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Abstract. The aim of the present study was to investigate 
the clinical features and laboratory parameters of hospital‑
ized patients with coronavirus disease 2019 (COVID‑19) 
and assess the characteristics between severe and non‑severe 
cases. The study retrospectively analyzed the clinical data of 
1,096 patients, of which, 626 (57.11%) and 470 (42.89%) were 
categorized into severe and non‑severe groups, respectively. 
Clinical parameters such as signs and symptoms, comorbidi‑
ties, levels of D‑dimer, C‑reactive protein (CRP), interleukin 6 
(IL‑6) and lactate dehydrogenase were analyzed. The data 
are presented as frequencies, means and standard deviations. 
The chi‑square test and Mann‑Whitney U test were used to 
assess any significant differences between the severe and 
non‑severe COVID‑19 groups. The clinical symptoms in 
severe COVID‑19 cases included anosmia (P≤0.01), sore throat 
(P≤0.01), fatigue (P≤0.01), headache (P≤0.01), and shortness 
of breath (P≤0.01). Laboratory findings showed a significant 
increase in CRP (21.90±40.23 vs. 16.13±21.82; P≤0.01) and 
IL‑6 levels (58.92±55.07 vs. 41.41±38.30; P≤0.01). Patients 
with severe COVID‑19 had significant lymphopenia compared 
with that in non‑severe cases. Among the comorbidities, hyper‑
tension (P≤0.01) was significantly more frequent in patients 
with severe COVID‑19. In conclusion, major derangements in 

laboratory parameters were observed in patients with severe 
COVID‑19 infection.

Introduction

Coronaviruses are enveloped, positive‑sense RNA viruses 
that cause diseases ranging from the common cold to 
severe respiratory infections (1). Two betacoronaviruses are 
responsible for severe acute respiratory syndrome (SARS) 
and Middle East respiratory syndrome (MERS) (2,3). An 
outbreak of pneumonia occurred in Wuhan City, China in 
January 2020. The causative agent of this unknown disease 
was named severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) by the International Committee on Taxonomy 
of Viruses, and the disease was termed coronavirus disease 
2019 (COVID‑19) (4‑6). The disease became a pandemic and 
destabilized the global economy (7,8). As of March 27, 2022, 
the number of cumulative COVID‑19 cases and deaths 
surpassed 479 million and 6 million, respectively. During 
the same period, India reported cumulative COVID‑19 
cases and deaths of 43 million and 524,000, respectively (9). 
The incubation period of the virus is 7‑12 days, but in some 
cases it may be as long as 27 days (10). Viral replication 
occurs in the respiratory and gastrointestinal (GI) tract (11). 
Reports on the clinical features of patients with COVID‑19 
have shown significant differences in different regions. 
The most common symptoms in patients presenting with 
mild‑to‑moderate COVID‑19 are headache, myalgia, fatigue, 
cough, mild dyspnea, and sore throat; other symptoms may 
include vomiting and diarrhea (12,13). SARS CoV and MERS 
outbreaks commonly present with fever and cough, leading to 
lower respiratory diseases with poor clinical outcomes (14). 
In COVID‑19, hematological parameters, such as lymphocy‑
topenia, leukocytosis, thrombocytopenia, leukopenia, lactate 
dehydrogenase (LDH), D‑dimer, C‑reactive protein (CRP), 
alanine transaminase (ALT), and aspartate aminotransferase 
(AST), are used for risk stratification (15). Previous studies have 
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reported fever, cough, headache, and muscle pain or fatigue 
as the most frequent symptoms of COVID‑19 (16,17). Patients 
with comorbidities, such as diabetes, renal failure, cardiovas‑
cular diseases, and immunodeficiency, are more susceptible to 
COVID‑19 (18,19). To mitigate COVID‑19 complications, it is 
important to comprehensively evaluate underlying diseases in 
infected patients. In this context, the present study aimed to 
compare the demographic, laboratory, and clinical features of 
severe and non‑severe COVID‑19 infections to enhance case 
management.

Materials and methods

Study design, setting, and participants. The present retrospec‑
tive hospital‑based study was conducted at the referral Chest 
Disease Hospital of the Division of Kashmir (Srinagar, India), 
which is part of Jammu and Kashmir, a union territory of India. 
This hospital was converted to a COVID‑19 referral hospital 
at the beginning of the pandemic. The study was conducted 
between May 2020 and May 2021. A total of 1,096 patients 
with COVID‑19 were admitted. Patients >18 years of age were 
included in the study. The Institutional Review Board of the 
Chest Disease Hospital, Kashmir Division, approved the study 
protocol (reference no. 1012/ETH/GMC dated 16/6/2020). The 
procedures involved were in accordance with the ethical stan‑
dards of the responsible committee on human experimentation 
(institutional or regional) and the 2013 revised Declaration 
of Helsinki. Written informed consent was obtained from 
all patients admitted to non‑ICU wards and from the guard‑
ians/relatives of patients admitted to the ICU in the presence 
of independent witnesses.

Inclusion and exclusion criteria. Patients with the following 
conditions were included in the study and divided into two 
groups: i) Severe COVID‑19 infection: This group comprised 
patients with severe pneumonia and fever, respiratory rate 
>30 breaths/min, severe respiratory distress, or SpO2 <90% 
on room air. Patients with acute respiratory distress syndrome 
(ARDS), sepsis, or septic shock were also included in this 
group (9). ii) Non‑severe COVID‑19 infection: This group 
comprised patients with COVID‑19 but without pneumonia 
and severe respiratory distress or SpO2 <95% (9) (https://www.
who.int/publications/i/item/WHO‑2019‑nCoV‑clinical‑2021‑2). 
Patients with COVID‑19 co‑infected with other bacterial, 
fungal, or viral infections were excluded from the study.

Data extraction. The electronic medical records of the 
admitted patients were obtained using a standardized data 
collection form. The data included demographic character‑
istics, clinical manifestations, comorbidities, and laboratory 
findings of patients with non‑severe and severe COVID‑19.

Procedures. Nasopharyngeal swab from patients suspected 
with COVID‑19 were collected under the standard proce‑
dure in viral transport medium and immediately transferred 
to the Biosafety Level‑III laboratory of the Chest Disease 
Hospital. The samples were processed within 2 h, and RNA 
was extracted using an automated RNA extraction Genolution 
Nextractor NX‑48S (Genolution, Inc.) according to the 
manufacturer's protocol. The single‑step real‑time reverse 

transcription‑polymerase chain reaction (RT‑PCR) assay was 
performed to confirm COVID‑19. The thermal cycler setup for 
RT‑PCR was 50˚C for 10 min and 95˚C for 10 min, followed by 
40 cycles of denaturation at 94˚C for 15 sec and a fluorescence 
signal at 60˚C for 1 min. A cycle threshold value of >12 to <35 
was marked as positive.

Statistical analysis. The data were analyzed with SPSS 
version 20.0 for Windows (IBM Corp.). Two senior doctors 
at the hospital crosschecked the data upon entry. Categorical 
variables were expressed as frequencies and percentages; 
normally distributed continuous variables were expressed as 
the mean ± standard deviation and medians with interquartile 
range (IQR) for non‑random data. The Shapiro‑Wilk test was 
used to determine the normality of the data. The proportions of 
categorical variables were compared using the chi‑square test. 
Continuous data were randomly distributed using the indepen‑
dent t‑test or Mann‑Whitney U test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Demographics and clinical symptomology. A total of 
1,096 patients with COVID‑19 were hospitalized during the 
study period. Of these, 470 (42.8%) and 626 (57.1%) were 
categorized into non‑severe and severe COVID‑19 groups, 
respectively. The age range of patients in the study was 
20‑85 years and the median age was higher (49.89 years, IQR 
41‑58) among severe COVID‑19 cases than that in non‑severe 
cases (48.18 years, IQR 41‑55). The majority of the studied 
clinical symptoms, except for anorexia and malaise, were signif‑
icantly (P<0.05) increased among severe COVID‑19 cases. 
The most frequent symptoms in severe COVID‑19 cases were 
fever (97.8%), shortness of breath (99.2%), anosmia (96.1%), 
and malaise (85.4%) and in non‑severe COVID‑19 cases they 
were fever (97.7%), shortness of breath (89.3%), and malaise 
(82.7%) which were more common than sore throat or rhinitis. 
Furthermore, a significant number of deaths was observed in 
severe COVID‑19 cases than that in non‑severe cases (P<0.01; 
Table I).

Comorbidities. Hypertension was frequently observed in 
severe cases (94.4%) compared with that in non‑severe cases 
(62.5%), while asthma (20.0%) was significantly higher in 
non‑severe COVID‑19 cases (Table II).

Laboratory findings. White blood cell, platelet, and lympho‑
cyte counts were significantly (P<0.01) lower in severe 
COVID‑19 cases (Table III). ALT levels were significantly 
higher (P<0.05) in non‑severe COVID‑19 cases. LDH, IL‑6, 
and CRP levels were significantly higher (P<0.05) in severe 
COVID‑19 cases than those in non‑severe cases. In addition, 
serum ferritin levels were significantly lower (P<0.05) in 
severe COVID‑19 cases than in non‑severe cases (Table III).

Discussion

COVID‑19 is a global health threat. Understanding the clinical 
features and laboratory derangements, particularly of severe 
cases, is key to the diagnosis and management of this disease. 
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A large sample study of 1,096 patients infected with COVID‑19 
admitted to the Chest Disease Hospital was conducted and 
the clinical manifestations, laboratory characteristics, and 
outcomes of severe and non‑severe COVID‑19 cases were 
compared. The results revealed that the clinical symptoms of 

fever, shortness of breath, and sore throat were present at the 
onset of the illness in both severe and non‑severe cases. Sputum 
production in patients with COVID‑19 is rarely observed 
(<1%) and is an important indicator for differentiating between 
viral and bacterial pneumonia. Sputum production in severe 

Table I. Baseline characteristics, clinical symptoms and outcome of patients with severe and non‑severe COVID‑19 (n=1,096).

Parameters Severe (n=626) Non‑severe (n=470) P‑value

A, Demographics

Age 49.89 (41.0‑58.0) 48.18 (41.0‑55.0) 0.96
(median (IQR))
Male 422 (67.4 %) 306 (65.1%)
Female 201 (32.1%) 163 (34.6%) 0.40

B, Clinical symptoms

Shortness of breath 621 (99.2%) 420 (89.3%) <0.01
Fever 612 (97.76%) 459 (97.65%) 0.53
Anosmia 602 (96.1%) 253 (53.8%) <0.01
Malaise 535 (85.4%) 389 (82.7%) 0.22
Fatigue 372 (59.4%) 162 (34.4%) <0.01
Congestion 295 (47.1%) 116 (24.6%) <0.01
Sore throat 286 (45.6%) 122 (25.9%) <0.01
Anorexia 265 (42.3%) 186 (39.5%) 0.35
Headache 258 (41.2%) 27 (5.7%) <0.01
Diarrhea 247 (39.4%) 78 (16.5%) <0.01
Sputum 234 (37.4%) 81 (17.2%) <0.01
Rhinitis 181 (28.9%) 0 (0%) <0.01
Nausea 37 (5.9%) 81 (17.2%) <0.01

C, Outcome

Deaths 164 (26.1%) 15 (3.1%) <0.01

IQR data, determined using the Chi‑square test, is presented as the number of patients (%). COVID‑19, coronavirus disease 2019; IQR, 
interquartile range. 

Table II. Comorbidities of patients with severe and non‑severe COVID‑19 (n=1,096).

Parameters Severe (n=626) Non‑severe (n=470) P‑value

Hypertension 591 (94.4%) 294 (62.5%) <0.01
Diabetes 188 (30.0%) 177 (37.6%) 0.08
Obstructive sleep apnea 65 (10.3%) 50 (10.6%) 0.89
Chronic obstructive pulmonary disease 45 (7.1%) 39 (8.2%) 0.40
Coronary artery disease 17 (2.7%) 29 (6.1%) 0.05
Cardiovascular disease 10 (1.5%) 11 (2.34%) 0.37
Asthma 10 (1.59) 94 (20%) <0.01
Chronic kidney disease 6 (0.95%) 4 (0.85) 0.05

Data, determined using the Chi‑square test, is presented as the number of patients (%). COVID‑19, coronavirus  disease 2019.
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cases is often caused by secondary bacterial infection (20,21). 
Diarrhea was more frequently observed in severe COVID‑19 
cases than in non‑severe cases while nausea was more frequent 
in non‑severe cases as compared to severe cases. The present 
study suggests that GI symptoms are crucial for the early 
diagnosis of COVID‑19. The clinical symptoms of COVID‑19 
mimic SARS and MERS, except for anosmia (22). Herein, the 
fatality rates were 26.1 and 3.1% in the severe and non‑severe 
cases, respectively. Older age was revealed to be associated 
with a greater risk of developing ARDS, and a poor immune 
response caused a higher mortality rate of 22% (23). Notably, 

the WHO reported a mortality rate of 9.6% for SARS CoV and 
35% for MERS (24,25). In the present study, lymphopenia was 
significantly higher in severe cases than that in non‑severe cases 
(P<0.01). A decrease in lymphocyte count in COVID‑19 is a 
predictor of disease severity (26). Lymphopenia is a key factor 
that aids in the identification of severe infections caused by 
SARS‑CoV‑2, MERS‑CoV, SARS‑CoV, and other respiratory 
viruses, in addition to aiding in understanding disease patho‑
geneses, and provides a key to the management of COVID‑19 
with other coexisting diseases such as diabetes and hyperten‑
sion (27). Proinflammatory cytokines have been demonstrated 

Table III. Laboratory findings of 1,096 patients with severe and non‑severe COVID‑19.

Parameters Severe (n=626) Non‑severe (n=470) P‑value

White blood cells   
  <10000/µl 423 (67.5%) 289 (61.5%) <0.01a

  >10000/µl 203 (32.5%) 181 (38.5%) 
Platelet count   
  <450x103/µl 293 (46.8%) 207 (44.0%) <0.01a

  >450x103/µl 333 (53.2%) 263 (56%) 
Lymphocyte count   
  <4800/µl 345 (55.1%) 276 (58.7%) <0.01a

  >4800/µl 281(44.9%) 194 (41.3%) 
Aspartate aminotransferase (5‑44 U/l)   
  Mean ± SD 68.20±54.41 70.69±69.76 0.08b

  Median 52.0 51.0 
Alanine aminotransferase (7‑55 U/l)   
  Mean ± SD 59.60±40.19 66.28±39.61 <0.01b

  Median 48.0 59.0 
Alkaline phosphatase (40‑129 U/l)   
  Mean ± SD 124.68±64.68 131.48±90.05 0.77b

  Median 108.0 101.0 
Lactate dehydrogenase (140‑280 U/l)   
  Mean ± SD 414.79±172.86 323.58±144.85 <0.01b

  Median 347.0 299.0 
IL‑6 (0‑16 pg/ml)   
  Mean ± SD 58.92±55.07 41.41±38.30 <0.01b

  Median 37.0 31.0 
D‑dimer (<0.5 mg/l)   
  Mean ± SD 3.15±32.73 1.87±4.26 0.50b

  Median 1.33 1.05 
C‑reactive protein (<3 mg/l)   
  Mean ± SD 21.90±40.23 16.13±21.82 <0.01b

  Median 14.4 9.5 
Creatine phosphokinase (10‑120 mcg/l)   
  Mean ± SD 105.55±34.75 108.22±40.65 0.24b

  Median 115.0 115.0 
Ferritin (20‑250 ng/ml)   
  Mean ± SD 188.87±46.01 230.87±47.90 <0.01b

  Median 188.0 234.0 

aChi‑square test, significant at P<0.05. bMann‑Whitney U test, data is presented as the mean ± SD. COVID‑19, coronavirus 
disease 2019.
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to be associated with lymphopenia, and the cytokine storm 
may be a key factor in lymphopenia (20,28). Damage to the 
immune system caused by immunosenescence and COVID‑19 
leads to susceptibility to secondary infections such as bacte‑
rial pneumonia and mucormycosis (29). Previous studies have 
shown that lymphopenia is an indicator of clinical outcomes of 
COVID‑19 (30). In the present study, elevated LDH (U/l) was 
observed in patients with severe COVID‑19 (414.79±172.86 vs. 
323.58±144.85; P<0.01). LDH is an enzyme that is found in 
various cell types. It catalyzes the inter‑conversion of pyruvate 
and lactate and is also a marker of cardiac injury (31). A pooled 
analysis carried out by Henry et al on nine different studies 
showed that LDH levels were significantly higher in patients 
with severe COVID‑19 (31). In severe cases, LDH is released 
into circulation and acts as a predictor of poor outcomes in 
patients admitted to the hospital (32). 

Elevated D‑dimer levels cause higher mortality 
and poor prognosis in severe COVID‑19 cases (33,34). 
Demelo‑Rodriguez et al examined the link between D‑dimer 
and deep vein thrombosis (DVT) in 156 patients with 
COVID‑19 admitted in a non‑intensive care unit (34). Another 
study revealed that the D‑dimer level was associated with 
a higher risk of proximal DVT (35). In the present study, 
D‑dimer levels were not significantly higher in patients with 
severe COVID‑19 compared with patients with non‑severe 
COVID‑19.

The inflammatory marker IL‑6 (pg/ml) was significantly 
higher in severe COVID‑19 cases than in non‑severe cases 
(58.92±55.07 vs. 41.41±38.30; P<0.01). It has been reported 
that elevated levels of IL‑6 promote thrombosis and cytokine 
storm, which is a hallmark of COVID‑19 (36). Inflammatory 
cytokines induce pulmonary fibrinolysis, severe damage 
to alveoli, and endothelial apoptosis (37). Cytokine storms 
result from the release of proinflammatory cytokines and 
contribute to extensive lung damage. Cytokine production 
causes extensive damage to the entire human body. Patients 
with severe COVID‑19 face hyperinflammation, known as 
‘cytokine release syndrome’ (38). LDH and CRP levels are 
predictors of respiratory failure in COVID‑19 and may be 
related to respiratory function (PaO2/FiO2) (39). Herein, a 
higher frequency of underlying medical conditions such as 
diabetes, hypertension, coronary artery disease, and asthma 
was observed in patients with severe COVID‑19 than that 
in non‑severe cases. The present study also suggests that 
patients with comorbidities are at a greater risk of developing 
severe COVID‑19. Similar findings have been reported by 
Nikpouraghdam et al (27). CRP is an important inflammatory 
marker in COVID‑19 (40). In the present study, elevated CRP 
levels were observed in the severe COVID‑19 group than in 
the non‑severe COVID‑19 group; CRP levels >40 mg/l are 
an indicator of the progression of pneumonia and ARDS (41). 
In a previous study, significant differences in the levels of 
inflammatory markers, such as D‑dimer, CRP, and IL‑6, 
between severe and non‑severe COVID‑19 cases were noted, 
and lymphocytopenia and neutrophilia were prominent in 
patients with COVID‑19 (42). Ferritin levels were revealed 
to be decreased in severe cases of COVID‑19 and this may 
be attributed to a higher proportion of anemic patients in the 
study population. A study by Hilal and Mushtaq revealed 
a high prevalence of anemia in a geriatric population of 

Kashmir in both sexes; 812 out of 840 (96.67%) females and 
738 out of 1,160 (63.62%) males were found to be anemic (43) 
and a recent study reported that in 50% of the COVID‑19 
cases, the ferritin levels were significantly low (44). 

Limitations of the present study include the retrospec‑
tive hospital‑based design and non‑reporting of secondary 
infections.

In conclusion, laboratory derangements, frequency of 
comorbidities, and deaths were more frequent among severe 
COVID‑19 cases than among non‑severe patients admitted 
to the Chest Disease Hospital in the Kashmir valley. The 
parameters assessed in the present study may help determine 
the severity of COVID‑19 and initiate timely interventions that 
can lead to decreased morbidity and mortality.

Acknowledgements 

The authors would like to thank the staff of the Department 
of Medical Records of the Chest Disease Hospital (Srinagar, 
India), especially Mr Mudasir, Mr Illiyas, Mr Jallaluddin, Ms 
Sumaira, and Ms Nadeema for providing the medical records 
of patients.

Funding 

No funding was received.

Availability of data and materials

The data reported in the present study may be requested from 
the corresponding author.

Authors' contributions

AF, BAT and NNS conceived the study. AB and SQK contrib‑
uted to data curation. AB, HM NNS and MN contributed 
to the analysis of the data. NNS and AB contributed to the 
methodology. NNS supervised the study. MSW, AF and HM 
contributed to the validation of the results. BAT, AB and SQK 
analyzed the data and wrote the original draft. NNS, MSW 
and AB wrote, reviewed and edited the manuscript. BAT and 
NNS confirm the authenticity of all the raw data. All authors 
read and approved the final manuscript.

Ethics approval and consent to participate

The Institutional Review Board of the Chest Disease Hospital, 
Kashmir Division, approved the study protocol (reference 
no. 1012/ETH/GMC dated 16/6/2020). The procedures 
involved were in accordance with the ethical standards of 
the responsible committee on human experimentation (insti‑
tutional or regional) and the 2013 revised Declaration of 
Helsinki (1975). Written informed consent was obtained from 
all patients admitted to non‑ICU wards and from the guard‑
ians/relatives of patients admitted to the ICU in the presence 
of independent witnesses.

Patient consent for publication

Not applicable.



FARHANA et al:  CLINICAL MANIFESTATIONS OF PATIENTS WITH COVID‑196

Competing interests

The authors declare that they have no competing interests.

References

 1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, 
Huang B, Shi W, Lu R, et al: A novel coronavirus from patients 
with pneumonia in China, 2019. N Engl J Med 382: 727‑733, 
2020.

 2. Drosten C, Günther S, Preiser W, Van Der Werf S, 
Brodt HR, Becker S, Rabenau H, Panning M, Kolesnikova L, 
Fouchier RA, et al: Identification of a novel coronavirus in 
patients with severe acute respiratory syndrome. N Engl 
J Med 348: 1967‑1976, 2003.

 3. Zaki AM, Van Boheemen S, Bestebroer TM, Osterhaus AD and 
Fouchier RA: Isolation of a novel coronavirus from a man with 
pneumonia in Saudi Arabia. N Engl J Med 367: 1814‑1820, 2012.

 4. Ramadan N and Shaib H: Middle East respiratory syndrome 
coronavirus (MERS‑CoV): A review. Germs 9: 35‑42, 2019.

 5. Phelan AL, Katz R and Gostin LO: The novel coronavirus 
originating in Wuhan, China: Challenges for global health gover‑
nance. JAMA 323: 709‑710, 2020.

 6. Wu Y, Ho W, Huang Y, Jin DY, Li S, Liu SL, Liu X, Qiu J, Sang Y, 
Wang Q, et al: SARS‑CoV‑2 is an appropriate name for the new 
coronavirus. Lancet 395: 949‑950, 2020.

 7. Legido‑Quigley H, Asgari N, Teo YY, Leung GM, Oshitani H, 
Fukuda K,Cook AR, Hsu LY, Shibuya K and Heymann D: Are 
high‑performing health systems resilient against the COVID‑19 
epidemic? Lancet 395: 848‑850, 2020.

 8. Khot WY and Nadkar MY: The 2019 novel coronavirus 
outbreak‑a global threat. J Assoc Physicians India 68: 67‑71, 
2020.

 9. Organization WHO: COVID‑19 weekly epidemiological update, 
edition 84, 22 March 2022. 2022. Accessed on 17th May 2022. 
https://www.who.int/emergencies/diseases/novel‑coronavirus‑2019/ 
situation‑reports.

10. Sarvepalli D: Coronavirus disease 2019: A comprehensive 
review of etiology, pathogenesis, diagnosis, and ongoing clinical 
trials. Cureus 12: e8076, 2020.

11. Li Y, Shi J, Xia J, Duan J, Chen L, Yu X, Lan W, Ma Q, Wu X, 
Yuan Y, et al: Asymptomatic and symptomatic patients with 
non‑severe coronavirus disease (COVID‑19) have similar clinical 
features and virological courses: A retrospective single center 
study. Front Microbiol 11: 1570, 2020.

12. Lechien JR, Chiesa‑Estomba CM, Place S, Van Laethem Y, 
Cabaraux P, Mat Q, Huet K, Plzak J, Horoi M, Hans S, et al: 
Clinical and epidemiological characteristics of 1420 European 
patients with mild‑to‑moderate coronavirus disease 2019. 
J Intern Med 288: 335‑344, 2020.

13. Aktas G: A comprehensive review on rational and effective 
treatment strategies against an invisible enemy; SARS Cov‑2 
infection. Exp Biomedical Res 3: 293‑311, 2020.

14. Wu Z and McGoogan JM: Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID‑19) outbreak 
in China: Summary of a report of 72 314 cases from the Chinese 
center for disease control and prevention. JAMA 323: 1239‑1242, 
2020.

15. Martins EC, da Silveira LDF, Viegas K, Beck AD, Fioravantti 
Júnior G, Cremonese RV and Lora PS: Neutrophil‑lymphocyte 
ratio in the early diagnosis of sepsis in an intensive care unit: A 
case‑control study. Rev Bras Ter Intensiva 31: 63‑70, 2019. 

16. Popov GT, Baymakova M, Vaseva V, Kundurzhiev T and 
Mutafchiyski V: Clinical characteristics of hospitalized patients 
with COVID‑19 in Sofia, Bulgaria. Vector Borne Zoonotic 
Dis 20: 910‑915, 2020.

17. Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, Xiao W, 
Wang YN, Zhong MH, Li CH, et al: Clinical characteristics of 
novel coronavirus cases in tertiary hospitals in Hubei Province. 
Chin Med J (Engl) 133: 1025‑1031, 2020.

18. Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM, 
Liu XQ, Chen RC, Tang CL, Wang T, et al: Comorbidity and its 
impact on 1590 patients with COVID‑19 in China: A nationwide 
analysis. Eur Respir J 55: 200054, 2020.

19. Sharov KS: SARS‑CoV‑2‑related pneumonia cases in pneu‑
monia picture in Russia in March‑May 2020: Secondary 
bacterial pneumonia and viral co‑infections. J Glob Health 10: 
020504, 2020.

20. Cosentino F, Moscatt V, Marino A, Pampaloni A, Scuderi D, 
Ceccarelli M, Benanti F, Gussio M, Larocca L, Boscia V, et al: 
Clinical characteristics and predictors of death among hospi‑
talized patients infected with SARS‑CoV‑2 in Sicily, Italy: A 
retrospective observational study. Biomed Rep 16: 34, 2022.

21. Meng X, Deng Y, Dai Z and Meng Z: COVID‑19 and anosmia: 
A review based on up‑to‑date knowledge. Am J Otolaryngol 41: 
102581, 2020. 

22. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L, 
Zhou X, Du C, et al: Risk factors associated with acute respira‑
tory distress syndrome and death in patients with coronavirus 
disease 2019 pneumonia in Wuhan, China. JAMA 180: 934‑943, 
2020.

23. Peiris JS, Chu CM, Cheng VC, Chan K, Hung I, Poon LL, Law KI, 
Tang BS, Hon TY, Chan CS, et al: Clinical progression and viral 
load in a community outbreak of coronavirus‑associated SARS 
pneumonia: A prospective study. Lancet 361: 1767‑1772, 2003.

24. WHO. Summary of probable SARS cases with onset of illness 
from 1 November 2002 to 31 July 2003. Dec 31, 2003. www.who.
int/csr/sars/country/table2004_04_21/en/. Accessed 19 Jan 2020.

25. WHO. Middle East  respi rator y syndrome corona‑
v i r us  ( M ERS‑ CoV ).  November,  2 019.  w w w.who.
int/emergencies/mers‑cov/en/. Accessed 19 Jan 2020.

26. Norooznezhad AH, Najafi F, Riahi P, Moradinazar M, Shakiba E 
and Mostafaei S: Primary symptoms, comorbidities, and 
outcomes of 431 hospitalized patients with confirmative RT‑PCR 
results for COVID‑19. Am J Trop Med Hyg 103: 834‑837, 2020.

27. Nikpouraghdam M, Jalali Farahani AJ, Alishiri G, Heydari S, 
Ebrahimnia M, Samadinia H, Sepandi M, Jafari NJ, Izadi M, 
Qazvini A, et al: Epidemiological characteristics of coronavirus 
disease 2019 (COVID‑19) patients in IRAN: A single center 
study. J Clin Virol 127: 104378, 2020.

28. Ye Q, Wang B and Mao J: The pathogenesis and treatment of the 
‘Cytokine Storm’ in COVID‑19. J Infect 80: 607‑613, 2020.

29. Farrell JM, Zhao CY, Tarquinio KM and Brown SP: Causes 
and consequences of COVID‑19‑associated bacterial infections. 
Front Microbiol 12: 682571, 2021.

30. Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, Wang Q and 
Miao H: Lymphopenia predicts disease severity of COVID‑19: A 
descriptive and predictive study. Signal Transduct Target Ther 5: 
33, 2020.

31. Henry BM, Aggarwal G, Wong J, Benoit S, Vikse J, Plebani M 
and Lippi G: Lactate dehydrogenase levels predict coronavirus 
disease 2019 (COVID‑19) severity and mortality: A pooled 
analysis. Am J Emerg Med 38: 1722‑1726, 2020.

32. Shi J, Li Y, Zhou X, Zhang Q, Ye X, Wu Z, Jiang X, Yu H, 
Shao L, Ai JW, et al: Lactate dehydrogenase and susceptibility to 
deterioration of mild COVID‑19 patients: A multicenter nested 
case‑control study. BMC Med 18: 168, 2020.

33. Porfidia A and Pola R: Venous thromboembolism in COVID‑19 
patients. J Thromb Haemost 18: 1516‑1517, 2020.

34. Demelo‑Rodríguez P, Cervilla‑Muñoz E, Ordieres‑Ortega L, 
Parra‑Virto A, Toledano‑Macías M, Toledo‑Samaniego N, 
García‑García A, García‑Fernández‑Bravo I,  Ji  Z, 
de‑Miguel‑Diez J, et al: Incidence of asymptomatic deep vein 
thrombosis in patients with COVID‑19 pneumonia and elevated 
D‑dimer levels. Thromb Res 192: 23‑26, 2020.

35. Zhang L, Feng X, Zhang D, Jiang C, Mei H, Wang J, Zhang C, 
Li H, Xia X, Kong S, et al: Deep vein thrombosis in hospital‑
ized patients with COVID‑19 in Wuhan, China: Prevalence, risk 
factors, and outcome. Circulation 142: 114‑128, 2020.

36. Zou Y, Guo H, Zhang Y, Zhang Z, Liu Y, Wang J, Lu H and 
Qian Z: Analysis of coagulation parameters in patients with 
COVID‑19 in Shanghai, China. Biosci Trends 14: 285‑289, 2020.

37. Mucha SR, Dugar S, McCrae K, Joseph D, Bartholomew J, 
Sacha GL and Militello M: Coagulopathy in COVID‑19: 
Manifestations and management. Cleve Clin J Med 87: 461‑468, 
2020.

38. Montazersaheb S, Hosseiniyan Khatibi SM, Hejazi MS, 
Tarhriz V, Farjami A, Ghasemian Sorbeni F, Farahzadi R and 
Ghasemnejad T: COVID‑19 infection: An overview on cytokine 
storm and related interventions. Virol J 19: 92, 2022.

39. Poggiali E, Zaino D, Immovilli P, Rovero L, Losi G, Dacrema A, 
Nuccetelli M, Vadacca GB, Guidetti D, Vercelli A, et al: Lactate 
dehydrogenase and C‑reactive protein as predictors of respira‑
tory failure in CoVID‑19 patients. Clin Chim Acta 509: 135‑138, 
2020.

40. Wu Y, Potempa LA, El Kebir D and Filep JG: C‑reactive protein 
and inflammation: Conformational changes affect function. Biol 
Chem 396: 1181‑1197, 2015.



BIOMEDICAL REPORTS  17:  94,  2022 7

41. Bajwa EK, Khan UA, Januzzi JL, Gong MN, Thompson BT 
and Christiani DC: Plasma C‑reactive protein levels are asso‑
ciated with improved outcome in ARDS. Chest 136: 471‑480, 
2009.

42. Khalid A, Ali Jaffar M, Khan T, Abbas Lail R, Ali S, Aktas G, 
Waris A, Javaid A, Ijaz N and Muhammad N: Hematological and 
biochemical parameters as diagnostic and prognostic markers 
in SARS‑COV‑2 infected patients of Pakistan: A retrospective 
comparative analysis. Hematology 26: 529‑542, 2021.

43. Hilal N and Mushtaq A: Prevalence of anemia in geriatric 
population of Kashmir: A hospital based study: Anemia: An 
unrecognized sign in geriatric patients. Ann Med Physiol 14: 
26‑30, 2017.

44. Shahnawaz M, Wani AH, Upadhyay S, Pattnaik S, Mustafa H, 
Azad AM, Arjumand Farooq SS, Nabi W, Hassan Y, 
Din Wani NU, et al: Clinico‑radiological profile of COVID‑19 
in Kashmiri population: A descriptive study. J Family Med Prim 
Care 10: 1473‑1478, 2021.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.


