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A pregnant woman with COVID-19 gives birth to
premature triplets: A case report and literature review
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Abstract. To the best of our knowledge, no case report has been
published to date concerning the novel coronavirus disease 2019
(COVID-19) treatment plan for pregnant women with triplets,
as well as on the possibility of a vertical transmission to triplets
delivered prematurely by a pregnant woman with COVID-19.
The present study thus describes such as case. A 29-year-old
local resident, a woman with COVID-19, who was pregnant
with triplets, had not moved from her residence for the past
6 months. The main symptoms mentioned by the patient on the
day of admission were the following: The patient was in the
28th week of pregnancy, 2019 novel coronavirus (2019-nCoV)
nucleic acid positive test 13 h prior to admission. Additionally,
the patient had a high fever and dyspnea after admission. The
patient was treated with convalescent plasma from patients
with COVID-19 and methylprednisolone, at the same time her
anemia, anxiety and insomnia were treated. Subsequently, the
patient's condition improved, and normal body temperature was
restored. Cesarean section was performed due to severe intra-
hepatic cholestasis of pregnancy (ICP), and due to the fetuses
being located in three chorionic and amniotic cavities, and
due to the fact that each of the three infants was in a different
position (cephalic, breech and transverse position). Following
delivery, total bile acid values and liver function improved
gradually, and the 2019-nCoV nucleic acid test was negative
consecutively for two tests, and the woman was then discharged
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from the hospital. Each premature infant born by caesarean
section was individually transported to a neonatal intensive care
unit for isolation treatment, with the neonatal escorts and trans-
port teams wearing secondary protective clothing. All three
premature infants were transitioned gradually from parenteral
intravenous nutrition to full oral feeding. 2019-nCoV nucleic
acid test results were negative for all infants. 2019-nCoV IgM
test results were negative and IgG were positive for all infants.
The pregnant woman and the three premature infants were
successfully treated and discharged after they felt no discomfort
and were negative consecutively for two 2019-nCoV nucleic acid
tests. The three premature infants were monitored for growth
and development until December, 2021, and eye, lung, heart,
brain, liver, kidney, intestine and other organ functions were
normal. The present study reports on the treatment and delivery
outcomes of a woman with COVID-19, who was pregnant with
triplets. The present case report demonstrated that although the
pregnant woman with triplets was suffering from COVID-19,
all three premature infants delivered by cesarean section did
not present with intrauterine vertical infection, and abnormal
growth and development were not observed. The convalescent
plasma of patients with COVID-19 and methylprednisolone
were effective for the treatment of a continuously high fever,
and the timely treatment of complications is helpful for the
treatment of patients with COVID-19.

Introduction

The novel coronavirus disease 2019 (COVID-19) is elicited
by the 2019 novel coronavirus (2019-nCoV), More than
388 million individuals have been infected worldwide, posing
a serious threat to human health (1). Pregnant women infected
with 2019-nCoV have been reported to be at an increased risk
of developing severe disease and having adverse outcomes
and fetuses can also be severely affected (2). As the gesta-
tional age increases, the shape of a pregnant woman's uterus
changes, lung capacity decreases, hormone levels change and
immune functions are suppressed; thus, pregnant women who
are infected with COVID-19 are at a high risk of developing
severe illness (3). During the period in which epidemic preven-
tion and lockdown measures were implemented, the author
had the opportunity to treat a pregnant woman with triplets
who was also infected with 2019-nCoV; her condition gradu-
ally developed from asymptomatic infection to severe disease.
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Following treatment with convalescent plasma from patients
with COVID-19, methylprednisolone, etc., all parameters
measured were found to return to normal values. By 32 weeks
and 5 days of pregnancy, the patient delivered by cesarean
section due to intrahepatic cholestasis of pregnancy (ICP), and
the three premature infants were not infected with 2019-nCoV.
This case is reported herein and in addition, a review of the
relevant literature is also presented.

Case report

General information

History of present illness. The patient was 29 years old and
was admitted to the Ruili Chinese Medicine and Dai Medical
Hospital (Ruili, Yunnan, China) due to her 2019-nCoV nucleic
acid positive test 13 h prior to admission. The patient was
G1PO and at 28 weeks of gestation and pregnant with triplets,
which were conceived naturally; regular evaluations during the
course of pregnancy yielded normal results. Within 2 weeks
prior to admission, the patient occasionally felt fatigued and
suffered from palpitations, no fever, cough, dyspnea, chest
tightness, abdominal pain or diarrhea, had a normal sense
of taste and smell, a normal spirit and normal sleep patterns.
The present study was approved by the Medical Ethics
Committee of the Dehong People's Hospital Affiliated to the
Kunming Medical University (Dehongzhou People's Hospital;
approval no. DHZYYLL2021-019), Kunming, China, and
informed consent was obtained from the parents of the infants
and from the pregnant woman.

Past history. The patient was previously healthy, had not
been vaccinated against 2019-nCoV, and no 2019-nCoV infec-
tion had been reported in her family. Repeated 2019-nCoV
nucleic acid tests were negative for 6 months prior to admission.

Physical examination upon admission. The patient's phys-
ical measurements were as follows: Height, 157 cm; weight,
59 kg; body temperature, 36.8°C; pulse rate, 102 beats/min;
respiration rate, 22 beats/min; blood pressure, 123/85 mmHg;
and oxygen saturation (without oxygen inhalation), 98%. The
patient's general conditions were normal, without any detected
heart, lung or abdomen abnormalities during the physical
examination. Additionally, occasional uterine contractions
were observed upon an obstetric examination. and triplet
fetal heart auscultation was normal. Furthermore, no vaginal
bleeding or fluids were detected.

Examination of the patient. Routine blood and biochemical
testing, as well as coagulation function testing were performed
using a Roche Cobas ¢701 fully automatic biochemical analyzer
(Roche Diagnostics), Mindray BC-6800 auto hematology
analyzer (Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd.) and a Sysmex CS5100 Coagulation Analyzer (Sysmex
Corporation), respectively. All corresponding test results are
presented in Tables I-III. An ABI 7500 real-time fluorescent
quantitative PCR instrument (Thermo Fisher Scientific, Inc.)
was used for 2019-nCoV RNA load determination. Zhijiang
Biotechnology Co., Ltd. was used for the nucleic acid test, and a
Ct value <43 was considered as a positive result; the 2019-nCoV
nucleic acid detection kit (fluorescent PCR method, National
Machinery Note: 20203400064) of Shengxiang Biotechnology
Co., Ltd. was used for nucleic acid testing, and a Ct value <40

Figure 1. Computed tomography report of the female patient pregnant with
triplets on the 4th day of the disease course: The thorax is symmetrical. There
are repeated small sections of ground glass shadows in the upper, lower and
right middle lobes of the lungs, with some consolidation, thickened blood
vessels and blurred edges, consistent with common COVID-19 symptoms.

Figure 2. Computed tomography report on the 4th day of the disease course:
Several lesions were covered by protective lead clothing, affecting the
observation. The thorax is symmetrical. There are repeated small sections
of ground glass shadows in the upper, lower and right middle lobes of the
lungs, with some consolidation, thickened blood vessels and blurred edges,
consistent with commonly reported COVID-19 symptoms.

was considered as a positive result; each sample was analyzed
with both reagent tests, and the final report was the one with
the highest positive result. Subsequently, a GE 16-slice spiral
CT OPTIMA CT520Pro scanner (Cytiva) was used for the
acquisition of patient chest computed tomography (CT) scans.
The patient was required to lie in the supine position for the
acquisition of the CT scans. The corresponding scan param-
eters were as follows: Collimator, 0.625 mm; tube voltage,
120 kv; tube current, 139 mAs; Fov, 38 cm; W 1,400 Hu; L-480
Hu. The CT images of the lungs are demonstrated in Fig. 1.
According to the CT report on the 4th day of the disease course
(Figs. 1 and 2), some lesions were covered by protective lead
clothing, affecting the observation. The thorax was symmet-
rical. There were repeatedly small sections of ground glass
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Table III. Coagulation function test results of the woman pregnant with triplets infected with COVID-19.

Time (day/month)

13/8

6/8

3/8

3177

29/7

22/7

18/7

17/7

14/7

12/7

9/7

Unit

Item
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\n
o

09
10.5

2.2

11.6

2.1
11.6

23

11.0

14

11.2

10
10.7

1.3

10.1

20
109

2.7
109

1.0
14.8

mg/1
sec

D-dimer
PT

12.5

35.1 38.6 422 359 32.8 33.1 33 29.5 27.0 320
1.01
4.29
209

35.7

sec

APTT
INR

0.96

091

1.01
2.35
17.6

0.96
2.44

0.97
4.07
26.8

0.93
4.96

0.88
2.08
21.3

0.95
323
174

1.25 0.95

2.13
20.1

—
[<g)

34

18.1

2.5
19.6

g/l
sec

FIB
TT

158

20

20

Coagulation function: D-dimer, PT, APTT, INR, FIB, TT values remained unchanged. PT, prothrombin time; APTT, activated partial prothrombin time; INR, international normalized ratio; FIB, fibrinogen;

TT, thrombin time.

Figure 3. Computed tomography image on the 52nd day of the disease course
following treatment: The lung lesions have been absorbed and have been
notably improved.

shadows in the upper, lower and right middle lobes of the lungs,
with some consolidation, thickened blood vessels and blurred
edges, being consistent with common COVID-19-related
effects. CT imaging was also performed on the 52nd day of
the disease course following treatment (Fig. 3); at this time,
the lung lesions were absorbed and the conditions were
significantly improved in comparison with the initial clinical
observations. During hospitalization, the ultrasound examina-
tion of the patient revealed pulmonary consolidation, abnormal
pleural line and pulmonary edema. The ultrasound reports of
the premature infants were normal. All three fetuses did not
experience intrauterine distress after repeated fetal heart moni-
toring.

Diagnosis and treatment of the patient. The joint diagnosis
and treatment medical team members were the following:
The Chinese Epidemic Prevention and Control Command
Expert Group, Respiratory Science Group, Obstetrics Group,
Neonatology group and Critical Medicine Science Group. After
consultation with these expert groups, diagnosis and treat-
ment were conducted based on the patient's medical history,
epidemiological investigation, and changes in symptoms
and signs. The diagnosis, classification and main treatments
administered are presented in Table I'V. Respiratory tract isola-
tion, contact isolation and daily fetal heart monitoring were
performed until the infant delivery was completed. The patient
began to develop skin itching, increased transaminase alanine
transaminase (ALT) and aspartate aminotransferase (AST)
levels, and increased bile acid levels at 31 weeks and 4 days
of pregnancy. Following the exclusion of other liver diseases,
the patient was diagnosed with severe ICP. Subsequently,
analysis by the medical staff of the joint diagnosis and treat-
ment team revealed that anti-COVID antibodies could be
detected, and the nucleic acid Ct values were close to negative,
indicating that the patient underwent the recovery period.
The patient uterine height was measured at 38 cm and the
abdominal circumference was 104 cm. Patient cardiopulmo-
nary compression was also clearly detectable. The gestational
age was 32 weeks and 5 days. Premature infant delivery was
expected without any lethal incidents. Due to pregnancy and
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Table I'V. Diagnosis, classification and main patient treatments.

Date

(day/month/year) Conditions Diagnosis Treatment measures

09/07/2021 Occasional fatigue Asymptomatic infection Dexamethasone promotes fetal lung maturity
and palpitations. with COVID-19 (09/07/2021 to 10/07/2021).

Vital signs
were stable.

11/07/2021 Mild sore throat, cough COVID-19 Magnesium sulfate suppresses uterine contractions
and expectoration. (mild type) and protects cranial nerves of fetuses (11/07/2021 to
Vital signs 13/07/2021).
were stable. Reduced-molecular-weigh heparint sodium prevents

microvascular sodium thrombosis (11/07/2021 to
16/07/2021).

12/07/2021 Sore throat, cough, COVID-19 Intermittent nasal catheter low flow oxygen
high fever, fatigue, (ordinary type) inhalation (12/07/2021 to 15/07/2021).
palpitations, and Methylprednisolone sodium succinate (15/07/2021
occasional abdominal to 18/07/2021) Infusion with COVID-19 convalescen
distension plasma (1,800 ml of type A virus) (13/07/2021 to

17/07/2021).

16/07/2021 High fever, hemoptysis, = COVID-19 High-flow oxygen inhalation through the nose,
difficulty breathing, and  (severe type) restricting activities (16/07/2021 to 21/078/2021).
occasional contractions. Pumping morphine (0.5 mg/h) at night to improve

patient's sleep (16/07/2021 to 21/07/2021).

Infusion A (positive) RBC suspension 3U to improve
anemia (16/07/2021 to 18/07/2021).

Actively improve the preparations for cesarean
section and pre-start the follow-up treatment of
premature (16/97/2021).

22/07/2021 Dry cough, no fatigue, COVID-19 Nasal cannula oxygen inhalation (22/07/2021 to
no palpitations, (ordinary type) 27/07/2021) Low molecular weight heparin sodium
no dyspnea, no fever. prevents microvascular thrombosis

(27/07/2021 to 03/08/2021)

03/08/2021 Itchy skin, vital signs COVID-19 Ursodeoxycholic acid tablets (04/08/2021 to
were stable. (ordinary type) 11/08/2021) Cesarean section (11/08/2021).

Severe intrahepatic Post-cesarean section nursing (11/08/2021 to
cholestasis of pregnancy 29/08/2021).

29/08/2021 No discomfort, vital signs COVID-19 Nucleic acid test results were consecutively negative

were stable. Discharge. (mild type) (22/08/2021, 23/08/2021, 28/08/2021, 29/08/2021).

Examination of lung computed tomography scan
before discharge indicated that the lesions were
absorbed (29/08/2021).

Completion of discharge procedures and leaving the
hospital (29/08/2021).

COVID-19 infection, and as each of the three infants was in a
different position (cephalic, breech and transverse position); it
was decided for the pregnancy to be concluded by performing
a cesarean section. Cesarean section was performed in the
negative pressure ward at 32 weeks and 5 days of pregnancy,
under combined spinal-epidural anesthesia. The infants were
born in a single transfer single room with isolated treatment.
Following a 24-h time period, with a negative nucleic acid

test (three times), the newborns were transferred to the same
nursing unit for treatment until discharge.

Delivery and treatment of premature infants. Three transfer
teams were engaged in total, and each transfer team was respon-
sible for the transfer of one premature infant. The preterm infants
were transported using T-combination resuscitator ventilation.
The premature infants were born by caesarean section. Each



6 FENG: PREGNANT WOMAN WITH COVID-19 GIVES BIRTH TO PREMATURE TRIPLETS

premature infant was separately transported to a neonatal inten-
sive care unit (NICU) for isolation treatment by a neonatal escort
delivery team wearing secondary protective clothing. At the time
of the laparotomy, the amniotic fluid of three amniotic cavities
was obtained for 2019-nCoV nucleic acid test and the results
were negative. The 2019-nCoV nucleic acid test of the stool,
urine, gastric juice, nasal swab and throat swab samples were
completed three times at 0.5, 12 and 24 h following delivery. All
three premature infants were negative for infection. The three
premature infants were transferred to the same nursing unit for
treatment until discharge. During hospitalization, 2019-nCoV
nucleic acid testing was performed repeatedly and all corre-
sponding results were negative. The blood antibody test results
for all three premature infants 2019-nCoV IgM test results were
negative and IgG were positive many times after birth.

Treatment results and follow-up. Following delivery, bile
acid and liver functions gradually improved, the ICP was
cured, and the nucleic acid tests were negative (two times).
The patient was then transferred to the isolation point for
14 days for 2019-nCoV treatment, and was not found posi-
tive at the end of this time period; the patient was thus
discharged. Monitoring continued until December, 2021, and
after that time point, the patient was continually found nega-
tive for 2019-nCoV infection. All three premature infants
were discharged after no signs of discomfort were detected
and were negative consecutively for two 2019-nCoV nucleic
acid tests. Repeated nucleic acid tests were negative, indi-
cating that the three premature infants were not infected with
2019-nCoV. The three premature infants were monitored for
growth and development continuously until December, 2021.
Eye, lung, heart, brain, liver, kidney, intestine and other organ
functions were also not found to be abnormal.

Discussion

2019-nCoV testing and monitoring. In the present case
report, combined with clinical manifestations and imaging
results, the diagnosis of COVID-19 was confirmed. The three
premature infants reported in the present case report who were
monitored until discharge, 2019-nCoV nucleic acid test results
were negative and 2019-nCoV IgM test results were negative,
but IgG results were positive. Nucleic acid and antibody levels
of the patient and of the three infants required continuous
monitoring.

It took only 28 days for the COVID-19 pathogen to be
identified in China (4). Quantitative polymerase chain reaction
(@PCR) is commonly used to detect 2019-nCoV, and clinical
gene sequencing is commonly used for pathogen metagenomic
sequencing (mNGS). Young patients, patients with asymptom-
atic or mild clinical symptoms are more likely to be subsequently
re-infected with 2019-nCoV, whereas this is rare in patients
with severe and critical COVID-19 (5). The majority of patients
re-infected with 2019-nCoV have no disease progression,
and the majority of patients do not present with obvious lung
symptoms, thus requiring no special treatment. Isolation and
observation are recommended, and the 2019-nCoV nucleic acid
is required to be tested regularly (6). By analyzing the causes of
2019-nCoV re-infection, a main cause has been reported to be
2019-nCoV residual re-infection (7), or alternatively 2019-nCoV

could be mainly concentrated in the lower respiratory tract,
and false negatives may occur when nasopharyngeal swabs are
collected (8). Multiple site sampling and repeated screening for
2019-nCoV have been reported to increase the positive diagnosis
rate (9). Therefore, strict self-isolation and long-term follow-up
are crucial after acquiring a negative result for 2019-nCoV (10).
In the present case report, the 2019-nCoV nucleic acid analysis
results were negative following patient treatment, and no
re-infection occurred. In addition, the test results for 2019-nCoV
infection of the premature infants were negative.

2019-nCoV infection may cause adverse effects in pregnant
women, fetuses and newborns, thus continuous monitoring
of the fetus after birth has been reported to be crucial (11).
In addition to 2019-nCoV nucleic acid and antibody levels,
the most commonly used method for disease monitoring is
low-dose chest CT scan. Previous research has reported that
that a low-dose chest CT scan repeated for up to 10 times
during pregnancy will not cause fetal malformations (12), and
a low-dose chest CT in patients with COVID-19 plays a crucial
role in screening, diagnosis, triage and follow-up (13). The char-
acteristics of the pulmonary ultrasound imaging of COVID-19
are lung consolidation, pulmonary edema, pleural effusion
and abnormal pleural line, amongst others. Lung ultrasound
has been reported to be of definite value in the diagnosis of
pneumonia and to be suitable for its application in lung disease
screening in adults, children and newborns (14,15). In the case
presented herein, a low-dose spiral CT scan was used on the
patient and a lung ultrasound examination was also performed.
The results of the lung ultrasound examination were compared
and evaluated along with those of previous lung ultrasound
examinations, reducing the risk of radiation injury.

No vertical intrauterine infection of three premature infants
born by cesarean section. The receptor of 2019-nCoV has
been clearly researched and it is the angiotensin converting
enzyme 2 (ACE2). It mainly exists in the respiratory and
digestive tract. It is also widely distributed in the lymph
nodes, thymus, spleen, bone marrow, liver, skin, brain and
other organs. It cannot be fully excluded that the infection
of the organs with ACE2 receptors may cause damage to
corresponding organs (16). The respiratory tract and contact
transmission route have been confirmed to be the main routes
of transmission, while the fecal-oral transmission route and
the vertical transmission route from-mother-to-child remain
controversial. A previous study demonstrated that 2019-nCoV
was detected in the saliva of patients, and part of it was active,
suggesting that 2019-nCoV may still be transmitted directly or
indirectly through saliva (17). Infection by touching the surface
of contaminated objects is termed contact infection (18). The
infection of cases in different regions of China suggests the
existence of fecal-oral transmission (19).

There are several previously published studies in favor
of the vertical transmission of 2019-nCoV from mother to
child not being possible. One study reported that 10 infants
delivered by pregnant women infected with 2019-nCoV were
not infected with 2019-nCoV (20). Another study reported
nine cases of 2019-nCoV-infected pregnant women. However,
2019-nCoV nucleic acid testing for amniotic fluid, fetal
umbilical cord blood, neonatal nasopharyngeal swabs and
breast milk yielded negative results (21). Furthermore, in a
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study on 55 pregnant women with COVID-19, no evidence
of the vertical transmission of 2019-nCoV was found in
46 newborns (22). In another study, a total of 71 pregnant
women infected with 2019-nCoV were examined, and none of
the newborns were found to be infected with 2019-nCoV (23).
In addition, a study on 42 pregnant women with COVID-19 in
the third trimester revealed that newborns were not infected
with 2019-nCoV (24). In another study, 2019-nCoV RT-PCR
tests were performed on 30 samples of cord blood, 26 samples
of breast milk, 23 samples of amniotic fluid during childbirth
and 12 samples of placenta submitted for examination, and
the results were all negative (25). The author analyzed that
the possible reasons for the absence of vertical transmission
may be the following: i) Prevention, isolation and protection
measures were taken for the pregnant women and children
before and during delivery; ii) treatment of pregnant women
before and during delivery minimized the pregnant women's
viral load; iii) timely treatment before delivery may cause the
mother to produce antibodies, and IgG antibody may exert a
protective effect on the fetus through the placenta.

On the contrary, other previously published studies have
suggested that 2019-nCoV transmission may occur vertically
from mother to child. In a previous study on which 33 cases
of neonates delivered by pregnant women with COVID-19
were examined, three cases of neonates positively tested for
SARSCoV-2 in the upper respiratory tract and anus were
confirmed to be infected with SARS-CoV-2; however, due
to strict compliance with infection control and preventive
measures during childbirth, vertical mother-to-child transmis-
sion was not fully excluded (26). Another study reported a
case of a pregnant woman with COVID-19. In that study, the
2019-nCoV antibody IgG levels stated were: 140.32 AU/ml,
IgM: 45.83 AU/ml, 2 h after the birth of the newborn delivered
by cesarean section, due to strict compliance with infection
control and preventive measures during childbirth, being in
support of the possibility of intrauterine vertical infection (27).
The possible causes of vertical transmission in those cases of
viral transmission are analyzed as follows: i) The treatment
was not provided timely before delivery, and the pregnant
women's viral load was too high; ii) regardless of the treat-
ment being timely before delivery or not, the treatment was not
effective, and the pregnant women's viral load was too high;
iii) the immune function of the pregnant women was reduced
since the SARS-CoV-2 does not cause immunity or induces
weak immunity; and iv) prevention, isolation and protection
measures were not taken during delivery. Based on the afor-
mentioned studies, it can be suggested that the mother-to-child
vertical transmission of 2019-nCoV may occur; however, the
probability of transmission is minimal.

Body stimulation by pathogens has been reported to
induce the production of large amounts of IgG. It has been
demonstrated that IgG is able to traverse through the placenta;
thus, IgG can be detected after birth, and IgG continues to
exist for a long period of time. However, IgM, having a greater
molecular weight, is not able to traverse through the placenta,
and the IgM half-life is reduced. Therefore, newborns positive
for IgM may indicate the possibility of vertical transmission
in the uterus (28). Some researchers have suggested that even
if a mother suffers from COVID-19, it is not impossible to
rule out the possibility of other viral infections; thus, it is also

considered that only IgM positivity is not sufficient evidence
of 2019-nCoV congenital infection (27-29). The three prema-
ture infants described in the present case report were negative
for 2019-nCoV nucleic acid monitoring, and 2019-nCoV IgM
test results were negative, but the IgG results were positive. It
was thus considered that vertical intrauterine infection did not
occur. Additionally, it has not yet been determined throughout
the literature, to the best of our knowledge, whether vaginal
delivery or cesarean delivery is the safest method. A previous
study on 42 pregnant women suffering from COVID-19
in the third trimester of pregnancy reported that 52.4% of
pregnant women gave birth vaginally, and the newborns were
not infected with 2019-nCoV (24), suggesting that vaginal
delivery may not increase the risk of vertical transmission. It
is uncertain whether breastfeeding leads to the transmission
of 2019-nCoV. A study on 48 breast milk samples revealed
that one sample was positive 2019-nCoV, and none of the
other samples were positive for 2019-nCoV (30). The three
premature infants reported in the present study were fed with
formula milk after birth, and no 2019-nCoV infection was
found. Following discharge, the mother's nucleic acid test
results were negative, and breast milk test results were nega-
tive repeatedly. Breastfeeding was introduced, and formula
milk was added when the breast milk was insufficient.

Convalescent plasma from patients with COVID-19 combined
with methylprednisolone are effective for COVID-19 treat-
ment and persistent high fever, and timely treatment for
complications are helpful for the treatment of COVID-19.
Several therapeutics have been suggested for the treat-
ment of 2019-nCoV infection and COVID-19; however,
their effectiveness and safety, particularly the safety of
medication during pregnancy, remain to be further investi-
gated (19,31,32). According to the literature, the mortality rate
of COVID-19 may be range between 3.1-7.2%; however, the
range in mortality rate in cases of severe COVID-19 infec-
tion is between 15.7-25.5%, and in critical cases, it has been
reported to be as high as 39.0-61.5% (33). In addition to timely
symptomatic treatment, respiratory and circulatory support
treatment, severe and critical COVID-19 patients can also
use the COVID-19 patient's convalescent plasma treatment.
Previous research has reported that treatment with conva-
lescent plasma from patients with COVID-19 may reduce
mortality (34). It is suggested that patients with severe and
critical COVID-19 infection, particularly patients with rapid
progression, be treated with convalescent plasma from patients
with COVID-19 as soon as possible. A study suggested that
the majority of patients with COVID-19 were treated most
effectively with convalescent plasma from patients with
COVID-19, following the onset of symptoms for 6-14 days,
particularly after the onset of 3-5 days (35). Previous studies
have revealed that the use of convalescent plasma from patients
with COVID-19 may increase survival rates for critically ill
patients with rapid disease progression and a continuously
high viral load following antiviral and hormonal therapy,
including pregnant women. Convalescent plasma may inhibit
viral replication, early inflammatory response and organ tissue
damage. The use of convalescent plasma from patients with
COVID-19 has been recommended at an earlier stage instead
of using it solely as remedial treatment (36,37).
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The effects of convalescent plasma from patients with
COVID-19 in the treatment of passive immunity include viral
neutralization and immune regulation. The suggested mecha-
nisms of action are, according to Hung er al (38), as follows:
i) The most important component of convalescent plasma is
the y-globulin molecule, which has been reported to clear the
viral load and relieve viremia; ii) the neutralizing antibody and
non-neutralizing antibody of convalescent plasma may enhance
the adaptive immune response mediated by T-lymphocytes;
iii) the important complement regulatory proteins, including
CD55 contained in the COVID-19 patient's convalescent plasma
may inhibit the activity of complement C3 and C5, accelerate
their decomposition, and reduce inflammatory damage to host
cells. The general principle of the COVID-19 patient's conva-
lescent plasma treatment infusion is a high antibody titer and
repeated administration, being favorable for viral neutraliza-
tion, without any accompanying side-effects according to a
previously published study (39). In China, it is recommended
that the infusion dose of convalescent plasma from patients with
COVID-19 is usually 200-500 ml (4-5 ml/kg); if the COVID-19
patient's convalescent plasma antibody titer is relatively low,
an increased dose will be necessary (40). The adverse reac-
tions from treatment with convalescent plasma of COVID-19
patients are mild, with an incidence of 12.9%, and an incidence
of 3.1% has been attributed to transfusion (41). Although treat-
ment with convalescent plasma from patients with COVID-19
theoretically poses a risk of infection with 2019-nCoV, there
are currently no reported cases of infection due to the use of
such plasma, at least to the best of our knowledge.

Methylprednisolone inhibits the release of cytokines and
inflammatory mediators, and exerts anti-inflammatory effects,
and methylprednisolone acts on the hypothalamic body temper-
ature regulation center and the heat-producing organs, resulting
in the restoration of body temperature to normal levels (42,43).
From the above, it is known that methylprednisolone exerts
anti-inflammatory and fever-limiting effects. However, it may
inhibit the immune function of patients, delay virus clearance
and also cause sodium retention, body fluid retention, osteopo-
rosis and others (42,43). Therefore, the use of corticosteroids
is not recommended for the routine and long-term treatment
of COVID-19. Methylprednisolone has been commonly used
in China for a short-term period (3-5 days) and reduced-dose
(1-2 mg/kg/day) treatment, particularly for patients with dyspnea
and severe hypoxemia. The possible causes of anemia in patients
with COVID-19 may involve bone marrow hematopoietic func-
tion possibly being inhibited to reduce red blood cell (RBC)
production, or the activation of mononuclear macrophages
to produce extravascular hemolysis leads to increased RBC
destruction, and anemia may thus occur. Breathing difficulties
become more intense, and severe cases may lead to breathing
failure, lung damage, all of which can aggravate COVID-19.
Additionally, in patients with a well-functioning immune
system, the 2019-nCoV viral load has been reported to be
more easily cleared, with the quality of sleep directly affecting
immune efficiency further (44-46). Sudden COVID-19 disease
has been reported to affect the psychological, physical and
social functions of patients, and may lead to a gradual increase
in the levels of cortisol and norepinephrine. The increase in
the levels of these hormones may affect the patient's disposi-
tion, resulting in increased anxiety, affecting sleep and disease

prognosis. It has also been reported that a functioning immune
system is important for viral load reduction and for the promo-
tion of a timely patient recovery, with the quality of sleep being
a crucial factor affecting immunity. The immunity of patients
with sleep disorders has been demonstrated to be severely
damaged, leading to the weakening of the body's resistance and
viral load elimination efficacy (47,48).

In the present case report, the patient developed persistent
high fever, fatigue, and heart palpitations. Combined with the
findings of CT imaging, it was suggested that the patient's
clinical condition was aggravated. The patient was then treated
with convalescent plasma from patients with COVID-19;
however, the patient's clinical condition did not improve.
Methylprednisolone was also added to the treatment combina-
tion, and subsequently, her body temperature returned to normal
levels, following 6 days of treatment. It was thus suggested that
convalescent plasma from patients with COVID-19 combined
with methylprednisolone was effective in treating COVID-19
and the persistent high fever. During the course of the illness,
the patient was anxious and suffered from insomnia; the effect
of psychotherapy was not obvious. Following morphine treat-
ment and a moderate exercise program, the ability to sleep was
improved. During the course of the disease, blood transfusion
was used to correct anemia treatment, and the patient changed
from severe to normal COVID-19. It is suggested that timely
treatment with complications, including anxiety, insomnia,
and anemia are favorable for COVID-19 treatment.

Patient with COVID-19, pregnant with triplets exhibits
increased C-reactive protein (CRP), increased interleukin
(IL)-6, and decreased hemoglobin (HD) levels with the wors-
ening of the clinical conditions. The majority of patients with
COVID-19 have normal white blood cell counts, increased
CRP levels, and a decreased number of lymphocytes. Lung
CT scans demonstrate typical punctate and ground glass
changes near the pleura, and some patients have liver damage.
CRP is often used for the evaluation of infectious diseases.
It is a sensitive indicator of inflammation, and the majority
of patients with COVID-19 present with increased CRP
levels. In patients with severe COVID-19 infection, levels
of =10 mg/1 account for 81.5% (49,50). Patients with severe
COVID-19 infection often also present with increased levels
of inflammatory factors (31). The early increase in the levels
of D-dimer in patients with COVID-19 may be related to
the inflammatory response. A sharp and sudden increase in
D-dimer levels may indicate an acute inflammatory response
storm, indicating that the disease may be exacerbated. The
average increasement rate during COVID-19 infection has
been reported to be 46.4% (51). In severe COVID-19 cases of
pregnant woman, the hematopoietic function of bone marrow
may be inhibited in order to reduce RBC production, or the
activation of mononuclear macrophages. As a result, extravas-
cular hemolysis may occur, possibly leading to increased RBC
destruction and anemia.

In addition to its coagulation biological effects, plate-
lets are also a main innate immunity component. In some
patients with COVID-19, increased levels of liver enzymes
and myocardial enzymes have been reported, and in several
patients with critical COVID-19 infection, troponin levels may
also increase (33,52). In another study, it was revealed that
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the blood urea and blood creatinine levels of non-surviving
patients before death increased rapidly compared with those
of survivors (51). It has also been reported that the average
glucose/blood sugar (Glu) levels of patients with COVID-19
are 7.4 mmol/l, and 52% of patients present with increased Glu
levels (52). Additionally, it has been reported that the majority
of patients with COVID-19 exhibit normal serum procalci-
tonin (PCT) levels when admitted to hospital, and an increase
in secondary bacterial infections (33,52). Therefore, it is
recommended that patients with COVID-19 be monitored for
Glu, CRP and PCT levels, biochemical indicators, coagulation
function, arterial blood gas analysis, chest imaging, cytokines.

In the present case report, the condition of the woman
pregnant with triplets and infected with COVID-19 worsened
gradually; the CRP and IL-6 levels increased, and the Hb
levels notably decreased. Increased CRP, increased IL-6 and
decreased Hb levels are more sensitive markers than the white
blood cell count; the absolute value of lymphocytes, Hb, PLT
and blood coagulation may indicate the aggravation of the
disease. The white blood cell count, absolute value of lympho-
cytes, Hb, platelet count and coagulation function were not
markedly altered during the course of the disease and treat-
ment. This may be attributed to the timely treatment when the
conditions worsened.

Pregnant women with COVID-19 are more likely to suffer
from ICP, leading to liver damage (53), which may be directly
caused by the virus or by the systemic inflammatory response
induced by the virus (33). The occurrence and exacerbation of
the ICP may be related to estrogen, thyroid hormones, environ-
ment, genetics, immune factors. ICP may have adverse effects
on pregnant women and fetuses.

In the present case report, the patient presented with
increased total biliary acid (TBA), abnormal liver function and
myocardial enzymes, and skin itching at 31 weeks and 4 days
of gestation, and was diagnosed with severe ICP. Subsequent
treatment with ursodeoxycholic acid tablets was not effective.
The cesarean section was performed at 32 weeks and 5 days of
gestation following the completion of glucocorticoid-induced
lung maturation. The purpose was to decrease or avoid the
toxic effects of high bile acids. Following delivery, TBA
decreased, liver function improved, and ICP was cured. It was
suggested that the ICP of the woman with COVID-19 who was
pregnant with triplets may progress rapidly; the therapeutic
effect of ursodeoxycholic acid tablets was ineffective, and
childbirth was an effective treatment method.

In brief, it has been previously stated COVID-19 should
not be diagnosed from clinical manifestations alone. For indi-
viduals with an epidemiological history and obvious clinical
manifestations, if a nucleic acid test is negative, multiple tests
need to be repeated to eliminate the possibility of false nega-
tives. Effective sampling can ensure that the samples have a
sufficient viral load. After sampling, the 2019-nCoV nucleic
acid test is performed in due time, combined with the main
clinical symptoms such as fever or cough for diagnosis, so
false negatives are reduced (54). Additionally, COVID-19 may
cause a normal flora imbalance in the patient's respiratory
tract, which can be combined with multiple viral infections.
Among these combined viral infections, there are more
blood-borne viruses, and blood indicators monitoring needs to
be intensified (55,56).

In conclusion, in the present study, although the pregnant
woman with triplets was infected with COVID-19, the three
premature infants delivered by cesarean section did not present
with intrauterine vertical infection, and abnormal growth and
development were not observed. Treatment with convalescent
plasma from patients with COVID-19 combined with methyl-
prednisolone was effective for the treatment of COVID-19 and
the persistent high fever, and the timely treatment of compli-
cations including anxiety and insomnia were helpful for the
treatment of COVID-19. Increased CRP, increased IL-6, and
decreased Hb levels possibly indicated that the patient's condi-
tion worsened. In addition, increased CRP, increased IL-6, and
decreased Hb levels are more sensitive indicators of disease
severity than routine blood white blood cell counts, lymphocyte
ratio and absolute lymphocyte value, the Hb and PLT levels,
and coagulation function. The ICP of the woman pregnant with
triplets infected with COVID-19 progressed rapidly, and the use
of ursodeoxycholic acid tablets was not an effective treatment
for ICP; however, delivery proved to be safe and effective.

The present case report described the disease changes,
treatment methods and treatment effects of a female patient
with COVID-19 bearing triplets. In all three premature infants
delivered by cesarean section, vertical intrauterine transmission
did not occur. In comparison with other similar case reports,
the present study has certain limitations: The characteristics of
an individual case only were presented. Therefore, previously
the published literature was reviewed, aiming to strengthen the
understanding of the majority of medical workers on the treat-
ment of pregnant women with triplets, infected with COVID-19
and also in relation to the outcomes of preterm infants.

The diagnosis and treatment experience and related litera-
ture review hereby reported may provide future reference for
medical practitioners. The present study suggested that preg-
nant women with multiple babies should be treated promptly if
they are suffering from COVID-19, and treatments including
convalescent plasma from patients with COVID-19 and meth-
ylprednisolone, are effective for those who are suffering from
COVID-109. It is also strongly suggested that the 2019-nCoV
nucleic acid level, CRP, IL-6 and Hb levels should be moni-
tored in patients with COVID-19. Additionally, the delivery of
triplets from a pregnant woman infected with COVID-19 does
not necessarily lead to the transmission of 2019-nCoV infec-
tion to the infants or induce infant growth and development
issues. Thus, COVID-19 infection is not necessarily associated
with pregnancy loss.
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