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Dear Editor,

The coronavirus disease 2019 (COVID-19) pandemic
caused by widespread infection with the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) (Chen et
al., 2020; Guan et al., 2020) has led to a global health crisis.
More than 3.5 million infections and 246,838 deaths have
occurred as of May 4, 2020 (Saqrane and El Mhammedi,
2020), with a rapid upward trend. Many COVID-19 patients
suffer from complicated systemic injuries such as cardiac
(Chen et al., 2020) and hepatic (Huang et al., 2020) da-
mages. There are currently no specific drugs on the market
to treat COVID-19-induced systemic injuries (Ni et al.,
2020). A study by our group has demonstrated that hydro-
xychloroquine (HCQ) administration dramatically reduces
the fatality of critically ill COVID-19 patients (Yu et al.,
2020). In the present study, we investigated whether HCQ
treatment has the ability to protect multiple organs from
injuries caused by SARS-CoV-2.
In this retrospective study, we extracted data of 2,882

patients (1,427 males and 1,455 females) who were clinically
confirmed to have COVID-19 between February 1, 2020,
and April 4, 2020, at the Tongji Hospital, Wuhan, China

(IRBID: TJ-IRB20200229). The median age of all the pa-
tients was 62 (50–69) years. Of the 2,882 patients, 550 were
diagnosed as critically ill and 2,332 as non-critically ill
COVID-19 patients. Additionally, 278 patients (48 critical
and 230 non-critical) received oral HCQ treatment (200 mg
twice a day) for 7–10 days and comprised the HCQ group;
the remaining 2,604 patients did not receive the HCQ
treatment and comprised the NHCQ group (Figure S1 in
Supporting Information). In all the HCQ-treated patients, the
median time to start HCQ administration was 10 (5–15) days
after hospitalization. The baseline characteristics of the pa-
tients in these two groups are listed in Table S1 in Supporting
Information. In total, of the 2,882 COVID-19 patients, 247
died (fatality rate, 8.6%); all the deaths occurred in critically
ill patients (44.9%), including 9/48 (18.8%) patients from the
HCQ group and 238/502 (47.4%) patients from the NHCQ
group (P<0.001) (Yu et al., 2020). In the HCQ group, one
non-critically ill patient in whom HCQ treatment was started
7 days after hospitalization turned critically ill after receiving
the treatment for more than 5 days. In the NHCQ group, 32
patients turned critically ill after spending 15 days in the
hospital. The proportion of patients who turned critically ill
was lower in the HCQ group than in the NHCQ group
(0.43% (1/231) vs. 2.48% (32/1291); P<0.05).
An inflammatory cascade and a subsequent cytokine storm

form the core of COVID-19 pathophysiology that leads to
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systemic organ injury, shock, and even patient death (Henry
et al., 2020; Ledford, 2020). In all the COVID-19 patients
included in this study, interleukin-6 (IL-6) levels were re-
duced from 6.3 (2.6–25.5) pg mL–1 to 3.3 (1.7–7.1) pg mL–1

10 days following HCQ treatment (P<0.05) (Figure 1A); in
non-critically ill patients, IL-6 levels were reduced sig-
nificantly from 4.3 (2.0–16.6) pg mL–1 to 3.1 (1.5–8.9)
pg mL–1 in 5 days and further reached 2.9 (1.6–5.2) pg mL–1

on the 10th day following HCQ treatment, suggesting that
HCQ can reduce IL-6 levels and help maintain these low
levels during the treatment period (Figure 1B, Tables S2 and
S3 in Supporting Information). In contrast, there were no
significant changes in IL-6 levels in the NHCQ group during
the observation period. Interestingly, we noted that IL-6 le-
vels in HCQ group were elevated to the control level after
HCQ withdrawal on the 15th day following the treatment
(Figure 1A and B). In critically ill patients, the IL-6 level
change pattern was exactly the same as that in non-critically
ill patients, with HCQ exerting a stronger lowering effect on
IL-6 levels in the former (Yu et al., 2020). HCQ also reduced
tumor necrosis factor-alpha and IL-2 receptor levels in both
non-critically and critically ill patients during its adminis-
tration period (Tables S2 and S3 in Supporting Information).
There were no obvious effects on the levels of other cyto-
kines such as IL-8 and IL-1 (Tables S2 and S3 in Supporting
Information).
The liver performs vital functions such as playing a central

role in metabolism, detoxification, and protein synthesis.
Albumin is one of the most abundant serum proteins and is
synthesized by hepatocytes; serum albumin levels are sig-
nificantly reduced in COVID-19 patients (Liu C., et al.,
2020; Huang et al., 2020; Liu W. et al., 2020). In our study
patients, HCQ administration led to an elevation in serum
albumin levels to their normal range in both the critically and
non-critically ill patients (Figure 1C and D). In the critically
ill patients, HCQ treatment increased albumin levels from
32.9 (27.6–36.5) g L–1 to 37.5 (32.6–41.0) g L–1 on the 15th
day (P<0.01). Meanwhile, in the non-critically ill patients,
HCQ treatment increased albumin levels from 36.3
(32.9–40.2) g L–1 to 39.3 (36.5–42.5) g L–1 on the 15th day
(P<0.05). Furthermore, HCQ treatment significantly ele-
vated high-density lipoprotein and low-density lipoprotein
levels (Tables S2 and S3 in Supporting Information). These
data suggest that SARS-CoV-2 infection leads to liver dys-
function that affects protein synthesis, even though the levels
of usual liver function markers such as aspartate amino-
transferase and alanine aminotransferase are not elevated
(Tables S2 and S3 in Supporting Information). HCQ treat-
ment may also reduce hepatotoxicity, and it improves he-
patocyte protein synthesis function.
Cardiac troponin I (cTnI) and amino-terminal pro-brain

natriuretic peptide (NT-proBNP) are cardiac biomarkers, and
their elevated levels indicate cardiac injury and cardiac

dysfunction, which are common in COVID-19 patients,
especially in critically ill patients (Guo et al., 2020). In the
critically ill patients in the HCQ group, HCQ reduced NT-
proBNP levels from 1,070.0 (418.0–6,691.0) pg mL–1 to
517.0 (88.0–936.0) pg mL–1 (P=0.082) 10 days after oral use,
and the levels further reached 203.0 (41.0–865.0) pg mL–1

(P<0.05) on the 20th day. In the critically ill patients in the
NHCQ group, NT-proBNP levels even elevated gradually
(Figure 1E; Table S2 in Supporting Information). In the
critically ill patients in the HCQ group, HCQ treatment de-
creased cTnI levels from 14.5 (2.9–30.9) pg mL–1 to 7.1
(4.0–30.8) pg mL–1 10 days after oral use, and the levels
reached 5.3 (2.3–17.4) pg mL–1 on the 20th day (Figure 1G;
Table S2 in Supporting Information). HCQ treatment had no
effect on cTnI and NT-proBNP levels in the non-critically ill
COVID-19 patients because in almost all of these patients,
cTnI and NT-proBNP levels were below the upper limit of
the normal range (Figure 1F and H; Table S3 in Supporting
Information).
We also found that in all the HCQ group patients, fatality

rate in patients with cardiac injury (cTnI>34.2 pg mL–1 on
admission) was 29.4% (5/17), whereas in all the NHCQ
group patients, fatality rate in patients with cardiac injury
was 52.5% (94/179). In the HCQ group patients with cardiac
injury on admission, HCQ treatment decreased cTnI levels
from 95.7 (69.3–273.8) pg mL–1 to 24.3 (14.2–65.8) pg mL–1

5 days after oral use, and in the NHCQ group patients with
cardiac injury on admission, cTnI levels were reduced from
109.6 (53.8–478.7) pg mL–1 to 39.7 (10.8–169.6) pg mL–1

during the same period. These analyses support our hy-
pothesis that HCQ treatment can reduce the fatality of
COVID-19 patients via alleviating cardiac injuries.
Furthermore, we analyzed the effect of HCQ treatment

initiation time on therapeutic response and found that HCQ
treatment started early (within 5 days of admission) resulted
in a lower fatality rate than that started after 5 days of ad-
mission (1/73 (1.4%) vs. 8/205 (3.9%)), although the dif-
ference is not significant (P˃0.05). However, HCQ treatment
started early (within 5 days of admission) exerted a better
effect in reducing IL-6 levels than that started 5 days after
admission (2.6 (1.5–4.5) pg mL–1 vs. 3.7 (1.9–8.5) pg mL–1

on the 10th day of treatment; P<0.05). Similarly, HCQ
treatment started early exerted a better effect in elevating
albumin levels than that started 5 days after admission (40.5
(35.0–42.6) g L–1 in the HCQ group vs. 35.7
(32.5–39.5) g L–1 in the NHCQ group on the 5th day fol-
lowing treatment; P<0.05) and (39.8 (35.4–42.4) g L–1 in the
HCQ group vs. 37.4 (33.3–39.6) g L–1 in the NHCQ group
on the 10th day following treatment; P<0.05). These results
suggest that HCQ treatment should be started early following
hospitalization.
In summary, this retrospective study with its large sample

size demonstrated that a cytokine storm in patients with
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Figure 1 HCQ treatment exerted some changes. A, In all the COVID-19 patients, IL-6 levels significantly reduced after HCQ treatment, *P<0.05. IL-6
levels were elevated after HCQ withdrawal in the HCQ group patients. B, In the non-critically ill patients, IL-6 levels were significantly reduced after 10 days
of HCQ treatment, *P<0.05. C, In critically ill patients, albumin levels were significantly elevated after HCQ treatment, *P<0.05. D, In the non-critically ill
patients, albumin levels were also significantly elevated after HCQ treatment, *P<0.05. E, In the critically ill patients treated with HCQ, NT-proBNP levels
were significantly reduced, *P<0.05, whereas in the NHCQ group patients, NT-proBNP levels were elevated. F, In almost all the non-critically ill patients,
NT-proBNP levels were below the upper limit of the normal range. G, In the critically ill patients treated with HCQ, cTnI levels were reduced; furthermore,
cTnI levels of the HCQ group patients were significantly lower than those of the NHCQ group patients after 20 days of HCQ treatment, *P<0.05. H, In almost
all the non-critically ill patients, cTnI levels were below the upper limit of the normal range. Data are presented as medians and interquartile ranges (Q1–Q3).
HCQ, hydroxychloroquine; NHCQ, non-hydroxychloroquine; IL, interleukin; ALB, albumin; NT-proBNP, amino-terminal pro-brain natriuretic peptide; cTnI,
cardiac troponin I.
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COVID-19 causes injuries to multiple organs, including the
heart and liver among others. However, HCQ treatment can
reduce systemic inflammation and inhibit the cytokine storm,
thus protecting multiple organs from inflammatory injuries,
such as detoxification in the liver and attenuation of cardiac
injury. Although there are some limitations of this study such
as small number of patients in the HCQ group and several
different HCQ treatment initiation times, we can still propose
an HCQ regimen for treating COVID-19: the treatment
should be started as early as possible at low dosage, i.e.,
200 mg twice a day for 7–10 days or more until the illness is
markedly alleviated, and then the dose should be reduced to
200 mg per day until the patient is cured or discharged.
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