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Introduction
In December 2019, numerous patients with 

clinical presentations such as respiratory symp-
toms were reported in Wuhan, Hubei, China (1). 

Clinical features of patients resembled previ-
ous viral respiratory infections like Middle-east 
respiratory syndrome (MERS)  and severe acute 
respiratory syndrome (SARS) (2,3). Middle-East 

respiratory syndrome coronavirus (MERS-
CoV) and Severe acute respiratorysyndrome 
coronavirus (SARS-CoV) (4-6) lead to the death 
of many infected patients (7-10). Since the de-
clration of the outbreak by World Health Orga-
naziation in January 2020 and recognizing that 
as a pandemic in March 2020, the COVID-19 
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The outbreak of coronavirus disease 2019 (COVID-19) has caused an ongoing 
pandemic. The illness is so severe that progresses rapidly to acute respiratory failure; 
therefore, we aimed to describe and evaluate the most practical laboratory pro-
inflammatory factors to predict the course of the severe COVID-19 cases.
About 52 prospective and retrospective research studies were explored and 29 
studies excluded, considering non-related methods, hence twenty-three studies 
were included. Given the physiopathology of the COVID-19 and immune system 
hyperactivity, we investigated the background pathology of these occurrences, aiming 
to find the prognostic laboratory factors in the COVID-19 cases. All reviews focused 
on the potential cellular and molecular mechanisms, leading to the cytokine storm in 
viral diseases, and several studies approved applicable laboratory parameters for the 
COVID-19 patients. Based on our data, increased CRP, LDH, serum ferritin, creatine 
kinase (CK) levels, higher D-dimer and FDP, IL-6, and cardiac troponin I levels and 
longer PT are the potential markers for prediction of course of infection, particularly, 
D-dimer which was elevated five-time higher in the severe cases, compared with the 
non-severe cases. Besides that, the severe cases showed lymphopenia, neutrophilia, 
thrombocytopenia, and prolonged PTT. However, there is contradictory evidence 
about AST, ALT, BUN, and serum creatinine.
The major cause of the COVID-19 in the critical patients was cytokine storm; 
therefore, prognostic factors in the cytokine storm also can predict the prognosis of 
the COVID-19. Thus, severe cases can be solved by early detection of these laboratory 
parameters.
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virus has caused severe acute respiratory syn-
drome (SARS-CoV-2) in millions of people across 
the world leading to the death of 1.9 million peo-
ple as of January 2021.Coronavirus categorizesas 
the Coronaviridae family (11). Symptoms of most 
patients included fever, dyspnea, dry cough, and 
lung opacities in computed tomography (CT) im-
ages (12,13). Many hospitalized patients develop 
severe conditions and often death (13), and the 
broad majority showed abnormal laboratory re-
sults. Studies on SARS patients showed that the 
increase of cytokines resembled the inflammato-
ry responses, such as IL6, IFNγ, IL1B, MCP1, IP10, 
and IL12 (14). 

In MERS-CoV infection, the increase of IL15, 
IL17, TNFα, and IFNγ cytokines has been observed 
(15). Previous studies reported that COVID-19 
patients showed activated T- helper and a high 
amount of IP10, MCP1, IFNγ, and IL1B(16). Indi-
viduals admitted to the  Intensive Care Unit (ICU) 
revealed greater levels of TNFα, MIP1A, MCP1, 
IP10, and GCSF, compared to non-ICU patients, 
recommending that severe cases were accompa-
nied by cytokine storm (1). 

Studies proved a correlation between cyto-
kine storm and the severity of infections (17,18). 
This review examines the immune responses in 
COVID-19 patients, reviews the role of pro-inflam-
matory factors in confirmed COVID-19 cases, and 
introduces possible components to predict the 
prognosis of disease with infection and cytokine 
storm. This review also defines cytokine storm 
and similar conditions like macrophage activation 
syndrome (MAS) and hemophagocytic lympho-
histiocytosis (HLH), explaining the importance 
of cytokine storm in severe COVID-19 cases, and 
also examines similar conditions where cytokine 
storm plays important role in mortality. 

This article also points out the potential design 
to identify and diagnose severe cases beforehand, 
in order to anticipate and block the cytokine 
storm. By having laboratory data from severe 
COVID-19 patients, we will be able to diagnose the 
severe cases in early stages, and reduce the mor-
tality rate and morbidity, and lower the chance of 
progressing to severe conditions.

Literature review
Evidence Acquisition

Databases such as Scopus, Google Scholar, MED-
LINE, PubMed, and Science Direct were explored 
and keywords such as “COVID-19”, “coronavirus”, 
“cytokine storm”, “prognostic factor” were used. 
Inclusion criteria included English studies on hu-
mans, published from 1953 to 2020, and the asso-
ciated references. 

About 52 studies were explored in this search, 

and 29 studies were excluded because of non-re-
lated methods. Twenty-three studies were in-
cluded in this study, such as studies performed in 
China, Italy, and Iran, with confirmed COVID-19 
tests. Studies used different sample sizes, ranging 
from 5 to 1099 cases. The study design included 
prospective and retrospective methods. All the 
studies were conducted over 3 months of the 
COVID-19 pandemic (December 2019 to February 
2020). 

1. COVID-19 Immune Response 
COVID-19 patients showed different clinical 

presentations, most patients remain asymptom-
atic and some developed severe conditions. Pa-
tients present with a wide range of symptoms 
from cough to hospitalization and ICU admis-
sion (17,19). However, studies showed that se-
vere condition depends on criteria such as age 
and co-morbidity (20). The COVID-19 pathologic 
mechanism is not completely understood. How-
ever, studies showed a correlation between the 
increase in pro-inflammatory cytokines and lung 
damage, as seen in pulmonary inflammation in 
SARS (20) and MERS-CoV infection (21), and re-
cently in COVID-19 (1).

Among severe COVID-19 infections, the num-
ber of patients showing laboratory abnormali-
ties remains unclear and only the most constant 
abnormalities among non-severe patients are 
an increase of D-dimer, lactate dehydrogenase 
(LDH), C-reactive protein (CRP), and erythrocyte 
sedimentation rate (ESR) (22). Given the physio-
pathology of the COVID-19 and immune system 
hyperactivity, we started to investigate the back-
ground pathology of these circumstances, aim-
ing to find the prognostic laboratory factors in 
COVID-19, as these circumstances and cytokine 
storm have been seen in HLH.

2. Cytokine storm and HLH
Cytokine storm is defined as an uncontrolled 

immune system and a hyper-response reaction 
(23). Cytokine storm first was mentioned in 1993 
on graft-versus-host disease (24). Reviews fo-
cused on potential cellular and molecular mech-
anisms, leading to the cytokine storm in viral 
diseases (25, 26), such as cytomegalovirus (27), 
Epstein-Barr virus-associated HLH (28) infec-
tions, influenza virus (29), and SARS-CoV (23, 30). 
Infection with SARS-CoV, influenza virus infec-
tions and COVID-19 induces cytokine storm and 
severe condition named acute lung injury (ALI) 
(31-33). Cytokine storm components contain in-
terferons (IFNs) (34, 35) interleukins (ILs) (36), 
IgM antibody, CD4 T cells (37), and tumor necro-
sis factor (TNF) (38).
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HLH characterizes severe clinical syndrome and 
inflammation as a result of an unrestrained im-
mune response (39). HLH classifies as primary (fa-
milial) and secondary (acquired) (40). Acquired 
HLH forms in adults because of infection, autoim-
mune diseases, and malignancy (41). This exces-
sive inflammatory response and hypersecretion 
of cytokines result in a “cytokine storm”(42). The 
prognosis of HLH is poor and in untreated circum-
stances, the median survival of less than 2  years 
is estimated (43).

3. HLH in COVID-19 and similar conditions
As discussed earlier, the mechanism of mor-

tality of severe cases believed to be immune re-
sponse hyper-reactivity, and also secondary HLH 
in COVID-19 patients. Wu et al. confirmed the 
idea of hemophagocytic lymphohistiocytosis state 
(sHLH), developed in severe COVID-19 patients, 
and also stated that elevated serum ferritin, high 
levels of LDH, high CRP, and elevated coagulation 
function (prothrombin time (PT) and D-dimer) 
are associated with progression to acute respira-
tory distress syndrome (ARDS) (44). 

Many studies also suggest secondary HLH in 
autoimmune diseases (45-48). A study demon-
strated that auto-inflammatory diseases like 
adult-onset Still’s, rheumatoid arthritis, and sys-
temic juvenile idiopathic arthritis (SJIA) develop 
secondary HLH and macrophage activation syn-
drome (MAS). The majority of laboratory findings 
reported hyper-ferritinemia, high CRP, and de-
crease in platelet, and also high levels of triglycer-
ide (47,49-57).   

4. Laboratory criteria for hyper-inflammation 
in COVID-19 

COVID-19 outbreak in December 2019 infected 
many patients every day all across the world and 
became pandemic in 2020 (51). Most of the crit-
ical patients are elderly with comorbidities (51, 
58), and severe COVID-19 patients developed cy-
tokine storm (59), secondary HLH, and hyper-cy-
tokinemia (59); however, in adults, secondary 
HLH mostly triggered due to viral infection (48).

Studies showed that in COVID-19 patients, cy-
tokine storms happened in response to infection 
(48). Additionally, multiple studies stated that 
laboratory findings in COVID-19 patients include 
elevation of liver enzymes, CRP, ferritin, D-dimers, 
coagulation parameters like prothrombin time 
(PT), partial thromboplastin time (PTT), and LDH 
(9, 58, 60). Thus, by early detection of these labo-
ratory parameters, severe cases could be detected 
in early stages, and the progression to poor out-
come and occurrence of the cytokine storm could 
be prevented. For instance, one study related to 

the hyper-inflammation state suggests the early 
detection of serum ferritin as a biomarker (61-64). 
Several studies approved laboratory parameters 
in COVID-19 cases. One study performed in New 
York on 408 COVID-19  positive, African-American 
patients demonstrated that elevated serum ferri-
tin, CRP, and D-dimer as independent predictors 
for mortality (65).

One study on COVID-19 cases in Jinyintan Hos-
pitals located in Wuhan, China approved that pa-
tients who died showed high inflammatory bio-
markers in the serum such as IL-6, procalcitonin, 
ferritin, and CRP. In addition to these findings, 
the study expressed that the virus also activates 
inflammatory mediators that can cause vascu-
lar endothelium damage and lead to thrombosis 
(66). Siddiqi et al. determined that severe cases 
present hyper-inflammatory conditions, in which 
inflammatory markers seemed to be elevated 
(67); markers such as D-dimer, ferritin, CRP, and 
TNF elevated undoubtedly in severe cases (44). 
One study also stated the presence of ESR in addi-
tion to D-dimer and ferritin elevation in COVID-19 
patients, which was performed in non-severe 
COVID-19 patients, and reported an increase of 
D-dimer, LDH, ESR, and CRP (22). Studies also 
showed leukopenia, lymphopenia, and throm-
bocytopenia in addition to CRP, serum LDH and 
D-dimer in COVID-19 patients. A single-center, 
non-interventional cohort study that enrolled 49 
confirmed COVID-19 patients in the center of Bei-
jing, divided patients into two groups of severe 
and non-severe and showed that age, comorbidi-
ty, serum ferritin, lymphocyte counts, serum LDH 
and D-dimer differ significantly between the two 
groups, and severe cases display more laborato-
ry abnormalities like leukopenia, lymphopenia, 
thrombocytopenia, and elevated CRP levels. How-
ever, in this study, serum ferritin remained unde-
fined (68). Studies magnify the role of D-dimer and 
the effect of D-dimer as an inflammatory compo-
nent in severe cases. Huang et al. evaluated 41 hos-
pitalized patients with confirmed COVID-19 and 
stated that D-dimer elevated five times higher in 
severe cases, compared with non-severe cases (1). 
In addition to serum ferritin and D-dimer, studies 
showed that an increase of cardiac troponin I and 
IL-6 were also seen in COVID-19 patients. A retro-
spective study on 191 confirmed COVID-19 cases, 
located in Wuhan Pulmonary Hospital showed 
an increase in D-dimer and cardiac troponin I, 
and also significantly high IL-6, LDH, and serum 
ferritin levels were observed among dead cases 
(69). Studies also showed end-organ damage in 
COVID-19 patients and elevation of laboratory 
parameters. One study reviewed COVID-19 severe 
cases and suggested elevation of alanine amino-
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transferase (ALT) and aspartate aminotransferase 
(AST), in addition to serum D-dimer levels in se-
vere COVID-19 patients with end-organ damage 
(70). Studies also determined the appearance of 
embolism in COVID-19 hospitalized patients. One 
study analyzed the correlation between embolism 
and elevated D-dimer in COVID-19 patients. The 
study enrolled 25 patients for testing D-dimer 
and pulmonary embolism by CT pulmonary angi-
ography (CTPA), and demonstrated an increase of 
D-dimer level in all 25 patients, and acute pulmo-
nary embolism (APE) was detected in 10 patients, 
according to CTPA images and D-dimer levels; 
fifteen patients displayed APE negative and D-di-
mer levels with a median value (71). One Study 
published in December 2020, developed criteria 
for COVID-19-associated hyperinflammatory syn-
drome, they included fever, hyperferritinaemia, 
neutrophil to lymphocyte ratio as hematologic 
dysfunction, LDH or asparate aminotransferase 
for hepatic injury, D-dimer for coagulopathy and 
CRP, interleukin-6, or triglycerides for cytokinae-
mia, and evaluated the patients based on the men-
tioned criteria and suggested that the proposed 
criteria are associated with death and progression 
to a mechanical ventilator (72).

A study on 183 cases demonstrated that patients 
infected with COVID-19 showed changes in coag-
ulation parameters, including D-dimer, PT, PTT, fi-
brinogen, and anti-thrombin. Out of 183 COVID-19 
patients, 84 cases remained in the hospital and 21 
cases died. In this analysis, 15 patients out of 21 
dead showed overt disseminated intravascular 
coagulation (DIC), in 4 days (median time) after 
admission, ranging from 112 days. All patients 
also showed decreased fibrinogen and increased 
D-dimer and PT, with no evidence of sepsis (73). 
Als,o additional study by Ranucci et al. (74) re-
ported coagulation states in confirmed COVID-19 
patients and evaluated the status of coagulation in 
COVID-19 cases with ARDS. They found that plate-
let count and international normalized ratio (INR) 
are non-correlated, but a significant correlation 
was found between abnormal D-dimers, fibrin-
ogen, and activated partial thromboplastin time 
(aPTT). At the end claimed that 100% of patients 
showed a relation with high fibrinogen level.  In a 
study, the blood coagulation tests of 94 confirmed 
COVID-19 patients located in Wuhan and 40 con-
trol cases were examined in the same period. 
The study showed a higher level of D-dimer and 
fibrin/fibrinogen in SARS-CoV-2 cases, compared 
with those in healthy control and also declared 
higher D-dimer, in comparison with patients with 
milder symptoms (75). Another study showed fi-
brinogen changes in COVID-19 patients. The 22 
cases of COVID-19 patients admitted to ICU were 

tested for coagulation abnormalities. The study 
showed significantly high D-dimer and fibrinogen 
levels in plasma in infected patients, compared 
with healthy controls. The result marked a hyper-
coagulable condition in COVID-19 patients. The 
study stated that COVID-19 patients that develop 
acute respiratory failure showed an increase of 
coagulation state, and resulted in hyper-coagula-
tion. Fibrin formation and polymerization tend to 
be correlated with a poor outcome (76).

5. Other pro-inflammatory factors
Recently studies on COVID-19 patients, espe-

cially critical patients showed elevated IL6 and 
more importantly claimed that inhibition of Janus 
kinase (JAK) resulted in the cellular entry of the 
virus, and inflammation in COVID-19 JAK-STAT 
transforms exogenous signals in the immune sys-
tem and inhibits and blocks cytokine release in 
inflammatory diseases such as rheumatoid arthri-
tis (77-79). A study on COVID-19, reviewing 89 
related studies, demonstrated the role of IL6 and  
JAK, and also stated the role of JAK inhibitors (80). 
Studies also insisted on drugs, which act on JAK 
signaling and block the inflammation response.

Recent studies on COVID-19 cytokine storm 
showed elevation of G-CSF, IL-17, IL-7, IL-10, 
IL-9, IL-8, IL-2, IL-1β, interferon-gamma (IFNγ), 
granulocyte colony-stimulating factor (GM-CSF), 
TNFα, interferon-inducible protein (IP10), and 
monocyte chemotactic protein 1 (MCP1) in pa-
tients, especially ICU-admitted patients (1). On 
the other hand, an increase of  IL-1β, TNFα, and 
T- helper 17 (TH17) was shown to correlate with 
vascular permeability and leakage (81). Studies 
showed that drugs are able to block Jak2 and Jak1 
by inhibiting IL-6, IFN- signaling (82); there-
fore, these mechanisms are responsible for cyto-
kine storm (Table 1).

Conclusion
As discussed earlier, the major cause of 

COVID-19 in the critical patients was cytokine 
storm; therefore prognostic factors in cytokine 
storm also lead us to predict the prognosis in 
COVID-19 patients. Michel et al. investigated that 
individual response to inflammation is different 
and it can be measured by inflammation markers 
such as CRP; thus it can be utilized for prediction 
of prognosis of inflammation (83). Increased CRP 
level, elevated LDH, serum ferritin and creatine 
kinase (CK), higher D-dimer and FDP, IL-6, cardi-
ac troponin I levels, and longer PT, are potential 
markers for the prediction of infection progress. 
Particularly, D-dimer elevated five-time higher in 
severe cases, compared with non-severe cases.
Besides that, the lower lymphocyte count was re-
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lated to the progress of the disease. Severe cases 
showed lymphopenia, neutrophilia, and thrombo-
cytopenia. Significant changes were found such as 
prolonged aPTT, and also a decrease of fibrinogen 

levels could be seen in severe cases. A higher level 
of fibrin/fibrinogen in all SARS-CoV-2 cases and pa-
tients with milder symptoms can appear. CRP, ESR, 
and LDH levels were positively correlated with the 

References Study design Study

location

Factors studied Primary outcome Importance

of prognosis

Bai, T., et al. (66) N=127 patients with 
confirmed COVID-19

Wuhan, China CRP 

Ferritin 

Procalcitonin 

IL6

Died patients showed high inflammatory biomarkers High

Wu, C., et al. (44) A retrospective 
cohort study,  N=201 
patients

Wuhan, China CRP

Ferritin

D-dimer

TNF-α

Severe patients present hyperinflammatory High

Ji, D., et al. (68) A single-center, 
non-interventional 
cohort study N=49 
patients (sever and 
non-sever)

Beijing, China Age, co-morbidity 
disease 

Ferritin

Lymphocyte counts, 

Serum LDH 

D- dimer 

CD4 and CD8 counts

Significantly difference between the two groups 
with p<0·005

High

Huang, C., et 
al. (1)

Prospective data N= 
41 patients

Wuhan, China D-dimer D-dimer elevated five times higher in severe cases 
comparing with non-severe cases

High

Zhou, F., et al. 
(69)

N=191  patients Wuhan, China D-dimer  

Cardiac troponin I 

 Serum ferritin 

LDH

IL-6

Increase in D-dimer and cardiac troponin I, serum 
ferritin, lactate dehydrogenase, and IL-6

High

Zhang, B. (70) N=82 death cases Wuhan, China D-dimer 

Prothrombin

Platelet

Lymphocyte

LDH

CRP

Severe patients showed  lymphopenia neutrophilia, 
thrombocytopenia and increased CRP level, LDH, and 
D-dimer

Medium

Chen, J., et al. (71) N=25 hospitalized 
patient

Lausanne, Switzerland D-dimer An increase of D-dimer level  in all 25 patients and in 
10 patients acute pulmonary embolism (APE)

Medium

Tang, N., et al. 
(73)

N=183 patients Wuhan, China D-dimer

PT/ PTT

Fibrinogen

Antithrombin

Elevated D-dimer and FDP are common in deaths High

Table1. Search the number of studies included for some prognostic factor predicting severity of COVID-19
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severity of lung abnormalities quantified on initial 
CT; albumin can be decreased in confirmed cases of 
COVID-19. However, there is contradictory evidence 
about AST, ALT, BUN, and serum creatinine. 

Han, H., et al. 
(75)

N=94 patients

and N= 40 healthy 
controls

Wuhan, China D-dimer

Fibrin/fibrinogen

A higher level of D-dimer and fibrin/fibrin-
ogen in all SARS-CoV-2 cases and patients 
with milder symptoms.

High

Xiong, Y., et al. 
(83)

Number of 35 pa-
tients diagnosed 
with CT scan 
evaluated

Shanghai, China ESR

CRP

LDH

CRP, ESR, and LDH level positively correlate 
with the severity of lung abnormalities quan-
tified on initial CT;

Medium

Chen, N., et al. 
(58)

N=99 patients 
evaluated

Wuhan, China LDH

Ferritin 

Albumin 

D-dimer 

Prothrombin

AST, ALT 

Serum creatinine 
and BUN

Among all elements that have been evaluat-
ed, ferritin CRP d-dimer elevation showed a 
significant correlation with severity

High

Mehta, P., et 
al. (9)

Retrospective, 
single-center 

N= 138 hospital-
ized patients

Wuhan, China Prothrombin

LDH

Severe patients in ICU were older and had 
comorbidities and also showed elevated LDH 
and prothrombin

High

Chen, L., et al. 
(60)

N=29 patients 
(15 mild cases, 9 
severe cases, and 
5 critical)

Shanghai, China CRP 

LDH 

Albumin

Alt, AST 

Bilirubin 

Creatinine

(LDH) increased (20/29), albumin decreased 
(15/29). other items showed no significant 
changes.

Medium

Webb, B. J., et 
al. (72)

N=299 patients 
evaluated

Salt Lake City, UT, 
USA

Fever

Ferritin

Neutrophil to lym-
phocyte ratio

Lactate dehydro-
genase

D-dimer

C-reactive protein, 
interleukin-6, or 
triglycerides

The proposed criteria are associated with 
death and progression to a mechanical 
ventilator

High

Gayam, V., et al. 
(65)

N=408 patients New York, USA Ferritin 

C-reactive protein

D-dimer

Elevated serum ferritin, C-reactive protein, 
and D-dimer as independent predictors for 
mortality. 

High
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