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From the Editors

SARS-CoV-2 disease, which emerged in
Wuhan, China in December 2019 and was declared a
pandemic in March due to its fast-spreading nature, has
had serious consequences in almost every field besides
health all over the world. After the first case was detected
in Turkey on March 11, 2020, the case curve started to
decrease at the end of May, but with the autumn, it
started to rise again, particularly in the metropolises.
Although almost a year has passed since the emergence
of the pandemic, no reliable data have yet been available
to show when it will end or how its impact will be
reduced by vaccination or similar practices.

The SARS-CoV-2 pandemic, which will take its
place on a new page in the history of medicine and
humanity, revealed the need to question themselves for
societies and systems, and develop new perspectives on
several issues. Instead of the traditional practices, new
approaches and alternatives have begun to be developed
in all areas from health to education, and from economics
to social life. Therefore, not only the need to think,
discuss, and develop ideas on the ways how to fight with
the pandemic, but also to put forth policy
recommendations for the post-pandemic period in the
fields of health sciences, social sciences, and engineering
sciences has made the scientific events essential to
discuss and evaluate these issues.

In order to share the latest improvements on the
pandemic, which has shown its effects in areas such as
health, social psychology, economics, international
relations, and politics on a global scale, FOR THE
FIRST TIME IN THE WORLD, the Online
International COVID-19 Conference (CONCOVID,
www.concovid.org) was organized with the participation
of 10 universities, including Diizce University as one of
the chief organizers, various NGOs, and public
institutions. CONCOVID was broadcast live on 12-14
June 2020 on three channels and simultaneously on the
YouTube channel. The CONCOVID Conference started
with the reading of the letter of our esteemed President
Recep Tayyip ERDOGAN in which he conveyed his
appreciation and continued with the speech of Mr.
Suayip BIRINCI, Deputy Minister of Health, about the
course of the pandemic and the policies implemented in
Turkey to fight with it. The conference then continued
with the paper presentations, panel discussions and
keynote presentations both from Turkey and all over the
world. In their presentations, the participants from
different fields of science discussed the current
developments on the COVID-19 and suggested
alternative policy recommendations to combat with the
pandemic.

Editorlerden

Aralik 2019°da Cin’in Wuhan kentinde ortaya ¢ikan
ve hizli yayilim 6zelligi nedeni ile Mart ayinda pandemi
olarak kabul edilen SARS-CoV-2 hastaligi, tim diinyada
saglik disinda da hemen her alanda ciddi sonuglar
dogurmustur. Ulkemizde ilk vakanm 11 Mart 2020 tarihinde
tespit edilmesinin ardindan Mayis sonunda vaka egrisi
diisiise gegmis, ancak sonbaharin gelmesi ile birlikte, basta
biliyilk kentlerde olmak {izere yeniden artisa gectigi
gbzlenmigtir. Pandeminin ortaya c¢ikmasinin iizerinden
neredeyse bir yil gecmis olmasia karsin heniiz ne zaman
sonlanacagi, ya da as1 ve benzeri uygulamalarla etkisinin
nasil azaltilabilecegi hususunda saglam veriler olusmamustir.

T1p ve insanlik tarihinde farkli bir sayfa olarak yer
alacak olan SARS-CoV-2 pandemisi, insanligin ve
sistemlerin birgok konuda kendilerini sorgulamalari ve yeni
bakis agilar1 gelistirmeleri gereksinimini ortaya koymustur.
Sagliktan egitime, ekonomiden sosyal hayata kadar akla
gelebilecek biitiin alanlarda geleneksel uygulamalar bir
kenara birakilarak, yeni yaklasimlar ve alternatifler
gelistirilmeye baglanmigtir. Bu nedenle pandemi ile
miicadele konusunda saglik bilimleri basta olmak tizere, tiim
sosyal bilimler ve miihendislik bilimlerini ilgilendiren
alanlarda, pandemi ile miicadele ve pandemi sonrasina
yonelik politika Onerileri lizerinde disiinmek, tartismak ve
fikir gelistirmek ihtiyaci, bu konularmn tartisilacagi ve
degerlendirilecegi toplantilari elzem hale getirmistir.

Siirecin bagladigi ilk giinlerden itibaren kiiresel
Olgekte saglik, toplumsal psikoloji, ekonomi, uluslararasi
iligskiler ve siyaset gibi birbirinden ¢ok ayrik gibi goriinen
alanlarda etkilerini gdsteren pandemi konusunda en yeni
bilimsel bilgilerin paylasimini, pandemi siirecinin tiim bilim
dallarinda kiiresel Olcekte seyrinin en dogru sekilde
tamimlanmasint  ve  takibini  gergeklestirmek  iizere
DUNYADA ILK DEFA Diizce Universitesi’nin bas
diizenleyicileri arasinda oldugu 10 {iniversitemizin, ¢esitli
STK’larin ve kamu kurumlarimizin katki ve katilimlart ile
Online International COVID-19 Conference
(CONCOVID, www.concovid.org) organize edilmistir.
CONCOVID, 12-14 Haziran 2020 tarihleri arasinda canli
olarak {i¢ kanaldan ve es zamanli olarak Youtube kanalindan
yaymlanmistir. Saym Cumhurbaskanimiz Recep Tayyip
ERDOGAN’mn takdirlerini  ve tebriklerini ilettigi
mektubunun okunmasiyla baglayan CONCOVID kongresi,
Sayin Saglik Bakan Yardimcimiz Dr. Suayip BIRINCI
Beyefendi’nin pandeminin iilkemizdeki seyri ve uygulanan
saglik politikalar ile ilgili agiklamalari ile devam etmistir.
Kongre, Tiirkiye’den ve diinyanin farkl {ilkelerinden bilim
insanlarinin  pandemi konusunda giincel gelismeler ve
hastalikla miicadeleye yonelik alternatif politika Onerileri
cercevesinde hazirladiklar1 bilimsel teblig, panel ve
konusmalar1 ile devam etmistir.
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Diizce Medical Journal, one of the scientific
partners of the CONCOVID Conference and the most
reputable scientific journals in the field of medicine in
Turkey, has made a very valuable contribution to
CONCOVID by publishing the “CONCOVID Special
Issue”. A great significant contribution by Diizce
Medical Journal has been made to the literature with the
publication of the high-quality papers selected among the
valuable papers presented at the conference after the
peer-reviewing process. As a result of the blind
reviewing, 15 quality papers had the opportunity to be
published in the special issue. We hope that the papers
published in the CONCOVID Special Issue of Diizce
Medical Journal will not only contribute to the relevant
field but also shed light on future studies.

The CONCOVID Special Issue has been
brought to the literature with the outstanding support and
efforts of precious academicians. We kindly express our
gratitude to Prof. Dr. Nigar DEMIRCAN CAKAR, the
Rector of Diizce University and the Vice-Rector Prof.
Dr. Mehmet Akif ONCU, for their valuable contributions
in organizing the world’s first online conference on
COVID-19, CONCOVID Conference, and for their
opening speeches. We would also like to express our
special thanks to Prof. Dr. Idris SAHIN, the Vice-Rector
of Diizce University and the Dean of the Faculty of
Medicine of Diizce University, for his contributions to
the publication of this special issue, and Assist. Prof.
Mehmet Ali SUNGUR, the editor-in-chief of the journal
for his extraordinary hard work for the publication of this
work, and to the team of the journal for their valuable
contributions. In addition to all these names, we would
also like to express our sincere thanks to Prof. Dr.
Seyfettin ERDOGAN and Assoc. Prof. Dr. Ayfer
GEDIKLI, the chief organizers of the CONCOVID
Conference, who had never lost their enthusiasm of
academic performance during the pandemic period and
made extraordinary efforts to organize the first
conference on the COVID-19 in the world.

In addition to these precious scientists, we
would like to express our thanks to the authors whose
studies, including research papers and clinical
observations from different fields, were published in the
CONCOVID Special Issue of Diizce Medical Journal,
for their unique contribution to the relevant literature as
well as their efforts in the sharing of knowledge.

We bow respectfully to all those special people
who work on the frontline to combat with the
COVID-19 and who lost their lives during this fight. We
kindly dedicate this precious special issue to their
cherished memories.

CONCOVID Kongresi’nin bilimsel paydaslarindan
olan ve tlilkemizin tip alaninda en itibarli bilimsel dergileri
arasinda yer alan Diizce Tip Fakiiltesi Dergisi de bu
kiymetli bilimsel calismaya “CONCOVID Ozel Sayist”
cikararak ¢ok degerli katki saglamistir. Kongrede sunulan
kiymetli  tebligler arasinda segili ve kor hakem
degerlendirmesinden gegen Kkaliteli ve Oncli bilimsel
calismalarin Diizce Tip Fakiiltesi Dergisi’nde yayimlanmasi
ile literatire Onemli katki saglanmustir.  Bilimsel
degerlendirmeler neticesinde tip ve sosyal bilimlerin konu
ile ilgili olan caligmalarindan olusan 15 adet bilimsel eser,
0zel sayida yaymlanma imkani bulmustur. Diizce Tip
Fakiiltesi Dergisi CONCOVID Ozel Sayisinda ¢ikan
makalelerin, ilgili alana 6nemli katkilar saglamasi yaninda
gelecek calismalara 11k tutmasini umuyoruz.

CONCOVID Ozel Sayisi ¢ok degerli bilim
insanlarinin  istlin - destek ve ¢abalar1 ile literatiire
kazandirilmistir.  Diinyada ilk olan CONCOVID

Kongresi’nin kusursuz sekilde gercekleserek basta Saymn
Cumhurbaskanimiz ve devlet biiyiiklerimizin iltifatina
mazhar olmasima yonelik kiymetli katkilarindan ve agilis
konusmalarindan dolayr Diizce Universitesi Rektorii
Prof. Dr. Nigar DEMIRCAN CAKAR hocamiza ve Rektor
Yardimcist Prof. Dr. Mehmet Akif ONCU hocamiza
stikranlarimizi arz etmek isteriz. Eserin yaymlanmasinda
gosterdigi katkilarindan dolayir Rektor Yardimeisi ve Diizce
Universitesi Tip Fakiiltesi Dekan1 Prof. Dr. Idris SAHIN
hocamiza, eserin yaymlanmasinda olaganiistii cabalarindan
dolay1 dergi bas editorii Dr. Ogr. Uyesi Mehmet Ali SUNGUR
hocamiza ve eserin yayinlanma siirecinde emegi gecen ve
adin1 sayamadigimiz tim dergi ekibine tesekkiirlerimizi
sunuyoruz. Tim bu degerli isimler yaninda, pandemi
karantinast nedeniyle tim diinyanin evine kapandigi
doénemde, bilimsel ¢alisma sevkini asla kaybetmeyen ve
insanlig1 tehdit eden bu viriis ile bas etme konusunda diinyada
ilk kongrenin tilkemizde gerceklestirilmesi i¢in olaganiistii
emek sarf eden CONCOVID Kongresi Diizenleme
Kurulu’ndan Prof. Dr. Seyfettin ERDOGAN ve Dog. Dr.
Ayfer GEDIKLI hocalarimiza tesekkiirlerimizi borg biliriz.

Bu degerli bilim insanlari yaninda, Diizce Tip
Fakiiltesi Dergisi CONCOVID Ozel Sayisi’nda yayinlanan
farkli alanlardan arastirma makalesi, klinik gozlem ve
aragtirmalardan olugan kiymetli eserlerin yazarlarina, ilgili
literatiire yaptiklart essiz katkilarinin yaninda, bilginin
tretilmesi ve paylasilmast yolundaki tiim c¢abalari ve
emeklerinden dolayi siikranlarimizi sunuyoruz.

Ulkemizde COVID-19 salgim ile miicadelede 6n
cephede yer alan 6zel insanlar ve bu miicadele sirasinda
hayatin1 kaybeden degerli meslektaglarimiz oniinde saygiyla
egiliyor ve bu kiymetli eseri onlarin aziz hatiralarina
saygilarimizla ithaf ediyoruz.

Taskin DUMAN, MD
Dilcan KOTAN, MD
Ayla ERDOGAN, MD
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ABSTRACT

The coronavirus invades the nervous system with the spread we call neuroinvasion, and
"cytokine storm" becomes an important factor affecting the course of the disease. Serious
damage occurs in the brain and other organs as a result of cytokine storm. Evidence is
accumulating that the coronavirus, which infects millions of people all over the world, affects
both the central and peripheral nervous system and muscles as well as the respiratory tract.
Increasing evidence has revealed neurological involvement in 36-54% of the patients, which
corresponds to almost one in every 2 or 3 patients. In severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) patients, we frequently encounter neurological symptoms such
as smell and taste disturbances, fatigue and muscle pain, headache, nausea, vomiting, impaired
consciousness, numbness in hands and feet. To a lesser extent, we encounter neurological
handicaps such as dizziness, inflammation of the meninges, loss of myelin in nerve tissue,
muscle inflammation, and severe rhabdomyolysis. Some of the nervous system diseases
accompanying SARS-CoV-2 disease recover with complete or partial sequelae. Observation
of permanent dysfunction in patients with neurological findings draws attention to the
importance of a detailed neurological evaluation in the examination of these cases.
Keywords: SARS-CoV-2; neurological involvement; dysfunction.

(074

Koronaviriisii, ndroinvazyon admi verdigimiz yayilimla sinir sistemini tutmakta, ‘sitokin
firtinas1” hastaligin gidisatin1 etkileyen onemli bir faktér olmaktadir. Sitokin firtinasi
sonucunda beyin ve diger organlarda ciddi hasarlar ortaya ¢ikmaktadir. Tiim diinyada
milyonlarca kisiyi enfekte eden koronaviriisiin solunum yollarinin yani sira hem merkezi hem
de periferik sinirleri ve kas sistemini etkiledigini gosteren kanitlar giin gectikce birikmektedir.
Avrtan kanitlar, hastalarin %36-54’tinde yani neredeyse her 2 veya 3 hastanin birinde ndrolojik
tutulumu ortaya koymustur. Siddetli akut solunum yolu sendromu koronaviriisii 2 (Severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2) hastalarinda koku ve tat bozukluklari,
yorgunluk ve kas agrisi, bas agrisi, bulanti, kusma, biling bozuklugu, el ve ayaklarda uyusma
gibi norolojik belirtilerle sik¢a karsilasiyoruz. Daha az olarak ise bas donmesi, beyin zari
iltihaplar1, sinir dokusunda miyelin kaybi, kas iltihabi, agir kas yikimi gibi nérolojik
handikaplara rastliyoruz. SARS-CoV-2 hastaligina eslik eden sinir sistemi hastaliklarmin bir
kismi tam ya da kismi sekel ile iyilesmektedir. Norolojik bulgu gosteren hastalarda kalici
fonksiyon kaybinin goézlenmesi, bu olgularin degerlendirilmesinde ayrintili ndrolojik
degerlendirmenin 6nemine dikkati cekmektedir.

Anahtar kelimeler: SARS-CoV-2; nérolojik tutulum; fonksiyon kaybi.
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INTRODUCTION

It has been understood with our increasing knowledge and
experience that severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection is not limited only
to the respiratory tract and that it could also damage the
nervous system causing neurological diseases and these
damages may sometimes be permanent. Having
information on neurological findings of SARS-CoV-2
disease has a guiding importance in terms of early
diagnosis and treatment of neurological diseases and
public health. In light of scientific research, it could be
stated that neurological findings are observed more on
coronavirus cases. SARS-CoV-2 could enter the nervous
system through retrograde neuronal or hematogenous
pathway. As the severity and course of the disease
increase, the frequency of encountering nervous system-
related findings has increased. Evaluating findings related
to the nervous system in SARS-CoV-2 cases and the early
detection and treatment of involvement are of utmost
importance in terms of containing the constraint and death
caused by the disease (1-3).

CYTOKINE STORM

The coronavirus attaches itself to the nervous system with
a dissemination that we call neuroinvasion while ‘cytokine
storm’ is an important factor affecting the course of the
disease. As a result of the cytokine storm, serious damage
could be observed in brain and other organs (4). In action
mechanisms in the nervous system, direct invasion,
hematogenous and neuronal dissemination, hypoxic and
immune damage have been found responsible (2).

While coronavirus disease 2019 (COVID-19) moves to a
severe stage in some of the infected individuals, most
people recover within an average of 14 days. Although we
cannot fully explain what determines this clinical course
with our current knowledge, there is some evidence
indicating a relationship between disease severity and
proinflammatory cytokine levels. Recovery from COVID-
19 is only possible with the generation of an effective
immune response. In fact, it has even been suggested that
the main cause of the existing tissue damage may be
related to immune dysregulation and increased release of
proinflammatory cytokines during the formation of
protective antibodies against the disease (4,5). This theory
also explains the radiological finding of increased lung
involvement in the recovery phase (6,7).

The limitation of virus spread in COVID-19 is possible
through the production of proinflammatory cytokines and
the immune response that enables the activation of T
cells. When tissue damage caused by the virus affecting
the endothelium results in over-activation of
macrophages and granulocytes, and induces excessive
production of proinflammatory cytokines, a clinical
picture resulting in severe tissue damage termed
"Cytokine Storm" occurs (8-10).

In COVID-19, various cytokines and chemokines play a
role in the course of the disease. I1L-2, IL-6, IL-8, IL-10
and TNF-a plasma levels are significantly higher in cases
with poor clinical prognosis compared to patients with
good clinical prognosis (11). A close relationship has been

found between IL-6 level, which has significant
proinflammatory  characteristics, and  lymphocyte
subgroups in peripheral blood. In laboratory tests,

Neurological Findings on SARS-CoV-2 Infection

lymphocyte levels are normal or decreased in many
patients. With both T and B cell immunity playing a role
in immunity formation against COVID-19, it is thought
that this disease intersects with some autoimmune
neurological diseases such as multiple sclerosis (MS) in
some common pathophysiological mechanisms.
Corticosteroid ~ Administration in  Autoimmune
Neurological Diseases

Corticosteroids are frequently used orally or intravenously
(V) in neurology practice. Corticosteroids are commonly
used in acute phase and maintenance treatment in patients
with MS, myasthenia graves, chronic inflammatory
neuropathy and myopathy. There is no consensus yet on
steroid applications during the pandemic. Determining
whether the person is in the asymptomatic period for
COVID-19 and, if so, reaching a diagnosis to reduce the
risk of the adverse reactions of high-dose corticosteroids
do not seem easy with the current capabilities. For
example, although there is variability between centers in
patients with MS, there are also emerging trends such as
waiting for mild attacks to pass without treatment or
recommending short-term intravenous
methylprednisolone  (IVMP)  without resorting to
neuroimaging.

During the COVID-19 pandemic, both patients and
physicians feel anxiety regarding the increased risk of
contamination during admission to the hospital,
commuting by public transport, frequent use of public
bathrooms, closure of day treatment centers, and
contamination due to the environment during intravenous
treatment. Although it is theoretically possible that
corticosteroid treatments may increase the spread of viral
infection in the early period in case of COVID-19
transmission, limited case reports so far report no such
issue (12,13). If the physician decides to use
corticosteroids according to the severity of the disease, use
of nonsteroidal drugs in the last three weeks should be
questioned. If fever and pulse are required, cardiac beat
monitoring, complete blood count (CBC), liver function
tests (LFT), creatine kinase (CK), C-reactive protein
(CRP), ferritin, D-Dimer, lactate dehydrogenase (LDH),
and fibrinogen values should be checked (14,15). During
this process, 1V treatments may be planned for shorter
periods, preferably for an average of 5-7 days (12).

Which Neurological Diseases and Findings did the
COVID-19 Pandemic Affect?

Evidence demonstrating that the SARS-CoV-2 virus,
infecting millions of people all over the world and
affecting both central and peripheral nervous system and
muscles in addition to the respiratory tract has been on the
increase. We could categorize neurological findings that
we see on SARS-CoV-2 infection as findings related to
central and peripheral nervous system and musculoskeletal
findings. It is sometimes possible to encounter some of
these findings in a single patient at the same time.
Increasing evidence has demonstrated neurological
involvement in 36% of patients, which corresponds to
almost one-third of all patients. Among common
neurological symptoms of SARS-CoV-2 infection are
smell and taste disorders, lethargy and myalgia, headache,
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nausea, vomiting, impaired consciousness, and numbness
in hand and feet. Less common neurological cases are
vertigo, encephalitis, central and peripheral demyelination,
myositis, and rhabdomyolysis (2,3,16).

One of the most common symptoms of SARS-CoV-2
infection is sudden loss of smell and taste. In coronavirus
patients with loss of smell and taste, one in every four
cases is asymptomatic, one in every four cases is at the
early stage, and one in every four cases has severe
findings. The disease could even progress without any
other symptoms but loss of smell and taste. Since early
diagnosis is important for this disease, having information
on early signs such as loss of smell and/or taste could be
greatly beneficial for diagnosis and patient isolation. The
sudden loss of smell and taste, observed at the earliest
stage of SARS-CoV-2 infection, is caused by the virus
entering nose and reaching the olfactory neuron
neighboring the cribriform plate. Although the disease is
treated, the loss of smell could last for weeks in some cases
(17-20).

Headache could sometimes be the alarm symptom in the
SARS-CoV-2 disease. Unprecedented severe headaches
could be guiding for SARS-CoV-2 diagnosis during the
pandemic. We predict that the virus, through the unipolar
receptors perceiving smell in the nose or a direct effect on
the trigeminal nerve, enters the brain and could cause
headache. Our literature information corresponds to 12-
19%, which means that almost one in every five patients
has headache as the primary sign or an accompanying sign
(21,22).

Scientific data and patient observations suggesting
lethargy, myalgia, and increasing serum CK are
increasing. This could be explained by the damage of high
cytokines on skeletal muscles. Neurological symptoms
accompanying SARS-CoV-2 infection such as myositis,
critical  illness  neuropathy  and/or  myopathy,
rhabdomyolysis, and inflammatory neuropathy such as
Guillain-Barre syndrome have been treated with partial or
total sequelae while they may cause permanent
dysfunction in some cases (23,24).

In order to prevent deaths related to the virus in our
country, meticulous and assiduous studies are conducted.
We observe that cerebrovascular diseases are a common
mortality cause in all age groups, especially more in
chronic patients, in the SARS-CoV-2 disease.
Complications such as thrombosis and stroke determine
the progression of infection and one of the most important
indicators is thought to be D-dimer levels. Compared to
deaths related to ischemic stroke and stroke, which have
been more common in China and Europe, we strongly
believe that D-dimer follow-up, mentioned in the
guidelines formed by the Ministry of Health in Turkey, as
well as the antiaggregant administration have remarkably
contributed to the current good state and the low levels of
mortality rate in our country (25,26).

When Exactly is the COVID-19 Pandemia
Normalization Happening?

One of the two most important factors determining
normalization in a pandemic is natural immunity, in other
words, recovering from the infection, and the other is
vaccination. COVID-19 IgG positivity is an indicator that
a person is immune to the disease, but it is not yet clear
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with the available data whether it will be sufficient to
return to normal social life. The quality of the antibodies
produced after the disease seems to be more important than
antibody positivity.

SARS-CoV-2 Immunity and Vaccines

When COVID-19 vaccines become available, it is thought
that the effect will probably be low, especially in those
receiving immunosuppressive therapy, and it will be even
less effective in individuals with suppressed B cells. If the
vaccine becomes available in daily practice, lymphocyte
subgroups and immunoglobulins can be checked to give an
idea before vaccination in autoimmune neurological
diseases.

It is obvious that when the vaccine is developed,
vaccination before initiating treatment in individuals with
suspected risk of autoimmune disease and determining that
vaccine produces sufficient antibody titer will be included
in treatment algorithms  for  people receiving
immunosuppressive therapy. For example, inactivated
vaccines are considered safe for people with MS. It is
generally accepted that vaccines administered during
treatment  with  interferons, glatiramer  acetate,
dimethylfumarate, teriflunomide and natalizumab
maintain their efficacy to a large extent and vaccines
administered during treatment with fingolimod maintain
their efficacy partially (27-29).

Live vaccines such as measles, polio, smallpox,
chickenpox, and BCG should be avoided in patients
receiving immunosuppressive therapy and taking
corticosteroids for a long time. Tetanus vaccine is
recommended during pregnancy and when necessary, even
during an attack period. Necessary vaccines are
recommended to be completed especially in the period
before immunosuppressive treatments are initiated
(28,29).

If the COVID-19 vaccine enters daily clinical practice, it
seems that when and under what conditions we will
vaccinate our patients, and in particular how effective the
vaccine is in patients receiving immunosuppressive
treatment and whether there is an increase in the frequency
of attacks after vaccination will form the outline of our
discussions in the near future (30).

CONCLUSION

It has been understood with our increasing knowledge and
experience that SARS-CoV-2 infection is not limited only
to the respiratory tract and that it could also damage the
nervous system causing neurological diseases and these
damages may sometimes be permanent. Having
information on neurological findings of SARS-CoV-2
disease has a guiding importance in terms of the early
diagnosis and treatment of neurological diseases and
public health. Neurological findings and follow-up
approaches in this article reflect the current status. We
believe that these should be reviewed once ample
evidence-based information is accumulated.
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COVID-19 Tanisinda Laboratuvar Testleri

ABSTRACT

The gold standard for routine microbiological diagnosis of coronavirus disease 2019
(COVID-19) is quantitation of viral RNA in respiratory specimens by reverse-transcription
polymerase chain reaction (RT-PCR). Detecting severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) specific IgM and 1gG antibodies in patient sera are additional
diagnostic tests. It has been known that virus release begins a few days before clinical signs
appear, and therefore, beginning from 2-3 days before the manifestation of clinical symptoms,
virus RNA can be detected in the respiratory tract during the symptomatic period of the disease.
Since the viral load is higher in lower respiratory tract samples such as bronchoalveolar lavage
and tracheal aspirate, PCR positivity rate might be found higher compared to nasopharyngeal
samples. Confirmatory PCR tests require specific equipment and trained personnel, and they
are also time-consuming and costly. Antibody assays are simple, faster tests, do not require
much equipment and applicable in any laboratory. They can even be performed with 2-3 drops
of blood collected from the finger tip of patients using relatively inexpensive chromatographic-
rapid tests. These tests can be used in the later period of the disease since specific antibodies
appear on the 7-10™ day of clinical signs in patients with COVID-19. Rapid antibody card tests

Bakirkoy Dr. Sadi Konuk Training and have an average specificity and sensitivity, while antibody tests using microELISA have higher
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Koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19) igin rutin mikrobiyolojik
tanida altin standart, solunum yolu oOrneklerinde viral RNA’nin ger¢ek zamanli revers-
transkriptaz polimeraz zincir reaksiyonu (RT-PCR) ile gosterilmesidir. Hasta serumunda
siddetli akut solunum yolu sendromu koronaviriisii 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2)’ye spesifik olan IgG ve IgM antikorlarin gosterilmesi de ek
tanisal testlerdir. Viridis atilimimim klinik bulgulardan birkag giin 6ncesinden basladigi ve bu
yiizden semptomlarin baglamasindan 2-3 giin dncesinden itibaren klinik dénem boyunca virus
RNA’sinin solunum yollarinda tespit edilebilecegi bilinmektedir. Bronkoalveolar lavaj ve
trakeal aspirat gibi alt solunum yolu o6rneklerinde viral yiik daha fazla oldugundan PCR
pozitiflik oran1 nazofaringeal rneklere kiyasla daha yiiksektir. Zaman alic1 ve pahali olan
dogrulayic1 PCR testleri, 6zel ekipman ve deneyimli personel gerektirir. Antikor testleri ise
basit, hizli sonug verebilen, ciddi ekipman gerektirmeyen ve hemen her laboratuvarda
yapilabilen testlerdir. Nispeten ucuz olan kramotografik hizli kart testlerle parmak ucundan
alinan 2-3 damla kanla, hasta basinda bile yapilabilir. COVID-19 gegciren kisilerde hastaligin
7-10. giiniinden itibaren olusan antikorlar sebebiyle, bu testler daha ge¢ bir zamanda
kullanilabilir. Hizli antikor kart testleri ortalama bir &zgiillik ve duyarliliga sahipken,
mikroELISA ile ¢alisilan antikor testlerinin duyarlilik ve spesivitesi ise daha yiiksektir.
Anahtar kelimeler: COVID-19; PCR; antikor; seroloji.
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INTRODUCTION

The emerging coronavirus disease 2019 (COVID-19) is
caused by a novel coronavirus which is in the same group
of severe acute respiratory syndrome coronavirus
(SARS-CoV) of 2003; therefore, it was named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
COVID-19 led to a serious global pandemic affecting the
whole world. The clinical spectrum of the disease ranges
between asymptomatic infection and multiorgan failure. In
fact, the essential clinical picture involves pneumonia and
acute respiratory distress syndrome (ARDS) that develop
in the lung tissue and thromboembolic events that emerge
in the organs such as heart and brain. The gold standard of
routine microbiological diagnosis for COVID-19 is the
identification of viral RNA by real time reverse
transcriptase polymerase chain reaction (RT-PCR) assay
in the appropriate clinical samples obtained primarily from
the respiratory tract. Besides the identification of the
antigen in the clinical samples, the detection of the 19G and
IgM type specific antibodies against SARS-CoV-2 is also
critical for diagnosis.

In the present review, it was aimed to analyze the available
laboratory tests and diagnostic stages that should be
followed in the process of global COVID-19 pandemic
affecting the whole world.

GENERAL INFORMATION

SARS-CoV-2 is a member of the Coronavirus family from
the zoonotic RNA viruses. Coronaviruses (CoV),
enveloped RNA viruses, have relatively large genomic
structures with a single-strand, positive polarity, and a
length of 27-32 kb. Infectious genomic RNA and N
phosphoprotein constitute helical nucleocapsid. The
lipoprotein envelope surrounding the virus consists of
transmembrane matrix (M) glycoprotein and envelope (E)
protein. Two types of spike-shaped protrusions are present
on the CoV virion. The long (20 nm) and short protrusions
comprise spike (S) and hemagglutinin-esterase (HE)
glycoproteins, respectively (1,2). Because of the crown-like
appearance of these protrusions, these viruses have been
named coronaviruses, meaning ‘“crowned virus” and
originating from the word “corona” which means “crown”
in Latin. The SARS-CoV-2 genome contains at least six
open reading frames (ORF). Two-third of its genome is
composed of ORFs encoding non-structural proteins, while
ORFs in the remaining one-third of the genome encode at
least four (S, M, E, and N) structural proteins (3, Figure 1).
The first described human pathogenic coronaviruses (CoVs)
were HCoV-229E and HCoV-C43, identified in the mid-
1960s. CoVs have four main genera -alpha, beta, gamma,
and delta- that are further divided into subgenera. CoVs can
cause diseases in mammals (bats, cats, dogs, and pigs, and
various poultries as well as humans). SARS-CoV was
identified in 2003, leading to a global pandemic, and has
been shown to be 88% genetically identical with SARS-
CoV-2, the agent responsible for the ongoing 2019 pandemic
(4,5). SARS-CoV-2 is also a typical CoV and belongs to the
betacoronavirus 2b family, like SARS-CoV and Middle East
respiratory syndrome coronaviruses (MERS-CoV).

Human CoVs can cause a wide range of diseases, varying
from a simple cold to serious respiratory and multiorgan
failures as in SARS, MERS, and COVID-19. The mortality
rate of COVID-19 has been reported to be between
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0.1% and 21% (mean 3.5%), which is lower than the rates
for SARS-CoV (9.6%) and MERS-CoV (34.4%) (6-8).
COVID-19 was first identified in pneumonia cases with
unknown etiology in Wuhan City, China in December
2019, and subsequently shown to be caused by a novel
virus. Being highly contagious, by September 2020,
SARS-CoV-2 had caused 25 million cases of COVID-19.

MICROBIOLOGICAL DIAGNOSIS OF COVID-19
The incubation period of COVID-19 is 2-14 days (average,
5.2 days), and virus excretion is considered to begin a few
days before the manifestation of clinical symptoms. Viral
RNA can be detected in the respiratory tracts as long as the
symptoms continue, beginning from 2-3 days before the
emergence of the clinical symptoms. Since samples
obtained from the lower respiratory tract, such as
bronchoalveolar lavage and tracheal aspirate, have a
higher viral load, a higher PCR positivity rate might be
detected in those samples than nasopharyngeal samples.
PCR positivity rates in the samples from the lower
respiratory tract such as lavage and aspirate were 93% and
69%, respectively (9,10).

It has been demonstrated that the virus is replicated in the
gastrointestinal system, and that alive virus is excreted in
the stool. Nevertheless, transmission via the fecal-oral route
remains unclear (11). PCR assays used for confirmation of
the diagnosis have several disadvantages, such as the need
for appropriate equipment and experienced personnel, its
time-consuming nature (5-6 h even for the fastest
laboratories) and high testing costs (10).

The detection of the IgG and IgM type-specific antibodies
that form against SARS-CoV-2 in the blood serum of the
patient is also critical in diagnosis as well as in the
identification of SARS-CoV-2-specific antigens in the
clinical samples (12,13, Figure 2). The tests based on the
detection of the antigens in the clinical samples are not
recommended since they have low specificity and
sensitivity levels. However, antibody testing is useful in
cases that cannot be confirmed by PCR despite the
presence of clinical symptoms. The guiding impact of
antibody testing is incontrovertible in surveillance studies
due to contact isolation, rapid detection and early treatment
of infected subjects and prevention of disease progression
towards advanced stages. These tests also have an
important supportive effect in early and accurate diagnosis
of COVID-19, while treatment modalities are controversial
and given the lack of vaccination. The transmission of the
virus to the sensitive subject groups can be prevented by
early diagnosis in asymptomatic or mild cases. Antibody
testing is an easily applicable and rapid test that can be
performed in almost all laboratories without the
requirement of advanced equipment, even at the bedside
for rapid tests by collecting 2-3 drops of finger-prick blood
samples. The only disadvantage of these tests is their
applicability after later periods in the subjects who had
COVID-19 since the antibodies emerge after the seventh
to tenth day of the disease.

IgG and IgM type-specific antibodies that emerge in the
serum of the patient can be detected by high sensitivity and
specificity using the devices found in a typical
microbiology laboratory or manually from human blood
serum using the microELISA method for the detection of
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antibodies. On the other hand, the qualitative rapid
card-based tests commonly used during the pandemic
period for chromatographic detection of antibodies have
an average specificity and sensitivity comparable with
PCR and microELISA tests (12). The easily applicable
antibody card-based tests without the requirement of
experience and equipment also have other advantages such
as rapid results and low-cost.

Although SARS-CoV-2 causes temporary viremia in the
blood, there is no evidence of viral transmission via
transfusion of blood products (9).

As a consequence, the essential samples that can be used
for the diagnosis of COVID-19 are the specimens from the
respiratory tracts and patient sera. Besides this, the
following should be kept in mind as critical facts: the
samples obtained from the lower respiratory tracts likely
contain a higher level of viral load compared with the
upper respiratory tracts; viral detection rate can be elevated
in the samples obtained from the upper respiratory tract by
concurrent nasopharyngeal and oro-pharyngeal swab
sampling and transferring to an identical viral transport
media, if possible; and performing nasopharyngeal
sampling very deeply (inducing lacrimation and gagging)
is ideal. Polyester or Dacron swabs should be used to avoid
an adverse impact on PCR reaction, and those antibody
tests might be significant and helpful only after the tenth
day of the clinical process in the patients with COVID-19.

A MERS-CoV genome
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PCR Tests

The gold standard of routine microbiological diagnosis for
COVID-19 is the identification of SARS-CoV-2 RNA by
PCR (RT-PCR) in respiratory tract samples. RNA extraction
from the appropriate clinical samples and PCR procedures
should be carried out in molecular microbiology laboratories
that have experience and adequate technical infrastructure in
this field. Biosafety level 2 (BSL 2) precautions should be
followed, beginning with the acceptance of the samples by
the laboratory, and it should be assured that authorized
laboratory staff trained in this field must work in BSL 2
cabinet using personal protective equipment.

Viral RNA might be detected in the respiratory tracts by
PCR as long as the symptoms continue, beginning from 2-
3 days before the emergence of the clinical symptoms.
Since the samples obtained from the lower respiratory tract
(bronchoalveolar lavage, tracheal aspirate, and sputum)
have a higher viral load, the PCR positivity rate of those
samples is higher than that of nasopharyngeal samples
(10). Viral clearance can be achieved in the first ten days,
whereas this period can prolong to six weeks in serious
cases. Even though pharyngeal samples become negative,
viral excretion in sputum or stool might last longer. Viral
RNA can be identified in 30-60% of the COVID-19
patients by PCR tests (14).

The virus detection rate of PCR tests varies with various
factors such as the releasing time of SARS-CoV-2 from the
respiratory tract, sampling techniques, storage or transfer
conditions during pre-analytical processes, or PCR experience
of the working laboratory (Table 1). Therefore, PCR tests
should be repeated within 24-48 h in COVID-19 suspected
patients. Even if the RT-PCR tests used today are tests
validated for the respiratory tract, various studies have shown
that SARS-CoV-2 RNA can be isolated in cerebrospinal fluid
and tear samples. In contrast, SARS-CoV-2 RNA is not
detected in breast milk, amniotic fluid, and genital samples
(15,16). It has been reported that in COVID-19 cases the virus
load (which is normally only high in the early period) is high
in all periods and prolonged especially in the elderly and those
with severe diseases. High and prolonged viral load is known
as an important prognostic factor for COVID-19 (17,18).

The target gene regions used in RT-PCR tests are on the
RdRp, E, N, and S genes, and it is known that the best
results are obtained with the E and RdRp genes (9,19).
Nucleic acid sequence analysis can also be used when
necessary. The local PCR kit (that was produced in Turkey
and distributed free of charge to authorized COVID-19
diagnostic laboratories by the Turkish Ministry of Health)
also targets the RdRp and N gene region and has a
sensitivity of 99.4% and a specificity of 99% (9).

Table 1. Factors contributing to the false-negative PCR (18)

e Poor quality sample with very little patient material

e Asampling at a very early or late period of COVID-19
infection

e A sample not properly processed and/or sent to the
laboratory under unsuitable conditions

e Taking samples with cotton-tipped or wooden-shaft swabs

e Technical reasons inherent in the test such as PCR

inhibition or virus mutation

Wavy scattering of the SARS-CoV-2 virus into the

respiratory tract in symptomatic and asymptomatic cases
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Antibody Tests

The long time needed to get PCR test results, high cost,
and requirement of experienced medical staff for
implementation and interpretation have driven efforts to
identify easier and more rapidly applicable tests for
diagnosis of SARS-CoV-2. Despite the rapidly increased
number of serological tests worldwide to detect SARS-
CoV-2 antibodies thanks to supporting the attitude of the
FDA on the regulation of the serological diagnostic tests at
the beginning of the pandemic, these tests were used only
in limited sampling groups (20,21).

Even though different results that have been obtained in
the various tests used to assess the presence of the
antibodies clear the usage field of serology, no consensus
on this issue could be established because of the
contradictory results (22). Infectious Diseases Society of
America (IDSA) has recommended the use of serological
studies in the selection of plasma donors, vaccination
evaluation, and epidemiological studies in the patients
with clinical symptoms despite negative results for SARS-
CoV-2 RNA (23).

At the beginning of the pandemic, both IDSA and the
World Health Organization (WHO) suggested that the
presence of positive antibodies should be interpreted in
favor of immunization; nevertheless, no study has yet
determined whether immunization can be achieved in
humans. The WHO is still examining the evidence on the
antibody responses against the SARS-CoV-2 infection
(24).

Since immune plasma obtained from the subjects who had
recovered from COVID-19 contributed to recovery, the
antibodies formed in these procedures were thought to be
protective against SARS-CoV-2 (25-27). However,
uncertainties remain because the specificity and titration of
the epitope have not been determined. Of the 12
commercially available and approved antibody Kkits, only
five could assess 1gG solely, and three could assess both
IgG and IgM. Subsequent studies have reported conflicting
findings on titrations (28,29). An important antigenic
similarity is present between SARS-CoV-2 and other
seasonal coronaviruses, and this point indicates the
importance of antigen selection for serological tests for
high specificity. Even the sensitivity levels of those
serological tests based on the antibodies that are formed
against the N or S proteins of the virus and approved by
the reference centers such as FDA and EUA were low.
This is because cross-reactions with other coronaviruses
could not be prevented (20,30).

Although serological tests intended for use against a
rapidly spreading pandemic should have a high positive
predictive value and high specificity, the antibody tests
used for SARS-CoV-2 do not meet these requirements
(20,31). Another study that evaluated the adequacy of
serological tests reported that the four most well-known
antibody tests with adequate specificity and sensitivity
became positive on the tenth day of the disease, at the
earliest; therefore, this outcome narrowed the usable
window of serological tests in the diagnosis of COVID-19
(32).

Circumstances that affect the formation of antibodies
should be kept in mind. For example, cancer patients have
significantly lower seroconversion rates than healthcare
professionals (33).

Laboratory Tests in the Diagnosis of COVID-19

As a consequence, because of inadequate quality and low
sensitivity levels, serological diagnostic kits used to assess
SARS-CoV-2 IgM and 1gG should not yet be used for
general screening of the SARS-CoV-2 pandemic (34).

CONCLUSION

The gold standard for routine microbiological diagnosis of
COVID-19 is quantitation of viral RNA in respiratory
specimens by PCR. Detection of specific IgM and 19G
antibodies for SARS-CoV-2 in patients’ sera might be
helpful tests in COVID-19 diagnosis. Virus detection rate
of PCR tests vary on various factors such as the releasing
time of SARS-CoV-2 from the respiratory tract, sampling
techniques, storage or transfer conditions during pre-
analytical processes, or PCR experience of the working
laboratory. Specific IgM and 1gG antibodies for SARS-
CoV-2 in patients’ sera might be useful after the 10" day
of clinical signs. Negativity of PCR tests and antibody tests
cannot exclude COVID-19. Therefore, patients should be
evaluated together with clinical, laboratory and
radiological findings.
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ABSTRACT

Neurorehabilitation originates from the concept of neuroplasticity and it has an important role
-both physical and cognitive- in the restoration of a damaged nervous system. Interruption in
neurorehabilitation negatively affects a patient’s prognosis. Unfortunately, after the World
Health Organization declared coronavirus disease 2019 (COVID-19) a pandemic, there were
some disruptions in neurorehabilitation practices. Therefore, according to the principles of
infection prevention and protection, the issue of developing new neurorehabilitation
management strategies was raised. Providing appropriate physical distancing in shared
rehabilitation areas and strict training of the rehabilitation team with regard to hygiene rules
are important issues in terms of preventing contamination. In new treatment schemes, options
such as discharging patients from hospital at the earliest possible time, home-based treatments
and telerehabilitation have become standard. Online patient-physician consultation can provide
the continuity of neurorehabilitation and reduce anxiety and the feeling of social isolation felt
by many patients and their families. In addition, the pandemic period can be turned into an
opportunity for caregivers to learn physical and cognitive exercises and apply them to their
patients. The current article focuses on the new neurorehabilitation approaches in the
neurological diseases sample which includes stroke, multiple sclerosis, dementia, Parkinson’s
disease and neuromuscular diseases within the context of the COVID-19 pandemic.
Keywords: COVID-19; neurorehabilitation; home-based treatment; telerehabilitation.

(0V7

Nororehabilitasyon noroplastisite kavramindan koken alir ve hasarlanmig sinir sisteminin
restorasyonunda hem fiziksel hem de biligsel agidan Onemli bir role sahiptir.
Nororehabilitasyonda kesinti yasanmasi hastanin prognozunu negatif yonde etkiler. Ne
yazik ki, Diinya Saghk Orgiitii’niin koronaviriis hastaligi 2019 (coronavirus disease 2019,
COVID-19)’u pandemi olarak ilan etmesinden sonra, ndrorehabilitasyon uygulamalarinda
aksamalar olmustur. Bu nedenle, enfeksiyon Onleme ve koruma kurallarina gore yeni
nororehabilitasyon stratejileri gelistirme konusu giindeme gelmistir. Ortak rehabilitasyon
alanlarinda uygun fiziksel mesafenin saglanmasi ve rehabilitasyon ekibinin hijyen kurallari
acisindan siki egitimi, bulagsmayi Onleme acgisindan Onemli konulardir. Yeni tedavi
semalarinda, hastalarin miimkiin olan en kisa zamanda hastaneden taburcu edilmesi, evde
yapilan tedaviler ve telerehabilitasyon gibi segenekler on plana ¢ikmaktadir. Cevrimigi
hasta-uzman goriismesi, nororehabilitasyonun devamliligini saglayacagi gibi hasta ve
yakinlarinin, anksiyetesini ve sosyal izolasyon duygusunu azaltabilir. Ayrica pandemi dénemi,
bakim verenlerin, fiziksel ve bilissel egzersizleri 6grenerek hastalarina uygulamalart agisindan
bir firsata da doniistiiriilebilir. Bu makalede, COVID-19 pandemisi baglaminda; inme, multipl
skleroz, demans, Parkinson hastalig1 ve noromuskiiler hastaliklari igeren noérolojik hastaliklar
ornekleminde, yeni nérorehabilitasyon yaklasimlarina odaklanilmstir.

Anahtar kelimeler: COVID-19; nérorehabilitasyon; evde tedavi; telerehabilitasyon.
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INTRODUCTION

Neurorehabilitation is a branch of neurology that includes
multidisciplinary approaches such as motor skills
improvement, psychosocial support, cognitive
rehabilitation, nutritional and nursing care
recommendations implemented in the wake of nervous
system damage and focused on the patient's well-being (1).
Neurorehabilitation supports recovery by using diverse
treatment methods such as physical therapy (electrical
stimulation, walking splints, manual and robotic exercises,
virtual reality, etc.), cognitive training, language therapy,
informative activities for patients and their relatives and
reorganization of the patient's environment (2).
Neurorehabilitation is based on the concept of providing
neural reorganization by triggering neuroplasticity, and it
aims to enhance the functioning of intact neural circuits.
Neurodegeneration and neuroregeneration run parallel to
each other during both acute and chronic neurological
diseases (3). Therefore, any delay in neurorehabilitation
may negatively affect the prognosis of the diseases.
Unfortunately, the disruptions which occurred in the
neurorehabilitation of neurological disease cases
especially in the coronavirus disease 2019 (COVID-19)
lockdown period and the subsequent “controlled life
period” included strict infection prevention rules (4).
Telerehabilitation and home-based treatment options seem
a promising solution to overcoming the restrictions brought
about by the COVID-19 pandemic (5). This article aims to
review the new neurorehabilitation management strategies
developed during the COVID-19 pandemic through
examining examples of neurological diseases, including
stroke, multiple sclerosis (MS), dementia, Parkinson’s
disease (PD) and neuromuscular diseases (NMDs).

Stroke and Neurorehabilitation

Due to the COVID-19 pandemic, the stroke care
component in medical services has been reported to have
decreased on average by 40%. The reasons for this
situation have been ascribed to the fact that a large part of
hospital bed capacities are now reserved for COVID-19
patients and other patients' fear to attend emergency units
lest they catch the virus (6).

In the case of acute stroke, if the patient’s vital signs are
stable, a speedy hospital discharge and short
neurorehabilitation programs are recommended (7).
Common rehabilitation areas should not be used if
sufficient physical distancing is not possible. Instead,
rehabilitation could take place in the patient’s own room
under suitable isolation conditions. In order to ensure safe
contact (8), physiotherapists must be informed about the
infection control procedures and the use of appropriate
personal protective equipment (PPE).

If the patient’s body temperature is above 38 °C,
rehabilitation should be postponed until the results of the
COVID-19 test have been received. If the COVID-19 test
is positive, the patient should be transferred immediately
from the neurology service to the isolation ward. The
general approach to patients showing no COVID-19 risks
is for the rehabilitation specialist to instruct caregivers in
basic exercises which can be done at home. In addition,
patients should be encouraged to join the telerehabilitation
follow-up programme, if available (9).

Telerehabilitation means using communication programs
with electronic tools (mobile phone, computer) to provide

COVID-19 and Neurorehabilitation

internet-based rehabilitation services. The patient or
caregiver can watch videos to improve motor, language
and cognitive functions. However, telerehabilitation
programs that can facilitate online meetings of physicians
and physiotherapists with their patients at certain specified
times are much more effective (10). In addition, this
doctor-patient meeting using electronic media can reduce
both patient anxiety and the isolation caused by stroke
during the COVID-19 pandemic (5).

Home-based rehabilitation programs may be useful in
stroke cases with mild neurological deficit (11). Therefore,
patients with mild deficit and their caregivers should be
encouraged to continue neurorehabilitation at home. It
should be explained to them that the risk of COVID-19
will increase parallel to any prolonged hospitalization.
Nowadays, the importance of the ‘specialized stroke
centers’ which have been established to provide high-
quality stroke care has been highlighted once again (12).
In these centers, rules of hygiene must be strictly followed,
and stroke cases suspected of being COVID-19 positive
should be isolated immediately.

Multiple Sclerosis and Neurorehabilitation

Continuity of neurorehabilitation is a basic need in MS
cases, especially for those having symptoms such as
spasticity and fatigue (13). In the early lockdown period, in
some countries (14), in patients with MS, it was reported
that neurorehabilitation was fully discontinued and instead
in the following weeks evolved into teleassessment and
telerehabilitation by an individual or group video meeting.
Similar delays in neurorehabilitation were experienced in
our country at the beginning of the COVID-19 pandemic.
Subsequently, however, under the leadership of the Turkish
Neurological Society (TNS), Study Groups for Multiple
Sclerosis, Neurorehabilitation and TNS COVID-19 have
started to share informative images and videos with patients
via social media. In our country, the development of the
electronic  basis required for telemedicine and
telerehabilitation is already sufficient. These treatment and
follow-up options will become widespread after medico-
legal provisions are instituted.

Depression affects approximately 50% of patients with
MS. The social isolation caused by quarantine may have
increased depression. In MS, in combating spasticity, as
well as depression and chronic fatigue, regular exercise is
important. For the duration of the COVID-19 pandemic,
patients should be encouraged to alternately perform
cardiovascular and stretching exercises three times a week
for 30 minutes (or every day, 10 minutes) at home (15). In
addition, patients should be encouraged to learn effective
exercises such as pilates for walking, balance, and posture
from web based platforms.

In order to avoid Uhthoff's syndrome, patients should be
informed about the importance of an adequate fluid intake
and they must stop if there is an excessive increase in body
temperature during exercise (9,13). If the patients’
disability status is high, a daily routine exercise
programme should be maintained by rolling in the bed,
frequent change of position, and the contraction of
abdominal, gluteal and thigh muscles. For deformed joints
and spastic muscles, caregivers should be informed about
the range of motion and passive stretching exercises to be
done twice every day (13).
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Dementia and Neurorehabilitation

Due to the nature of the disease, cases of dementia have
limited access to accurate information about the COVID-
19 pandemic. They may forget mask wearing procedures
or be agitated by them. This can expose them to a higher
risk of infection (16). In our country, a quarantine for
people aged 65 and over was imposed in the first 3 months
of the pandemic and some facilities were provided for
them to access their medications. Later, restrictions were
gradually relaxed and it was announced by the media that
dementia patients should act together with their caregivers.
As a part of this process, it was permitted for the caregivers
of certain dementia patients to intervene by telephone in
the case of patients who had developed neuro-psychiatric
problems. Afterwards, the caregivers were informed about
cognitive and physical exercises that can be done at home,
during routine hospital examinations, and via social media.
In a study that compared the cognitive status of dementia
cases in which a system called TV-AssistDem
(TeleVision-based Assistive Integrated Service to support
European adults living with mild DEMentia or mild
cognitive impairment) was used during the lockdown
period of COVID-19, researchers reported that there was a
better cognitive status in the group using this system (17).
This result indicates that telemedicine methods should be
more widely used in the future.

Mild cases should be encouraged to do stretching, flexion-
extension, sit-to-stand and walking exercises in their
home, at least twice a day under the observation of a
caregiver. In addition, occupational activities such as
knitting, painting, cleaning, and cooking should be
suggested after safe conditions have been provided (18).
Cognitive stimulation therapy (CST) is a well-known
cognitive training method that can be individualized and
can be applied under home conditions. It reduces the rate
of cognitive decline -especially in mild cases. CST
includes certain therapeutic techniques such as reality
orientation (talking about time, place and person) and
reminiscence therapy (talking about past activities and
experiences using prompts such as photographs or objects)
(19). For the duration of the COVID-19 pandemic, we
could inform caregivers about such simple techniques and
suggest that they use them with their patients. In immobile
dementia cases, active assisted or passive flexion-
extension movements and frequent positioning may
prevent contractures, pressure ulcers and pain. To avoid
aspiration pneumonia, caregivers should be taught to feed
the patient while he/she is in an upright position (20).
Unfortunately, at the onset of the COVID-19 pandemic,
there was a large loss of life among dementia patients
staying in nursing homes. This was a wake-up call for the
restructuring of nursing homes (21). Strict supervisory
mechanisms have to be established by the authorities.
Neurorehabilitation should be recommenced only after a
reorganization of personal and common areas according to
the rules of infection prevention has been established.
Parkinson's Disease and Neurorehabilitation

There is extensive scientific evidence to support the belief
that exercise and daily physical activity are important
elements in managing symptoms and potentially
modifying disease progression in patients with PD (22).
Performing walking, balance and posture exercises
provides improvement in their quality of life and enables

COVID-19 and Neurorehabilitation

them to remain mobile for a long time. Home exercises
should be carried out not only during this pandemic period,
they must also be routinely continued lifelong. Doing
exercises together with caregivers will increase the sense
of socialization that is lacking in our patients and also
reduce undesirable consequences such as falling (9).

In a study conducted in the early period of the pandemic it
was shown that patients can be directed to exercise
regularly with positive results obtained by using a
telehealth-based coaching system called 'Engage-PD' for
early-middle stage PD patients. However, in that study,
only 52% of the targeted patients remained in the study.
The authors explained this situation by claiming that some
of the patients might have been limited in their ability both
to access and to adapt to the telehealth system (22). In our
country, this kind of system -which provides access
remotely and allows follow-up and monitoring of exercise-
should be developed immediately for patients with PD.
Neuromuscular Diseases and Neurorehabilitation

Due to their nature, NMDs (neuromuscular junction
diseases, motor neuron diseases, hereditary and acquired
muscle diseases, etc.) can be more severe when affected by
other neurological diseases, especially respiratory
complications caused by COVID-19. Providing and
implementing  remote  neurorehabilitation  training
programmes for these patients is particularly important.
Neurorehabilitation of NMDs includes a wide spectrum of
treatment techniques from physical therapy approaches that
increase joint flexibility, muscle strength and endurance to
methods for coping with aphasia and dysphagia (23). After
COVID-19 was declared a pandemic, neurorehabilitation
for almost all NMDs was suspended for the first two or
three months at the recommendation of the disease and
occupation associations in so many country like ours.
Various websites in our country provide counseling
exercises -and also promote a variety of support systems for
self-rehabilitation.

The French Rare Health Care for Neuromuscular Diseases
Network (FILNEMUS) has reported that patients were
informed through their web sites. By sharing the contact
information of the departments during the lockdown
period (23), they also tried to provide patients with the
opportunity for teleconsultation with experts.

In an Italian study, persons with NMD and healthy controls
were compared regarding the effects of physical inactivity
during the COVID-19 quarantine period. The International
Physical Activity Questionnaire Short-Form (IPAQ-SF)
and Short-Form Health Survey (SF-12) were used as the
evaluating tools in this study. The results of the study
suggested that physical inactivity was positively correlated
with the presence of NMD, impaired gait, male gender and
high body mass index. It was natural that physical
inactivity was found to be associated with the NMD
because it is well-known that the muscles of NMD patients
are more prone to atrophy due to impaired oxygen and
glucose metabolism (24). However, this study has certain
limitations, one of which is its inclusion of a short
quarantine period. Also, interviews with the participants
about the ‘pre’ and ‘during’ quarantine days were done in
the same session in this study. This might be a second
limitation because of certain psychological effects
quarantine has on a person’s memory. Long-term studies
including more data are needed.
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CONCLUSION

In conclusion, discontinuation of neurorehabilitation could
be negatively affecting the prognosis of neurological
diseases in the COVID-19 pandemic. Aside from the
negative effects of the disease itself, social isolation and
fear of death made our patients more depressed. There is a
need for a new system with less physical but more
informational contact between the patient and the doctor.
The general population and the medical community both
should be conscious of this issue. Among the newly
developed neurorehabilitation management strategies,
telemedicine-supported home-based approaches seem to
be promising for the future.
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COVID-19 ve Romatizmal Hastaliklar

ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an infectious agent
affecting respiratory system the most and spreads rapidly due to large number of ACE2
receptors in the lung. Arthralgia and myalgia are the most common rheumatologic findings,
but arthritis is rare. Hyperinflammatory condition called cytokine storm causes acute
respiratory distress syndrome (ARDS) leading to death. Although coronavirus disease 2019
(COVID-19) is mild or asymptomatic in most cases, it may progress to pneumonia and ARDS,
especially in elderly patients who have comorbidities. Drugs such as tocilizumab which
suppress inflammatory response and reduce cytokine storm may be effective on treating
COVID-19 pneumonia. Cytokine storm, the cause of which is not fully understood and in
which many structures of immune system interact with each other, is quite complex and has
different mechanisms contributing to it. Although antimalarial drugs such as
hydroxychloroquine are used in the treatment, there is no definite evidence that they are
effective. It has been shown that the prevalence and course of COVID-19 in rheumatic diseases
is similar to the general population, and that increasing age and additional comorbid conditions
increase the risk of mortality. It is recommended that anti-rheumatic drugs used in the treatment
of rheumatic diseases should not be stopped unless the patient is infected with COVID-19.
Keywords: COVID-19; rheumatic diseases; cytokine storm; anti-rheumatic drugs.

0z

Siddetli akut solunum yolu sendromu koronaviriisii 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) solunum sistemini en ¢ok etkileyen ve akcigerdeki ¢cok sayida
ACE2 reseptorii nedeniyle hizla yayilan bulasici bir ajandir. Artralji ve miyalji en sik goriilen
romatolojik bulgulardir, ancak artrit nadirdir. Sitokin firtinasi adi verilen hiperinflamatuar
durum, akut solunum sikintisi sendromu (acute respiratory distress syndrome, ARDS) na
neden olarak 6liime neden olur. Koronaviriis hastaligi 2019 (coronavirus disease 2019,
COVID-19) ¢ogu durumda hafif veya asemptomatik olmasina ragmen, 6zellikle ileri yas ve
komorbiditeleri olan hastalarda pnémoni ve ARDS'ye ilerleyebilir. Enflamatuar yaniti
baskilayan ve sitokin firtinasin1 azaltan tosiluzumab gibi ilaglar, COVID-19 pnomonisinin
tedavisinde etkili olabilir. Nedeni tam olarak anlasilamayan ve bagisiklik sistemindeki
bir¢cok yapmin birbiriyle etkilesime girdigi sitokin firtinasi olduk¢a karmasiktir ve buna
katkida bulunan farkli mekanizmalara sahiptir. Tedavide hidroksiklorokin gibi antimalaryal
ilaglar kullanilsa da etkili olduklarina dair kesin bir kanit yoktur. Romatizmal hastaliklarda
COVID-19 sikligiin ve seyrinin genel popiilasyona benzer oldugu, artan yas ve ek komorbid
durumlarin mortalite riskini artirdigi gosterilmistir. Romatizmal hastaliklarin tedavisinde
kullanilan anti-romatizmal ilaglarin, hasta COVID-19 ile enfekte olmadik¢a kesilmemesi
onerilmektedir.

Anahtar kelimeler: COVID-19; romatizmal hastaliklar; sitokin firtinasi; anti-romatizmal
ilaglar.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is an infection agent from the coronavirus
family that started in Wuhan, China in December 2019 and
spread to the world, causing a pandemic. The coronavirus
disease 2019 (COVID-19) classically affects the
respiratory tract and can spread very quickly because of its
highly contagious nature. The most important cause of
mortality in patients is complications such as acute
respiratory distress syndrome (ARDS), which occurs after
severe pneumonia. Although symptoms such as fever,
cough, and dyspnea are the most common findings, they
can be seen in findings related to arthralgia and myalgia in
the musculoskeletal system (1,2).

It has been reported that comorbid conditions such as
increasing age, male gender and hypertension increase the
risk of mortality in COVID-19 (3). On the other hand,
inflammatory rheumatic diseases are common in the
public and it is known that both rheumatic disease itself
and steroid and other immunosuppressive drugs used in
treatment can increase the risk of infection by suppressing
the immune system. This can reduce the compliance of
drugs used in the treatment of primary rheumatic disease
in people with rheumatic disease during the COVID-19
pandemic process. Recent findings indicate that the risk of
COVID-19 is the same in people with and without
rheumatic disease of similar age and gender. However, this
situation may cause serious anxiety in those with
rheumatic disease (4). Institutions such as European
League Against Rheumatism (EULAR) and the European
Rheumatology Association have published algorithms on
the treatment and management of rheumatic diseases
during the COVID-19 pandemic with their temporary
recommendations (5).

Another issue is the use of some drugs used in the
treatment of rheumatic diseases in the treatment of
COVID-19. It has been suggested that these drugs,
particularly chloroquine (CQ) and hydroxychloroquine
(HCQ), can be effective in the treatment of COVID-19
infection and has entered treatment algorithms.
Discussions about the use of these drugs in COVID-19 will
continue until new findings are obtained in controlled
studies in the coming period (6). Another interesting issue
is the hyperinflammatory condition known as cytokine
fever, which is more common in Juvenile Idiopathic
Acrthritis and Adult Still disease in rheumatology practice,
but is known to be made by many infectious agents. It is
thought that anti-cytokine treatments targeting cytokines
such as IL-1 and IL-6 are used in the treatment of some
rheumatic diseases and cytokine storm, which is an
important cause of death, with ARDS and multi-organ
failure caused by COVID-19 (7). In this article, the aspects
of COVID-19 overlapping with rheumatic diseases,
cytokine storm, frequency in rheumatic diseases, and the
relationship between drugs used in the treatment of
rheumatic diseases and COVID-19 will be discussed.

Prevalence of COVID-19 in Inflammatory Rheumatic
Patients

The COVID-19 pandemic, which started in December
2019 in China and spread all over the world with its fast
contagiousness, still affected a small part of the world
proportionally in the summer of 2020. Considering that
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most of the population does not encounter this infection,
concerns remain due to the negative clinical picture that it
will create especially in risky disease groups. There are
various immune system related problems in inflammatory
rheumatic diseases, and especially immunosuppressive
drugs used in treatment may increase the risk of infection.
However, in the first published data, the prevalence of
COVID-19 in inflammatory rheumatic patients was shown
to be similar to the population (8). In a study conducted in
Spain, it was shown that the risk may vary according to the
disease subgroups. In this study, while patients with
rheumatoid arthritis (RA) and psoriatic arthritis (PsA) had a
similar risk to the community, the risk was higher for the
patients with spondyloarthritis (SpA), especially those using
targeted synthetic disease modifying drug (tsDMARD) and
biological disease modifying drug (-DMARD). In systemic
lupus erythematosus (SLE), it was found to be similar to the
population (9). In another study from Spain, the risk of
COVID-19 was found similar to the general population,
even in adult and pediatric patients with rheumatic disease
even if they use tsDMARD (10). In a study conducted in
Italy, the prevalence of COVID-19 was found at a rate
similar to the general population in chronic inflammatory
rheumatic patients (11).

Rheumatic Findings of COVID-19

COVID-19 is most often manifested by symptoms related
to the respiratory system, such as cough, sore throat,
dyspnea, along with fever. Although these are common
symptoms, many system related findings have been
associated with COVID-19. In the musculoskeletal system,
it often causes myalgia and arthralgia, and these symptoms
are detected in 14.4-44% of cases. More rarely, acute
myositis, myocarditis, purpura, livedoid skin lesions and
rash have been reported. There are case reports presenting
with neurological findings such as stroke, Guillain-Barre
syndrome associated with great vascular involvement at a
young age, which can also be confused with rheumatic
disease findings. In Italy, Kawasaki-like disease has been
reported 30 times more in the pre-COVID period. In
addition, cytokine storm or secondary hemophagocytic
lymphohistiocytosis is a condition with high mortality with
ARDS and multi-organ failure, which may occur
approximately 8-9 days after the onset of COVID-19
symptoms. In addition, it has been reported that antinuclear
antibody (ANA) and antiphospholipid antibodies can be
found positive in relation to COVID-19 (12). In a study
conducted in 306 patients proved to be COVID-19,
arthralgia and myalgia were detected in 26.4% of the
patients, and no arthritis was detected during admission.
However, 4 patients (1.3%) developed acute arthritis after
hospitalization, and it was observed that ankle, knee and
foot metatars were mostly affected. Crystal arthritis was
found in the synovial fluid examination of these 4 patients
(13). In addition, COVID-19-associated reactive arthritis
and acute arthritis with oligoarthritis have been reported as
a rare presentation (14,15).

COVID-19 Immunopathogenesis and Cytokine Storm
Cytokine storm with thrombotic complications and
disseminated intravascular coagulation (DIC) is the reason
for this and is also known as macrophage activation
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syndrome (MAS). Genetic factors, malignancies such as
lymphoma and especially viral infections are among the
diseases that play a role in MAS etiology. After entering
the respiratory system, it is thought that it enters the cell by
binding to angiotensin converting enzyme-2 (ACE-2)
receptors in the host tissue with its COVID-19 glycoprotein
components. Here it replicates and spreads to other cells by
breaking down the cell. It enables the immune system to be
activated by recognizing the immune system viral antigens
to MHC antigens and acquired immune system cells such
as Natural Killer (NK) and acquired immune system cells
such as cytotoxic T cells. Thus, proinflammatory cytokines
and chemokines are released into the environment. In some
patients, when their production is uncontrolled and large, a
so-called cytokine storm occurs (16). In a study from China
investigating mortality associated with COVID-19, it was
found that D-Dimer increase, ferritin increase,
lymphopenia, LDH increase and Troponin increase were
associated with high mortality in relation to the
hyperinflammatory response (17).

Interferon (IFN) response, which has an important role in
eliminating viral infections, is thought to play a role in
COVID-19 related cytokine storm. In particular, the Type
1 IFN response has been shown to be weaker and unstable
here than other viral infections, and as a result, more
proinflammatory cytokines and chemokines are released
into the environment (18). An intense inflammatory
response occurs by causing more stimulation of cells such
as macrophage and granulocyte, such as tissue damage,
and exaggerated production of IL-1, IL-6, TNF-a, IL-8 in
patients with high viral load. It is suggested that anti-
cytokine treatments to be used in the treatment of
hyperinflammatory response associated with cytokine
storm against excessive cytokines such as IL-6 may be
useful here (19). Apart from the delayed Type 1 IFN
response in the hyperinflammatory response, there are
many mediators such as NF-kB, inflamazone mediated
inflammation, cellular immunity components. It may also
play arole in cytokine storm in different mechanisms, such
as increased neutrophil extracellular traps (NETS). Finally,
after the decrease in viral load in patients who developed
ARDS, a gradually increasing hyperinflammation appears
as a typical course (16,20).

COVID-19 Prognosis and Treatment Management in
Inflammatory Rheumatic Patients

There are contradictory publications regarding the
prognosis of rheumatic diseases during the COVID-19
pandemic period, thus more evidence is needed. Although
some studies have reported that the prognosis of rheumatic
patients who have caught COVID-19 has not changed,
there are publications advocating otherwise. In addition,
regardless of primary rheumatic disease, older age,
corticosteroid use and dosage, other immunosuppressive
drugs and comorbidities accompanying it are thought to
affect the prognosis (21,22). Another situation may be that
the use of chronic conventional disease modifying drugs
(cDMARD) may mask severe symptoms of COVID-19,
especially in elderly patients, which may delay the
diagnosis of COVID-19 (23). Another interesting view is
whether the risk of developing severe symptoms is lower
when rheumatic patients receiving immunosuppressive
therapy are infected with COVID-19. It has been suggested
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that drugs such as HCQ and tocilizumab (anti 1L-6
blocker) can prevent this by preventing the
hyperinflammatory state (24). In addition, the hypothesis
that autoimmune diseases such as RA and SLE may be
triggered by COVID-19 infection and that these diseases
may increase after pandemic is another situation to be
considered in the coming period (25).

General opinion is that patients who have chronic
inflammatory rheumatic disease and who use drugs should
not stop their medication and continue treatment unless they
are infected with COVID-19. Both the EULAR and the
American Rheumatology Association; American College of
Rheumatology (ACR) reported that the published guidelines
should be updated with the emergence of new data. Here, it
is recommended that treatment should not be discontinued
on condition of complying with hygiene conditions. It has
been suggested to take measures to ensure that patients go
to health centers less, to use telemedicine methods, to reduce
the frequency of follow-up as much as possible and to open
the dose intervals between intravenous treatments.
Glucocorticoids should be used at the lowest possible dose
but not stopped suddenly. In patients with stable rheumatic
disease, cDMARDs such as metotrexate, sulfasalazine,
leflunomide and quinine, and immunosuppressors such as
mycophenolate mofetil, azathioprine, JAK inhibitors and
biological agents can be used. Immunosuppressant dosage
should not be reduced in those with rheumatic disease
threatening vital organs. After COVID-19 exposure, HCQ,
sulfasalazine and nonsteroidal anti-inflammatory drugs
(NSAID) can be continued. Apart from this, cOMARD,
biological agents and other immunosuppressants should be
temporarily discontinued. IL-6 blockers can be continued in
certain situations by making a joint decision. Although the
level of evidence is weak in those with severe respiratory
symptoms, NSAIDs should not be given (5,26). Rituximab
anti-CD20 antibody is used in various indications such as
RA, SLE and Wegener granulomatosis in rheumatology
practice and shows its effect by decreasing B cells.
Rituximab is generally recommended not to be used or used
with caution because it increases the risk of COVID-19 or
may increase the severity of infection (27,28).

ANTI-RHEUMATIC DRUGS USED
TREATMENT OF COVID-19
Hydroxychloroquine (HCQ) / Chloroquine (CQ)
Among the anti-rheumatic drugs, quinine is one of the
most discussed drugs for COVID-19. In the COVID-19
pandemic, especially among biological drugs, it was an
inaccessible drug because HCQ entered the COVID-19
treatment protocols at a time when the continuity was
decreased (29). These antimalarial drugs used in
rheumatology due to their immunomodulatory effects are
thought to prevent in-vitro virus replication in COVID-19,
thus reducing viral load, and they may be effective in
pneumonia and cytokine storm (30). However, there are
publications that say otherwise. In a study from Italy, they
showed that patients who previously used HCQ due to
rheumatic disease were similar to those who did not use it
due to COVID-19, and that the use of prophylactic quinine
did not prevent infection (31). Although it is the first drug
used in the treatment of COVID-19, it is controversial
whether quinine is effective in the treatment of COVID-
19, and randomized controlled studies are needed (32).

IN THE
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IL-6 Blockers

IL-6 is one of the proinflammatory cytokines involved in
COVID-19 associated MAS and cytokine storm. It has
been shown that the use of IL-6 blockers such as
tocilizumab in early period may be effective in the
treatment of COVID-19 pneumonia and respiratory failure,
and it can decrease the serum levels of ferritin and
fibrinogen, which are markers of hyperinflammatory status.
Here, optimizing the time to start the drug is considered an
important factor in the success of treatment (33).

IL-1 Blockers

It is thought that IL-1 blockers may have potential benefits
especially in  viral pneumonia associated with
hyperinflammatory status in the treatment of COVID-19.
IL-1 is one of the major proinflammatory cytokines that
play a dominant role in cytokine storm. Anakinra is a
recombinant IL-1R antagonist, and high-dose intravenous
anakinra therapy is thought to be effective and safe in
COVID-19 pneumonia (34).

Other Medicines

JAK inhibitors such as low-dose steroids, NSAID, TNFa
inhibitors, Baricitinib are drugs that are thought to be
theoretically effective in suppressing inflammation
associated with COVID-19 but without strong clinical
evidence (35). Intravenous Immunoglobulin (IVIG) may
be effective in preventing inflammation and protecting
against superinfections before ARDS develops (36).

CONCLUSION

In severe COVID-19, an aggressive inflammatory
response with excessive immune activity is observed
although the exact mechanisms are not known exactly.
Especially the disruption in the innate immune system and
increased proinflammatory cytokines in the environment
eventually lead to cytokine storm and ARDS. When the
hyperinflammatory state triggered by this viral infection is
detected early, it offers us a 'window of opportunity' in
lung involvement with anti-cytokine treatments.
Successful results have been reported here with
tocilizumab, the IL-6 blocker. HCQ is an agent expected
to be effective by reducing the viral load. It has been used
in cytokine storm and mild-to-moderate COVID-19 cases,
but it is in a position that is discussed and requires
additional studies due to its low effectiveness in
prophylaxis and treatment. Although corticosteroids, one
of the frequently used drugs in rheumatology practice, are
known to be effective in suppressing inflammation, they
are associated with increased mortality in COVID-19
disease and should be used at the lowest possible dose. On
the other hand, the risk of catching COVID-19 and death
in inflammatory rheumatic diseases seems to be similar to
the general population. It is generally recommended that
anti-rheumatic drugs, including biological drugs, should
not be discontinued during the COVID-19 pandemic
unless the patients are infected with the virus. However,
with the emergence of new data, the guides will be updated
again.
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COVID-19 and Mental Health

COVID-19 ve Ruh Saghg

ABSTRACT

Because of their epidemic nature, infections such as coronavirus disease 2019 (COVID-19)
pandemic cause neuropsychological and social problems which are significantly different from
other known infections. Many studies on the COVID-19 pandemic have shown higher levels
of mental problems such as anxiety, depression, panic disorder, and obsessive compulsive
disorder especially in patients and individuals who are in the risk group. Due to
biopsychosocial characteristics of people, infections, especially epidemic infections, seriously
impair the quality of life by dramatically affecting these three structures, namely biology,
psychology and social quality of life of a person. As numerous studies have shown, the entire
human innate and adaptive immune system and the psychological and mental state of an
individual are directly linked. Many studies have reported that quarantine and social
restrictions can trigger depressive symptoms such as anxiety, obsession, and anhedonia. Some
researchers have claimed that information from unknown sources on social media increases
the psychological and psychosocial symptoms of obsession, anxiety and fear of death.
Consequently, a multidisciplinary study is necessary in the treatment and prevention of
coronavirus pandemic.

Keywords: Coronavirus; anxiety; depression; stress.

0z

Salgin dogalar1 nedeniyle; koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19)
pandemisi gibi enfeksiyonlar, bilinen diger enfeksiyonlardan &nemli Slgiide farkli olan
noropsikolojik ve sosyal sorunlara neden olur. COVID-19 pandemisi ile ilgili birgok ¢alisma,
ozellikle hastalarda ve risk grubunda yer alan bireylerde anksiyete, depresyon, panik
bozuklugu ve obsesif kompulsif bozukluk gibi zihinsel problemlerin daha yiiksek seviyelerde
oldugunu gostermistir. Insanin biyopsikososyal o6zelliklere sahip olmasindan dolays;
enfeksiyonlar, 6zellikle salgin enfeksiyonlar, kisinin biyoloji, psikoloji ve sosyal yasam
kalitesi olmak tizere, bu ii¢ yap1y1 da sarsici derecede etkileyerek yasam kalitesini ciddi sekilde
diisiirmektedir. Cok sayida ¢alismanin gosterdigi gibi, insan dogal ve adaptif bagisiklik
sisteminin biitiinii ve bir bireyin psikolojik ve zihinsel durumu dogrudan baglanti igindedir.
Karantina ve sosyal kisitlamalarin anksiyete, takinti ve anhedoni gibi depresif belirtileri
tetikleyebilecegi birgok ¢alismada bildirilmistir. Bazi aragtirmacilar, sosyal medyadan elde
edilen kaynagi belirsiz bilgilerin obsesyon, kaygi ve o6lim korkusunun psikolojik ve
psikososyal belirtilerini artirdigini iddia etmislerdir. Sonug olarak, koronaviriis pandemisinin
tedavisinde ve dnlenmesinde multidisipliner ¢alisma gereklidir.

Anahtar kelimeler: Coronaviriis; anksiyete; depresyon; stres.

19



Art and Duman

INTRODUCTION

It has been determined that psychological stress factors
affect the immune system for many years. Changes in the
immune system have also been found to affect the
individual’s psychology. Cytokines cause changes in
monoamine metabolism, especially serotonin. Cytokines
such as IL-1, IL-6, TNF-a lead to upregulation in serotonin
transporter (SERT) mRNA and proteins. Thus, the
neurotransmission of serotonin increases and the amount of
serotonin decreases (1). Serotonin is synthesized from
tryptophan. It is claimed that serotonin/SERT and
inflammation interaction may be a common and important
point in the development of depression, obsessions and
anxiety. These cytokines form kinetic and linolenic acids,
which are neurotoxic tryptophan metabolites thanks to the
changes in the metabolism of tryptophan. 5-OH tryptophan
and amino acid decarboxylase are key enzymes in the
synthesis of serotonin. Tryptophan is converted to quinurine
and quinolinic acid by the enzyme 2,3-dioxygenase (IDO).
Cytokines (TNF-o, IL-1p, IL-6, INF-gamma) induce central
and peripheral IDO enzyme activity. As a result, the
formation of quinolinic acid, which has neurotoxic
properties, increases and the conversion of tryptophan to
serotonin decreases. These metabolites also cause glutamate
neurotoxicity. The increase in the release of glutamate will
also cause disruption of the brain's compatibility as the
release of neuroprotective and neuroplastic agents such as
brain-derived neurotrophic factor (BDNF) decreases (1,2).

COVID-19 AND STRESS

The stress-HPA axis relationship has been known for a long
time. Stress stimulates the release of corticotropin releasing
hormone (CRH) and adrenocorticotropic hormone
(ACTH), and this also stimulates the release of
glucocorticoids from the adrenal glands. The control is
provided by negative feedback. Proinflammatory cytokines
disrupt negative feedback by causing desensitization at
glucocorticoid receptors. Thus, HPA axis activity is
constantly stimulated. Response to acute stress occurs with
the activation of HPA axis, but long-term problems arise
when the stress becomes chronic (3). In the studies, high
stress burden resulted in post-traumatic stress disorder in
the SARS process (4) and depressive disorders appeared as
the most common long-term psychological problem (5).

EFFECTS OF SOCIAL ISOLATION ON MENTAL
HEALTH IN COVID-19

The coronavirus disease 2019 (COVID-19) pandemic
negatively affects human health, resulting in death,
quarantine practices and restrictions on commute which
lead to depression and stress (6). It also remarkably
triggers the psychological crisis and increases the risks of
permanent psychological distress (7). The uncertain and
persistent threat in the COVID-19 outbreak can cause fear
to become chronic and severe (8).

Due to this epidemic disease, denial, shock and surprise
responses, which are typical trauma responses, are
expected in individuals. Denial is a mental defense
response that all people initially use as a coping tool, and
reflects the difficulty in accepting the disease (9).

Tian et al. (10), in their research in China during the
epidemic, have found that people under the age of 18 and
over 50, individuals with a lower education level than

COVID-19 and Mental Health

higher education, individuals who are divorced or
widowed, agricultural workers and those who are in the
minority position have more obsessive compulsive
symptoms, interpersonal sensitivity, phobic anxiety and
psychotic symptoms. In general, older individuals who are
more concerned about becoming infected and dying
develop more serious and psychological symptoms that
need to be focused on (11).

COVID-19 AND ANXIETY

Studies conducted in China during the COVID-19
outbreak reported that the level of anxiety of healthcare
workers was very high. Compared to the normal
population, it has been reported that they show
significantly worse symptoms of depression, anxiety, and
post-traumatic stress (12). The increase in the level of
anxiety was found to be related to the high risk of infection
of these individuals, whether their institution is providing
adequate psychological support program, the lack of
knowledge of the person's emergency response plans and
high workload (13).

Cao et al. (14) stated that living in urban areas instead of
rural areas, living with the family and having fixed and
regular income were urban protective factors during the
COVID-19 pandemic. In the same study, it was found that
having family members, relatives or acquaintances
infected with the COVID-19 virus increased anxiety.

The emptying of supermarket shelves in the first days of
the outbreak, staying at home, interpretation of every
bodily sensation as a sign of COVID-19, exposure of
minds to misinformation due to social media posts,
watching outbreak programs on the internet and television
for long hours increased fear and panic. In a study in
Mexico, after the influenza epidemic was widely covered
in the media, it was found that individuals' risk perception
and threat of uncertainty increased to a high level and their
quality of life decreased (15).

In addition to all these factors, psychological resilience,
which is defined as the ability to easily get rid of trouble
and use positive emotions in negative conditions, is
considered to be an important factor for COVID-19.
Moreover, psychological resilience can be a protective
factor against the development of psychopathology in
individuals facing difficulties (16). Psychological
resilience (6), which is generally associated with stress, is
the most important factor in the process of adaptation to
traumatic experiences such as epidemics, and it is a
concept that requires individuals' efforts, time and
continuity to deal with stress (17). In the research, a
significant difference was found between post-epidemic
thoughts and psychological resilience.

When the thoughts after the epidemic were examined, no
significant difference was found between the thoughts
stated as “my thoughts have not changed after the
epidemic”, “what do I do if myself, my child or my parents
are infected”, “we cannot get rid of the epidemic, the end
of the world is coming” and "I don't want to die apart from
my loved ones under quarantine”. According to these
results, it can be said that focusing on the thoughts after
the epidemic reduces psychological resilience. Continuous
focus on negative thoughts has negative effects on
individuals' psychological health (18).
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RISK GROUPS IN COVID-19

Some researchers suggest that people who will be exposed
to more negative results in COVID-19 outbreak are the
elderly, the youth, the women, the students, the immigrants
(19), the prisoners and the homeless (18,20). The most
painful and destructive effect of stigma is that people think
that they are no longer a member of the society in which
they used to feel connected to. Due to the exclusionary
attitude of the society, the individuals feel increasingly
lonely and withdraw from their environment. Thoughts
such as social withdrawal, pessimism, hopelessness,
inadequacy, helplessness, and guilt may trigger mental
illnesses. After a while, most of those who experience
stigma adopt these prejudiced, stereotyped thoughts
themselves. In addition to those, some issues may start to
arise and affect people’s daily life after their being exposed
to the feelings of pessimism, hopelessness, weakness, guilt
and embarrassment, anxieties and fears about the future,
intense anger and a desire to harm themselves or those
around them as they think they deserve it. People may deny
or hide the disease to avoid discrimination. Stigmatization
may increase the anxiety of a person by preventing access
to sufficient and accurate information about the disease.
People may not want to access health services immediately
and may apply in the late period. They may refuse treatment
or may not comply with the treatment protocol due to the
feeling of hopelessness. Those in the stigmatizing group,
on the other hand, may neglect to take necessary protective
measures, mistaking that they are protected against this
disease, which is dangerous and contagious for everyone.
In another study, it was found that potentially high-risk
individuals, people who were suspected of infection, and
individuals who were in close contact with the infected
people during the COVID-19 outbreak experienced
negative psychological effects even if they did not develop
the infection and remained physically well (22).

After the social isolation and quarantine processes that
came with the COVID-19 outbreak, individuals started to
spend more time at home with their families. Although
social isolation is an effective policy for controlling
infection, it increases domestic violence and alcohol use so
that it brings serious social, psychological, economic and
social consequences (23,24).

CONCLUSION

Under the light of all these findings, it seems rational to
consider the pandemic as a psychological crisis and to accept
that the uncertainty and unpredictability inherent in this crisis
will have social, psychological and behavioral effects.
Therefore, it is important to consider the negative effects of
domestic violence as well as the individual consequences of
the epidemic, and take steps to protect women, children and
the elderly at risk. In conclusion, it is important to consider
psychosocial factors in the treatment and prevention studies
of COVID-19. Multidisciplinary work is essential for
success when dealing with a pandemic, and taking necessary
measures accordingly before, during and after is crucial.
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Degerlendirilmesi

ABSTRACT

Aim: Coronavirus disease 2019 (COVID-19) is an unprecedented cause of pandemics
affecting all segments of society. It is not known whether hemodialysis patients form a
different patient group in terms of susceptibility to COVID-19 infection or severe disease. In
this study, thorax computed tomography (CT) findings were evaluated in hemodialysis patients
diagnosed with COVID-19 infection during the pandemic period.

Material and Methods: CT findings of 32 hemodialysis patients diagnosed with COVID-19
with real-time polymerase chain reaction or thorax CT examination were evaluated
retrospectively. Radiological findings were classified as ground glass, consolidation, mixed
type involvement (ground glass and consolidation), crazy paving appearance, interlobular
septal thickening, nodule, halo-reverse halo finding, air bronchogram finding, subpleural
curvilinear opacities and tree-in-bud views.

Results: A total of 32 patients were included in the study. Twenty-one (65.6%) of the patients
were male and 11 (34.4%) were female. The mean age was 67.5+8.5 years. All patients had
chronic kidney failure. Thorax CT examination revealed ground-glass opacities in 14 (43.8%)
patients, consolidation in 3 (9.4%) patients, and mixed type involvement (ground-glass
opacities and consolidation) in 15 (46.9%) patients. The accompanying CT findings were
pleural effusion in 23 (71.9%) patients, subpleural curvilinear opacities in 13 (40.6%) patients,
bronchial wall thickening in 11 (34.4%) patients, lymphadenopathy in 7 (21.9%) patients,
bronchiectasis in 4 (12.5%) patients and pleural thickening in 4 (12.5%) patients.
Conclusion: When hemodialysis patients are infected with COVID-19 infection, they differ
significantly from other COVID-19 patients in terms of symptoms, clinical course, and
prognosis, as well as imaging findings.

Keywords: COVID-19; hemodialysis; pneumonia; computed tomography.

(074

Amag: Koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19) toplumun her
kesimini etkileyen benzeri goriilmemis bir pandemi sebebidir. Hemodiyaliz hastalarinin,
COVID-19 enfeksiyonuna ya da siddetli hastaliga yatkinlik acisindan farkli bir hasta grubunu
olusturup olusturmadiklar1 bilinmemektedir. Bu ¢aligmada pandemi doneminde COVID-19
enfeksiyonu tanisi alan hemodiyaliz hastalarinda toraks bilgisayarli tomografi (BT) bulgulari
degerlendirilmistir.

Gereg ve Yontemler: Ger¢ek zamanli polimeraz zincir reaksiyonu veya toraks BT incelemesi
ile COVID-19 tanis1 konulan 32 hemodiyaliz hastasinin BT bulgular1 geriye doniik olarak
degerlendirildi. Radyolojik bulgular; buzlu cam, konsolidasyon, karisik tip tutulum (buzlu cam
ve konsolidasyon), kaldirim tas1 goriiniimii, interlobiiler septal kalinlagma, nodiil, halo-ters
halo bulgusu, hava bronkogram bulgusu, subplevral kiirvilineer opasiteler ve tomurcuklanmis
agac goriiniimleri olarak siniflandirildi.

Bulgular: Calismaya toplam 32 hasta dahil edildi. Hastalarin 21’1 (%65,6) erkek, 11°i (%34,4)
kadindi. Yas ortalamasi 67,5+8,5 yil idi. Tiim hastalarda kronik bobrek yetmezligi mevcuttu.
Toraks BT incelemesinde hastalarin 14'Ginde (%43,8) buzlu cam goriinimii, 3'inde (%9,4)
konsolidasyon ve 15'inde (%46,9) karigik tip tutulum (buzlu cam gériiniimii ve konsolidasyon)
goriildi. Eslik eden BT bulgulart 23 (%71,9) hastada plevral effiizyon, 13 (%40,6) hastada
subplevral kiirvilineer opasiteler, 11 (%34,4) hastada bronsiol duvar kalinlasmasi, 7 (%21,9)
hastada lenfadenopati, 4 (%12,5) hastada bronsektazi ve 4 (%12,5) hastada plevral kalinlasma idi.

Sonu¢: Hemodiyaliz hastalar1 COVID-19 enfeksiyonuna yakalandiklarinda semptom, klinik
seyir ve prognostik agidan oldugu gibi goriintiileme bulgular1 agisindan da diger COVID-19
hastalarindan 6nemli farkliliklar gostermektedir.

Anahtar kelimeler: COVID-19; hemodiyaliz; pnomoni; bilgisayarli tomografi.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), known as coronavirus disease 2019
(COVID-19) has spread rapidly all over the world,
causing a serious pandemic. The prognosis of the disease
varies from asymptomatic or very mild course to
unilateral or bilateral severe pneumonia and even
respiratory failure that will require respiratory support in
intensive care conditions. In severe cases, the severe
inflammatory response accompanied by cytokine storm
worsens respiratory symptoms and can even cause death.
Although the mortality of the disease in the general
population varies between 1.4% and 8%, the proportion
of patients who need intensive care support rises to high
values between 16% and 78% (1). Advanced age, male
gender, and current  comorbidity  (especially
cardiovascular disease, diabetes, chronic obstructive
pulmonary disease, and cancer history) are poor
prognostic factors associated with the disease (1).

Since symptoms are non-specific for diagnosis in
COVID-19 pneumonia, some diagnostic tests are required
in addition to the patient's clinic. Real-time polymerase
chain reaction (RT-PCR) is the standard test in diagnosis.
However, since there is a waiting period for the detection
of the virus and can be negative results at the beginning of
the disease, radiological evaluation often plays a key role
in the diagnosis (2).

Some specific radiological findings have been identified in
computed tomography (CT) examination in COVID-19
pneumonia. These findings are in the form of bilateral,
peripheral, and ground-glass opacities, consolidations, or
a combination of these, which mainly hold the basal
regions (3). CT findings were divided into 4 groups by the
British Society of Thoracic Imaging (BSTI). This
classification is used frequently by adapting it to our
country, where the first case was seen on March 10, 2020.
The course of the infection in chronic kidney patients is
not clear. Mortality is expected to be higher in
hemodialysis (HD) patients compared to the general
population due to poor prognostic criteria such as
advanced age, comorbidities, etc. Considering the high
number of HD patients and the immune function of these
patients is not normal, the condition of HD patients is of
particular importance in the COVID-19 pandemic (1,4).
In this study, we aimed to evaluate the findings in the
thorax CT examination of HD patients diagnosed with
COVID-19 infection during the pandemic period.

MATERIAL AND METHODS

Patient Selection

Patients who were diagnosed with COVID-19 and
admitted to our hospital with respiratory symptoms
between 31 March and 25 May 2020 were evaluated. It
was observed that 2513 patients had thoracic CT
examinations at the time of admission. Among these
patients, chronic HD patients diagnosed with COVID-19
were investigated. Patients were diagnosed with the
presence of clinical signs (fever, cough, etc.) and positive
thorax CT findings, or at least one positivity of RT-PCR
test. Typical COVID-19 or possible COVID-19 categories
were based on the classification determined by the BSTI
as positive thorax CT findings. Finally, 32 patients who
met the criteria were included in the study.
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Comorbidities that patients carry in addition to chronic
kidney failure were classified as a history of hypertension,
diabetes, cardiovascular disease, COPD, and cancer.

The study was approved by the Ethics Committee of
Sakarya University Faculty of Medicine (27.07.2020, 450).
Thorax CT Examination

In all patients, images were obtained with a multi-section
CT device with 64 detectors (5 mm slice thickness,
512x512 matrix, 120 Kv automatic modulation mA;
Aquilion64, Toshiba Medical Systems, Japan). Thorax CT
examinations were evaluated by two independent
radiologists (with 10 years of CT experience, Board-
certified, and 4 years of CT experience). After the images
were evaluated independently, the consensus was achieved
in evaluation differences.

Image Analysis

Radiological findings were classified as ground glass,
consolidation, mixed type involvement (ground glass and
consolidation), crazy paving appearance, interlobular
septal thickening, nodule, halo-reverse halo finding, air
bronchogram finding, subpleural curvilinear opacities and
tree-in-bud views. Also, the presence of accompanying
findings such as cavitation, bronchiectasis, bronchial wall
thickening, pleural changes (thickening, effusion),
lymphadenopathy, and pneumothorax was evaluated.
Opacities in which signs of the vascular or bronchial wall
could be distinguished were defined as ground glass, and
opacities that were not distinguishable were defined as
consolidation. Round or irregular shaped, ground glass
density with uniform or irregular borders, semi-solid, or
solid densities measured at 3 centimeters and below were
accepted as nodules.

Statistical Analysis

MedCalc v.12 (Ostend, Belgium) was used for statistical
analysis. The descriptive statistics were given as
meantstandard deviation. Categorical variables were
stated as frequencies and percentages.

RESULTS

A total of 32 patients were included in the study. Twenty-
one (65.6%) of the patients were male and 11 (34.4%)
were female. The mean age of the patients was 67.548.5
years. All patients had chronic kidney failure. The
comorbidities present in the patients in order of frequency
include hypertension in 30 (93.8%) patients, diabetes in 16
(50.0%) patients, cardiovascular disease in 16 (50.0%)
patients, chronic obstructive pulmonary disease in 8
(25.0%) patients and cancer history in 2 (6.3%) patients
(Table 1). The malignancies present in these two patients
were prostate and laryngeal cancers. In the follow-up, 11
(34.4%) patients died, while the remaining 21 (65.6%)
patients were discharged after treatment.

Table 1. Comorbidities of the patients (n=32)

Comorbidities n (%)
Hypertension 30 (93.8)
Diabetes 16 (50.0)
Cardiovascular Disease 16 (50.0)
Chronic Obstructive Pulmonary Disease 8 (25.0)
Cancer 2 (6.3)
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In the thorax CT examination, 14 (43.8%) patients had
ground-glass appearance (Figure 1), 3 (9.4%) patients
consolidation, and 15 (46.9%) patients mixed type
appearance (ground glass and consolidation). Air
bronchogram was observed in 12 (37.5%) patients and all
of them consisted of patients with consolidation or mixed
type involvement. Nodules were observed in the lung
parenchyma of 5 (15.6%) patients (Figure 2). Interlobular
septal thickening was observed in 6 (18.8%) patients, but
the crazy-paving pattern was not observed in any of the
patients. Tree-in-bud pattern was observed in 6 (18.8%) of
the patients, and 5 (83.3%) of these patients had mixed-
type involvement, while only 1 patient had a ground-glass
appearance, and none of them had pure consolidation.
While the halo sign was not observed in any of the patients,
the reversed halo sign was observed in one (3.1%) patient
(Figure 3). The accompanying CT findings were pleural
effusion in 23 (71.9%) patients, subpleural curvilinear
opacities in 13 (40.6%) patients, bronchial wall thickening
in 11 (34.4%) patients, bronchiectasis in 4 (12.5%)
patients, and pleural thickening was observed in 4 (12.5%)
patients. None of the patients had cavitation or
pneumothorax (Table 2).

DISCUSSION

Our study is very important in terms of being one of the
first studies showing the COVID-19 thorax CT findings in
HD patients, which is a very special population. One of the
most important results of our study was the presence of
ground glass, consolidation, or mixed type (the most
common) involvement in all patients. In our patient group,
unlike the CT findings reported in the normal population in

Table 2. Computed tomography findings of the patients

n (%)
Primary Findings
Pure Ground Glass Opacity 14 (43.8)
Pure Consolidation 3(9.4)
Mixed Type 15 (46.9)
Crazy Paving Pattern 0(0.0)
3$1tt:ailIJcIJelirullga?: tgt;?)tal Thickening) 6(18.8)
Nodule 5 (15.6)
Halo sign 0(0.0)
Reverse Halo Sign 1(3.1)
Air Bronchogram 12 (37.5)
Subpleural Curvilinear Lines 13 (40.6)
Tree in Bud 6 (18.8)
Accompanying Findings

Cavitation 0(0.0)
Bronchiectasis 4 (12.5)
Bronchial Wall Thickening 11 (34.4)
Pleural Effusion 23 (71.9)
Pleural Thickening 4 (12.5)
Lymphadenopathy 7(21.9)
Pneumothorax 0(0.0)
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Figure 1. Axial non-contrast computed tomography image
shows ground-glass opacity in the left lower lobe (frame).

Figure 2. Axial non-contrast computed tomography image
shows a nodule in the right lower lobe (arrow).

Figure 3. Axial non-contrast computed tomography image
shows the reversed halo sign in the right middle lobe (arrow).
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the literature, consolidations accompanying ground-glass
appearance were more common than pure ground-glass
opacities, and pleural effusion was also more frequent.
These findings were evaluated in favor of the higher
disease stage and more severe infection at the time of
diagnosis in HD patients with COVID-19 infection.
Besides, it was observed that the tree-in-bud appearance
was more frequent in our patient group compared to the
non-specific COVID-19 patient group in the literature.
This finding suggests that bacterial pneumonia or
aspiration pneumonia may have accompanied COVID-19
pneumonia in our patient group due to the presence of
comorbidities in addition to chronic kidney disease, the
more severe infection, and that the stage of the disease is
more advanced than other patients. Similarly, a higher rate
of pleural pathology may indicate that the infection is at an
advanced stage in our patient group, or it may be a sign of
poor prognosis.

COVID-19 disease, the cause of which is SARS-CoV-2,
was declared as a pandemic by the World Health
Organization on 12 March 2020. As of April 8, 2020, the
virus has been reported to affect more than 199 countries
worldwide, infecting more than one million people and
causing around 81500 deaths. However, since some
patients with asymptomatic and mild symptoms have not
been tested, the stated figures are considered to be under
reality (5).

Since the symptoms in COVID-19 pneumonia are non-
specific for diagnosis, other diagnostic tests are required
in addition to the clinical findings of the patients. RT-PCR
is the standard test in diagnosis (2). However, thorax CT
examination plays a complementary and key role in the
diagnosis because RT-PCR does not give immediate
results. It can give false-negative results due to low viral
load and it is about 5 days between false-negative result
and positive result. CT is very important in early
diagnosis, especially in the patient group in which the
patient's symptoms persist for more than 3 days and the
RT-PCR test is negative due to the low viral load (5,6).
However, it has been shown that CT findings may be
normal in 56% of patients in the first 2 days from the onset
of symptoms (7).

A wide variety of findings have been described in different
studies of COVID-19 lung involvement. However, the
most common CT finding in all studies was typically
reported as ground-glass opacities with peripheral and
subpleural distribution. In the majority of patients,
multilobar involvement, especially the lower lobes, has
been demonstrated. Ground-glass opacities are defined as
fog-shaped density increases in which the vascular and
bronchial walls are not erased and can be found alone, with
areas of consolidation or in the form of a crazy-paving
pattern with an interlobular septal thickening.
Consolidations, on the other hand, are defined as increased
density due to exudate filling into the alveoli and blurring
the vascular and airway boundaries. They are usually
observed in patients with multifocal, segmental and patchy
involvement with COVID-19 infection (5,8). Other typical
CT findings include nodules, reticular pattern
(interlobular-intralobular ~ septal ~ thickening),  air
bronchogram, airway changes (bronchiectasis, bronchiolar
wall thickening), halo and reverse halo sign, while atypical
findings are a tree-in-bud pattern, subpleural curvilinear

COVID-19 Findings in Hemodialysis Patients

opacities, lymphadenopathy, pleural changes (thickening,
effusion) and cavitation (2,8). Round or irregular shaped,
ground glass density with uniform or irregular borders,
semi-solid, or solid densities measured at 3 centimeters
and below are defined as nodules (9). The reticular pattern
refers to interlobular and intralobular septal thickening
reflecting interstitial lymphocyte infiltration (10). While
ground glass appearances surrounding the consolidation
areas, halo finding, represents hemorrhage around the
mass or nodule; the consolidation areas surrounding the
ground glass areas, reverse halo finding, represents the
dissolution of the debris from the central section (8,10).
HD patients form a special group of patients because they
constitute a large patient population, have associated
comorbidities, have impaired immune function, and
have the potential to become super-infectious when
infected (1,4). Some studies have shown that COVID-19
enters cells through the angiotensin-converting enzyme-2
(ACE-2) receptor, causing infection. The abundance of
ACE-2 receptors in renal proximal tubule cells in uremic
patients is one of the factors that predispose HD patients to
infection (11).

After the SARS-CoV-2 virus infects the respiratory tract,
it multiplies in the cells of the airway and activates the
immune system and causes the release of massive
levels of pro-inflammatory cytokines. The resulting
cytokine storm can cause severe symptoms and even death.
IL-6, IL-10, TNF-a, and other inflammatory cytokine
increases are associated with poor prognosis in COVID-19
infection (12). Since Ilymphocyte and granulocyte
functions are impaired in HD patients due to their uremic
status, the immune response to COVID-19 infection is
abnormal (13). In one study, T cells, B cells, and natural
killer (NK) cells were found to be lower in patients who
received HD treatment compared to patients who did not.
In HD patients with COVID-19 infection, the number of
these cells has been shown to decrease even more.
Similarly, the number of cytokines such as IL-4, IL-6, and
TNF-a increased in patients with COVID-19 infection
compared to a healthy population, while the rate of these
cytokines in HD patients with COVID-19 infection
decreased significantly compared to other patients with
COVID-19 infection. These results revealed that the
impaired immune response in HD patients had a
devastating effect on initiating an effective anti-viral
response while limiting tissue damage as it reduced
cytokine release. In the same study, the main causes of
death of HD patients with COVID-19 were determined as
cardiovascular and cerebrovascular complications or
hyperkalemia. The reason for this has been shown to be
shortened dialysis times to reduce the risk of COVID-19
infection of HD patients (4).

Considering the pathogenesis of lung involvement
findings in COVID-19 infection and changes in the
immune system response in HD patients, it is not known
whether the frequency of lung involvement findings
will differ in this group of patients. In the study by
Wang et al. (14), bilateral diffuse consolidation or ground-
glass appearances were observed in all 7 HD patients who
were diagnosed with COVID-19, and death was reported
in 3 of the patients. In the study of Du et al. (11) with 32
COVID-19 positive HD patients, ground-glass opacities
were observed in 18 cases; unilateral consolidations were
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observed in 7 patients, bilateral consolidations were
observed in 7 patients; and pleural effusion was observed
in 2 patients. In the study by Wang et al. (13) involving 5
patients, ground-glass opacities were observed in all
patients, and it was reported that no severe complications
or death occurred in any patient. In our study, a
combination of ground glass and consolidation was
observed in the majority (46.9%) of patients.

In the study conducted by Ma et al. (4), deaths were
reported in 10 of 42 HD patients who were positive for
COVID-19. In our study, the mortality rate was 11/32
(34.4%). Studies, including our study, show that HD
mortality due to COVID-19 is quite high compared to the
other population.

Ground glass opacities have been reported between 46%
and 100% in COVID-19 infection and occur in the early
phases of the disease or mild infection. As the severity of
the disease increases, a crazy-paving pattern occurs with
consolidation or interstitial thickening within the ground
glass areas (15,16). In our study, the consolidations
accompanying the ground-glass areas (mixed type
involvement) were observed to be higher than pure
consolidation with a rate of 46.9%, and the pure
consolidation rate was lower than other COVID-19 CT
studies, which were not specific to HD patients. This
situation was interpreted in favor of the disease stage or
severity of inflammation in HD patients when compared to
the other patient population. It is associated with pure
consolidation in COVID-19 infection, long time between
symptom onset and thoracic CT examination, or advanced
(>50 vyears) patient age (17,18). In our study, pure
consolidation was observed in 3 (9.4%) patients. The crazy
paving pattern is a common finding for COVID-19
infection and has been reported between 5% and 89% (15).
In the later stages of the infection, it is stated that this
pattern progresses to consolidation or causes the
development of pleural effusion (17). The absence of a
crazy-paving pattern and high pleural effusion in our
patient group was associated with the advanced stage of
infection in HD patients at the time of diagnosis.

Air bronchogram is also one of the frequently observed
findings in COVID-19 infection, and it was reported as
high as 80% (41/51) in a study by Song et al (19).
Bronchial wall thickening has been reported to be higher
in patients with severe clinical symptoms compared to
patients with mild symptoms (20). In our study, air
bronchogram findings were found in 12 (37.5%) patients,
and bronchial wall thickening was found in 11 (34.4%)
patients. Another frequently reported finding in
COVID-19 infection is nodules. It was reported as 6% in
the study by Shi et al. (21), and 7.2% (with or without halo
sign) in the study by Li et al (22). In our study, nodules
were seen in 5 (15.6%) patients and it was observed higher
than these studies. It has been suggested that in the
reticular pattern, reticulations increase with prolonged
disease duration (17,23). Reticular pattern and linear
opacities are reported in the literature at a very variable
rate between 1% and 81% (15). Inter-intralobular septal
thickening and linear opacities were observed in 14
(43.8%) patients in our study. Reverse halo finding is
among the findings in COVID-19 infection. In the studies
conducted, Bernheim et al. (7) reported as low as 2/121
(1.7%), while Wang et al. (24) reported a higher rate with
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14/93 (15.1%). In our study, a reverse halo sign was
observed in 1 (3.1%) patient.

Although it has been stated that tree-in-bud appearances,
which are defined as bronchiolitis findings in the literature,
can also be seen in COVID-19 infection, it is stated that
bacterial infection superposition or aspiration should be
considered first if this finding is observed (15). In our
study, this finding was observed in 6 (18.8%) patients, and
it was thought that bacterial pneumonia or aspiration
pneumonia might accompany these patients due to the
presence of comorbidities or advanced infection-disease
stage in our patient group.

Mediastinal lymphadenopathy (LAP) is one of the rare CT
findings in COVID-19 infection and has been stated to be
a risk factor for severe and progressive pneumonia. LAP
has been reported in the literature between 0% and 29%. It
is stated that when it is seen with pleural effusion and tree
in bud pattern views, it should be evaluated in favor of
bacterial superinfection (15). In our study, mediastinal
LAP was seen in 7 (21.9%) patients and is consistent with
the rate reported in the general COVID 19 population in
the literature.

Pleural pathologies (effusion and thickening) are rare,
associated with pleural inflammation and observed in the
late stages of the disease. They are also thought to be a
poor prognostic marker and reported between 0% and 20%
in COVID-19 infection (15,25). In our patient group,
pleural effusion was observed in 23 (71.9%) patients,
pleural thickening was observed in 4 (12.5%) patients, and
pleural effusion and/or thickening was observed in 25
(78.1%) patients and was above the reported rates.

Our study has some important limitations. The first of
these is that the study is retrospective, single centered, and
not comparative. The presence of comorbid diseases in
most HD patients appears to be another limitation in
revealing the specific differences of these patients to
chronic renal failure or regular dialysis treatment. Also, the
low number of patients is an important limitation in terms
of the adequacy of statistical data.

CONCLUSION

HD patients are a special group of patients due to
differences in the immune system, a high number of
comorbidities, and periodic HD requirements. When these
patients are infected with COVID-19, they differ
significantly from other COVID 19 patients in terms of
symptoms, clinical course, and prognostic as well as
imaging findings. In our study, it was shown that mixed
patterns (ground glass and consolidation coexistence),
nodules, budded tree views, and the presence of pleural
pathology were more common than other COVID-19
patients.
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ABSTRACT

Aim: Sleep can be affected for various reasons such as social isolation, online education, shift
work, etc. during the coronavirus disease 2019 (COVID-19) pandemic. People who have
comorbid psychiatric or sleep disorders before the pandemic are thought to be more affected.
The aim of this study was to investigate the effect of the COVID-19 pandemic on sleep quality
and insomnia.

Material and Methods: Our study was a retrospective study, and patients who admitted to the
sleep outpatient clinic with insomnia complaints during the COVID-19 pandemic were
included. The complaints, sociodemographic characteristics, and diagnosis of the patients were
obtained from medical records.

Results: Fifty-three patients diagnosed with insomnia according to the International
Classification of Sleep Disorders third edition (ICSD-3) were included in the study. The mean
sleep time before the pandemic was 6.8+1.2 hours, while it was 5.9+1.7 hours after the
pandemic. After the pandemic, 13 (24.5%) patients had shortened sleep duration. There was
no difference in clinical features between those whose sleep duration decreased and did not
change during the pandemic. Twenty (37.7%) patients' complaints of insomnia started during
the pandemic. Most of the patients whose complaints started during the pandemic were male
(n=12, 60.0%). Their main complaint was difficulty in falling asleep (n=18, 90.0%). The
anxiety symptoms were remarkable.

Conclusion: Sleep disorders during the pandemic are an important problem for everyone.
However, some individuals have a higher risk of sleep problems. Therefore, the results of our
study may contribute to the interventions aimed at improving sleep quality during pandemic.
Keywords: COVID-19; insomnia; pandemic.

0z

Amag: Uyku, koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19) pandemisi
doneminde sosyal izolasyon, ¢evrimigi egitim, vardiyali ¢alisma gibi ¢esitli nedenlerle
etkilenebilir. Pandemiden 6nce eslik eden psikiyatrik veya uyku bozuklugu olan kisilerin bu
durumdan daha fazla etkilendigi disiiniilmektedir. Bu ¢alismanin amaci COVID-19
pandemisinin uyku kalitesi ve uykusuzluk iizerine etkisini aragtirmaktir.

Gere¢ ve Yontemler: Calismamiz geriye doniik bir calisma olup COVID-19 pandemisi
stirecinde uyku poliklinigine uykusuzluk yakinmasiyla basvuran hastalar ¢aligmaya dahil
edilmigtir. Hastalarin bagvuru sikayetleri, sosyo-demografik ozellikleri ve tanilari tibbi
kayitlardan elde edildi.

Bulgular: Uluslararast Uyku Bozukluklari Smiflandirmasinin tigiincti baskisi (International
Classification of Sleep Disorders third edition, ICSD-3)’na goére uykusuzluk tanisi almig 53
hasta calismaya dahil edildi. Pandemiden 6nceki ortalama uyku siiresi 6,8+1,2 saat iken,
pandemiden sonra ortalama uyku siiresi 5,9+1,7 saat idi. Pandemiden sonra 13 (%24,5)
hastanin uyku siiresi kisalmisti. Pandemi siirecinde uyku siiresi azalan ve degismeyenler
arasinda klinik ozellikler agisindan fark yoktu. Yirmi (%37,7) hastanin uykusuzluk sikayeti
pandemi doneminde baslamisti. Pandemi sirasinda yakinmalari baglayan hastalarin ¢ogu
(m=12, %60,0) erkekti. Baslica sikayetleri uykuya dalmada giicliiktii (n=18, %90,0).
Sikayetleri arasinda anksiyete belirtileri dikkat ¢ekiciydi.

Sonug: Pandemi sirasindaki uyku problemleri herkes i¢in dnemli bir sorundur. Ancak bazi
bireylerin uyku problemi gelistirme riski digerlerinden daha yiiksektir. Bu nedenle,
calismamizin sonuglart pandemi donemlerinde uyku kalitesini artirmaya yonelik bazi
miidahalelerin uygulanmasina destek saglayabilir.

Anahtar kelimeler: COVID-19; uykusuzluk; pandemi.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is a
virus outbreak that appeared on 1 December 2019. The
spread rate of the virus increased in January 2020 and has
spread all over the world. The first detected COVID-19
case was announced by the Ministry of Health in Turkey
on 11 March 2020 (1).

Social isolation was applied in countries during the
pandemic process. People left their homes only for food
shopping and medical needs. All these restrictions affected
people's lifestyles and social relationships. Anxiety
increased in many people for fear of being infected (2).
Studies show that psychological stress and mental illnesses
increase during the pandemic period (3). Although the
speed of virus spread has been reduced by restriction of
freedom, working from home, and online education, their
psychological reflections have been quite high.
Homeostatic drive to sleep is important for sleep quality.
The circadian rhythm keeps us awake all day and sleepy at
night. Factors such as sunshine, eating patterns and
exercise regulate the circadian rhythm. The melatonin
hormone has an important role in regulating sleep.
Exposure to light throughout the day is needed to increase
of melatonin during the night. Physical activity throughout
the day improves sleep quality (4). Low activity levels
(e.g., due to depression, social confinement) and very high
activity levels (e.g., due to stress, work overload) affect
sleep negatively. Causes such as working in shifts,
circadian rhythm disturbances, inability to provide
sufficient sleep time due to work and social factors cause
short sleep durations (5).

It can be thought that sleep will be affected for various
reasons during the pandemic period. This study aimed to
investigate the effect of the COVID-19 pandemic on sleep
quality and insomnia.

MATERIAL AND METHODS

This retrospective study was performed at the sleep
outpatient clinic of Erenkdy Mental and Neurological
Diseases Training and Research Hospital. Following the
Helsinki declaration, approval was obtained from the
Ethics Committee of Erenkdy Mental and Neurological
Diseases Training and Research Hospital (08.06.2020, 12).
After the emergence of the first case in our country, on
27.03.2020, patient admission started with new measures
and arrangements in our sleep outpatient clinic. After two
months of the epidemic, as of 01.06.2020, the
normalization process has started. All patients who
admitted to the sleep outpatient clinic with insomnia
complaints between 27.03.2020 and 01.07.2020 were
screened. Inclusion criteria included patients with
diagnosis of insomnia according to the third edition of the
International Classification of Sleep Disorders (ICSD-3),
and those without any other accompanying sleep disorder.
Exclusion criteria included patients with diagnosis of a
sleep disorder other than insomnia. Fifty-three patients
diagnosed with insomnia according to the ICSD-3 were
included in the study. The complaints, sociodemographic
characteristics, and diagnosis of the patients were obtained
from medical records.

Statistical Analysis

Statistical analysis was performed using the SPSS v.20.
The Shapiro-Wilk test was used to determine whether the
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data were normally distributed. Continuous data were
expressed as mean and standard deviation or median,
interquartile range and minimum-maximum values, while
categorical data were presented as numbers and
percentages. A student t test or Mann Whitney-U test was
used to compare continuous variables with and without
normal distribution, respectively. Pearson chi-square and
Fisher’s exact tests were used for statistical analysis of the
categorical variables. A p value <0.05 was considered
statistically significant.

RESULTS

The mean age of the patients was 44.1£14.1 years. Twenty-
nine (54.7%) of the patients were male. The duration of the
patients' complaints of insomnia was between 1 and 240
months (31.0+44.6). The mean sleep time before the
pandemic was 6.8+1.2 hours, while the mean sleep time
after the pandemic was 5.9+1.7 hours. Of the 53 patients
with insomnia, 48 (90.6%) patients described difficulty in
falling asleep, 19 (35.8%) patients described difficulty in
maintaining sleep, and 7 (13.2%) patients described the
problem of waking up early. Seventeen (32.1%) patients
complained of waking up tired in the morning. Twelve
(22.6%) patients had excessive sleepiness during the day,
14 (26.4%) patients had depressive symptoms, 16 (30.2%)
patients had anxiety symptoms, 5 (9.4%) patients had pain,
3 (5.7%) patients had somatic complaints, and 7 (13.2%)
patients had irritability.  Considering  psychiatric
comorbidities, there was a depressive disorder in 6 (11.3%)
patients, an anxiety disorder in 8 (15.1%) patients, a
psychotic disorder in 1 (1.9%) patient, and a bipolar
disorder in 3 (5.7%) patients. Nineteen (35.9%) patients
were using antidepressants, 8 (15.1%) patients were using
anxiolytic, and 3 (5.7%) patients were using antipsychotics.
When other sleep disorders were examined, 1 (1.9%)
patient had REM behavior disorder, 1 (1.9%) patient had
nightmare disorder, and 1 (1.9%) patient had sleep
paralysis. When additional medical diseases were
examined, 4 (7.6%) patients had hypertension, 3 (5.7%)
patients had diabetes, 1 (1.9%) patient had asthma, 1 (1.9%)
patient had chronic obstructive pulmonary disease, and 1
(1.9%) patient had hypothyroidism. There were 1 (1.9%)
patient with alcohol use and 3 (5.7%) smoking patients.
Patients were divided into two groups according to the
presence of shortened sleep duration after the pandemic.
While 13 (24.5%) patients had shortened sleep duration, the
sleep time of 40 (75.5%) patients did not change. Patients
with shortened sleep duration had significantly short
insomnia duration (p=0.048). There was no difference in
clinical features between the groups (Table 1).

Patients were divided into two groups according to the
duration of the patient’s complaints. While 20 (37.7%)
patients' complaints of insomnia started during the
pandemic period, 33 (62.3%) patients’ complaints of
insomnia started before the pandemic period. There was no
difference in clinical features between the groups (Table 2).
Most of the patients whose complaints started during the
pandemic were male (n=12, 60.0%). Their main complaint
was difficulty falling asleep (n=18, 90.0%). Worry among
their complaints was remarkable (n=10, 50.0%). Four of
them had a diagnosis of anxiety disorder. Three of them had
hypertension and two of them had diabetes mellitus.
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Table 1. Comparison of the patients with reduced and
unchanged sleep time in pandemic
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Table 2. Comparison of the patients according to the time
of the complaints start

Reduced Unchanged

(n=13) (n=40)

Age (years) 44.4+10.3 44.0+15.3 0.937
Duration of insomnia (months) [i_(;g] ?16 éig)] 0.048
Gender

Male 5(38.5) 24 (60.0) 0175

Female 8(61.5) 16 (40.0)
Increased insomnia complaint 5 (38.5) 16 (40.0) 0.922
Waking up early 2 (15.4) 5(12.5) 0.790
Difficulty maintaining sleep 7 (53.8) 12 (30.0) 0.183
Difficulty falling asleep 12 (92.3) 36(90.0) 0.805
Tired waking up 7 (53.8) 10 (25.0) 0.086
Daytime sleepiness 2 (15.4) 10 (25.0) 0.707
Headache 1(7.7) 4(10.0) 0.805
Depressive symptoms 2(154) 12(30.0) 0.473
Anxiety symptoms 4(30.8) 12(30.0) 0.958
Ache 1(7.7) 4(10.0) 0.805
Somatic complaint 0 (0.0) 3(75) 0.567
Irritability 0 (0.0) 7(175) 0174
Depressive disorder 1(7.7) 5(12.5) 0.635
Anxiety disorder 2 (15.4) 6 (15.0) 0.973
Psychotic disorder 1(7.7) 0(0.0) 0.245
Bipolar disorder 0 (0.0 3(75) 0.567
Hypertension 1(7.7) 3(75) 0.982
Diabetes Mellitus 2 (15.4) 1(25) 0.145
Asthma 0 (0.0) 1(25) 0.565
Choooumelie 1@ 000 oats
Hypothyroidism 0(0.0) 1(25) 0.565

During the Before the

pandemic pandemic p
(n=20) (n=33)

Age (years) 40.0+£11.1 46.6£15.3 0.099
Duration of insomnia (months) [1 1(;)] [igffg] <0.001
Gender

Male 12 (60.0) 17 (51.5) 0.547

Female 8 (40.0) 16 (48.5)
Waking up early 3 (15.0) 4(12.1) 0.764
Difficulty maintaining sleep 8(40.0) 11(33.3) 0.624
Difficulty falling asleep 18 (90.0) 30(90.9) 0.913
Tired waking up 6(30.0) 11(33.3) 0.801
Daytime sleepiness 2 (10.0) 10(30.3) 0.105
Headache 2 (10.0) 3(9.1) 0913
Depressive symptoms 5 (25.0) 9(27.3) 0.856
Anxiety symptoms 10(50.0) 6(18.2) 0.014
Ache 2 (10.0) 3(9.1) 0.913
Somatic complaint 1(5.0) 2(6.1) 0871
Irritability 4 (20.0) 3(91) 0.405
Depressive disorder 1(5.0) 5(15.2) 0.390
Anxiety disorder 4 (20.0) 4(12.1) 0457
Psychotic disorder 1(5.0) 0(0.0) 0.377
Bipolar disorder 2 (10.0) 1(3.0) 0.549
Hypertension 3(15.0) 1(3.0) 0.145
Diabetes Mellitus 2 (10.0) 1(3.00 0.549
Asthma 0(0.0) 1(3.0) 0.432
oot 000 160 o
Hypothyroidism 0(0.0) 1(3.00 0.432

Reduced: patients with reduced sleep time in pandemic, Unchanged:
patients with no change of sleep time in pandemic, data are presented as
the number (%) of patients, mean#standard deviation or median
(interquartile range) [minimum-maximum]

DISCUSSION

Stress-related sleep problems are quite common (6). The
group that is sensitive to stress-related sleep disorders
generally develops chronic insomnia (7). Preexisting
insomnia is an important risk factor for Posttraumatic
Stress Disorder (PTSD) (8). This stressor causes the sleep
disorder to increase even more (9). In our study, 37.7% of
the patients had newly developed insomnia while 62.3% of
the patients had insomnia before the COVID-19 pandemic.
Studies on acute infectious diseases such as severe acute
respiratory syndrome (SARS) show that both the infected
and uninfected developed anxiety, depression, stress, and
posttraumatic stress disorder (10,11). In previous studies,
it has been shown that sudden developing events have
negative effects on people's mental health and cause
symptoms similar to post-traumatic stress disorder (12).
In a newly published study, 7% of people living in Wuhan,
most of whom were female experienced PTSD symptoms
during the COVID-19 pandemic (13). In our study, the
majority of our patients who suffered from insomnia both
during and before the pandemic period were female.

During the pandemic: insomnia started in the pandemic, Before the
pandemic: insomnia started before the pandemic, data are presented as
the number (%) of patients, meantstandard deviation or median
(interquartile range) [minimum-maximum]

Anxiety levels of those who were younger than 35 years
and followed more than 3 hours of COVID-19 news per
day were found to be higher than those who were older
than 35 and less exposed to COVID-19 news (13). We
detected that patients who developed insomnia during the
pandemic period were younger than those who developed
insomnia before the pandemic (40.0£11.1 vs. 46.6+15.3).
Studies have shown that PTSD symptoms develop less in
the presence of good sleep quality and fewer early morning
awakening (14). In our study, 7 of the patients diagnosed
with insomnia had early morning awakening.

In a study by Taylor et al. (15) in 2008, it was shown that
young age and female gender caused negative
psychological effects in the quarantine period. In another
study, the presence of psychiatric illness was shown to be
associated with anxiety and anger 4-6 months after
quarantine (16). There was a depressive disorder in 6
(11.3%) patients, an anxiety disorder in 8 (15.1%) patients,
a psychotic disorder in 1 (1.9%) patient, and a bipolar
disorder in 3 (5.7%) patients in our study.
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Sleep has important effects on the immune system and
emotion regulation. Studies on sleep deprivation have
shown the relationship between the immune system and
sleep. Cohen et al. (17) show that those with sleep time <7
hours or sleep efficiency <92% had more infections after
virus exposure than those with sleep time >8 hours or sleep
efficiency >98%. In a study, it was shown that the risk of
having a cold after a virus exposure increased in those who
sleep less than 6 hours a night (18). In our patients, the
mean sleep time before the pandemic was 6.8+1.2 hours,
while the mean sleep time after the pandemic was 5.9+1.7
hours. This is important for vulnerability to infection.
There is a review by the European CBT-I Academy that
examines sleep and insomnia due to COVID-19 home
confinement (19). Cellini et al. (20) evaluated the sleep
structure, time perception, and use of electronic devices in
1310 people and saw an increase in the use of social media
before bedtime. They saw that people go to bed later, get
up later, and spend more time in bed, thus reducing sleep
quality. Sleep problems have been shown to increase in the
presence of depression, anxiety, and stress. Li et al. (21)
demonstrated an increased prevalence of insomnia,
including new-onset insomnia, during the COVID-19
pandemic. While time in bed and total sleep time
increased, sleep efficiency decreased significantly (21). In
our study, while patients described a higher rate of
difficulty in falling asleep, early morning awakening rates
were low.

As in the COVID-19 outbreak, traumatic events cause
psychological stress and anxiety and affect sleep quality
(22). For that reason, studies conducted during the
COVID-19 pandemic focused on physical and mental
health and sleep disorders. Consistent with these studies,
in our study, 14 (26.4%) patients had depressive
symptoms, 16 (30.2%) patients had anxiety symptoms, 7
(13.2%) patients had irritability, and 3 (5.7%) patients had
somatic complaints.

In most studies conducted during the COVID-19 pandemic
period, a specific sleep scale was not used. Most of the
studies have been done by medical staff, who are exposed
to or suffered from the virus itself (22). In our study, a
specific sleep scale was not used, either. However, since
patients who admitted to the sleep outpatient clinic are
examined, it is important in terms of providing information
about the society.

CONCLUSION
Sleep disorders during the pandemic period are an
important problem for everyone. However, some

individuals are riskier for sleep problems. Female gender,
comorbid psychiatric disorders, and medical illness are
important risk factors. Since sleep affects both emotional
regulation and the immune system, it is very important
during the pandemic period. Good sleep is necessary for
psychological well-being and a strong immune system.
Therefore, the results of our study may contribute to
interventions aimed at improving sleep quality during
pandemic periods. Providing psychological support in
risky groups such as female gender, additional medical and
psychiatric diseases, and training to improve sleep quality
is very important. It is necessary to maintain the normal
routine during pandemic periods to regulate the circadian
rhythm.
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ABSTRACT

Aim: Many studies have showed that myalgia is a common onset symptom in coronavirus
disease 2019 (COVID-19). This study aimed to determine the frequency of muscle pain in
patients followed with COVID-19 diagnosis, and to investigate the relationship between
muscle pain and creatine kinase (CK), pH, lactate and lactate dehydrogenase (LDH) levels.
Material and Methods: One hundred ten patients diagnosed with COVID-19 in our hospital
were included retrospectively in this study. Presence of myalgia at the time of admission and
on the 14th day of control were investigated. The first admission laboratory findings, 3rd day
CK values and 14th day control CK values of all patients were recorded retrospectively from
their files.

Results: The study included 110 patients diagnosed with COVID-19. Fifty patients (45.5%)
had muscle pain at the time of admission, and it was one of the most common musculoskeletal
complaints. High CK results were obtained in 48 (43.6%) of the 110 patients at the time of
admission. Thirty-two (66.7%) of 48 patients with high CK had muscle pain (p<0.001). In the
patients with muscle pain, the CK levels observed on 1%, 3, and 14™ day of the disease were
found to be significantly higher than in those without muscle pain (p<0.001, p=0.003,
p=0.029). No significant relationship was found between complaints of muscle pain and
lactate, pH, and LDH values.

Conclusion: Since some patients may only present with musculoskeletal symptoms such as
myalgia, it is important that clinicians consider COVID-19 in patients presenting with myalgia
and high CK levels.

Keywords: COVID-19; myalgia; creatine kinase.

0z

Amag: Birgok calisma miyaljinin Koronaviriis hastaligi 2019 (coronavirus disease 2019,
COVID-19)’da sik goriilen bir baslangic semptomu oldugunu gostermistir. Bu ¢alismada
COVID-19 tanistyla takip edilen hastalarda kas agrist sikliginin belirlenmesi ve kas agrist ile
kreatin kinaz (creatine kinase, CK), pH, laktat ve laktat dehidrogenaz (LDH) diizeyleri
arasindaki iliskisinin arastirilmasi amaglandi.

Gereg¢ ve Yontemler: Bu calismaya hastanemizde COVID-19 tanisi almig olan 110 hasta
geriye doniik olarak dahil edildi. Bagvuru sirasinda ve 14. giin kontrolde miyalji yakinmasi
olup olmadig: incelendi. Tiim hastalarm ilk bagvurudaki laboratuvar bulgulari, 3. giin CK
degerleri ve 14. giin kontroliindeki CK degerleri dosyalarindan geriye doniik olarak kaydedildi.
Bulgular: COVID-19 tanisi almis 110 hasta ¢alismaya alindi. Elli hastada (%45,5) bagvuru
aninda kas agris1 vardi ve en sik goriilen kas iskelet sistemi sikayetlerinden biriydi. Yiiz on
hastanin 48'inde (%43,6) basvuru aninda CK yiiksekligi saptandi. CK yiiksekligi saptanan 48
hastanin 32'sinde (%66,7) kas agrisi vardi (p<0,001). Kas agris1 olan hastalarda 1., 3. ve 14.
giinde bakilan CK diizeyleri kas agrist sikayeti olmayanlara gére anlamli derecede yiiksek
bulundu (p<0,001; p=0,003; p=0,029). Kas agris1 yakinmasi ile laktat, pH ve LDH degerleri
arasinda anlamli iligki bulunmadi.

Sonug¢: Bagvuru sirasinda yalnizca miyalji gibi kas iskelet sistem semptomlari bulunan hastalar
olabileceginden, miyalji ile bagvuran ve CK yiiksekligi saptanan hastalarda COVID-19’un
akilda tutulmasi 6nem arz etmektedir.

Anahtar kelimeler: COVID-19; miyalji; kreatin kinaz.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a disease caused
by a new type of coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). This coronavirus
has genetic similarities with severe acute respiratory
syndrome coronavirus 1 (SARS-CoV-1), which was
responsible for the epidemic of severe acute respiratory
syndrome (SARS) in 2013. SARS-CoV-2 first emerged in
China in December 2019 and soon spread to the rest of the
world. The most common symptoms in adults are fever,
cough, fatigue, dyspnea, anorexia, diarrhea, and myalgia
(1,2). Many studies have shown that myalgia is a common
(36%) onset symptom in COVID-19 (3).

Similar to other types of coronavirus causing acute
respiratory failure, the spike (S) proteins of SARS-CoV-2
bind to the angiotensin-converting enzyme 2 (ACE2)
receptors, and proteolytic cleavage occurs via the serine
protease transmembrane protease serine 2 (4-6). ACE2
receptors have been shown in the brain, kidney, vascular
smooth muscle, and skeletal muscles (7,8). SARS-CoV-2
can spread through the bloodstream or vascular
endothelium, causing infection in all ACE2 receptor-
containing tissues, including the musculoskeletal system.
SARS-CoV-2 can affect skeletal muscle cells by binding
with ACE2 alone or with the proinflammatory cytokines
interleukin-6 (IL-6), interleukin-10 (IL-10) and tumor
necrosis factor-alpha (TNF-a). Increased creatine kinase
(CK) and lactate dehydrogenase (LDH) levels during
COVID-19 infection are indicative of muscle
involvement. As a result of cell damage, lactate levels
increase (7), and the oxygen-carrying capacity of
erythrocytes and the transport of oxygen to tissues are
significantly reduced due to hyperlactatemia. The muscles,
therefore, remain ischemic during the COVID-19 infection
period (9). The expression of growth factors and
inflammatory cytokines increases in the ischemic muscle
tissue, and these endogenous substances cause excessive
stimulation of the dorsal root ganglions. This stimulation
is interpreted as pain by projection into the thalamus and
cortex via ascending pathways (10). Myalgia is thought to
reflect the systemic inflammation and cytokine response
found in patients with COVID-19 (11). In addition, TNF-
a is responsible for the intense fragmentation of muscle
proteins by direct action (12). This can cause focal muscle
fiber necrosis and diffuse muscle fiber atrophy, as
previously demonstrated in studies of SARS-CoV-1
infection (13,14). Muscle pain that does not respond to
classic analgesics decreases with a reduced viral load,
decreased inflammation, and lower muscle lactate levels.
This study aimed to determine the frequency of muscle
pain in patients followed with a diagnosis of COVID-19
and to investigate the relationship between muscle pain
and CK, pH, lactate, and LDH levels.

MATERIAL AND METHODS

In this retrospective single-center study, the medical
records of patients diagnosed with COVID-19 between
April and May 2020 in our hospital were screened
retrospectively. In total, 110 patients with confirmed
diagnosis of COVID-19 by reverse-transcription
polymerase chain reaction (RT-PCR) assays from throat
and nasal swab samples used for SARS-CoV-2 virus
analysis and chest computed tomography findings were
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included in the study. The demographic, clinical, and
laboratory findings of the patients were recorded in their
files. The patients were asked about the presence of
myalgia at the time of admission and on the 14" day of
control. The CK, LDH, lactate, and pH laboratory findings
of all the patients were recorded on the 3 day and again
on the 14" day of control and reviewed retrospectively. CK
values over 171 U/L are considered high in our laboratory.
The relationship between myalgia and the laboratory
parameters was examined. The study was carried out in
accordance with the principles of the Declaration of
Helsinki with the approval of the Ministry of Health
following approval by the local ethics committee. The
study was approved by the Ethics Committee of Sakarya
University Faculty of Medicine (10.07.2020, 416).
Statistical Analysis

Kolmogorov-Smirnov test was used to evaluate whether
the distribution of numerical variables was normal.
Accordingly, Mann-Whitney U test was used to compare
the numerical variables, and Chi-square test was used to
compare the categorical variables between the groups. The
numerical variables were presented as median,
interquartile range, minimum-maximum, and categorical
variables were presented as a count and percentage. A p-
value <0.05 was considered statistically significant.
Analyses were performed using IBM SPSS Statistics v.22.

RESULTS

The study included 110 patients (63 male, 47 female) who
had been diagnosed with COVID-19. The mean age of the
patients was 47.13+15.06 (range, 18-73) years. The
demographic characteristics of the patients are shown in
Table 1. Fifty (45.5%) patients had muscle pain at the time
of admission, and it was one of the most common
musculoskeletal complaints. On the 14™ day, 12 (10.9%)
patients had ongoing muscle pain. In our study, 5 (4.5%)
patients had only myalgia at the time of admission. High
CK results were obtained in 48 (43.6%) of the 110 patients
at the time of admission. Thirty-two (66.7%) of these
patients had muscle pain (p<0.001).

Table 1. Demographic and clinical features of the patients

Patients diagnosed with COVID-19 n (%)
Gender

Male 63 (57.3)

Female 47 (42.7)
CK level at admission

High 48 (43.6)

Normal 62 (56.4)
CK level on 3 day

High 31 (28.2)

Normal 79 (71.8)
CK level on 14" day

High 13 (11.8)

Normal 97 (88.2)
Myalgia at admission

Yes 50 (45.5)

No 60 (54.5)
Myalgia on the 14" day

Yes 12 (10.9)

No 98 (89.1)

COVID 19: coronavirus disease 2019, CK: creatine kinase
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A significant difference was not observed on admission
and on the 14" day of control according to the gender
(p=0.360 and p=0.188, Table 2). On days 1 and 3, the CK
values for the male patients were significantly higher than
those of the female patients (both p<0.001). On day 14,
there was no significant difference in CK values between
the female and male patients.

The median CK values observed on days 1, 3, and 14 of
control were 248.5, 150.5 and 80.0 U/L in the patients with
muscle pain, respectively, while the median CK values of
those without muscle pain were 96.0, 74.5 and 68.0 U/L
respectively. In the patients with muscle pain, the CK
levels observed on days 1, 3, and 14 of the disease were
found to be significantly higher than in those without
muscle pain (p<0.001, p=0.003, p=0.029). No significant
relationship was found between complaints of muscle pain
and lactate, pH, and LDH values (Table 3).

In the patients with muscle pain, high CK results were
observed on 1%, 3, and 14™ day of the disease to be
significantly higher than in those without muscle pain
(p<0.001, p=0.001, p=0.003, Table 4).

DISCUSSION

The biochemical parameters used in the diagnosis of
COVID-19 play a major role in predicting the course and
prognosis of the disease and directing its treatment. Since
the emergence of the pandemic, researchers have
concentrated their work on determining easily applicable
practical parameters. Myalgia is known to be common in
the early stages of COVID-19. We therefore evaluated CK
levels, which we predicted could be a favorable parameter
for evaluating myalgia.

Myalgia can occur as a symptom of many diseases, and
viral infections are one of the main causes. In the course of
a viral infection, 1L-6 most frequently mediates myalgia
(15). Since the SARS-CoV-2 agent causes a strong
inflammatory response, high cytokine levels (IL-6, I1L-10,
and TNF-o) are detected, especially in patients with a
moderate or severe disease course (16,17). Although the
exact mechanism of myalgia during viral infection is not
known, it is thought that proinflammatory cytokines cause
muscle pain directly (i.e., TNF-o on muscle proteins) and
indirectly (i.e., PGE2 stimulates nociceptive pathways
causing a pain sensation). Myalgia caused by COVID-19
lasts longer and is more severe than myalgia caused by
other viral infections. In patients with COVID-19, myalgia
and fatigue do not respond to classic analgesics.

There is a relationship between high CK levels and muscle
damage. CK levels begin to rise approximately 2-12 hours
after the onset of muscle damage and start to decrease to
their basal values in 3-5 days (18).

In our study, 110 patients diagnosed with COVID-19 were
evaluated retrospectively. Among these, 50 (45.5%)
patients had myalgia on admission, and 48 (43.6%)
patients had CK elevation on admission. The control CK
values on days 1, 3, and 14 were higher among the patients
presenting with myalgia than those without myalgia.
Although we found a significant relationship between
myalgia and high CK levels, there was no significant
relationship between myalgia and lactate, pH, and LDH
values.

Several studies (19-22) have reported that patients with a
diagnosis of COVID-19 and high serum levels of ferritin,

Myalgia in COVID-19 and Creatine Kinase Levels

Table 2. Myalgia and creatine kinase levels according to
the gender of the patients

Male Female

(n=63) (n=47)
Myalgia at admission 31(49.2) 19 (40.4) 0.360
Myalgia on the 14" day 9(14.3) 3(6.4) 0.188
High CK level at admission 39(61.9) 9(19.1) <0.001
High CK level onthe 3¥day 27 (42.9) 4(8.5) <0.001
High CK level onthe 14" day 12(19.0) 1(2.1)  0.007

CK: creatine kinase

Table 3. Comparison of laboratory values of patients with
and without myalgia at admission

(l:w/lzgg) (Eﬂzgg) P
CK at admission 2&%52%%5])) 9[622%1513?) <0.001
CK on the 3¢ day 1[52%51(2%%? 3253(5831) 0.003
CK on the 14" day [33(37135)] [gg_%g] 0.029
Lactt po4s  [2ad 07
, o oo o
me e o,

M (+): patients with myalgia at admission, M (-): patients without myalgia at
admission, CK: creatine kinase, LDH: lactate dehydrogenase, descriptive statistics
were given as median (interquartile range) [minimum-maximum]

Table 4. Comparison of creatine kinase levels of patients
with and without myalgia at admission
M (+)

M ()

(n=50)  (n=60) P
High CK level at admission 32 (64.0) 16 (26.7) <0.001
High CK level on the 39 day 22 (44.0) 9(15.0) 0.001
High CK level on the 14" day 11 (22.0) 2(3.3) 0.003

M (+): patients with myalgia at admission, M (-): patients without myalgia at
admission, CK: creatine kinase

leukocytes, total bilirubin, and IL-6 (CK) have higher
mortality rates. Patients with rhabdomyolysis present with
myalgia and high CK levels without typical COVID-19
symptoms; however, patients with COVID-19 diagnosed
with very high CK levels due to the direct muscle damage
caused by the virus have reportedly developed
rhabdomyolysis following viral myositis (17). In our
study, although very high CK levels were detected in only
two patients, a rapid decrease was observed in the follow
up, and kidney functions remained within normal limits.
Patients with myalgia and high CK should be followed up
more closely for the development of rhabdomyolysis.

It is clear that the SARS-CoV-2 virus affects the
musculoskeletal system. In 25 of 33 related studies,
weakness, myalgia, and increased CK levels, indicating
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muscle damage, have been reported as symptoms of
COVID-19 (23,24). Similarly, in our study, the incidence
of high CK levels accompanying muscle pain was
statistically significant.

In several studies from China, CK elevation has been
reported in patients with COVID-19 who did not develop
rhabdomyolysis. In a study of 91 adults, the CK levels of
14 patients were higher than 190 U/L, and 15 had myalgia
(2). However, there was no relationship with myalgia in
the patients with CK elevation. In another study involving
161 adults diagnosed with COVID-19, 17 patients had CK
levels higher than 190 U/L, and 18 had myalgia (1).
However, no relationship was found between the CK
levels and myalgia. In contrast to these studies, myalgia
and high CK levels were correlated in our series.

In another study on the relationship between myalgia and
CK levels in patients diagnosed with COVID-19, 140 of
239 patients had high CK results, and 32 patients with CK
elevation had myalgia (25). In the patients with myalgia,
the mean CK values were 241.05+137.02 U/L (min 45.00
U/L, max 721 U/L), while the mean CK levels in the
patients without myalgia were 139.67+83.80 U/L (min 21
U/L, max 451 U/L). Similarly to our study, the study found
a significant relationship between myalgia and increased
CK levels.

A limitation of our study was the lack of analgesic
responses among the patients with myalgia because of an
inadequate filing system. Furthermore, this was a cross-
sectional study based on retrospective data. We
recommend that it be supported by future multicenter
studies with larger patient groups.

CONCLUSIONS

The typical clinical features associated with COVID-19
include fever, cough, and respiratory distress from the first
day, but fatigue and myalgia are also common symptoms.
Since some patients may only present with
musculoskeletal symptoms such as myalgia, it is important
that clinicians consider and evaluate COVID-19 in patients
presenting with myalgia and high CK levels.
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Concordance of PCR and Early Thorax Computed Tomography Findings in
COVID-19 Patients

COVID-19 Hastalarinda Erken Donemde Cekilen Akciger Bilgisayarli Tomografi Bulgular ile
PCR Testinin Uyumlulugu

Recep ALANLI! ABSTRACT
0000-0003-4663-1898 | Aim: The aim of this study was to investigate concordance between polymerase chain reaction
Murat Biilent KUCUKAY (PCR) test results and early thorax computed tomography (CT) findings of the patients in

0000-0003-3657-6565
Okan CICEK?
0000-0002-8674-1138

whom coronavirus disease 2019 (COVID-19) was suspected after evaluation of their
complaints and physical examination findings.

. 1 Material and Methods: One hundred and fourteen patients with suspicion of COVID-19,
K%%BB_%%EI;_ asgzg{_'fg;oc IN evaluated for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) existence with
Biilent Ahmet BESIRBELLIOGLU? PCR test and performed thorax CT in the first 48 hours, between April and July 2020, were

0000-0003-2172-0616 enrolled in this study retrospectively. Demographic characteristics, laboratory parameters and
thorax CT findings of PCR positive and negative patients were compared. If patients had
negative PCR test results, but clinical suspicion for COVID-19 persisted, additional PCR
samples were tested at 48-hour intervals.
Results: Interlobular septal thickening was more frequent in PCR positive patients (p=0.043).
There was no significant thorax CT finding in 16 (28.6%) PCR positive and 14 (24.1%) PCR
negative patients. Bilateral, peripheral and multilobar ground glass opacifications, consolidation
1L okman Hekim University Faculty of and interlobular septal thickening were the most frequent findings in both groups. Neutrophil
Medicine Ankara Hospital Department (P<0.001) and platelet counts (p=0.038) were significantly lower in PCR positive group.
of Internal Medicine, Ankara, Turkey Conclusion: The thorax CT findings of the patients whose PCR tests were positive or negative
were greatly similar except for interlobular septal thickening, thus thorax CT should not be
used alone in the diagnosis of COVID-19 especially in early stages. In decision making,
symptoms, laboratory and CT findings and PCR tests of patients must be evaluated all together.
Keywords: COVID-19; ground glass opacity; interlobular septal thickening; thorax computed

*Lokman Hekim University Faculty of tomography: polymerase chain reaction.
Medicine Ankara Hospital Department

of Infectious Diseases, Ankara, Turkey

2Ankara Training and Research
Hospital Department of Radiology,
Ankara, Turkey

(074

Amag: Bu ¢aligmanin amaci yakinmalari ve fizik muayene bulgularinin degerlendirilmesi
sonrasinda koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19) 6n tanisi
konulan hastalarin erken donemde c¢ekilen akciger bilgisayarli tomografi (BT) bulgulari ile
polimeraz zincir reaksiyonu (polymerase chain reaction, PCR) testi sonuglart arasindaki
uyumlulugun arastirilmasidir.

Gerec ve Yontemler: Nisan ile Temmuz 2020 tarihleri arasinda COVID-19 siiphesi olan, PCR
testi ile siddetli akut solunum yolu sendromu koronaviriisii 2 (Severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) varligi agisindan degerlendirilen ve ilk 48 saatte
akciger BT yapilan 114 hasta geriye doniik olarak bu galigmaya alindi. PCR testi pozitif ve
negatif olan hastalarin demografik ozellikleri, laboratuvar parametreleri ve akciger BT
bulgular1 karsilastirildi. PCR testi negatif saptanip klinik siiphesi devam eden hastalarda 48
saatlik araliklar ile yeni PCR ornekleri alindi.

Bulgular: PCR pozitif hastalarda interlobiiler septal kalinlasma daha fazla bulundu (p=0,043).

Corresponding Author PCR pozitif olan 16 (%28,6) ve PCR negatif olan 14 (%24,1) hastada tomografide anlamli bir
Sorumlu Yazar bulgu saptanmadi. Her iki grupta da en sik bulgular; bilateral, periferal ve multilober yerlesimli
Recep ALANLI buzlu cam goriiniimii, konsolidasyon ve interlobuler septal kalinlasma idi. PCR pozitif olan
recepalanli@gmail.com grupta notrofil (p<0,001) ve trombosit sayisi (p=0,038) anlamli olarak daha diisiik saptandi.

Sonug¢: PCR testi pozitif veya negatif saptanan hastalarin interlobular septal kalinlasma

disindaki akciger BT bulgulari oldukg¢a benzer idi, dolayisiyla COVID-19 tanisinda 6zellikle
Received / Gelis Tarihi : 13.08.2020 erken donemlerde akciger BT tek bagina kullanilmamalidir. Karar verme esnasinda, hastalarin
Accepted / Kabul Tarihi : 26.10.2020 semptom, laboratuvar ve BT bulgulari ile PCR testi hep birlikte degerlendirilmelidir.
Available Online / Anahtar kelimeler: COVID-19, buzlu cam goriiniimii; interlobiiler septal kalinlasma; akciger
Cevrimigi Yaym Tarihi :25.11.2020 bilgisayarh tomografi; polimeraz zincir reaksiyonu.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is now a global
pandemic. Early diagnosis and isolation of infected people
are important factors in controlling the spread of the disease
(1). Diagnosis of COVID-19 depends on detection of viral
ribonucleic acid (RNA) by real time reverse transcriptase
polymerase chain reaction (rRT-PCR) test. Polymerase
chain reaction (PCR) test requires special equipment and it
cannot be performed in every health center, and a relatively
long time is needed to get results. There are difficulties in
proper sample gathering and transporting specimens to a
test laboratory which may cause inaccurate results (2).
Symptoms, signs and some laboratory findings in
COVID-19 were reported to be associated with thorax
computed tomography (CT) findings (3). Poor prognosis
for disease may be predicted by thorax CT findings (4).
However, many infectious and non-infectious diseases may
cause similar findings in thorax CT, thus CT findings may
be falsely regarded as positive results. A study reported
specificity of thorax CT as low as 25.0% (5).

The most frequent laboratory findings in COVID-19 are
lymphocytopenia, thrombocytopenia, elevations in hepatic
transaminase levels and inflammatory markers (6).
Lymphocyte counts are usually decreased, but neutrophil
counts may be varying; some patients may have low and
some may have high neutrophil counts (7).

The aim of this study was to evaluate concordance between
PCR test results and early thorax CT findings in PCR
positive and PCR negative patients.

MATERIAL AND METHODS

This study was conducted in the Lokman Hekim
University Hospital as a single center study. Data of
participants admitted between April and July 2020 were
inspected retrospectively. A hundred and fourteen patients
admitted to the hospital with complaints similar to those of
COVID-19 patients such as high fever (>38.0 Celsius),
sore throat, cough, dyspnea, headache, myalgia, loss of
taste or smell senses were enrolled in the study. Severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
PCR tests were performed in patients who had at least two
of these symptoms. Thorax CT was performed to the
patients who had presence of newly developed infiltration
on chest X-ray and/or new onset of cough and dyspnea
and/or changes in breath sounds on physical examination.
Patients who had thorax CT performed in the first 48 hours
after hospitalization were enrolled in the study. The
laboratory parameters and thorax CT findings of PCR
positive and negative patients were compared. Patients
below 18 years of age and patients in whom thorax CT
images could not be examined or patients in whom CT was
performed 48 hours after hospitalization were excluded.
This study was approved by the Clinical Research Ethics
Committee of Lokman Hekim University (27.05.2020,
approval no: 2020/038). Informed written consent was
obtained from all of the patients participated in the study.
Demographic characteristics, accompanying diseases,
laboratory findings and thorax CT images of the patients
were inspected through hospital computer systems. Whole
blood counts (lymphocyte, neutrophil, platelet), alanine
aminotransferase (ALT), aspartat aminotransferase (AST),
lactate dehydrogenase (LDH), C-reactive protein (CRP),
ferritin, D-dimer, prothrombin time, troponin | levels,

Concordance of PCR and Tomography in COVID-19

creatinine, creatine kinase (CK), procalcitonin, and PCR
test results were recorded. PCR samples were obtained at
48-hour intervals when previous tests were negative, but
clinical suspicion for COVID-19 persisted. Patients in
whom COVID-19 diagnosis was concluded after recurrent
PCR analyses were also accepted as COVID-19 positive.
Whole blood count tests were measured using the Sysmex
XN-1000 analyzer (USA). ALT, AST, creatinine, LDH,
CK, D-dimer, CRP tests were performed using the Roche
Hitachi Cobas 501 analyzer (Switzerland). Ferritin,
troponin | and procalcitonin tests were measured using the
Roche Hitachi Cobas 601 analyzer (Switzerland). PT-INR
tests were performed using the Tokra Novae analyzer
(Turkey). Thorax tomography was performed by a
Siemens Emotion 16 Scanner (Siemens Healthineers;
Erlangen, Germany, 2010) using the following parameters:
110 kV, 258 mA, a slice thickness of 1.5 mm. All scans
were performed without intravenous contrast with the
patient in the supine position during end-inspiration.
Tomography images were evaluated by a 13-year
experienced radiologist. Ground glass opacifications,
consolidation, unilateral/bilateral involvement, posterior
and multilobar distribution, interlobular septal thickening,
pleural thickening, bronchiectasis, pleural effusion, lymph
node, cavity, halo sign, nodule and vascular thickness
existence were inspected in tomography.

COVID-19 diagnosis was confirmed after the detection of
specific viral RNA sequences in rRT-PCR by nucleic acid
amplification test (NAAT).

Statistical Analysis

Data were analyzed by SPSS v.25.0 statistical package. Data
distributions were evaluated by Shapiro-Wilk test. Data
were presented as meantstandard deviation for normal
distributed variables, as median, interquartile range,
minimum-maximum for non-normal distributed variables.
Comparisons between groups in normally distributed
variables were done by independent samples t-test and
Mann-Whitney U test for not normally distributed variables.
Chi-square test was used for the comparison of qualitative
data. Fisher's exact test was used when chi-square test cannot
be used. A p value below 0.05 was considered significant.

RESULTS

The study was conducted with 114 patients. Fifty-six
(49.1%) patients were male and 58 (50.9%) patients were
female. The mean age of patients was 47.8+£15.8
(45.3+15.0 for males, 50.1+16.0 for females) years. The
mean ages of patients in the PCR positive group and PCR
negative group were 45.8+16.2 and 49.6+15.4 years,
respectively (p=0.205). In the PCR positive group, 27
(48.2%) patients were male, and 29 (51.8%) were female.
In the PCR negative group, 29 (50.0%) patients were male,
and 29 (50.0%) were female.

Accompanying diseases in PCR positive patients were as
follows: hypertension in 13 (23.2%) patients, diabetes
mellitus in 6 (10.7%) patients, coronary artery disease in 2
(3.6%) patients, malignancies in 2 (3.6%) patients and
chronic pulmonary obstructive disease in 1 (1.8%) patient.
When PCR negative patients were inspected, the following
accompanying diseases were recorded: hypertension in 11
(19.0%) patients, diabetes mellitus in 10 (17.2%) patients,
coronary artery disease in 4 (6.9%) patients, chronic
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pulmonary obstructive disease in 4 (6.9%) patients and
malignancy in 1 (1.7%) patient.

In comparison of the thorax CT findings of PCR positive
and negative patients, only interlobular septal thickening
was more frequent in PCR positive patients (p=0.043).
Other thorax CT findings were similar in both groups.
Bilateral, peripheral and multilobar ground glass
opacifications, consolidations and interlobular septal
thickenings were the most frequent findings in both groups
(Figure 1 and 2). Both ground glass opacifications and
consolidations were detected in 14 (25.0%) PCR positive
patients. There were no pathologic thorax CT findings in
16 (28.6%) PCR positive patients and 14 (24.1%) PCR
negative patients. Cavity formation, pleural thickening,
halo finding, pleural effusion and vascular thickening were
less frequent findings in thorax CT. The pathological
findings detected in thorax CT were reported in Table 1.

Table 1. Computed tomography results of PCR positive
and negative patients, n (%)

PCR(+) PCR()

(n=56) (n=58) P
Ground glass opacity 34 (60.7) 29 (50.0) 0.250"
Bilateral involvement 26 (46.4) 20 (34.5) 0.194"
Unilateral involvement 10 (17.9) 12(20.7) 0.702"
Peripheral involvement 26 (46.4) 22(37.9) 0.358"
Posterior involvement 13(23.2) 10(17.2) 0.427"
Multilobar involvement 27 (48.2) 20 (34.5) 0.136"
Consolidation 21(375) 19(32.8) 0.596"
Interlobular septal thickening 20 (35.7) 11 (19.0) 0.043"
Pleura thickening 1(1.8) 3(5.2) 0.619f
Bronchiectasis 5(8.9) 4(6.9) 0.740f
Pleural effusion 2 (3.6) 3(5.2) 0.999%
Lymphadenopathy 2(3.6) 6(10.3) 0.272f
Halo sign 1(1.8) 3(5.2) 0.619F
Vascular thickness 3(5.4) 2(3.4) 0.676f
Nodule formation 7 (12.5) 14 (24.1) 0.109"
Cavitation 0(0.0) 1(1.7) 0.999f

PCR: polymerase chain reaction, *: Chi-square test, {: Fisher's exact test

Concordance of PCR and Tomography in COVID-19

When the laboratory findings in both groups were
compared, neutrophil and platelet counts were lower in
PCR positive patients (p<0.001 and p=0.038,
respectively). Other laboratory findings were similar in
both groups. The laboratory findings of the patients were
reported in Table 2 and the frequency of abnormal
laboratory findings was shown in Table 3.

Egure 1. Tomography of 84 years old female patient
whose PCR was negative. Peripheral localized ground
glass opacifications in left lung are remarkable

Figure 2. Tomography of 65 years old female patient
whose PCR was positive. Bilateral widespread ground
glass opacifications are remarkable

Table 2. Laboratory results of PCR positive and negative patients

PCR (+) (n=56)

PCR (-) (n=58)

Mean+SD Median (IQR) [min-max] Mean+SD Median (IQR) [min-max] P
Lymphocyte (x10%/L) 1.6+0.8 1.4 (0.8) [0.4-4.3] 1.5+0.7 1.4 (0.9) [0.5-4.1] 0.709"
Neutrophil (x10%L) 4.4+2.9 3.2(1.0) [0.7-15.0] 6.8+4.2 5.6 (3.0) [2-21] <0.001*
Platelet count (x10%L) 227+67 219 (165) [124-375] 258+88 236 (158) [106-545] 0.038"
ALT (U/L) 26.1+16.7 22 (27) [8-81] 29.1£30 21 (33) [6-197] 0.798"
AST (U/L) 26.8+16.5 22 (53) [8-82] 27.5421.3 20 (34) [8-123] 0.733f
LDH (U/L) 2194108 181 (94) [122-712] 2504117 211 (98) [106-619] 0.066"
CRP (mg/L) 39+69 10 (136) [1-135] 61487 23 (107) [1-462] 0.082f
Ferritin (ug/L) 300+350 143 (198) [4-1200] 329+463 120 (841) [13-1737] 0.7291
D-dimer (nmol/L) 557+347 311 (1133) [9-5125] 875+709 415 (701) [55-7625] 0.146"
PT-INR 1.1£0.4 1.8 (0.3) [0.4-3.2] 1.5£1.6 1.1 (0.2) [0.9-9.0] 0.118"
Troponin I (ug/L) 0.2+0.7 0.1 (0.1) [0.1-5.0] 0.1£0.1 0.1 (0.1) [0.1-1.0] 0.741F
Creatinine (umol/L) 0.8+0.2 0.8 (0.2) [0.5-2.3] 0.9+0.3 0.9 (0.1) [0.1-2.3] 0.093"
CK (U/L) 202+355 88 (145) [30-1790] 150+198 78 (91) [15-1067] 0.547F
Procalcitonin (ng/mL) 0.742.9 0.1 (0.2) [0.1-15.0] 14452 0.1 (0.2) [0.1-24.0] 0.274f

PCR: polymerase chain reaction, SD: standard deviation, IQR: interquartile range, min-max: minimum-maximum, *: Independent samples t test, 1: Mann-Whitney U test, ALT: alanine
aminotransferase, AST: aspartate aminotransferase, LDH: lactate dehydrogenase, CRP: C-reactive protein, PT-INR: prothrombin time international normalized ratio, CK: creatine kinase
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Table 3. Frequency of abnormal laboratory results of PCR
positive and negative patients, n (%)

PCR(+) PCR(-)
(n=56)  (n=58) P
Lymphophenia (<1.2x10%L) (315 /1502 ) (:,393 /7502 ) 0.403*
Neutrophilia (>7x10%/L) (1%/‘i&)) (2176 /65‘;30 ) 0.137*
Thrombocytopenia (<150x10%/L) (172/ g&) (s /25;) ) 0.2007
14/54 10/58 .
ALT (>34 U/L) (25.0%) (172%) 0268
10/53 12/57 «
AST (>33 U/L) a8o%)  (11%) 0778
19/54 27/56
LDH (>214 U/L) (35.2%) (48.2%) 0.166*
44/56 45/58 "
CRP (>5 mg/L) (78.6%)  (176%) 0918
.. 12/30 12/31
Ferritin (>200 pg/L) (40.0%) (38.7%) 0.453*
D-dimer (500 nmol/L) (2122/:02 ) égf; | o.18*
12/38 14/35
PT-INR (>1.2) GLe%)  (d00%) 059"
. 2/41 2/45
Troponin I (>0.3 pg/L) (4.9%) (4.4%) 0.9997
Creatinine (>1.2 pmol/L) (?? /650?0 ) (172@‘;)) 0.094%
7143 9/49 .
CK (>192 U/L) (163%)  (184%) O7%
Procalcitonin (>0.5ng/ml) (72/1230) (li%;)) 0.639%

PCR: polymerase chain reaction, *: Chi-square test, 1: Fisher's exact test, ALT: alanine
aminotransferase, AST: aspartate aminotransferase, LDH: lactate dehydrogenase, CRP: C-
reactive protein, PT-INR: prothrombin time international normalized ratio, CK: creatine kinase

DISCUSSION

The present study reports that only interlobular septal
thickening in thorax CT findings was more frequent in
PCR positive patients. Neutrophil and platelet counts were
lower in PCR positive patients. Other laboratory and
tomography findings were similar.

After inoculation of SARS-CoV-2, in the incubation
period, there may be no pathologic tomography findings.
Thus, tomography performed in the early period of the
disease may be reported as normal and with advancing
disease, tomography findings may be prominent (8). In a
study, the thorax tomographies performed in the first two
days of hospitalization were reported to be normal in 56%
of the patients. On days 3 to 5, they were normal only in
9% of patients, and on days 6 to 12, the tomography ratio
reported to be normal was as low as 4% (9).

In a study from China inspecting 101 COVID-19 patients,
it was reported that 82% of patients had bilateral
involvement in thorax tomography and the most frequent
finding was peripheral ground glass opacifications in
lower lobes of lungs (10). Another study reported
posteriorly and peripherally localized lesions as the most
frequent thorax CT findings. In that study, the most
frequent lesions were ground glass opacifications,
interlobular septal thickening and consolidations (4). In
this reported study, the most frequent thorax CT findings
were ground glass opacifications, consolidations and
interlobular septal thickening, all localized bilaterally,
peripherally and multilobarly. Only interlobular septal

Concordance of PCR and Tomography in COVID-19

thickening was more frequent in PCR positive patients.
Viral infections other than COVID-19, especially
influenza pneumonia may frequently result in ground glass
opacifications and consolidation findings in thorax CT
(11). Pulmonary nodule formation and halo findings are
not specific lesions for COVID-19 but they have been
reported to exist in thorax CTs of COVID-19 patients (12).
In this reported study, both nodule formation and halo
findings were rare in the thorax CTs of the patients.

In a distinct study, comparing PCR positive and negative
patients by thorax tomography, 34 patients were evaluated,
and bilateral ground glass opacifications were more
frequent findings in PCR positive patients (13). A study
from China inspected thorax CT findings of COVID-19
and HIN1 influenza patients, and there were no difference
in ground glass opacifications, consolidation, pathologic
lymph node and nodule existence and localization of
lesions between these groups (14). A normal thorax CT
does not rule out COVID-19 diagnosis (13). A study
reported normal thorax CT findings in 18% of COVID-19
confirmed patients (15). Chinese radiologists’ expert
consensus report emphasized that PCR results may not be
concurrent with thorax CT findings (16). In this reported
study, 28.6% of all participants had normal thorax CT
findings. There were no significant differences between
the thorax CT findings in PCR positive and negative
patients. There may be some explanations for this
situation. Before all, thorax CTs were performed in the
early disease period, in the first 48 hours after
hospitalization. Therefore, some lesions may not have
been detected. Second, patients were younger in age and
there were not much accompanying diseases, so they may
have a milder course of the disease. Third, false negative
PCR results should also be considered.

The most frequently detected thorax tomography findings
in PCR negative patients were reported to be ground glass
opacifications and co-existence of ground glass
opacifications and consolidations in some patients that
were peripherally localized (17,18). This study,
concordantly, revealed that PCR negative patients had
ground glass opacifications and consolidations as the most
frequent CT findings which were bilateral and peripherally
localized. Ground glass opacifications has been reported to
be a frequent finding in tomography, which could be
explained as a nonspecific lesion that may be found in
many malignant or benign conditions (19).

A meta-analysis, inspecting studies reported from China,
evaluated 8697 patients. The most frequently reported
laboratory findings were elevations in CRP, hepatic
transaminases, D-dimer, erythrocyte sedimentation rate,
troponin and CK myocardial band tests and decreases in
neutrophil and lymphocyte counts (7). Laboratory findings
in COVID-19 disease may be similar to other viral
infections. A study comparing patients having COVID-19
and influenza revealed no difference between the groups
in leukocyte, lymphocyte and platelet counts, CRP and
erythrocyte sedimentation rates (14). In this reported
study, neutrophil and platelet counts were lower in PCR
positive patients. SARS-CoV-2 infection may be the
reason for decreases detected in neutrophil and platelet
counts.

In a study reported from USA, the mean age of COVID-19
confirmed patients was 63 (20). In this reported study, the
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mean patient age was 47 and mean ages for the PCR
positive and negative groups were similar. A study
reported 46% of the patients had at least one
accompanying disease (21), but in this reported study,
accompanying disease rate was 30.4%. Participants in this
study were younger and had less accompanying diseases.

There are some limitations in this study. This is a
retrospective study and thorax CTs were performed in the
early period of the disease. Thus, the thorax CT findings
may have been changed in the later periods of the disease.
For the patients in whom the PCR test was negative, no
further etiologic evaluation was performed. But in order to
eliminate false negative results, additional PCR tests were
performed if clinical suspicion for COVID-19 persisted.

CONCLUSION

In conclusion, the thorax CT findings of COVID-19
positive and negative patients were greatly similar in this
study, except for interlobular septal thickening. The
benefit of thorax CT in early periods of the disease seems
to be limited, for this reason, it should not be performed in
the first days after the onset of symptoms. Thus, thorax CT
should not be relied alone, in the diagnosis of COVID-19,
but symptoms, laboratory findings and PCR tests must be
considered all together.
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Miskisi

ABSTRACT

Aim: Most of the coronavirus disease 2019 (COVID-19) patients have respiratory symptoms;
however, various neurological symptoms, such as headache, can be seen. The
pathophysiological mechanism of headache in COVID-19 is unknown completely. In our
study, we aimed to investigate the relationship between headache and inflammatory markers
and disease severity in COVID-19 patients.

Material and Methods: Two hundred and three hospitalized patients with a polymerase chain
reaction (PCR)-confirmed COVID-19 diagnosis between 15 March and 01 June 2020 were
retrospectively investigated. A total of 62 patients with headache symptoms (n=31) and
without headache symptoms (n=31), who were age and gender-matched, were included in the
study. The demographic  characteristics, inflammatory = serum  parameters,
neutrophil/lymphocyte ratio (NLR), C-reactive protein (CRP)/albumin ratio (CAR),
hospitalization times, and disease severity were determined.

Results: Of the 203 COVID-19 patients, 36 (17.7%) had a headache, and it was the fourth
most common symptom. Headache accompanied other symptoms in all patients. Of the
patients with headache, 14 (45.2%) were female, 17 (54.8%) were male, and the mean age was
37.74£16.65 years. In our COVID-19 patients, the neutrophil count, NLR, CRP, CAR were
significantly higher, and hospital stay was longer in patients with headache than those without
headache (p=0.023, p=0.041, p=0.034, p=0,048 and p=0.049, respectively).

Conclusion: As a result, the increased inflammatory response may play a role in the
pathogenesis of headache in COVID-19 patients. Our study is the first study that evaluated the
relationship between headache symptom and inflammation in COVID-19 patients. Further
research is needed on this subject.

Keywords: COVID-19; headache; neutrophil-lymphocyte ratio; C-reactive protein; albumin.

0z

Amag: Koronaviriis hastaligi 2019 (coronaviriis disease 2019, COVID-19) hastalarinin
¢ogunun solunum semptomlari vardir; ancak bas agris1 gibi ¢esitli ndrolojik semptomlar da
goriilebilir. COVID-19'daki bas agrismin patofizyolojik mekanizmasit tam olarak
bilinmemektedir. Calismamizda COVID-19 hastalarinda bas agrisinin enflamatuvar belirtecler
ve hastalik siddeti ile olan iliskisini arastirmay1 amacgladik.

Gere¢ ve Yontemler: 15 Mart ve 01 Haziran 2020 tarihleri arasinda polimeraz zincir
reaksiyonu (polymerase chain reaction, (PCR) ile dogrulanmig COVID-19 tanisiyla hastaneye
yatirilan 203 hasta retrospektif olarak incelendi. Bas agris1 semptomu olan (n=31) ve bas agrisi
semptomu olmayan (n=31) yas ve cinsiyet eslestirilmis toplam 62 hasta ¢alismaya dahil edildi.
Hastalarin demografik 6zellikleri, enflamatuar serum parametreleri, notrofil/lenfosit orani
(neutrophil-lymphocyte ratio, NLR), C-reaktif protein (C-reactive protein, CRP)/albiimin
oran1 (CRP-albumin ratio, CAR), hastanede yats siireleri ve hastalik siddeti belirlendi.
Bulgular: iki yiiz i COVID-19 hastasmin 36 (%17,7)'sinda bas agris1 semptomu vardi ve en
stk dordiincii semptomdu. Bas agrisi, hastalarin timiinde diger semptomlara eslik ediyordu.
Bas agrisi olan hastalarin 14 (%45,2)'t kadin, 17 (%54.,8)'si erkekti ve yas ortalamalari
37,74+16,65 yil idi. COVID-19 hastalarimizda bas agrisi olanlarda bas agris1 olmayanlara gore
notrofil sayisi, NLR, CRP, CAR anlamli diizeyde yiiksekti ve hastane yatis siireleri daha
uzundu (sirastyla, p=0,023; p=0,041; p=0,034; p=0,048 ve p=0,049).

Sonug: Sonug olarak, COVID-19 hastalarinda bas agris1 patogenezinde artmig enflamatuvar
yanitin rolii olabilir. Calismamiz, COVID-19 hastalarinda bas agris1 semptomu ile inflamasyon
arasindaki iliskiyi degerlendiren ilk ¢alismadir. Bu konuda daha fazla arastirmaya ihtiyag vardir.
Anahtar kelimeler: COVID-19; basagrist; notrofil-lenfosit orani; C reaktif protein; albiimin.
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INTRODUCTION

In December 2019, many cases of pneumonia that were
later found to be caused by a new type of coronavirus
(CoV) were seen in Wuhan, China, and it quickly spread
to different parts of China (1). The new CoV was reported
to show symptoms like severe acute respiratory syndrome
coronavirus (SARS-CoV) in 2003, and both act using the
angiotensin-converting enzyme 2 (ACE2) receptor (2).
Therefore, the World Health Organization (WHO) named
the disease caused by the virus called as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) by the
International Committee on Taxonomy, as coronavirus
disease 2019 (COVID-19) in February 2020. On March
11, 2020, the COVID-19 outbreak was proclaimed as a
pandemic. As of July 12, 2020, the total number of cases
of COVID-19 is 12.7 million in the world the number of
deaths due to the disease is more than 560 000 in the world,
and the disease continues to spread rapidly (3,4).

SARS and COVID-19's "spike proteins" use ACE2 to bind
to cells (2,5). The ACE2 receptor in the body is usually
found in the lungs, mouth and nasal mucosa, and in many
areas such as the skin, heart, arteries, kidneys, reproductive
system and brain (6). Coronavirus infections defined in
humans are mostly in the form of respiratory infections and
can cause deadly pneumonia, described typical clinical
symptoms such as fever, cough, shortness of breath,
diarrhea, and fatigue in COVID-19 (7). COVID-19 also
has typical laboratory findings and lung computed
tomography (CT) abnormalities (8). In COVID-19
patients, not only respiratory symptoms but also
neurological symptoms such as dizziness, headache,
myalgia, inability to taste and smell, polyneuropathy,
myositis, cerebrovascular diseases, and rarely encephalitis
have been reported (9). Headache is a common symptom
of COVID-19 at rates ranging from 10.0-40.0% in patients
(10,11). The exact mechanisms of headache have not yet
been fully studied in COVID-19 patients. In our study,
whether the headache symptom was associated with
inflammatory serum parameters, disease severity, and
length of hospital stay in COVID-19 patients were
investigated. This study focused on the presence of
headache in COVID-19 infection, and it was aimed to
examine the relationship between headache symptom and
inflammation and disease severity.

MATERIAL AND METHODS

Prior to the study, approval was obtained from the Clinical
Research Ethics Committee of Atatiirk University Faculty
of Medicine of (01.10.2020, 37). Two hundred and three
patients who were hospitalized with a poliymerase chain
reaction (PCR)-confirmed diagnosis of COVID-19
between 15 March and 01 June 2020 were retrospectively
investigated. Five patients (3 with tension headache, and 2
with migraine) with previous recurrent headaches among
36 patients aged 18 years and over with headache were
excluded from the study. A total of 62 patients with
headache symptoms (n=31) and without headache
symptoms (n=31), who were age and gender-matched,
were included in the study. Patient data were analyzed
retrospectively by screening files, and their demographic
characteristics were recorded. In the patients included in
our study, complete blood count (neutrophil, lymphocyte,
platelet, hemoglobin), erythrocyte sedimentation rate (ESR),

Increased Inflammation in COVID-19 Headache

C-reactive protein (CRP), albumin, ferritin, procalcitonin,
D-dimer levels, neutrophil/lymphocyte ratio (NLR),
CRP/albumin ratio (CAR), and hospitalization times were
compared. The relationship between headache and disease
severity was investigated. The disease severity in COVID-
19 was classified as mild (no pneumonia, slightly
symptomatic), as moderate (there are signs of COVID-19
compatible pneumonia in CT, no need for respiratory
support) and severe (patient with severe pneumonia
findings in CT, in need of invasive or non-invasive
mechanical ventilation (MV) according to clinical and
lung CT abnormalities).

Statistical Analysis

Data were analyzed with SPSS v.22.0 program. The
distribution of numerical variables was investigated by
Shapiro-Wilk normality test. Categorical variables were
expressed as numbers and percentages, and the numerical
variables with normal distribution were expressed as mean
and standard deviation, and those that were not normally
distributed were expressed as median, interquartile range
(IQR) and minimum-maximum. Normally distributed data
were analyzed with Student's t-test, and Mann-Whitney U test
was used for data without normal distribution. Chi-square and
Fisher’s exact tests were used for the analysis of categorical
variables. The significance level was set at p<0.05.

RESULTS

In this study, the data of 203 PCR-confirmed COVID-19
patients were investigated retrospectively. Headache
symptom was present in 36 (17.7%) patients and was the
fourth most common symptom followed by cough in 78
(38.4%), fever in 57 (28.1%), weakness-fatigue in 41
(20.2%) patients. Neurological symptoms were present in
61 (30.0%) of the patients and headache was the most
common among neurological symptoms such as loss of
sense of taste and smell, myalgia, dizziness (Table 1).
The data of the patients with headache (n=31) and without
headache (n=31) were compared. Of the patients with
headache, 14 (45.2%) were female and 17 (54.8%) were
male, and the mean age was 37.74£16.65 years. Headache
accompanied other symptoms in all patients, and it was
most commonly together with cough and fever. There were
no patients presenting with isolated headache (Table 2).

Table 1. Demographic data of COVID-19 patients (n=203)

Age (years), mean+SD 46.98+19.71
Gender, n (%)
Female 93 (45.8)
Male 110 (54.2)
Frequent symptoms*, n (%)
Cough 78 (38.4)
Fever 57 (28.1)
Fatigue 41 (20.2)
Headache 36 (17.7)
Neurological symptoms, n (%)
Total 61 (30.0)
Headache 36 (59.0)
Myalgia 15 (24.6)
Loss of taste and smell 7 (11.5)
Dizziness 3(4.9)

COVID-19: coronavirus disease 2019, SD: standard deviation, *: There were total
212 symptoms
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The comorbid symptoms and comorbidities, smoking
status, disease severity of the COVID-19 patients with and
without headache were compared. The most common
symptoms accompanied by headache were fever and
cough, and at the same time, these symptoms were the
most common. There was no significant difference
between patients with and without headache in terms of
accompanying symptoms. Complaints of smell or taste
loss were present only in patients who did not have a
headache (Table 2).

While 5 (16.1%) of the patients with headache had
concomitant disease, 4 (12.9%) of the patients without
headache had concomitant disease, and there was no
statistical difference between the groups (p=1.000). These
diseases accompanying headache were hypertension (HT)
in 2 (6.4%) patients, chronic obstructive pulmonary
disease (COPD) in 1 (3.2%) patient, chronic kidney
disease (CKD) in 1 (3.2%) patient, and hypothyroidism in
1 (3.2%) patient, in patients with headache. In patients
without headache, each of the comorbid diseases of HT,
COPD, CKD and coronary artery disease (CAD) were seen
in 1 (3.7%) patient. Overall 6 (9.7%) of the patients had a
history of smoking, and this ratio was equal in patients
with and without headache (Table 2).

When the COVID-19 patients with headache were
evaluated in terms of disease severity, 8 (25.8%) patients
had a mild clinical condition without pneumonia, while 19
(61.3%) patients were moderate and 4 (12.9%) patients
were severe. Non-invasive MV was performed in patients
who were severe in our study and none of them were
intubated. There were no patients with exitus. There was
no statistically significant difference between the patients

Increased Inflammation in COVID-19 Headache

with and without headache in terms of disease severity. In
one of the patients with headache symptom, a brain MRI
was taken due to the development of respiratory distress
and lethargy during follow-up and the results were normal.
The patient was discharged after non-invasive MV
treatment. The median duration of hospitalization was
statistically significantly longer in patients with headache
than those without headache (median 11 vs. 8 days,
p=0.049, Table 2).

In patients with COVID-19, the neutrophil count was
significantly higher in the group with headache than the
group without headache (median 3.80 vs. 2.70 x10%/uL,
p=0.023). NLR was significantly higher in the patient
group with headache than in the group without headache
(p=0.041, Table 3).

No significant difference was found between white blood
cell, lymphocyte, and platelet counts, hemoglobin, D-
dimer, procalcitonin levels between the groups (p=0.071,
p=0.602, p=0.502, p=0.794, p=0.612, p=0.873,
respectively).

The ESR in patients with headache was higher than it was
in patients without headache, but this difference was not
statistically significant (median 15 vs. 10, p=0.345, Table
3). In patients with COVID-19, the CRP in the group with
headache was significantly higher than it was in the group
without headache (median 12.1 vs. 4 mg/dL, p=0.034).
The albumin values in the group with headache were lower
than those in the group without headache, but this
difference was not statistically significant (median 3.76 vs.
3.9 g/dL, p=0.438). The CAR value was significantly
higher in patients with headache compared to the group
without headache (median 3.16 vs. 1.01, p=0.048, Table 3).

Table 2. Demographic and clinical features of COVID-19 patients with and without headache

Total With Headache = Without Headache
(n=62) (n=31) (n=31)
Age (years), mean+SD 37.85+16.64 37.74+16.65 37.97+16.91 0.958
Gender, n (%)
Female 28 (45.2) 14 (45.2) 14 (45.2) 1.000
Male 34 (54.8) 17 (54.8) 17 (54.8) '
Frequent symptoms that accompany headache
Cough 28 (45.2) 17 (54.8) 11 (35.5) 0.126
Fever 23 (37.1) 14 (45.2) 9 (29.0) 0.189
Sore throat 14 (22.6) 6 (19.4) 8(25.8) 0.544
Fatigue 13 (21.0) 5(16.1) 8 (25.8) 0.349
Shortness of breath 6 (9.7) 4 (12.9) 2 (6.5) 0.671
Myalgia 7(11.3) 3.7 4 (12.9) 1.000
Abdominal pain, diarrhea 7(11.3) 4 (12.9) 3(9.7) 1.000
Loss of taste and smell 5(8.1) - 5 (16.1) 0.053
Nausea 6 (9.7) 4(12.9) 2 (6.5) 0.671
Comorbid diseases, n (%)
(HT, CAD, CKD, COPD, Hypothyroidi) 9(145) 5(161) 4(129) 1.000
Smoking, n (%) 6(9.7) 3.7 3(9.7) 1.000
Disease severity, n (%)
Mild 19 (30.6) 8(25.8) 11 (35.5)
Moderate 37 (59.7) 19 (61.3) 18 (58.1) 0.556
Severe 6 (9.7) 4 (12.9) 2 (6.5)
Hospital stay (days), median (IQR) [min-max] 10 (6) [3-28] 11 (8) [3-28] 8 (5) [4-16] 0.049

COVID-19: coronavirus disease 2019, SD: standard deviation, IQR: interquartile range, min-max: minimum-maximum, HT: hypertension, CAD: coronary artery disease,

CKD: chronic kidney disease, COPD: chronic obstructive pulmonary disease
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Table 3. Comparison of serum parameters of COVID-19 patients with and without headache

Total With Headache Without Headache

(n=62) (n=31) (n=31) P
White Blood Cell (x10%pL)  5.30 (2.42) [2.50-20.70] 6.10 (2.40) [2.50-20.70]  4.80 (2.36) [3.30-12.10]  0.071
Neutrophil (x103/uL) 3.17 (2.42) [1.20-17.90] 3.80 (2.40) [1.30-17.90]  2.70 (1.91) [1.20-9.20] 0.023
Lymphocyte (x10%/uL) 1.42 (0.94) [0.44-4.00] 1.45(0.99) [0.44-2.43]  1.40 (1.00) [0.75-4.00] 0.602
Platelet (x10%/uL) 222.79+50.34 227.12+54.15 218.45+46.71 0.502
Hemoglobin (g/dL) 14.56+1.78 14.50+1.60 14.62+1.96 0.794
NLR 2.32 (2.73) [0.74-19.27] 2.81(3.78) [0.74-19.27]  1.82(2.11) [0.75-7.07] 0.041
D-dimer (mg/L) 431 (438) [56-4600] 414 (373) [56-4600] 450 (635) [105-3860] 0.612
ESR (mm/h) 14 (19) [2-91] 15 (29) [2-91] 10 (14) [5-85] 0.345
CRP (mg/L) 7.2(15.3) [3-138] 12.1 (40.7) [3-138] 4.0 (7.4) [3.0-101] 0.034
Albumin (g/dL) 3.82 (0.53) [2.30-4.78] 3.76 (0.50) [2.30-4.40]  3.90 (0.65) [2.45-4.78) 0.438
CAR 1.76 (4.22) [0.63-69.80] 3.16 (9.74) [0.68-60] 1.01 (1.85) [0.63-69.8] 0.048
Ferritin (ng/mL) 83.5 (165.5) [5.2-2734] 94.8 (188) [7.2-2734] 75 (100.5) [5.2-1148] 0.564
Procalcitonin (ng/mL) 0.04 (0.04) [0.01-0.33] 0.04 (0.04) [0.01-0.33]  0.04 (0.02) [0.01-0.20] 0.873

COVID-19: coronavirus disease 2019, NLR: neutrophil/lymphocyte ratio, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, CAR: CRP/albumin ratio, data were
presented as meantstandard deviation or median (interquartile range) [minimum-maximum]

DISCUSSION

In our study, the headache symptom was the fourth most
common symptom with 17.7% of the patients with
COVID-19, after cough, fever, weakness-fatigue
symptoms. When the serum parameters of the patients
were compared, the neutrophil count, NLR, CRP, CAR
rates were significantly higher in the patients with
headache compared to the group without headache. As far
as we know, our study is the first study to show the
relationship of headache symptoms with inflammation in
COVID-19 patients.

Neurological involvement has been reported in 36.4-
67.0% of COVID-19 patients (12,13). In our study, 30.0%
of the patients had neurological involvement. Neurological
symptoms of SARS-CoV-2 include headache, dizziness,
cerebrovascular disease, seizure, altered consciousness,
lack of taste and smell, visual disruption, neuropathic pain,
Guillain-Barre Syndrome and muscle damage (13). In the
study in Wuhan, the most common neurological symptoms
of COVID-19 patients were dizziness 16.8% and headache
13.1% (13-17), while in the studies conducted, headache
symptoms have been reported at the rates of %8.0, 11.0%,
14.0%, and 34.0% (18-21). In our study, headache was in
the fourth place with 17.7% of all symptoms, and the first
among neurological symptoms in 203 COVID-19 patients.
Our findings have similar features to the literature.
Respiratory viruses can cause neurological symptoms in
general and headache is among the most common
symptoms, as in our study (18). Headache due to systemic
viral infection is included as a separate title in the
International Classification of Headache Disorders
(ICHD)-II1. Accordingly, it is defined as a headache that
occurs with other symptoms and/or clinical signs of a
systemic viral infection in the absence of meningitis or
encephalitis (19). In our study, the patients with chronic
headaches were excluded. Headache was one of the initial
symptoms of COVID-19 and accompanied other
symptoms. There were no patients presenting with isolated
headache. In a patient with headache symptom, a brain
MRI, which was taken due to the development of lethargy

during follow-up, was normal. Our patients with and
without headache symptoms did not have meningitis,
encephalitis, stroke, or cerebral venous thrombosis (CVT)
that may indicate a secondary headache. When all of the
COVID-19 patients were discharged, the headache had
passed, that is, the headache improved with the healing of
the disease. In addition, the increase in NLR, CRP, and
CAR in patients with headaches showed that the pain was
associated with inflammation. With these features,
headache in COVID-19 disease was compatible with the
headache attributed to systemic viral infection.

The exact mechanisms of systemic infection headache are
not still exactly known. Likely reasons include fever and
activation of various immuno-inflammatory mediators
such as endogenous or exogenous pyrogens, cytokines,
and direct effects of microorganisms themselves (19).
Neutrophils are the most important cells that cause an
inflammatory response during acute phase reactions.
Lymphocytes are the main constituents of both humoral
and cellular responses (20,21). The stress response of
circulating lymphocytes results in an increase in neutrophil
count and a decrease in lymphocyte count. Therefore, the
ratio of these two white blood cell subgroups, NLR, is used
as an inflammatory marker. In various studies, NLR was
found to be higher in migraine patients than in the control
group (22). NLR level has been previously shown to be a
marker of a more severe infection in COVID-19 patients;
however, there is no study in the literature showing the
relationship between NLR and headache (23). In our study,
the COVID-19 patients with headaches had a significantly
higher neutrophil count and NLR than those without
headaches.

CRP is an acute-phase protein synthesized in hepatocytes
in reply to pro-inflammatory cytokines during
inflammatory and infectious states (24). There are studies
reporting increased serum CRP levels during migraine
attack periods (25). Albumin is a negative acute-phase
protein whose serum levels decrease in inflammatory
conditions. Recently, CAR, which is a marker for systemic
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inflammation, has been investigated as an independent
prognostic marker in patients with infectious and other
diseases (26). Similar to NLR, CAR has previously been
shown to be high in migraine patients and it has been
emphasized that peripheral inflammation may play a role
in migraine pathogenesis (27). Similarly in our study, CRP
and CAR were significantly higher in the COVID-19
patients with headache than those without headache, and
according to our results, inflammation may play a role in
the pathogenesis of headache in COVID-19.

The cytokine release syndrome seen in various viral
diseases such as SARS, MERS, influenza, is another
significant consideration for the headache mechanism
(28). High pro-inflammatory cytokine concentrations in
plasma were measured in patients with serious SARS-
CoV-2 (14). These cytokines are known to cause direct
tissue damage and another inflammatory cascade various
immuno-inflammatory mediators (13).
Neuroinflammation and various inflammatory mediators
are well known to play a part in trigeminovascular
activation (29). The headache in COVID-19 infection may
have been caused by the release of proinflammatory
mediators and cytokines triggering the perivascular
trigeminal nerve endings (30). In our study, the increase in
inflammatory parameters such as neutrophil count, NLR,
CRP, and CAR, suggests that headache in COVID-19
disease may be associated with an increase in
proinflammatory cytokines.

As is known, ACE2 has been identified as the main
receptor for SARS-CoV-2 entry (31). It has been suggested
that direct invasion of trigeminal nerve endings in the nasal
cavity by SARS-CoV-2 may be another possibility for the
headache mechanism associated with COVID-19 (30).
However, ambiguity remains in this issue since ACE2
expression has not yet been demonstrated in the peripheral
trigeminal nerve endings (32). In our study, headache was
not an accompanying symptom in any of our five patients
who had complaints of lack of taste and smell.

Headache can occur as a result of neurological damage
caused by the virus directly infecting the central nervous
system (CNS). Neurotropism of SARS-CoV-2 has been
demonstrated in autopsy samples of COVID-19 patients
(13,14). As previously shown in other coronaviruses
(33,34), SARS-CoV-2 can enter the brain through
systemic circulation or retrograde neuronal dissemination
(35,36). SARS-CoV-2 in the systemic circulation can enter
the brain through ACE2 receptors in capillary endothelium
and cause neuronal damage (35). Similar to SARS-CoV,
SARS-CoV-2 can also enter into the brain through the
olfactory tract (37). The presence of anosmia in COVID-
19 patients suggests an olfactory nerve invasion (38).
Although there are opinions that it can directly invade the
CNS through the olfactory nerve, this is not fully clarified
(28,39). In our study, the patients with olfactory disorders
were in the group without headache. In COVID-19
patients, the headache symptom may be associated with
meningitis, encephalitis, or encephalopathy. Although the
frequency of headache due to viral meningitis remains
uncertain, a limited number of encephalitis cases in
COVID-19 (40). Encephalopathy is likely to develop in
patients with severe infection and comorbidities in
COVID-19 (41). In our study, none of our patients had
meningitis, encephalitis, or encephalopathy.

Increased Inflammation in COVID-19 Headache

Increased D-dimer is common in COVID-19 patients (42).
Elevations in the D-dimer can lead to headache-causing
neurological complications such as CVT and stroke (43).
Previously, stroke in COVID-19 patients (3%) and CVT
(0.5%) have been reported (44,54). In our study, there was
no statistically significant difference in D-dimer levels
between patients with headache and patients without
headache. No stroke or CVT was detected in our COVID-
19 patients with and without headache symptoms.

In a recent study, headache was 17% in serious cases and
10% in milder cases, and it was emphasized that
inflammation and hypoxia associated with disease
seriousness may have a role in headache (13,16). In our
study, there was no significant difference between patients
with headache (25.8% mild, 61.3% moderate, and 12.9%
severe) and without headache (35.5% mild, 58.1%
moderate, and 6.5% severe) in disease severity. However,
non-invasive MV was performed in patients with severity
in our study, none of them were intubated and there were
no patients with exitus. Therefore, there is a need for larger
studies involving patients with more severe clinics on this
subject. In addition, the duration of hospital stay of patients
with headaches was higher in our study than those without
headaches. It can be said that the recovery process of
patients with headache takes longer.

As a result, there was a significant increase in neutrophil
count, NLR, CRP, and CAR levels in COVID-19 patients
with headache symptoms compared to those without
headache. According to our study, the increased
inflammatory response may play a role in the pathogenesis
of headaches in COVID-19 patients. As far as we know,
our study is the first to show the relationship of headache
with inflammation in COVID-19 patients. In this regard,
more comprehensive studies are needed.
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ABSTRACT

Aim: The aim of this study is to identify the frequency of stroke among severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) cases in Sakarya city, to find out the clinical
characteristics of patients diagnosed with stroke and to contribute to the national database.
Material and Methods: This retrospective study was carried out with 783 cases diagnosed
with SARS-CoV-2 between April-June 2020 at the pandemic hospital in Sakarya city. Patients
were compared in terms of age, National Institute of Health Stroke Scale (NIHSS), risk factors,
radiological findings, inpatient treatment, intubation, and mortality rates.

Results: Out of 26 cases of ischemic stroke, 11 (42.3%) were male and 15 (57.7%) were
female. In terms of infarction localization, the cause was medial cerebral artery (MCA) in 4
(15.4%) patients, top of the basilar in 2 (7.7%) patients, basilar artery in 1 (3.8%) patient,
lacunar in 9 (34.6%) patients and anterior system in 10 (38.5%) patients. There was no
significant difference in terms of D-dimer and C-reactive protein (CRP) levels according to
disease severity (both p=0.262). Three (0.38%) patients presented with stroke findings and
were diagnosed with SARS-CoV-2. Cryptogenic stroke was detected in 8 (30.8%) of the
SARS-CoV-2 cases. Stroke frequency was calculated as 3.3% among the SARS-CoV-2 cases
in Sakarya city.

Conclusion: This is the first study to identify the frequency of stroke among SARS-CoV-2
patients in Sakarya city and Turkey. Our study is important as it shows that preventing or
treating ischemic stroke in SARS-CoV-2 cases contributes greatly to the reduction of
mortality.

Keywords: Sakarya city; SARS-CoV-2; stroke; frequency.

0z

Amag¢: Bu calismanin amaci Sakarya ilindeki siddetli akut solunum yolu sendromu
koronavirtisii 2 (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) olgularinda
inme sikligini tespit etmek, inme tanist almis olan hastalarin klinik 6zelliklerini ortaya
koyabilmek ve ulusal veri tabanina katkida bulunmaktir.

Gerec ve Yontemler: Bu calisma, Sakarya ilindeki pandemi hastanesinde Nisan-Haziran 2020
tarihleri arasinda SARS-CoV-2 tanis1 alan 783 olgu ile geriye doniik olarak yiiriitiildii.
Hastalar, yas, Ulusal Saghk Enstitiileri inme Skalas1 (National Institute of Health Stroke Scale,
NIHSS), risk faktorleri, radyolojik bulgular, yatarak tedavi, entiibe olma durumlari ve
mortalite oranlar1 bakimindan karsilagtirildi.

Bulgular: Yirmi alti iskemik inmeli olgunun 11 (%42,3)’i erkek ve 15 (%57,7)’i kadin idi.
Enfarkt lokalizasyonu bakimindan 26 hastanin 4 (%15,4)’1 orta serebral arter (medial cerebral
artery, MCA), 2 (%7,7)’si baziller tepe, 1 (%3,8)’i baziller arter, 9 (%34,6)’u lakiiner, 10
(%38,5)’u arka sistemden kaynaklanmaktaydi. D-Dimer ve C-reaktif protein (C-reactive
protein, CRP) diizeyleri bakimindan hastalik siddetine gére anlaml bir farklilik yoktu (her iki
p=0,262). Ug (%0,38) hasta inme bulgusuyla gelip SARS-CoV-2 tanis1 almisti. SARS-CoV-2
olgularmm 8 (%30,8)’inde kriptojenik inme tespit edildi. Sakarya ilinde SARS-CoV-2
olgularinda inme siklig1 %3,3 olarak hesaplandi.

Sonug: Bu calisma SARS-CoV-2 hastalarinda inme sikligini tespit etmeye yonelik Sakarya
ilinde ve Tiirkiye’de yapilmis ilk caligmadir. Caligmamiz, SARS-CoV-2 olgularinda iskemik
inmenin Onlenebilmesi ve tedavi edilebilmesinin mortalitenin azalmasina belirgin katki
sundugunu gostermesi bakimindan 6nemlidir.

Anahtar kelimeler: Sakarya ili; SARS-CoV-2; inme; siklik.
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INTRODUCTION

Even though respiratory symptoms are usually focused on
in severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) cases, we predicted that there may be
accompanying neurological symptoms due to our
familiarity with the coronavirus family. Stroke in
SARS-CoV-2 cases is caused by changes in the body due
to infection and or the presence of risk factors (1). The
study that reported the first cases of stroke in Wuhan also
noted that there were risk factors present in these cases. On
the other hand, stroke was also reported in young cases
without any risk factors. This appears to be evidence
suggesting that both ways are possible (1-3). Some
studies on SARS-CoV-2 reported that stroke was much
more frequent in severe cases with pulmonary
involvement (4-6). In cases of SARS-CoV-2, the most
commonly reported condition in the literature has been
ischemic stroke. Less often, hemorrhagic stroke and sinus
vein thrombosis have been reported. In SARS-CoV-2
cases, young cases with stroke along with cases presented
with only stroke reveal that stroke can also occur at the
onset of the disease (6-8). The fact that thrombotic
complications were identified in 31% of the cases despite
systematic thrombosis prophylaxis shows the importance
of evaluating patients in intensive care in terms of
thromboembolism prophylaxis. One of the most important
markers of this progression is thought to be the D-dimer
level (9-11). Antithrombotic treatment such as low
molecular weight heparin and aspirin has been
recommended for SARS-CoV-2 patients with low D-dimer
level (11,12). Starting from March 11, 2020, the day when
the first positive case was detected in Turkey,
antithrombotic treatment has been a part of the routine
procedure as per the treatment guidelines of the Ministry
of Health (13). We think that the reason behind the low
mortality rates in Turkey could be this prophylactic
treatment. The objective of our study is to identify the
frequency of stroke among SARS-CoV-2 cases in Sakarya
city and to contribute to the national database and
literature.

MATERIAL AND METHODS

In this study, 783 cases diagnosed with SARS-CoV-2 at
the emergency department, wards and intensive care units
between April 1 and June 15, 2020 at Sakarya Training and
Research Hospital, which was declared a pandemic
hospital in March, were retrospectively reviewed. The
diagnosis was made by evaluating nasopharyngeal swaps
with polymerase chain reaction (PCR) and thorax
computed tomography (CT), which presented atypical
viral pneumonia. The study was approved by the Ethics
Committee of the Sakarya University Faculty of Medicine
(27.07.2020, 437) and the General Directorate of Health
Services of the Ministry of Health. SARS-CoV-2 cases
over the age of 18, who required neuroimaging due to
stroke pre-diagnosis, were screened from the hospital
registration system. Hemorrhagic stroke cases, cases with
previous stroke history, and cases with missing data were
excluded from the study. Demographic data, medical
history, neurological examination result, electrocardiogram
(ECG), brain CT, diffusion-weighted magnetic resonance
imaging (MRI), PA chest radiograph, blood biochemistry,
hemogram test, C-reactive protein (CRP), D-dimer and
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fibrinogen values of the cases, ischemic stroke diagnosis
of which was confirmed by clinical and radiological
sources, were recorded. Known or newly-identified
accompanying chronic diseases such as cardiac failure,
arrhythmia, myocardial infarction, diabetes, hypertension,
chronic obstructive pulmonary disease, pulmonary
hypertension, pulmonary embolism, and chronic renal
failure were recorded. Stroke localization was performed
by evaluating ischemic territories in the brain based on
brain CT and diffusion-weighted MRI findings. Infarction
areas were divided into three groups, namely anterior
cerebral artery (ACA), posterior cerebral artery (PCA) and
medial cerebral artery (MCA), taking into account arterial
watershed areas. The National Institute of Health Stroke
Scale (NIHSS) levels, which determine the severity of the
disease based on neurological examination of patients,
were recorded. Those with a NIHSS score of 1 to 8 were
classified as mild, 9 to 15 as moderate, higher than 16 as
severe.

Statistical Analysis

Statistical analysis was performed by using statistical
package SPSS v.25.0. Continuous data are described by
meantstandard deviation (SD) or median interquartile
range (IQR) and (minimum-maximum), categorical data
are presented as numbers and percentages. Shapiro-Wilk
test was used to evaluate the normality assumption for
numerical variables. In the evaluation of the data, a
Student's t-test was used for the data with normal
distribution in order to compare numerical variables, a
Mann-Whitney U test was used for the data that were not
normally distributed, and a Pearson Chi-square or Fisher’s
exact test was used in the analysis of categorical variables.
Statistical significance was considered as 0.05.

RESULTS

SARS-CoV-2 patients were showing clinical stroke
findings and were diagnosed with ischemic stroke with
neuroimaging. Out of 26 cases of ischemic stroke, 11
(42.3%) were male and 15 (57.7%) were female. The mean
age of the patients was 71.7+12.3, the mean age of the male
patients was 72.0+£10.8 and the mean age of the female
patients was 71.5+12.7 years. Only 2 (7.7%) of the patients
were 45 years of age and under. Seventeen (65.4%) of the
patients had a medical history of hypertension, 9 (34.6%)
patients had diabetes and 3 (11.5%) patients had cardiac
disease. Nine (34.6%) of the patients were smokers and 1
(3.8%) patient consumed alcohol. There was no significant
difference in terms of advanced age, and comorbidities
according to the disease severity. Demographic
characteristics and risk factors of patients are shown in
Table 1.

In terms of the sub groups of infarction localization, the
cause was MCA in 4 (15.4%) patients, top of the basilar in
2 (7.7%) patients, basilar artery in 1 (3.8%) patient, lacunar
in 9 (34.6%) patients and anterior system in 10 (38.5%)
patients. In terms of the anatomical localization of lesions
of ischemic stroke patients, 4 (15.4%) patients had partial
anterior Cl, 13 (50.0%) had posterior Cl, 9 (34.6%) had
lacunar while no patients had total anterior Cl.

Patients were compared in terms of their NIHSS score,
which was calculated using the NIHSS during admission
to the clinic, risk factors, radiological localization findings,
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duration of stay at hospital, duration of intubation, and
mortality rates. In terms of risk factors of the patient group,
the relationship between age/sex and glucose level at
arrival, HbA1C, diabetes, hypertension, heart disease,
smoking and alcohol use was not statistically significant.
Patients requiring intensive care were grouped under
severe cases and those followed-up in wards were grouped
under non-severe cases. Sixteen (61.5%) cases were
followed-up in intensive care, 10 (38.5%) cases were
intubated and 8 (30.8%) cases died. CRP and D-dimer
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levels of 26 patients that were included in the study did not
show a significant difference between severe and non-
severe cases (both p=0.262). There only was a significant
difference in NIHSS according to the disease severity
between severe and non-severe cases (p<0.001, Table 2).
Three (0.38%) patients presented with stroke findings and
were diagnosed with SARS-CoV-2. Cryptogenic stroke
was detected in 8 (30.8%) of the SARS-CoV-2 cases.
Stroke frequency was calculated as 3.3% among the
SARS-CoV-2 cases in Sakarya city.

Table 1. Clinical characteristics of patients with SARS-CoV-2

Total (n=26) Severe (n=16) Non-severe (n=10) p
Age (years), mean+SD 71.7+12.3 71.6+14.0 71.4+12.7 0.971
Age, n (%)
<45 2(7.7) 1(6.3) 1(10.0) 0.730
>45 24 (92.3) 15 (93.8) 9 (90.0) '
Sex, n (%)
Male 11 (42.3) 8 (50.0) 3(30.0) 0.428
Female 15 (57.7) 8 (50.0) 7 (70.0) ’
Comorbidities (any), n (%) 8 (28.6) 3(16.7) 5 (50.0) 0.091
Hypertension, n (%) 17 (65.4) 8 (50.0) 9 (90.0) 0.087
Diabetes mellitus, n (%) 9 (34.6) 4 (25.0) 5 (50.0) 0.234
Cardiac disease, n (%) 3(11.5) 2 (12.5) 1(10.0) 0.846
Smoke, n (%) 9 (34.6) 3(18.8) 6 (60.0) 0.046
Alcohol, n (%) 1(3.8) 0 (0.0 1(10.0) 0.385
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, SD: standard deviation
Table 2. Laboratory findings of patients with SARS-CoV-2
Total (n=26) Severe (n=16) Non-severe (n=10) p

C-reactive protein (mg/L) 23.3(64.2) [1.1-288] 33.2(59.8) [1.1-288] 7.6 (45.4) [3-231] 0.262
D-dimer (mg/L) 1505 (2247) [331-29400] 1660 (3652) [373-29400] 1450 (1879) [331-3220] 0.262
NIHSS 23 (20) [5-39] 27 (12) [23-39] 9 (6) [5-16] <0.001
Imaging Pattern, n (%)
Lacunar 9 (34.6) 4 (25.0) 5 (50.0) 0.234
Other 17 (65.4) 12 (75.0) 5(50.0) )

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, NIHSS: national institutes of health stroke scale, data were presented as median (interquartile range) [minimum-maximum]

DISCUSSION

First, from Zhongnan Hospital in Wuhan, China, where the
pandemic first emerged, then, from around the world, as of
February 7, 2020, neurologists have started to report common
neurological symptoms including stroke (6,14-16). It has
been reported that blood coagulation tests (prothrombin
and D-dimer) of SARS-CoV-2 patients showed abnormal
results, which increased the possibility of ischemic stroke.
Initial publications reported stroke in 5% of the cases
(4,17). Among 388 patients, who applied to a university
hospital in Italy, 2.5% had ischemic stroke and the mean
age of these patients was 68.4+5.9 years (18). A study
involving over 2000 SARS-CoV-2 patients found that the
rate of cerebrovascular presentations was higher in severe
cases (19). In our study, we investigated 783 SARS-CoV-2
positive patients at a pandemic hospital in Sakarya city and
ischemic stroke was detected in 26 of these cases. Stroke
frequency was calculated as 3.3% among the SARS-CoV-
2 cases in Sakarya city.

Literature reports that in stroke cases, hypertension,
diabetes and cardiovascular diseases increase the severity
of disease (6,14,17,20). Especially in cases where risk
factors for stroke are present such as hypertension,
diabetes and smoking, SARS-CoV-2 is much more
frequent and severe. In our study, only 8 (30.8%) cases
developed stroke without having any risk factor. In
cryptogenic cases, transthoracic echocardiogram and
Doppler ultrasonography of the carotid vertebral artery
could not be performed due to pandemic restrictions,
which led to a limitation in determining stroke etiology.
The age range of SARS-CoV-2 patients with ischemic
stroke has varied in studies. In a most comprehensive study
carried out on more than 26 thousand SARS-CoV-2 cases
in 99 centers, the mean age of ischemic stroke was 71 (6).
In our study, the age range was in line with the literature.
Only 2 (7.7%) cases were below the age of 45.

Subtyping, which is the next step after a stroke diagnosis, is
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of vital importance in predicting prognosis, determining
discharge and treatment strategies and preventing recurrence.
In literature, large vascular occlusion has been reported in
the majority of the cases (6,21). Only 6 (23.1%) of our
stroke patients had large vascular occlusion. 3 (11.5%)
cases arrived at the hospital presenting with stroke. Out of
these, 2 cases actually started having fever and fatigue
symptoms a few days back but refrained from going to the
hospital because of the pandemic. Another case applied to
another hospital presenting with weakness of the left side.
Upon suspicion at the ER, this case was tested and was
referred to the pandemic hospital after being diagnosed
with SARS-CoV-2.

Literature reports that stroke can also occur at the onset of
SARS-CoV-2 in cases who only present with stroke
manifestations without showing any other symptoms such as
fever, cough and loss of appetite (19). Only one case in our
study presented with stroke at the onset of SARS-CoV-2.
SARS-CoV-2 can enter the brain via retrograde neuronal
or hematogenous propagation (9,17). Due to its direct
damage on the nervous system and inflammation, hypoxia,
immobilization ~ and  disseminated intravascular
coagulation it causes, this virus is thought to make people
susceptible to venous and arterial thromboembolic events.
Due to the known fact that the disease makes people
susceptible to thromboembolic events, prophylactic
antithrombotic treatment is recommended for patients with
high D-Dimer levels (13,22-24). Twenty three (88.5%) of
our cases were receiving prophylactic subcutaneous
heparin and acetylsalicylic acid treatment at two equal
doses before the diagnosis. CRP and D-dimer levels of our
stroke cases significantly decreased over time. This
significant decrease over time is thought to be due to the
antithrombotic and infection treatment patients were
receiving. We found a positive correlation between D-
dimer and CRP levels of stroke cases in our study and the
severity of SARS-CoV-2, and the majority of these cases
were followed up under intensive care conditions with
respiratory support. We were not able to find a relationship
between NIHSS, which is used to identify the severity of
stroke, and D-dimer and CRP levels. We predict one
reason for this to be the regular and early administration of
subcutaneous heparin in all SARS-CoV-2 cases with high
D-dimer levels.

In Turkey and all around the world, rigorous and diligent
efforts are being exerted to prevent death in SARS-CoV-2
cases. A patient presenting with cerebrovascular event
findings during the pandemic should be suspected for
SARS-CoV-2, a detailed medical history should be taken
and the patient should be tested, if necessary. This is highly
important both for diagnosing the disease early and for
preventing the spread of the infection in the hospital and in
the community. In our study, only 1 case presenting with
stroke was tested after suspecting SARS-CoV-2 due to a
routine thorax CT, which then resulted in this case to be
diagnosed early with SARS-CoV-2.

The most important limitation of our study was that
etiological subtyping could not be done in stroke cases.
Etiology could not be established in cases due to
pandemic-related restrictions. The cases were only
compared based on risk factors for stroke. Another
limitation was that our results only cover moderate and
severe SARS-CoV-2 cases requiring hospitalization.
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Another limitation was that the association of medication
used for SARS-CoV-2 with stroke cases could not be
investigated. As we are facing with a new disease,
medications used for treatment should also be investigated
for cerebrovascular side effects.

CONCLUSION

It could be noted that our study is significant as it will
contribute to the literature by providing information on
cerebrovascular events observed in SARS-CoV-2 positive
cases and will further improve experience on this issue.
Our study supports the need for patients suffering from
stroke, even if they are cryptogenic, regardless of the
etiology of stroke, to be suspected of SARS-CoV-2 during
the pandemic and for testing suspected cases.
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Evaluation of Computed Tomography, Clinical and Laboratory Findings of
COVID-19 in Cancer Patients

Kanser Hastalarinda COVID-19 Bilgisayarli Tomografi, Klinik ve Laboratuvar Bulgularinin

Degerlendirilmesi
Tolga KOSECIl ABSTRACT
& 0000'0002'85295'0525 Aim: The aim of this study was to evaluate the computed tomography (CT), clinical and
Omer KAYA laboratory findings of coronavirus disease 2019 (COVID-19) in cancer patients and to compare

0000-0001-7998-0686 the findings between polymerase chain reaction (PCR) positive and negative patients.

Okan DILEK® Material and Methods: Twenty-three cancer patients with positive PCR tests and 22
0000-0002-2144-2460 - L S BT - :
irfan ALISAN gjlagnosed as COVID-19 with clinical and re}dlologlcal findings were |ngludegj in the study. CT
0000-0002-9473-9476 images of the patients were evaluated simultaneously by two radiologists. Presence of
Veysel HAKSOYLER® comorbid diseases, symptoms and laboratory values were evaluated.
0000-0001-5124-8362 Results: The most common CT involvement pattern was peripheral with 88.9% (n=40).
Berna BOZKURT DUMANT? Bilateral lung involvement rate was 57.8% (n=26). The most common finding was ground
0000-0002-9889-1897 glass opacities (n=38, 84.5%). 35.6% (n=16) of these were accompanied by consolidation.
Timugcin CiL! Multifocal involvement was present in 62.2% (n=28) of the cases. The most frequently
0000-0002-5033-1479 involved lobes were lower lobes. Other relatively common findings were septal thickening,

subpleural streaking, and air bronchogram. The median neutrophil, lymphocyte, D-dimer,

procalcitonin, C-reactive protein and lactate dehydrogenase values of the patients were 2000
1Adana City Training and Research mm?, 1200 mmd, 1990 ng/mL, 30.7 mcg/L 15.8 mg/dl, 161 IU/L, respectively.
Hospital Department of Medical Conclusion: Multifocal and bilateral involvement, and ground glass opacities were the most
Oncology, Adana, Turkey common findings. However, higher rates of septal thickening, which is generally less common,
suggest that the findings may be more severe in cancer patients. Most of the inflammatory
markers were higher in PCR negative cases. Studies with more patients in multiple centers will
provide better comparison of the findings in cancer patients with the general population.
Keywords: COVID-19; cancer; computed tomography; laboratory; PCR.
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3Adana City Training and Research
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Adana, Turkey

4Adana City Training and Research
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Medicine, Adana, Turkey

SPrivate Medline Hospital Department 0z

of Medical Oncology, Adana, Turkey Amag: Bu galismanin amaci kanser hastalarinda koronavirus hastaligi 2019 (coronavirus
disease 2019, COVID-19) bilgisayarli tomografi (BT), klinik ve laboratuvar bulgularmimn
degerlendirilmesi ve polimeraz zincir reaksiyonu (polymerase chain reaction, PCR) pozitif ve
negatif hastalarim bulgularinin karsilastirilmasidir.
Gere¢ ve Yontemler: Calismaya PCR testi pozitif olan 23, Klinik ve radyolojik bulgularla
COVID-19 tanist almis 22 kanser hastasi alindi. Hastalarin BT goriintiileri iki radyolog
tarafindan eszamanh degerlendirildi. Komorbid hastalik varligi, semptomlar ve laboratuvar
degerleri degerlendirildi.
Bulgular: En sik BT tutulum paterni %88,9 (n=40) ile periferaldi. Bilateral akciger tutulumu
orant %57,8 (n=26) idi. En sik saptanan bulgu buzlu cam dansiteleri idi (n=38, %84,5).
Bunlarm %35,5 (n=16)’ine konsolidasyon da eslik etmekteydi. Vakalarin %62,2 (n=28)’sinde

Corresponding Author multifokal tutulum mevcuttu. En sik tutulan loblar alt loblar idi. Diger nispeten sik bulgular
Sorumlu Yazar septal kalinlagma, subplevral ¢izgilenme ve hava bronkogrami idi. Hastalarin ortanca nétrofil,
Tolga KOSECI lenfosit, D-dimer, prokalsitonin, C-reaktif protein ve laktat dehidrogenaz degerleri sirasiyla
drtolgakoseci@gmail.com 2000 mmé, 1200 mm?, 1990 ng/mL, 30.7 ug/L 15.8 mg/dl, 161 IU/L idi.

Sonug: Multifokal ve bilateral tutulum ile buzlucam dansiteleri en sik bulgulardi. Ancak

genelde daha az saptanan septal kalinlagmanin yiiksek saptanmasi kanser hastalarinda
Received / Gelis Tarihi : 15.09.2020 bulgularin daha ciddi olabilecegini diisiindiirmektedir. PCR negatif vakalarda inflamatuvar
Accepted / Kabul Tarihi : 11.11.2020 markerlarm bir¢ogu daha yiiksekti. Cok merkezde daha fazla hasta ile yapilacak caligmalar
Available Online / kanser hastalarindaki bulgular1 genel popiilasyonla daha iyi karsilagtirmay1 saglayacaktir.
Cevrimigi Yaym Tarihi : 25.11.2020 Anahtar kelimeler: COVID-19; kanser; bilgisayarli tomografi; laboratuvar; PCR.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) was first detected
in a group of patients with pneumonia in Wuhan, China in
December 2019, and it is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (1,2).
COVID-19 has spread rapidly across the world within a
couple of months, and the World Health Organization
(WHO) assessed that COVID-19 can be identified as a
pandemic on 11 March 2020. COVID-19 may result in
severe clinical conditions, such as pneumonia, necrotizing
encephalopathy, acute respiratory distress syndrome,
respiratory failure, systemic inflammatory response and
sepsis, as well as in asymptomatic patients (1-3). Cancer
patients have become more susceptible to COVID-19 due
to immunosuppression, malnutrition and treatment-related
toxicities due to the underlying disease. It has also been
stated that mortality is higher in cancer patients (4).
Therefore, we planned this study with the idea that CT and
laboratory findings of COVID-19 may differ in cancer
patients. Also, we aimed to compare these findings in
cancer patients with and without positive polymerase
chain reaction (PCR) results.

MATERIAL AND METHODS

This retrospective study was conducted using nhon-
contrasted computed tomography (CT) images and
laboratory values of patients infected with SARS-CoV-2
that were performed between March and September 2020
at Adana City Training and Research Hospital. The study
was approved by the Ethics Committee of Adana City
Training and Research Hospital (08.07.2020, 61/992) and
was carried out in accordance with the provisions of the
Declaration of Helsinki and the Good Clinical Practice
guidelines. Pediatric patients (0-18 age) were excluded
from the study. Overall, 45 patients were included in the
study. Of these, 23 patients had a positive PCR test, and 22
patients” PCR test results were negative, but they had
typical thorax CT features and typical clinical findings for
COVID-19. Imaging was performed using a 128-detector
MDCT unit (Philips Ingenuity 128, Eindhoven, The
Netherlands) with technical parameters utilized as follows:
120 kvP, 75-400 mAs, rotation time 0.4 s, pitch 1.49 and
slice thickness: 1 mm. In the other center, imaging was
performed using a 16-detector MDCT unit (Toshiba
Alexion, Japan) with technical parameters utilized as
follows: 120 kvP, 100-400 mAs, rotation time 0.5 s, pitch
1.2 and slice thickness: 1 mm. CT images were evaluated
in terms of ground glass opacity (GGO), consolidation, air
bronchograms, halo and reverse halo signs (RHS), tree in
bud, septal thickening, crazy paving pattern,
lymphadenopathy, pleural effusion, nodules, and
subpleural fibrous streaking findings, and multilobar-
multifocal, unilateral or bilateral, peripheral-central and
upper-lower side involvement was noted.
Lymphadenopathy was considered when the short-axis
diameter is >10 mm. The radiologic evaluation was
performed by two radiologists simultaneously. The white
blood cell (WBC), neutrophil, lymphocyte, D-dimer,
ferritin, procalcitonin, C-reactive protein (CRP), lactate
dehydrogenase (LDH), prothrombin time (PT),
international normalized ratio (INR) and creatinine values
of patients which were examined during the period of
COVID-19 were noted.

Features of COVID-19 in Cancer Patients

Statistical Analysis

The data analysis was performed with SPSS v.20.0. All
continuous data were presented as mean+standard deviation
or median, interquartile range and minimum-maximum.
The categorical data were presented as numbers and
percentages. Shapiro Wilk’s test was performed to analyze
the distribution of continuous variables. Student’s t-test
was used to analyze variables showing normal distribution,
and Mann-Whitney U test was used for variables not
showing normal distribution. A Chi-square test or Fisher’s
exact test was used to compare the categorical variables. A
p value of <0.05 was considered as statistically significant.

RESULTS

Overall, 45 patients, 19 (42.2%) female and 26 (57.8%)
male, were included in the study. The mean age was
61.4+14.6 (range, 23-91) years (Table 1). The ratio of
common parenchymal infiltration patterns was as follows:
mixed GGO and consolidation 35.6% (n=16), pure GGO
48.9% (n=22) and pure consolidation 15.5% (n=7). Air
bronchograms were present in 24.4% (n=11) of the
patients. The detailed findings are shown in Table 2.

The evaluation of involvement patterns showed that 57.8%
(n=26) of the patients had bilateral lung involvement and
62.2% (n=28) had multifocal involvement. The most
common lobe involved was the left lung lower lobe with
73.3% (n=33). The evaluation of the involved area showed
that only peripheral involvement pattern was the most
common (n=23, 51.1%). However, both peripheral and
central involvement were detected in 37.8% (n=17) of the
patients. The frequency of other findings is specified in
detail in Table 2.

The median WBC, neutrophil, lymphocyte, D-dimer,
procalcitonin, CRP, PT, INR, LDH, creatinine and ferritin
values of all patients were 9100 mm?, 2000 mm?3, 1200
mm?3, 1990 ng/ml, 30.7 pg/L, 15.8 mg/L, 12.9 sec, 1.16,
161 U/L, 1.00 mg/dL and 7000 ng/mL, respectively.
Ferritin (p<0.001), procalcitonin (p<0.001) and creatinine
(p=0.014) values were significantly lower in PCR positive
patients, while neutrophil (p<0.001), CRP (p=0.007) and
LDH (p<0.001) values were significantly higher in PCR
positive patients than PCR negative patients.

DISCUSSION

During the COVID-19 pandemic, cancer patients have
become more susceptible to this disease. Therefore, CT and
laboratory findings may differ with the general population.
In a study, it was found that the WBC was between 4-10000
in 60% of the cases, and over 10000 in 25%, while the mean
WBC number was 5300. In our study, the mean WBC
number was found to be 9100 mmd. In the same study,
while the mean lymphocyte count of the patients was 990
ng/L, lymphopenia was observed in 50% of the patients. In
our study, while the lymphocyte count was detected as
1200 pg/L, lymphopenia was observed in 35% (4).

In different studies, it has been shown that the association
of COVID-19 with solid tumors is higher than
hematological malignancies. In the studies conducted by
Yang et al. (4) and Meng et al. (5), it was shown that it is
more common in patients with solid tumors. In our study,
43 of 45 patients were patients with solid tumors, in line
with the literature. The most common accompanying solid
tumor differs between studies. In the study of Yang et al. (4),
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Table 1. Demographic and clinical features of the patients

Total (n=45) PCR (+) (n=23) PCR (-) (n=22) p

Gender

Female 19 (42.2%) 11 (47.8%) 7 (31.8%) 0.273

Male 26 (57.7%) 12 (52.2%) 15 (68.2%) ’
Age (years), mean+SD 61.4+14.6 59.1+15.8 63.8+13.0 0.277
Comorbidity 18 (40.0%) 5 (21.7%) 13 (%59.1) 0.011
Cancer type

Lung 16 (35.5%) 7 (30.4%) 9 (40.9%)

Breast 7 (15.6%) 5 (21.7%) 2(9:1%)

Colon 7 (15.6%) 3 (13.0%) 4 (18.2%)

Pancreas 3 (6.7%) 3 (13.0%) 0 (0.0%)

Endometrium 4 (8.9%) 2 (8.7%) 2 (9.1%) 0.189

Larynx 2 (4.4%) 0 (0.0%) 2(9.1%) ’

Prostate 1 (2.2%) 1 (4.3%) 0 (0.0%)

Kidney 1(2.2%) 0 (0.0%) 1 (4.5%)

Stomach 2 (4.4%) 2 (8.7%) 0 (0.0%)

Lymphoma 2 (4.4%) 0 (0.0%) 2 (9.1%)
Symptom

Fever 6 (13.3%) 4 (17.4%) 2 (9.1%)

Cough 6 (13.3%) 1 (4.3%) 5 (22.7%)

Dyspnea 8 (17.8%) 3 (13.0%) 5 (22.7%)

Diarrhea 3 (6.7%) 1 (4.3%) 2 (9.1%) 0.231

Headache 2 (4.4%) 1 (4.3%) 1 (4.5%)

None 7 (15.6%) 6 (26.1%) 1 (4.5%)

Multiple symptoms 13 (28.9%) 7 (30.4%) 6 (27.3%)

PCR: polymerase chain reaction, SD: standard deviation,

Table 2. Computed tomography findings of the patients

Total (n=45) PCR (+) (n=23) PCR (-) (n=22) p
Central 5(11.1%) 0 (0.0%) 5 (22.7%) 0.022
Peripheral 23 (51.1%) 16 (69.6%) 7 (31.8%) 0.011
Central and peripheral 17 (37.8%) 7 (30.4%) 10 (45.5%) 0.299
GGO 22 (48.9%) 15 (65.2%) 7 (31.8%) 0.025
Consolidation 7 (15.6%) 3 (13.0%) 4 (18.2%) 0.699
GGO and consolidation 16 (35.6%) 5 (21.7%) 11 (50.0%) 0.048
Single lung involvement 19 (42.2%) 9 (39.1%) 10 (45.5%) 0.668
Bilateral lung involvement 26 (57.8%) 14 (60.9%) 12 (54.5%) 0.668
Right lung upper lobe 17 (37.8%) 7 (30.4%) 10 (45.5%) 0.299
Right lung middle lobe 20 (44.4%) 10 (43.5%) 10 (45.5%) 0.894
Right lung lower lobe 29 (64.4%) 15 (65.2%) 14 (63.6%) 0.912
Left lung upper lobe 12 (26.7%) 7 (30.4%) 5 (22.7%) 0.559
Left lung lower lobe 33 (73.3%) 17 (73.9%) 16 (72.7%) 0.928
Single lobe involvement 17 (37.8%) 9 (39.1%) 8 (36.4%) 0.848
Multifocal involvement 28 (62.2%) 14 (60.9%) 14 (63.6%) 0.848
Halo sign 1(2.2%) 0 (0.0%) 1 (4.5%) 0.489
Reverse halo sign 1(2.2%) 0 (0.0%) 1 (4.5%) 0.489
Tree in bud sign 1(2.2%) 0 (0.0%) 1 (4.5%) 0.489
Septal thickening 23 (51.1%) 11 (47.8%) 12 (54.5%) 0.652
Effusion 12 (26.7%) 7 (30.4%) 5 (22.7%) 0.559
Crazy Paving pattern 6 (13.3%) 2 (8.7%) 4 (18.2%) 0.414
Air bronchogram 11 (24.4%) 4 (17.4%) 7 (31.8%) 0.260
Nodule 2 (4.4%) 1 (4.3%) 1 (4.5%) 1.000
Subpleural streaking 12 (26.7%) 6 (26.1%) 6 (27.3%) 0.928
Lymphadenopathy 3 (6.7%) 1 (4.3%) 2 (9.1%) 0.608

PCR: polymerase chain reaction, GGO: ground glass opacity
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Table 3. Laboratory findings of the patients

Features of COVID-19 in Cancer Patients

Total (n=45)

Ferritin (ng/mL) 7000 (12514) [30-32480]

WBC (mmd) 9100 (7100) [100-31500]
Neutrophil (mm?q) 2000 (7550) [100-27300]
Lymphocyte (mm?) 1200 (1013) [200-4550]
Procalcitonin (ng/L) 30.7 (112.4) [0.2-407.0]
CRP (mg/L) 15.8 (51.6) [1.2-405.3]
PT 12.9 (4.4) [9-28.0]
D-dimer (ng/mL) 1990 (3730) [272-40200]
INR 1.16 (0.29) [0.80-2.62]
Creatinine (mg/dL) 1.00 (0.84) [0.44-18.60]
LDH (U/L) 161 (302) [4-7044]

PCR (+) (n=23) PCR (-) (n=22) p

441 (916) [30-32480] 11500 (6275) [1000-25200]  <0.001
9200 (8500) [1400-31500] 8850 (6225) [100-22600]  0.658
8200 (8300) [680-27300] 850 (925) [100-3300] <0.001
1200 (800) [200-2500] 1067 (1135) [289-4550]  0.510
1.5 (10.7) [0.2-125.0] 94.1 (181.3) [7.6-407.0]  <0.001
63.0 (199.8) [1.2-405.3] 13.8 (3.4) [11.2-30.3] 0.007
13.4 (4.2) [9.0-28.0] 12.4 (3.3) [10.0-26] 0.301
1500 (3740) [272-40200] 3800 (4025) [400-30.200]  0.069
1.11 (0.35) [0.80-2.40] 1.17 (0.23) [0.97-2.62] 0.964
0.85(0.61) [0.44-2.93]  1.05(1.83)[0.70-18.60]  0.014
313 (318) [161-7044] 20 (7) [4-60] <0.001

PCR: polymerase chain reaction, WBC: white blood cell, CRP: C-reactive protein, PT: prothrombin time, INR: international normalized ratio, LDH: lactate dehydrogenase

it was mostly observed in patients with breast cancer (40%).
Likewise, in another study, it was shown that it was more
common in patients with breast cancer (6). In our study, the
most common accompanying malignancy was lung cancer.
There are not many studies comparing PCR positive and
negative cancer patients. In the study of Assaad et al. (7),
lung cancer was the most common accompanying solid
tumor both in the PCR positive and negative groups. Our
findings also support this study, and the most common
accompanying cancer type was lung cancer.

Various symptoms can be seen during the course of
COVID-19 infection. Common symptoms are fever,
dyspnea and cough. In addition, gastrointestinal symptoms
such as diarrhea, vomiting, and neurological symptoms
such as loss of smell and sensation may accompany.
Studies show that the most common symptoms vary.
While the most common symptoms in some studies were
fever and cough (4,6,7), the most common symptoms in
our study were dyspnea and cough. In the study by Assaad
etal. (7), the most common symptom in both PCR positive
and PCR negative patients was fever. While 7 (26%) of the
PCR positive patients in our study were asymptomatic, the
most common symptom in symptomatic patients was
fever. While 4.5% (n=1) of the PCR negative patients were
asymptomatic, the most common symptom was cough and
dyspnea.

Lymphopenia (lymphocyte count <1000 pg/L) can be seen
in COVID-19. The decrease in lymphocyte count in these
patients suggests that the immune system response may
also be poor. The rate of lymphopenia in the studies
performed varies between 35-70% (8). Lymphopenia was
not detected both in the PCR positive and negative patients
in our study.

In COVID-19, an increase in values such as procalcitonin
and C-reactive protein, which are indicators of
inflammation, can be seen (8). Procalcitonin is the
prohormone of calcitonin and can be normal or elevated at
the onset of the disease (9). In our study, procalcitonin and
CRP values were found to be high in PCR positive and
negative patients. Moreover, procalcitonin levels in the
PCR negative group were statistically significantly higher
than the PCR positive patients.

Ferritin is also a positive acute phase reactant and may
increase in inflammation. In some studies, it has been

shown that the ferritin level is higher in cancer patients
compared to the normal population. In our study, ferritin
level was higher in PCR negative patients compared to
PCR positive patients. However, there is no clear
information in the literature regarding ferritin level among
PCR positive and negative patients.

When evaluated in terms of CT findings, GGO was found
at a rate of 100% in a similar study, which was 84.5% in
our study (10). Consolidation was detected at a rate of 14%
in the same study, while it was 51.1% in our study, as a
higher rate. Depending on whether the patients are in the
early or late period of the infection, an organizational
finding such as consolidation can be expected to vary. In
this study, the rate of air bronchogram was found to be 4%,
which is lower than the rate of 24.4% in our study. This
features can also be considered as a finding correlated with
the low consolidation rates of the patients in this study. In
the same study, lower lobe involvement was more
common, similar to the rates in our study. Bilateral
involvement was also detected at a rate of 76%, which was
slightly higher than the rate of 57.8% in our study. When
we compared CT findings with a large review of the
general population (11), GGO and bilateral involvement
were common in our study as in the general population.
However, while consolidation rate was 10% in this review,
it was higher in our study, suggesting that the organization
may be more pronounced in cancer patients. In addition, in
the same study and in another large review (12), it was
stated that septal thickening and subpleural streaking are
rare. However, in our study, these findings were detected
at 51.1% and 26.7%, respectively, suggesting that lung
involvement may be more severe in cancer patients.

PCR positive and negative patients in our study were also
compared in terms of CT findings. There are very few
studies in the literature comparing these two groups even
in the general population. In our study, the presence of
GGO and peripheral involvement were statistically
significantly higher in the PCR positive group. Similarly,
in the study conducted by Chen D et al. (13), GGO was
higher in those with PCR positive. In the same study, the
air bronchogram was significantly higher in the PCR
positive group, but in our study, there was no difference
between the two groups. There was no significant
difference in terms of other findings.
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CONCLUSION

As a conclusion, COVID-19 is a disease with a relatively
high fatality in the general population and may have a
more severe course in cancer patients. Therefore,
laboratory and CT findings vary compared to the general
population. In our study, CT findings such as septal
thickening, which can be detected in more severe cases,
were found to be higher in cancer patients compared to the
general population. However, studies with a larger number
of cases are needed.
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ABSTRACT

Aim: The recent macroeconomic problems in the global economy are highly related to the
coronavirus disease 2019 (COVID-19) pandemic. Since the highest spread of the disease is
observed in the European countries, it is worthwhile to investigate the macroeconomic
indicators in the European Union (EU) member and the candidate countries. Inflation is one of
the most important indicators to examine since it may directly affect many macroeconomic
variables. In this study, the determinants of inflation in the 28 EU members and candidate
states are investigated.

Material and Methods: In this study, the determinants of inflation in the 28 EU members and
candidate states are investigated for January 2020-July 2020 using spatial panel data analysis.
Results: The empirical results indicated that the exchange rate and money supply ratios were
reasons of the increase in inflation. There is also increasing pressure on the inflation rates due
to the domestic money supply and exchange rate variables as well as the neighborhood
relations between countries (positive spatial effects).

Conclusion: It is an important finding that macroeconomic problems in each sample country
are also affected by developments in neighboring countries as well as internal dynamics.
Continuous development of economic, social, and political cooperation between neighboring
countries at the regional level is essential. It is reasonable for every country to develop self-
sufficient strategies in the fields of agriculture, food, technology, and pharmaceutical industries
in case of global disasters. Regional cooperation should not be limited to the development of
sectors that stand out during the pandemic period.

Keywords: COVID-19; inflation; EU countries; spatial panel data analysis.

0z

Amag: Kiiresel ekonomide son donemde yasanmakta olan makroekonomik sorunlar,
koronaviriis hastaligt 2019 (coronavirus disease 2019, COVID-19) pandemisi ile yakindan
ilgilidir. Hastaligin en yiiksek yayilimi agirlikli olarak Avrupa iilkelerinde goriildiigiinden,
Avrupa Birligi (AB) iiyesi ve birlige aday tilkelerdeki makroekonomik gostergeleri aragtirmak
anlamli olacaktir. Enflasyon, bircok makroekonomik degiskeni dogrudan etkileyebilecegi igin
incelenmesi gereken en 6nemli gostergelerden biridir. Bu ¢aligmada 28 AB iiyesi ve birlige
aday tilkede enflasyonun belirleyicileri arastirilmigtir.

Gerec ve Yontemler: Bu ¢alismada, Ocak 2020-Temmuz 2020 dénemi ele alinarak 28 AB
iyesi ve birlige aday iilkede enflasyonun belirleyicileri mekansal panel veri analizi
kullanilarak arastirtlmigtir.

Bulgular: Ampirik sonuglar, déviz kuru ve para arzindaki degisimlerin enflasyondaki artigin
en belirgin nedenleri oldugunu gostermistir. Yurt i¢i para arzi ve doviz kuru degiskenlerinin
yani sira iilkeler aras1 komsuluk iligkileri nedeniyle de enflasyon oranlari iizerinde artan bir
bask1 oldugu gozlenmistir (pozitif mekansal etkiler).

Sonug¢: Her 6rnek iilkenin yereldeki makroekonomik sorunlarinin, i¢ dinamikler yaninda
komsu tilkelerdeki gelismelerden de etkilendigi onemli bir bulgudur. Pandemi siirecinde,
bolgesel diizeyde komsu iilkeler arasinda ekonomik, sosyal ve politik isbirliginin gelistirilmesi
elzemdir. Pandemi doneminde, her iilkenin tarim, gida, teknoloji ve ila¢ endiistrileri
alanlarinda kendi kendine yeten stratejiler gelistirmesi akilci bir strateji olacaktir. Bolgesel
igbirligi, pandemi doneminde One ¢ikan sektorlerin gelisimi ile smirli kalmamali, genis
katilimli igbirlikleri her alanda ele alinmalidir.

Anahtar kelimeler: COVID-19; enflasyon; AB iilkeleri; mekansal panel veri analizi.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
caused unprecedented shocks in all sectors. Besides, the
pandemic caused different and massive uncertainties both
in developed and developing countries such as stock
market volatility, economic policy uncertainty, uncertainty
about employment, and future of GDP growth. The
uncertainty became even worse during and after the
shutdown (1). In his speech on the great uncertainty about
the COVID-19 pandemic, Fed Chairman Jerome Powell
(2) expressed that “In the best of times, predicting the path
of the economy with any certainty is difficult. We are now
experiencing a whole new level of uncertainty, as
questions only the virus can answer complicate the
outlook™.

Related to the uncertainty, the impact of pandemic has not
been the same in all sectors. While there is a great collapse
in consumption during the lockdown, there are upward
pressures on the reduction of real output (3). What is more,
while contraction trends are emerging in sectors such as
transportation and  tourism, significant  positive
improvements are observed in the sectors that make a
positive contribution to the process of combating the
pandemic. For policymakers, not only the sectoral
developments but also the improvements in the whole
economy are important. When the positive and negative
developments on the sectoral basis are evaluated
collectively, it is possible to conclude that a recession has
occurred in all economies during the pandemic process.
Exacerbating recession and decreasing growth rates cause
economic problems such as increases in unemployment
and decreases in public income.

The contraction of total demand during the pandemic
period and the sharp falls in prices of inputs used in
production are positive factors to control inflation.
Nevertheless, it should be emphasized that the supply of
intermediate and capital goods has become very difficult.
The disruption of the supply chain causes a decline in
production. Under normal conditions, the contraction in
demand causes the prices to decrease. However, if the
supply shrinks as demand shrinks, price increases may
occur. In this case, it is difficult to control inflationary
trends due to the imbalance between supply and demand.
During the pandemic period, the deterioration of the
supply chain, as well as the developments affecting
inflation rates, can be discussed under the following
headings.

Increase and Uncertainty in Exchange Rates

During the pandemic period, there is an increasing trend in
exchange rates, especially in developing countries.
Foreign capital outflow is the main reason for the increase
in exchange rates. Besides, investors convert their cash in
national currency into more reliable foreign currencies.
The increase in foreign currency demand causes the
national currency to depreciate. The unpredictability of
when the pandemic will end increases the uncertainty in
the exchange rate increase. The increase and uncertainty in
exchange rates trigger production cost increases and
ultimately price increases.

Monetary Expansion

During the pandemic period, one of the strategies for
demand increase is monetary expansion. Most developed
and developing economies resorted to monetary expansion

Determinants of Inflation during the Pandemic

in order to alleviate the contraction tendencies in their
economies. Monetary expansion, which is not consistent
with the increase in production, will increase inflationary
pressure.

Massive shocks such as the pandemic to the global
economy will probably bring turning points. Nowadays, it
is a fact that the risks are difficult to assess and the stability
of the global exchange rate system is getting more
problematic. llzetzki et al. (4) expressed that systemic
economic crises generally produce major turning points.
The authors pointed out that the global exchange rate
system has increasing stability at its core. However, due to
the pandemic, the risks are hard to evaluate. The authors
also indicated that the recent trend reflects the paralysis of
monetary policy at the zero bound and today’s stability
might mask fragilities, but not strengths.

Actually, IMF (5) expressed that COVID-19 pandemic is
the worst economic downturn since the Great Depression.
The pandemic negatively impacted the local economies
and the risk is rising in the countries more affected by the
pandemic such as the EU countries. Inflation is one of the
most important indicators that worths examining since it
may directly affect many macroeconomic variables such
as consumer expenditures, exchange rates, cost of
production, and interest rates.

Inflation is not the only variable that needs to be carefully
monitored during the pandemic period. Aside from
inflation, the data obtained by investigating the impacts of
the pandemic on economic growth, foreign trade,
borrowing, and financial markets should be used in policy-
making processes.

In most of the studies on the pandemic period, the effects
of the policy implementations applied to reduce the
negative effects of the Pandemic on the economy as well
as the direct effect of the Pandemic on the economic
indicators are discussed. Besides, all macroeconomic
variables can be included in the analyzes of the studies on
the pandemic period together. However, making each
macroeconomic variable a subject of research separately
will contribute to obtaining more specific results. During
the pandemic period, it was observed that economic
growth rates declined due to the recession. This process
conveyed increasing unemployment rates. Many countries
initiated expansionary monetary policies to alleviate the
negative effects of recession. Therefore, it is important to
predict the tendency of the inflation rate in the period of
increasing unemployment for determining the policies to
combat the recession.

At this point, two important questions arise: Does inflation
increase while expansionary policies are implemented?
Which variables affect the inflation rate in this period?
The aim of this study is to investigate the main
determinants of inflation in the first 7 months of 2020
when the COVID-19 crisis was intense for 28 European
Union (EU) members and candidate EU members. Spatial
Panel Data Analysis was preferred in the study. There are
two main reasons for including the European countries in
the scope of the research. The first reason is that European
countries take the first place regarding the number of cases
and deaths due to the COVID-19 pandemic. The second
reason is that we have a theoretical expectation that the
spatial impact is high among the EU countries. Changes in
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macroeconomic indicators are affected both by
neighboring countries and local improvements. Also, the
real-time effects of the pandemic on employment and
spending are well documented, much less is known about
how the pandemic is impacting inflation. As far as we
know, there is no other study investigating the
determinants of inflation during the COVID-19 pandemic
period using the spatial data analysis method. This study
will contribute to the literature by exploring the
determinants of inflation during the Pandemic period using
the spatial data analysis method.

The rest of the work consists of three parts. The first part
includes the literature review, in the next part we explained
the data set and methodology, and in the third part, we
provided the empirical analysis and findings.

Literature Review

It is a fact that there is a change in consumption trends as
well as increasing uncertainties due to COVID-19
pandemic and great lockdown. The continuing “low-
touch” production and consumption can further lead to
inflation. Some papers focused on uncertainty and
spending, and some others on the most affected sectors.
Nevertheless, there are few papers in the literature
addressing the connectedness between the COVID-19
pandemic and inflation rates.

Eichenbaum et al. (6) applied the canonical epidemiology
model to analyze the effects of the pandemic on economic
decisions in the US. The researchers found that the
pandemic cut back the consumption which exacerbated the
severity of the recession due to the COVID-19.

Altig et al. (1) compared the economic uncertainty
indicators such as stock market volatility, business growth
uncertainty, and uncertainties on the GDP growth for the
US and UK, before and after the COVID-19 pandemic
period. The researchers found that great uncertainty jumps
in reaction to the pandemic and its economic outcomes.
They calculated a 35% increase in the US economic
uncertainty to a 20-fold rise in forecasting disagreement
about UK economic growth. They also concluded that
volatility started to increase towards the end of February
and reached to peak in mid-March. It fell down towards
the end of March since stock price started to recover. The
authors also indicated that there was a sharp decline in
industrial production of 12-19%.

Andersen et al. (7) estimated the change in consumer
spending during the COVID-19 pandemic in the Danish
economy. The researchers calculated that aggregate
spending was 27% below the counterfactual level without
the pandemic. The spending fall was on the goods and
services which are directly restricted during the lockdown.
The spending drop was the highest among the people who
lost their jobs, and the ones who lost their wealth during
the pandemic.

Baker et al. (8) estimated the consumption response to the
pandemic. They concluded that while household spending
increased sharply in retail, credit card spending, and food in
the early days of the pandemic, the spending showed sharp
declines in restaurant and retail in the preceding months.
Dunn et al. (9) analyzed the effects of the COVID-19
pandemic on consumer spending. The researchers
concluded that the greatest impact was on accommodation
and restaurants with 80% and 70% respectively by the
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second week of March. On the contrary, there was a 100%
increase in food and beverage sales. They concluded that
there was an aggregate decline in spending of 13.7%. They
estimated the pandemic effect as 27.8% due to the measures.
Coibion et al. (10) explored the spending patterns of
households as well as their spending and macroeconomic
expectations using the survey with more than 10.000
respondents. Half of the respondents reported income and
wealth losses due to the pandemic. The respondent also
expressed that they expected lower future inflation, higher
uncertainty, and foreign stocks into liquid forms of savings.
Sharif et al. (11) examined the relationship between the
COVID-19 pandemic, oil price volatility shock, the stock
market, geopolitical risk, and economic uncertainty in the
US using Granger causality tests. They found that the
effects of the COVID-19 on the geopolitical risk are much
higher than on the US economic uncertainty. The pandemic
risk was perceived differently for the short and long run.

In a similar study, Pellegrino et al. (12) investigated the benefit
of reducing policy uncertainty on GDP using a nonlinear VAR
estimation for the Euro Area. The authors showed that the
impact of the pandemic on the economy of uncertainty shocks
is much higher during periods of a negative outlook for the
future. They estimated the impact of COVID-19 induced
uncertainty on industrial production as a peak value at a year-
over-year growth loss of -15.4% in September 2020, and a fall
in CPI inflation between 1%-1.5%.

Cavallo A. (13) investigated the changes in consumer
expenditure patterns that caused the impact on the CPI.
The author found that the inflation caused by the COVID-
19 was higher than the official CPI in the US for both
headlines and core indices. There were similar findings
with COVID-19 baskets for 10 out of 16 countries. The
author also concluded that while social distancing
precautions and behaviors cause more spending on food
and other categories with rising inflation, they cause losses
on transportation and related categories which experience
significant deflation.

In her speech, Tenreyro S. (14) expressed that during the
COVID-19 period in the UK, there were large, temporary
changes in relative prices and consumption expenditures
which caused inflation data difficult to interpret. She
explained that although price inflation was under control,
there was labor cost growth during the pandemic which is
related to structural changes in the economy.

Apergis et al. (3) investigated the role of COVID-19 on
inflation expectations and their volatility on the US
economy. By using swap rates, the authors concluded that
inflation expectations and their volatility are increased by
the COVID-19 pandemic.

Jaravel et al. (15) analyzed the inflation dynamics during
the pandemic period in the UK. The researchers calculated
the inflation rate as 2.4% in the first month of the
lockdown which is 10 times more than the previous
months. They explained this loss with fewer promotions
and decreasing the purchasing power of consumers. They
also concluded that while 96% of households experienced
inflation, half of the households experienced deflation in
the preceding years. They also indicated that there may be
a risk of stagflation in the UK economy.

Seiler P. (16) investigated the connectedness between the
COVID-19 and inflation for Switzerland. By using debit
card transactions, the author tried to analyze the changes

63



Erdogan et al.

in consumer spending and the Swiss consumer price index.
He found that inflation was higher during the lockdown
than suggested by CPI inflation.

Similarly, Lane T. (17) explained that during the
quarantine process, inflation rates declined sharply
particularly because of declines in prices of gasoline, travel
services, and changes in spending in Canada. CPI-based
on the cost of a fixed basket of goods has changed during
the shutdown period. The fall in inflation experienced by
consumers may be less than indicated by the official CPI
measure. The author expressed the importance of the
monetary policy to be forward-looking than usual.
Blundell et al. (18) examined the reflections of COVID-19
on the CPIl. The spread of COVID-19 affected high-
demand products such as medicine, nappies, rice, and pet
food by a 1.1% rise. The findings indicated the increase in
not only profit margin but also the cost of production due
to the disruption of supply chains and production during
the pandemic.

Bresser-Pereira L. (19) explained the government
protections during the COVID-19 pandemic. Governments
limited the expenditures not to increase public debt. The
author also pointed out the contribution of central banks by
buying securities from the Treasury to finance exceptional
spending. The author also explained that while this policy
does not contradict the inflation constraints, it may have
conflicts with the fiscal constraints. However, it does not
increase public debt. The researcher also explained that
monetary financing of COVID-19 will not lead to excess
demand that may increase imports, and current account
deficit that may appreciate the national currency,
accelerate inflation and lead to the currency crisis.
Ebrahimy et al. (20) examined the potential drivers and
dynamics of inflation during the COVID-19 pandemic. For
the early period of the pandemic, the researchers found
evidence of inflation in food prices. However, there was
no evidence of inflation in broader indexes.

Armantier et al. (21) explored consumer inflation
expectation during the COVID-19 pandemic in the US. The
researchers could not find a consistent upward or
downward trend at the time they finalized the research.
However, they pointed out that the data indicated
unprecedented increases in individual inflation uncertainty.

MATERIAL AND METHODS

The present study deals with the main determinants of
inflation during the first 7 months of 2020, when the
COVID-19 crisis was in full swing, in the 28 European
Union member and candidate states. In this way, the
movement of inflation rates will be analyzed during the
pandemic period. In the study, data on the European
countries (Belgium, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Macedonia, Malta, Netherlands, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, and Turkey) are
discussed for the period between January 2020 and July
2020. The estimation model is shown in Equation [1].

inf = By + fymoney + B,pricre + Bzexc + Byindust + &, [1]

where inf is the domestic inflation rates of the countries,
money is the amount of domestic money supply of the
countries, price is domestic credit volume for the private
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sector, exc is the dollar-denominated exchange rate, indust
is industrial production index and et is error terms.
Inflation rates represent the exchange rate of a basket
related to the consumer price index of countries. The
money supply shows the sum of cash and other liquid
assets in circulation in the economy. Loans to the private
sector show the volume of loans to non-financial private
companies by commercial banks and other financial
institutions that collect deposits. In the equation, i denotes
units (1,....,N) and t denotes time (1,...,T). Data were
collected from the statistical institutions and central banks
of the respective countries.

The first reason for the selection of European countries in
the study is that the spread of the pandemic to Europe
following China, and the high number of cases in Europe.
Considering the course of the pandemic, it is seen that
European countries take the first place regarding the
number of cases and deaths. Another important point is
that we have a theoretical expectation that the spatial
impact is high in the European Union countries.

Spatial econometrics is preferred when the effect is not
only caused by the characteristics of the spatial unit itself
but also by its neighbors. This method can be used in many
areas. The important point here is how spatial relationships
are incorporated into the model. Spatial relationships can
be modeled over contiguity relations or distance if
geographic data are available. In our study, the distance
relationships for European countries are preferred for the
creation of the weight matrix to measure spatial effects.
For the modeling of spatial relationships, the Spatial
Autoregressive Model (SAR), Spatial Error Model (SEM),
Spatial Durbin Model (SDM) and General Spatial Model
(SAC) models are commonly preferred. There is
dependence in the SAR model resulting from spatial
interaction. The SAR model can be indicated as follows:

inf = ag + pWinf + a, X + & [2]

In Equation [2], inf is the dependent variable, X is nxk-size
independent variables matrix, W is nxn size weight matrix.
The matrix W represents the distance function. & denotes
error terms, i denotes units 1,...,N and t denotes time 1,...,T.
The contiguity structure can be fully represented by a
spatial weight matrix (W). Here W is a measure of the links
between the positions of the spatial units i and j. Thus, the
magnitude of interaction (direct effects) or spreading
effects (indirect effects) between the neighbors can also be
measured with the spatial dependence parameter.

Spatial effects in the SEM model arise from error terms.
The spatial effects here are seen in the error term. The
SEM model is included in Equation [3].

inf = ag + pWinf + a1 X + & [3]

In Equation [3], p = 0. Since the spatial effects here are
included in the error term, ¢, = AWe+u, uN(0,02%lL,),
where 1=0. The SAC model is made up of the
combination of SAR and SEM models.

inf = ag + pWyinf + a, X + & [4]
g = AWhe+u [5]

Spatial Weight Matrix
In our study, a weight matrix created with the inverse
distance relationship is used to model spatial relationships.
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The inverse distance spatial weight matrix was created
using the latitude and longitude of different spatial units
(positions). The inverse distance weight matrix is
calculated as follows:

Determinants of Inflation during the Pandemic

Considering the existence of spatial effects, we use spatial
OLS methods in the study. Spatial OLS test results are
shown in Table 2.

W, = {d% if i # j
0 ifi=j Table 1. Moran’s I and Geary’s C test results
Moran's |
RESULTS Months | E(I) sd(l) z p-value*
In our study, firstly cross-section dependencies and January  0.047 -0.037 0031 2686  0.004
stationarities Of. the series are inve_stigated. It is qbserved February -0.041 -0.037 0.030 -0.138 0.445
that all th_e series have cross-section dependencies. The March 0011 -0.037 0030 0854  0.197
cross-sectionally IPS (CIPS) test, one of the second- .
generation panel unit root tests, is preferred to investigate April 0039 -0.037 0024 -0.064 0474
the stationarity status of the series. The results of unit root May ~ -0.044 -0037 0030 -0219 0413
test indicate that all series are stationary at level. June -0.092 -0.037 0.031 -1.786  0.037
Considering the country group in our study, particularly July 0.010 -0.037 0.030 1.569 0.058
the spreading effect of the pandemic, we have a pre- Geary's C
expectation that there are strong spatial relations due to the
clc?se distance. Therefore, we ugs]e fhe Moran’s I and Geary’ Months c E©) sd(©) 2 p-value”
C tests to investigate a priori the spatial effects for the January 0912 1.000 0035 -2509  0.006
inflation rates. According to the test results there is an February ~ 1.004 1000 0039 0103  0.459
effect in the context of the cross-section for the months March 0.934 1000 0.042 -1580  0.057
included in the study. The results are shown in Table 1. April 0.967 1.000 0.064 -0.511  0.305
The results in Table 1 illustrates that there is a spatial effect May 0.960 1000 0041 -0991 0.161
(st result, While thore 1s & spatal offect for January, M0 100 1000 003 132  0s0
March, Jun;e, and July accordingpto Geary 'C test results.y’ July 0928 1000 0041 -1.751 0040
Table 2. Spatial OLS test results
SAR
Coef. Std. Err. z Prob. Tests Stat. Prob.
Inmoney 0.107 0.061 1.770 0.076 GLOBAL Moran Ml 0.0529 0.0067
Inpricre -0.100 0.070 -1.410 0.157 GLOBAL Geary GC 0.9137 0.0006
Inexc 0.068 0.021 3.240 0.001 GLOBAL Getis-Ords GO -0.053 0.0067
indust 0.003 0.003 0.780 0.433 Moran MI Error Test 2.3251 0.0201
Cons -0.049 0.187 -0.260 0.793
rho 0.392 0.121 3.240 0.001
Hausman Test chi2 10.830 Probability 0.055
SEM
Coef. Std. Err. z Prob. Tests Stat. Prob.
Inmoney 2.369 2.319 1.020 0.307 GLOBAL Moran MI 0.0529 0.0067
Inpricre -0.229 3.167 -0.070 0.942 GLOBAL Geary GC 0.9137 0.0006
Inexc -5.102 4,132 -1.230 0.217 GLOBAL Getis-Ords GO -0.0529 0.0067
indust -0.003 0.005 -0.480 0.633 Moran MI Error Test 2.3251 0.0201
Cons 0.531 0.1528 3.47 0.001
lambda 0.452 0.111 4.080 0.000
Hausman Test chi2 7.390 Probability 0.193
SDM
Coef. Std. Err. z Prob. Tests Stat. Prob.
Inmoney 0.093 0.059 1.580 0.114 GLOBAL Moran Ml 0.0477 0.0137
Inpricre -0.072 0.056 -1.280 0.200 GLOBAL Geary GC 0.9188 0.0012
Inexc 0.058 0.035 1.640 0.102 GLOBAL Getis-Ords GO -0.0477 0.0137
indust 0.004 0.005 0.760 0.450 Moran MI Error Test 2.053 0.0401
Cons -0.673 2.114 -0.320 0.750
rho 0.392 0.130 3.020 0.003
Hausman Test chi2 45.830 Probability 0.000

65



Erdogan et al.

Based on the data in Table 2, it is decided that the spatial
effect exists according to the rho test results estimated for
the SAR and SDM models for the random-effects model
and according to the lambda test result for the SEM model.
For these models, when the results of Global Moran Ml,
Global Geary GC, Global Getis-Ords GO, Moran Ml Error
Test are examined, the null hypothesis claiming that there
is no spatial effect is rejected and it is decided that there is
a spatial effect. An important point here is the efficiency
of the estimator of the random-effects model. The
Hausman test results indicated that the random effects
estimator is effective for the SAR and SDM models, and
the fixed effects estimator is effective for the SEM model.
The results obtained with the fixed effects estimator for the
SEM model showed that there is no spatial effect. On the
other hand, the results of the SDM model showed that the
coefficients of the variables are not statistically significant.
Finally, it was decided that the random effects estimator
for the SAR model was effective and spatial effects exist.
Spatial impacts can be either direct or indirect. Therefore,
it is important to separate the effects. Spatial effects related
to the SAR model are included in Table 3 as indirect and
direct effects.

Table 3. Total, direct and indirect effects for the SAR model
Total Effects

Inmoney 0.107 0.061 1.770 0.076
Inpricre -0.100 0.070 -1.410 0.157
Inexc 0.068 0.021 3.240 0.001
indust 0.003 0.003 0.780 0.433
Cons -0.049 0.187 -0.260 0.793
Direct Effects
Inmoney 0.111 0.063 1.770 0.077
Inpricre -0.104 0.073 -1.430 0.151
Inexc 0.072 0.021 3.460 0.001
indust 0.002 0.003 0.750 0.454
Indirect Effects
Inmoney 0.073 0.059 1.240 0.214
Inpricre -0.065 0.059 -1.100 0.271
Inexc 0.050 0.033 1.510 0.130
indust 0.002 0.003 0.550 0.582

Table 3 illustrates that the coefficients related to indirect
effects are not statistically significant and there are direct
effects for our estimated model. In this context, it is
observed that the increases in money supply and exchange
rate for the period considered stir up the increase in
inflation. However, it has been observed that the credit
increase for the private sector did not increase inflation. As
a possible reason for this, it is thought that the loans
extended to the private sector are used to get out of the
difficult situation of the sector such as debt payment. Thus,
the increase in credit supply does not have a positive effect
on prices. On the other hand, the slowdown in industrial
production caused the production-inflation relationship to
break. Therefore, the effects of industrial production on
inflation disappear during the pandemic period.

Determinants of Inflation during the Pandemic

DISCUSSION and CONCLUSION

In our study, the determinants of inflation for European
countries (Belgium, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Macedonia, Malta, Netherlands, Poland, Portugal,
Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, and
Turkey) were investigated with spatial panel data methods
taking into consideration the proximity of the countries for
the period between January 2020 - July 2020. According
to the empirical results, it was found that the exchange rate
and money supply ratios were reasons of the increase in
inflation. Behind the increase in inflation, there is
increasing pressure on the inflation rates due to the
domestic money supply and exchange rate variables as
well as the neighborhood relations (positive spatial
effects).

It is an important finding for the policy-making processes
that macroeconomic problems in each sample country are
also affected by developments in neighboring countries as
well as internal dynamics. Continuous development of
economic, social, and political cooperation between
neighboring countries at the regional and global levels is
essential. It is reasonable for every country to develop self-
sufficient strategies in the fields of agriculture, food,
technology, and pharmaceutical industries in case of
global disasters. However, it is not possible to eliminate
the effects of external shocks. While critical sectors that
are vital in times of disaster are supported at the national
level, initiatives at regional and global levels should not be
ignored. Regional cooperation should not be limited to the
development of sectors that stand out during the pandemic
period. The framework of economic cooperation
initiatives should be kept as broad as possible. It should
not be forgotten that it is not possible for any country to
solve its problems by completely isolating itself from the
rest of the world.
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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic has almost collapsed most of the health
systems of communities around the world. The rapid increase in the number of cases has
brought this virus to the top of the agenda, and many issues such as the mode of transmission
of the virus, how long it remains alive, how it should be protected have been the most
researched topics in the last year. It is observed that mortality is high especially in patients with
chronic diseases and elderly patients. In also diabetes mellitus, one of the chronic diseases, the
risk of morbidity and mortality is high due to COVID-19. Our case report states that there are
impairments in blood glucose regulation in the follow-up of patients with diabetes mellitus
hospitalized due to COVID-19 infection and that they should be dealt with, and the course of
COVID-19 infection with poor prognosis.

Keywords: Diabetes mellitus; coronavirus; pathogenesis; SARS-CoV-2.

0z

Koronaviriis hastaligi 2019 (coronaviriis disease 2019, COVID-19) salgini, diinyanin dort bir
yaninda, toplumlarda saglik sistemini nerdeyse ¢okertmistir. Vaka sayismin ¢ok hizli bir
sekilde artig1 bu viriisii giindemin en iistiine tasimis ve viriisiin bulag sekli, ne kadar siire canli
kaldig1, nasil korunulmasi gerektigi gibi bircok konu son bir yilin en ¢ok arastirilan konulari
olmustur. Ozellikle kronik hastaliklar1 olan ve ileri yastaki hastalarda mortalitenin yiiksek
oldugu gozlenmektedir. Kronik hastaliklardan biri olan diyabetes mellitusta da COVID-19
nedeni ile morbidite ve mortalite riski yiiksektir. Olgu sunumumuz, COVID-19 enfeksiyonu
nedeni ile hastaneye yatirilan diyabetes mellitus tanili hastalarin takiplerinde kan sekeri
regiilasyonunda bozulmalar oldugunu ve bunlarla bas edilmesi gerektigini ve COVID-19
enfeksiyonunun kotii prognozla gidisatini gostermektedir.

Anahtar kelimeler: Diabetes mellitus; koronaviriis; patogenez; SARS-CoV-2.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) case first appeared in Wuhan, China at
the end of 2019 and was declared as a global pandemic in March 2020 after a very
short time (1). Being an enveloped RNA virus, coronavirus gets its name from using
the surface protein in the form of a crown (corona) when attaching to the host cell.
Coronaviruses can infect animals and humans, causing respiratory, gastrointestinal,
hepatic and neurological diseases.
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Dry cough, high fever, and respiratory distress are among
the most common symptoms of COVID-19 infection.
These findings are generally mild. However, sometimes
the disease can lead to multiple organ failure and severe
pneumonia. The data show that the mortality rate is 1-2%
(2). Although most patients progress asymptomatically,
the condition may be more severe in the elderly and those
with comorbid diseases. Hospitalization rates and the need
for intensive care are also high in these people.

It is stated that people with diabetes are more likely to get
COVID-19 than the general population, but we do not have
enough data yet. The problem faced by people with diabetes
is primarily a problem of worse outcomes, not chances of
getting the virus. People with diabetes have much higher
rates of serious complications and deaths than those without
diabetes, and in general, the more health conditions (e.g.
diabetes and heart disease) a person has, the more likely they
are to suffer serious complications from COVID-19.
Advanced age, obesity, and smoking are among the factors
that increase the risk of complications (3).

In this case report, we aimed to discuss the problems
experienced by a diabetic patient with COVID-19
infection during treatment and the factors that negatively
affect her treatment.

CASE REPORT

A 76-year-old female patient with a previously known
diagnosis of diabetes mellitus, hypertension and coronary
artery disease visited our hospital. Her medications were
as follows: gliclazide 30 mg, two tablets daily, losartan
potassium/hydrochlorothiazide 50/12.5 mg, one tablet
daily, metoprolol 50 mg, one tablet daily. She was using
an oral antidiabetic for diabetes treatment. The patient
presented with complaints of fever, back pain, and
shortness of breath that started 1 day before admission. On
her physical examination upon arrival, her general
condition was moderate. She had mild tachypnea, a
respiratory rate of 24, a temperature of 37.9 °C, blood
pressure of 155/95 mmHg, and oxygen saturation (at room
air) of 95%. On examination, her liver function tests and
kidney function tests were normal. Her C-reactive protein
(CRP) level was 11 mg/L, and her white blood cell count
was 8600 mm? (neutrophil 95%, lymphocyte 2%). Her
hemoglobin, ferritin and procalcitonin levels were 12.3
g/dL, 348 ng/mL and 0.29 ng/mL, respectively. Her
platelet count was 156000 U/L. Her lactate dehydrogenase
and D-dimer levels were 616 U/L and 670 pg/mL,
respectively. Computed tomography (CT) was requested
because of the complaints of fever, shortness of breath and
comorbid disease. Peripheral multiple infiltration areas
extending from apex to basal in a patchy pattern in bilateral
lung parenchyma seen on thoracic CT (Figures 1 and 2)
were found to be compatible with COVID-19 infection,
and when the patient's history was deepened, there was a
history of contact with another patient diagnosed with
COVID-19. For this reason, the COVID-19 polymerase
chain reaction (PCR) test was taken after being
hospitalized and the test result was positive. In addition to
her drugs, favipiravir 200 mg one tablet twice a day,
heparin 0.6 mg, once a day SC, hydroxychloroquine 200
mg, one tablet twice a day, methylprednisolone 40 mg
ampoule once daily, bronchodilator and symptomatic
treatment were started. In the blood glucose monitoring,
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the regulated blood glucose values increased to 200-300
on the 3 day of her hospitalization. For the treatment of
the patient, it was planned to keep blood glucose in the
range of 120-200 by adding crystallized insulin according
to the blood glucose before meals. On the 5™ day of her
admission, the patient's respiratory distress increased and
his oxygen saturation regressed to 90. She was followed
up in the intensive care unit. During the follow-up in the
intensive care unit, the insulin doses were continuously
increased as the blood glucose levels remained at 300. The
patient was not intubated. She was treated in intensive care
for 3 days, and when vital signs stabilized she was
followed up in the service again. The patient’s treatment
continued in the service for 7 days and was discharged
with basal-bolus insulin therapy with recommendations.

DISCUSSION

The frequency of COVID-19 in individuals with comorbid
disease also varies in different studies and country-based
data. It has been reported that the diabetes prevalence in
COVID-19 patients in different regions of China is at high
values ranging from 7.4-20% (4). The prevalence of
diabetes in COVID-19 patients hospitalized in Italy was
found to be 8.9%, and this rate is above the prevalence of
advanced age diabetes (5).

In different studies, COVID-19 patients with diabetes were
found to be more frequently associated with serious or
critical illness, ranging from 14% to 32% (6). Initial data
reported that infection with COVID-19 and the

development of severe pneumonia were higher in diabetics
compared to those without diabetes, thus mortality rates

Figure 1. Peripheral multiple infiltration areas extending
from apex to basal patchy in bilateral lung parenchyma
seen on thorax computed tomography

Figure 2. Peripheral multiple infiltration areas extending
from the apex to basal in a patchy pattern in the bilateral
lung parenchyma on thorax computed tomography
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were also higher (7). While the need for intensive care is
around 30% for those without chronic diseases, this rate
can reach up to 70% for diabetic individuals. There is a
significant correlation between COVID-19 severity and
diabetes. It is also reported that mortality in diabetic
individuals with COVID-19 varies between 22-31% (8). It
is said that mortality in people with diabetes is
approximately three times higher than in those without
diabetes (9).

Glycemic control is important in every patient with
COVID-19 because plasma glucose elevation is a risk
factor for mortality and morbidity due to organ failure
alone. The added effect of COVID-19 further increases the
risk for organ damage in people with diabetes. It has been
shown in previous studies that patients with poor glycemic
control in other viral infections such as severe acute
respiratory syndrome (SARS) and influenza HIN1 have an
increased risk of complications and death (10,11). Data on
COVID-19 is limited.

Although a diabetic individual receives outpatient oral
antidiabetic therapy, most of the hospitalized patients due
to COVID-19, especially those with respiratory distress,
switch to insulin therapy. In addition, frequent monitoring
of blood glucose in these patients, especially in diabetic
patients hospitalized in the intensive care unit, due to
intravenous insulin infusion, and measuring blood glucose
every hour or every 2 hours bring additional costs. If each
blood glucose care is considered as contact with the
patient, this job is also a burden for the healthcare worker.
As a matter of fact, our patient, whose blood glucose was
regulated at home and who used oral antidiabetic drugs,
was started on insulin treatment after her hospitalization
and frequent blood glucose measurements were required
because her blood glucose levels were high.

Treatment with angiotensin converting enzyme (ACE)
inhibitors and ARB has the potential to cause upregulation
of ACE-2 (12). Seeing improvement in mice with lung
injury treated with losartan (13) and demonstrating
reduced mortality and endotracheal intubation rates in
patients with viral pneumonia who continue to use ACE
inhibitors (14) suggest that the use of these drugs may be
beneficial. The current antihypertensive treatment was
continued in our patient using ARB.

As aresult, COVID-19 proved to be a more serious disease
than seasonal flu in a very short time by causing a
pandemic including people with diabetes. All the standard
precautions taken to avoid the commonly reported
infection have become even more important when dealing
with this virus. If your diabetes is well managed, your risk
of being seriously ill from COVID-19 is likely lower.
When people with diabetes don't manage their diabetes
well and experience fluctuating blood glucose, they are
often at risk for a range of complications related to
diabetes. Having a heart disease or other complications in
addition to diabetes can worsen the chances of getting
seriously ill from COVID-19, like other viral infections, as
the ability to fight the infection is compromised. Blood
gkucose levels may rise rapidly in patients who are
hospitalized and treated, especially as a result of steroid
treatments. This can cause extra burden for both the patient
and the healthcare worker. It can extend the hospital stay.
It is important to determine specific treatment strategies
for these patients.

Diabetes Mellitus and COVID-19 Outbreak
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ABSTRACT

Coronavirus directly infects the nervous system and may cause the course of the existing
neurological disease to get worse in those with a chronic neurological disease. People with
dementia, which is the most common chronic neurological disease over 65 years old, have
serious difficulties in terms of follow-up and treatment of their diseases in the social isolation
process. However, due to the risk factors caused by coronavirus disease 2019 (COVID-19), it
has become easier for them to go into delirium. These risk factors can be listed as social
isolation, inactivity, intense stress, as well as direct invasion of the virus to the central nervous
system, the effect of inflammatory cytokines, the effect of sedative drugs used and the effect
that develops secondary to other accompanying diseases. This paper provides an assessment
regarding the problems experienced by dementia patients in the pandemic process, and their
solutions, accompanied by a case presentation.

Keywords: COVID-19; dementia; delirium.

0z

Koronaviriis dogrudan sinir sistemini enfekte etmesinin yami sira kronik norolojik hastalig
olanlarda mevcut nérolojik hastaligin daha kotii seyretmesine neden olabilmektedir. Altmis bes
yas istiinde en sik goriilen kronik ndrolojik hastalik olan demans hastalar1 sosyal izolasyon
siirecinde hastaliklarinin takip ve tedavisi agisindan ciddi zorluklar yasamaktadir. Bununla
birlikte koronaviriis hastaligi 2019 (coronavirus disease 2019, COVID-19)’un sebep oldugu risk
faktorleri nedeniyle deliryuma girmeleri de kolaylasmistir. Bu risk faktorleri sosyal izolasyon,
hareketsizlik, yogun stresin yani sira viriisin merkezi sinir sistemine direk invazyonu,
inflamatuar sitokinlerin etkisi, kullanilan sedatif ilaglarin etkisi ve eslik eden hastaliklarin ikincil
etkileri olarak siralanabilir. Bu yaz1 bir olgu sunumu esliginde, demans hastalarmin pandemi
siirecinde yasadiklar1 problemler ve ¢oziimleri tizerine bir degerlendirme sunmaktadir.
Anahtar kelimeler: COVID-19; demans; deliryum.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic overburdens the healthcare
systems of the communities around the world, causing serious mortality and
morbidity. Accumulated experiences show that the disease is not specific to lung
only, and may progress with involvement of many organs and systems. Especially,
the symptoms and findings of the central nervous system and the peripheral nervous
system show a wide variety (1). Coronavirus directly infects the nervous system and
it may cause the course of the existing neurological disease to get worse in those with
a chronic neurological disease. Dementia patients are one of the most affected disease
groups. It has been reported that the elderly with dementia are the main risk factor
for the severity of COVID-19 infection (2).
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The recent papers discussed the possible difficulties to be
experienced by dementia patients in the social distancing
and home isolation period due to the pandemic (1).
Understanding and evaluating difficulties experienced by
dementia patients as from early stages cause them to have
difficulties in acting and following restrictions as required
in the pandemic process, leading to an increased risk of
infection transmission. In addition to behavior problems,
all patients with a chronic disease are considered to be at
increased risk of COVID-19, regardless of age. The
immunity system is weakened as the age advances and
with the presence of accompanying chronic diseases,
contributing to the risk of COVID-19. In the pandemic
process, many clinics suspended healthcare services,
which led to interruptions in the control and follow-up of
dementia patients. Especially, the progression of dementia
presentation and the presence of delirium caused serious
difficulties for both patient relatives and caregivers.
During the COVID-19 pandemic process, new practices
have been implemented, which can be also considered new
for many clinics. The technological facilities such as smart
phone applications or video conference have been
introduced to support patients and their relatives. With the
telemedicine method, somatic neurological evaluation is
not fully possible, but neuropsychological tests can be
applied. It was reported that especially the follow-ups by
video conference are at least as effective as clinical follow-
ups in evaluating cognitive functions and daily life
activities of patients (3).

This paper aimed to review the status of patients with
dementia representing a common chronic
neurodegenerative disease group in the pandemic process,
accompanied by a case presentation.

CASE REPORT

The following case illustrates the difficulty that may be
experienced in treating excessive stress-induced delirium
in patients with dementia, especially when stressors
continue and the clinical support cannot be reached. It also
illustrates the need in such cases for prolonged
antipsychotic treatment and the ultimate good prognosis.
The authors received informed consent to publish his case.
A 86-year-old man with a history of hypertension, atrial
fibrillation, and mild Alzheimer dementia was accepted to
the neurology outpatient clinic for altered mental status
after his family noted a change in the patient’s behavior.
His wife told that for about 3 months, in the social
distancing and home isolation period due to the pandemic,
he was deeply worried. For example, as soon as he woke
up early in the morning, he was wearing his mask and was
sitting with the mask on his face all day, although there
was no one else at home but his wife. When he started
acting aggressively and his sleep pattern was disrupted at
night, they tried to contact their doctor, but failed because
the clinic was closed due to the pandemic. However, they
did not want to go to another medical center due to the
concern that coronavirus could be transmitted. For the past
few days, the patient’s appetite waned, and he became
progressively more lethargic, not eating for over 30 hours.
There were no reported changes to the patient’s
medications which included donezepil, metoprolol,
edoxaban, and hydrochlorothiazide. There was no significant
history or complaint associated with the infection.

A Case Report of Delirium and Literature Review

The patient appeared comfortable in bed. He was sleepy,
but easily aroused. Initial vital signs were as follows: heart
rate, 115 beats/minute; respiratory rate, 12 breaths/minute;
blood pressure, 120/70 mmHg; and oral temperature,
36.3°C. Oxygen (O2) saturation was 97% in room air.

His systemic examination was normal. He was oriented to
person only and responded appropriately to simple
questions, intermittently following one-step commands.
His orientation to place and time was impaired. He was
unable to attend and required redirection throughout the
interview (According to his wife, this behavior was
different than his baseline). In his somatic neurological
examination there were no focal neurological deficits. His
reflexes were normal throughout.

His routine blood and urine tests were normal. Although
his lungs were clear during his examination, radiological
examinations of the lungs performed due to the pandemic
were normal. No abnormality detected on computed
tomography. Brain magnetic resonance imaging revealed
global atrophy and no acute abnormality that could explain
the patient's current condition was found.

Assessment of this patient suggested a diagnosis of
delirium due to intense anxiety in the background of
Alzheimer dementia.

Oral quetiapine 12.5 mg/day was began and it was
gradually increased to 37.5 mg/day. Forty eight hours later
his orientation and concentration had completely
improved. Escitalopram 5 mg/day was began and planned
to increase to 10 mg/day after 10 days. Thus, the patient
was discharged, but continued to take quetiapine 25
mg/day in the evenings additionally to escitalopram and
donepezil 10 mg/day. Four weeks later upon follow up, he
was cheerful and willing to communicate. He was oriented
to person, place and time. According to his wife, his
behavior was back to his baseline. Mini mental state
examination score was 24/30. It was planned to continue
taking escitalopram 10 mg/day, donepezil 10 mg/day, and
also quetiapine (as it removed night sleep interruptions)
12,5 mg/day in the evenings. Due to the ongoing
COVID-19 pandemic and isolation, monthly phone calls
and visits and a clinical check-up 6 months later were
scheduled.

DISCUSSION

The symptoms and findings of the central nervous system

and the peripheral nervous system caused by COVID-19

show a wide variety. A study from Wuhan, where the virus
first emerged and spread, reported that 78 of 214 patients
had findings suggesting a neurological system
involvement, and the neurological system findings of the

patients were divided into 3 groups. Accordingly (4);

 Findings suggesting central nervous system involvement
(headache, dizziness, acute stroke, loss of
consciousness, ataxia, seizure)

e Findings suggesting peripheral nervous system
involvement (loss of taste and smell, blurred vision,
neuropathic pain)

e Findings suggesting skeletal muscle involvement were
found.

Although some of the pathogenetic studies about the

diseases caused by the virus in the nervous system are

explained, many studies are ongoing. Detection of the
genetic material of the virus in CSF examinations as well
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as of the coronavirus within the neuron in autopsy
examinations is remarkable in terms of neurotropism of the
disease (5,6).

It was reported that the virus causes the direct involvement
of the nervous system as well as serious immune reactions
and creates a cytokine storm, leading to organ or system
damage (7).

It has been reported that the elderly with dementia are the
main risk factor for the severity of COVID-19 infection
(2). Considering several papers reporting that the renin
angiotensin system adversely affects neurodegenerative
processes, it may be suggested that the virus may also
contribute to the neurodegenerative process using ACE2
receptors (8). The recent papers mentioned the
contributions of the renin-angiotensin system to the
neurodegenerative ~ process  in  diseases  with
neurodegeneration such as dementia (9). Thus, the
relationship between COVID-19 and the renin-angiotensin
system is remarkable.

A study from the UK reported that regardless of pre-
existing dementia, patients with ApoE e4e4 allele are at
increased risk of COVID-19 infection (10). This is an
important finding since it is known that especially those
with the ApoE ede4 (homozygous) genotype are at
significantly increased risk of dementia and delirium (11).
However, further studies are needed to understand the
relationship between the severity of COVID-19 disease
and ApoE genotypes.

Dementia often accompanies patients with delirium.
However, in patients with COVID-19, the risk of delirium
was found to be high due to direct invasion of central
nervous system, induction of inflammatory cytokines, the
effect of sedative drugs, prolonged mechanical ventilation
duration, sedentary life, social isolation and the secondary
effects of other accompanying organ failure (12).

In our case report, it is described that a patient diagnosed
with Alzheimer's dementia, who was not infected with
coronavirus infection, had delirium due to social isolation
and intense stress during the pandemic process. Through
this case report, we find it useful to review the literature on
the problems and solutions experienced by dementia
patients during the pandemic process.

Dementia patients have limited access to right sources
about the COVID-19 pandemic. They may have
difficulties in understanding and implementing the public
health measures such as wearing a mask and maintaining
the social distance. Ignoring the warnings and failing to
comply with quarantine measures may put them at higher
risk of infection (1). In many countries, old people tend to
live at their homes or residential homes alone or with their
partners. Increased social distancing prevents further
spread of COVID-19; however, it puts further restrictions
on individuals with limited knowledge about
telecommunication and those in need of personal
assistance. Reduced visits by family members, restriction
of social activity programs or group activities as per the
health policies to decrease the risk of infection may cause
them to feel themselves lonely and abandoned (1).

The individuals with dementia are likely to have
accompanying diseases, such as cardiovascular disease,
diabetes and pneumonia, which would affect the progress
and management of dementia (13). It was reported that
pneumonia-related deaths were twice more in individuals
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with dementia in the non-pandemic period (14).
Consequently, individuals with dementia are at increased
risk of COVID-19 infection (15). The reported comorbid
conditions were associated with bad outcomes, including
death, in dementia patients with COVID-19 (16).

The need of follow-up of patients in wards or intensive
care units due to COVID-19 may cause stress or behavioral
problems in them. Hypoxia, as the typical clinical
characteristic of COVID-19, may trigger delirium. All of
these may increase the need for support of patients with
dementia as well as their care costs (1).

Patients with mild cognitive impairment and mild
dementia may fail to comply with the recommendations
given by public health officials to prevent infection, such
as paying attention to hand hygiene, closing mouth and
nose while coughing, keeping social distancing with others
or isolation (15,17). Those with more severe dementia will
not understand most of these recommendations or not
remember things to do when appropriate, due to general
cognitive impairment. Behavioral and psychological
symptoms of dementia such as motor agitation or
wandering may weaken isolation and protection efforts.
With rapid increase in the number of COVID-19 cases, the
healthcare systems around the world have been negatively
affected with interruptions in the healthcare services.
Elective and non-emergency care services have been
suspended in many affected areas. Due to the social
isolation, individuals with dementia, who rely on their
families or healthcare providers to remember to take their
medications or to get support, are at risk of abrupt
discontinuation of their medications.

The COVID-19 outbreak disrupts the active care of
individuals with dementia as well as their basic routines
supporting their mental health. Social outcomes of the
pandemic may cause fear, anxiety and anger. They will
disrupt any social interactions after some time. The lack of
physical intimacy may cause an increase in loneliness and
sadness. Exercise is recommended for individuals with
dementia, and confinement restricts access to exercise.
Sleep disorders are common in those with dementia, which
may get worse due to anxiety and loss of social zeitgebers.
On the other hand, the lack of physical activity and sleep
disorders may cause delirium, increasing morbidity and
mortality (18).

The use of cholinesterase inhibitors and memantine is
common in the treatment of individuals with Alzheimer
and a related disease. The commonly used medications in
the treatment of psychiatric symptoms associated with
dementia  include  antipsychotic,  antidepressant,
antiepileptic and other psychotropic medications (19).
Haloperidol, risperidone, olanzapine, quetiapine and
ziprasidone are the antipsychotic agents used in the
treatment of agitated delirium. In addition, it has been
reported that the use of melatonin is beneficial in
preventing delirium development and in sleep disorder
during the COVID-19 process (20).

Starting a new medication during the pandemic may not be
suitable due to insufficient clinical evaluations, blood tests
or electrocardiographs. Also, an abrupt discontinuation of
the medication or a lack of doctor's visits may play a
negative role in the clinical course of such patients (17).
Therefore, it will be essential not to interrupt and change
the medical treatment of patients.
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The treatment of dementia and related psychiatric symptoms
generally involves social and physical interaction such as
non-pharmacological interventions, involvement in social
groups or exercise groups, and pet therapy. However,
reduced social participation due to physical distancing, and
patients’ inability to use electronic tools and software may
prevent these therapies. Therefore, it will be inevitable to
encounter with individuals and their relatives with increased
medical treatment at the end of the pandemic process (17).
The infection symptoms, such as fever, cough, diarrhea, etc.
in patients with dementia confirmed the expected worsening
of neuropsychiatric symptoms during the COVID-19
outbreak. However, considering such causes and the
complex nature of the interaction between COVID-19 and
dementia, as per the international recommendations, the
supportive care-based approach is recommended for
dementia patients all around the world. In particular, the
international guidelines include “telemedicine approaches”,
namely digital revolution recommendations based on
multidisciplinary-approach (21).

As recommended by the International Alzheimer's Disease
specialists, support is needed for dementia patients and
their care givers all around the world. In addition to
physical protection from virus infection, mental health and
psychosocial support should be provided. For example,
mental health care should be provided for psychiatrist-
psychologists, social care specialists, residential home
managers and volunteers, and people living with dementia.
Some stress-relief activities such as relaxing or meditation
exercises may be provided electronically (1). Dementia
support teams may support behavior management via hot
lines. Psychological counselors may provide online
counseling to care givers at homes and nursing homes (22).
Furthermore, patients with dementia should be encouraged
to be in more frequent contact with their first-degree
relatives or to spend more time with them and to take care
of them (1). Especially, video conferences and video
playing programs have been shown to be as effective as
face-to-face visits in evaluating daily life activities and
cognition (23). They are also guiding for the necessity of
cerebrospinal fluid evaluation or PET scanning (24).
Mobile dementia patients should be encouraged to walk at
appropriate spaces such as corridors, while severe
dementia patients should be encouraged to do passive
exercise movements at their beds to prevent the formation
of contracture or bedsores. With the support of their
relatives, patients should continue exercises such as
remembering loved ones, place-time-person orientation as
well as bearing in mind (25). In this regard, patients are
recommended to spend more time and share more things
with their relatives (26). After the onset of the outbreak in
France, a part of hospitalization units was dedicated to
COVID-19 positive patients, as acute Alzheimer unit and
behavior unit. The staff was provided training on safe
management of such patients. They were informed about
the fact that the patients may have specific behavior
disorders due to quarantine, depending on cognitive
impairment. It was planned to support caregivers who
cannot visit their loved ones (27). The number of active
working staff was reduced for the safety of patients. Thus,
it was envisaged to support patients and their families
against global disasters with fluent cooperation between
risk reduction strategies and Alzheimer research institution
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-participants, caregivers, research personnel, regulatory
agencies, sponsors and funders (28).

For hospitalized and treated dementia patients, one of the
important points that should be considered by physicians
is the probability of drug interaction. Since antivirals and
quinine and azithromycin (less frequently) are metabolized
in liver via cytochrome p-450 enzyme system,
cholinesterase inhibitors may cause side effects on many
systems, especially cardiac side effects, in patients
receiving rivastigmine, donepezil and galantamine
treatment. Memantine undergoes partial hepatic
metabolism and has a low risk for
pharmacokinetic/pharmacodynamic  drug interaction,
which is a more reliable alternative treatment for
COVID-19 patients with dementia (29). Non-family
personnel should completely use a mask and protective
equipment when dealing with hospitalized dementia
patients, regardless of their stages, and transfer them to
intensive care unit rapidly. It should be also noted that
agitation may develop in such patients, which may require
sedation. It should be noted that the risk of mortality as
well as the likelihood of stress disorders will increase in
the patients after anesthesia. Since the number of patients
who can understand the interventions is limited (except for
mild cognitive impairment), time should not be wasted by
serious discussions to obtain consent in order to protect the
patient from being in hypoxic and stressful condition (30).

CONCLUSION

Dementia is the most common neurodegenerative disease in
elder population. Increased inflammatory process and
cytokine storm due to COVID-19 may adversely affect the
course of the disease. Delirium can easily develop in
patients with dementia with the addition of secondary
diseases or the sociopsychological disadvantages of the
pandemic. During the outbreak, the clinical follow-ups
should be made via teleconferencing with such patients and
their caregivers, and in-house nurse-assisted controls should
be performed to continue the existing treatment of patients.
It would also be appropriate to provide psychological
counseling service to patients and their relatives.
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TABLOLAR VE SEKILLER

e Metinde ilgili climlenin sonunda (Tablo 1) ve/veya (Sekil 1) seklinde belirtilmelidir.

e Tablolar (basliklartyla birlikte) ve sekiller (agiklamalariyla birlikte) kaynaklardan sonra ve her biri ayr bir sayfada olacak sekilde
metnin sonuna eklenmelidir.

e Tablo bagliklari tablo iistiinde (Tablo 1. Tablo baslig1), sekil agiklamalari ise seklin altinda (Sekil 1. Sekil agiklamast), ilk harfleri
biiyiik olacak sekilde yazilmalidir.

e Tablolarda ve sekillerde kisaltma veya sembol kullanilmig ise altinda dipnot olarak agiklanmalidir.

o Seckiller ve fotograflar, .png, .jpg vb. formatta ve en az 300 dpi ¢oziiniirliikkte ayr1 dosyalar halinde yiiklenmelidir.

o Sekil ve fotograf alt yazilari, son tablonun oldugu sayfadan sonra, ayr1 bir sayfada sirasiyla verilmelidir.

e Daha Once basilmus sekil, resim, tablo, grafik vb. kullanilmus ise yazili izin alinmali ve agiklama olarak belirtilmelidir. Bu
konudaki hukuki sorumluluk yazarlara aittir.

TESEKKUR
e Eger ¢ikar ¢atismasi/cakigmasi, finansal destek, bagis ve diger biitiin editoryel (Ingilizce/Tiirkce degerlendirme) ve/veya teknik
yardim varsa, bu béliimde, KAYNAKLAR boliimiinden 6nce belirtilmelidir.

KAYNAKLAR

e Kaynaklar, kullanim sirasina gore numaralandirilmali ve metin iginde ilgili climlenin sonunda parantez i¢inde numaralarla (1)
veya (1,2) veya (3-5) seklinde verilmelidir.

e Kaynaklar dizini, metin i¢cinde kaynaklarin kullanildig1 siraya gore olusturulmalidir.

e Yazar sayis1 6 veya daha az ise tiim yazarlar belirtilmeli, 7 veya daha fazla ise ilk 6 yazar belirtildikten sonra “et al.”
eklenmelidir.

e Kongre bildirileri, kisisel deneyimler, basilmamis yayinlar, tezler ve internet adresleri kaynak olarak gdsterilmemelidir.

¢ DOI tek kabul edilebilir online referanstr.
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