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ABSTRACT

The Coronavirus Disease (COVID-19) pandemic first broke out in December 2019 in Wuhan, China, and
has now spread worldwide. Laboratory findings have been only partially described in some observa-
tional studies. To date, more comprehensive systematic reviews of laboratory findings on COVID-19
are missing. We performed a systematic review with a meta-analysis to assess laboratory findings in
patients with COVID-19. Observational studies from three databases were selected. We calculated
pooled proportions and 95% confidence interval (95% Cl) using the random-effects model meta-ana-
lysis. A total of 1106 articles were identified from PubMed, Web of Science, CNKI (China), and other
sources. After screening, 28 and 7 studies were selected for a systematic review and a meta-analysis,
respectively. Of the 4,663 patients included, the most prevalent laboratory finding was increased C-
reactive protein (CRP; 73.6%, 95% Cl 65.0-81.3%), followed by decreased albumin (62.9%, 95% ClI
28.3-91.2%), increased erythrocyte sedimentation rate (61.2%, 95% Cl 41.3-81.0%), decreased eosino-
phils (58.4%, 95% Cl 46.5-69.8%), increased interleukin-6 (53.1%, 95% Cl 36.0-70.0%), lymphopenia
(47.9%, 95% Cl 41.6-54.9%), and increased lactate dehydrogenase (LDH; 46.2%, 95% Cl 37.9-54.7%). A
meta-analysis of seven studies with 1905 patients showed that increased CRP (OR 3.0, 95% Cl: 2.1-4.4),
lymphopenia (OR 4.5, 95% Cl: 3.3-6.0), and increased LDH (OR 6.7, 95% Cl: 2.4-18.9) were significantly
associated with severity. These results demonstrated that more attention is warranted when interpret-
ing laboratory findings in patients with COVID-19. Patients with elevated CRP levels, lymphopenia, or

ARTICLE HISTORY
Received 13 April 2020
Revised 2 May 2020
Accepted 10 May 2020

KEYWORDS
COVID-2019; SARS-CoV-2;
laboratory findings; C-
reactive protein;
lymphopenia; lactate
dehydrogenase

elevated LDH require proper management and, if necessary, transfer to the intensive care unit.

Introduction

In December 2019, an outbreak of a highly contagious
pneumonia of unknown cause occurred in Wuhan, China;
since then, it has become a pandemic. Soon the causative
pathogen was isolated and identified to be a novel corona-
virus later, named SARS-CoV-2 [1]. Taxonomically, it is a
species of SARS-related coronaviruses that belongs to the
subgenus Sarbecovirus, a part of the genus Betacoronavirus
(family Coronaviridae; subfamily Coronavirinae).
SARS-CoV-2 causes respiratory infections (COVID-19),
in some patients leading to acute respiratory distress syn-
drome [2], requiring intensive care with mechanical ventila-
tion. Extracorporeal membrane oxygenation (ECMO) has
been used to save critically ill patients. However, many
patients still die from the COVID-19. As of March 31, 2020,
81,554 cases of COVID-19 have been diagnosed, and 3,312
deaths have been reported in the Chinese Mainland (case
fatality rate of 4.06%) [3]. In other countries around the
world, a total of 775,785 cases and 38,687 deaths have been
reported (case fatality rate of 5.00%) [4]. In addition to
China, the virus is rapidly spreading worldwide, partly due
to the lack of personal protective materials. It is predicted

that the morbidity of COVID-19 will drastically increase
over the coming months.

In the immediate three months after the outbreak of
COVID-19, many academic centres published their findings
from observational studies based on clinical features, CT
imaging features, and laboratory results [5-7]. Most of these
studies focused on the symptoms and CT imaging features
[6,8], with only limited attention paid to laboratory findings,
which could be helpful in the diagnosis and in determining
the severity of COVID-19. In this state of emergency, rand-
omised controlled trials (RCTs) are not feasible, and only
data from observational studies are readily available and
accessible. Therefore, a systematic review is needed to sum-
marise the laboratory findings in each study, the results of
which can assist in the diagnosis and treatment of
the disease.

Materials and methods
Search strategy and selection criteria

A systematic literature search was performed using PubMed,
Web of Science, and CNKI (China). Records were managed
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using EndNote X 9.0 software to exclude duplicates. The
search terms used in PubMed were as follows: (severe acute
respiratory syndrome coronavirus 2, Wuhan coronavirus,
Wuhan seafood market pneumonia virus, COVIDI9 virus,
COVID-19 virus, coronavirus disease 2019 virus, SARS-
CoV-2, SARS2, 2019-nCoV, 2019 novel coronavirus) and
(clinical characters, clinical features, laboratory). With con-
sideration of the date of occurrence of COVID-19 and the
final review, the searches were limited to articles published
in English or Chinese in 2020. To reduce literature omis-
sions, we checked the reference list of the included studies.
Eligible studies described the method of diagnosis of
COVID-19, the number of patients, conventional laboratory
indices, changes in frequency, and the cut-off value of each
laboratory index. Case reports, review articles, letters, meta-
analysis articles, and studies on only children were excluded.
Two reviewers independently performed the literature
search and screened the abstracts and full text according to
these eligibility criteria. Disagreements were resolved by a
third reviewer or by consensus. Then, studies in which

patients were divided into the non-severe and severe groups
according to the patient’s condition were selected for meta-
analysis. A graphical representation of the process of litera-
ture search is shown in Figure 1.

Quality assessment and risk of bias

The two reviewers used the assessment criteria for the risk
of bias from the Joanna Briggs Institute (JBI) to assess the
quality of cross-sectional studies enrolled in this study. A
random-effects model was applied to estimate the pooled
proportion and 95% CI. The I* statistic, Q test, and Egger’s
test were used to assess statistical heterogeneity and publica-
tion bias, respectively.

Data extraction and meta-analysis

The two reviewers who performed the literature search also
independently extracted the data from the selected studies.
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Figure 1. The process of the literature search and selection.
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We extracted the following variables: author, number of
patients, age, sex, number of patients classified as non-
severe and versus severe, change in the frequency of labora-
tory indices including leukocytes, lymphocytes, eosinophils
(Eos), platelets (PLT), aspartate transaminase (AST), alanine
transaminase (ALT), lactate dehydrogenase (LDH), C-react-
ive protein (CRP), procalcitonin (PCT), erythrocyte sedi-
mentation rate (ESR), D-dimer, albumin (Alb), and
interleukin-6 (IL-6). Increased means over the upper limit
of the normal range and decreased means below the lower
limit of the normal range.

The meta-analysis was performed using the ‘meta’ pack-
age (version 4.11-0) in R soft (version 3.6.2). The propor-
tions and 95% confidence intervals (95% CI) were calculated
to describe the ratio of increased or decreased laboratory
indices of patients in the non-severe and severe groups. Due
to heterogeneity within and between studies, a random-
effects model was applied to estimate the pooled proportion
and 95% CI.

The I index was used to assess statistical heterogeneity.
A meta-analysis of each variable of interest and subgroup
analysis by groups (non-severe or severe) was performed.
Publication bias was evaluated using a funnel plot for each
variable of interest.

Results

A total of 1106 articles were identified from PubMed, Web
of Science, and CNKI (China) and other sources. Finally, 28
studies [6-33] meeting the predetermined inclusion and
exclusion criteria were selected in this study for a systematic
review after we removed duplicates and screened all the
search records. As presented in Table 1, a total of 4,663
patients were included in this meta-analysis; their mean age
was 48.4years, and 2,175 (46.7%) were female. The JBI
assessment criteria were used to assess the quality of the
studies, with scores ranging from 12 to 18, with a median
score of 14.5.

The result of this random-effects meta-analysis showed
that the most prevalent laboratory findings were increased
CRP (73.6%, 95% CI 65.0-81.3%), followed by decreased
Alb (62.9%, 95% CI 28.3-91.2%), increased ESR (61.2%,
95% CI 41.3-81.0%), decreased Eos (58.4%, 95% CI
46.5-69.8%), increased IL-6 (53.1%, 95% CI 36.0-70.0%),
lymphopenia (47.9%, 95% CI 41.6-54.9%) and increased
LDH (46.2%, 95% CI 37.9-54.7%). However, the I* ranging
from 70.5% to 98.1% in the evaluation of the laboratory
findings indicated heterogeneity in the statistical significance
(p=.000) (Table 1).

Seven studies [12,13,15,16,23,29,30] in which 1905
patients were divided into the non-severe group and severe
group according to the patient’s condition were selected for
meta-analysis. CRP, lymphocytes, and LDH were selected
for the subsequent meta-analysis (Supplementary Table S1).
The results of this random-effects meta-analysis (Figure 2)
showed the proportion of the three laboratory indices:
increased CRP (73.6%, 95% CI 60.0-85.3%), lymphopenia
(44.0%, 95% CI 33.2-58.3%), and increased LDH (41.7%,

95% CI 32.4-51.4%). The I* ranging from 86.2% to 96.0%
indicated heterogeneity in the statistical significance
(p<.001). A subgroup meta-analysis subsequently per-
formed on each of the three indices showed that the patho-
genetic condition contributes slightly to heterogeneity
(Supplementary Figure S1).

As shown in Figure 3, we analysed the relationship
between the three indices and patient conditions (non-
severe vs severe). Patients with increased CRP, lymphopenia,
and increased LDH in the severe group were found to have
a higher risk than those in the non-severe group. The results
showed increased CRP (OR 3.0, 95% CI: 2.1-4.4), lympho-
penia (OR 4.5, 95% CI: 3.3-6.0), and increased LDH (OR
6.7, 95% CI: 2.4-18.9), respectively. Increased CRP and lym-
phopenia showed low heterogeneity (> < 10%); however,
increased LDH showed high heterogeneity (I> = 83.9%). A
sensitivity analysis performed on increased LDH showed
that the study of Guan W [15] contributed a lot to hetero-
geneity (Supplementary Figure S2).

In addition, publication bias was assessed using Egger’s
test, which indicated that there was no obvious publication
bias (p > .05) (Supplementary Figure S3).

Discussion

With COVID-19 rapidly spreading worldwide, a summary
and a meta-analysis of its clinic characteristics are essential
for effective patient management and treatment. This sys-
tematic review and random-effects meta-analysis were per-
formed to summarise laboratory findings observed in
COVID-19 confirmed cases published three months after
the outbreak. As of 25 March 2020, 28 studies from across
China, published in Chinese and English were included in
this study. A total of 4662 patients confirmed with
COVID-19 using RT-PCR assay were included in our
meta-analysis. The median JBI score was 14.5, indicating
high reliability.

This random-effects meta-analysis showed that the most
common laboratory findings included increased CRP
(73.6%), decreased Alb (62.9%), increased ESR (61.2%),
decreased Eos (58.4%), increased IL-6 (53.1%), lymphopenia
(47.9%), and increased LDH (46.2%). This analysis involved
only adults in China, but it can also have implications in
adult patients outside China. In another meta-analysis, with
concordant results, decreased albumin (75.8%), high CRP
(58.3%), high LDH (57.0%), lymphopenia (43.1%), and high
ESR (41.8%) were the most prevalent laboratory results [34].
However, decreased Eos and increased IL-6 levels were not
reported. Because our analysis included more studies (28 vs.
18) and patients (4662 vs. 2874), it is more accurate than
previous analyses.

The pathogenesis of SARS-CoV-2 is not fully under-
stood. However, SARS-CoV and SARS-CoV-2 have a high
homology in their genome sequence (approximately 79%
homologous) [35]. These laboratory findings were similar
to those of patients affected by the SARS-CoV outbreak in
2003 [34]. Therefore, there may be similar mechanisms
between the two viruses. The virus is known to invade
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(A) Study Events Total Proportion 95%-Cl Weight
Wang Z 42 63 — 0.667 [0.537;0.780] 16.3%
Guan W 481 793 . 0.607 [0.572;0.641] 18.3%
XuYH 26 50 —— 0.520 [0.374;0.663] 15.8%
ChenlL 27 29 —_— 0.931 [0.772;0.992] 14.3%
Zhang JJ 125 136 — 0.919 [0.860;0.959] 17.4%
Zhao C 130 189 —= 0.688 [0.617;0.753] 17.7%
Random effects model 1260 — 0.736 [0.600; 0.853] 100.0%
Heterogeneity: 12 = 94.4%, t*=0.0297, p <001 T T T T 1

04 05 06 07 08 09

(B) Study Events Total Proportion 95%-Cl Weight
Wang Z 28 67 —_— 0.418 [0.298;0.545] 12.0%
Wan S 68 135 T 0.504 [0.416;0.591] 13.0%
Guan W 330 890 - 0.371 [0.339;0.403] 13.5%
XuYH 14 50 ——+— 0.280 [0.162;0.425] 10.2%
ChenL 20 29 — 0.690 [0.492;0.847] 12.4%
Zhang JJ 104 138 —a 0.754 [0.673;0.823] 13.4%
Zhao C 97 189 — 0.513 [0.440;0.586] 13.2%
Yuan J 47 223 =%=— 0.211 [0.159;0.270] 12.3%
Random effects model 1721 = 0.440 [0.332; 0.583] 100.0%
Heterogeneity: 12 = 96.0%, 12 =0.1515,p <0601 I T T T T 1

02 03 04 05 06 0.7 08

©) Study Events Total Proportion 95%-Cl Weight
Wang Z 25 61 —=— 0.410 [0.286;0.543] 17.9%
Wan S 58 135 — 0.430 [0.345;0.518] 21.4%
GuanW 277 675 - 0.410 [0.373;0.449] 245%
ChenL 20 29 ] T 0.690 [0.492;0.847] 13.4%
YuanJ 59 223 &+ i 0.265 [0.208;0.328] 22.8%
Random effects model 1123 —_— 0.417 [0.324; 0.514] 100.0%

Heterogeneity: /° = 86.2%, t° = 0.0096, p < 0.001 !

03 04 05 06 07 08
Figure 2. Meta-analysis of the proportion of increased CRP, lymphopenia, and increased LDH in patients with COVID-19. (A), (B), and (C) represent proportions of

increased CRP, lymphopenia, and increased LDH, respectively.

many tissues and organs [36], especially of the
respiratory and immune systems, including lymph
nodes, tonsils, spleen, and bone marrow, leading to viral
pneumonia, immunodeficiency, liver injury, myocardial
injury, etc. These laboratory findings reflect multiple
organ injuries.

Increased CRP, lymphopenia, and increased LDH were
reported in seven studies [12,13,15,16,23,29,30]. These seven
studies where patients were divided into the non-severe and
severe groups, were selected for a subgroup meta-analysis of
proportion and risk analysis between the severe and non-
severe groups. The results showed that increased CRP (OR
3.0, 95% CI: 2.1-4.4), lymphopenia (OR 4.5, 95% CI:
3.3-6.0), and increased LDH (OR6.7, 95% CI: 2.4-18.9)
were highly associated with severe conditions. The numbers
of CD45+ lymphocytes, CD3+ lymphocytes, CD4+ T cells,
CD8+ T cells, and CD19+ B cells were significantly
reduced in COVID-19 patients, and the decrease was more
significant in severe patients than in non-severe patients
[37]. At the same time, CRP and LDH levels were

significantly higher in severe patients than in non-severe
patients. Another study [38] showed that the LDH level on
admission negatively correlated with survival days
(p=.022). Zhou et al. found that the ratio of lymphopenia
in the non-survivor group was higher than that in the sur-
vivor group (76% vs. 26%, p <.001), and the proportion of
increased LDH in the non-survivor group was higher than
that in the survivor group (98% vs. 54%, p <.001) [25].

This review has several limitations. First, all the studies
included in the meta-analysis were published from regions
across China. The inclusion of studies from all parts of the
globe will provide a more comprehensive understanding of
COVID-19. Second, the confounding effects of other under-
lying medical conditions were not controlled in this study;
therefore, the results obtained must be interpreted with cau-
tion. Lastly, the majority of the meta-analyses was highly
heterogeneous. The random-effects model was applied to
weaken the influence of heterogeneity, and subgroup and
sensitivity analyses were performed to explore the source of
heterogeneity.
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(A) Experimental Control
Study Events Total Events Total
Wang Z 1 12 31 51
Guan W 110 135 371 658
XuYH 8 13 18 37
Zhang JJ 53 55 72 81
Zhao C 29 36 101 153
Random effects model 251 980
Heterogeneity: 12=0.0%, =0, p =0.686

(B) Experimental Control
Study Events Total Events Total
Wang Z 11 14 17 53
Wan S 32 40 36 95
GuanW 102 154 228 736
XuYH 6 13 8 37
Zhang JJ 46 56 58 82
Zhao C 29 36 68 153
Yuan J 17 31 30 192
Random effects model 344 1348
Heterogeneity: /1> = 9.5%, t° = 0.0172, p = 0.356

©) Experimental Control

Study Events Total Events Total
Wang Z 10 12 15 49
Wan S 30 40 28 95
Guan W 72 124 205 551
Yuan J 24 3 35 192
Random effects model 207 887

Heterogeneity: /° = 83.9%, t° = 0.8788, p < 0.001
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——=—— 78 [19,315] 45%

—— 66 [27,158] 10.8%
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+H— 154 [6.1,385] 255%

—_— 6.7 [2.4; 18.9] 100.0%
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051 2
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Figure 3. The risk of increased CRP, lymphopenia, increased LDH in severe patients compared to non-severe patients. (A) Increased CRP, (B) lymphopenia, and (C)

increased LDH.

Conclusion

This systematic review and meta-analysis showed that the
most common laboratory findings in patients with COVID-
19 were increased CRP, decreased Alb, increased ESR,
decreased Eos, increased IL-6, lymphopenia, and increased
LDH. These results demonstrate that more attention is war-
ranted when interpreting laboratory findings in patients
with COVID-19. Patients with increased CRP, lymphopenia,
and increased LDH require proper management and, if
need be, should be transferred to the intensive care unit.
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