
SPECIAL ARTICLE

Hypothesis: Dysregulation of Immunologic Balance Resulting From
Hygiene and Socioeconomic Factors May Influence the Epidemiology

and Cause of Glomerulonephritis Worldwide

Richard J. Johnson, MD, Abdias Hurtado, MD, Justin Merszei, MD,
Bernardo Rodriguez-Iturbe, MD, and Lili Feng, MD

● Glomerular diseases show diverse epidemiological characteristics throughout the world, which has been
suggested to be caused by differences in genetics of the underlying populations or environmental exposure to the
putative antigens or agents that either trigger or induce the disease. Recently, an alteration in immune balance of
the T helper 1 (TH1) and T helper 2 (TH2) subsets has been implicated as a mechanism to explain the relative increase
in allergic diseases in industrialized nations. According to the Hygiene Hypothesis, overcrowding and poor hygiene
early in life may protect from atopic diseases because exposure to microbes predisposes in favor of a TH1-dominant
response. Conversely, dominance of the TH2 subset would be responsible for the increasing incidence of allergies.
We present the hypothesis that this imbalance may help explain the predilection for membranoproliferative
glomerulonephritis (GN) and mesangial proliferative GN to be associated with developing and/or poor nations,
whereas immunoglobulin A nephropathy and minimal change disease are observed more commonly in industrial-
ized nations. The implication of the Hygiene Hypothesis is that clinical expression of immune-mediated renal
disease would depend on the prevailing TH1/TH2 balance, rather than the etiologic agent, and it may help explain the
epidemiological pattern of glomerular diseases worldwide. Am J Kidney Dis 42:575-581.
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RECENTLY, WE conducted a study of the
epidemiological pattern of glomerular dis-

ease in Lima, Peru, and found that membranopro-
liferative glomerulonephritis (MPGN) was the
most common primary glomerular disease, ac-
counting for more than 25% of all cases, whereas
immunoglobulin A (IgA) nephropathy was dis-
tinctly uncommon and amounted to less than 2%
of all cases.1 This pattern is similar to that
observed in Africa,2-4 but is distinct from that
observed in industrialized countries, where IgA
nephropathy is one of the more common glomer-
ular diseases and MPGN is less frequent.5 Further-
more, unlike the United States and Japan, where
many cases of MPGN are caused by chronic
hepatitis C virus (HCV) infection,6,7 in Peru,
MPGN was not associated with HCV infection.1

Although this suggests a different etiologic agent
may be responsible for MPGN in Peru, we pro-
pose in this article that the inherent susceptibility
to glomerular disease may not rely as much on
the antigen as it does on host response, and this
may be controlled largely by environmental fac-
tors, in addition to the accepted role of genetic
mechanisms.

CELL-MEDIATED IMMUNITY IS REGULATED
BY T HELPER CELL SUBSETS

The immune system is controlled largely by T
helper (TH) cells (CD4� cells). The principal
function of CD4� cells expressing the TH1 phe-
notype is the immune response to infection.
These cells are responsible for the induction of
cell-mediated organ-specific immunity and the
generation of complement-fixing antibody, and
the process is orchestrated by the release of
interleukin-12 (IL-12) from activated macro-
phages, interferon-� (IFN-�) from natural killer
cells, and activation of CD4� cells to express
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IL-2. CD4� cells expressing the TH2 phenotype
are more important in the development of allergy
and generation of IgE, IgA, and non–comple-
ment-fixing IgG (especially subtype IgG4), and
the process is mediated by IL-4, IL-5, IL-6,
IL-10, and IL-13. TH1 and TH2 counterregulate
each other because IFN-� inhibits the TH2 re-
sponse and IL-10 can block TH1 actions; how-
ever, both TH1 and TH2 also can be activated
simultaneously.8 In this regard, a third CD4� cell
that also expresses the IL-2� receptor (CD25)
appears to have an important regulatory role in
silencing TH1 and TH2 action, both through di-
rect cell contact and by releasing IL-10 and
transforming growth factor-�.9-13

Normally, we are born with a TH2-dominant
phenotype, which may be carried over from the
mother as a means to minimize a vigorous im-
mune response between the mother and fetus.14

Studies have found that IL-12 production by
macrophages and IFN-� production by natural
killer cells is relatively impaired in the neonate,
leading to a reduced TH1 response.15 Conversely,
IL-4 and IL-13 levels are relatively high, consis-
tent with a TH2-dominant response.16 Some CD4�

CD25� cells also are present.11 Although the
neonatal period is characterized by a TH2 pheno-
type, exposure to a variety of antigens during or
after the neonatal period can convert the immune
phenotype to favor a TH1-dependent state. Alter-
natively, lack of exposure to bacterial antigens,
particularly during the first 1 or 2 years of life,
may favor a persistent TH2-dependent pheno-
type.17 Based on these observations, the Hygiene
Hypothesis has been developed to explain the
increasing frequency of allergies in industrial-
ized nations.

THE HYGIENE HYPOTHESIS AS A
MECHANISM TO EXPLAIN THE INCREASING

FREQUENCY OF ALLERGIES IN
INDUSTRIALIZED NATIONS

The Hygiene Hypothesis originally was pro-
posed as a mechanism to explain the marked
increase in allergies observed in industrialized
(Westernized) societies.18-25 Specifically, the hy-
pothesis proposes that early and frequent expo-
sure to bacterial and other antigens, common in
developing nations, leads to a normal TH1 re-
sponse, but that the better public hygiene and
less infections observed in industrialized nations

may lead to persistence of the TH2 phenotype
and thereby increase our risk for developing
allergies.

Several lines of evidence support this hypoth-
esis. First, it is known that allergy (which has a
TH2 phenotype) is less common in situations in
which exposure to infections is more common,
such as observed in situations of lower socioeco-
nomic status, larger families, lower birth order,
and participation in day care.18,22 Similarly, sev-
eral studies also reported that infection early in
life with measles or hepatitis A may protect
individuals from developing allergy in adult-
hood.23,24 Immunization with bacillus Calmette-
Guérin can also induce a TH1 response and
delayed-type hypersensitivity response to myco-
bacterial antigens, and it has been reported that
children administered bacillus Calmette-Guérin,
particularly during the first year of life, also are
protected from allergy in adulthood provided
they maintain the delayed-type hypersensitivity-
response.25

CAN THE HYGIENE HYPOTHESIS EXPLAIN
THE EPIDEMIOLOGICAL PATTERNS OF

GLOMERULAR DISEASE OBSERVED
WORLDWIDE?

Studies largely led by Holdsworth et al26 have
shown that most proliferative glomerular dis-
eases are driven by a TH1 response. One might
then hypothesize that such diseases as MPGN,
mesangial proliferative glomerulonephritis (GN;
of the non-IgA type), and poststreptococcal GN
may be more frequent in developing countries.
MPGN is one of the most common glomerular
diseases in Africa (such as Nigeria),3,4 the West
Indies (Trinidad),27 eastern Europe (Poland),28

Turkey,29 and east China.30 In South America,
MPGN in adults is very common, particularly in
countries with a lower socioeconomic status (Fig
1A). Conversely, MPGN is infrequent in the
United States, Japan, and Europe (Spain and
France), and in these countries, the incidence
appears to be decreasing.31-35

Similarly, mesangial proliferative GN (non-
IgA type) is very common in Africa, including
Zimbabwe and Namibia,36,37 as well as South
America,1 the West Indies,27 and China, particu-
larly during the 1970s and 1980s.30,38 In South
America, non-IgA mesangial proliferative GN is
more common in Peru (frequency, 11.8%) and
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Paraguay (frequency, 37.6%) than Uruguay (fre-
quency, 3.4%), possibly reflecting the better so-
cioeconomic status of the latter country (Drs E.
Kasamatsu and N. Mazzuchi, personal communi-
cation, April 2003). Mesangial proliferative GN
(non-IgA type) also is common among South-
western American Indians and Australian Aborigi-
nes.39 Poststreptococcal glomerular disease also
is more common in developing countries, includ-
ing Africa, the West Indies, South Africa, India,
and South America.2

Conversely, minimal change disease may be
an example of TH2-dependent glomerular dis-
ease. It frequently is associated with atopy (in-
cluding pollen allergy, seasonal allergy, urticaria,
and atopic dermatitis),40-43 elevated IgE lev-
els,44-48 and elevated IL-4 levels in peripheral T
cells,49-52 although there also can be elevations in
levels of some TH1 cytokines.51,52 Some patients
with minimal change disease have gone into
remission after measles infection.53 Furthermore,
consistent with the Hygiene Hypothesis, mini-
mal change disease is rare in Africa (including
Nigeria, Namibia, Zimbabwe, and Tunisia) and
South America2,4,37 despite its marked frequency
in the United States and Europe.35 Similarly, in
South America, minimal change disease is much
less common in adults in countries of lower
socioeconomic status (Fig 1B).

IgA nephropathy is another glomerular dis-
ease that likely is TH2 dependent. Although occa-
sional studies find evidence for some TH1 activa-
tion in IgA nephropathy,54,55 the majority of
studies have found that the principal cytokines
produced by circulating T cells are IL-4, IL-5,
IL-6, Il-10, and IL-13, all TH2-dependent cyto-
kines.54-57 IgA production is driven by IL-5, a
TH2 cytokine.58 There also is evidence that TH2
cytokines can alter glycosylation of IgA,59 known
to be a key factor in its pathogenesis.60 Further-
more, experimental IgA nephropathy is much
more severe and is associated with more abnor-
malities in IgA glycosylation in mice that have a
predominant TH2 response (Balb/c) compared
with control (C3HeB) mice.61 Some patients
with IgA nephropathy also manifest atopy62,63

and elevated IgE levels,46,64 and others develop
IgA antibodies to food antigens.65 Some patients
with IgA nephropathy also may develop steroid-
sensitive nephrotic syndrome, consistent with
superimposed minimal change disease, which

Fig 1. Epidemiology of glomerular disease in se-
lected South American countries based on the gross
national product. Percentage of primary glomerular
diseases in adult patients caused by (A) MPGN, (B)
minimal change disease, and (C) IgA nephropathy.
With increasing gross national product, the frequency
of MPGN decreases, whereas the frequency of mini-
mal change disease and IgA nephropathy increases.
All biopsies included immunofluorescence. Data for
Argentina, from Di Gioia et al84; for Paraguay, from Dr
Elena Kasamatsu, Instituto de Investigaciones en Cien-
cias de la Salud (IICS) de la Universidad Nacional de
Asunción; for Venezuela, Dr Atahualpa Pinto, Univer-
sidad Central de Venezuela; for Uruguay, Caorsi et
al.85
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further suggests that these individuals are in a
TH2-dependent state.66

It thus is of interest that IgA nephropathy is
extremely rare in Africa, such as in Tunisia and
Zimbabwe.2,36 IgA nephropathy also is uncom-
mon in Pakistan and India, where it represents
approximately 5% of total glomerular disease.2

In South America, IgA nephropathy also is rare1

and shows a similar pattern, in which its fre-
quency is markedly lower in countries of lower
socioeconomic status (Fig 1C).

Conversely, IgA nephropathy is present in
40% to 50% of all primary GN in Japan, Singa-
pore, and Hong Kong5; it is relatively less fre-
quent in Malaysia and Thailand, where it ac-
counts for 6% to 10% of primary GN.67,68 IgA
nephropathy also is common in Europe, Austra-
lia, and the United States.5 In some countries,
such as the United States and Spain, the fre-
quency of IgA nephropathy is increasing.31,35

THE RENAL HYGIENE HYPOTHESIS:
SUMMARY, CAVEATS, AND FUTURE STUDIES

To summarize, we propose a new hypothesis
to explain the divergent epidemiological charac-
teristics of glomerular disease worldwide. Specifi-
cally, we suggest that the overall hygiene and
socioeconomic status of a country may predis-
pose its citizens to either a TH1- or TH2-dominant
phenotype that will increase the susceptibility of
that population to specific types of glomerular
disease. Although recognizing that true inci-
dence data are lacking, we present evidence that
TH1-dominant diseases, such as MPGN and non-
IgA mesangial proliferative GN, are more com-
mon in biopsy series from poorer countries, such
as in South America and Africa, whereas TH2-
dominant diseases, such as IgA nephropathy and
minimal change disease, are more common in
wealthier industrialized nations. We also re-
viewed evidence that in industrialized countries,
the frequency of MPGN is decreasing, whereas
such diseases as IgA nephropathy are increasing.

Although general trends for TH1 and TH2 domi-
nance generally can be predicted by the Hygiene
Hypothesis, it is important to recognize that
many additional factors also modulate this bal-
ance. Thus, TH2 can be induced by helminth
infections69,70 and malnutrition,71-73 both of which
may be more likely to occur in less developed
countries. Furthermore, psychological stress and

depression can induce TH2 responses.74-78 Con-
versely, obesity, by virtue of increasing leptin
levels, may be able to induce a TH1 response.73

Genetic factors also have an important role in the
immune response. For example, there is evi-
dence that IgA nephropathy is linked to a gene on
chromosome 6.79 Finally, TH1 and TH2 responses
sometimes can be engaged simultaneously.8 Thus,
dysregulation of the TH1 and TH2 response, which
is mediated by a complexity of mechanisms, may
be the critical factor that predisposes to glomeru-
lar disease. In this regard, a key means for the
prevention of glomerular disease may be the
stimulation and recruitment of IL-10–secreting
regulatory (CD4�/CD25�) cells that can shift the
immune balance back toward normal.80

It is important to discuss alternative hypoth-
eses on the varying epidemiological characteris-
tics of glomerular disease. First is the hypothesis
that different patterns of glomerular diseases
may simply reflect differences in biopsy prac-
tices. This may be particularly true for IgA
nephropathy because many of these patients have
only mild renal disease characterized by micro-
scopic hematuria and nonnephrotic proteinuria
and hence would normally not undergo renal
biopsy. One might posit that in wealthier coun-
tries, patients with asymptomatic disease may be
more likely to undergo biopsy and therefore one
might expect to see greater frequencies of IgA
nephropathy diagnosed in these countries. It is
thought that the high frequency of IgA nephropa-
thy in Japan is caused by the common practice of
performing biopsy on individuals with asymptom-
atic microhematuria and normal renal function
discovered during the routine testing of students
or workers.5 Although this latter observation
may be one reason for the high frequency of IgA
nephropathy in Japan, this policy is not routinely
followed in other industrialized countries, where
biopsy generally is reserved for individuals with
nephritic syndrome, nephrotic syndrome, or
asymptomatic proteinuria/microhematuria with
deteriorating renal function. Interestingly, these
latter criteria are similar to the indications for
renal biopsy in such countries as Peru.1 Hence, it
appears that biopsy practices cannot completely
explain the divergent epidemiological patterns of
glomerular disease worldwide.

It also has been hypothesized that racial differ-
ences may account for geographic differences in
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the frequency of IgA nephropathy, such that
Asians may be more susceptible, whereas blacks
may be less susceptible.5,35 This issue remains
unresolved because although some studies sug-
gest that IgA nephropathy is less common in
African Americans,81 2 studies found that the
incidence of IgA nephropathy in African Ameri-
cans was equivalent to that of Caucasians.82,83

This raises the possibility that the predisposition
to IgA nephropathy may relate more to environ-
mental than genetic mechanisms, although some
genetic predisposition also is likely to be impor-
tant.79

Finally, a classic hypothesis is that the in-
creased frequency of MPGN in developing coun-
tries is caused by the marked increase in inci-
dence of bacterial infections in these countries
and does not relate to alterations in TH1/TH2
balance. Although this hypothesis certainly is
tenable, it is of interest that we were not able to
pinpoint specific infections with any of the cases
of MPGN noted in our series in Peru.1 A striking
finding was the general lack of evidence for such
active infection as suggesting fever or recent
respiratory or gastrointestinal illness.1 This would
favor the possibility that MPGN might result
from an aberrant immune response to a relatively
innocuous antigen, rather than a robust immune
response to a virulent antigen. In this regard, this
hypothesis could be expanded to the general
concept that glomerular disease may represent an
abnormal immune response to foreign antigens
(resulting in such diseases as MPGN and IgA
nephropathy) or self-antigens (which also could
be triggered by foreign antigens and might result
in such autoimmune diseases as Goodpasture’s
syndrome).

In conclusion, we propose a new hypothesis to
explain the divergent epidemiological pattern of
glomerular disease worldwide. The purpose of
this report is not to provide proof of this hypoth-
esis, but rather to stimulate studies that can
directly and prospectively determine whether the
imbalance in the immune system, driven by
hygiene and other environmental and genetic
factors, may underlie the pathogenesis of many
frequently diagnosed glomerular disorders. Thus,
it may not be the antigen that matters as much as
the type of immune response to that antigen that
determines the type of GN that one develops.
Hence, a better understanding of how to achieve

a normal immune balance may be the most
effective means for preventing the development
of glomerular disease.
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