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SUMMARY

Aboriginal communities in Northern Australia with high rates of group A streptococcal (GAS)

skin infection in childhood also have high rates of renal failure in adult life. In a cross-

sectional study of one such high risk community, albuminuria was used as a marker of renal

disease. The prevalence of albuminuria increased from 0}52 in subjects aged 10–19 years to

10}29 (32±9%) in those aged 50 or more (P! 0±001). Antibodies to streptococcal M protein,

markers of past GAS infection, were present in 48}52 (92%) at ages 10–19 years, 16}32 (50%)

at ages 30–39, and 20}29 (69%) in those aged 50 or more. After allowing for the age-

dependencies of albuminuria and of M protein antibodies (P! 0±001) albuminuria was

significantly associated with M protein antibodies (P! 0±01). Thus, 72% of adults aged 30 or

more with M protein antibodies also had albuminuria, compared with only 21% of those who

were seronegative. More detailed modelling suggested that although most Aboriginal people in

this community developed M protein antibodies following GAS infection in childhood, the

development of proteinuria was associated with the persistence of such seropositivity into adult

life. The models predicted that proteinuria developed at a mean age of 30 years in seropositive

persons, at 45 years in seronegative persons who were overweight, and at 62 years in

seronegative persons of normal weight. We demonstrated a clear association between evidence

of childhood GAS infection and individual risk of proteinuria in adult life. This study provided

a strong rationale for prevention of renal disease through the more effective control of GAS

skin infections in childhood and through the prevention of obesity in adult life.

INTRODUCTION

Group A streptococcal infections of the throat or skin

in childhood can be followed by acute glomerulo-

nephritis, particularly in poor social circumstances

where streptococcal infections are endemic [1]. In

affluent populations, acute post-streptococcal

glomerulonephritis (APSGN) has virtually dis-
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appeared [2] since the 1950s following improvements

in living conditions and availability of penicillin ;

deaths due to chronic renal failure have also declined

markedly [3].

Follow-up studies of children with APSGN suggest

that the outcome is usually benign [4, 5], with

progression to sub-acute or chronic glomerulo-

nephritis only in a minority [6], whereas APSGN in

older subjects is more likely to progress [7] or to be

followed by diffuse mesangial proliferative glomerulo-

nephritis with albuminuria [8]. Many Aboriginal
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Australians still live in poor social circumstances, with

inadequate health services [9, 10]. Consequently, there

are high rates of scabies and endemic skin sores

associated with GAS infection [10, 11]. Skin sores are

present in 10–60% of Aboriginal children in school

surveys in Northern Australia and most lesions are

infected with GAS [10–12] ; higher rates of GAS

carriage at any one time are associated with larger

numbers of antigenically distinct strains of GAS

[12, 13].

Very high rates of proteinuria and renal failure are

also found in Aboriginal communities in the Northern

Territory of Australia [10, 14, 15]. Proteinuria occurs

in a minority of adolescents [10] and was noted in

50% of adults in an island community [14], where

2% of adults are currently on haemodialysis [15].

Proteinuria is familial, and often associated with

obesity, hypertension and with non-insulin dependent

diabetes mellitus (NIDDM) in a minority [14, 15].

The incidence of end-stage renal failure (ESRF) is

increased 60–100 fold in this Aboriginal community

compared with rates for Australia as a whole [14, 15].

Biopsies from Aboriginal patients show diffuse

mesangial glomerulonephritis, glomerulomegaly and}
or diabetic nephropathy [15].

Thus in Aboriginal populations subject to endemic

GAS infection [10–13], with occasional epidemics of

APSGN [16, 17], and with a high frequency of chronic

renal disease [14, 15] there could be a causal link

between persistent or recurrent GAS infection in

childhood and progressive glomerulonephritis in later

life.

Antibodies to GAS M proteins develop within

months of GAS infection, confer M-type specific

protection [18, 19] and persist for years [20]. Raised

levels of M protein antibodies have been reported in

patients with chronic glomerulonephritis from Japan

[21]. To explore the relationship between M protein

antibodies and renal disease we measured M protein

antibodies and proteinuria amongst participants in a

prospective health study in an Aboriginal community

at high risk of renal disease.

METHODS

Study population

The study population was Aboriginal people in the

Tiwi Island community of Nguiu, Northern Australia,

concerned about their high rates of renal failure

[14, 15], participated in a prospective community

survey to describe proteinuria and its potential risk

factors, to study the natural history of renal disease

and to provide early treatment. Ethical approval was

given by a committee working to National Health and

Medical Research Council guidelines. Study details

have been reported [22]. Briefly, without selecting for

or against renal disease, adults and adolescents from

the study population were invited to volunteer for

a health screening examination. Measurements in-

cluded: height, weight, the ratio of albumin to

creatinine in urine, and serum antibodies to strepto-

coccal M proteins.

The albumin to creatinine ratio

The albumin to creatinine ratio (ACR) was measured

by standard methods [23] in a ‘clean catch’, random

urine sample. ACR measurements are reliable and

provide valid measurements of proteinuria when it is

impractical to use 24 h collections of urine [24]. We

defined: ‘probably normal ’ as an ACR! 3±4 g mol−" ;

microalbuminura as an ACR& 3±4 but ! 34 g mol−" ;

albuminuria as an ACR& 34 g mol−". Proteinuria

was defined as the presence of either micro-

albuminuria or albuminuria.

The Quetelet index

Quetelet index, as an index of obesity, was calculated

as weight}(height)# in units kg m−#. For qualitative

analyses an index greater than 25 kg m−# was regarded

as overweight.

Detection of M protein antibodies

Acid extracts of Streptococcus pyogenes were prepared

from reference isolates of M1, M3, M4, M5, M6, M12,

M14, M18, M24, M30, M49, M52, M53, M57, M59,

M60 and M80. Total protein in each M protein

extract [25] was adjusted to 1 mg}ml before use and

tested by the slide method for Ouchterlony double

diffusion [26]. Serum aliquots (4 µl) were placed in the

central well of 1% immunodiffusion agarose (Biorad

170-3002) containing 3% polyethylene glycol 6000

(BDH), and 2 µl of each acid extract was placed in

outer wells. After 16 h in a humidified chamber at

room temperature, gels were washed, dried and

stained with 0±5% Coomassie Brilliant Blue R-250.

Precipitin bands were clearly discernible and were
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distinct from the diffuse anti-group A carbohydrate

precipitation reactions observed in a few serum

samples ; gels were read blind, and results recorded as

positive or negative for each of the M protein extracts

used. Because positive precipitin reactions were

infrequent for individual M proteins, results were

aggregated and M protein antibody status was

regarded as positive if there was a precipitin reaction

with at least one M protein. As a negative control,

IgG antibody to recombinant human heat-shock

protein (HSP-60) (Stress Gen, Canada SPP740) was

measured by ELISA [27] in the same sera.

Data and statistical methods

Data on age, ACR, Quetelet index and M protein

antibodies were available for the first 175 unselected

subjects seen in the community survey. As there were

no substantial differences between male and female

subjects, results were not stratified by gender. The

GLIM statistical package was used for log-linear and

logistic regression models [28]. Using previously

published methods for multi-stage modelling [29], we

used these prevalence data to estimate rates for past

acquisition and loss of antibodies to M protein, for

development of overweight, and for acquisition of

proteinuria in the presence and absence of M protein

antibodies. The modelling approaches are explained

in more detail in the appendix.

RESULTS

Albuminuria rates increased from 0}52 at ages 10–19

years to 10}29 (32±9%) at age 50 or more (P! 0±001,

Table 1). Microalbuminuria also increased with age.

The prevalence of M protein antibodies was highest

(92%) at ages 10–19 but fell with age (P! 0±001).

After allowing for the age dependence of both

albuminuria and M proteins antibodies, subjects with

albuminuria or microalbuminura were significantly

more likely to be seropositive (χ#
(#)

¯ 7±2, P! 0±03 by

log-linear modelling).

The association of proteinuria with M protein

antibody status, age and obesity was explored in a

logistic regression analysis (Table 2). The increasing

probability of proteinuria with age, antibody status

and overweight status is shown in Figure 1.

Figure 2 summarizes the transition-state model

explaining the age distribution of proteinuria and

seropositivity for the data in Table 1. In this model it

was assumed that after birth, young children were

negative (N
"
) for both antibodies and proteinuria, but

that because of the ubiquity of GAS infection, children

underwent antibody conversion to the state S. The

estimated rate of seroconversion was K
"
¯ 32±6% per

year, and the mean age of seroconversion was

estimated to be 1}K
"
¯ 3±1 years. After sero-

conversion, antibodies could be lost and subjects

could become seronegative again (N
#
) at an estimated

rate of K
#

(2±5% per year). Alternatively subjects

could develop ‘permanent ’ antibodies (S
#
) at a rate K

%

(3±8% per year). Proteinuria could develop by

transition from the seronegative state N
#
to P at a rate

K
$
(2±7% per year) or from the seropositive state S

#
to

the state PS (proteinuria with seropositivity) at a rate

K
&

(7±8% per year).

The conclusions from the model may be

summarized in terms of the mean time in years to

reach each of the states in Figure 2. The estimated low

mean age for M protein antibody seroconversion

(1}K
"
¯ 3±1 years), implied that most subjects sero-

converted in childhood (Table 1). Thus seronegativity

in adult life was explained in this model by subsequent

loss of M protein antibodies, rather than by failure to

seroconvert in childhood. The second inference was

that the mean age of onset of proteinuria for those

remaining seropositive was 31±6 years, compared with

a mean age of onset of proteinuria of 55±5 years for

those reverting to seronegative status (Fig. 2). The

lower age of onset of proteinuria in subjects retaining

M protein antibodies was significant (χ#
(")

¯ 8±52, P!
0±005). This suggested that the persistence of anti-

bodies to GAS M proteins was a risk factor for the

early onset of proteinuria in this population. In

contrast, the presence of antibodies against HSP-60,

measured as a negative control, was not correlated

with proteinuria.

The added effect of becoming overweight on the

acquisition of proteinuria was estimated in a separate

model. Figure 3 shows that the predicted mean age of

onset of proteinuria in seropositive subjects not

overweight was 30±0 years, compared with 62±3 years

for seronegative subjects who were not overweight.

For overweight subjects the predicted mean age of

onset of proteinuria was 29±3 years if seropositive and

45±0 years if seronegative. The differences attributable

to seropositivity were highly significant (χ#
(#)

¯ 20±0,

P! 0±001), as were those due to overweight. Thus

seropositivity for M protein antibodies was associated

with an earlier onset of proteinuria regardless of

whether the subject was overweight, whereas over-
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Table 1. Numbers (%) of subjects with microalbuminuria or albuminuria and}or M protein antibodies by age

Age

group

Normal urine

ACR! 3±4 g mol−"

Microalbuminuria

3±4!ACR! 34 g mol−"

Albuminuria

ACR" 34 g mol−"

All

(years) M−* M+ M− M+ M− M+ classes

10–19 4 (7±7) 41 (78±8) 1 (1±9) 6 (11±5) 0 0 52 (100%)

20–29 12 (29±3) 18 (43±9) 5 (12±2) 4 (9±8) 0 2 (4±9) 41 (100%)

30–39 8 (25±0) 4 (12±5) 4 (12±5) 6 (18±8) 4 (12±5) 6 (18±8) 32 (100%)

40–49 4 (19±0) 2 (9±5) 1 (4±8) 5 (23±8) 0 9 (42±9) 21 (100%)

50 3 (10±3) 3 (10±3) 4 (13±8) 9 (31±0) 2 (6±9) 8 (26±0) 29 (100%)

All ages 31 68 15 30 6 25 175

* M−, no M protein antibodies detected; M+, antibodies to one or more M types detected.

Table 2. Regression analysis to predict proteinuria as a function of age, Quetelet index and presence of M

antibodies

Predictor variable

Logistic regression

co-efficient

Standard error of

co-efficient

Statistical significance

(backwards elimination)

Age (years) 0±07513 0±01416 χ#
(")

¯ 36±74, P! 0±001

Quetelet (kg m−#) 0±1282 0±03845 χ#
(")

¯ 12±10, P! 0±001

M antibody (present) 0±9343 0±4237 χ#
(")

¯ 5±12, P¯ 0±03

Constant term ®6±1877 1±380 —

Probabilities of proteinuria estimated from this regression equation are plotted in Fig. 1 for various combinations of age,

Quetelet index and M protein antibody status.
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Fig. 1. Estimated probability of proteinuria by age, overweight status and M protein antibody status.

weight was associated with an earlier onset of

proteinuria only in seronegative subjects.

DISCUSSION

High rates of renal disease in Aboriginal people in

northern Australia invite comparison with rates in

other tropical populations, some forms of which are

attributed to malaria, hepatitis B, schistosomiasis or

other infections [30]. Malaria and schistosomiasis are

absent from Northern Australia, and there is no

association of proteinuria with hepatitis B infection

status [31]. Despite the frequency of GAS skin

infections in Aboriginal and tropical populations
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1
K2 + K4

N1

No antibodies

No proteinuria

S1

Antibodies

seroconversion

N2

Antibody lost

No proteinuria

P

No antibodies

Proteinuria

S2

Antibody

retained

PS

Proteinuria

Antibody

retained

K1 K2 K3

(3·1 yr) (15·7 yr) (36·8 yr)

K4 (15·7 yr)

K5 (12·8 yr)

Parameter Process

Parameter estimate
(S.E)
(yr–1)

Mean time
(yr)
for process

K1

K2

K3

K4

K5

N1 S1

S1 N2

N2 P

S1 S2

S2 PS

0·3264

(0·1549)

0·0252

(0·0061)

0·0272

(0·0069)

0·0385

(0·0143)

0·0779

(0·0393)

Maximum likelihood estimates of rate parameters for model in Fig. 2

Log liklihood = –193·8743 for the full model.

1
K1

= 3·1

1
K2

= 15·7
+ K4

1
K3

= 36·8

= 15·7

1
K5

= 12·8

For the data summarized here the best estimate for the mean age of developing proteinuria in those who stay seropositive

is

1

K
"


1

K
#
K

%


1

K
&

¯ 31±6 years

compared with an estimate of

1

K
"


1

K
#
K

%


1

K
$

¯ 55±5 years

for the mean age of onset of proteinuria in those reverting to seronegative status. The significance of the difference between

these estimates can be judged by constraining K
$
¯K

&
in the above model. In the constrained model, the log-likelihood

decreased to ®198.1362, giving a

X#
(")

¯®2(®198±136®(®193±874))¯ 8±524, P! 0±005

Fig. 2. Model for development of proteinuria (P) according to M protein antibody status (S ).

[10–14, 16, 17, 30], there has been no consensus as to

the importance of GAS in causing chronic renal

disease [4–8, 10, 30].

The present study was initiated because of the high

rates of both GAS infection [10–12, 16, 17] and

chronic renal disease [14, 15] in Aboriginal com-
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N1 S1
3·49 yr

15·44 yr

15·44 yr

S2

QS1

4·07 yr

4·07 yr

3·64 yr

3·64 yr

S3

N2

QS2

Q

SP

P

QSP

QP

7·05 yr

39·3 yr

6·72 yr

22·42 yr

Initial seroconversion

Becoming overweight

Seropositivity persists

   Proteinuria onset

Seropositivity lost

   Proteinuria onset

Process

Aggregate mean
age (years)
to achieve state

Estimated mean
time for process
(years)

Specification� in
Figure

3·49 3·49N1                      S1

15·44 18·93N1                      QS1

3·64 22·57QS1                    QS1

6·72 29·29QS1                  QSP

3·64 22·57QS1                    Q

22·42 44·99Q                    QP

15·44 18·93S1                      S2

4·07 23·00S2                      S3

7·05 30·05S3                      SP

4·07 23·00S2                      N2

39·30 62·30N2                      P

Not overweight

Seropositivity persists

   Proteinuria onset

Seropositivity lost

   Proteinuria onset

Fig. 3. Model for development of proteinuria (P) according to M protein antibody status (S ) and overweight (Q) status

(Quetelet Index" 25 kg m−#).

munities in Northern Australia. The results show, for

the first time, an association between an individual

marker of GAS infection (M protein antibody), and

the risk of proteinuria in the same individuals (Table

1, Figs 1, 2). To test the possibility that this association

may reflect a role for GAS infection(s) in causing

proteinuria in Aboriginal adults, we developed models

[29] for the possible time sequences for M antibody

acquisition and loss and for onset of proteinuria (Fig.

2). The parameter estimates are plausible : the esti-

mated rate of acquisition of M antibodies (some 30%

per year for those not yet seroconverted), is consistent

with the observed high rates of childhood strepto-

coccal infection in the community [10]. The estimated

rate of loss of M antibodies of 2±5% per year for those

still seropositive is consistent with the long-lasting

nature of such antibodies [20].

A major conclusion was that the rate of onset of

proteinuria when M antibodies persisted (7±8% per

year) was significantly greater than the rate (2±7% per

year) after reversion to seronegative status, suggesting

that the mechanisms leading to proteinuria in adult

life are correlated with the persistence of M protein

antibodies. A simple interpretation would be that M
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protein antibodies persist if GAS (skin) infections are

recurrent. Thus, persistent antibodies could mark an

increase in risk of proteinuria by mechanisms that do

not necessarily involve M protein antibody. This view

is consistent with ancillary evidence (Hoy and

colleagues, unpublished) showing that proteinuria

rates are higher in adults with active skin sores.

Another possibility is that the long-term persistence of

M protein antibodies reflects an autoimmune response

based on cross-reactions between M protein epitopes

and autoantigens [32]. Such a delayed autoimmune

response could be involved more directly in the

pathogenesis of proteinuria following repeated

infections.

High rates of proteinuria and ESRF in this

population are already known to be familial, with risk

factors that include hypertension, non-insulin de-

pendent diabetes mellitus, and overweight [14]. This

study identified GAS infection as an additional factor

contributing to high rates of proteinuria and ESRF.

The model exploring the relationship of seropositivity

and overweight to proteinuria (Fig. 3) suggested that

overweight did not prolong seropositivity, and

accelerated proteinuria only in seronegative subjects.

The clear association of proteinuria with evidence

of prior GAS infection in this study is at variance with

studies suggesting that APSGN in children is rarely

followed by ESRF [4, 5]. However, in Australian

Aboriginal communities, where streptococcal skin

sores in children have point prevalences of 14% [10]

to 60% [13], it is plausible that proteinuria and ESRF

are more likely to be due to prior streptococcal

infection than would be the case in an affluent

population where streptococcal infections and renal

disease are much less frequent. The clinical impli-

cations from this study are explicit – community

education and service delivery aimed at treatment and

prevention of persistent or recurrent streptococcal

infection will improve the long-term health outcomes

for populations with high rates of ESRF.
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STATISTICAL APPENDIX

Rationale for use of compartmental (or transition-

state) models in epidemiology

Compartmental models have been used in areas such

as engineering, physics, ecology and in communicable

disease epidemiology, but have not been widely

adopted in studies of chronic disease. Such models

provide a framework to draw inferences from time-

(or age-) related variation. This contrasts with most

conventional (descriptive) approaches to epidemio-

logical data, where age- (or time-) related variation is

often regarded as a ‘nuisance’ to be eliminated, rather

than being used for inference.

Such compartmental models seek to model time-

dependent transitions between states in a way that

allows hypotheses about causal processes to be tested.

Furthermore, more informative inferences can emerge

with fewer parameters (i.e. simpler models) than with

conventional epidemiological analyses.

Model specification and assumptions

In the simplest case there would be two states of a

single binary attribute (e.g. presence or absence of

proteinuria). The model summarized in Figure 2 is

more complex, with two binary attributes : sero-

positivity (antibodies present or absent) and pro-

teinuria (present or absent).

In a specific application, the assumptions and

allowable transitions are based on the biology, and

possibly on the results of earlier model fitting. For

example the model in Figure 2 does not allow for

proteinuria to precede seroconversion, because an

earlier model showed that this sequence of events was

much less consistent with the data (i.e. it had a lower

likelihood).

Specific assumptions for model in Figure 2

1. All individuals start as normal (N
"
) from birth.

2. The seropositive state can be temporary (S
"
) or

become permanent (S
#
).

3. A state of proteinuria (P or PS ) can follow a

seronegative state (N
#
) or a seropositive state (S

#
).

4. The state of proteinuria (P or PS ) is irreversible.
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5. The transition processes are linear in time, with

rate constants K
"
–K

&
.

Specific assumptions for model in Figure 3

1. All individuals starts as normal (N
"
) from birth.

2. The seropositive state (S
"
) can become associated

with obesity (QS
"
) or not (S

#
), persist (S

$
) or

become seronegative (N
#
).

3. Obese seropositive subjects (QS
"
) can become

seronegative (Q) or remain persistantly sero-

positive (QS
#
).

4. Proteinuria can develop at different rates to give

states SP, P, QSP and QP respectively.
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