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SUMMARY

The aim of this study was to investigate the signi®cance of IgG subclasses and MBL for susceptibility to

infection in association with IgA de®ciency. The study population consisted of 139 apparently healthy

adult blood donors with IgA de®ciency and normal serum levels of IgG and IgM, and an increased

susceptibility to infection demonstrated at a population level. Additionally, 216 controls matched for

age and sex were investigated. IgG4 de®ciency was more common and the mean level of IgG4 lower in

persons with IgA de®ciency than in the controls. No signi®cant associations could be demonstrated

between overt IgG subclass de®ciencies and increased susceptibility to infection. However, when the

mean concentrations of IgG subclasses were analysed with regard to medical history, that of IgG1 was

lower in persons who reported recurrent viral respiratory infections, that of IgG3 in persons who had

episodes of severe infection in their history, and that of IgG4 in persons who had recurrent mild

respiratory infections, compared with those who had no particular history of infections. In contrast,

MBL de®ciencyÐalone or combined with that of the IgG subclassÐwas not associated with increased

susceptibility to infection in persons with IgA de®ciency. The results indicate that the proneness to

infections observed in a population of otherwise healthy persons with IgA de®ciency can only for a

small part be accounted for by concomitant de®ciencies of IgG subclasses. Contrary to expectations, no

synergism between the de®ciencies of IgA and MBL could be demonstrated.
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INTRODUCTION

IgA de®ciency is a common immunological defect. It is associated

with increased susceptibility to infection [1,2]. However, some

persons with IgA de®ciency are asymptomatic [1]. It has been

suggested that IgA de®ciency must be associated with those of the

IgG subclasses, especially of IgG2 and IgG4, to be manifested with

clinical symptoms [3±6]. However, since not all persons with IgA

de®ciency and increased susceptibility to infection evince such a

combined immunode®ciency, it must be assumed that other con-

comitant immunodefects can also render IgA de®ciency clinically

signi®cant.

MBL is an acute-phase protein secreted by the liver. It binds to

oligosaccharide structures on the surface of microbes and opso-

nizes them for the phagocytic cells either directly or by activating

the complement lectin pathway [7]. MBL de®ciency causes an

opsonic defect which predisposes the host to infections [8].

However, in the majority of persons with MBL de®ciency,

increased susceptibility to infection cannot be demonstrated

[9,10]. This suggests that other factors may be needed to render

MBL de®ciency signi®cant. Recently, in paediatric patients with

increased susceptibility to infection, MBL de®ciency was found to

be associated with IgG subclass de®ciencies [11]. Furthermore, a

connection between MBL and IgA de®ciencies has been proposed

[7,12], although no evidence to support such a concept has been

published.

In this study, we investigated the signi®cance of IgG subclasses

and MBL in relation to susceptibility to infection in 139 apparently

healthy adult blood donors with IgA de®ciency, and an increased

susceptibility to infection demonstrated on a population level [1].

SUBJECTS AND METHODS

Study subjects

The study population consisted of 139 persons with IgA de®ciency

(95 males and 44 females), aged 44 years (median; range 33±

81 years). They had been screened from apparently heathy adult

blood donors by double diffusion and haemagglutination inhibition

methods in the Finnish Red Cross Blood Transfusion Service in the
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years 1971±80 [13]. In 1992, the concentration of IgA was re-

determinated in fresh serum samples by an enzyme immunoassay

(EIA) [14,15]. In all persons, the concentration of IgA was

< 0´05 g/l, and the concentrations of IgG and IgM were normal.

Samples

The determinations were made on samples drawn in 1992. For

control purposes, serum samples from 216 apparently healthy age-

and sex-matched blood donors with normal serum concentrations

of IgG, IgM and IgA were analysed. The samples were stored at

ÿ708C until analysed.

Clinical data

In 1992, all persons with IgA de®ciency completed a questionnaire

on their medical history. The data were checked and completed by

means of personal interview and examination of patient records or

records of drug reimbursements paid under the National Sickness

Insurance Scheme [1].

De®nitions

On a population level, the study subjects have been proved to be

signi®cantly more susceptible to severe and recurrent respiratory

infections than their age- and sex-matched controls [1]. Septicae-

mia, tuberculosis and pneumonia were classi®ed as severe infec-

tions. Milder respiratory infections were de®ned as recurrent and

bacterial if three or more episodes of acute bronchitis, tonsillitis,

sinusitis, and/or otitis media requiring antibiotic therapy had

occurred during each of 3 or more successive years. Tonsillectomy

and adenoidectomy were also considered signs of recurrent mild

bacterial respiratory infections. Three or more episodes of common

cold, pharyngitis, laryngitis or bronchitis, not necessitating the use

of antibiotics, during each of the 3 years before the study were

regarded as recurrent viral respiratory infections [1].

Determinations

Serum concentrations of IgG subclasses were determined using a

Behring nephelometer (Behringwerke AG, Marburg, Germany)

according to manufacturer's instructions. Serum MBL concentra-

tion was determined by an EIA as previously described in detail

[16]. The reference values for the parameters were: IgG1 4´9±

11´4 g/l; IgG2 1´50±6´40 g/l; IgG3 0´20±1´10 g/l; IgG4 0´08±

1´40 g/l; MBL $ 0´02 mg/l. Values below the reference interval

were de®ned as indicative of de®ciency.

Statistical analysis

Differences in the mean concentrations were compared by Stu-

dent's t-test. Since not all parameters were normally distributed,

square root transformations of values were used when appropriate.

Differences in de®ciency prevalences were compared using x2 or

Fisher's exact tests.

Ethics

The study plan was accepted by the ethical committees of the

Finnish Red Cross Blood Transfusion Service and Tampere Uni-

versity Hospital.

RESULTS

The de®ciency prevalences and the mean concentrations of IgG

subclasses and MBL in persons with IgA de®ciency and controls

are shown in Table 1. Of 139 persons with IgA de®ciency, 37

(27%) had IgG4 de®ciency as opposed to only 17 (8%) of the 216

controls. Also the mean concentration of IgG4 in the study subjects

was signi®cantly lower than that in the controls. In contrast, the

prevalences of IgG1 and IgG3 de®ciencies in the study subjects

were lower and the mean concentrations of IgG1, IgG2 and IgG3

higher than in the controls.

Susceptibility to infection

The mean concentrations of IgG subclasses in persons with IgA

de®ciency, grouped according to their medical history in respect of

infections, are illustrated in Fig. 1. The mean concentration of IgG1

was signi®cantly lower in persons with a history of recurrent viral

respiratory infections than in those without infections (10´59 g/l

and 11´69 g/l, respectively; P� 0´034). IgG3 was lower in persons

with a history of severe bacterial infections than in those without

infections (0´58 g/l and 0´72 g/l, respectively; P� 0´059). Further-

more, in persons who reported recurrent mild bacterial respiratory
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Fig. 1. Mean concentrations of IgG subclasses in persons with IgA de®ciency, grouped according to medical history with regard to infections.

Of the total of 89 persons who had a history indicating increased susceptibility to infection, 27 belonged to two and four to three subgroups.

The mean concentrations were compared by Student's t-test with those in persons who had no history of increased susceptibility to infection.

No, Persons who had no history indicating increased susceptibility to infection; severe, persons who had had severe infections; mild, persons

who had had mild recurrent bacterial respiratory infections; viral, persons who had had recurrent viral respiratory infections. **P< 0´05;

*P< 0´10.



infections, IgG4 was slightly lower than in those without infections

(0´43 g/l and 0´64 g/l, respectively; P� 0´097). No differences

between different subgroups were observed with regard to pre-

valence of IgG subclass de®ciencies. With regard to MBL, neither

the mean concentration nor the de®ciency prevalence differed

between subgroups of persons with IgA de®ciency. Among the

persons with combined de®ciency of MBL and IgA, the prevalence

of IgG subclass de®ciency was not signi®cantly higher in those

with increased susceptibility to infection than in those without (3/5

and 0/2, respectively; P� 0´429)

DISCUSSION

The prevalence of IgG4 de®ciency was signi®cantly higher and the

mean concentration of IgG4 lower in persons with IgA de®ciency

than in controls. Although IgA de®ciency has been found to be

associated with IgG subclass de®ciencies, the genetic backround of

this connection is incompletely understood. However, it is likely

that persons with IgA de®ciency and those with common variable

immunode®ciency (CVID) share an allelic condition with a vari-

able expression of a common gene defect which may be involved

in the regulation of immunoglobulin class switching [17]. Further-

more, the distribution of Gm allotypes in persons with IgA

de®ciency differs from that in those without [18].

The prevalences of IgG1 and IgG3 de®ciencies were lower and

the mean concentrations of IgG1, IgG2 and IgG3 higher in persons

with IgA de®ciency than in controls. These ®ndings are in

concordance with the results of earlier studies [3,5,18,19]. IgA is

the ®rst-line defence mechanism on mucous membranes and its

de®ciency causes an immune defect for which IgG tends to

compensate.

Among the persons with IgA de®ciency, the mean concentra-

tion of IgG1 was signi®cantly lower in those who had a history of

recurrent viral respiratory infections than in those without infec-

tions. It is known that IgG antibodies against viral antigens are

mainly of IgG1 subclass [20]. It appears that even a minor defect in

IgG1-mediated immune response may be suf®cient to predispose

an IgA-de®cient host to viral respiratory infections.

IgG3 was lower in persons with IgA de®ciency who had a

history of severe infections compared with those without infec-

tions. Among cases with such a history, pneumonia was the

principal diagnosis, accompanied by two cases with lung tubercu-

losis and one with septicaemia. This ®nding is in concordance with

that of BjoÈrkander et al., who observed that low IgG3 in persons

with IgA de®ciency and repeated respiratory infections is asso-

ciated with impaired lung function suggestive of severe pulmonary

damage [4].

IgG4 de®ciency was not straightforwardly associated with

increased susceptibility to infection in persons with IgA de®ciency.

Also, the mean concentration of IgG4 was only slightly lower in

those who had recurrent mild bacterial respiratory infections than

in those without infections. French et al. [6] have suggested that

IgG4 de®ciency in conjunction with speci®c defects in antibody

response to polysaccharide antigens might be an essential risk

factor for severe respiratory infections in persons with IgA de®-

ciency. However, in that study the subjects were selected based on

their infectious morbidity. Hence, the clinical signi®cance of a

combined IgA and IgG4 de®ciency may have been overestimated.

Also, the current study population has been proved to be signi®-

cantly more susceptible to severe and recurrent respiratory infec-

tions than the age- and sex-matched controls [1]. However, owing

to the selection of the cases among apparently healthy blood

donors, extreme cases with a continuing susceptibility to severe

infections were likely to be excluded. Probably for the same

reason, the previously observed connection between the

de®ciencies of IgA and IgG2 was not seen in our study [3±6].

The mildly decreased levels of IgG4 in IgA-de®cient persons

with recurrent mild bacterial respiratory infections may be accom-

panied by speci®c, uncompensated defects in IgG-mediated anti-

body response as the actual cofactors for IgA. Such a concept is

supported by results published by Lane et al. [21], who observed

that speci®c defects in IgG-mediated antibody response may cause

a clinically signi®cant immune defect in persons with IgA de®-

ciency, although the IgG subclass concentrations remain at the

normal level.

The de®ciency of MBLÐalone or combined with that of the

IgG subclassÐdid not seem to have an effect on susceptibility to

infection in persons with IgA de®ciency. In an evolutionary

perspective, MBL is an early defence mechanism subsequently

secured by more speci®c mechanisms such as antibody response

[7]. Furthermore, MBL acts mainly in the circulation, while IgA is

secreted on mucous membranes. There may not exist such a

synergism between these two factors as has been proposed [7,12]

and recently observed between MBL and IgG [11].

In conclusion, although IgG4 de®ciency was associated with

IgA de®ciency, it did not affect susceptibility to infection among
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Table 1. De®ciency prevalences and mean concentrations of IgG subclasses and MBL in persons with IgA de®ciency and their age-

and sex-matched controls

Number of de®ciencies Mean concentrations (g/l)

Patients with Patients with

IgA de®ciency Controls IgA de®ciency Controls

Parameter (n� 139) (n� 216) P (n� 139) (n� 216) P

IgG1 0 18 < 0.001 11.41 6.90 < 0.001

IgG2 5 10 0.637 4.43 3.30 < 0.001

IgG3 4 43 < 0.001 0.71 0.39 < 0.001

IgG4 37 17 < 0.001 0.52 0.66 < 0.001

MBL 7 7 0.396 4.41* 3.97* 0.271

*mg/l.



otherwise healthy blood donors. On the other hand, decreased

concentrations of IgG1 and IgG3 in conjunction with IgA de®-

ciency were associated with proneness to viral respiratory infec-

tions and severe bacterial infections, respectively, on a population

level. The results indicate that the proneness to infections in the

current population consisting of otherwise healthy persons with

IgA de®ciency can only for a small part be accounted for by

concomitant de®ciencies of IgG subclasses. Furthermore, no

synergism could be demostrated between the de®ciencies of IgA

and MBL. In future studies on susceptibility to infection in persons

with IgA de®ciency, speci®c defects in antibody response as well

as immune mechanisms affecting mucosal defence should be

addressed.
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