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Introduction
The incidence of 22q11 microdeletion is likely 
under-recognised; however, it has been estimated 
to occur in 1 in 4000 live births.1,2 The majority of 
patients with 22q11 microdeletion have mild-to-
moderate immunodeficiency or immune dysregu-
lation.3,4 This consists of both humoral and 
cellular compartments.3 Disturbances of pharyn-
geal arch development associated with 22q11 

microdeletion can result in altered thymic devel-
opment, ranging from absent to normal size.2,4 A 
broad range of T cell deficiency can be seen, with 
a minority of patients exhibiting severe T cell 
immunodeficiency associated with complete athy-
mia.2,5 However, T cell lymphopaenia can be 
unrelated to thymic size.3 Humoral immunity is 
also often dysfunctional and likely related to 
altered T cell numbers and regulatory function.3
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Abstract
Background: The condition known as 22q11 microdeletion syndrome has a broad phenotypic 
spectrum, with many affected individuals experiencing mild-to-moderate immunodeficiency. 
Currently, there are significant variations in live vaccine practices and immunological testing 
prior to live vaccine administration due to safety concerns and limited established guidelines.
Methods: Queensland Children’s Hospital (QCH) Child Development Unit, offers a state-
wide 22q11 microdeletion clinic. This is a retrospective single-centre review, capturing the 
majority of children with 22q11 microdeletion in Queensland, Australia. We describe the live 
vaccination status of 134 children, age 0 to 18 years under our care between 2000 and 2018, 
adverse events following immunisation (AEFI) and the proportion of children who received 
additional pneumococcal coverage. An immunological investigation pathway prior to live 
vaccine administration is proposed.
Results: Of the 134 children, 124 were eligible for live vaccinations as per the Australian 
National Immunisation Program: 82% had received dose one of measles, mumps and 
rubella (MMR) vaccine, 77% had completed MMR dose two and 66% had completed varicella 
immunisation. There were no AEFI notifications reported. Of the total sample of children, 
18% received a fourth dose of conjugate pneumococcal vaccine (Prevenar 7 or 13) and 16% 
received a dose of Pneumovax 23 from 4 years of age. Immunology workup practices were 
demonstrated to vary widely prior to live vaccine administration. Most patients’ immune 
profiles were consistent with mild-to-moderate immunodeficiency.
Conclusion: We propose an immunological investigation and vaccination pathway with 
the aim of providing guidance and consistency to clinicians caring for children with 22q11 
microdeletion.
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The consequences of immune abnormalities in 
combination with underlying anatomical dys-
function (i.e. eustachian tubes and velopharyn-
geal insufficiency) are an increased susceptibility 
to prolonged and recurrent viral infections, super-
imposed bacterial infections, sinopulmonary 
infections and vaccine preventable infections.2,4,6,7 
As a result, immunisation is an important preven-
tative disease measure in this cohort of patients.

Currently, there are limited studies that have 
evaluated the safety of live vaccine administration 
in this cohort of patients. To date, clinical prac-
tice has been guided by the few studies that have 
assessed this as well as extrapolating data from 
studies performed in human immunodeficiency 
virus (HIV)-infected individuals.8 As a result, 
there are currently significant variations in live 
vaccine practices in this patient cohort as well as 
the immune workup received prior to live vaccine 
administration.

Studies evaluating live vaccine administration in 
patients with 22q11 microdeletion have demon-
strated that live vaccinations can be safely admin-
istered despite evidence of mild and moderate 
immunodeficiency.6,7,9–14 Sobh et al. and the 
Infectious Diseases Society of America (IDSA) 
guideline recommends that live vaccines can be 
safely administered in patients with 22q11 micro-
deletion if the total T cell (CD3) count is more 
than 0.5 × 109/l, helper T cell (CD4) is more than 
0. 5 × 109/l, cytotoxic T cell (CD8) count is more 
than 0.2 × 109/l and a normal mitogen response 
has been demonstrated.8,15 Recent thymic emi-
grant cells (RTE) represent naïve T cells and are 
evidence of thymic output. Measurement of T 
cell numbers (CD3 count) may overestimate 
autologous T cell number and function in the 
presence of oligoclonal or maternally engrafted T 
cells. Unless T cell Receptor Excision Circles 
(TRECs) or RTE are measured, some patients 
with cellular immunodeficiency may be missed.

Despite evidence of mild or moderate immune 
dysfunction, there appears not to be an increased 
risk of adverse events following live immunisa-
tions (AEFI), such as vaccine-related disease, in 
patients with mild-to-moderate immunodefi-
ciency.6,10,12 Immunogenicity has also been dem-
onstrated in patients with 22q11 microdeletion 
with mild-to-moderate immunodeficiency with 
no significant differences in seroconversion to 

tetanus, diphtheria, measles, mumps and rubella 
vaccine.9–11 Of note, cutaneous granulomas are 
increasingly noted in multiple different primary 
immune deficiencies (PID) diagnoses including 
22q11 microdeletion.16 Vaccine strain rubella has 
been reported in cutaneous granulomatous 
lesions of many of these patients,17 and while not 
explicitly demonstrated in patients with 22q11 
microdeletion, this will require ongoing monitor-
ing and consideration.

The Child Development Unit at the Queensland 
Children’s Hospital (QCH) cares for the majority 
of children with 22q11 microdeletion in 
Queensland and also provides state-wide special-
ist advice for patients with 22q11 microdeletion. 
This study describes the immunisation profiles 
including: current vaccination patterns, immu-
nology workup proceeding live vaccine adminis-
tration, AEFI and the proportion of children who 
received additional pneumococcal immunisation. 
From this information, we propose an immuno-
logical investigation pathway prior to live vaccine 
administration for this cohort of patients to aid 
clinicians caring for children with 22q11 micro-
deletion in the community and also in hospital.

Methods
Retrospective review involving all children with 
22q11 microdeletion under the care of the Child 
Development Unit at QCH between 2000 and 
2018 (n = 134). Individuals were included if 
they had a chromosome 22q11.2 microdeletion 
detected on fluorescence in situ hybridisation 
(FISH) and/or microarray.

Case records were reviewed for laboratory studies 
of immune function (lymphocyte subsets, lym-
phocyte proliferation responses to mitogens, RTE 
count, tetanus and diphtheria serology), immuni-
sation history and AEFI notifications. Laboratory 
studies of immune function prior or proximate to 
timing of live vaccine administration were 
obtained from Pathology Queensland, a central-
ised pathology laboratory for all public hospitals 
in Queensland. In Queensland, AEFI reporting is 
centralised with all notifications recorded in the 
Notifiable and Other Conditions (NOCS) data-
base. An AEFI notification was checked for all 
eligible patients. Immunisation history including 
live vaccines and additional doses of pneumococ-
cal vaccine were extracted from the Australian 
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Immunisation Register (AIR), a national register 
that records vaccinations given to people of all 
ages in Australia. Children were immunised either 
in the community or in hospital.

The primary outcome measure was live vaccina-
tion coverage and timeliness by 12 and 
18 months of age as per the Australian National 
Immunisation Program (NIP) recommenda-
tions. Live vaccines recommended on the NIP 
include measles, mumps and rubella (MMR) 
and varicella containing vaccines (MMRV or 
monovalent varicella). A delay was defined as 
live vaccine administration more than or equal 
to 6 months following the recommended time-
frame as per the Australian NIP.

A pathway for immunological investigation and 
vaccination was developed as part of this study 
(see Figure 2). Additional pneumococcal immu-
nisation coverage was re-assessed following 
implementation of a Children Health Queensland 
Medical at Risk Immunisation Guideline.

The need for ethical approval and written 
informed consent was waived by the Children’s 
Health Queensland Hospital and Health Service 
Human Research Ethics Committee on 10 May 
2018.

Results

Immunology profile
Of the 134 children with 22q11 microdeletion, 
121 (90%) children had lymphocyte subsets 
tested (Figure 1). No children had a CD3 count 
of less than 0.05 × 109/l, in keeping with severe T 
cell immunodeficiency; 14 (12%) had a CD4 
count of less than 0.5 × 109/l. In those with a 
CD4 count of less than 0.5 × 109/l, 7 (50%) had 
lymphocyte proliferation responses to mitogens 
performed, of which 2 had an abnormal response, 
with one persistently abnormal response on repeat 
testing. There was one patient with CD4 count of 
less than 0.5 × 109/l who had an abnormal RTE 
population (CD45RA+) of less than 30%.

Figure 1. Immunology profile in children with 22q11 microdeletion known to QCH.
Abnormal RTE (CD45RA+)  <30% total T cell population.
PHA, proliferation responses to mitogens; QCH, Queensland Children’s Hospital; RTE, recent thymic emigrant.
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Figure 2. Children Health Queensland 22q11 microdeletion immune investigation and immunisation guideline. An immunological 
investigation and vaccination pathway for children with 22q11 microdeletion.
PHA, lymphocyte proliferation responses to mitogen.

A total of 49 (40%) children had a CD4 count 
between 0.5 and 1 × 109/l, of which 11 (22%) had 
normal lymphocyte proliferation responses to 
mitogens and 3 (6%) demonstrating a normal 
RTE count. No children with CD4 count between 
0.5 and 1 × 109/l had an abnormal proliferation 
response to mitogens or an abnormal RTE count. 

Of those with CD4 count of 0.5 to 1 × 109/l, 35 
(71%) did not receive further investigation.

Almost half (48%) had a CD4 count more than 
1 × 109/l, of which 11 (19%) had further evalua-
tion with lymphocyte proliferation responses to 
mitogens. Two children (with CD4 count more 
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than 1 × 109/l) had suboptimal results however 
both responses were normal on final testing. The 
remaining children (n = 45) with a CD4 count of 
more than 1 × 109/l did not go on to receive fur-
ther testing.

Live vaccination coverage and timeliness
The majority of the children had received their 
live vaccines [102/124 (82%) MMR dose 1 versus 
96/124 (77%) MMR dose 2 versus 82/124 (66%) 
varicella] on time (87% MMR dose 1 versus 76% 
MMR dose 2 versus 83% varicella) as depicted in 
Table 1. Due to changes in Australian govern-
ment legislative criteria, a medical exemption for 
immunisation is indicated in children who are 
immunocompromised and unable to receive live 
vaccines. Of the children who had not completed 
MMR dose 1 and 2, 11 (9%) and 13 (10%), 
respectively, had a medical exemption in place. 
This was similarly seen in the varicella group, 
whereby 13 (10%) also had a medical exemption 
completed. The rationale for medical exemption 
for majority of patients was not apparent, with 
only 2 appropriately exempted.

Only 26/102 (25%) had T cell subsets tested prior 
to MMR dose 1, 28/96 (29%) prior to MMR dose 
2 and 27/82 (33%) prior to varicella vaccine. Of 
these patients, two (7%) had a CD4 count of less 
than 0.5 × 109/l and a CD8 count less than 
0.3 × 109/l and received MMR dose 1 and 2 and 
varicella vaccine. For the majority tetanus and 
diphtheria serology were not tested prior to pro-
ceeding to live vaccinations: 16 (16%) completed 
serology testing prior to MMR dose 1, 18 (19%) 
prior to MMR dose 2 and 9 (11%) prior to vari-
cella vaccine. Similarly, minority had either 

lymphocyte proliferation responses to mitogens or 
RTE evaluation prior to live vaccination, with 15 
(15%) completing function testing prior to MMR 
dose 1, 14 (14%) prior to MMR dose 2 and 11 
(13%) prior to varicella vaccination. Variation in 
immunological workup prior to live vaccine 
administration could also be related to late diag-
nosis with approximately 25% of children present-
ing to our clinic following a late diagnosis.

Adverse events following immunisation
All children with 22q11 microdeletion received 
their live vaccinations without subsequent adverse 
reactions. There were no AEFI notifications 
reported on the NOCS database.

In the two children with CD4 count less than 
0.5 × 109/l and CD8 count less than 0.3 × 109/l 
who received MMR (dose 1 and 2) and varicella, 
no adverse reaction was recorded in NOCs or 
medical records. Likewise, in the seven who did 
not demonstrate immunity to tetanus and or 
diphtheria, all received MMR (dose 1 and 2) 
and varicella vaccination without adverse effect. 
In the one patient with an abnormal mitogen 
response who received MMR (dose 1 and 2) and 
varicella, no adverse reaction was recorded.

Additional pneumococcal coverage
Of the 125 eligible children, 22 (18%) received 
additional conjugate pneumococcal vaccination 
(Prevenar 7 or 13); 9 (41%) did not go on to 
receive their additional dose of polysaccharide 
pneumococcal vaccine (Pneumovax 23). Of the 
103 eligible for Pneumovax 23, only 16 (16%) 
received it from 4 years of age.

Table 1. Live vaccination coverage and timeliness in children with 22q11 microdeletion (n = 124) known to the 
QCH.

MMR dose 1 MMR dose 2 Varicella vaccine

Complete 102 (82.3%) 96 (77.4%) 82 (66.1%)

Not complete 11 (8.9%) 15 (12.1%) 29 (23.4%)

Medical exemption 11 (8.9%) 13 (10.5%) 13 (10.5%)

On time 87% 76% 83%

Delayed 13% 24% 17%

MMR, measles mumps rubella; QCH, Queensland Children’s Hospital.
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Following revision and implementation of 
Medical At Risk Immunisation Guideline in 
August 2018, 55 (40% of the 138 children eligi-
ble) received their additional doses of conjugate 
pneumococcal vaccine (Prevenar 13). Of these, 
18 (33%) did not go on to receive their additional 
dose of Pneumovax 23. Of the 110 children eligi-
ble for pneumovax 23, 34 (31%) completed their 
Pneumovax 23 dose from 4 years of age.

Discussion
The live vaccination rates of children with 22q11 
microdeletion have been shown to be varied in 
the literature, with previous reports reporting 
suboptimal coverage.6,7 It is reassuring to report 
that most children were up to date with their live 
vaccines without significant delay. Most child-
rens’ immune profile was consistent with mild-to-
moderate T cell lymphopenia. Despite this, there 
were no AEFI notifications in this cohort follow-
ing live vaccinations. This is supportive of previ-
ous publications that patients with 22q11 
microdeletion and measurable autologous T cells 
are not at an increased risk of having an adverse 
reaction to live immunization.7,10–13

Coverage of additional pneumococcal vaccination 
was low in this cohort. 22q11 microdeletion with-
out cardiac disease is not currently listed as a high-
risk medical condition for invasive pneumococcal 
disease in the Australian Immunisation Handbook. 
However, it is known that majority of patients 
with 22q11 microdeletion have mild-to-moderate 
immune deficiency, an increased susceptibility to 
sinopulmonary infections and underlying anatom-
ical dysfunction.2,4,6,7 As a result, we recommend 
additional pneumococcal vaccination in all chil-
dren with 22q11 microdeletion.

Immunology workup practices were demon-
strated to vary widely prior to live vaccine admin-
istration. Current IDSA recommendations for 
vaccination in the immunocompromised host 
recommend live vaccines can be safely adminis-
tered in patients with 22q11 microdeletion if the 
total T cell (CD3) count is more than 0.5 × 109/l, 
cytotoxic T cell (CD8) count is more than 
0.2 × 109/l, and a normal mitogen response is 
demonstrated. Those not fulfilling this criteria are 
recommended to avoid all live vaccines.15 We 
developed a pathway for immunological investi-
gation and vaccination with the aim of providing 

further guidance and consistency to clinicians 
caring for children with 22q11 microdeletion 
both in the community and hospital system  
to minimise the significant variation in practice 
as demonstrated by our study. The guideline 
also incorporates vaccination recommendations 
including additional doses of pneumococcal and 
annual influenza vaccine (Figure 2). These rec-
ommendations are based on expert opinion and 
on the available literature.3,8,13,15,18,19

The observational nature of this study poses sev-
eral limitations. This is a cohort of patients with 
complex healthcare needs with multiple health-
care providers that contribute to the significant 
variations in immunological investigations and 
vaccination practices noted in our results. 
Underreporting of AEFI to the NOCS database 
may have also impacted on the rates of AEFI seen 
in this cohort. Central pathology Queensland 
provides a state-wide laboratory service; however, 
private pathology providers were not contacted 
for the included patients and may have contrib-
uted to the variation seen in immunology workup 
practices due to underreporting.

Given the high risk of natural infection, it is likely 
the benefits of immunisations with MMR and 
varicella vaccine outweigh risks associated with 
vaccination in patients with mild to moderate 
immune deficiency.6,7 This is also supported by 
the low rates of AEFI in this patient cohort. As a 
result, live vaccines can be considered in children 
with 22q11 microdeletion despite evidence of 
mild-to-moderate immunosuppression.

Conclusion
Our study aims to provide consistency in immunol-
ogy workup practices and vaccination of children 
with 22q11 microdeletion to minimise the signifi-
cant variations in practice as demonstrated by our 
study. It also supports the published findings to 
date that live vaccination can be safely adminis-
tered in patients with 22q11 microdeletion despite 
evidence of mild to moderate immunosuppres-
sion.6,9–12 Further studies are required to support 
guidelines for immunology investigation and guid-
ance for live vaccinations in this cohort of patients.6
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