
The incidence of coronavirus disease (COVID-19), 
caused by severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2), has spread rapidly 
globally; as of March 29, 2020, ≈670,000 cases had 
been confirmed worldwide (1). COVID-19 is typically 
a pulmonary infection that can range from mild ill-
ness to acute respiratory distress syndrome and mul-
tiple organ failure; however, other symptoms such as 
myalgias and anorexia have been noted (2). Although 
many ongoing studies are investigating measurement 
of proinflammatory cytokines and other biomarkers 
as a way to prognosticate infection severity, we inves-
tigated use of 2 easily obtained predictors: lymphope-
nia and leukocytosis (3).

The Study 
We searched 3 major databases—MEDLINE/
PubMed, EMBASE, and CENTRAL (Cochrane Cen-
tral Register of Controlled Trials)—for clinical stud-
ies published December 1, 2019, through March 28, 
2020. To broadly identify studies detailing lym-
phocyte and leukocyte testing among patients with 
COVID-19, we used the following search criteria: 
“(COVID-19 OR SARS-CoV-2 OR 2019-NCoV OR 
HCov-19 OR novel coronavirus) AND (laboratory 

OR WBC OR lymphocyte).” We prioritized studies 
that measured lymphocyte and leukocyte counts 
among patients who had severe or critical cases ver-
sus those with mild cases. Severe cases were defined 
as significant respiratory distress (acute hypoxic 
respiratory failure, acute respiratory distress syn-
drome, need for mechanical ventilation, or intensive 
care unit admission) caused by COVID-19.

Our meta-analysis included articles about studies 
and clinical trials that met the following 4 inclusion 
criteria: 1) involved adult, human patients; 2) writ-
ten in English; 3) reported lymphocyte and leukocyte 
counts for patients; and 4) compared patients with se-
vere versus mild illness. Our meta-analysis excluded 
articles about studies with the following 9 character-
istics: 1) involved nonhuman subjects; 2) written in 
a language other than English; 3) were not a clinical 
trial, such as a review paper or letter; 4) were out of 
the scope of the study question detailed above; 5) did 
not provide raw data to perform quantitative meta-
analysis; 6) involved pediatric patients; 7) did not 
have the full article available; 8) were duplicates; and 
9) were ongoing or not completed.

We performed the meta-analysis by using Review 
Manager software version 5.3 (The Cochrane Collabo-
ration, https://training.cochrane.org). We calculated 
mean differences (MDs) between groups for continu-
ous variables and reported 95% CIs for both severe 
and nonsevere cases. If the included studies provided 
medians and interquartile ranges instead of MDs and 
SDs, we imputed the MDs and SDs as described previ-
ously (4–6) and additionally described in the Cochrane 
Handbook for Systematic Reviews (7). We considered 
results statistically insignificant if p>0.05 or if the MD 
included zero. We assessed statistical heterogeneity by 
using the I2 statistic and awarded the following values: 
0%–24%, homogeneity; 25%–49%, mild heterogeneity; 
50%–74%, moderate heterogeneity; and >75%, high 
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To evaluate lymphopenia as a marker for coronavirus 
disease severity, we conducted a meta-analysis of 10 
studies. Severe illness was associated with lower lym-
phocyte and higher leukocyte counts. Using these mark-
ers for early identification of patients with severe disease 
may help healthcare providers prioritize the need to ob-
tain therapy.
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heterogeneity. If moderate to high heterogeneity was 
present (I2>50%), then we used the random effects 
model to pool the effect sizes of included studies and 
subgroup analyses.

We identified 959 articles; among them, 318 were 
duplicates. We then screened the remaining 641 by 
title, abstract, or both. We assessed 59 articles as eli-
gible (included patient-level clinical data) and iden-
tified 8 studies (included lymphocyte counts and 
stratification of illness severity) for the quantitative 
synthesis (Appendix Table, https://wwwnc.cdc.
gov/EID/article/26/8/20-1160-App1.pdf). These 
studies described 1,289 cases of COVID-19, of which 
592 (45.9%) were classified as severe. 

We compared lymphocyte and leukocyte counts 
in patients with severe/critical versus mild cases 
of COIVD-19 (Appendix Figure). All laboratory 
data were captured at the time of patient admis-
sion. Overall, patients categorized as having severe 
illness tended to have lower lymphocyte counts 
(pooled MD -0.36, 95% CI -0.50 to -0.22; p<0.00001) 
and higher leukocyte counts (pooled MD 1.32, 95% 
CI 0.62 to 2.02; p<0.00001). Fan et al. reported an 
absolute lymphocyte count of >1.0 × 109 cells/L for 
39/58 (69.6%) patients in the nonsevere group and 
2/9 (22.2%) patients in the severe group (8). Huang 
et al. reported an absolute lymphocyte count of <1 × 
109 cells/L in 15/28 (54%) patients in the nonsevere 
group and 11/13 (83%) in the severe group (9). Wan 
et al. reported an absolute lymphocyte count of <1.0 
× 109 cells/L for 36/95 (38%) patients in the nonse-
vere group and 32/40 (80%) in the severe group (10). 
Zhang et al. reported a decreased lymphocyte count 
for 28/82 (70.7%) patients in the nonsevere group and 
46/56 (82.1%) in the severe group (11).

Conclusions 
Pooled data across early studies validate a signifi-
cant correlation between elevated leukocyte count 
and decreased lymphocyte count among patients 
with severe cases of COVID-19 compared with 
those with mild cases. Why lymphopenia is asso-
ciated with severe illness remains unclear. It has 
been hypothesized that this association could re-
sult from direct lymphocyte infection, destruction 
of lymphatic tissue, inflammation leading to lym-
phocyte apoptosis, or inhibition of lymphocytes 
by metabolic disorders such as lactic acidosis (12). 
Lymphopenia as a marker of severity does not seem 
to be specific to COVID-19; it has been used to prog-
nosticate other viral pneumonias such as influenza 
(13). Neutrophilia may be more specific to severe 
disease than leukocytosis, but neutrophil count was  

not uniformly reported across the studies included 
in our analysis.

Despite our findings regarding clinical charac-
teristics of severe COVID-19, our study had several 
limitations. First, our literature search found an ex-
pected paucity of data surrounding this topic because 
published characterizations of patients with CO-
VID-19 remain minimal. More COVID-19 data from 
other nations and patient populations will aid in the 
comparison and validation of our clinical findings. 
Second, we noted significant heterogeneity in both 
the leukocyte and lymphocyte analyses. This phe-
nomenon probably resulted from the small sample 
size, limited and early data, and skewed representa-
tion of the patient population. Third, the definitions 
of severe cases were somewhat inconsistent across 
these studies, varying from acute hypoxic respira-
tory failure to requiring mechanical ventilation. This 
variability could further compound the heterogeneity 
found across these studies. Last, only a minority of 
the manuscripts reported the proportion of patients 
with lymphopenia, and variable cutoffs based on the 
articles’ reference ranges made it difficult to ascertain 
a cutoff for severe disease. 

With the rising cases of COVID-19 and limited 
resources (14), being able to prioritize patients with 
severe disease is crucial. Some therapeutic agents 
are being investigated (15); however, supplies are 
often low and procurement may be delayed. The 
sooner patients with severe disease can be identi-
fied, the sooner the process of obtaining therapy 
can be initiated.
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After experiencing an alarming rise in Zika virus  
infections, the Puerto Rico Department of Health  

partnered with CDC to implement a variety of  
community education and prevention efforts.  

But what were these efforts, and were  
they ultimately successful? 

In this EID podcast, Dr. Giulia Earle-Richardson,  
a behavioral scientist at CDC, analyzes some of the  

Zika intervention campaigns in Puerto Rico. 
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Appendix Table. Studies included in quantitative meta-analysis of leukocytosis and lymphopenia in non-severe vs. severe COVID-19 disease 

Characteristics 

Fan et al (1) Huang et al (2) Qian et al (3) Qin et al (4) Wan et al (5) Wang et al (6) Wu et al (7) Zhang et al (8) 
Non-

severe Severe * 
Non-

severe Severe * Non-severe Severe Non-severe Severe Non-severe Severe 
Non-

severe Severe * Non-severe Severe † 
Non-

severe Severe 
Location Singapore Wuhan, China Ningbo, China Wuhan, China Chongqing, China Wuhan, China Wuhan, China Wuhan, China 
Cases 58 9 28 13 82 9 166 286 95 40 102 36 117 84 82 58 
Demographics                 
Age in years (IQR) 41 (32,53) 54 (47,62) 49 

(41.57.5) 
49 (41,61) 49 (35.3,56) 66 (54–80) 43 

(41.25,62) 
61 (51,69) 44 (33,49) 59 (52,73) 51 (37,62) 66 

(57,78) 
48 (40,54) 58.5 (50,69) 51.5 

(26,78) 
64 (25,87) 

Women (%) 27 (48.6%) 3 (33.3%) 9 (32%) 2 (15%) NR NR 86 (51.8%) 131 (45.8%) 43 (45.3%) 19 (47.5%) 49 (48%) 14 
(38.9%) 

49 (41.9%) 24 (28.6%) 44 (53.7%) 25 (43.1%) 

Laboratory data                 
Leukocyte x 109/L 
(IQR) 

4.7 (4,5.8) 5.1 
(3.5,8.2) 

5.7 
(3.1,7.6) 

11.3 (5.8, 
12.1) 

4.97 
(4.02,5.65) 

5.23 
(4.74,6.8) 

4.9 (3.7,6.1) 5.6 (4.3,8.4) 5.5 (4,8) 5.2 (4.9,6.9) 4.3 
(3.3,5.4) 

6.6 (3.6–
9.8) 

5.02 
(3.37,7.18) 

8.32 
(5.07,11.20) 

4.5 
(3.5,5.9) 

5.3 (4,9) 

Lymphocyte x 109/L 
(IQR) 

1.3 
(0.9,1.7) 

0.5 
(0.48,0.8) 

1 (0.7,1.1) 0.4 (0.2,0.8) 1.4 
(1.05,1.75) 

0.9 
(0.7,1.3) 

1 (0.7,1.3) 0.8 (0.6,1.1) 1.2 (0.8,1.6) 0.8 (0.6,1) 0.9 (0.6–
1.2) 

0.8 (0.5–
0.9) 

1.08 
(0.72,1.45) 

0.67 
(0.49,0.99) 

0.8 
(0.6,1.2) 

0.7 (0.5,1) 

Lymphocyte % (IQR) NR NR NR NR NR NR 21.4 (15.3–
32.5) 

14.1 (8.8–
21.4) 

NR NR NR NR NR NR 20 (12.5–
28.4) 

12.7 (7.7–
22) 

Neutrophils x 109/L 
(IQR) 

2.6 
(2.1,3.8) 

4.2 
(2.1,6.9) 

4.4 (2,6.1) 10.6 
(5,11.8) 

2.8 
(2.18,3.49) 

3.32 
(3,5.82) 

3.2 (2.1–4.4) 4.3 (2.9,7) 3.6 (3,3.9) 4.1 (3.1,5.7) 2.7 
(1.9,3.9) 

4.6 
(2.6,7.9) 

3.06 
(2.03,5.56) 

1.04 
(3.98,10.12) 

NR NR 

*Severe defined as admitted to the intensive care unit. 
†Severe defined as having acute respiratory distress syndrome. 
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Figure. Forest plot of lymphocyte (A) and leukocyte (B) values in patients with severe and nonsevere 

coronavirus disease. 
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