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The impact of the COVID-19 pandemic on the future incidence
of acute lymphoblastic leukaemia in children: Projections
for Germany under a COVID-19 related scenario

Dear Editor,

1 | CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKAEMIA AND SARS-CoV-2

There is convincing scientific evidence that the most frequent malig-

nancy in childhood, acute lymphoblastic leukaemia (ALL) and in partic-

ular its major subtype B-precursor ALL (BCP-ALL), is related to

patterns of exposure to infectious agents in early life.1,2 Therefore, as

already put forward by others,3,4 it is likely that the current COVID-

19 pandemic will impact on the risk of children of developing ALL

and, consequently, on the ALL incidence on a population level. The

underlying infections-related model acting on the two-hit hypothesis

for ALL is the one developed by Greaves. According to this model,

ALL results from two genetic hits, with the first occurring before birth,

induced by prenatal exposures or random mutations. The second hit is

induced by an abnormal reaction of the immune system to exposure

to common infections, more commonly so in children with insufficient

training of their immune system through lesser-than-required social

contacts in their first 2 to 3 years of life.2 For one particular genetic

subtype of BCP-ALL, namely the ETV6/RUNX1 fusion type compris-

ing about 25% of all BCP-ALL, it was shown that 5% of all healthy

new-borns carry the first hit of which 0.2% later develop BCP-ALL.5

It is curious that when considering those infectious-related

models of BCP-ALL risk in relation to the COVID-19 pandemic,

both inflation and reduction in the ALL incidence are conceivable.

On one hand, an infection with the severe acute respiratory syn-

drome coronavirus type 2 (SARS-CoV-2), very common in young

children,6 may directly act as trigger of the second hit. Single cases

of BCP-ALL shortly after SARS-CoV-2 infection may support this

scenario.7 On the other hand, its possible impact could be that the

social isolation of susceptible children during the COVID-19 pan-

demic would generally reduce the risk of experiencing a second,

infectious hit.

Which of the two effects occur may soon become visible when

incidence rates for the pandemic years are reported by cancer

registries. Notably, cancer registration usually involves substantial

delays with regard to data availability (due to delays in reporting, data

cleaning and data preparation), so that reliable data will vastly only be

available from 2022 onwards. For Germany, currently the only coun-

try for which a nationwide population-based assessment of the impact

of the COVID-19 pandemic on childhood cancer incidence rates has

been published, a remarkably increased incidence rate of childhood

cancers, not specific to BCP-ALL, has been reported for 2020, but

likely rather attributed to increased parental and possibly also doctor's

awareness.8

2 | LOCKDOWN AND RISK OF ALL

The future impact of one of the factors of this immune system-

related hypothesis can however be modelled,1 namely the lack of

immunological training due to the closure of nurseries and other

childcare facilities during the pandemic and restrictions in how

many children were limited or even deprived from social contacts.

To model the resulting excess cases for this scenario, information

on how many children would be affected and how their individual

risk would change was needed (see also footnote of Table 1). For

an estimate of the proportion of affected children, we obtained

information from the Federal Statistical Office of Germany that

35% of 0 to 3-year olds attended childcare before the pandemic.

For an estimate of change in risk, we used a systematic review of

14 individual studies on ALL risk in relation to early childcare,

observing a 20% risk reduction in ALL in children who attended

childcare at ages 0 to ≤2 years.9 We use data of a large childhood

population, the 11.3 million 0 to 14 year olds living in Germany, as

well as high quality population-based data from the national Ger-

man Childhood Cancer Registry.8 As this model applies to ALL

mainly occurring between ages 2 and 6 years, all projections relate

to this age group only.

Table 1 shows the projections and the underlying statistical

model, with the number of excess cases as the difference between

the projected incidence rates following the model, compared to the

expected incidence rate if no pandemic had occurred. The model

suggests up to 99 additional ALL cases among 2 to 6 year old chil-

dren in the period 2020 to 2024, so that 6.4% of the total of 1551

ALL cases might be attributable to the lockdown measures

Abbreviations: ALL, acute lymphoblastic leukaemia; BCP-ALL, B-cell precursor acute

lymphoblastic leukaemia; SARS-CoV-1, severe acute respiratory syndrome coronavirus

type 1; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2.
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preventing the child's immune system to be adequately trained. This

projection is based on our assumptions and may be an overestimate

as the childcare facilities were not permanently closed during the

pandemic. On the other hand, social interactions with other children

were in general reduced among all children, so if this contact reduc-

tion was sufficient to pose a risk, our projection may underestimate

the real effect.

3 | CONCLUSIONS

Taken together, significant changes in the incidence of childhood

BCP-ALL in Germany and other countries are expected in the next

years. The careful comparison between countries where the percent-

age of SARS-CoV-2 infected children differs significantly, will hope-

fully provide us with new and compelling ideas how to prevent BCP-

ALL10—for at least some children a still deadly disease. Should the

incidence only marginally change due to the pandemic, then immune

stimulation by behavioural interventions alone would hardly offer

major prevention avenues, as they would unlikely be more compre-

hensive than the pandemic.

Decisions about lockdown measures in the youngest children

need to consider the possible increase in ALL risk, which need to be

balanced against possible benefits for the children.

In any case, we support the suggestion by Greaves3 that it would

be very informative to know how many newly-diagnosed BCP-ALL

cases experienced unrecognised, asymptomatic SARS-CoV-2 infection.

This could be easily achieved by routine checking of SARS-CoV-2

nucleocapsid antibodies during diagnostic work-up.
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TABLE 1 Numbers of incident diagnoses of acute lymphoblastic leukaemia (ALL) in 2-6-year-old children in Germany in 2006, 2019 and
2020-2024, by scenario

Absolute number of cases (crude rates by 1 000 000 children)

Scenario Descriptiona 2006 2019 2020 2021 2022 2023 2024

No COVID-19 Expected situation if no pandemic

lockdown had occurred

278 (75.3) 271 (70.1) 284 (71.9) 288 (71.8) 293 (71.7) 294 (71.6) 293 (71.6)

COVID-19 Closure of childcare facilities during the

pandemic (pE = 1 and RR = 1.25)

278 (75.3) 271 (70.1) 302 308 313 314 314

Excess numbers of cases between no

COVID-19 and COVID-19 scenarios

– – 18 20 20 20 21

Note: Absolute numbers and rates for 2006 and 2019 are based on data from the German Childhood Cancer Registry, for the years 2020 to 2024

projections are presented.
aWe modelled ALL incidence rates based on a Poisson regression model that changes the at-risk population size. First, we defined by E, a binary exposure

variable that takes the value 0 for children who do attend day-care (hereinafter referred to as the “nonexposed” group) and 1 for those who do not (the

“exposed” group), and defined the corresponding proportion of children, pE, not in day-care centres and/or families. Then, we assumed that the observed

number of cases can be decomposed into the sum of two Poisson-distributed random variables: one for each of the two exposure groups. We finally used

the following constrained model, Di � Poisson (μi = lambda [PY0i + RR * PY1i]), where Di denotes the observed number of cases, i the calendar year (from

2006 to 2019), lambda the incidence rate, RR the relative risk, and PY0i and PY1i are person-years (PYs) among nonexposed and exposed, respectively. RR

is the relative risk defined by the risk of cancer in the exposed group compared to the nonexposed group (using the inverse of the effect from reference

#9), which is estimated by the ratio of incidence rates. While the total person-years (PYi), at time i, is decomposed into: PYi = (1 �
pEi) * PYi + pEi * PYi = PY0i + PY1i, the expected number of cases, μi, is equal to: lambda * ((1 � pEi) + pEi * RR) * PYi. We obtained an estimate of the

parameter lambda with a maximum likelihood procedure. Predicted numbers of cases due to the closure of childcare facilities during the pandemic

(COVID-19 scenario) were computed using this model and assuming a prevalence pE equal to 1. For comparison, expected incidence rates if no pandemic

had occurred (no COVID-19 scenario) were also calculated using a (period-) Poisson regression model.
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