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Abstract. - OBJECTIVE: Post-COVID-19 syn-
drome appears to be a multi-organ illness with a
broad spectrum of manifestations, occurring af-
ter even mild acute illness. Limited data current-
ly available has suggested that vitamin D defi-
ciency may play a role in COVID-19 cases. How-
ever, to our knowledge, no study has examined
the frequency of vitamin D deficiency in post-
COVID-19 cases and its effect on the symptom
severity. The aim of this study is to both screen
the frequency of vitamin D deficiency in post-
COVID-19 syndrome patients and to study its re-
lation to persistent symptoms.

PATIENTS AND METHODS: A cross-section-
al, single-center study was conducted involv-
ing all cases attending post-COVID-19 follow-up
clinic from November 2020 to May 2021. Com-
plete history, clinical examination, and labora-
tory analysis [kidney functions, serum calcium,
C-reactive protein, serum ferritin, Serum 25-
(OH) vitamin D] was done as well as HRCT chest.

RESULTS: The study included 219 post-
COVID-19 cases, 84% had deficient vitamin D
levels (< 20 ng/dL); 11.4% had insufficient lev-
el (20-30 ng/dL) and only 4.9 % reported normal
level. There was no link between levels of vita-
min D with either the acute or post-COVID-19
symptoms in the studied groups.

CONCLUSIONS: Despite the prevalence of vi-
tamin D deficiency among the study population,

no association was observed between the lev-
els of vitamin D and post-COVID-19 symptoms.
It appears that post-COVID-19 syndrome patho-
physiology involves a more complex interaction
with the immune system. Dedicated clinical tri-
als are advised to better study vitamin D levels
and the related disease severity in COVID-19 pa-
tients.
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ELISA: Enzyme-Linked Immunosorbent Assay.

Introduction

Vitamin D has natural properties that are
classified into two categories: first, the standard
action in the metabolism of calcium and phos-
phorus; and second, the non-traditional pathway
that principally affects the immunological sys-
tem, inflammation, anti-oxidation, anti-fibrosis
and other systems'. The anti-inflammatory role
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is considered to be through anticipation of endo-
thelial injury provoked by augmented neutrophil
extracellular traps development?. The anticipated
positive effects of vitamin D on immunity are
expanding the blood oxygen-carrying capacity,
modulating the immune system, accelerating the
acute lung injury recovery rate, and adjusting the
renin-angiotensin system®.

Studies have shown that the level of vita-
min D is closely related to the incidence and
progression of multiple chronic conditions, for
instance, cancers, autoimmune disorders, met-
abolic disorders, and contagious diseases®. Its
deficiency principally affects the progress of
many chronic disorders and, as the age of the
population increased, the numbers of cases with
osteoporosis, cardiovascular disorders, malig-
nancy, diabetes, and neuropsychiatric diseases
noticeably increase, resulting in diminution of
the life quality, considerable social and financial
burdens, or even decease’.

Recently, multiple reviews have illustrated a
negative association between the serum vita-
min D level in Europe with reported COVID-19
contagion rate® and non-significant negative as-
sociation with unfavorable outcome’. Some evi-
dence-based studies® recommended that improve-
ment in vitamin D status by supplementation may
diminish COVID-19 clinical hazards.

Post-COVID-19 appears to be a multi-systemic
illness, sometimes occurring after a reasonably
mild acute complaint’. In the lack of agreed
definitions, for the clinical purposes, post-acute
COVID-19 was cleared as extending beyond 21
days from the onset of the initial complaints
and chronic COVID-19 as extending beyond 3
months'®, Tt may be assumed that the majority of
survivors with a mildly symptomatic presentation
(80%) will not present long-term sequala and will
eventually fully convalesce!!. However, studies
showed that even so-called mild COVID-19 may
be related to persistent complaints, most fre-
quently cough, mild fever, and lethargy, dyspnea,
chest pain, headache, neuro-cognitive troubles,
myalgia, weakness, gastrointestinal troubles, skin
rash, metabolic abnormalities, thrombo-embolic
disorders, hopelessness, and other mental diseas-
es (with relapse or remission course)".

At the time of writing, we know of no study
that has reported on the frequency of Vitamin
D deficiency in post-COVID-19 cases, and the
pathophysiology and natural history of post-acute
and chronic COVID-19 is still unknown.

The aim of this work is to screen the frequen-

cy of vitamin D deficiency in post-COVID-19
and to study its relation to the persistent symp-
toms.

Patients and Methods

Setting

All adult participants >18 years of age who pre-
sented at post-COVID-19 clinic, Assiut Univer-
sity Hospital, for a follow-up program between
November 2020 to May 2021 were recruited. The
program measures the functional and clinical
status, pulmonary functions, sleep disorders, and
need for rehabilitation.

Written informed consent was obtained at the
time of screening and the study was approved by
Assiut Faculty of Medicine Ethical Committee.
The research was in accordance with the Dec-
laration of Helsinki and relevant national and
international guidelines.

Study Design and Data Collection

A cross-sectional, single-center study was con-
ducted. Data was collected and the medical re-
cords were generated using the case record format
in the post-COVID-19 out-patients clinic. Com-
plaints reported by participants were categorized
into: constitutional (fever, myalgia, arthralgia, re-
striction of daily activity, tachycardia, headache,
dizziness, and excessive sweating), respiratory
(cough, sputum, dyspnea, chest pain, sore throat,
and rhinorrhea), GIT (gastritis, anorexia, diarrhea,
abdominal pain, and dysphagia) and neuropsychi-
atric (sleeping problems, tinnitus, anosmia and/or
ageusia, memory loss, loss of concentration, anxi-
ety and/or depression, and peripheral neuropathy).
Patients were considered positive for the category
if they reported the presence of one or more com-
plaints among this category.

Symptoms scores, which were previously pub-
lished for acute stage and post-COVID symp-
toms, were calculated to represent the severity of
symptoms®.

Inclusion criteria: All cases equal to or above
18 years of age with confirmed COVID-19
diagnoses in the prior 3 months attending the
post-COVID-19 clinic from November 2020 to
May 2021 were included.

Exclusion criteria: Recent COVID-19 <90 days,
recent acute infections, active malignancy, and
pregnancy.
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Laboratory Methods

1. 4 milliliters blood was withdrawn by veni-
puncture and disseminated into two plastic
tubes that were allowed to clot for serum sep-
aration. Non-hemolyzed serum was divided
by centrifugation, allowing one serum tube to
be used for the determination of serum urea,
creatinine, serum calcium, CRP, and serum
ferritin on COBAS INTEGRA 400. Another
serum tube was stored in aliquots at -20°C to
measure vitamin D levels.

2. The level 25-hydroxy vitamin D in the se-
rum was measured by the Enzyme-Linked
Immunosorbent Assay (ELISA) method via a
PerkinElmer Health Sciences kit (Catalogue
No.: 10501). The vitamin D level was defined
as sufficient if between 30-100 ng/mL, insuf-
ficient between 10-30 ng/mL and deficient if
0-10 ng/mL. The levels of 25(0OH) D3 were <
20 ng/ml. Normal range levels of 25(OH) D3
were defined as > 30 ng/ml and the serum lev-
els between 20 and 30 ng/ml were classified as
insufficiency category'.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics version 20 (SPSS Corp., Armonk,
NY, USA). Categorical data was presented as
numbers and percentages and compared by Chi-
square test, while continuous data was reported
as means = SD and/or median (min -max) and
tested for normality using the Shapiro-Wilkes
test. When quantitative data is normally distrib-
uted, Students’ ¢-test is used while, for data that
was not normally distributed, a Mann-Whitney
test was used. In all statistical tests, p-value <0.05
was deliberated statistically considerable.

Results

The study included that in 219 post-COVID-19
cases, most of them had deficient vitamin D
levels; 184 (84%) and 25 (11.4%), respectively
(Figure 1). There was no statistically considerable
variation between cases with normal, insuffi-
cient, and deficient vitamin D levels as regard
demographic data, clinical data, and associated
comorbidities (Table I).

Concerning the difference in other laboratory
parameters, mean+SD levels in cases with normal
vitamin D compared to low vitamin D were as fol-
low: CRP was 5.0+3 vs. 6.2+0.4 (p = 0.7), serum
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Figure 1. Distribution of Vitamin D levels of post-COVID
cases included in the study (n=219). Normal > 30 ng/dL,
insufficient 20-30 ng/dL, deficient < 20 ng/dL.

calcium 8.6£1.8 vs. 8.442.1 (p = 0.02), serum ferri-
tin 113.6+50 vs. 151£138.3 (p < 0.001), serum urea
67.2+£54 vs. 69.4£75.0 (p < 0.01) and creatinine
1.6+1.0 vs. 5.2+1.5 (p < 0.001), respectively.

The associations between acute and post-
COVID-19 symptoms according to the different
levels of vitamin D (Table II and Table I1I) were
presented.. As shown, there was no statistically
considerable variance in either acute or post-
COVID-19 symptoms between the three groups.

Discussion

This study examined 219 post-COVID-19 cas-
es at Assiut University hospital out-patient clinic.
The main results showed that vitamin D deficien-
cy was established in 84% of cases and 11.4%
were insufficient. 90% of cases with normal
vitamin D levels received multi-vitamins during
acute illness compared to 88% and 86.4% of cas-
es with insufficient and deficient vitamin D, cor-
respondingly. There was no statistically consid-
erable variance in either acute or post-COVID-19
symptoms between the three groups.

The recorded frequency of abnormal vitamin
D in the studied group was 95.4% (84% less than
20 ng/dL and 11.4% between 20-30 ng/dL). The
living environments and circumstances, however,
should be taken into account when considering
the results, such as the typical weather conditions
of the area which, for the majority of middle
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Table I. Demographic and basic characteristics of post-COVID-19 participants (n=219).

Total Normal Insufficient Deficient
(n = 219) (n =10) (n = 25) (n = 184) p-value*
Age (years)
<40 162 (74%) 9 (90%) 19 (76%) 134 (72.8%) 0.389
> 40 57 (26%) 1 (10%) 6 (24%) 50 (27.2%)
Mean + SD 351+ 11.0 340+49 36.0+11.4 35.0+11.3 0.890
Gender
Male 65 (29.7%) 2 (20%) 10 (40%) 53 (28.8%) 0.408
Female 154 (70.3%) 8 (80%) 15 (60%) 131 (71.2%)
BMI (213 cases*)
Underweight (< 18.5kg/m?) 85 (39.9%) 2 (22.2%) 10 (41.7%) 73 (40.6%) 0.467
Normal (18.5-24.9 kg/m?) 76 (35.7%) 6 (66.7%) 10 (41.7%) 60 (33.3%)
Overweight (25-29.9 kg/m?) 26 (12.2%) 1 (11.1%) 2 (8.3%) 23 (12.8%)
Obese (<30 kg/m?) 26 (12.2%) 0 2 (8.3%) 24 (13.3%)
Mean + SD 21.1 £6.6 20.6 34 20.8£6.0 21.2+6.8 0.984
Hospitalization
Yes 34 (15.5%) 2 (20%) 3 (12%) 29 (15.8%) 0.820
No 185 (84.5%) 8 (80%) 22 (88%) 155 (84.2%)
Need of oxygen therapy
Yes 27 (12.3%) 1 (10%) 0 26 (14.1%) 0.128
No 192 (87.7%) 9 (90%) 25 (100%) 158 (85.9%)
Comorbidities
DM 11 (5%) 0 3 (12%) 8 (4.3%) 0.196
Hypertension 31 (14.2%) 1 (10%) 3 (12%) 27 (14.7%) 0.870
Cardiac disease 3 (1.4%) 1 (10%) 0 2 (1.1%) 0.051
Chronic pulmonary disease 17 (7.8%) 1 (10%) 3 (12%) 13 (7.1%) 0.663
Renal disease 6 (2.7%) 0 0 6 (3.3%) 0.556
Any chronic illness 51 (23.3%) 3 (30%) 7 (28%) 41 (22.3%) 0.716
No comorbidities 168 (76.7%)

Data presented as numbers (%). "BMI was missing in 6 cases. *Student’s #-test, Mann-Whitney & chi-square tests were used.

BMI = body mass index; DM = diabetes mellitus.

eastern countries, are predominantly sunny. We
should also consider the role of skin pigmentation
in the production of vitamin D, and cultural and
religious practices that require those to cover the
whole, if not most, body”. A study in Egypt
reported high predominance of hypovitaminosis
D among healthy women (77% deficient, 14%
insufficient and only 9% normal). Furthermore,

a study" of the nursing home residents in Egypt
found major health troubles in the form of vita-
min D deficiency and that this must be addressed
with enduring strategies, such as public educa-
tion, national health strategies for screening for
adequate dietary vitamin D, calcium intake and
public advice for the prevention of deficiencies,
sufficient sun exposure for at least 10-15 minute

Table Il. Differences in Acute stage symptoms in post-COVID-19 patients according to vitamin D levels (n =219).

Total Normal Insufficient Deficient

(n = 219) (n=10) (n = 25) (n = 184) p-value*
Reported symptoms (N & %)
Constitutional 215 (98.2%) 10 (100%) 25 (100%) 180 (97.8%) 0.679
Respiratory 210 (95.9%) 9 (90%) 25 (100%) 176 (95.7%) 0.372
Gastrointestinal 204 (93.2%) 10 (100%) 24 (96%) 170 (92.4%) 0.543
Neuropsychiatric 215 (98.2%) 10 (100%) 25 (100%) 180 (97.8%) 0.679
Acute symptom score
Mean + SD 32.0+14.8 351+19.6 350+ 11.9 31.5+14.9 0.484
Median (min — max) 30 (1-78) 32.5 (4-70) 30 (15-60) 30 (1-78)

Data presented as numbers (%). *Mann-Whitney test and chi-square test were used.
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Table Ill. Differences in post-COVID-19 symptoms in recruited patients according to vitamin D levels (n = 219).

Total Normal Insufficient Deficient

(n = 219) (n=10) (n = 25) (n = 184) p-value*
Reported symptoms (N & %)
Constitutional 197 (90%) 9 (90%) 24 (96%) 164 (89.1%) 0.563
Respiratory 148 (67.6%) 7 (70%) 21 (84%) 120 (81.1%) 0.168
Gastrointestinal 138 (63%) 8 (80%) 20 (80%) 110 (59.8%) 0.076
Neuropsychiatric 189 (86.3%) 9 (90%) 21 (84%) 159 (86.4%) 0.892
Post symptom score
Mean + SD 159+ 13.9 19.2 £13.6 189+12.3 153+ 14.2 0.106
Median (min — max) 12 (1-77) 16 (1-45) 18 (1-49) 11 (1-77)

Data presented as number (%). *Mann-Whitney test was used.

per day, and appropriate strength-training pro-
grams. Comparable vitamin D status reviews
concluded that hypovitaminosis D is highly prev-
alent globally'®!, in Northern India, China®, and
Africa?’. This finding was in distinction with
the extensively held view that the widespread
sunlight in African and Asian countries was in-
dicative of the most favorable vitamin D status®.

In Western areas, hypovitaminosis D is com-
mon, affecting nearly half of the USA population,
with higher rates among people with darker skin
or reduced sunlight exposure, involving people
living in high latitudes in the winter, health
professionals®, people existing in northern cit-
ies in the late winter®, elderly adults, nursing
home inhabitants®, and populations who all have
increased risk of vitamin D deficiency**?. Inci-
dence rates of severe hypovitaminosis D cleared
as vitamin D level below 30 nmol/L of 5.9% in
USA?, 7.4% in Canada® and 13% in Europe®
have been reported.

In the current study, cases with lower vitamin
D had higher levels of inflammatory indices
(CRP, p =0.7 and ferritin, p <0.001) and impaired
renal function (higher levels of urea and creati-
nine, p <0.01 and < 0.001 respectively). This is in
accordance with studies showing that the level of
vitamin D is closely related to the occurrence and
development of many chronic conditions, such as
malignancies, autoimmune diseases, metabolic
disorders, and infectious diseases®. Vitamin D
deficiency predominately affects disease devel-
opment, causing impaired quality of life and con-
siderable public and financial burdens and even
loss of life’. The possible role of vitamin D may
be explained by its regulatory role on acquired
immunity and innate immunity where there is
a complex interaction between vitamin D, in-
fection, and the immune system?'. Furthermore,
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comorbid conditions that are also related to hy-
povitaminosis D, such as diabetes, hypertension,
overweight, and chronic kidney disorders tend to
worsen COVID-19 contagion??-3.

Vitamin D levels were not recorded during the
acute stage in the recruited cases. It appears from
both epidemiological data, biochemical, and im-
munological evidence that vitamin D could be an
important illness-modifying agent in COVID-19.
The effects of vitamin D on native immunity are
likely to be valuable, but the overall suppression
of adaptive immunity may interfere with the
body’s defense against the invading virus®*. Hy-
povitaminosis D is associated with a poor prog-
nosis for cases with COVID-19%. Plenty of clini-
cal proof derived from some studies**=* advocate
that vitamin D deficiency increases the hazard for
severe illness or even decease among COVID-19
cases. Consequently, vitamin D supplementation
has been shown to improve clinical outcomes in
COVID-19 cases*-*. Vitamin D supplementation
should have beneficial effects by reduction of the
hyper-inflammatory response that is dependent
on macrophage cells in the lungs of COVID-19
cases®. Furthermore, vitamin D supplementation
might be allied with improved clinical outcomes,
particularly when administered after the diagno-
sis of COVID-19*.

As regards the association of lower serum vi-
tamin D levels during post-COVID-19 with acute
and post-COVID-19 symptoms, there was no
statistically considerable variation in either acute
or post-COVID-19 symptoms between the three
studied groups (normal, insufficient and deficient
Vitamin D).

Vitamin D deficiency seems allied with in-
creased COVID-19 infection severity and fatali-
ty*. In a recent meta-analysis*® of over 800 cases,
patients with serum 25(OH)D levels <30 ng/ml
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were one and half times more likely to test posi-
tive for COVID-19 compared to cases with favor-
able vitamin D levels. COVID-19 is more estab-
lished among Afro-American individuals*, and
studies*® have demonstrated that the COVID-19
contagion rate and fatality have been established
to be elevated in areas with higher vitamin-D-de-
ficient populations (Italy vs. Nordic countries). A
study” showed a considerably lowered vitamin
D level in COVID-19 positive cases in compari-
son to negative cases. Similarly, over the age of
sixty-five years, there is a clear relationship of
vitamin D deficiency with COVID-19 cases lead-
ing to worse clinical outcome®. One study® has
suggested that Black individuals in England are
more vulnerable to COVID-19, presumably due
to their darker skin preventing the production of
vitamin D with the help of sunshine.

However, the argument of this relationship
has not been elucidated and some research has
shown no relation between vitamin D deficit and
COVID-19 contagion rate, hospitalization or even
fatality, although some research suggests an as-
sociation between lower levels of Vitamin D and
fatality rates in certain countries’'.

Although the available evidence up till now,
from principally several studies, may be viewed
as presenting a trend for a relationship between
lowered serum vitamin D levels and COVID-19
linked health consequences, this link was not
established to be statistically considerable. Sup-
plementation of Calcifediol may have a defensive
effect on COVID-19 connected ICU admittance
rate®.

The current study has several limitations. First
is a small sample size. Second, data about vita-
min D level in the acute stage was not recorded.
It would be helpful to know whether vitamin D
deficiency was present before COVID-19 cases
or occurred de novo after infection and worsened
later on; third, the need to follow the effect of
supplementation on the functional status of in-
cluded patients.

Conclusions

Vitamin D deficiency is very common among
post-COVID-19 cases; however, whether this rela-
tionship is causal or simply an association remains
unclear from previous studies No association
between vitamin D deficit and post-COVID-19
symptoms was established and it seems that post-
COVID-19 syndrome pathophysiology is more

complex than previously supposed. More studies
are required to further examine its role and to
elucidate the effect of vitamin D supplementation
in the improvement of this clinical status.
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