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Abstract
Objective: To assess measles seroprevalence and testing practices in children with cancer in the UK.
Design: Multi-centre evaluation of measles serology data for children on active treatment for cancer between January to March (Q1) 2024.
Setting: 11 UK Paediatric Oncology Centres (8 Principal Centres and 3 Shared Care Units). 
Patients: Children aged <18 years on active cancer treatment with measles serology data at diagnosis and/or following revised UK Health Security Agency Guidance in Q1 2024.
Results: A total of 695 eligible patients were included with a median age of 5.2 years (IQR 3.3-10.8 years). Baseline measles serology was tested in 545 patients with 89.0% positive for IgG antibodies. Cross-sectional testing of patients in Q1 2024 was undertaken in 289 patients with 78.5% measles seropositivity. Of the 121 patients tested at both time points who were measles seropositive at diagnosis, 23 (19.0%) were seronegative at retest. Most patients who lost pre-existing humoral immunity had an underlying diagnosis of Leukaemia (n=16) followed by non-solid CNS tumour (n=3), CNS tumour (n=2), lymphoma (n=1) and other (n=1). Although the odds of losing immunity was higher in haematological malignancy groups, this was not statistically significant (OR=1.44, 95% CI 0.52-3.99)
Conclusions: Children with cancer can lose pre-existing humoral immunity to measles during treatment. Variability in testing practices and rising measles cases nationally require a standardised approach. Retesting measles serostatus during national outbreaks is important to identify susceptible patients who may require post-exposure intravenous immunoglobulin.
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Background
Measles is a highly contagious yet vaccine-preventable disease caused by the rubeola virus1. In the United Kingdom, a resurgence of measles cases in late 2023 culminated in the declaration of a national incident by the UK Health Security Agency (UKHSA) in January 20242. Over 2900 laboratory confirmed cases were reported in England alone that year, with over 60% occurring in children under 10 years old2. This can be partly attributed to the gradual decline in childhood vaccination uptake over the past decade, which remains below the 95% target set by the World Health Organization for effective herd immunity3-5. However, measles cases are continuing to rise globally and represent an important cause of morbidity and mortality in susceptible populations6-8.  
Children with cancer represent a high-risk group for severe and prolonged measles infection9,10. Studies suggest that over half of immunosuppressed children with measles develop life-threatening complications, including pneumonitis, encephalitis or liver failure9-12. Mortality rates for paediatric oncology patients with acute primary measles infection have been reported between 55-83%10-12.  Immunosuppressed patients also are more likely to present with atypical symptoms, with the characteristic morbilliform rash being absent in around 60% of this cohort9-12. This can lead to delays in diagnosis and isolation, hence increasing risk of local outbreaks9-12. 
The Measles Mumps and Rubella (MMR) vaccine is over 95% effective at preventing measles when 2 doses are administered6. However, as a live attenuated vaccine, the MMR is contraindicated in children with immunosuppression due to the risk of developing active infection. Furthermore, studies report that between 25-71% of children with cancer who have detectable measles IgG antibodies at the time of diagnosis become seronegative during their treatment13-17. Children with haematological malignancy and age <5 years appear to be at highest risk of this phenomenon, however loss of humoral immunity to measles has been described in children with a wide range of underlying oncological diagnoses and treatments13-16. This patient cohort are therefore reliant upon herd immunity to minimise their risk of infection.
Uptake of all childhood vaccinations in the UK has steadily declined over the past 10 years3-4. The NHS vaccination schedule currently advises that the first MMR vaccine is administered at 12 months, with the second dose at 40 months18.  Most recent data from the UK Health Security Agency reports that just under 85% of children in England have received both doses of the MMR vaccination by the age of 5 years4. This is well below the 95% recommended by the World Health Organisation to achieve effective herd immunity4,5. 
The reason for this decline is likely to be multi-factorial and nuanced19-21. Whilst vaccine hesitancy remains a global public health concern, evidence suggests that confidence remains high in vaccination programmes in the UK19,22. The re-organisation of health services, inconsistent recall practices and the impact of the COVID-19 pandemic on the delivery of routine healthcare have all been described as contributing factors19-21. However, socioeconomic inequalities in childhood vaccine uptake are increasing and communities with high rates of socioeconomic deprivation, migrant populations and other minority groups continue to face barriers to accessing services and information20-21.
There is currently no licensed treatment for measles and management is primarily supportive. Post-exposure prophylaxis with intravenous immunoglobulin (IVIG) can reduce the incidence and/or severity of measles in susceptible immunosuppressed patients if administered within 72 hours of exposure, with some evidence of benefit if given within 6 days23-24. The World Health Organisation also recommend vitamin A supplements for all children and adults with measles due to evidence linking vitamin A deficiency with increased morbidity and mortality, and in the context of vitamin A deficiency being a significant public health problem in low income countries6. The current NHS England guidance recommends vitamin A in children meeting certain eligibility criteria only, including hospitalisation for 2 or more days, aged under 2 years, malnourished and diarrhoeal symptoms25.
The UKHSA released guidelines in February 2024 advising children on active treatment for cancer to undergo measles serology testing at the time of measles outbreaks26. Cross-sectional testing was intended to enable early identification of patients without humoral immunity to measles who may benefit from post-exposure prophylaxis with IVIG in the event of an exposure26,27. A national service evaluation was undertaken to review measles serostatus data in children with cancer at the time of diagnosis and following release of this guidance.
Methods
This was a multi-centre UK service evaluation of measles serology data for children on active treatment for cancer from January to March 2024 (Q1 2024). Paediatric oncology centres were invited to submit pseudo-anonymised data via the Children’s Cancer and Leukaemia Group (CCLG) network following the release of UKHSA guidance, with data submission window between March and May 2024. Data requested included basic demographic information and diagnostic information, MMR status (if known) and results of measles IgG serology testing at diagnosis and/or post UKHSA guidance in Q1 of 2024.
Laboratory testing
Measles IgG serology testing was performed as per local standard operating procedures at each participating centre. All participating centres send samples to UKAS accredited laboratories, however there was variation in qualitative commercial immunoassays used between sites. Results were presented as Measles IgG ‘Detected’, ‘Equivocal’ or ‘Not Detected’. ‘Equivocal’ results were considered to be non-immune in line with their clinical interpretation in this patient cohort in the event of an exposure.
Subgroup analysis 
Anonymised data from a total of 840 patients were received from 11 UK paediatric oncology centres (8 Principal Treatment Centres (PTCs) and 3 shared care units (POSCUs)). Four patients were excluded due to age over 18 years at the time of diagnosis. Of the 836 remaining patients, 141 patients had not had measles serology testing at either timepoint and therefore were excluded from further analysis as per process flowchart (figure 1). 
In view of varying measles serology testing practices between centres, results were analysed from the time of diagnosis and from the time of cross-sectional testing following release of UKHSA guidance in Q1 2024. Patients tested at both time points were analysed to assess change in measles serostatus from the time of diagnosis (figure 1). Data were analysed using descriptive statistics. 
Results
Demographic Data
A total of 695 eligible patients were included for analysis from 11 centres with a median age at diagnosis of 5.2 years (IQR 3.3-10.8 years). The most common diagnostic category was leukaemia (n=385, 55.4%) followed by non-CNS solid tumours (n=138, 19.9%), CNS tumours (n=104, 15.0%), lymphoma (n=40, 5.8%) and other (n=28, 4.0%). Further demographic data areis summarised in table 1.
MMR vaccination status was provided for 304 patients (43.7%). Of those with vaccination data available, 227 patients (74.7%)  had received 2 doses of the MMR vaccine, 54 patients (17.8%) had received 1 dose and 23 (7.6%) were unvaccinated. It was noted that 5/23 unvaccinated patients were below the age of 12 months and 31/54 patients who had received 1 dose were below the age of 40 months as per the NHS vaccination schedule.
Measles serostatus at diagnosis
Measles serostatus was tested at diagnosis in 545 patients with a median age of 5.1 years (IQR 3.3-10.6 years). MMR vaccination status was available for 206 patients; 152 (73.8%) had 2 doses, 38 (18.4%) had 1 dose and 16 (7.8%) were unvaccinated. 
Measles IgG antibodies were detected in 485 patients (89.0%) in age groups as per table 2. Of note, 6 patients who were reported to have received 2 doses of MMR vaccine did not have humoral immunity to measles at diagnosis: this consisted of 4 leukaemia patients, 1 lymphoma patient and 1 non-CNS solid tumour with ages between 11.0-16.8 years. There were 3 unimmunised patients who had detectable measles IgG antibodies at diagnosis: these were all babies (0.5-0.9 years) and likely reflected maternal antibodies.
Measles serostatus at cross-sectional timepoint
Measles serostatus was tested following the release of UKHSA guidance in Q1 2024 for for 289 patients with a median age of 5.0 years (IQR 3.2-10.8 years). This consisted of 150 patients tested for the first time and 139 patients who were being retested as per figure 1. Measles IgG antibodies were detected in 227 patients (78.5%) with breakdown by age and diagnostic categories as per table 3. 
Loss of humoral immunity
A total of 139 patients were tested for measles serostatus both at time of diagnosis and post UKHSA guidance in Q1 2024. The majority of patients in this cohort had a diagnosis of leukaemia (n=84, 60.4%) followed by non-CNS solid tumour (n=24, 17.3%), CNS tumour (n=18, 12.9%), lymphoma (n=8, 5.8%) and other (n=5, 3.6%). There were 4 patients who had previously received an allogeneic stem cell transplant and 7 patients who had received an autologous stem cell transplant. The time intervals between measles serology testing at diagnosis and retesting were highly variable, with a median of 408 days (IQR 207-789 days).
Of the 121 patients who had measles IgG detected at diagnosis, 23 (19.0%) had lost humoral immunity at the time of retesting. Most of the children who lost humoral immunity had an underlying diagnosis of leukaemia (n=16), however all patient groups were affected (figure 2). The median time interval between samples in the seropositive to seronegative cohort was 482 days (IQR 225-1040 days).
Among patients with haematological malignancy (leukaemia and lymphoma), 17 of 82 patients (20.7%) had lost pre-existing immunity to measles compared to 6 of 39 patients (15.4%) of patients in the solid, CNS and other diagnostic categories. Although the odds of losing immunity was higher in haematological malignancy groups, this was not statistically significant (OR=1.44, 95% CI 0.52-3.99). 
There were 3 patients who did not have measles IgG detected at diagnosis but did on subsequent retesting, consisting of 2 patients with leukaemia (1 post allogeneic stem cell transplant) and 1 patient with non-CNS solid tumour. Summary of changes to measles serostatus between testing at diagnosis and retesting are as per table 4 (web only table).
Discussion
The results of this service evaluation demonstrated that 19% of children on active treatment for cancer had lost humoral immunity to measles. Whilst this appears to be lower than the 25-71% reported in the literature, patients were tested at a cross-sectional timepoint in response to a national outbreak as opposed to at the end of treatment and therefore results are not directly comparable13-17.
Most children who lost humoral immunity to measles had an underlying diagnosis of leukaemia. This is consistent with several other studies in which children treated for acute lymphoblastic leukaemia (ALL) lost protective measles IgG antibodies significantly more frequently than those treated for other cancer types, with children below the age of 5 and those on higher intensity chemotherapy regimens at higher risk12,13,16,28. However whilst our results suggest patients with haematological malignancy are more likely to lose pre-existing immunity than those with solid, CNS or other tumour types, this did not reach statistical significance (OR=1.44, 95% CI 0.52-3.99).
It is also important to note that all diagnostic groups had at least 1 patient who were measles seronegative on retesting. The loss of protective measles IgG antibodies has been described in children with a wide range of non-haematological malignancies and reliably identifying patients who may become susceptible during their cancer treatment remains a challenge13-15. This supports the approach of routine serology testing during times of outbreak in order to identify patients who may require IVIG if exposed. 
Baseline humoral immunity to measles in children newly diagnosed with cancer appears to be broadly in line with levels expected in the UK based on vaccine coverage data (89.0%, n=545)3,4. Whilst MMR vaccination data may act as a reasonable proxy to baseline serostatus in view of >95% efficacy after 2 doses, there were 6 patients within our data who were reported to have received both doses of the MMR vaccine yet did not have any detectable measles antibodies at the time of diagnosis. There is some evidence that long-term waning of vaccine induced immunity can occur resulting in breakthrough infections, with children over 15 years at highest risk29. 
Strengths and limitations
This service evaluation highlighted the variability in measles serology testing practices across participating centres. Whilst the initial dataset was large, only a small subset of patients (n=139) had been tested at both diagnosis and the cross-sectional timepoint as per figure 1. This limited the power of longitudinal analyses. It was also not possible to explore geographical differences in measles serology due to substantial variation in regional sample sizes. This, alongside the lack of available data regarding ethnicity or socioeconomic status, is a potential limiting factor due to known disparities in vaccine uptake between different communities4.21. All patients were based in the UK therefore seroprevalence results may not be reflective of other populations internationally.
Measles serology testing was performed as per standard local laboratory pathways of participating centres. It is acknowledged that there are several different immunoassays for measles-specific IgG in use across the UK, therefore sensitivity and specificity between tests used at different laboratories may vary. A recent study of five widely used commercial measles IgG testing platforms reported discordant results in up to 11% of samples when comparing most and least sensitive tests30. Whilst the specificity of most qualitative immunoassays is high, variable sensitivity may result in underreporting of measles seroprevalence30-32. 
Further limitations included lack of data regarding specific diagnoses and treatment protocols, which was beyond the scope of this review. We were therefore unable to differentiate between children who were receiving chemotherapy and those on other forms of active treatment, such as immunotherapy, radiotherapy and targeted therapies. Using cross-sectional data also resulted in patients being tested at different stages of their treatment, including a retest shortly after their measles serology test in a small number of cases. However, our data provides a useful ‘real-world’ overview of the measles serostatus of a vulnerable patient cohort during a national outbreak. 
Whilst overall our results support measles serology testing in paediatric oncology patients at the time of an outbreak, it is important to consider potential logistical and laboratory barriers to this approach. Not all NHS trusts perform in-house measles serology testing and therefore samples may be sent to other laboratories. This could result in delays to results despite high-risk patients who are susceptible to measles requiring IVIG within 72 hours of exposure for optimal efficacy12,27. 
Furthermore, as a plasma-derived product, IVIG is a finite resource and comes with the inherent associated risks, such as transfusion reactions12,27. A balanced approach that prioritises IVIG PEP for highest risk patients, whilst also minimising risk of unnecessary treatment in patients who are likely to have maintained protective antibody titres, is therefore required. The most recent UKHSA national measles guidance addresses this by stratifying immunosuppressed patients into 2 main groups (A+B) depending on likelihood of maintaining adequate antibody from previous vaccination or infection, with attached guidance on when to proceed with post-exposure IVIG in the absence of a result (Table)27.
In addition to serology testing, encouraging vaccination of family members and raising pubic awareness to facilitate early identification of cases remains essential in protecting this vulnerable patient cohort21,25-27. Timely testing and notification of suspected measles to the UKHSA health protection teams enables expedient contact tracing in the community and healthcare settings27. Families and professionals caring for a child with cancer also require clear information regarding escalation pathways in the event of a measles contact, which should be reiterated in times of national outbreak. Prioritising re-vaccination of susceptible patients who have completed treatment in line with national guidelines is also important in mitigating long-term risk. 
Conclusion
Children with cancer can lose pre-existing humoral immunity to measles during their treatment. Whilst results demonstrate this is most common in children with leukaemia this service evaluation highlights that patients within all diagnostic groups may be affected. Given the increased risk of severe complications of measles in this patient cohort, retesting serology at the time of an outbreak can facilitate the early identification of susceptible individuals who may require post-exposure IVIG prophylaxis. Further research into accelerated re-vaccination strategies for children who have completed treatment for childhood cancer should be considered in the context of rising measles cases nationally.

What is already known on this topic –  
· Measles cases in the UK rapidly increased in 2023-2024 culminating in the declaration of a UKHSA national incident 
· Children with cancer are at increased risk of severe and prolonged measles infection, including life-threatening complications such as pneumonitis, encephalitis and liver failure 
· Children with pre-existing humoral immunity to measles can lose this during cancer treatment, with those aged <5 years and an underlying haematological malignancy diagnosis at highest risk 
 
What this study adds -
· Measles serology testing practices are highly variable between UK centres 
· Baseline humoral immunity to measles in children with cancer at time of diagnosis is consistent with the wider UK population (89.0%, n=545) 
· Cross-sectional data at the time of national measles outbreak shows seroprevalence in paediatric oncology patients overall to be lower (78.5%, n=289)  
 
How this study might affect research, practice or policy -
· Children with cancer can lose humoral immunity to measles during treatment and this can occur in patients from all diagnostic groups. Retesting serostatus at the time of national outbreaks as per recent UKHSA guidance can identify susceptible children who may require post-exposure intravenous immunoglobulin if in contact with measles. 
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Figure 1: Flowchart demonstrating process of subgroup analysis




Table 1: Demographics of patients by diagnostic category, age group, MMR vaccination status and transplant status. All values are count (% of diagnostic category total)
	
	Diagnostic Category


	
	Leukaemia (n=385)
	Lymphoma (n=40)
	Non-CNS Solid Tumour (n=138)
	CNS Tumour (n=104)
	Other (n=28)
	Total (n=695)

	Age Group

	
	
	
	
	
	

	<1 year
	14   (3.6%)
	0 (0.0%)
	9 (6.5%)
	7 (6.7%)
	2 (7.1%)
	32 (4.6%)

	1–<4 years
	134 (34.8%)
	1 (2.5%)
	41 (29.7%)
	29 (27.9%)
	13 (46.4%)
	218 (31.4%)

	4–<8 years
	115 (29.9%)
	7 (17.5%)
	33 (23.9%)
	38 (36.5%)
	6 (21.4%)
	199 (28.6%)

	8–<12 years
	55   (14.3%)
	9 (22.5%)
	25 (18.1%)
	14 (13.5%)
	2 (7.1%)
	105 (15.1%)

	≥12 years
	67   (17.4%)
	23 (57.5%)
	30 (21.7%)
	16 (15.4%)
	5 (17.9%)
	141 (20.3%)

	MMR Vaccination Status
	
	
	
	
	
	

	Unvaccinated
	12   (3.1%)
	0 (0%)
	3 (2.2%)
	6 (5.8%)
	2 (7.1%)
	23 (3.3%)

	1 Dose
	28   (7.3%)
	0 (0%)
	16 (11.6%)
	7 (6.7%)
	3 (10.7%)
	54 (7.8%)

	2 Doses
	121 (31.4%)
	21 (52.5%)
	45 (32.6%)
	35 (33.7%)
	5 (17.9%)
	227 (32.7%)

	Unknown
	224 (58.2%)
	19 (47.5%)
	74 (53.6%)
	56 (53.8%)
	18 (64.3%)
	391 (56.3%)

	Transplant Status
	
	
	
	
	
	

	Allogeneic
	18  (4.7%)
	2 (5.0%)
	0 (0%)
	0 (0%)
	6 (21.4%)
	26 (3.7%)

	Autologous
	0    (0.0%)
	1 (2.5%)
	27 (19.6%)
	6 (5.8%)
	0 (0%)
	34 (4.9%)

	None
	358 (93.0%)
	37 (92.5%)
	110 (79.7%)
	96 (92.3%)
	21 (75.0%)
	622 (89.5%)

	Unknown
	9     (2.3%)
	0 (0.0%)
	1 (0.7%)
	2 (1.9%)
	1 (3.6%)
	13 (1.9%)




Table 2: Measles serostatus of children tested at the time of cancer diagnosis summarised by age group. Representative of ‘green’ cohort of patients as per flowchart in figure 1. 
	Age Group 
	Measles IgG Antibody Result (n=545) 

	  
	Detected 
	Not Detected 
	Equivocal 

	<1 years 
	9 
	16 
	0 

	1<4 years 
	154 
	13 
	1 

	4 <8 years 
	157 
	9 
	0 

	8 <12 years 
	74 
	4 
	0 

	>=12 years 
	91 
	14 
	3 

	Total 
	485 (89.0%) 
	56 (10.3%) 
	4 (0.7%) 

	
	
	
	

	
	
	
	




Table 3: Measles serostatus of children on active treatment for cancer tested after release of UKHSA guidance in Q1 2024. Representative of ‘blue’ cohort as per figure 1. 
	Diagnosis 
	Measles IgG Antibody Result (n=289) 
	Total 

	  
	Detected 
	Not Detected 
	Equivocal 
	  

	  
	  
	  
	  
	  

	Leukaemia 
	120 
	25 
	6 
	151 

	Lymphoma 
	15 
	1 
	0 
	16 

	Non-CNS Solid 
	40 
	12 
	1 
	53 

	CNS Tumour 
	46 
	12 
	0 
	58 

	Other 
	6 
	4 
	1 
	11 

	Total 
	227 (78.5%) 
	54 (18.7%) 
	8 (2.8%) 
	289 

	  
	  
	  
	  
	  

	Age Group 
	Detected 
	Not Detected 
	Equivocal 
	  

	<1 year 
	5 
	9 
	0 
	14 

	1 <4 years 
	77 
	17 
	3 
	97 

	4 <8 years 
	62 
	12 
	1 
	75 

	8 <12 years  
	30 
	10 
	3 
	43 

	>= 12 years 
	53 
	6 
	1 
	60 

	Total 
	227 (78.5%) 
	54 (18.7%) 
	8 (2.8%) 
	289 


 



















  
Figure 2: Graph to show measles serostatus in children with humoral immunity at the time of diagnosis (1st test) in comparison with results of re-test post UKHSA guidance Q1 2024 (2nd Test).  N=121
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