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Original StudieS

Background: The outbreak of coronavirus disease 2019 (COVID-19) is 
becoming a global threat. However, our understanding of the clinical char-
acteristics and treatment of critically ill pediatric patients and their ability of 
transmitting the coronavirus that causes COVID-19 still remains inadequate 
because only a handful pediatric cases of COVID-19 have been reported.
Methods: Epidemiology, clinical characteristics, treatment, laboratory data and 
follow-up information and the treatment of critically ill infant were recorded.
Results: The infant had life-threatening clinical features including high 
fever, septic shock, recurrent apnea, petechiae and acute kidney injury and 
persistent declined CD3+, CD4+ and CD8+ T cells. The duration of naso-
pharyngeal virus shedding lasted for 49 days even with the administration 
of lopinavir/ritonavir for 8 days. The CD3+, CD4+ and CD8+ T cells was 
partially recovered 68 days post onset of the disease. Accumulating of  effec-
tor memory CD4+ T cells (CD4+TEM) was observed among T-cell com-
partment. The nucleic acid tests and serum antibody for the severe acute 
respiratory syndrome coronavirus 2 of the infant’s mother who kept intimate 
contact with the infant were negative despite no strict personal protection.
Conclusions: The persistent reduction of CD4+ and CD8+ T cells was the 
typical feature of critically ill infant with COVID-19. CD4+ and CD8+ T 
cells might play a key role in aggravating COVID-19 and predicts a more 
critical course in children. The prolonged nasopharyngeal virus shed-
ding was related with the severity of respiratory injury. The transmission 
of SARS-CoV-2 from infant (even very critical cases) to adult might be 
unlikely.

Key Word: coronavirus disease 2019, infant, critical case, lymphopenia, 
T cells

(Pediatr Infect Dis J 2020;XX:00–00)

The current outbreak of the coronavirus disease 2019 (COVID-
19) from the epicenter Wuhan city in Hubei Province has spread 

to numerous countries. Many publications have described the 
clinical and the laboratory characteristics of the critically ill adult 
patients.1–3 However, our understanding of the spectrum of pediatric 
cases, treatment of critically ill patients and their ability of transmit-
ting the coronavirus that causes COVID-19 still remains inadequate 
because very few pediatric cases of COVID-19 have been reported.

In this article, we describe the complete clinical course and 
follow-up data of a critically ill infant with COVID-19 presenting 
with life-threatening clinical features including high fever, septic 
shock, recurrent apnea, petechiae and acute kidney injury.

CASE PRESENTATION
An 8-month-old male infant with poor growth and malnutri-

tion started coughing on January 25, 2020, after a routine hospital 
visit for physical examination a week earlier. His mother denied the 
history of any direct contact with COVID-19 patients. His cough 
was aggravated on January 31, and he was subsequently hospital-
ized. He had medical history of neonatal cardiac surgery (atrial and 
ventricular septal defects and aortic stenosis repairs) and pneumo-
nia twice during his early infancy (Table S1, Supplemental Digital 
Content 1, http://links.lww.com/INF/D942; Table S2, Supplemen-
tal Digital Content 1, http://links.lww.com/INF/D942).

On the first day of the admission (7th illness day), upon 
evaluation, dull heart sounds, mottled skin, cold fingers and pete-
chiae were found. The infant had wheezing and recurrent apnea and 
was supplied oxygen delivered by nasal cannula at 2 L/ min. He had 
body temperature of 38.3°C with recurrent apnea, and the percuta-
neous oxygen saturation dropped to 60%–70% on several occasions. 
Chest radiograph showed increased density, profusion and thickened 
lung texture before the endotracheal intubation, small spot-like and 
patchy fuzzy shadow. He was given ventilator-assisted breathing 
via endotracheal intubation. The image of chest radiograph was 
improved a little after endotracheal intubation (Figure S1, Supple-
mental Digital Content 1, http://links.lww.com/INF/D942).

His urine output was 0.4 mL/kg·h with gross hematuria, and 
his lowest blood pressure recorded was 85/37 mm Hg. The SARS-
CoV-2 nucleic acid tests of the nasopharyngeal swab and rectal 
swab were positive, and the other viral respiratory pathogens tests 
were negative (Table S3, Supplemental Digital Content 1, http://
links.lww.com/INF/D942). He was diagnosed with COVID-19, and 
his clinical condition was critical. Laboratory investigations showed 
that the levels of lymphocytes, white blood cells, CD3+, CD4+, 
CD8+ T cells and fibrinogen were below the normal range, and 
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the level of lactate dehydrogenase was increased (Tables 1 and 2).  
C3 and C4 were in the normal range.

Initial treatment was the first dose of intravenous immune 
globulin (1 mg/kg·d, hospitalization days 1–2, illness days 7–8), 
methylprednisolone (1.5 mg/kg twice a day, hospitalization days 
1–5, illness days 7–11) combined with the supportive therapy such 
as fluids and electrolytes, low-dose diuretics and dopamine to main-
tain blood pressure. Despite the above treatment, the patient still had 
fever (up to 38.6°C) and maintained a poor peripheral circulation. 
Lopinavir/ritonavir (12.5/3.125 mg/kg, twice daily) was introduced 
on the evening of hospitalization day 7 (illness day 13), followed by 
a second dose of intravenous immune globulin (1 mg/kg·d, hospi-
talization days 8–9, illness days 14–15), methylprednisolone (2 mg/

kg·d, hospitalization days 8–14, illness days 14–20 days, tapering) 
(Table 1). The infant continued febrile on hospitalization days 8 
and 9 with a body temperature of up to 39.6°C and a decrease in 
lymphocyte count to 0.38 × 109/L. On the 4th and 10th days of hos-
pitalization (10th and 16th illness days), 2 doses of granulocyte col-
ony-stimulating factor were administered to improve the neutrophil 
count (decreased to 0.3 × 109/L). The pyrexia started subsiding on 
hospitalization day 10 (day 3 of lopinavir/ritonavir administration), 
and an improvement blood pressure was observed. By the 15th day 
of hospitalization day (day 8 of lopinavir/ritonavir administration), 
he became afebrile and was off ventilator support.

Chest computed tomographic scans showed multiple 
ground-glass opacity and patchy and flaky high-density shadows in 

TABLE 1. Treatment and Symptoms According to Day of Illness and Day of Hospitalization

 

Illness  
Day 7

Illness  
Days 8-10

Illness  
Days 11–13

Illness  
Days 14–20

Illness Days 
21–24

Illness  
Days 25–29

Hospital  
Day 1

Hospital  
Days 2–4

Hospital  
Days 5–7

Hospital  
Days 8–14

Hospital 
Days 15–18

Hospital  
Days 19–23

Fever (°C) 37.0 38.4 38.5 38.4 38.6 38.1 37.7 39.6   39.0    37.9    37.9    38.3    37.6   38.3 36.8–37.0
Gross hematuria   Hematuria (+) Proteinuria (++) Hematuria (−) Proteinuria (−)
Bleeding   
Poor peripheral 

circulation
 

Invasive ventilator   
NCO   
Blood LDH 609 244 106 97   425 931 341 397  
Blood UA 467.48 451.21  342.14 164.13 449.3 519.13 615.58 761.94 934.79 814.82 320.52 180.33
Blood FIB 1.16 0.86 1.36 1.01 0.97 1.27 0.82 1.07 1.5 2.07
IVIG 1 mg/kg·d  1 mg/kg·d  
G-CSF  20 µg 20 µg
MP 1.5 mg/kg Bid 2 mg/kg·d 1 mg*
Lopinavir/ritonavir  12.5 mg/3.125 mg/kg Bid

The unit: Blood LDH (U/L), Blood UA (mmol/L) and fibrinogen (FIB) (g/L).
Bid indicates bis in die; G-CSF, granulocyte colony-stimulating factor; MP, methylprednisolone; NCO, oxygen inhalation by nasal cannula; UA, uric acid.
*Deceased dose from 1 to 0.5 mg/kg·d.

TABLE 2. Clinical Laboratory Results During the Current Hospitalization

Illness Day Day 7 Day 8 Day 9 Day 10 Day 11 Day 14 Day 15 Day 16 Day 17 Day 20 Day 22 Day 25 Day 28 Day 32 Day 46 Day 51 Day 68

Hospitalization 
Day Day 1 Day 2 Day 3 Day 4 Day 5 Day 8 Day 9 Day 10 Day 11 Day 14 Day 16 Day 19 Day 22 Day 26 Day 40 Day 45  

WBC (×109/L) 4.25 5.07 4.93 3.25 4.79 7.55 NA 1.43 7.31 3.77 8.5 4.11 3.76 3.15 NA 6.26 6.44
NEU (×109/L) 2.35 2.64 2.6 1.84 1.82 6.01 NA 0.8 5.4 3.19 6.57 3.58 2.68 1.46 NA 4.61 3.47
LYM (×109/L) 1.3 1.59 1.76 0.91 1.56 0.73 NA 0.38 0.76 0.34 1.35 0.3 0.5 1.04 NA 0.54 1.37
CD3+ (count/µL) 143.81 NA NA NA NA NA NA NA NA NA NA 81.26 NA NA NA NA 503.61
CD4+ (count/µL) 83.22 NA NA NA NA NA NA NA NA NA NA 52.7 NA NA NA NA 273.46
CD8+ (count/µL) 40.15 NA NA NA NA NA NA NA NA NA NA 22.78 NA NA NA NA 166.79
CRP (mg/L) 0.67 0.53 2.91 1.54 0.93 0.4 0.38 0.31 0.25 0.38 0.3 5.69 4.06 6.06 NA 2.54 0.5
PCT (mg/L) <0.05 0.11 0.62 0.6 0.63 0.2 0.65 0.53 0.37 0.09 NA 0.16 NA 0.06 <0.05 NA <0.05
PLT (×109/L) 255 221 239 219 187 198 NA 94 392 417 387 228 236 268 NA 428 387
ALT (IU/L) 26.6 26.8 25 21 18.1 26.1 23.3 25 23.4 31.1 37.8 58.4 48.1 32.7 43.8 NA 32.2
AST (IU/L) 73.9 45.8 44.2 25.5 28.3 26.1 28.1 51.2 21.2 26.6 26.3 36.5 28.2 26.5 49.5 NA 36.0
LDH (U/L) 609 244 106 97 NA NA 425 931 341 397 NA NA NA 406 NA NA 255
BUN (mmol/L) 6.38 7.82 NA 8.22 7.76 8.57 10.35 9.13 9.48 10.25 7.28 3.18 1.56 1.42 2.61 NA 3.08
Scr (µmol/L) 23.3 28.4 NA 31.3 28.4 30.4 27.6 20.6 31.9 32.4 27.6 20.7 13.6 13.2 19 NA 20.25
UA (µmol/L) 467.48 451.21 NA 342.14 164.13 449.3 519.13 615.58 761.94 934.79 814.82 320.52 180.33 169.72 258.17 NA 190.6
FIB (g/L) 1.16 0.86 1.36 1.01 0.97 1.27 NA NA 0.82 1.07 NA NA 2.04 2.07 2.10 NA 2.20

Reference range for 1-month to 1-year-old child: white blood cell (WBC): 5–15 × 109/L; lymphocyte (LYM): 4–13.5 × 109/L; neutrophil granulocyte (NEU): 1.8–6.3 × 109/L; platelet 
(PLT): 120–300 × 109/L; lactate dehydrogenase (LDH): reference range 120–250 U/L; fibrinogen (FIB): reference range 2.0–4.0 g/L; blood urine nitrogen (BUN): reference range 3.1–8.0 
mmol/L; uric acid (UA): reference range 202–417 µmol/L; alanine aminotransferase (ALT): reference range ≤41 IU/L; aspartate aminotransferase (AST): reference range ≤40 IU/L; 
C-reaction protein (CRP): reference range: 0–8.0 mg/L; procalcitonin (PCT): reference range 0–0.10 ng/mL ; serum creatinine (Scr): reference range 35–40 μmol/L. Reference range for 
CD3+: 700–4200/μL; CD4+: 300–2000/μL; CD8+: 300–1800/μL.

NA indicates not available.
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both lungs (hospitalization day 17, illness day 23) (Fig. 1), which 
improved in the scans that followed (hospitalization days 33 and 43, 
illness days 39 and 49) (Figure S2, Supplemental Digital Content 
1, http://links.lww.com/INF/D942; Figure S3, Supplemental Digi-
tal Content 1, http://links.lww.com/INF/D942).

The infant’s severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) nucleic acids tests of rectal and nasopharyngeal 
swabs turned negative on the 38th day and 49th day of illness, 
respectively.

Upon discharge on March 16 (46th hospitalization day, 
52nd illness day), the lymphocytes count was 0.54 × 109/L (refer-
ence range: 4–13.5 × 109/L). Both IgM and IgG antibody for SARS-
CoV-2 were positive (colloidal gold based).

On the 68th day of illness, the CD3+, CD4+ and CD8+ 
T-cell count of the infant were still below the reference range. The 
percentage of CD3+CD4+CCR7−CD45RA− lymphocytes was 
53.13% (in CD4+ T cells) despite sustained reduction of CD3+, 
CD4+ and CD8+ lymphocytes (Table S4, Supplemental Digital 
Content 1, http://links.lww.com/INF/D942). The ratio of Th1/Th2 
was 0.31 (reference range: 0.73–18.5).

DISCUSSION
Because critically ill pediatric cases with COVID-19 are 

unusual, little is known about the characteristics in this age group 
with such severity of illness.

This infant had typical critical features including high fever, 
septic shock, recurrent apnea, gross hematuria, hypofibrinogen-
emia, lymphopenia and acute kidney injury. The initial clinical 
manifestation of his critical condition was septic shock, which is 
similar to adults.3 Adult data showed that elderly patients with a 
history of comorbidities were more likely to progress to severe 
disease,4 because those comorbidities associated with low-grade 
systemic inflammation, such as diabetes and hypertension.5 The 
defects in T-cell and B-cell function of elder patients could lead 
to a deficiency in control of viral replication and more prolonged 
proinflammatory responses, potentially leading to poor outcome.6 
The medical history of cardiac surgery, pneumonia, failure to thrive 
and malnutrition of this infant might trigger the chronic inflam-
matory state and predisposing risk factors for the progression to 
critical stage. Therefore, more emphasis should be put on infants 
with comorbidities especially involved the immune system and 
immunodeficiency during the global epidemic phase of COVID-19.

Research about the clinical features of 8 severe pediatric 
patients with COVID-19 showed no significant decrease in periph-
eral CD3+, CD4+ and CD8+ T lymphocytes.7 It also has been 
observed in other noncritically ill (including severe cases) COVID-
19 pediatric patients.8,9 However, this is completely different in our 
case. Significant decrease in CD3+, CD4+ and CD8+ lymphocytes 
was observed during hospitalization of this infant. The circulating 
lymphocytes, mainly CD3+, CD4+ and CD8+ T cells, dramatically 
declined and were sustained for at least 68 days. Data of adults also 
showed that lymphopenia and reduction of CD4+ and CD8+ T cells 
were the clinical features observed in severe COVID-19 patients.1–4 
The reduction of T cells also was the typical feature of this criti-
cally ill infant. The lymphocytes subsets were not checked in this 
infant: however, the complete white test showed that the count of 
the lymphocytes was in the normal range when he was 6 months old 
(Table S2, Supplemental Digital Content 1, http://links.lww.com/
INF/D942).

CD4+ T cells play an important role in immune system and 
orchestrate the deletion and amplification of immune cells. The 
depletion of CD4+ T cells leads to an enhanced immune-mediated 
interstitial pneumonitis and delayed clearance of SARS-CoV from 
the lungs.10 These data highlight that the reduction of CD4+ T cells 
might be related to disease severity of COVID-19, including in 
children.

Despite the reduction of CD4+ lymphocytes, an accumula-
tion of effector memory CD4+ T cells (CD4+TEM) (53.13% in 
CD4+ lymphocytes, 0.145 × 109/L) was found in this infant. This 
indicates the presence of memory T-cell response, and SARS-
CoV-2 had not altered the capacity of accumulation of CD4+TEM.

The patient’s nasopharyngeal swab nucleic acid tests 
remained positive for 49 days and are the longest positive naso-
pharyngeal test duration reported in children with COVID-19, 
surpassing a reported surviving adult case where the nasopharyn-
geal swab was positive for COVID-19 up to 37 days.3 The analysis 
of 10 pediatric patients who had mild COVID-19 indicated that 
nasopharyngeal viral shedding was about 2–3 weeks.9 None, how-
ever, had severe lymphopenia. An adult cohort study showed the 
nasopharyngeal virus was continuously positive until death in non-
survivors of COVID-19.3 The longer nasopharyngeal viral shed-
ding in this infant may be related to the high nucleic acid load and 
the reduced ability of virus clearance after methylprednisolone 
use. The use of steroid also affects lymphocyte count. It remains 

FIGURE 1.  The computed tomographic (CT) scan on the 17th hospitalization day (illness day 23). Multiple ground-glass 
opacity and patchy and flaky high-density shadows in both lungs, enlargement of hilar shadows and thickened pulmonary 
vessels.
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unclear whether the persistent decline of T cells contributes to 
nasopharyngeal virus clearance or COVID-19 progression. Short-
term, low-to-medium dose of glucocorticoids were recommended 
by the Chinese Pediatric Society of the Chinese Medical Associa-
tion for management of severe and critical COVID-19 infection in 
children.11

This was the first pediatric COVID-19 patient underwent 
a treatment with lopinavir/ritonavir in China. Symptomatic 
remissions were observed after the administration of lopinavir/
ritonavir, but increased uric acid levels were recorded. Serum 
uric acid increased to 934.79 mmol/L (day 7 of lopinavir/rito-
navir administration). Three days after the discontinuation 
of lopinavir/ritonavir, the uric acid decreased to normal on 
the 19th hospitalization day (25th illness day). It is unknown 
whether the increased uric acid in this case was related to lopi-
navir/ritonavir or due to COVID-19. Lopinavir/ritonavir should 
be used with caution in pediatric COVID-19 and requires large-
scale trials.

With respect to the SARS-CoV-2 pneumonia epidemic in 
Hubei Province, it is estimated that the infant was infected with 
the SARS-CoV-2 during the hospital visit on January 17, 2020. 
The infant had been living at home with his mother and sleep-
ing together for the 14 days post infection. The infant had been 
taken care of by his mother. Neither of them wore a mask at home. 
There is a high probability that the infant got infected during the 
hospital visit with his mother because otherwise he had been at 
home. His mother’s nucleic acid tests and antibody tests were 
negative. This indicates that infant might be more susceptible to 
SARS-CoV-2 infection. This epidemiologic analysis suggests the 
unlikelihood of transmission of COVID-19 even from critically 
ill infant to adult.
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