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We report on children with cancer in Hungary suffering from COVID-19, surveying a 13-months-long period of time. We performed a retrospective clinical trial studying the medical documentation of children treated in seven centers of the Hungarian Pediatric Oncology-Hematology Group. About 10% of children admitted to tertiary hemato-oncological centers for anti-neoplastic treatment or diagnosis for de novo malignancies were positive for SARS-CoV-2 infection. Nearly two-thirds of the infected patients were asymptomatic or had only mild symptoms but showed seropositivity by 1–4.5 months after positive PCR. One third of the SARS-CoV-2-positive children were hospitalized due to symptomatic COVID-19. Five children required antiviral treatment with remdesivir. One child was referred to the intensive care unit, requiring intubation and mechanical ventilation. Delay in the scheduled anti-cancer treatment did not exceed 2 weeks in the majority (89%) of cases. There was only one patient requiring treatment deferral longer than a month. There was no COVID-19-related death in patients under 18 years of age, and nor was multisystem inflammatory syndrome diagnosed. In conclusion, SARS-CoV-2 infection did not represent an untoward risk factor among children with cancer in Hungary.
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INTRODUCTION
The current pandemic of the coronavirus disease 2019 (COVID-19) affects children and adults worldwide [1]. Severe forms and late consequences seem to be less frequent among children than in adults [2–4]. However, few data have been published on severity and disease outcome of children with hematologic malignancies and solid tumors [5–7]. Cancer and COVID-19 may each deteriorate the course of the other. Immunity of children with cancer is compromised which may increase the risk of acquiring infections and many infectious diseases were shown to exhibit a less favorable outcome than in otherwise healthy persons [5,6]. At the onset of the COVID-19 pandemic it was not known if SARS-CoV-2 infection per se or due to its complications may have an adverse effect on the clinical course of the underlying malignant disease. Another potential hazard of COVID-19, in particular of moderately severe and severe cases, is that it may result in a delay of the scheduled anti-cancer treatment, thereby decreasing the chance for a cure. One year ago, pediatric oncologist-hematologists did not have sufficient experience and guidance regarding treating children with concomitant cancer and COVID-19. Initial data from China suggested that concomitant COVID-19 adversely affected adult patients with cancer [7]. The first report on COVID-19 in a pediatric bone-marrow transplant and hematology-oncology center was published from Italy a few months later.
Here we report on observations on SARS-CoV-2 infection and COVID-19 among children with cancer diagnosed and treated in tertiary pediatric cancer centers of the Hungarian Pediatric Oncology-Hematology Group (HPOG). We investigated the incidence of SARS-CoV-2 infection in children with newly diagnosed cancer and those currently undergoing anti-cancer therapy. Clinical course of COVID-19 and potential effects on the applied anti-cancer treatment were registered and evaluated.
METHODS
Data obtained from each consecutive patient admitted to any of the seven tertiary pediatric cancer treatment centers of HPOG were investigated in this retrospective study. Data relevant to this research were collected from electronic patient data files. We compared the cumulative number of the hospitalized pediatric cases (age <19 years) between March 2020 and April 2021 with the same period of the previous year (i.e., March 2019 to March 2020). As per legal regulation, all children admitted with a suspicion of a neoplastic disorder and children with already diagnosed cancer were tested by oropharyngeal swab samples with COVID-19 specific reverse transcription polymerase chain reaction (RT-qPCR) analysis regardless of the presence or absence of COVID-19-specific symptoms [8]. In 10 randomly selected subjects, automated Cobas ®SARS-CoV-2 serology tests (Roche Diagnostics, Mannheim, Germany) measuring total immunoglobulin (Ig) levels against nucleocapsid (N) and spike-protein1 receptor binding domain (S1-RBD)- specific antibodies in serum samples were also performed. Due to the former protocol of the routine laboratory, anti-SARS-CoV-2 S1-RBD titers were determined up to 250 U/ml and sera were not diluted to determine higher absolute levels. Seropositivity was considered according to the official cut-off value of these tests [anti-N: ≥ 1.0 (COI, cut-off index); anti-S1-RBD: ≥0.8 U/mL]. In the cases of three patients, anti-N total Ig levels were not available. Importantly, none of these patients received any vaccination against SARS-CoV-2, thus a positive serology result was produced by the SARS CoV-2 infection itself.
Age and gender of patients, the severity of COVID-19, and any delays in scheduled treatments were registered. We examined the correlations between the symptoms of the SARS-CoV-2 PCR-positive patients and the treatment of the underlying disease and we sub-grouped them by gender and age. This study was approved by the Hungarian Scientific and Research Ethics Committee (TUKEB, No IV/5736-3/2021/EKU).
RESULTS
During the time of monitoring, a total of 603 children were admitted of whom 341 (57%) had newly diagnosed cancer. Sixty-three of 603 patients (10%) proved to be positive for SARS-CoV-2 infection on admission. From these 63 patients, 30 (48%) were females and 33 (52%) were males. The age distribution of SARS-CoV-2-positive children with cancer showed a slight shift towards older age groups of patients being 9-years-of-age and older (Figure 1).
[image: Figure 1]FIGURE 1 | Age distribution of pediatric cancer patients with SARS-CoV-2 infection.
Nearly two-thirds of the infected patients, 39 (62%) were asymptomatic or had mild symptoms only. Among them, 3 (8%) were under 1 year of age, 8 (20%) were between 1 and 4 years of age, 5 (13%) were between 4 and 9 years of age, 14 (36%) children were between 9 and 14 years of age and 9 (23%) patients were over 14 years of age. Fourteen of the 63 patients (22%) recovered from COVID-19 within 1–2 weeks. One of these children was under 1 year of age, 3 individuals were between 1 and 4 years of age, 3 children were between 4 and 9 years, 2 patients were between 9 and 14 years, and 5 (36%) were over 14 years of age. Eight patients (13%) required more than 2 weeks for total convalescence from COVID-19. From these patients two were between 1 and 4 years of age, one patient was between 9 and 14 years of age, and 5 patients were over 14 years of age. Five children (8%) required antiviral treatment with remdesivir. One of these 5 patients was between 1 and 4 years of age and the other 4 children were over 14 years of age.
Twenty children (32%) were hospitalized due to COVID-19. Four children were between 1 and 4 years of age, 7 were between age of 4 and 9 years of age, 3 were between 9 and 14 years of age and 6 patients were over 14 years of age. From these 20 patients, one was referred to the intensive care unit requiring intubation and mechanical ventilation. This child was 5 years of age as shown in Table 1. There was no lethal case. Multisystem inflammatory syndrome was not registered in this study.
TABLE 1 | Clinical data of SARS-CoV-2 positive children by age groups (ICU: intensive care unit).
[image: Table 1]Of the 63 patients with PCR-proven SARS-CoV-2 infection there were 29 cases which did not require a delay or less than 1-week postponement in the scheduled anti-cancer treatment. Four of these patients were under 1 year of age, 7 were between 1 and 4 years of age, 4 were between 4 and 9 years of age, 4 subjects were between 9 and 14 years of age, and 10 patients were over 14 years of age. Twenty-eight patients (44%) had 1–2 weeks long treatment delay. Of these 28 patients six children were between 1 and 4 years of age, 7 were between 4 and 9 years of age, 6 were between 9 and 14 years of age, and 9 patients were over 14 years of age. In 6 cases there were a 3–4 weeks long treatment delay. All of these patients were older than 14 years of age. There was only one 14-year-old patient requiring treatment deferral of more than a month due to COVID-19. Thirty-seven (59%) of SARS-CoV-2-positive patients received intensive intravenous or intrathecal chemotherapy, 14 (22%) of patients were on oral maintenance therapy and 11 (17%) children started their treatment with newly diagnosed cancer at the time of diagnosing the SARS-CoV-2 infection. One patient received immunotherapy.
In case of 10 randomly selected patients, SARS-CoV-2 serology tests were also performed to analyze if antibodies could be detected against N-and S1-RBD-protein in response to SARS-CoV-2 infection in the presence of a malignant co-morbidity. Blood sampling for serology occurred between 1 and 4.5 months after the onset of COVID-19. Among these patients, six had acute lymphoblastic leukemia, and the other subjects were previously diagnosed with non-Hodgkin lymphoma, anaplastic medulloblastoma, and rhabdomyosarcoma (Table 2). Most of these patients were asymptomatic or exhibited a mild course of COVID-19. Six patients were seropositive demonstrating both elevated anti-N and anti-S1-RBD total Ig concentrations, while four children showed undetectable Ig levels (Table2). Regarding the interval between PCR and serology, these later results were not caused by different timings compared to that of others.
TABLE 2 | Demographic and clinical data of SARS-CoV-2-positive children with serology test results (ALL, acute lymphoblastic leukemia; MBL, anaplastic medulloblastoma; NHL, non-Hodgkin lymphoma; RMS, rhabdomyosarcoma; COI, cut-off index; n/a, not available; n.d., not determined).
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In a country with a population of nearly 10 million people (population size of Hungary in 2020: 9.76 million, with 1.7 million children <18 years of age), 63 children with cancer have been diagnosed with SARS-CoV-2 infection by nasal swab RT-qPCR in a period of 13 months [9]. This figure is about 10% of all children with cancer (603 patients including 341 de novo cases) managed in seven tertiary pediatric oncology-hematology treatment centers of the Hungarian Pediatric Oncology-Hematology Group [10]. The majority of patients (56%) were 9-years-of-age or older which is in contrast to the age distribution of pediatric cancer in Hungary and worldwide [10]. Here we reported, for the first time in Central Europe, on a comprehensive evaluation of the clinical course of SARS-CoV-2 infection among children with cancer, who were tested for the infection. A further strength of this study is the participation of all Hungarian tertiary pediatric oncology-hematology centers in this investigation that provides a nationwide coverage. The relatively small size of the investigated population may represent a fundamental flow of the study which may bias the interpretation of the results. However, the number of patients is proportional to the size of the population of Hungary. The retrospective nature is a further limitation of this study.
The first two cases of COVID-19 were confirmed in Hungary on March 4, 2020 among graduate university students returning from their home countries. One week later an emergency regime was introduced by the government and soon, restrictions were tightened further. Extensive testing procedures were introduced to reduce the risk of SARS-CoV-2 infection in the medical departments, especially in pediatric oncology-hematology wards with a special focus not only on patients but also on accompanying caregivers and health care personnel. Strict protective measures were encouraged, such as emphasizing frequent and thorough hand washing, using proper personal protective equipment, social distancing, and regular disinfection of surfaces. Only one caregiver per patient was allowed to accompany children admitted to inpatient units. Unscreened patients and caregivers were separated in an isolated part of the hospital. RT-qPCR swab tests to detect SARS-CoV-2 were performed in each case of children with cancer and their accompanying caregivers regardless of symptoms, COVID-19 contact status, and type of planned interventions.
Due to the protective measures employed nationwide as well as in the hospitals, including pediatric oncology-hematology units, the COVID-19 pandemic did not exert a major negative impact on children with cancer in Hungary. The number of newly diagnosed children with cancer did not differ substantially between the investigated period and the preceding 1 year before the COVID-19 pandemic. However, there was a shift from inpatient to outpatient care noticing a 20% reduction in the number of hospitalized patients. The majority of Hungarian pediatric cancer patients with SARS-CoV-2 infection was asymptomatic or exhibited mild symptoms with a skew towards the younger age groups. One third (20 patients) of the Hungarian cohort were admitted to hospital units dedicated to COVID-19 treatment because of symptomatic COVID-19. Implementation of antiviral therapy was necessary in five of the patients hospitalized because of COVID-19, and one patient was managed in an intensive care unit requiring ventilatory support. No deaths attributed to COVID-19 were reported. The number of patients requiring either anti-viral treatment or ventilatory support was fortunately small. We think that the interpretation of a proper antiviral treatment approach of children with cancer and coinciding COVID-19 would require a much larger sized clinical study. Moreover, SARS-CoV-2 infection did not substantially influence the delivery of scheduled anticancer treatment. Treatment delay did not exceed 2 weeks in the majority (89%) of cases and no therapy was omitted.
Few observations have been published on concomitant SARS-CoV-2 infection and cancer among pediatric patients so far. The majority of publications on the characteristics and sequela of SARS-CoV-2 infection in children with cancer reported on similar data as the present Hungarian investigation. SARS-CoV-2 infection in the majority of this patient group was asymptomatic or was accompanied by mild symptoms as reported from France, Lombardy, Italy, Moscow, Russia, New York City, New York-New Jersey, U.S., and the United Kingdom [11–17]. These individual centers and centers working in the above regions and countries, similar to our results, considered that SARS-CoV-2 infection did not severely affect children with cancer, nor did it interfere considerably with their treatments. In contrast to these findings, a Turkish investigation reported on a dramatic decrease in the number of both de novo diagnosed and treated pediatric cancer patients [18]. Participants of the St Jude Global Alliance and International Society for Paediatric Oncology survey also reported on a reduction of newly diagnosed patients and gross interruptions, even complete abandonment of anticancer therapies delivered [19–21]. According to this group of investigators, severe and critical conditions of COVID-19 were observed in one fifth of patients and deaths occurred in a higher proportion than were reported in the literature surveying the general pediatric population. However, these disturbing consequences affected mainly low- and middle-income countries [22].
An important added value of the Hungarian study was the serologic investigation of a subgroup of pediatric cancer patients confirmed with SARS-CoV-2 infection. Although the number of the study patients is small, we were able to demonstrate a seroconversion with the development of increased anti-SARS-CoV-2 N and S1-RBD antibodies in the majority (6/10) of patients. However, four patients did not have measurable levels of antibodies. Similar investigation was published only by the Moscow group. They investigated a larger number of patients in multiple timepoints and found a 100% seroconversion after 6-weeks which started to decrease after three consecutive weeks to 54% by week 18, similar to our findings [14]. These results indicate that pediatric cancer patients, immunocompromised due to their underlying malignancy and its treatment, are able to mount a humoral immune response against the SARS-CoV-2 infection, however, this natural immunity may decline four to 5 months after harboring the infection leaving patients unprotected against a reinfection in a new wave of epidemics without vaccination. We have to note that additional patients need to be involved for the follow-up of anti-SARS-CoV-2 antibodies to investigate the dynamic of humoral response in children with cancer.
Conclusion
During the study period overlapping with the COVID-19 epidemics in Hungary, a Central-European country, SARS-CoV-2 positivity was detected in 10 percent of children with cancer. The course of SARS-CoV-2 infection did not result in more severe cases among these patients than in the general population. Although there was a shift from inpatient to outpatient management and minor treatment delays not exceeding 2 weeks were noticed, COVID-19 epidemics did not present an unacceptable hurdle for pediatric oncology-hematology care in Hungary.
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