Respiratory outcomes at five-year follow-up in children with MBL
deficiency: a cohort study

Manisha Ramphul', Anna Poghosyan!, Javairiya Afzaal', Elizabeth Mcdermott!, Lucy
Cliffe!, and JAYESH MAHENDRA BHATT!

'Nottingham University Hospitals NHS Trust

May 24, 2021

Abstract

Introduction Mannose-binding lectin (MBL) serum protein, is an important molecule of the innate immune system that is
involved in antimicrobial recognition and clearing responses. There is no conclusive evidence that MBL deficiency is associated
with adverse respiratory consequences. Aim We explored whether there is a difference in clinical, radiological and microbio-
logical characteristics in children with MBL deficiency presenting with troublesome respiratory symptoms (frequent, recurrent,
persistent or very severe), as compared to those who are MBL-sufficient. Methods We performed a retrospective study looking
at MBL measurements in children over a period of 10 years in a large teaching hospital, with a minimum follow-up period of 5
years from the time of the MBL measurement to the year 2019. Results 32% of children with MBL deficiency and 30% of those
with MBL sufficiency had positive microbiology. 23% of children with MBL deficiency and 24% of those with MBL sufficiency
had radiological changes on plain radiographs. 28% of children with MBL deficiency and 33% of those with MBL sufficiency had
suboptimal vaccine responses to primary immunisations. 67% of the MBL-deficient children had suboptimal vaccine responses
to booster immunisations, compared to 40% of the MBL-sufficient group. Conclusion We conclude that there is no difference
at five year follow-up in clinical, radiological and microbiological characteristics between children who are MBL-deficient as
compared to those who have sufficient levels. These results add to the existing body of literature that shows no statistically

significant association between MBL deficiency and susceptibility to recurrent respiratory tract infection in children.
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Abstract
Introduction

Mannose-binding lectin (MBL) serum protein, is an important molecule of the innate immune system that
is involved in antimicrobial recognition and clearing responses. There is no conclusive evidence that MBL
deficiency is associated with adverse respiratory consequences.

Aim
We explored whether there is a difference in clinical, radiological and microbiological characteristics in chil-

dren with MBL deficiency presenting with troublesome respiratory symptoms (frequent, recurrent, persistent
or very severe), as compared to those who are MBL-sufficient.

Methods

We performed a retrospective study looking at MBL measurements in children over a period of 10 years in a
large teaching hospital, with a minimum follow-up period of 5 years from the time of the MBL measurement
to the year 2019.

Results

32% of children with MBL deficiency and 30% of those with MBL sufficiency had positive microbiology. 23%
of children with MBL deficiency and 24% of those with MBL sufficiency had radiological changes on plain
radiographs. 28% of children with MBL deficiency and 33% of those with MBL sufficiency had suboptimal
vaccine responses to primary immunisations. 67% of the MBL-deficient children had suboptimal vaccine
responses to booster immunisations, compared to 40% of the MBL-sufficient group.

Conclusion

We conclude that there is no difference at five year follow-up in clinical, radiological and microbiological
characteristics between children who are MBL-deficient as compared to those who have sufficient levels.
These results add to the existing body of literature that shows no statistically significant association between
MBL deficiency and susceptibility to recurrent respiratory tract infection in children.

Main body
Introduction

The innate immune system orchestrates immediate defence against infections. The complement system is a
part of the innate immune system and is organised into three distinct enzymatic cascade pathways, namely
the classical, alternative and lectin pathways. The lectin pathway is focused on the recognition of repetitive
carbohydrate patterns found on the surface of microbial pathogens'. The immune response is activated when
pathogen associated molecular patterns (PAMPs), displayed on the pathogen surfaces are recognized by cell-
associated receptors (pathogen recognising receptors, PRPs) or soluble pathogens recognising molecules
(PRMs) such as collectins?.

One of the collectins, mannose-binding lectin (MBL), is a liver-produced acute-phase protein and an im-
portant first-line defence molecule largely involved in antimicrobial recognition and clearing responses®. It
activates lectin pathway of complement activation, namely cleaving factor C4 through MBL-associated serine
proteases (MASPs) 4.



MBL deficiency leads to a primary opsonisation defect; MBL deficiency has hence been associated with severe
respiratory infection, due to an impaired host response to infective agents ®>. MBL deficiency predisposes to
infection caused by extra-cellular pathogens and activation of autoimmune processes playing crucial role in
communicable, inflammatory and autoimmune diseases.

MBL deficiency is common, with more than 10% of the general population being MBL-deficient’. The
European Society for Immunodeficiencies guideline® lists MBL deficiency under complement deficiencies and
states that data regarding clinical impact of MBL deficiency are contradictory and possible effects include
susceptibility to bacterial infections and to autoimmunity. So controversy exists as to when MBL deficiency
leads to disease. It has been reported that low MBL levels in children lead to decreased opsonising activity,
hence predisposing children to infection”.

The levels of MBL vary in the population, with a level of less than 0.6mg/L defined as MBL deficiency®. At
birth, the level is 2/3 of adult level, which increases to the adult level at one month of life, after which the
level of MBL within each individual is relatively static and there is a small decrease in later life”.

The gene encoding MBL, MBL2 |, is located on chromosome 10q11.2-q21, consisting of four exons!?. MBL-2
gene polymorphism is very common; variability is greatly influenced by a type of mutation altering comple-

ment activation mechanism involved in the opsonisation process making bacterial clearance less effective!!.

Investigation of MBL deficiency can be performed by the quantification of serum MBL, or by genotyping
for the MBL status®. A dilemma with the interpretation of genotyping is that individuals with identical
genotypes may differ by 10-fold in MBL levels'?.

MBL enhances the respiratory mucosal and bloodstream defenses by binding to respiratory pathogens and

promoting C4 activation. Its deficiency may predispose to respiratory tract infections'2.

In children with additional risk factors, for example in those with other immuno-deficiencies, the co-existing
MBL deficiency increases their propensity to severe infections”.

MBL deficiency has also been associated with more severe lung disease in cystic fibrosis (CF)'3, and also
in bronchiectasis not related to CF in adults'®; in children with the bronchiectasis not related to CF, there
were no significant differences in growth, annual pulmonary exacerbation rates in the last year, pulmonary
function tests, radiologic scores, and microbiologic findings between low, intermediate, and high-expressing
MBL genotypes'®.

However in a recent study, MBL levels had no association with infection status at admission, or with
progression from systemic inflammatory response syndrome to sepsis or septic shock in children admitted
with severe or life-threatening illness'6. It has also been shown that MBL deficiency is not associated with
a susceptibility to influenza-related critical illness in children'?.

To date, there is no conclusive evidence that MBL deficiency is associated with adverse respiratory conse-
quences at follow-up.

Methods

We performed a retrospective cohort study looking at the quantification of serum MBL in children over a
period of 10 years from 2004 to 2014 at the Nottingham’s Children Hospital. This enabled us to define a
follow-up period of 5 years or more from the time of the MBL measurement to the year 2019.

Our study was exempt from Institutional Review Board approval, as the MBL serum samples were previously
taken for clinical care, and we used the information retrospectively; the subjects cannot readily be identified
and we did not need to re-contact and or re-identify the patients.

The inclusion criteria were as follows:
Age less than 18 years

Troublesome respiratory symptoms such as



frequent or persistent respiratory symptoms such as a chronic wet cough lasting more than 4 weeks
recurrent lower respiratory tract infections ([?]4 infections in a year)

severe respiratory tract infections requiring admission to intensive care or to the high dependency unit.
The MBL level was checked as part of baseline immunology testing to exclude a primary immune deficiency.

MBL deficiency was defined as a serum level <0.6mg/L. The difference in clinical, radiological and microbi-
ological characteristics in patients with MBL deficiency in children presenting with troublesome respiratory
symptoms (frequent, recurrent, persistent or very severe) was compared to those with MBL-sufficient levels.

We defined a suboptimal response to primary vaccinations based on antibody titres, which were below the
laboratory quoted ranges for Haemophilus influenzae B and tetanus. For Prevenar, the response was deemed
as suboptimal response when fewer than 8 serotypes were at the desired level.

Statistical analysis

The data was analysed on GraphPad Prism 9. We tested for normality, and non-normally distributed data
were expressed as median and interquartile ranges. The Chi-squared test was used to compare the follow-
up parameters of MBL-deficient and MBL-sufficient children. The Odds Ratio (OR), the 95% confidence
intervals (CI) and p-values were calculated. A p-value <0.05 was considered as statistically significant.

Results

206 patients undergoing MBL testing were included in the study, out of whom 43 (21%) were MBL-deficient.
The baseline characteristics of the study population are shown below in Table 1.

Table 1: Baseline characteristics of study population

The clinical, radiological and microbiological characteristics of the MBL-deficient and MBL-sufficient children
are summarised in the Table 2. There were no clinical or statistical differences between the two groups.

Table 2: Clinical, radiological and microbiological parameters over follow-up period
The various follow-up parameters are depicted in Figure 1.
Figure 1: Bar chart showing follow-up features of MBL-deficient and MBL-sufficient children

The percentage of children requiring admission to PICU was small and similar in two groups. 28% of children
with MBL deficiency and 33% of those with MBL sufficiency had suboptimal vaccine responses to primary
immunisations.

32% of children with MBL deficiency and 30% of those with MBL sufficiency had positive microbiology
(respiratory viruses, bacteria or both).

23% of children with MBL deficiency and 24% of those with MBL sufficiency had radiological changes on
plain radiographs. We performed a subgroup analysis to look at presence of bronchiectasis in children
undergoing a CT chest. Five MBL-deficient children and 10 MBL-sufficient children underwent a CT scan
and the proportion of bronchiectasis was similar in both groups, as shown in Figure 2.

Figure 2: Chart showing risk of bronchiectasis in the two groups
Subgroup analysis- booster immunisations

Our data did not show in a difference in adequacy of response to primary immunisations in the MBL-deficient
cohort, compared to the MBL-sufficient cohort. Further subgroup analysis noted that children with MBL
deficiency were clinically less likely to respond well to booster immunisations (67% of the MBL-deficient
children compared to 40% of MBL-sufficient children), as shown in Figure 3. However, the difference was
not statistically significant (p-value 0.08) due to small numbers.



Figure 8: Adequacy of response to booster immunisations in MBL-deficient and MBL-sufficient children
Discussion

Different studies have explored the relationship between MBL levels and increased susceptibility to respi-
ratory infections both in children and adults, with different conclusions'®'”. Even if children do have an
increased susceptibility to respiratory infections, our study found no adverse clinical, radiological or micro-
biological consequences in these children at 5 years follow up.

On one hand, the literature suggests that children with another immunodeficiency and MBL deficiency
may be more prone to infections®. It has been suggested that MBL deficiency plays an important role
in host defence, especially during the vulnerable period of infancy between 6 and 17 months of age, when
maternal antibodies wane and the adaptive immune system is still developing'®. These factors make children
susceptible to infection by specific pathogens such as S. pneumoniae - one of the most important pathogens

causing respiratory tract infections?".

The association between MBL gene polymorphism and respiratory infections was confirmed in children
admitted to a hospital with either Upper Respiratory Tract infections (URTIs) or alternative diagnoses.
More severe infections including recurrent URTI were noted in children with homozygous mutation of MBL-
2 gene, and the same trend was observed at 2 year follow-up?!.

A recent meta-analysis shows that MBL deficiency is associated with death in patients with pneumococcal
infection after adjusting other confounders??. Neonates with low MBL levels have been deemed to be at
higher risk of early-onset sepsis and pneumonia??, and children with low MBL levels have often been reported

to be at higher risk of severe infections??.

On the other hand, we observed no association between MBL deficiency and susceptibility to pneumococcal
community-acquired pneumonia and invasive pneumococcal disease'®. One of the recent studies has shown no
relation between MBL deficiency and severe lower respiratory tract infection caused by respiratory syncytial
virus?®. These findings support the findings of our study.

It is worth mentioning that most of MBL-disease association studies to date have assessed MBL2 genotypes
with or without MBL levels, with MBL insufficient genotypes being XA/O or O/0%.

However, changes in MBL gene expression associated with low MBL protein levels have been found in healthy
individuals commonly and may vary when measured in disease as an acute-phase protein?®. Emerging studies
identified no existing association between MBL deficiency and recurrent URTT such as otitis media in children.
These data suggest that low MBL concentration does not necessarily indicate a propensity to disease?” and
low levels have to be interpreted alongside clinical features and existing symptoms.

Thus, the association between MBL protein levels and recurrent respiratory infections in children remains
debatable. The link between MBL polymorphisms and respiratory tract infections in children remains
controversial?’. Confounders such as atopy, parental smoking and environmental factors, as well as small
sample sizes of the studies, make it difficult to attribute the cause solely to MBL deficiency.

Hence MBL testing performed as part of baseline immunology testing in this group of children may be
unnecessary, as the results seem to neither guide the management, nor the prognosis. This recommendation
would be in line with the recommendations of the recent evidence-based ERS guidelines?® and result in more
cost-effective practice, given that each MBL level assay costs £24 ($34)2°.

Whilst our study showed that children with MBL deficiency were more likely to respond inadequately to
appropriate booster immunisations, a previous study did not find an association between MBL deficiency
and response to pneumococcal vaccination®C. Equally, MBL polymorphisms have been shown not to affect
production and persistence of antibodies for acellular pertussis®'. Longer term prospective studies may shed
more light on this area.

Strengths and limitations



The most important strength of the study is the size of the cohort, with the inclusion of a large number of
children, and a substantial period of follow up of five years or longer. Our study is hence a robust addition
to the existing evidence regarding the specifics of respiratory infections in children with MBL deficiency.

Our study had a number of limitations. It was a retrospective study, which may introduce selection and
recall bias. Whilst undertaking the subgroup analyses, our subgroup numbers were relatively low. Also, we
did not include a symptom score and hence could not quantify the degree of symptoms that children with
MBL deficiency and sufficiency subjectively experienced. Finally we defined MBL deficiency on biochemical
values, rather than by genetic polymorphisms, and ideally both measures would have been included.

Conclusion

To conclude, we showed no difference at five year follow-up in clinical, radiological and microbiological
characteristics between children who are MBL-deficient, compared to those who have sufficient levels. The
rates of admission to PICU were similar in the two groups. About a quarter of children we followed up
had long term pulmonary changes on the CXR and the prevalence of bronchiectasis was similar in both
groups. Children with MBL deficiency in our cohort are more likely to respond poorly to appropriate booster
immunisation, but the significance of this is unclear.

These results add to the existing body of literature that shows no statistically significant association between
MBL deficiency and susceptibility to recurrent respiratory tract infection in children. Additionally the results
show no adverse respiratory consequences at 5 year follow up in those with MBL deficiency as compared to
those children who are MBL-sufficient.
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