
The novel coronavirus-19 (COVID-19) was first report-
ed in Wuhan, China, and rapidly grew into a worldwide 

pandemic. Some patients develop an acute severe respiratory 
syndrome characterized by fever, tachypnea, hypoxemia, and 
bilateral infiltrates on imaging studies. Laboratory findings 
demonstrate alarming levels of markers of inflammation [1,2]. 
Such values reflect a syndrome of hyper-inflammation often 
referred to as cytokine storm syndrome (CSS) [3-6]. In the 
pre-COVID-19 era, typical severe inflammatory syndromes, 
eliciting CSS, were classified as primary (genetic/familial) 
or secondary, namely hemophagocytic syndrome (HS) with 
infections such as Epstein-Barr viral infection, hemophago-
cytic lymphohistiocytosis (HLH) with malignancies such as 
lymphoma, or macrophage activation syndrome (MAS) with 
autoimmune diseases such as systemic juvenile idiopathic 
arthritis [7-9]. Machowicz and colleagues [7] delineated the 
differences between HLH and sepsis. Following this reason-
ing, delineated the differences between CSS associated with 
severe COVID-19 pneumonia (CPN-CSS) and CSS due to 

other (HLH, HS, MAS) etiologies (O-CSS). In particular, we 
focused on the lab findings in CPN-CSS versus O-CSS, as lab 
values are objective and available for most clinicians. The five 
laboratory criteria of the HScore served as a framework for the 
comparison [10]. Lab markers typically reported with CPN-
CSS, however not included in the HScore, were considered 
as well. We hypothesized that delineating these differences 
would help clinicians understand whether the emerging hy-
per-inflammation is associated with CPN or perhaps associat-
ed with other conditions (e.g., sepsis). 

We searched the literature for the following terms: cytokine 

storm syndrome, hemophagocytic syndrome, hemophagocyt-
ic lymphohistiocytosis (HLH), macrophage activation syn-
drome, HScore, HLH-04, COVID-19, nCov, SARS-Cov2, and 
combinations of these terms. Studies reporting lab values as 
means or medians for adult patients with CPN-CSS or O-CSS 
were included.

The five laboratory criteria of the HScore [10], including the 
number of cytopenias (1, 2, or 3), values of ferritin, fibrinogen, 
triglyceride, and aspartate transaminase (AST), served as the 
skeleton for the comparison. Clinically or pathologically based 
HScore criteria were not considered. Markers of inflammation 
such as percentage of glycosylated ferritin, which is not widely 
available, was not considered. Laboratory markers commonly 
reported for CPN-CSS, such as D-dimer, C-reactive protein 
(CRP), and lactic dehydrogenase (LDH), were considered. Lab-
oratory values of the more severe group of patients were typi-
cally considered. 

We gathered laboratory values from included studies [1-23] 
into three tables [Table 1, Table 2, Table 3]. Numerical lab val-
ues of each marker derived from the studies were represented 
by an interval containing all the values. We summarized the re-
lation between the representing interval of each marker in CPN-
CSS and O-CSS. 



Twelve studies reporting values associated with CPN-CSS 
and six studies reporting values associated with O-CSS were in-
cluded in Table 1. Table values are given as median (and interval 
in parenthesis) or mean ± a measure of deviation. The thick line 
in the table (between AST and neutrophils count) separates the 
HScore laboratory markers from the other markers. 

In CPN-CSS, most laboratory values failed to fulfill HScore 
criteria. Cytopenias were not observed in CPN-CSS. Ferritin 
level was increased (typical values < 2000 ng/L) but did not ful-
fill the HScore criteria. Fibrinogen levels were characteristically 
increased in CPN-CSS in contrast to the lower than normal level 
detected in O-CSS. AST levels were mildly increased in CPN-
CSS, to a lesser degree than in O-CSS. Triglyceride levels were 
not reported in the reviewed CPN-CSS studies. Non-HScore lab 
markers, typically detected in CPN-CSS, included: increased 
levels of LDH, D-dimer, and CRP.

This qualitative comparison of the severity of the inflamma-
tory response in CPN-CSS and O-CSS using lab profiles reveals 
that CPN-CSS is typically less toxic compared to O-CSS.

Laboratory values of severe CPN patients (N=26) from a re-
cently published cohort of COVID-19 patients in Israel were 
consistent with our study findings: No bi-cytopenia were found; 
Ferritin level was only mildly increased (579.8 ng/L); AST was 
mildly increased (62.0 IU/L); lymphopenia was observed (0.8 

absolute lymphocytes count [×109/L]); CRP (132.4 mg/L) and 
LDH (538.0) levels were elevated [24]. 

McGonagle et al. [25] found that CPN-CSS is distinct from 
HLH. Like our review, they found that the hypercytokinaemia 
characteristic of HLH is often associated with extremely high 

-
as in patients with CPN, serum ferritin concentrations are typi-
cally in the 500–3000 ng/ml range, at least early in the disease 
course. Another clear distinguishing feature of HLH is liver 
function derangement, which can contribute to coagulopathy 
secondary to loss of liver synthetic function and is not typically 
seen in patients with CPN. Moreover, Ruscitti et al. [26] report-
ed that two of the main features of primary or secondary HLH, 
the hemophagocytosis and the peripheral blood bi-or pancyto-
penia have not been clearly demonstrated in COVID-19.

CPN-CSS was considered to be part of the spectrum of hyer-
ferritinemic syndromes in two reviews by Shoenfeld and Cola-
francesco et al. A common pathogenic background is probably 
underlying to these conditions supporting the use of therapies 
that target crucial inflammatory mediators [27,28]. As such, 
Bridgewood et al. [29] have recently suggested that PDE4 in-
hibitors (PDE4i) may have potential beneficial immune-modu-
lation for treating severe CPN-CSS. 

This study has several limitations. First, it is not a systematic 
review. Second, characterizing the inflammatory response in 
O-CSS is difficult as cases are quite rare [4] and etiologies vary, 
highlighting the diversity of this entity. Third, CPN-CSS is a 
novel disease, still under investigation and reports are accumu-
lating by the day. 

Despite limitations, this review delineates the lab profile of 
CPN-CSS and distinguishes it from the typical lab profile of 
O-CSS. It is clear that results should be considered with a grain 
of salt as CPN remains an emerging disease.
















