Received: 30 June 2020

Revised: 3 August 2020

Accepted: 4 August 2020

DOI: 10.1111/eci.13378

ORIGINAL ARTICLE WILEY
Features of severe COVID-19: A systematic review and
meta-analysis

Francesco Del Sole! | Alessio Farcomeni> | Lorenzo Loffredo! | Roberto Carnevale®® |

Danilo Menichelli!

T Clinica Medica, Department of
Clinical, Internal, Anesthesiologic and
Cardiovascular Sciences, Sapienza
University of Rome, Rome, Italy
2Depzlrtment of Economics and Finance,
University of Rome “Tor Vergata”, Rome,
Italy

3Depzlrtment of Medico-Surgical Sciences
and Biotechnologies, Sapienza University
of Rome, Latina, Italy

*Mediterranea Cardiocentro, Naples, Italy

5Department of General Surgery and
Surgical Specialties “Paride Stefanini”,
Sapienza University of Rome, Rome, Italy

6Emergcncy Department, Policlinico Tor
Vergata Hospital, Rome, Italy

Correspondence

Daniele Pastori, I Clinica Medica,
Department of Clinical, Internal,
Anesthesiologic and Cardiovascular
Sciences, Sapienza University of Rome,
Viale del Policlinico 155, Roma 00161,
Italy.

Email: daniele.pastori@uniromal.it

1 | INTRODUCTION

The novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has become a serious public health emer-
gency in Eastern Countries as well as in Europe and United
States, causing the new pandemic with increasingly numbers
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Abstract

Background: To systematically review clinical and biochemical characteristics as-
sociated with the severity of the novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2)-related disease (COVID-19).

Materials and methods: Systematic review of observational studies from PubMed,
IST Web of Science, SCOPUS and Cochrane databases including people affected by
COVID-19 and reporting data according to the severity of the disease. Data were
combined with odds ratio (OR) and metanalysed. Severe COVID-19 was defined by
acute respiratory distress syndrome, intensive care unit admission and death.
Results: We included 12 studies with 2794 patients, of whom 596 (21.33%) had
severe disease. A slightly higher age was found in severe vs non-severe disease. We
found that prevalent cerebrovascular disease (odds ratio [OR] 3.66, 95% confidence
interval [CI] 1.73-7.72), chronic obstructive pulmonary disease (OR: 2.39, 95% CI
1.10-5.19), prevalent cardiovascular disease (OR: 2.84, 95% CI 1.59-5.10), diabetes
(OR: 2.78, 95% CI 2.09-3.72), hypertension (OR: 2.24, 95% CI 1.63-3.08), smoking
(OR: 1.54, 95% CI 1.07-2.22) and male sex (OR: 1.22, 95% CI 1.01-1.49) were as-
sociated with severe disease. Furthermore, increased procalcitonin (OR: 8.21, 95%
CI 4.48-15.07), increased D-Dimer (OR: 5.67, 95% CI 1.45-22.16) and thrombocy-
topenia (OR: 3.61, 95% CI 2.62-4.97) predicted severe infection.

Conclusion: Characteristics associated with the severity of SARS-CoV-2 infection
may allow an early identification and management of patients with poor outcomes.
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of infected people and deaths. The clinical presentation of
SARS-CoV-2-related disease (COVID-19) is highly variable,
ranging from asymptomatic/pauci-symptomatic patients
to acute respiratory distress syndrome (ARDS) and sepsis,
with patients needing admission to intensive care unit (ICU)
and mechanical ventilation.' Thus, SARS-CoV-2 infection
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primarily affects the lungs, but may cause a systemic involve-
ment leading to sepsis and multi organ failure.?

For this reason, the management of COVID-19-infected
patients may differ, ranging from patients potentially being
cured at home to those transferred to hospital for more in-
tensive treatment. Of note, even in patients admitted to the
hospital, there may be a lag phase between illness onset and
disease complications,3'5 and it is still unclear whether it is
possible to early identify patients who will need mechan-
ical ventilation or ICU admission. This issue is of clinical
relevance as early identification of COVID-19-infected
patients at risk of experiencing more severe complications
may prompt to treatment diversification. As clinical and
laboratory characteristics associated with severe SARS-
CoV-2 infection are not completely clarified, we performed
a systematic review and meta-analysis of the data so far
reported in SARS-CoV-2-infected patients to identify clin-
ical and laboratory variables associated with a high-risk
ARDS, ICU or poor survival.

2 | METHODS

The following variables were included in the analysis: age,
male sex, prevalent cerebrovascular disease, chronic obstruc-
tive pulmonary disease (COPD), prevalent cardiovascular
disease, diabetes, hypertension, cancer, smoking, increased
procalcitonin, increased D-Dimer, thrombocytopenia, pro-
thrombin time (PT) and activated partial thromboplastin time
(aPTT). Definition of comorbidities was based on medical
record review.

Increased D-Dimer was defined >0.5 mg/L (ug/mL)
by Guan et al. and >1 pg/mL by Tang et al and Zhou
et al Increased procalcitonin was defined as >0.5 ng/mL in
all studies but Wang et al that used a lower cut-off (>0.05 ng/
mL). Thrombocytopenia was generally defined as platelet
count <100 x 10%/L, except for Guan et al (<150 x 10%/L)
and Wu et al (<125 x 10°/L).

2.1 | Eligibility criteria

Types of studies: Clinical studies in patients with SARS-
CoV-2 infection that reported comorbidities and laboratory
analysis of patients distinguished in severe vs non-severe in-
fection. A SARS-CoV-2 infection was considered as severe
if patients presented with one of the following characteristics
(a) ARDS (vs non-ARDS), (b) admission to ICU (vs non-
ICU) and (c) non-survivors (vs survivors). No publication
date or publication status restrictions were imposed. Only
publications written in English language with full-text avail-
able were included in the metanalysis.

2.2 | Information sources

The studies were identified by searching electronic databases.
This search was applied to PubMed, ISI Web of Science,
SCOPUS and Cochrane database. The last search was run on
28 May 2020. Reference lists of all studies included in the
present metanalysis were screened for potential additional
eligible studies.

2.3 | Search

Two investigators (DP and LL) independently searched in
the electronic databases combining the following text terms
and MeSH terms: "COVID-19"[All Fields] OR "severe acute
respiratory syndrome coronavirus 2"[All Fields] OR "severe
acute respiratory syndrome coronavirus 2"[All Fields] OR
"2019-nCoV"[All Fields] OR "SARS-CoV-2"[All Fields].
PRISMA flow diagram is reported in the Figure S1.

2.4 | Study selection
Two authors (LL, DP) independently reviewed titles and
abstracts generated by search. Studies were excluded if
the title and/or abstract showed that the papers did not
meet the selection criteria of our meta-analysis. For po-
tentially eligible studies or if the relevance of an article
could not be excluded with certitude, we procured the full
text. Disagreements were resolved by discussion between
LL and DP; if no agreement reached, a third author (PP)
decided. Studies not including a control group and animal
studies were excluded. Case reports, editorials, commen-
taries, letters, review articles and guidelines were also ex-
cluded from the analysis.

Reporting of the study conforms to broad EQUATOR
guidelines.6

2.5 | Statistical

The outcome for each study was set as the odds ratio (OR)
and was computed based on reported counts of severe pa-
tients, for each risk factor. A continuity correction of 0.5
was also used. The standard error of the log-hazard ratio
was also computed directly based on these counts, which
were available for all studies, and used to compute 95%
confidence intervals. For continuous variables, the out-
come was set as the proportion of severe patients in the
study, and the variable was summarized through the overall
median. The I*-statistic was quantified to measure hetero-
geneity. For categorical predictors, the DerSimonian and
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Laird random-effects model was used when an 12 >25%
was observed, fixed-effects methods otherwise. Forest
plots summarized the results. For continuous predictors, a
similar criterion was used to compare random- and fixed-
effects meta-regressions. Bubble plots were used to sum-
marize the results. All analyses were done using the R (R
Development Core Team) software version 3.5.1. A P-
value <.05 was considered statistically significant.

3 | RESULTS

We included 12 studies with 2794 patients with SARS-CoV-2
infection. The weighted median age of this population was
50 years (Table 1). The mean percentage of men was 54.6%,
ranging from 48.5% (Yang et al) to 73.2% (Huang et al). The
most frequent comorbidity was represented by hypertension
(19.31%), followed by diabetes (10.09%) and prevalent car-
diovascular disease (8.85%) (Table 2). Furthermore, 13.7%
of patients were smokers (Table 2).

3.1 | Severe vs non-severe
Overall, 596 (21.33%) patients had severe and 2198 non-se-
vere infection. Thus, the criteria for severity definition were
ARDS in 240, ICU admission in 76, non-survivors in 107 and
a composite of ARDS/ICU/death in 173.

Patients with severe disease had a slightly higher age com-
pared with non-severe ones (Table 1).

In the severe group, 38.1% were women and 61.9% were
men. Among men, the proportion of those presenting with
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severe disease was 22.4% (range 15.7%-60.0%). A lower per-
centage of severity was found in women, which was 17.9%
(range 5.9%-64.7%).

A metanalysis of the OR of each variable (Figures 1 and
2) showed that the strongest factors associated with a severe
SARS-CoV-2 infection were in decreasing order, and prev-
alent cerebrovascular disease (OR: 3.66), chronic obstruc-
tive pulmonary disease (OR: 2.76), prevalent cardiovascular
disease (OR: 2.58), diabetes (OR: 2.31), hypertension (OR:
1.93), smoking (OR: 1.67), cancer (OR: 1.62) and male sex
(OR: 1.25) were associated with severe disease (Table 2).

For the laboratory variables, the study by Tang et al was
not used, as the proportion of patients with increased labo-
ratory values was reported only for non-survivor patients, so
that it was not possible to calculate the relative odds ratio.
Among laboratory variables (Figure 3), increased procalci-
tonin (OR: 8.22), increased D-Dimer (OR: 5.67) and throm-
bocytopenia (OR: 3.61) predicted severe infection.

4 | DISCUSSION
Our pooled analysis on a large sample of patients with SARS-
CoV-2 infection showed that the strongest factors associ-
ated with severe COVID-19 were cerebrovascular disease,
COPD, prevalent cardiovascular disease, diabetes, increased
procalcitonin, increased D-Dimer and thrombocytopenia.
The prevalence of cardiovascular risk factors reported in our
analysis is similar to that reported in another recent review
including >50 000 patients on this topic.7

Prior cardiovascular disease and coexistence of risk factors
such as diabetes were more associated with poor outcomes

TABLE 1 Demographic characteristics of patients included in the metanalysis
Study Total Severe Non severe Age Age (median) Age (median)

Study name Country design patients patients patients (median) severe non-severe
Guan W' China R 1099 173 926 47 52 45

Huang c'® China P 41 13 28 49 49 49

Wang D* China R 138 36 102 56 66 51

Zhou F? China R 191 54 137 56 69 52

Yang X° China p 52 32 20 52 65 52

Han H" China R 94 45 49 = = =

Tang N*° China R 183 21 162 54 64 52

Wu C?! China R 201 84 117 51 59 48

Xiong Z* China R 421 59 362 52 56 51

Sun Y* China R 63 19 44 47 60 42

Yang Q** China R 136 33 103 56 64 53
Israclsen SB®  Netherland R 175 27 148 71 68 73

Total 2794 596 2198 50.1° 54.5% 48.8"

Abbreviations: P, prospective; R, retrospective.

“Calculated weighted mean.
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TABLE 2 Prevalence and odds ratio of comorbidities in severe and non-severe patients with SARS-CoV-2 infection
Total Severe Non-severe Odds ratio (95%
(n = 2794) (n = 596) (n = 2198) confidence interval)
Clinical
Prevalent cerebrovascular disease (%) 2.06 6.01 1.19 3.66 (1.73-7.72)
Prevalent cardiovascular disease (%) 8.85 13.94 7.40 2.84 (1.59-5.10)
Chronic obstructive pulmonary disease (%) 2.65 4.82 2.15 2.39 (1.10-5.19)
Diabetes (%) 10.09 19.06 7.70 2.78 (2.09-3.72)
Arterial hypertension (%) 19.31 30.72 16.42 2.24 (1.63-3.08)
Cancer (%) 1.11 2.00 1.37 1.62 (0.78-3.35)
Smoking (%) 13.74 15.38 13.34 1.54 (1.07-2.22)
Male sex (%) 54.55 57.21 53.82 1.22 (1.01-1.49)
Laboratory
Procalcitonin (increased, %)* 6.88 21.38 3.52 8.21 (4.48-15.07)
D-Dimer (increased, %)* 22.54 52.42 18.20 5.67 (1.45-22.16)
Thrombocytopenia (%)* 21.40 33.04 16.64 3.61 (2.62-4.97)
“See Section 2 for definitions.
CLINICAL VARIABLES
CANCER CARDIOVASCULAR DISEASE
Study OR Cllow Clup Study OR Cllow Clup
Guan 2517 07 9045 —=—0 Guan 3.338 1525 7.303 =
HuangC 0679 0.026 17.799 Huang G 2429 0468 12604 ——
Wang 2056 058 729 -=— Wang 2.749 1053 7173 =—
ZhouF 0497 0023 10527 =—— Zhou F 17.631 4376 71.042
YangX 0631 0.012 33.048 Yang X 0878 0.157 4.923 =
XiongZ 0.669 0.036 12.596 WuC 2263 0575 891 =—
YangQ 1.325 0.188 9.345 =—— Yang Q 6.787 1.731 26.608
Israelsen SB 1.018 0.454 2.283 H
Summary 1.615 0778 335
o Summary 2.838 1578 5104 =
5 10 15 20 25 30 T T T T T T 1
10 20 30 40 50 60 70
CEREBROVASCULAR DISEASE COPD
Study OR Cllow Clup Study OR Cllow Clup
Guan 2114 0702 6.363 H Guan 5496 1.83 16503 -—
Wang 14421 2.334 89.088 Huang C 6.84 026 179.79
Yang X  12.059 0.65 223.856 Wang 7.07 1.004 49801 —
Xiong Z 2385 054 10528 = Zhou F 483 0.995 23436 —
Yang Q 9.554  0.38 240.275 Yang X 0.607 0.096 3.841 H
Xiong Z 0506 0093 2745
Summary 3.658 1.733 7.722 @ lsraglsen SB 144 0336 6.173 =
T 1 1
L Summary 2394 1.104 5191 B
1 1

50 100 150

FIGURE 1 Forest plots of odds ratio of clinical variables for severe SARS-CoV-2 infection

suggesting that atherosclerosis and its complications predispose
to worse outcomes. Such association may be explained by the
fact that cardiac damage is a frequent complication of SARS-
CoV-2 as shown in patients needing ICU in whom troponin el-
evation may be detected up to approximately 40% of patients.8

Thus, a recent analysis showed that patients with SARS-CoV-2
infection admitted with elevated troponin levels had worse out-
comes compared to those with normal levels.”

The non-significant difference of age between severe
and non-severe patients is related to the relatively young age
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DIABETES HYPERTENSION
Study OR Cllow Clup Study OR Cllow Clup
Guan 3.198 1965 5206 @ -=— Guan 2019 1358 3.001 -
HuangC  0.344 0052 2.269 B— HuangC ~ 1.184 0217 6462 =
Wang 4428 1469 13348 ——— Wang 4.963 2223 11.079
Zhou F 283 135 5959 —=— Zhou F 3.018 1561 5834 —
Yang X 2176 0461 1027 —————— WuC 2351 1162 4756 |—=——
WuC 4132 1588 10751 —=— Xiong Z 1476 0662 3293 —&—
Xiong Z 208 0.601 70 dm SunY 1.247 0344 452 —=——

. ' : Yang Q 4596 1.997 10.578

Y J 646 20.1

\S(:Ego gggg ?212 1843? Israelsen SB 0.965 0425 2191 —

Israglsen SB 1.251 0.516 3.032 #— Sumerary 0039 163 3077 »

MALE SEX SMOKING

Study OR Cllow Clup Study OR Cllow Clup

Guan 0991 0714 1375 MW Guan 154 0.988 24 B
Huang C 2241 0.465 10.796 Huang C 027 0013 5617 —
Wang 1436 0668 308 —— Zhou F 2248 069 7328 ——
Zhou F 1618 0828 3158 ——— Yang X 0.631 0.012 33.048

Yang X 0838 026 27 —— Israelsen SB 1.527 0.674 346 =
Tang N 2927 1063 8059 ——m—

WuC 1784 0984 323 ——

4 Summary 1543 1.07 2224 H
Xiong Z 0.856 0.496 1.48

-+
SunY 0.945 0325 2746 ——— 5 10 15 20 2% 30
Yang Q 1366 0628 2971 ———
lsraelsen SB 1.641 0.724 3.722 ——

Summary 1224 1005 1492 B

FIGURE 2 Forest plots of odds ratio of clinical variables for severe SARS-CoV-2 infection

LABORATORY VARIABLES
D-DIMER INCREASED PROCALCITONIN INCREASED
Study OR Cllow Clup Study OR Cllow Clup
Guan 2959 16 3.180 B Guan 4875 2477 959 H
ZhouF 16283 7.4 35832 Huang C 19 0.903 399.809
Wang 10.357 4.325 24801 =
Summary 5.674 1453 22163 ——————— ZhouF  29.602 5.289 165.697
s w0 5 m » w» %  Summary 8216 4479 15072 M
L L
100 200 300
THROMBOCYTOPENIA
Study OR Cllow Clup
Guan 3372 2416 4705 H
Huang C 22 0208 23.298
ZhouF 14329 3499 58674
Summary 3.606 2615 4972 H
| I I I B |
10 20 30 40 50
FIGURE 3 Forest plots of odds ratio of biochemical variables for severe SARS-CoV-2 infection
of patients included in the studies. A quality analysis how- to those with non-severe disease. Studies including elderly
ever showed that patients with severe/complicated SARS- and very elderly patients are needed to better investigate this

CoV-2 infection had a mean higher age (7 years) compared association.
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Our results also show that male sex is associated with
a more severe SARS-CoV-2 infection. This finding may
be explained by several factors, including hormonal levels
of steroids such as 17f-estradiol and progesterone, which
may play a role as immunomodulators in the host response
to the viral infection.'® In addition, there is evidence that
some X-linked genes, such as ACE2 which is involved
in the SARS-CoV-2 infection pathogenesis by allowing
SARS-CoV-2 entering into the cells,11 and Y-linked genes,
such as SRY and SOX9 which codify for proteins involved
in the immune response during viral infections, may ex-
plain sex-based difference.'?

Among the laboratory variables, elevated procalcitonin
and D-dimer and low platelet count were more frequently
observed in patients with severe disease. Elevated D-dimer
and low platelet count may be suggestive of systemic clotting
activation with secondary fibrinolysis and platelet consump-
tion. This finding confirms a pro-thrombotic phenotype of
SARS-CoV-2 infection, which is associated with the severity
of the disease. At this regard, a study including 449 patients
with severe SARS-CoV-2 infection showed that patients with
sepsis-induced coagulopathy treated with low-molecular
weight heparin (LMWH) had a lower 28-day mortality than
non-users (32.8% vs 52.4%, P = .017).14 Based on this, the
ISTH recommended that all SARS-CoV-2 infections should
be treated with prophylactic doses of low-molecular weight
heparin to lower the thrombotic risk.'® Further study is, how-
ever, necessary to establish whether this approach is effective
and may be useful for all SARS-CoV-2 patients or only for
those at risk of severe disease.

Finally, we found a significant association between the
severity of COVID-19 and serum levels of procalcitonin, a
marker of systemic inflammation and sepsis severity, sug-
gesting that systemic sepsis, probably related to bacterial
sovra infection, may complicate the clinical course of SARS-
CoV-2 infection.'®

The clinical relevance of our findings relies on the evi-
dence that there is a latency between SARS-CoV-2 first clin-
ical presentation and development of complications; thus,
previous studies reported a median time from illness onset to
hospitalization of 7-11 days,‘%‘4 to ICU admission of 9 days5
and to the development of ARDS of 8 days,* indicating that
there may be a relatively long period between infection-re-
lated symptoms onset and occurrence of severe compli-
cations. Interestingly, non-survivor patients or those with
ARDS had a higher latency period, suggesting that a delay
in the care may lead to poorer outcomes.* Thus, early iden-
tification of variables associated with poor outcomes may be
useful to plan more appropriate preventive therapy to reduce
the risk of ARDS and ICU and eventually improve survival
and also to optimize the allocation of healthcare resources,
which may be very limited in some countries. Furthermore,

outpatients presenting with one or more of these features
may promptly be referred to hospital for management of the
disease.

This analysis has limitations to acknowledge. As the ma-
jority of studies included Asian patients, these data need to
be confirmed in other population living in Europe and United
States, where the disease is rapidly spreading. Age, for exam-
ple, is not associated with disease severity in China but may
be a key issue for other country, such as Italy, where popula-
tion is older and, apparently, at higher the risk of death. The
same concept applies to the different clinical impact poten-
tially elicited by comorbidities in young and old people. Data
on the association between body weight or body mass index
and the severity of infection are still lacking; thereby, no con-
clusion can be deduced on this aspect. Furthermore, in addi-
tion to the relative risk conferred by each single comorbidity,
we cannot exclude that the concomitant presence of multiple
conditions may further include the risk of severe disease.

In conclusion, data of this meta-analysis show that co-
morbidities such as COPD, prior cardiovascular disease and
diabetes are associated with SARS-CoV-2 severity. The asso-
ciation between these clinical characteristics and COVID-19
severity may allow a better risk stratification in this patients’
population.
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