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Abstract Chronic kidney disease of uncertain etiology 
(CKDu) in North Central Province of Sri Lanka has 
become a key public health concern in the agricultural 
sector due to the dramatic rise in its prevalence and mor­
tality among young farmers. Although cadmium has been 
suspected as a causative pathogen, there have been con­
troversies. To dale, the pathological characteristics of the
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disease have nol been reported. Histopathological obsei 
vations of 64 renal biopsies obtained at Anuradhapur 
General Hospital from October 2008 to July 2009 wen 
scored according to Banff 97 Working Classification o 
Renal Allograft pathology. The correlations between lh< 
histological observations and clinical parameters wen 
statistically analyzed. Interstitial fibrosis and tubular atro 
pity with or without nonspecific interstitial mononucleai 
cell infiltration was the dominant histopathological obser­
vation. Glomerular sclerosis, glomerular collapse, and 
features of vascular pathology such as fibrous intimal 
thickening and arteriolar hyalinosis were also common. 
Although hypertension was identified as one of the com­
mon clinical features among the cases, it did not influence 
the histopathological lesions in all the cases. This study 
concludes that tubulointerstitial damage is the major 
pathological lesion in CKDu. Exposure(s) to an environ­
mental pathogen(s) should be systematically investigated 
to elucidate such tubulointerstitial damage in CKDu.

Keywords Chronic kidney disease ■ Farmers ■
Cadmium Histopathology Sri Lanka

Introduction

Chronic kidney disease (CKD) is an emerging public 
health problem globally because of its increasing preva­
lence and its associated adverse clinical outcomes, poor 
quality of life, and high healthcare costs [I, 2J. During the 
past two decades, an endemic condition of CKD has 
become prevalent among the low-socioeconomic farming 
community in the North Central Province (NCP) of Sri 
Lanka, which is the main agricultural region in the country. 
Those communities are mainly composed of immigrants
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from southern parts o f Sri Lanka where CKD has not been 
prevalent. They settled in this region during the develop­
ment of new irrigation projects in NCP. CKD became 
prevalent among the immigrant communities, and currently 
it has become the leading cause of death in this region [3, 
4], Male paddy farmer preponderance, insidious onset, and 
progression with late presentation when renal replacement 
therapy is necessary are characteristics of CKD in this 
particular region. Because of the analogy of the endemic 
nature of CKD in Sri Lanka to ita i- ita i  disease, a cadmium 
hypothesis has emerged recently [5 -7 ], However, intensive 
ecological investigations did not support the cadmium 
hypothesis [3|. It is known as “chronic kidney disease of 
uncertain etiology" (CKDu), since investigations so far 
have not been able to identify the attributable risk 
faclor(s) 13 j.

There is no report on the pathological characteristics of 
CKDu, even though renal biopsy is considered the gold 
standard to establish diagnosis, especially when the cause 
is not obvious from other investigations [8, 9], Histopa- 
thological characteristics can provide important clues on 
candidate pathogens [9J. In the absence o f previous pub­
lished evidence of the underlying pathology, this study 
aims to search for possible pathogen(s) based on the his- 
lopathological evidence.

Subjects and methods

Ethical statement

Ethical approval for the study was obtained from Kyoto 
University, Japan and the University o f Peradeniya, Sri 
Lanka. All clinical records and biological samples were 
obtained after receiving informed consent from patients.

Study design

Subjects

Sixty-four CKDu patients who underwent renal biopsy at 
Anuradhapura General Hospital in Sri Lanka during the 
period from October 2008 to July 2009 were recruited for this 
study. In the Sri Lankan medical system, it is the responsi­
bility of patients to keep the clinical records provided by the 
local hospital. Personal and clinical information were col­
lected by face-to-face interviews and through clinical records 
which were available from the patients. Such information 
included age, sex, occupation, evidence o f having hyperten­
sion (history or current treatment with anlihyperiensive 
medicine), latest serum creatinine level, and the latest ultra­
sonographic findings on bipolar length (BPL) of the kidneys.

D ifferential d iagn osis and d iagnostic criteria

Patients with CKDu were diagnosed after excluding known 
etiologies. Diabetes mellitus was excluded by absence of 
history of diabetes mellitus, no current treatment for dia­
betes mellitus, and HbAIC <6.5% . Malignant hypertension 
was excluded by the absence of history of chronic and/or 
severe hypertension, with blood pressure <160/100 mmHg 
untreated or < 1 4 0 /9 0  mmHg on up to two antihypertensive 
agents. Systemic lupus erythematosus was excluded by the 
absence of anti-nuclear antibody (ANA) and antibody for 
double-strand DNA (dsDNA). Immunoglobulin (Ig) A 
nephropathy was excluded by immunoslaining the biopsy 
sections for IgG, IgM, IgA, and C3. Urological diseases of 
known etiology were excluded by clinical symptoms and 
routine investigations.

Staging

Staging o f patients was done using glomerular filtration rate 
(GFR) following the National Kidney Foundation Kidney 
Disease Outcome Quality Initiative guidelines (hereafter 
referred to as CKDu stages) [10]. The modified diet in renal 
disease (MDRD) formula [GFR (ml/min/1.73m2) =  186 x 
serum creatinine (mg/dL)_l 154 x (age)-0203 x (0.742 if 
female) x (1.212 if African American] using serum creati­
nine levels was used to estimate GFR [ 11 ]. In most healthy 
people, GFR is 90 ml/min/1.73 m2 or higher. However, 
people with GFR > 9 0  ml/min/1.73 m2 but with evidence 
of kidney damage were included in the patients with 
stage I CKDu. Patients with GFR in the ranges 60-89, 
30 -5 9 , and 15-29 ml/min/1.73 m2 were assigned to 
stages 2, 3, and 4, respectively. If GFR was < 1 5  ml/min/ 
1.73 m2. patients were considered as stage 5 or end-stage 
patients [I0 J.

Histopathology

The renal biopsy specimens were fixed in 10% formalin 
and embedded in paraffin. Sections of 3-pm thickness were 
analyzed after hematoxylin-eosin (H&E), periodic acid- 
Schiff (PAS), periodic acid -Schiff silver methenamine 
(PASM ), and Masson's trichrome staining. Histological 
examinations were made independently without reference 
to the CKDu stage information by independent pathologists 
in Kitano Hospital. Japan and University of Queensland in 
Australia. These pathologists were blinded to all clinical 
and laboratory data. Histological changes in all 3 anatomic 
compartments in renal tissue (glomeruli, tubulointersti- 
lium, and blood vessels) were assessed and scored or 
recorded as percentages or defined grades.
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Glom erular lesions

The total number of glomeruli, globally sclerotic glomeruli, 
collapsed glomeruli, and glomeruli with segmental sclerosis 
were counted. The global glomerulosclerosis and glomeru­
lar collapse were recorded as percentages (global glomeru­
losclerosis score — sclerotic glomeruli/lolal glomeruli x 
100%; collapsed glomeruli score =  collapsed glomeruli/ 
total nonsclerotic glomeruli x 100%). The number of 
specimens with glomerular enlargement was counted when 
at least one glomerulus showed a diameter over 200 pm. 
The specimens with glomeruli showing focal segmental 
glomerulosclerosis (FSG S) were counted separately. The 
specimens were checked for the presence o f mesangial, 
cndocapillary. and extracapillary cell infiltration.

Tubulointerstitial lesions

The severity of interstitial cell infiltration and the degree of 
interstitial fibrosis were assessed according to the Banff 97 
Working Classification o f Renal Allograft pathology [12]. 
Quantitative criteria for interstitial fibrosis ( " c i ” )

ciO Interstitial fibrosis in up to 5% o f cortical area 
c il Mild-interstitial fibrosis in 6 -2 5 %  o f cortical area 
ci2 Moderate-interstitial fibrosis in 2 6 -5 0 %  o f cortical 

area
ci3 Severe-interstitial fibrosis in > 5 0 %  of cortical area

Quantitative criteria for mononuclear cell interstitial 
inflammation ( “i”)

10 No or trivial interstitial inflammation (< 1 0 %  of 
unscarred parenchyma)

11 10-25% of parenchyma inflamed
12 26-50%  o f parenchyma inflamed
13 More than 50%  o f parenchyma inflamed

All the specimens were assessed lor presence o f lubulilis. 
Presence o f subcapsular cortical atrophy was checked and 
recorded separately.

Vascular lesions

Quantitative criteria for vascular fibrous intimal thickening 
and for arteriolar hyaline thickening in the Banff classifica­
tion were used to assess the type and severity o f small artery 
and arteriolar pathological lesions in specimens within which 
blood vessels could be observed (N =  53)1121.
Quantitative criteria for vascular fibrosis intimal thickening 
( “cv” )

cvO No chronic vascular changes
cvl Vascular narrowing or up to 25%  luminal area 

bv fibrointimal thickenine o f arteries ±  breach of

internal elastic lamina or presence of foam cells or 
occasional mononuclear cells (in die most severely 
affected vessel)

cv2 Increased severity of changes described above with 
2 6 -5 0 %  narrowing of vascular luminal area (in the 
most severely affected vessel) 

cv3 Severe vascular changes with > 5 0 %  narrowing of 
vascular luminal area (in the most severely affected 
vessel)

Quantitative criteria for arteriolar hyaline thickening 
( “ah” )

ahO No PAS-positive hyaline thickening 
ahl Mild to moderate PAS-positive hyaline thickening in 

at least one arteriole
ah2 Moderate to severe PAS-positive hyaline thickening 

in more than one arteriole
ah3 Severe PAS-positive hyaline thickening in many 

arterioles

In addition, presence of vasculitis in different size arteries 
and observations compatible with thrombotic microangi­
opathy were also assessed.

Comparison between histological observations 
and clinical parameters

To evaluate the possibility of renal pathological lesions to 
predict CKDu severity and to determine the clinical and 
demographic factors which can influence the severity of the 
disease, we assessed the correlation between each lesion 
with age, presence of hypertension, serum creatinine, and 
GFR. Correlations among different histopathologicai 
observations and clinical parameters were further evaluated.

Statistical analysis

The results o f global sclerosis score and collapsed glome­
ruli score arc expressed as mean ±  standard deviation 
(SD). The remainder o f the scores are categorized and 
expressed as percentages. Pathological findings and clinical 
observations were further studied by two different statis­
tical tests. The correlations between each pathological 
lesion and recorded noncategorical demographic and clin­
ical parameters such as age, serum creatinine, GFR, and 
BPL o f kidneys were analyzed using Spearman’s rank 
correlation coefficients. The same analysis was performed 
to evaluate the correlation between observed hislopalhol- 
ogical features.

The readings of each parameter were stratified (analyzed 
one by one) according to hypertension (yes or no), focal 
subcortical atrophy (yes or no), and arteriolar hyalinosis 
(ves or no). W elch’s r-tesl for uneoual variance was used in
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check the difference between two groups within the 
parameter. P  values less than 0.05 were considered statis­
tically significant, while values between 0.05 and 0.1 were 
considered as suggestive o f significance.

All statistical procedures were performed using SAS 
version 9.1 (supplied by SA S Institute Inc., Cary, NC. USA).

Results and discussion

O f the 64 biopsies obtained from October 2008 to July 
2009, only 57 biopsies were suitable for study due to 
inadequate sample size in 7 biopsies. The selected 57 renal 
biopsies were from patients o f CKDu stage 1-4 
(males =  42, female =  15). The male predominance was 
similar to in previous studies done in Europe and Australia 
(I.), 14]. The mean age o f the CKDu patients at time of 
biopsy was 45 ±  10.5 years. This emphasizes that this 
CKDu population is relatively younger. Renal biopsies 
from CKDu stage 5 were not available during this period 
because renal biopsies are not routinely obtained from end- 
stage patients due to small shrunken kidneys.

Histopathological observations

Histological observations o f 57 renal biopsy specimens are 
summarized in Table 1 and Fig. I.

G lom erular lesion s (F ig . I)

Global sclerosis was the most frequently observed patho­
logical lesion, with average score of 37.1 ±  4.0% . The 
presence of collapsed glomeruli was relatively less com­
mon (17.6 ±  3.7% ).

Frequent global sclerosis, ischemic-type obsolescence, 
and wrinkled and collapsed glomerular tufts were sugges­
tive o f ischemia o f glomeruli, which is a common lesion in 
essential hypertension (Fig. I) [15], Glomerular enlarge­
ment was observed in 21 renal biopsy specimens (36.8% ), 
being the second most common lesion in glomeruli. This 
can be due to compensatory hypertrophy of healthy neph­
rons following global sclerosis in other glomeruli and the 
associated atrophy o f nephrons, which has been demon­
strated in patients with essential hypertension [16].

It is noteworthy that the typical FSG S lesion o f perihilar 
variant was observed in two specimens with nonnephrotic 
range of proteinuria (Fig. I). This type o f observation is 
highly suggestive o f the existence o f relatively long-term 
progressive loss of nephrons.

In contrast to the frequently observed sclerotic lesions, no 
specimen showed endocapillary, extracapillary, or mesangial 
cell proliferation as occurs in chronic glomerulonephritis 
and diabetic glomerulosclerosis [I7 J . No PAS-posilive
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Table I Summary of histopathological observations

Histopathological observation/score Cases Percentage 
positivity (%)

Glomerular pathology {N =  57)

Focal segmental glomerulosclerosis 2 3.5

Glomerular enlargement 21 36.8

Global sclerosis score 37.1 ±  4.0*

Collapsing glomeruli score 17.6 ±  3.7*

Tubulointerstitial pathology (N =  57)

Mononuclear cell interstitial inflammation score

i0 23 40.4

il 21 36.8

i2 12 21.0

i3 1 1.8

Interstitial fibrosis score

ciO 4 7.0

cil 18 31.6

ci2 20 35.1

ci3 15 26.3

Vascular pathology (A' =  53) 

Fibrous intimal thickening score

cvO 27 50.0

cvl 21 40.5

cv2 5 9.5

cv3 0 0

Arteriolar hyaline thickening score

ahO 22 41.5

ahl 21 39.6

ah2 10 18.9

ah3 0 0

Other observations

Focal subcapsular cortical atrophy 21 36.8

a Mean ±  SD

depositions compatible with immune complexes were 
noted. Supporting immunostaining for ANA and dsDNA 
confirmed the absence of mesangial and paramesangial 
deposition of immune complexes, excluding immune- 
complex-mediated pathology as occurs in conditions such 
as IgA nephropathy [15].

Tubulointerstitial lesion s (Fig. 2)

Mononuclear cell interstitial inflammation score was iO in 
23 cases, i l  in 21 cases, i2 in 12 cases, and i3 in only 1 case 
(Table I). It is noteworthy that, in almost all instances, 
inflammatory infiltrate predominantly contained mononu­
clear cells. The presence o f eosinophils and plasma cells, 
which are representative o f some kinds of allergic and 
hypersensitive interstitial nephritis, was a rare observation 
(n =  1) 118]. Tubulitis with invasion o f tubular cells by

2 7 3 '
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Fig. I Glomerular pathology, a Ischemic glomerular obsolescence b Perihilar focal segmental glomerulosclerosis. The pcrthilar segment
The glomerular capillary tufts are wrinkled and collapsed (arrow). is obliterated by increased matrix and hyalinosis (arrow) (PAS * 200)
Bowman's space is filled with collagen (arrow head) (P A SM  x200).

Fig. 2 Tubulointerstitial pathology a Interstitial inflammation. 
Obsolescent glomeruli, tubular atrophy, and interstitial mononuclear 
cell infiltration are seen on the right side A  hypertrophic nephron is

seen on the left side (arrow) (PAS x40) b Interstitial fibrosis. 
Tubular atrophy and interstitial fibrosis can be seen (Masson's 
tnchrome x 100)

inflammatory cells was never observed. This reflects that 
the origin of this interstitial nephnlis-like lesion is unlikely 
to be inflammation o f tubular cells. In addition, tubular 
regeneration could not be observed in these specimens In 
contrast to the relatively frequent cases without interstitial 
cell infiltration (23/57, 40 .4% ), only 4 cases (1% ) were free 
of interstitial fibrosis (Table I).

V ascular lesions (Fig. 3)

Arteriolar hyaline thickening score and fibrous intimal 
thickening score revealed the presence of mild to moderate 
vascular lesions in these patients (Table I). Histological 
characteristics of vasculitis such as vessel-wall leukocyte 
infiltration or necrosis were not observed in any of the 
specimens. Frequently observed massive vascular sclerotic

lesions, even in relatively younger patients, were charac­
teristic of these specimens Frequently observed glomerular 
sclerosis and vascular lesions such as fibrous intimal 
thickening (Fig. 3a) and arteriolar hyalinosis have been 
reported as characteristics in hypertensive nephrosclerosis 
[1 9 -2 1 ], It should be noted that, although malignant 
hypertension was excluded, almost half of the patients 
(n =  29) had mild hypertension and were on antihyper­
tensive medicine.

Some other important observations were the presence of 
subcapsular cortical atrophy (Fig. 3b) and vascular intimal 
cell swelling with subendothelial hyaline deposition, which 
are compatible with the subacute phase of thrombotic 
microangiopathy, in a limited number of specimens. The 
present study revealed that tubulointerstitial lesions some­
times accompanied by massive interstitial mononuclear

Vj Springer
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I'ig. 3 Vascular pathology and subcapsular cortical atrophy a Arte­
riosclerosis (intimal fibrosis). An interlobular artery showing fibrous 
thickening of the intima and elastosis is seen (Masson's trichrome

x200). b Subcapsular cortical atrophy. Subcapsular fibrouc area 
contains obsolete glomeruli, atrophic tubules, and chronic inflamma­
tion (PAS x40)

cell infiltration was the primary lesion o f CKDu, while 
glomerular and vascular lesions were more likely subor­
dinate ones. The current conclusion is in accordance with 
our previous findings in urine analysis in CKDu patients at 
stage 1-3. which demonstrated that the most subtle change 
in the urine was elevation of the tubular marker, alpha-1 
microglobulin [22]

Clinicopathological correlation

Evaluation of the association o f the histopathological 
observations with clinical parameters was limited to 56 
cases (1 case was eliminated due to lack of data). O f these. 
31 cases (55% ) had hypertension at time o f renal biopsy. 
Regarding the correlation with vascular pathology, 53 
cases whose biopsy specimen contained blood vessels were 
evaluated. There was no association between gender and 
histopathological parameters. W elch’s r-test revealed that 
hypertension had a significant association with presence of 
arteriolar hyalinosis, interstitial inflammation, and inter­
stitial fibrosis in renal specimens (Table 2). Supplementary 
table 1 provides the difference in histopathological scores 
and the presence o f each histopathological observation 
among cases with and without hypertension.

Correlations between combinations o f clinical parame­
ters and pathological observations were further evaluated 
using Spearman's rank correlation coefficient (p) 
(Table 3). Among the clinicopathological parameters 
compared, the greatest positive correlation was present 
between the age o f the CKDu patients and the fibrous 
intimal thickening score. Serum creatinine concentration 
had a weak positive correlation (P  <  0 .1 ) with both inter­
stitial fibrosis score and interstitial inflammation score. The 
greatest negative correlation was seen between G FR and 
the interstitial fibrosis score.

Table 2 Clinicopathological correlation (Welch’s ( lest)

Combinauon of variables P value

Hypertension-arteriolar hyalinosis 0.02

Hypertension-interstitial fibrosis 0.06

Hypertension-interstitial inflammation 0.10

Arteriolar hyalinosis-serum creatinine 0.16

Arteriolar hyalinosis-age 0.49

Hypertension-fibrous intimal thickening 0.2

Hypertension-focal subcortical atrophy 0.54

Focal subcortical atrophy-serum creatinine 0.62

Hypertension-glomerular hypertrophy 0.77

Hypertension-sclerotic glomeruli 0.82

Hypertension-collapsed glomeruli 0.93

It is interesting that, even though we observed good 
correlation between tubulointerstitial lesions and clinical 
parameters such as hypertension and serum creatinine, 
none o f the clinical parameters had good correlation with 
the glomerular pathology (Tables 2, 3). In contrast to the 
fibrous intimal thickening score, which had a relatively 
good correlation with age o f the patients, the arteriolar 
hyaline score did not have a good correlation with age. 
However, it should be noted that hypertension had a sig­
nificant correlation with arteriolar hyalinosis. Collectively, 
these observations suggest that the vascular pathology may 
be the result o f long-standing hypertension.

Among the pathological parameters compared, the 
strongest positive correlation was observed between inter­
stitial fibrosis and interstitial inflammation scores. Rela­
tively strong positive correlation was observed between 
fibrous intimal thickening score and arteriolar hyaline score 
which categorize the vascular lesions in the renal tissue
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Table 3 Clinicopathological correlation (Spearman's rank correla­
tion coefficient.)

Combination of variables P° P value

Age-fibrous intimal thickening score 0.3708 0.02

Serum creatinine—interstitial fibrosis score 0.2953 0.04

Serum creatinine-interstitial inflammation score 0.2394 0.09

Serum creatinine-arteriolar hyaline thickening 0.2020 0.17
score

Age-arteriolar hyaline thickening score 0.1830 0.19

Serum creatinine-fibrous intimal thickening 0.1584 0.36
score

Age-interstitial fibrosis score 0.1312 0.33

Age-interstitial inflammation score -0.0302 0.82

Glomerular filtration rate-fibrous thickening -0.1506 0.36
score

Glomerular filtration rate-arteriolar hyaline -0.1719 0.23
thickening score

Glomerular filtration rate-interstitial -0.2177 0.11
inflammation score

Glomerular filtration rate-interstitial fibrosis -0.2703 0.05
score

* Spearman's rank correlation coefficient

Table 4 Correlation among pathological parameters (Spearman's 
rank correlation coefficient)

Combination of variables P* P value

Interstitial inflammation 
scorc-inicrstitial fibrosis score

0.7869 <0.0001

Fibrous intimal thickening 
score-arteriolar hyalinosis score

0.4442 0.0036

Interstitial fibrosis 
score-arteriolar hyalinosis score

0.3156 0.0213

Interstitial fibrosis score-fibrous 
intimal thickening score

0.2651 0.0898

Interstitial inflammation 
scorc-arleriolar hyalinosis score

0.2041 0.1426

Interstitial inflammation 
score-fibrous intimal thickening score

0.2014 0.2010

1 Spearman’s rank correlation coefficient

(Table 4). We did not observe a close correlation between 
interstitial fibrosis and vascular pathology.

Weighing all the observations, interstitial fibrosis often 
associated with interstitial inflammation appears to be the 
key factor determining the deterioration of renal function in 
CKDu patients.

We demonstrate herein that tubulointerstitial damage is 
the major pathological event in CKDu. A number of 
environmental and occupational nephrotoxins are known to 
cause similar type o f renal injury [23]. A prototypical 
example of tubulointerstitial damage is ita i- ita i  disease, in

which renal tubular damage and osteomalacia are charac­
teristic features. It has been found in the cadmium-polluted 
Toyama Prefecture o f the Jinzu River Basin in Japan [23, 
24]. Because o f the similarity observed in the endemic 
nature o f the two diseases, in the recent past, some reports 
suggested cadmium-induced renal pathology in CKDu. It 
was suggested that agrochemicals containing cadmium are 
responsible for the toxic levels in the environment [6. 7],

Even though cadmium nephropathy is also characterized 
by interstitial fibrosis and tubular atrophy [25], in our 
previous studies we confirmed the absence of evidence 
supporting cadmium-induced renal disease in the endemic 
region [3]. We evaluated urinary alpha-1 microglobulin 
and cadmium levels in cases with mild stages of CKDu 
[22], Although we found significant increase of alpha-1 
microglobulin excretion in the urine from cases, we failed 
to detect elevation o f urinary excretion of cadmium. 
Therefore, it is less likely that cadmium exposure plays an 
important role in the development o f CKDu as reported by 
others [6].

Balkan endemic nephropathy (BEN ) and Chinese herb 
nephropathy (CHN) are two well-known chronic tubuloin­
terstitial renal disease syndromes [26, 27]. BEN  and CHN 
have been associated with a natural loxin, aristolochic acid, 
as a key causative nephrotoxin [2, 28, 29]. However, in 
contrast to the Balkan region, which has a relatively high 
incidence o f upper urinary tract tumors, urothelial tumors 
are a rare occurrence in the CKDu endemic region [30], The 
interstitial inflammatory reaction, which was a frequent 
observation in CKDu (Fig. 2a), is not a significant feature of 
BEN  [26, 29], However, A ristrochia  has been commonly 
used in the endemic community as a herb of traditional 
medicine. Thus, there remains a possibility of involvement 
o f aristolochic acids in CKDu. Ochratoxin A is also a 
known environmental natural nephrotoxin resulting in 
tubular atrophy and interstitial fibrosis following chronic 
exposure [31]. Preliminary studies on urinary mycotoxins 
have shown relatively higher levels of ochratoxin A in 
CKDu patients and endemic controls, indicating a relatively 
higher exposure which needs further confirmatory investi­
gations [32],

Still other possibilities such as glucose-6-phosphate 
dehydrogenase (G6PD ) deficiency or G6PD carrier state, 
which are known to increase susceptibility to hemolysis- 
induced organ damage following exposure to certain clas­
ses o f chemicals including some drugs, pesticides, and 
fungicides, may be associated with CKDu [33-35]. In the 
immigrant fanning communities, discernible portions of 
population have G6PD  deficiency or carrier state. Finally, 
we found in the environmental study that excessive expo­
sure to fluoride occurred in the immigranl communities 
through drinking water [3], It is well established that excess 
exposure to fluoride causes renal tubular damage [36].
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Thus, there is a possibility that intensive exposure to 
fluoride may be a causative or modifying factor for 
developing CKDu.

Future investigations will be carried out to search for 
candidate environmental pathogens, giving emphasis to 
possibilities related to agricultural activities, natural neph- 
rotoxins, high fluoride exposure through drinking water, 
and genetic susceptibility in the endemic area.
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