-
firmed by CT of the chest, the cases were classified
as follows:

» COVID-19 infected patients with clinical

manifestations, without lung involvement;
» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 10%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 30%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 50%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was more than 50%.
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Patients with severe clinical manifestations
(hypoxia (oxygen saturation below 93%), with res-
piratory impairment or deviations in the results of
laboratory blood gas analyzes (PaCO2> 50 mm Hg
Art.), and respiratory failure requiring intensive
monitoring of the patient) accounted for 48% (9 pa-
tients) of the total number of the patients. These
were patients whose volume of lung damage was
up to 50% (3 patients - 16% of the total number of
patients) and patients whose lung damage was
more than 50% (6 patients - 32% of the total num-
ber of patients).

An important criterion, in the presence of
which the health status of COVID-19 patients is ag-
gravated, is the presence of concomitant diseases. It
is known that the presence of any chronic inflamma-
tion in a patient (glomerulonephritis, cholestasis,
atherosclerosis, obesity, diabetes mellitus, bronchial
asthma, endothelial dysfunction in hypertension,
and other) stimulates more rapid increase in the syn-
thesis of proinflammatory cytokines. We analyzed
the relationship between the presence of concomi-
tant diseases with the spread of the pathological pro-
cess in the lungs (Fig. 4).

Eight patients (42%) had concomitant diseases,
which is a serious complication associated with
COVID-19. Six patients with severe lung damage
(lung damage is more than 50%) and, thus, with a
severe clinical course of COVID-19, suffered for
many years from various somatic diseases, such as
diabetes mellitus, atherosclerosis, coronary heart
disease, coronary angioplasty, arterial hypertension,
chronic renal failure, obesity. All patients had severe
respiratory failure, 4 out of 6 patients had acute res-
piratory distress syndrome (RDS). All patients at
certain stages of treatment were connected to the
AVL. Two of these patients with volume of lung
damage up to 95% and 100% died.

The blood levels of vitamin D in patients with
COVID-19 in the study has been classified based
on serum 25 (OH) D levels:

» <10 ng/ml (severe vitamin D deficiency);

» 10-20 ng / ml (vitamin D deficiency);

» 20-30 ng/ ml (vitamin D insufficiency);

» 30-100 ng / ml (adequate level of vitamin

D);

» 100 ng / ml (excess vitamin D).

The obtained data of blood levels of vitamin
D in patients is presented in the Fig. 5.
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Fig. 4. Patients with the presence of concomitant dis-
eases, respectively, the spread of the pathological pro-
cess in the lungs (19 patients in total).
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Fig. 5. Vitamin D status in the blood of the studied
patients (total 19 patients).
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The analysis showed that 15 (79%) of the total
number of patients had a deficiency (6 patients -
32%) and insufficiency (9 patients - 47%) of vita-
min D in the blood. Two patients (11%) had a (pro-
nounced vitamin D deficiency (<10 ng/ml).

The relationship between the blood levels of
vitamin D with the volume of lung damage is pre-
sented in Table 1.
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Table 1. Vitamin D status in the blood of the studied
patients, depending on the degree of lung damage (19
patients in total)

<10 | 10-20| 20-30 |30-100| > 100
ng/ml | ng/ml | ng/ml | ng/ml | ng/ml

No lung damage (2

patients) 0 0 2 0 0
Lung damage up to
10% (7 patients) 0 4 2 0 1
Lung damage up to
30% (1 patient) 0 0 1 0 0
Lung damage up to
50% (3 patients) 0 0 2 1 0

Lung damage is more
than 50% (6 patients) | 2 2 2 0 0

Table 2. Statistical analysis results.

# 100 ng/ml (exesss vit, D)
30-100 ng'ml (ad equate leval of vitamin D)
20-30ng/ml (vitaminD defidency)

#10-20ng/ml (vitamin D deficiency)

w10 nz/mi (pronouneed vitamin D deficiency)
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Number of observatrions 17
degrees of freedom 15
correlation coefficient -0,581
t-statistic 2,765
p-value 0,014

We employ statistical analysis to examine the
relation between the level of vitamin D and the
lung damage of the 19 observed patients. Due to
possible distortions, we exclude the 2 outliers with
the vitamin D level of 100 and 38.6, because they
used drugs containing vitamin D for prophylactic
purposes long before they became infected with
COVID-19. This leaves us with the population of
17 observations.

As both variables are continuous, we utilize
the Pearson correlation test. We obtain the Pearson
correlation coefficient of -0.581 (negative correla-
tion). The t-statistic of the corresponding two-
tailed test is 2.765, with the respective p-value of
0.014. As the p-value is substantially less than
0.05, we can conclude that the correlation is signif-
icant (Table2).

One patient had blood levels of vitamin D
more than 38.2 ng / ml and only one patient had the
vitamin D level > 100 ng/ml. It was noted that pa-
tients used drugs containing vitamin D for prophy-
lactic purposes long before they became infected
with COVID-19. The remaining 17 patients (89,5
% of total) had blood levels of vitamin D below 30
ng/ml (vitamin D deficiently).

Fig. 6. Vitamin D status in the blood of the studied
patients, depending on the degree of lung damage
(19 patients in total)

The patients' blood levels of vitamin D with
lung damage of more than 50% and, thus, severe
clinical course of the disease showed critically low
levels: of the six patients in this group, 2 had a
pronounced vitamin D deficiency (<10 ng/ml), and
another 2 had a vitamin D deficiency (10-20
ng/ml); the remaining 2 patients had blood levels
of vitamin D insufficiency (20-30 ng/ml) (Fig. 6).

CONCLUSION

A retrospective analysis of laboratory-con-
firmed cases of COVID-19 in our study found a re-
lationship between the blood level of 25-hy-
droxyvitamin D [25 (OH) D and the nature of the
course of COVID-19 and the development of com-
plications of the disease. Taking into account the
main cause of critical complications of COVID-19
is impaired immunity, the systemic inflammatory
response due to the “cytokine storm", and cholecal-
ciferol harmonizes the functioning of the immune
system at all its levels, it can be concluded that an
adequate level of vitamin D in the blood increases
the likelihood of a light course of COVID-19 and
its favorable outcome. According to the literature,
Vitamin D supplements are recommended for all
infected and healthy people.
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Covid-19 xastalarinin ganinda D vitaminin saviyyasinin xastaliyin qedisina tasiri
S.A. Adnayev', E.A. Mammadov?, i.M. Axundova®, H.V. Hasanov'

L «MediCluby MMC, Baki, Azarbaycan
2 Milli Idman Tibbi va Reabilitasiya EImi-Tacriiba Institutu, Baku, Azarbaycan

COVID-19 infeksiyasinin tohliikasi onun daha yiiksok yoluxdurucu qabiliyysti olmaqdadir (qripden bir
neca dofa yiiksok), uzun bir inkubasiya miiddsti (14 giine qader) v heg bir simptomu olmayan xastslaorin
infeksiya dasiyicisi olmasi ila alagalondirilir. Hal-hazirda, xastaliyin xiisusiyyatlarine dair klinik va epide-
mioloji tadgiqatlar, homginin garsisinin alinmasi va miialicasi ti¢iin yeni vasitalorin inkisafi davam edir. On
vacib profilaktik vasito antiviral immunitet sisteminin aktivlesdirilmasidir. ©dabiyyat manbolorins ssason,
insanin orqanizminda D vitaminin yetorli torkibi qrip virusuna garsi da daxil olmagla antiviral immunitet
sisteminin osaslarindan biridir. COVID-19 olan xastolords D vitamini saviyyalari ila klinik natico arasinda
statistik baximdan shomiyyatli msalumat yoxdur. Bu mogsadle COVID-19-a yoluxan xastolorin qaninda
D vitamini saviyyslarinin xasteliyin gedisine ve miialicanin naticaloring tesirini dyronmak olmusdur. La-
boratoriya torafindon tasdiglonmis COVID-19 infeksiyasi olan 19 xastonin xastalik tarixlorini tohlil etdik.
Xastalor 15.06.2020 - 15.07.2020 tarixlori arasinda «MediClub» MMC-do miialice alirdilar. «MediCluby»
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Xastoxanasi, COVIB-19 xastalorinin miialicasi tiglin «TOBIB» Azorbaycan torafindon tosdiq edilmisdir.
25-hidroksivitamin D[25(OH)D]-nin klinik tozahiirlori vo qan soviyyolori hagqinda moalumatlar xostalik
tarixlorindon oldo edilmisdir. Laborator tosdiqlonmis COVID-19 hallarmin retrospektiv analizi qanda 25-
hidroksivitamin D[25(OH)D] saviyyassi ilo koronavirus xostoliyinin gedisatini vo xastoliyin fosadlarmin
inkisafi arasindaki olago barado inamla damismaga imkan verdi. COVID-19-un kritik agirlasmalarinin
osas sobabinin toxunulmazhigin zoiflomosi vo xolekalsiferolun immunitet sisteminin isini biitiin
soviyyslorindo uygunlagdirmas: oldugunu nozors alsaq, qanda kifayst qodor D vitamini saviyyasinin
COVID-19-un miilayim gedisatini va alverisli naticasini artirdig1 qonastino golmok olar.

Agar sézlar: Koronavirus infeksiyasi, pandemiya, COVID-19, 25-hidroksivitamin D[25(OH)D], D vit-
amininin ganda saviyyasi, agciyar zadalonmasinin hacmi, proinflamatuar sitokinlar, yanagsi xastaliklor

Buinsinne ypoBus Butamuta D B kpoBu nanuentoB ¢ COVID-19 na teyenue 60J1e3u1
A/HaeB C.Al., D.A. MaMeHOBZ, I/I.M.AxszwBaz, X.B. 'acanos’

Y000 «MediCluby, Baxky, Asepbaiioscan
zHauuonaﬂwaﬁ HAYYHO-NPAKMUYECKUI UHCIMUMYM CROPMUBHOU MEOUYUHbL U PEeaOUIUMAYUL,
baxy, Azepbaiiosncan

Omnacnocts 3apaxenust COVID-19 3aknrodaercs B ero 6oJiee BRICOKOH KOHTarnO3HOCTH (B HECKOIBKO pa3
BBIIIE, YEM Yy TPHUIINA), JTUTEIHPHOM MHKYOAlMOHHOM miepuoje (o 14 mHeil) U OCIOXKHIETCS TeM, YTO
MaIUEHTHl 0e3 KaKuX-JIMOO CUMIITOMOB SIBJISIFOTCSL HOCUTENsIMH HH(peKuun. B HacTosee Bpemst mpoioi-
JKAIOTCS KITMHUKO-3TUAEMHUOIOTHIECKUE UCCIIEIOBAaHMS XapaKTEPUCTHK 3a00JIeBaHMs, a TAKXKE pa3paboTKa
HOBBIX CPEACTB €ro NpouIakTuku u jedeHus. CaMblii BaKHBIH MPO(HUIAKTHYECKUNH pecypc — 3TO
aKTUBANUS TPOTUBOBUPYCHOM BpPOXKIEHHOH MMMYHHOU cucTeMbl. Onupasich Ha JUTEpaTypHbIC JaHHBIC,
OCTaTOYHOE KOJM4YecTBO BUTaMHHAa D - omHa M3 OCHOB NMPOTHBOBHPYCHOH MMMYHHOH CHCTEMBI, B TOM
YHcJie IPOTUB BUpYyca rpumnma. KinnHuuecKuX UCIbITaHuH 1151 ONPEIeIEH s B3aUMOCBSI3U MEXy YPOBHEM
BuTamMuHa D B KpoBHM M KIMHHYeCKHM ucxonoM y mamuentoB ¢ COVID-19 we npoBoamiock. M3ydeHo
BJIMSHUE YPOBHsI BUTaMuHa D B kpoBu manuenTtoB, nHpuuupoBanHeix COVID-19, Ha Teuenue 3abome-
BaHUs M ucxon JeueHus. IlpoananusupoBansl uctopun Oone3Hu 19 mnamueHToB ¢ jabopaTtopHO
noareepkaeHnoi mHMeknunerr COVID-19. Tlanmentsr mpoxomunu jeuenre B OO0 «MediCluby ¢
15.06.2020 o 15.07.2020. T'ocriutane «MediClub» 611 0n106pen « TABIB»A3ep0Oaitmkan st nedeHust
naneaToB ¢ COVID-19. JlaHHble O KIMHHYECKUX MPOSBICHHUSIX WM YPOBHIX THIAPOKCHBUTAMHHA
D[25(OH)D] B kpoBu ObUTH TOJyYECHBI M3 HUCTOPHi OOJIe3HH. PeTpOCTIEKTHBHBIN aHAIHM3 J1aDOPaTOPHO
noareepxkaeHHbIX ciydaeB COVID-19 mozBonmwil ¢ yBEepEeHHOCTHIO TOBOPHTH O B3aMMOCBSI3H MEXTY
ypoBHeM 25-ruapokcuutamuia D [25(OH)D] B kpoBu, xapakrepom Tedenuss COVID-19 u passutunem
OCJIO)KHEHUH OOJe3HH. YUHUTHIBas, YTO OCHOBHOW NPUYMHOW KpHUTHUecKuxX ocnoxHeHuit COVID-19
SBIISICTCSl HAPYIICHNE UMMYHHTETA, & XOJIEKaIbIU(PEPOT TApMOHH3UPYET pab0Ty UMMYHHOU CHCTEMBI Ha
BCEX €€ YPOBHSX, MOKHO CJIeJIaTh BBIBOJ, YTO aJIeKBAaTHBIM ypoBeHb BUTaMuHa D B KpoBH yBennuuBaer
BeposATHOCTE Jierkoro Tedennss COVID-19 u ero 6iaronpusiTHBIN UCXO]T.

Knrouesvie cnosa: Koponasupycnas ungpexyus, nanoemusi, COVID-19, 25-cuopoxcusumamun D[25(OH)D],

YPO6€EHb 6UMAMUHA D s Kpoeu, 0bvem nopasiCeHus JjecKux, npoeocnajiumeilbHble YUMmOKUHbL,
conymcecmeyroujue 3abo1e8anus
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