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Background: In December 2019, the novel coronavirus disease 2019 (COVID-19) emerged in Wuhan, Hubei
Province, China. It rapidly spread and many cases were identified in multiple countries, posing a global health
problem. Here, we report the first patient cured of COVID-19 infection in Changsha, China, and the symptoms,
diagnosis, treatment, and management of this patient are all described in this report.

Case presentation: A 57-year-old woman developed cough and fever after returning to Changsha from Wuhan on
January 9, 2020. She tested positive for COVID-19 infection, a diagnosis which was supported by chest CT. The
patient was treated with lopinavir and ritonavir tablets and interferon alfa-2b injection. A low dose of
glucocorticoids was used for a short period to control bilateral lung immune response, and this patient avoided
being crushed by cytokine storms that might have occurred. The clinical condition of this patient improved, and a
COVID-19 assay conducted on January 25, 2020 generated negative results. This patient recovered and was

Conclusions: Currently, there are numerous reports on COVID-19 infections focusing on the disease’s
epidemiological and clinical characteristics. This case describes the symptoms, diagnosis, treatment, and
management of a patient cured of COVID-19 infection, which may serve as reference for future cases, while further

Background

Coronavirus disease 2019 (COVID-19) infections can
lead to severe respiratory disease. At the beginning of
December 2019, a cluster of patients with COVID-19
infection was reported in China [1, 2, 3]. A previous re-
port on COVID-19 indicated that human-to-human
transmission of COVID-19 had been occurring [4]. By
August 31, 2020, a cumulative total of nearly 25 million
cases and 800,000 deaths have been reported [5].
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COVID-19’sepidemiological clinical features were re-
ported in several studies [4, 6, 7]. The first case of
COVID-19 infection in the United States was reported
on January 20, 2020, and the clinical condition of this
patient apparently improved following treatment with
intravenous remdesivir [8]. In this report, we describe
the symptoms, diagnosis, treatment, and management of
the first patient cured of COVID-19 infection in Chang-
sha, China.

Case presentation

On January 16, 2020, a 57-year-old woman came to the
emergency department of the First Hospital of Changsha
City, China. After 10 min, she was taken into the exam-
ination room and evaluated by the emergency physician.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-020-05545-y&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:jjiang317@163.com
mailto:13807311490@163.com

Zhou et al. BMC Infectious Diseases (2020) 20:824

The chief complaints of this patient were cough and
fever, with general weakness and muscle aches that de-
veloped after returning to Changsha from Wuhan 7 days
prior. Given her symptoms and recent travel history, she
decided to see a health care provider. The patient had a
history of hypertension, carotid plaque, hypothyroidism,
and chronic gastritis, without a smoking or drinking
habit. The physical examination revealed the following:
body temperature: 38.0°C, blood pressure: 143/76
mmHg, pulse: 78 beats per minute, respiratory rate: 13
breaths per minute, and oxygen saturation: 96%. She had
throat congestion and thick bilateral breath sounds in
the lungs. To evaluate the abnormal breath sounds, we
performed a chest CT examination, which revealed bilat-
eral pneumonia (Fig. 1a). The results of nucleic acid
amplification testing (NAAT) for influenza A and B were
negative. Given the patient’s travel history and CT find-
ings, Hunan Province and Chinese Center for Disease
Control and Prevention (CCDC) were immediately
notified. CCDC staff required us to test the patient for
COVID-19, even though the patient disclosed that she
had never been to the Huanan seafood market and
reported no known contact with ill persons in the past
month. Specimens were collected following CCDC guid-
ance. After specimen collection, she was admitted to the
isolation ward of the First Hospital of Changsha City.
On admission, the patient reported persistent dry cough,
fatigue, headache, sore throat, and chest pain for a week.
Upon physical examination, the patient was found to
have throat congestion without other remarkable
findings.

On hospital days 2—4 (illness days 8—10), the patient’s
vital signs remained largely stable. She reported that her
cough and sore throat were worse than before, accom-
panied by chest pain and a small amount of sputum.
Intermittent fever and sore throat were still reported
(Fig. 2). Supportive treatment was performed at this
stage, and methylprednisolone sodium succinate 40 mg
QD intravenously was given to inhibit lung inflamma-
tion. During this period, we found that the patient devel-
oped melena in the morning, indicating that we should
be aware of the possibility of upper gastrointestinal
bleeding. The patient was treated with pantoprazole for
acid suppression. Ambroxol (30 mg BID intravenously),
limonene, and pinene enteric soft capsules (0.3g TID
peros) were used to expel sputum. Laboratory results on
hospital days 1-3 (illness days 7-9) reflected leukopenia,
neutropenia, lymphopenia, and reduced hematocrit.
Additionally, elevated levels of lactate dehydrogenase
and C-reactive protein were observed (Table 1). Accord-
ing to the suggestion of The Diagnosis and Treatment of
Pneumonitis with COVID-19 Infection (DTPI) published
by National Health Commission of the PRC, we gener-
ally monitor the patient’s blood oxygen saturation and
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oxygenation index closely. When the patient’s blood
oxygen saturation is below 93%, respiratory support is
given. This patient has not reached the point where
tracheal intubation is required, so respiratory support
was not given to this patient.

On hospital day 4 (illness day 10), re-examination of the
lung CT showed that lung inflammation had progressed
(Fig. 1b). The dose of methylprednisolone sodium succin-
ate was changed to 40 mg Q12H intravenously, and intra-
venous human immunoglobulin (Ph4) 5g BID was added
to inhibit lung inflammation. Given the clinical presenta-
tion, treatment with piperacillin sodium and tazobactam
sodium (4.5g Q8H intravenously) and moxifloxacin
hydrochloride and sodium chloride injection (0.4g QD
intravenously) were initiated.

On hospital day 5 (illness day 11), the CCDC con-
firmed that the oropharyngeal swabs of this patient
tested positive for COVID-19 by real-time reverse
transcriptase-polymerase chain reaction (rRT-PCR)
assay. According to the suggestion of The Diagnosis and
Treatment of Pneumonitis with COVID-19 Infection
(DTPI) published by the National Health Commission of
the PRC, lopinavir and ritonavir tablets (2 pills BID by
mouth), which had been used to treat HIV infection in
the past, as well as interferon alfa-2b injection (5 million
IU added into 2mL of sterile water, inhalation BID)
were added to the patient’s treatment regimen. On
hospital day 8 (illness day 14), the temperature of this
patient dropped to 36.4°C. Moreover, her appetite im-
proved, and she was asymptomatic apart from fatigue
and chest pain. A comparison of a new CT scan and the
previous CT images showed that the bilateral patchy
lesions in her lungs had been absorbed (Fig. 1c). Methyl-
prednisolone sodium succinate was then discontinued.
On hospital day 9 (illness day 15), the blood pressure of
this patient dropped to 85/55 mmHg. Therefore, Shen-
mai injection 50 mg QD intravenously was used, and the
patient’s blood pressure rose to 113/70 mmHg. On
hospital day 10 (illness day 16), a negative result was ob-
tained for the COVID-19 assay. This patient reported
that her cough and fever had abated and her clinical
condition improved. Lopinavir and ritonavir were then
discontinued on hospital day 10 (illness day 16). Inter-
feron alfa-2b injection and antibiotics were discontinued
on hospital day 11 (illness day 17). On hospital day 14
(illness day 20), this patient again tested negative for
COVID-19 by rRT-PCR assay, and was discharged on
January 30, 2020 (hospital day 15, illness day 21).

Methods

Diagnostic process

In accordance with the DTPI guidelines, this case was
diagnosed based on epidemiological history and clinical
manifestations:
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Fig. 1 Chest CT of this patient. a Chest CT was obtained on January 16, 2020 (hospital day 1, illness day 7). Multiple patchy shadows and cord-
like ground-glass opacity (GGO) under the pleura and bilateral lungs were observed. b Chest CT was obtained on January 19, 2020 (hospital day
4, illness day 10). The texture of the trachea and blood vessels in both lungs showed thickening. GGO increased, and the original GGO was
consolidated. ¢ Chest CT was obtained on January 23, 2020 (hospital day 8, illness day 14). The patchy lesions in both lungs were absorbed, and
the fiber shadow increased in size. d Chest CT was obtained on January 30, 2020 (hospital day 15, illness day 21). The consolidation in the
bilateral lungs was further absorbed. The fiber strands were reduced, and GGO increased slightly

1. Epidemiological history (must comply with any one (3) Aggregative onset or epidemiological association
of the following) with new coronavirus infection.
(1) Travel or residential history in Wuhan, China 2. Clinical manifestations (must comply with any two
within 14 days before the onset of illness; of the following)
(2) Exposure to patients with fever or respiratory (1) Fever (> 37.3°C);
symptoms from Wuhan City within 14 days (2) Imaging characteristics of pneumonia;

before the onset of illness;
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Symptoms Treatments
Date Jan 9 Jan 10-Jan 15 Jan 16 Janl7 Jan18 Jan19 Jan20 Jan2l Jan22 Jan23 Jan24 Jan26 Jan28 Jan 30
Illness day |Travel from Wuhan Home i 8 9 10 11 12 13 14 15 17 19 21

Fever (C) | Subjective fever | Subjective fever 38 38 37 37.8 37 365 | 364 | 364 | 365 | 36.5 | 36.6 | 36.4
Cough
Shortness of breath
Chest distress
Fatigue
Headache
Sore throat
Chest pain
Diarrhea

Methylprednisolone sodium succinate
Moxifloxacin hydrochloride injection
Piperacillin sodium and tazobactam sodium
Lopinavir and ritonavir tablets
Interferon alfa-2b injection
Travel from Wuhan Home 1 2 3 4 5 6 7 8 9 11 13 15
Hospital day
Fig. 2 Clinical symptoms and treatments from January 9 to January 30, 2020

(3) Normal or decreased total number of white
blood cells, or decreased lymphocyte count in
the early stage of onset.

3. Laboratory testing

(1) Testing positive for COVID-19 via rRT-PCR;

(2) The results of sequencing using respiratory
specimens or blood specimens are highly
homologous with COVID-19.

Laboratory testing

The COVID-19 laboratory test assays were conducted
according to WHO recommendations [9]. Laboratory
identification of COVID-19 was performed by three dif-
ferent institutions: the First Hospital of Changsha City,
Hunan CDC, and CCDC. Upper and lower respiratory
tract specimens were obtained from this patient thrice
(hospital days 3, 8, and 13). RNA was obtained and
further tested by rRT-PCR through the same method de-
scribed in a previous study [2]. This study also tested for
other respiratory viruses (influenza A virus, influenza B
virus, and respiratory syncytial virus) and parainfluenza
virus. In addition, this patient underwent chest X-rays
and chest CT.

Results
CT imaging showed multiple patchy shadows and cord-
like ground-glass opacity (GGO) under the pleura and

bilateral lungs (hospital day 1, illness day 7, Fig. 1a). Fur-
thermore, a second chest CT indicated that the texture
of the trachea and blood vessels in both lungs had thick-
ened. GGO increased, and the original GGO was
consolidated (hospital day 4, illness day 10, Fig. 1b).
Oropharyngeal swabs were obtained from this patient on
hospital days 3, 8, and 13. A positive result for COVID-
19 was obtained on hospital day 5. On hospital day 8
(illness day 14), 3 days after beginning treatment with
lopinavir and ritonavir tablets combined with interferon
alfa-2b injection, a comparison of a third chest CT with
the previous CT images obtained on hospital day 4 indi-
cated that the patchy lesions in the bilateral lungs were
absorbed, and the fiber shadow was increased (Fig. 1c).
On hospital day 10 (illness day 16), rRT-PCR assay was
performed to test for active COVID-10 infection, and a
negative result was obtained. On hospital day 15 (illness
day 21), a fourth CT showed that the consolidation in
the bilateral lungs had been absorbed to a greater extent.
The fiber strands were reduced, and GGO increased
slightly (Fig. 1d). The COVID-19 infection of this case
was checked again, and a negative result was obtained.

Discussion and conclusions

Currently, the full spectrum and transmission dynamics
of these infections are unclear. Here, we describe a pa-
tient cured of COVID-19 in Changsha, China. During
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Table 1 Clinical Laboratory Results
Measure Reference 16 17 18 19 20 21 22 23 24 26 29 30
range

White-cell count (10%/L) 4-10 245 229* 22° 6.15 856 973 933 482 43 421 688  6.12
Red-cell count (10'%/L) 3.5-55 396 38 44 396 411 4] 418 399 407 41 343" 36
Absolute neutrophil count (10%L)  2-7 175 144> 1457 534 797° 921° 859" 408 292 232 47 386
/Sbsolute lymphocyte count (10%/  08-4 067 0737 0697 062° 0457 0327 043% 0497 0927 1397 148 16°
Platelet count (10%/L) 100-300 145 139 181 203 231 290 326 326" 358° 342 325" 358°
Hemoglobin (g/L) 110-160 110 106 122 108" 114 113 114 110 111 111 944 100°
Hematocrit (%) 37-54 344> 328" 381 341 351° 351° 358" 34"  351° 356° 301° 314°
Potassium (mmol/L) 35-55 409 - 371 37 33" 406 369 377 412 372 408 412
Sodium (mmol/L) 133-149 1344 - 1352 134 1363 1347 1395 1377 1342 1358 1358 1356
Chloride (mmol/L) 95-110 998 - 1019 101 1016 1023 1019 1032 100 1021 1025 1038
Calcium (mmol/L) 1.05-135 - - 119 121 119 118 121 122 119 12 125 12
Alanine aminotransferase (U/L) 0-42 162 206 2388 2184 2131 1894 2612 2181 1674 2237 1954 19.18
Aspartate aminotransferase (U/L) 0-37 356 434 374° 2747 227 1944 1751 163 1127 1591 1404 1888
Total bilirubin (umol/L) 34-205 52 46 594 53 6.23 7.83 1341 1354 1098 532 543 5.03
Total protein (g/L) 60-83 5897 5857 63.17 56° 503% 6779 6442 582° 5851% 57997 5543 6203
Albumin (g/L) 35-55 354 358 376 3351° 33387 34.56° 32.88° 2808° 28737 3433° 31677 3479°
Blood urea nitrogen 2.86-8.2 25° 247° 385 432 461 599 1329° 1029° 805 663 545 421
Creatinine (umol/L) 19.8-87.1 638 656 4985 5244 5173 552  9825° 7766 8263 5208 4885 5725
Uric acid (umol/L) 149-430 247 196 2366 2066 1929 196 3436 1888 12547 881° 13527 116.7°
Creatine kinase (U/L) 10-190 1603 - 1492 9.7 60 43 19.2 16.6 147 191 26 34.1
Creatine kinase-MB (U/L) 0-24 352° 172 194 182 178 286 69 128 54 39 54 47
Lactate dehydrogenase (U/L) 80-245 3067 282° 2863 2759° 2801° 2664° 2189 1768 1508 1286 1399 1685
Venous lactate (mg/L) 120-160 - - - - 7052° 2958° 831.3° 9023° 812° 8384° 880.1° 803.7°
C-reactive protein (mg/L) 0-8 197° 188° 17.05° 1607 5542° 4319° 2271° 1261° 649 372 - 1037°
Partial pressure of carbon 35-45 318" - 248" 281° 361 275" 394 387 431 388  335% 27.1°
dioxide (mmHg)
Partial pressure of oxygen (mmHg) 80-100 7887 - 1192° 1168° 5687 7827 7727 619° 979 746° 895  1025°

Pa0,/FiO, (mmHg) 400-500 272° - 403 172° 270 234° 188" 316" 2417 309"  353°

411
Blood oxygen saturation (%) 91.9-99.9 %6 - 986 986 92 965 964 933 977 958 976 982
Carbon dioxide (mmol/L) 24-32 - - 186° 219° 286 21.1° 315 293 315 292 275 22.2°
Procalcitonin (ng/ml) 0-0.05 < < <005 <005 <005 <005 <005 <005 <005 <005 <005 <0.05
005 005
D-Dimer (ug/ml) 0-1 028 031 0.35 0.38 047 063 061 066 054 043 045 0.55

*The value in the patient was below normal
PThe value in the patient was above normal

the progression of the patient’s disease, a low dose of
glucocorticoids was used to control the immune re-
sponse, and the patient avoided being crushed by cyto-
kine storms that might have occurred, thereby reducing
the risk of complications such as acute respiratory dis-
tress syndrome (ARDS). During the severe acute respira-
tory syndrome (SARS) period in 2003, the use of high
doses of glucocorticoids caused a series of sequelae in
survivors, such as osteonecrosis of the femoral head and

glucose metabolism disorders. In view of this lesson, we
administered a small dose (40—80 mg/day) of glucocorti-
coids only within a short period (5days) and adjusted
the dose and time of the medication according to the dy-
namic changes shown on the patient’s chest CT imaging,
which achieved good results.

Our patient reported that she returned to Changsha
from Wuhan without visiting the Huanan seafood mar-
ket. A previous study revealed that COVID-19 had been
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spreading via person-to-person transmission [10]. As of
February 4, 2020, no secondary cases of COVID-19 re-
lated to this patient were confirmed. Currently, the clin-
ical spectrum of COVID-19 infections is limited. Several
reports have described various complications related to
COVID-19 [2, 6, 11]. In this study, this patient initially
manifested fever and cough with eukopenia, neutro-
penia, and lymphopenia. The report on the first case of
COVID-19 in the United States indicated no sign of
pneumonia on the patient’s chest X-ray on illness day 4,
which indicated that this disease may have a latency
period. The nonspecific signs of COVID-19 infection
may be clinically different from those of other infectious
diseases. Many hospitals in China currently use lopinavir
and ritonavir tablets combined with interferon alfa-2b
injection to treat COVID-19. In this report, this patient
was also treated with the above-mentioned medication
regimen. However, additional studies are needed to con-
firm the effect of this therapeutic schedule. A multicen-
ter randomized controlled trial on the treatment of
COVID-19 using lopinavir and ritonavir tablets is cur-
rently in progress in China.

The present study emphasizes the need to confirm the
full spectrum and pathogenesis related to COVID-19 in-
fections. Additional information about this disease is ne-
cessary for its clinical management. We should make
every possible effort to control this infectious disease.
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