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Children get sick less often than adults with a new coronavirus infection (in the Russian Federation, they account for 
7.6% of registered cases of COVID-19), with less severe clinical symptoms, they require hospitalization less often, their 
disease is milder. The frequency of severe and extremely severe cases of COVID-19 in children does not exceed 1%.
A clinical case of the course of COVID-19 in a child aged 2 years 4 months is presented. with acute lymphoblastic 
leukemia. A feature of the presented case is the development of an extremely severe new coronavirus infection in 
a child with secondary immunodeficiency caused by a long-term course of malignant, treatment-resistant of acute 
lymphoblastic leukemia. Slow, within 3 months, the development of the infectious process with long-term preserva-
tion of normal indicators of the function of the respiratory system led to the formation of viral-bacterial pneumonia 
with the development of respiratory distress syndrome. Despite the modern complex of therapeutic measures, severe 
comorbidity led to the development of DIC and multiple organ failure, which was the direct cause of the child’s death. 
A possible therapy strategy is discussed in a patient with severe comorbidity against the background of secondary 
immunodeficiency and long-term persistence of SARS-CoV-2 in the presence of IgG antibodies to SARS-CoV-2 in the 
blood. For the first time, data on morphological changes in the lungs with a long course of COVID-19 (more than 
100 days) in a young child are presented.
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Новой коронавирусной инфекцией дети болеют реже, чем взрослые (в Российской Федерации они составляют 
7,6 %  зарегистрированных случаев COVID-19), с менее выраженной клинической симптоматикой, реже требуют го-
спитализации, заболевание у них протекает легче. Частота тяжелых и крайне тяжелых случаев COVID-19 у детей 
не превышает  1 %. Представлено клиническое наблюдение течения COVID-19 у ребенка в возрасте 2 лет 4 мес.
с острым лимфобластным лейкозом. Особенностью представленного случая стало развитие крайне тяжелой новой 
коронавирусной инфекции у ребенка со вторичным иммунодефицитом, обусловленным длительным течением злока-
чественного, резистентного к терапии острого лимфобластного лейкоза. Медленное, в течение 3 мес., развитие ин-
фекционного процесса с длительным сохранением нормальных показателей функции дыхательной системы привело 
к формированию вирусно-бактериальной пневмонии с развитием респираторного дистресс-синдрома. Несмотря на 
современный комплекс терапевтических мероприятий, тяжелая сочетанная патология обусловила развитие синдрома 
диссеминированного свертывания крови и полиорганной недостаточности, что послужило непосредственной при-
чиной смерти ребенка. Обсуждается возможная стратегия терапии пациента с тяжелой коморбидной патологией на 
фоне вторичного иммунодефицита и длительного персистирования SARS-CoV-2 при наличии в крови антител класса 
IgG к этому вирусу. Впервые представлены данные морфологических изменений в легких при длительном течении 
COVID-19 (более 100 сут) у ребенка раннего возраста.
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BACKGROUND
Children get sick less often than adults with the 

new coronavirus infection (NCI) (in the Russian Fe-
deration, they account for 7.6% of registered cases 
of coronavirus disease 2019 [COVID-19]), with less 
severe clinical symptoms. They less often require 
hospitalization and had milder disease. The frequency 
of severe and extremely severe cases of COVID-19 
in children does not exceed 1% [3, 4, 8]. The risk 
group for severe NCI includes patients with premor-
bid pathology, particularly acute lymphoblastic leu-
kemia (ALL), which is a malignant disease of the 
hematopoietic system, characterized by uncontrolled 
proliferation of a tumor clone from hematopoietic pre-
cursor cells of lines of lymphoid differentiation with 
possible involvement of various organs and systems 
and lethal outcomes [1, 7, 9–12]. NCI contributes to 
the worsening of the course of leukemia and unfavor-
able outcomes [2–6, 8]. This study presents a clinical 
case of NCI a young child with ALL.

CLINICAL CASE
A boy aged 2 years 4 months was hospitalized 

in the Department for Children with a NCI of the
St. Petersburg State Pediatric Medical Univer-
sity (SPbSPMU) with a diagnosis of U07.1 NCI
(COVID-19), with the virus identified; C91.0 ALL, 
T-IV immunological variant, CD1a(–) TCR(+) with-
out significant chromosomal aberrations, very early 
isolated bone marrow recurrence, active phase II, re-
fractory course; progression; condition after long-term 
combination restraining palliative chemotherapy.

From the anamnesis, at aged 1 year 11 months 
(July 2020), the boy had an increase in the cervical 
lymph nodes, petechial rash, ecchymosis on the skin 
of the trunk and extremities, and fever of 38.5°C.
He was admitted to in a specialized hospital, where 
he was diagnosed with ALL, T-IV immunological vari-
ant, active phase I. Treatment was started according 
to the ALL-MB2015 protocol, in the course of which 
extensive necrotizing mucositis of the gastrointestinal 
tract, moderate enteropathy, and acute pancreatitis de-
veloped. In October 2020, a very early isolated bone 
marrow recurrence of ALL was diagnosed. Accor ding 
to vital indications, anti-relapse polychemotherapy 
was prescribed, which was accompanied by post-cy-
tostatic depression of hematopoiesis (leukocytopenia, 
grade IV neutropenia, grade IV thrombocytopenia, and 
severe anemia) and complications such as bilateral 

polysegmental pneumonia (Pseudomonas aeruginosa 
was found in the bronchoalveolar lavage), dissemi-
nated blood coagulation syndrome, or disseminated 
intravascular coagulation syndrome (coagulopathy and 
plasma D-dimer level up to 17800 ng/mL). Despite the 
ongoing modern antitumor therapy, in January 2021, 
the tumor was resistant to the treatment, the patient 
was recognized as incurable, and restraining palliative 
and symptomatic therapy was prescribed. During the 
treatment, certain stabilization of the tumor process 
was achieved. Septicemia (P. aeruginosa was isolated 
from the blood), high-risk febrile neutropenia, steroid 
myopathy, acute tumor lysis syndrome, hypoprotein-
emia, and coagulopathy were detected while hema-
topoiesis was impaired. Modified chemotherapy was 
planned, with an attempt of bone marrow transplanta-
tion; therefore, on January 18, 2021, a COVID-19 test 
was performed, a positive result was obtained, and the 
patient was hospitalized at SPbSPMU.

Upon admission to the SPbSPMU, the child’s 
condition was severe and stable. The patient reacted 
negatively to examination by crying. His appetite was 
sharply reduced. His skin was pale yellow, with he-
matoma in the parietal region at the stage of resolu-
tion. No recent hemorrhagic elements were found on 
the skin and mucous membranes. Multiple peripheral 
lymph nodes were palpated, including cervical and 
submandibular nodes, enlarged up to 3 cm in diam-
eter, merging into conglomerates, with the inguinal 
and axillary nodes up to 1.5 cm. His heart rate, re-
spiratory rate, and saturation (SpO2) were 128 beats 
per minute, 24 breaths per minute, and 96%–98%, 
respectively. The liver protruded by 2 cm below the 
right costal margin, and the spleen protruded by 2 cm 
below the left costal margin. According to laboratory 
data, leukopenia (0.1 × 109/L), anemia (erythrocytes 
2.31 × 1012/L, hemoglobin 61 g/L), and thrombocyto-
penia (10 × 109/L) were detected, and the coagulogram 
revealed reduced prothrombin index (up to 66.0%, nor-
mal 80%–120%), increased prothrombin time (up to 
16.3 s, normal 10.6–14.1 s), INR index (up to 1.9, nor-
mal 0.9–1.1), C-reactive protein (45.0 mg/L, normal 
<5 mg/L), ferritin (1697 μg/L, normal 15.0–120.0 μg/L),
and D-dimer (498 ng/mL, normal <250 ng/mL).
On week 1, the child continued combined antibacte-
rial, antifungal, and maintenance therapy with the nec-
essary hydration against forced diuresis. The material 
from the nose revealed P. aeruginosa with multiple 
resistances to antibiotics.



CLINICAL OBSERVATION / КЛИНИЧЕСКИЙ СЛУЧАЙ

◆ Педиатр. 2022. Т. 13. Вып. 3 / Pediatrician (St. Petersburg). 2022;13(3)   ISSN 2079-7850 

76

On day 9 of hospitalization (January 26, 2021, 
was day 9 of the NCI), a gradual deterioration in 
the child’s condition was noted, with the incidence 
of vomiting (1–3 times daily), fever up to 39.5°C, 
worsening ALL (hemorrhagic elements on the skin 
of the lower extremities and back, severe anemia in 
blood tests, and thrombocytopenia, with blast cells up 
to 97%). SpO2 remained within 98%–99%, and the 
procalcitonin test result was >0.5 ng/mL. This episode 
was regarded as another stage in the progression of
ALL against the course of a NCI without significant 
clinical manifestations. According to the case confer-
ence, blocks of restraining chemotherapy using an-
thracyclines and cyclophosphamide were initiated. On 
day 7, an antitumor effect was obtained in the form 
of a significant decrease in the blast cell count in 
the peripheral blood test and an improvement in the 
patient’s well-being. Tolerability of chemotherapy was 
assessed as satisfactory with compensation for vital 
functions.

From March 01, 2021, (day 43 of NCI) due to the 
repeated progressions of ALL, which manifested as an 
increase in intoxication symptoms, appearance of new 
hemorrhagic elements (on the skin of the abdomen, 
back, lower extremities, and mucous membranes of 
the oral cavity), shortness of breath (respiratory rate 
up to 32 breaths per minute), an increase in the liver 
size (+3.5 cm below the right costal margin), spleen 
(+3.0 cm below the left costal margin), increased stool 
up to 3–5 times a day, and vital indications, another 
block of combined chemotherapy was started with the 
administration of a highly selective reversible inhibitor 
of 26S proteasome activity, bortezomib. The stabiliza-
tion of hemogram indicators was again achieved, and 
against the persistent anemia and thrombocytopenia, 
blast cells were not detected (a short-term antitumor 
effect on polychemotherapy was achieved).

On March 12, 2021 (day 54 of the NCI), the 
child had a fever again (38.4°C–38.6°C), increased 
intoxication symptoms (asthenia and a pronounced de-
crease in appetite), and serous transparent discharge 
from the nose, which could be a manifestation of 
NCI or induced by the anticancer drug cytarabine. 
After 4 days (after cytarabine cessation), the discharge 
from the nose became less abundant, and after a week
(March 22, 2021, day 64 of the NCI), they disap-
peared. In the same period, echocardiography revealed 
a sharp decrease in the left ventricular ejection fraction 
and an increase in the blood D-dimer to 584 ng/mL,

prothrombin time to 20.1 s, and INR to 2.02 and a de-
crease in the prothrombin index to 51%. The level 
of brain natriuretic polypeptide significantly increased 
(nearly twofold), which indicated that the patient had 
secondary cardiomyopathy combined with chronic 
heart failure associated with NCI and anthracycline 
cardiotoxicity. To arrest cardiotoxic manifestations, 
symptomatic therapy and metabolic support of the 
myocardium were performed using phosphocreatine. 
Against the therapy, stable positive dynamics was ob-
tained with a gradual restoration of the left ventricular 
ejection fraction to normal values.

From April 1, 2021 (day 74 of the NCI), within 
2 weeks, the patient had persistent episodes of fe-
ver, and the skin-hemorrhagic syndrome progressed.
Blast cells reappeared in the blood (25%), with wors-
ening leukopenia and thrombocytopenia. These mani-
festations indicated the resumption of ALL progres-
sion refractory to treatment. Taking into account the 
presence of IgG to SARS-CoV-2 in the blood without 
any specific manifestations of NCI and the absence 
of absolute contraindications for antitumor therapy, 
an extended case conference decided another course 
of cytostatic therapy, except for anthracycline anti-
biotics. During the treatment, symptoms of stomati-
tis with bleeding and severe pain occurred rapidly, 
requiring narcotic analgesics. An increase in the in-
dicators of the acute phase of the inflammatory pro-
cess was noted, with C-reactive protein of 128 mg/L, 
ferritin of 2161 μg/L, and D-dimer of 1100 ng/mL.
The procalcitonin test result was negative. Bacterio-
logical examination revealed a significant amount of 
Klebsiella oxytoca in the feces and oropharyngeal ma-
terials. There was infiltration in the paraorbital areas 
on both sides, with increasing exophthalmos. Antican-
cer therapy was terminated.

In the period from April 14 to May 02, 2021 
(days 87–105 of NCI), the child’s condition worsened; 
he was febrile, had severe asthenia, and had difficulty 
getting up independently. The labile psyche became 
severe, with periodic psycho-emotional outbursts, and 
he did not sleep well (woke up often). The patient’s 
skin acquired a gray tint, and multiple hemorrhagic 
elements appeared on the trunk, limbs, and visible 
mucous membranes. He opened his left eye with dif-
ficulty; the upper eyelid swelling worsened, which 
was regarded as lymphostasis against, most probably, 
leukemic infiltration of the orbit. His blood pressure, 
respiratory rate, and saturation were 107/72 mm Hg, 
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36 per minute, and 98%–99%, respectively. Bone mar-
row hematopoiesis was impaired, leukopenia worsened 
(0.3 × 109/L), with a significant increase in blast cells 
in the peripheral blood (87%), deep thrombocytope-
nia (7 × 109/L), and erythrocyte count of 1.95 × 1012/L.
After another restraining polychemotherapy, no re-
sponse was obtained. Therapeutic antitumor options 
have been exhausted, and the patient had absolute 
contraindications for specific therapy.

During the entire period of stay in the department, 
SARS-CoV-2 RNA was detected in the oropharyngeal 
sample. The patient had persistence of NCI (with pe-
riodic fluctuations in high cycles of RNA transcrip-
tion) with secondary immunodeficiency against the 
cytostatic therapy and refractory ALL.

IgM antibodies to SARS-CoV-2 were not detected 
(January 25, 2021, March 10, 2021, and April 30, 
2021). IgG antibodies were detected on March 10, 
2021, and April 30, 2021, which became a contrain-
dication to the use of specific therapy.

In the sputum test on April 26, 2021, K. oxytoca, 
Staphylococcus epidermidis, Streptococcus viridans, 
and Candida spр. were detected. Repeated bacterio-
logical examinations of the blood did not reveal patho-
genic microorganisms. A procalcitonin test was per-
formed repeatedly, and the result remained negative.

On May 03, 2021 (day 106 of NCI) at 15.30, the 
condition became extremely worse because of cerebral 
insufficiency and tonic–clonic convulsions. The child 
was unconscious (10 points according to the Glasgow 
coma scale). The radial pulse was weak. His heart 
rate was up to 180 beats per minute, and his blood 
pressure was 100/80 mm Hg, with sinus tachycardia 
in ECG monitoring. Spontaneous breathing was inef-

fective with bradypnea up to 12 breaths per minute, 
and SpO2 decreased to 88%. Tracheal intubation was 
performed, and the child was transferred to the ar-
tificial lung ventilation. On May 04, 2021 at 01:19,
a sharp deterioration in hemodynamics was noted, 
with a decrease in blood pressure to 60/30 mm Hg
and tachycardia up to 189 beats per minute with the 
transition to asystole. Cardiopulmonary resuscitation 
was started with cardiac compressions, with Aira ar-
tificial lung ventilation. Despite the measures taken, 
it was not possible to restore cardiac activity, and at 
01:50, he was pronounced dead.

In the hospital, the patient received complex treat-
ment, including infusion therapy with glucose salt so-
lutions with correction of electrolyte and metabolic 
disorders, enteral and parenteral nutrition, deterrent 
chemotherapy (cyclophosphan, etoposide, vincristine, 
mitoxantrone, bortezomib, idarubicin, methotrexate, 
6-mercaptopurine, cytarabine, and dexamethasone), 
antiviral (acyclovir) therapy, antibacterial (ciprofloxa-
cin, sulfamethoxazole/trimethoprim, linezolid, merope-
nem, fosfomicin, polymyxin B, vancomycin, tigecy-
cline, cefoperazone/sulbactam, and rifaximin) therapy, 
antifungal therapy (fluconazole, voriconazole, and ca-
spofungin), transfusions of donor blood components 
(erythrocyte suspension and platelet concentrate), and 
intravenous immunoglobulins.

PATHOMORPHOLOGICAL RESULTS
The postmortem examination revealed lung tissue 

with diffuse atelectasis alternating with small emphy-
sematous enlarged areas and small focal hemorrhages 
in the dilated interalveolar septa (Fig. 1). Most of 
the alveoli were stellated, focally filled with serous-
fibrinous exudate (Fig. 2), desquamated alveolocytes, 

Fig. 1. Alternation of atelectasis with emphysematous altered 
areas of the lung. Stained with hematoxylin and eosin. 
Magnification ×100

Рис. 1. Чередование ателектазов с эмфизематозно изменен-
ными участками легкого. Окраска гематоксилином 
и эозином. Ув. ×100

Fig. 2. The alveoli are filled with serous fibrinous exudate. 
Stained with hematoxylin and eosin. Magnification ×200

Рис. 2. Альвеолы заполнены серозно-фибринозным экс-
судатом. Окраска гематоксилином и эозином.
Ув. ×200
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Fig. 3. Alveolar macrophages in the lumen of the alveoli. 
Stained with hematoxylin and eosin. Magnification ×400

Рис. 3. Альвеолярные макрофаги в просвете альвеол. Окраска 
гематоксилином и эозином. Ув. ×400

Fig. 4. Part of the alveoli is lined with hyaline membranes. 
Masson coloring (trichrome). Magnification ×300

Рис. 4. Часть альвеол выстлана гиалиновыми мембранами. 
Окраска по Массону (трихром). Ув. ×300

and alveolar macrophages (Fig. 3). Part of the al-
veoli was lined with hyaline membranes (Fig. 4). 
Microvessels located in the interalveolar septa were 
round shaped, and fibrin strands were determined 
in the lumen of most of them. Endothelial cells lin-
ing the vessels were swollen, oval in shape, whereas 
others were more elongated and were not preserved 
along the entire length of the vessel wall. The me-
dium and larger bronchi were stellated, and the wall 
was predominantly thickened because of edema and 
sclerosis of the submucosal layer. The mucous mem-
brane of the bronchi was represented by a cylindrical 
epithelium with dystrophic changes, desquamated in 
places, and with a proliferation phenomenon in pre-
served areas. In the lumen of bronchioles and larger 
bronchi, desquamated epithelium, single erythrocytes, 
and macrophages were detected. In addition, pre-
dominantly peribronchially, diffuse lymphocytic in-
filtration with an admixture of a moderate amount
of neutrophilic leukocytes, proliferation of connec-
tive tissue, and formation of small single lymphoid 
follicles were noted.

Thus, for the first time, this paper described 
morphological changes in the lungs with a chronic
COVID-19 course (more than 100 days) in a young 
child with ALL.

CONCLUSION
The case presented is characterized by the develop-

ment of an extremely severe NCI in a child with sec-
ondary immunodeficiency caused by a chronic course 
of malignant therapy-resistant ALL. The slow devel-
opment of the infectious process, most probably as-
sociated with severe immunosuppression, induced the 
formation of viral–bacterial pneumonia and respiratory 

distress syndrome. Despite the complex of modern 
therapeutic measures, severe comorbidity caused the 
development of disseminated intravascular coagulation 
syndrome and multiple organ failure, which became 
the direct cause of death.

The condition of this patient was repeatedly dis-
cussed at extended case conferences with a multidis-
ciplinary approach. Even if the child had palliative 
ALL status at the time of admission to the infectious 
diseases hospital, the specialized pediatric oncohema-
tological center offered the possibility of bone marrow 
transplantation as a salvage therapy, despite the pro-
gression of the clonal disease. However, bone marrow 
transplantation is not possible against the NCI course 
and at an infectious diseases hospital. The approach 
for inhibiting the progression of refractory ALL us-
ing cytostatics and glucocorticosteroids had an effect 
on the suppression of active immunological processes 
characteristic of the SARS-CoV-2 virus, including 
preventing the development of a cytokine storm, and 
caused pronounced immunosuppression, which pre-
vented the formation of stable immunity and virus 
elimination. Thus, IgG antibodies to SARS-CoV-2 
detected in the blood at the time of treatment in the 
infectious diseases hospital limited the use of specific 
therapy, including donor plasma with IgG antibodies 
to SARS-CoV-2. For many objective reasons, the use 
of modern immunobiological drugs was also impos-
sible. Having analyzed this clinical case and sum-
marized global experience, a certain strategy can be 
formed for managing patients with such comorbidity, 
i.e., determining the risk ratio of antitumor treatment 
for a specific malignant neoplasm, taking into ac-
count various factors against COVID-19, active use 
of combined antimicrobial and antimycotic therapy
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regimens, accompanying complex and maintenance 
therapy, timely use of intravenous immunoglobu-
lins, consideration of passive immunization using
anti-COVID-19 plasma even if the patient has IgG 
antibodies to SARS-CoV-2, and active introduction of 
modern immunobiological preparations into the therapy.
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