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Abstract: The global burden of chronic kidney disease (CKD) has risen, and chronic kidney
disease of unknown etiology (CKDu) contributes considerably to the national burden of
CKD. It is characterized by irreversible, slowly advancing disease, and symptoms often
appear in the late stages of the disease. It is a serious, novel cause of kidney failure and
leads to premature deaths. Many hypotheses have emerged; however, the etiology of CKDu
continues to be elusive and debatable and it is claimed that the etiology is multifactorial,
encompassing environmental, genetic, occupational, and social factors. The dominant histo-
pathological feature is chronic tubulointerstitial nephritis. It predominantly affects indivi-
duals with low socio-economic status, of working age, largely without chronic comorbidities,
who perform strenuous labor in extreme conditions in various tropical areas of the world. It
is often fatal due to fast progression and limited access to dialysis or transplant options in the
involved geographic areas. Early recognition and appropriate interventions at the earliest
possible stage are imperative for decreasing its associated morbidity and mortality. In this
review, I tried to summarize available evidence on the risk factors, epidemiology, clinical
features, treatment, and prevention of CKDu. The literature search for this review was
conducted comprehensively by using different electronic databases and by using appropriate
search terms.

Keywords: chronic kidney disease of unknown etiology, review, risk factors

Introduction

Chronic kidney disease (CKD) is a global health problem. According to projections
from the global health observatory, it is currently one of the rapidly growing causes
of mortality worldwide.! Chronic kidney disease disproportionately affects low-
income and middle-income countries with a prevalence of 15% higher than that of
high-income countries.” The primary cause of CKD varies by setting, with hyper-
tension and diabetes being the most common causes,” but chronic kidney disease of
unknown cause (CKDu) is an emerging health problem predominantly in low and
middle income countries.*

Chronic kidney disease of unknown etiology has no association with the known
risk factors such as hypertension, diabetes or chronic glomerulonephritis. It has no
common global definition and the term CKDu was first used in El Salvador in the
early 2000s to show a disease frequently affecting agricultural societies,” and as the
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etiology was not clear, the term “chronic kidney disease of
unknown etiology” has been used in the literature since
2000s. Other terms used include “Mesoamerican nephro-
pathy”, “CKD of nontraditional cause”, “kidney disease of
unknown cause in agricultural laborers”, etc. It is typically
characterized by an insidious development of chronic kid-
ney disease (CKD) with a decreased estimated glomerular
filtration rate (eGFR) without common risk factors of
CKD.* It is of great concern and poses a great risk to the
health of communities. Communities living around hot,
coastal/subcostal, low-altitude, tropical/subtropical geogra-
phical areas are commonly affected.® It usually affects low
income, rural and middle-aged men working in agriculture
or other fieldworkers requiring extenuating work.*

In low-income countries, early detection and prevention
of CKDu is crucial in order to decrease disease progression,
since there is only limited access to health care to manage
late complications. Moreover, disease awareness and sur-
veillance systems are poor among both the health-care
authorities and general public, thus the real burden of dis-
ease is unknown.’ The consequences are disastrous for
patients and their families, due to loss of productivity and
inability to support their families because the disease often
affects working-age groups. There is relatively deficient,
scattered and limited summarized evidence regarding
CKDu and it is usually an overlooked condition in devel-
oping countries. Hence, I summarized available evidence
on diagnosis, screening methods, risk factors, epidemiol-
ogy, prevention and treatment strategies of CKDu which
will provide input for further efforts to address the
epidemic.

Methods

For this review article I searched PubMed, Science Direct,
Web of Science and Google scholar and other databases to
get as many relevant articles as possible. Articles were
considered relevant and included in the review if they: 1)
evaluated CKDu including its epidemiology, potential risk
factors, treatment and ways of prevention, ii) were pub-
lished in English, iii) were published from 2010 until
November 2020. T excluded opinion papers and articles
with insufficient data on methods and those that lacked
data in the results section. I screened the identified articles
using titles and abstracts before doing a full article review.

Search terms included a combination of appropriate
search terms for chronic kidney disease of unknown etiology
including its related synonyms like “Mesoamerican nephro-
“CKDu”, “chronic

pathy” “agricultural nephropathy”,

CLINNT3

kidney disease of nontraditional cause”, “potential risk fac-

LRI

tors”,

CEINNT3

epidemiology”, “treatment” and “prevention ways”.
Moreover, the searches were supplemented by reviewing the
bibliography of the selected studies to identify relevant addi-

tional studies.

Diagnosis and Screening

Diagnosis is considered in patients with decreased glomer-
ular filtration rate without typical risk factors of CKD and
who have experienced long times of physically demanding
agricultural work in hot climate with the risk of becoming
dehydrated.® It is a diagnosis of exclusion, made when
a patient fulfills the Kidney Disease Improving Global
Outcomes CKD criteria without evidence of a recognized
cause such as diabetes, hypertension, genetic disease, or
glomerulonephritis.” It is defined by an eGFR of < 60 mL/
min per 1.73 m? in the absence of traditional risk factors,
heavy proteinuria, and structural renal disease, based on
two measures of serum creatinine three months apart.'’

It is characterized by slowly progressive, irreversible
disease and there is either significant or at least 50%
damage at the time of detection due to few or no symp-
toms being present until the disease is fairly advanced.'""'?
The nephropathy progresses silently to end-stage renal
disease (ESRD) leading to premature death among thou-
sands of workers.'® Studies suggest that some workers at
risk for CKDu are experiencing episodes of clinically
apparent acute interstitial nephritis with renal biopsies
demonstrating tubulointerstitial inflammatory infiltrates
with 14,15

Progression from initial onset to end-stage kidney disease

varying degrees of wunderlying fibrosis.
can be rapid in some patients especially if they do not get
treatment in time.'®'” Hence, prevention, early screening
of etiological factors, and early diagnosis are key to initi-
ate timely treatment and slow down the progression to
end-stage kidney disease.”

The main biomarkers for identification and screening
of CKDu include serum creatinine, ¢GFR and dipstick
proteinuria measurements, in order to exclude known
etiologies of CKD.!” However, dipstick proteinuria has
limited sensitivity and has high probability for human
error. Creatinine measurement is favorable over dipstick
proteinuria owing to its apparent accuracy and cost effi-
ciency. Creatinine and albumin to creatinine ratio (ACR),
in a complementary manner, can overcome shortcomings
of dipstick proteinuria. In addition, use of ACR may also
increase the ability to clinically discriminate CKDu from
other glomerular nephropathies."'®
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Biomarkers that are tubular specific are excreted at an
initial stage of CKDu and can be specific and sensitive for
screening and early diagnosis of CKDu.'” Biomarkers that
are sensitive to tubular injury, like urinary neutrophil gela-
tinase-associated lipocalin (NGAL)-to-creatinine ratio, are
more suitable for early diagnosis of CKDu than ACR.*°
Similarly, urinary kidney injury molecule—1(KIM-1) can
serve as an early marker of CKDu. According to
Ratnayake et al, serum cystatin C is the most accurate
in detecting CKDu
regions.?! Those tests represent more sensitive screening

functional marker in endemic

tools, although their cost prevents widespread use.*

Epidemiology

The prevalence of CKDu differs greatly across the world,
as does its detection; and treatment varies. It is highly
prevalent among low-income rural societies in the tropics.
Geographic hotspots of CKDu include El Salvador,
Bulgaria, Guatemala, Mexico, Nicaragua, Croatia, Egypt,
Serbia, India, and Sri Lanka.”*?° In Central America it is
a leading cause of hospitalization and death, mainly
among young, male sugarcane workers.'*?® The true bur-
den of this disease has not been well documented, because

lack of
27,28

of the limitations of surveillance and the
a consensus on diagnostic criteria or case definition.
Less is generally known about the epidemiology of CKDu
in sub-Saharan Africa, due to the scarcity of renal biopsy

and inadequate overall reporting.?’

Risk Factors and Pathogenesis

The exact cause is unknown. However, different multi-
factorial etiologies like chronic exposure to dehydration,
heat stress, agrochemicals, heavy metals, intake of fruc-
tose-rich drinks, frequent use of self-prescribed non-
(NSAIDS),
income and genetics were proposed in its development.

steroidal anti-inflammatory drugs lower
Studies using geographical mapping also revealed that
villages with a high prevalence of CKDu usually used
irrigation water sources.”>~>* These risk factors are not
mutually exclusive and they operate together, sequentially
or simultaneously over a long period of time, causing
acute and chronic manifestations of disease.*'® Acute
kidney injury (AKI) is a known etiological factor for
consequent CKD, however, this progression has not been
fully studied in the context of the natural history of
CKDu."*** The major of these proposed risk factors with
their pathogenesis were discussed in detail in the following
sections.

Heat Stress

It is the combination of heat produced in the body and heat
gained from the environment minus the heat lost from the
body.*® The body’s heat balance is decided by six factors:
four climatic and two non-climatic. Heat stress develops in
conjunction with dehydration and presents as a range of
heat-related symptoms such as headache, fatigue, muscle
cramps, weakness, dizziness, nausea, vomiting, tachycar-
dia, hyperventilation, ataxia, and transient alteration in
mental status.*® It affects both outdoor and indoor workers
who carry out activities in hot environments.*’

Repeated episodes of heat stress followed by dehydra-
tion can cause repeated subclinical ischemic kidney injury,
which over time may lead to irreversible kidney injury and
CKDu.*® These repeated episodes of injury finally cause
abnormal repair mechanisms, leading to vascular rarefica-
tion, renal fibrosis and glomerulo-sclerosis.***° Moreover,
heat stress and dehydration could cause toxin-mediated
kidney injury by accelerating reabsorption of toxins from
low renal blood flow*' (Figure 1). An experimental study
showed recurrent heat-induced dehydration leads to corti-
cal urate accumulation, reduced GFR, proximal tubular
injury, and fibrosis in mice.” However, whether heat
stress causes CKDu directly or indirectly is an intriguing
idea, as it remains unconfirmed.*%*

Moreover, AKI caused by chronic dehydration and
heat stress may be aggravated by other exposures like
use of illegal alcohol, nephrotoxic drugs, rhabdomyolysis
due to extreme labor, exposure to agrochemicals and

heavy metals.***

Dehydration
Recurrent episodes of dehydration are the foremost likely
cause of AKI** If the volume depletion is sustained, the
GFR subsequently falls. This situation was at the begin-
ning thought to be fully reversible with hydration, except
if ischemia occurs. Subjects who are recurrently dehy-
drated may not eliminate toxins as efficiently as those
who are well hydrated, resulting in higher concentrations
of toxins within the blood serum and excretory organ
resulting in excretory organ injury.*’

Dehydration increases in urinary osmolality which acti-
vates aldose reductase pathway, converting glucose to fruc-
tose. In the proximal tubules, fructose is metabolized by
fructokinase to urate, oxidants, and inflammatory mediators,
causing tubular injury. Workers chew sugarcane and rehy-
with  fructose-rich  drinks,

drate exacerbating  the
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Figure | Probable mechanisms for the development of CKDu. Those includes (A) the uptake of toxins in the tubules, resulting in direct toxicity. (B) Heat exposure
resulting in dehydration and rise in core temperature, which might cause kidney injury directly through tissue dysfunction or indirectly through rhabdomyolysis or
hyperosmolarity. Furthermore, heat-associated dehydration may also cause kidney injury by strengthening the renal effects of toxins. (C) It has also been suggested that
infectious agents may be involved in the pathogenesis of CKDu. For all mechanisms, genetic factors could be essential.

20,46

problem. Hypovolemia also activates the renin-

system (RAAS).
release results in bicarbonate reabsorption in the distal

angiotensin-aldosterone Aldosterone
renal tubule which can worsen aciduria®’ and decreases
renal absorption of potassium, which in turn causes
decreased intra-renal perfusion pressure which can elicit
renal tubular injury.*” In conclusion, recurrent and prolonged
dehydration resulting from strenuous work in tropical cli-
mates is believed to lead to subclinical acute kidney injuries
that develop into chronic damage over time. Furthermore, it
has been identified as a causative factor that could lead to
glomerular hypertension, interstitial fibrosis, and tubular

injury due to the oxidative stress exerted onto the kidneys

which could be a probable pathway leading to CKDu.****

Role of Rhabdomyolysis

Rhabdomyolysis results from the death of muscle fibers
and release of its contents into the bloodstream.*
Strenuous work in hot climates causes subclinical rhabdo-
myolysis, exacerbating hyperuricemia and urinary urate
can exceed its solubility and form microcrystals.”
Rhabdomyolysis is a well-known cause of AKI, and
repeated exposure may lead to CKDu.** Muscle injury

causes overproduction of uric acid and that hyperuricemia
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and uricosuria contribute to tubulointerstitial damage and
may play a role in heat stress nephropathy.’'** Workers
who experience recurrent episodes of AKI may be at
substantial risk of developing CKDu.>

Leptospira Infection
Leptospirosis is a prevalent zoonosis which can be
transmitted to humans via soil or water contaminated
by infected animal excreta, and people may be exposed
to it during cultivation and harvesting tasks. The kidney
is the main target organ of leptospira and the immune
response is involved in the development of tubulo-
interstitial nephritis and tubular dysfunction in infected
patients.”® The bacteria enter the kidney, ultimately
penetrating the renal tubules to adhere to their inner
surface. Even though it has not been established that
acute leptospira infection leads to CKDu, it might be
a factor that increases vulnerability to CKDu.’*
Probable mechanisms by which leptospirosis could
lead to CKDu include: a) insidious kidney colonization
by leptospira followed by a second hit to the kidney
from heat stress and/or dehydration, and b) progression
from leptospirosis-induced acute kidney injury.>
Leptospirosis is endemic in Sri Lanka and has been
linked to CKDu and it is known to be a cause of AKI that
can proceed to chronic renal failure.’® Several factors are
involved in acute kidney injury (AKI) in leptospirosis,
including direct nephrotoxic action of the leptospira,
hyperbilirubinemia, rhabdomyolysis, and hypovolemia.®’
Repeated leptospirosis infection is associated with both
prevalence and severity of CKD.’® Recurrent leptospirosis
has been shown to cause CKD in other mammals, although

not yet confirmed in humans.**>>’

Genetic Factors

Genetic factors may play a role in the CKDu epidemic, as
some studies have suggested association between family
history of CKD and CKDu.®*®' Studies in Sri Lanka
showed known polymorphisms in SLC13A3 (sodium-
dependent dicarboxylate transporter member 3)** and
KCNA10 gene, which encode for a voltage-gated potas-
sium channel found in proximal tubular cells®* were
related to renal disorder. Moreover, in Sri Lanka and
India, there are specific polymorphisms and single-
nucleotide mutations which have been related to CKDu

in some endemic communities.>>®3

Socio-Economic Factors and Water
Quality
Factors like lack of rest breaks, low wages, lack of safe
water, use of clothing that increases body heat, lower daily
fluid intake and lack of sufficient workplace regulation,
which necessitate workers to work in difficult conditions
promote the development of CKDu.®*¢°

There is also a study which suggests that water quality is
a causative factor in the development of CKDu. The majority
of people living in affected areas consume domestic stagnant
water which does not communicate with deep tube wells.
Communities that drink water from shallow wells in close
proximity to irrigation systems developed for agriculture
with demonstrable seepage from irrigation system to the
wells are more affected by CKDu compared to communities
without irrigation seepage into wells. In contrast, commu-
nities living in geographical close proximity to irrigation
systems who get drinking water from wells sourced by
natural springs appear to be less affected by CKDu.*

Drinking ground hard water in the endemic areas with
high fluoride concentrations and calcium is proposed as risk
factors for CKDu,**%>%7 but not all areas with hardness in
ground water are affected.®® According to Wanigasuriya
et al’s study, participants who drank well water in the field
were roughly 2.5 times more likely to have micro-
albuminuria than their counterparts.®® Furthermore, accord-
ing to an experimental study, high fluoride and other unde-
tected toxins in shallow-dug wells may be causative factors
for CKDu.”® Chandrajith et al suggested that hard water
could enhance the cytotoxic properties of fluoride.”"
Fluoride in water has been raised as a possible cause of
CKDu in Sri Lanka, but this hypothesis remains highly
speculative.”? An experimental study revealed hard water
with high fluoride content resulted in acute tubular injury
and it can be minimized by administering distilled water.”®
In addition, high silica levels in drinking water from pesti-
cides containing silica or as a result of leaching from bed
rocks and the combination of silica, strontium and NSAIDs
have been proposed to cause CKDu.”*

Agrochemicals and Nephrotoxic

Exposure

Agrochemicals like fertilizers and pesticides have been
assumed as risk factors for CKDu.*'"> Agricultural work-
ers are exposed to agrochemicals via inhalation, ingestion,
and dermal contact. Agrochemicals such as glyphosate,
paraquat or heavy metals such as lead, arsenic, cadmium,
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uranium and silica have been associated with CKDu; how-
ever, as of today, there is no proven cause-effect
relationship.®®®®7®  Arsenic and cadmium are released
into the environment byphosphorous fertilizers and gly-
phosate is released through herbicides added for the har-
In Sri Lanka,
glyphosate are present in farm-lands’ topsoil, indicating

vesting process. increased levels of
prolonged exposure which can be one of the causative
agents for CKDu.”’

Despite the fact that the WHO considered pesticides
containing arsenic as hazardous, many farmers still con-
tinue to use them as they are unaware of the harm caused
by these heavy metals.”® European Union passed a bill to
limit the use of cadmium-containing fertilizers.”’ The
patho-physiological mechanisms behind heavy metal-
induced kidney injury are complex and some aspects of
their metabolism and mechanisms of toxicity remain
unknown and there was no evidence to support their
direct contribution in pathogenesis of CKDu and the
most plausible mechanism is related to oxidative stress
and inflammatory processes.®® Heavy metals, most parti-
cularly cadmium and arsenic, have been potentially
related to CKDu.*® However, in a longitudinal cohort
study in Nicaragua, agrochemical applicators did not
have a significant increase in renal injury biomarkers.®'

Contact with and inhalation of pesticides have been
proposed as a risk factor for CKDu,”” but not all reports
have supported the association between pesticides and
CKDu. For instance, a systematic review by Gonzélez-
Quiroz et al® and a study in Nicaragua did not find an
association between CKDu and exposure to pesticides.®
However, a study in the US reported an association
between pesticide exposure and ESRD.®

Other Possible Causes

Other possible risk factors reported include long-term use
of aminoglycoside antibiotics,>® alcohol use, history of
malaria, tobacco smoke and intake of fructose-rich soft
drinks which are largely anecdotal.”***** Hantavirus is
another rodent-borne pathogen that has been proposed as

a possible causal agent in CKDu,*>¢

and male predomi-
nance may be due to occupational exposures that are related
to gender differences, such as strenuous work done mostly

by men and not to sex differences.®’

Clinical Features
It has no clear early clinical signs and it is unclear from
CKD because of different causes.'” The typical clinical

presentation of CKDu is a young male from an endemic
coastal hotspot with a family history of CKD. Clinically
CKDu is described as normal or slightly elevated blood
pressure, low-grade non-nephrotic proteinuria and
decreased GFR.>""*% Hypertension, anemia and edema
ensue late in the disease progression. Symptoms include
lack of appetite, fatigue, recurrent dysuria, urgency, and
back pain.’>’® These symptoms are often misdiagnosed as
urinary tract infections and treated with drugs like amino-
glycosides which are potentially nephrotoxic.”

Kidney biopsies have shown evidence of acute injury
like interstitial edema, acute tubular cell injury, and early
fibrosis and chronic injury like tubular atrophy, interstitial
fibrosis with associated secondary glomerulo-sclerosis and
signs of glomerular ischemia.*'* Renal scarring was not
common, usually tubulointerstitial changes predominate
over glomerular and vascular changes. The major affected
parts are proximal tubules and the interstitium part of
kidney. Tubular atrophy and interstitial fibrosis were fre-
quently seen.”> Changes characteristic of diabetes and
immune deposits have not been seen and indications of
hypertensive disease have been insignificant or
minimal.’"*? The urinalysis reveals no or minimal protei-
nuria, small numbers of red cells and leukocytes, and
occasionally amorphous urate crystals. Serum electrolyte
abnormalities may include hyponatremia, hypokalemia,
and hypomagnesemia.®'* Ultrasound at initial stages
showed normal-sized kidneys and increased echogenicity
of the parenchyma.®®

Histopathological investigation of renal biopsies shows
glomerular and interstitial changes that are compatible

with recurrent episodes of ischemia.”

At Risk Groups

It mainly affects primarily socially vulnerable communities,
those who regularly work in hot conditions of the tropics.
Working-age male agricultural workers who perform stren-
uous labor are the worst affected. The possible explanation is
because they perform harsh physical labor in hot climatic
conditions that result in chronic dehydration.'* According to
some studies, progression to CKD occurred in 8.4% of 586
sugarcane workers with AKI.'** Sugarcane workers are
particularly at risk of heat stress and dehydration due to the
lack of shade, heavy exertion for hours, and lack of access to
sufficient drinking water during the workday.*® Sugarcane
seed cutters have the highest prevalence, although other
“hot” occupations such as port workers, rice farmers, miners,

and cotton and construction workers are also affected.'>>%°
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Treatment

No explicit treatment guidelines were present. Patients in
whom nephropathy progresses to ESRD will need dialysis
or transplantation. According to some studies allopurinol
may provide protection against heat stress-induced renal
injury.”®®” Allopurinol decreases C-reactive protein and
slows down the progression of renal disease in patients
with chronic kidney disease by lowering uric acid in
hyperuricemic subjects.”® There is inadequate evidence at
the present time to support the use of pharmacotherapy to
avoid progressive kidney function decline in CKDu.
Because of the tendency toward volume depletion, renin—
angiotensin inhibitors should be used cautiously; but there
is no firm evidence of their benefit. However, use of
angiotensin converting enzyme inhibitors, and angiotensin
receptor blockers, allopurinol, and corticosteroids and
other medications in appropriate clinical situations arising
concurrently with CKDu may be appropriate for some
patients. Mild to moderate hypokalemia is managed with
fruit-rich diet and spironolactone.”®'°® In addition, accord-
ing to some studies, sodium bicarbonate delays the pro-
gression of CKD?*'°" and one experimental study has
demonstrated its protective role in preventing kidney

injury from repeated heat stress.'*>

Prevention

Preventive measures are focused on risk factors, screening
at-risk populations. Early diagnosis and appropriate inter-
ventions are paramount. Since there is no convincing etiol-
ogy, the assumed causal factors are potentially preventable.
Those prevention methods include: provision of safe drink-
ing water, avoidance of nephrotoxic drugs, reduce exposure
to toxins and improve working conditions.'®® Moreover,
WHO and the Food and Agriculture Organization of the
United Nations have made strong recommendations includ-
ing quality control for fertilizers, compulsory provision of
personal protective equipment for agrochemical sale and
use, tighter regulation on sales of agrochemicals thought to
be nephrotoxic and improving health education. In addition,
mapping of high-prevalence areas using geographical infor-
mation systems used to identify high risk groups of the
population is essential.

Future Directions
In general, despite several hypotheses being considered, the
risk factors, pathophysiological mechanisms, diagnostic meth-

ods and treatment of CKDu are not explicitly established.'™

Hence, there is a need for well-designed, more conclusive
studies examining causation, clear pathogenesis, and valida-
tion of more sensitive biomarkers to unravel the mystery of
this disease.

Conclusion and Recommendation
Chronic kidney disease of unknown etiology is a serious
novel cause for kidney failure and leads to premature
death, particularly among disadvantaged populations
around the tropics. It is characterized by slowly progres-
sing and frequently asymptomatic disease until advanced
stage and it is not attributable to known etiologies of CKD.
The highest burden of the disease is seen in lower income,
male agricultural population of the tropics. Despite several
hypotheses present, no explicit causative agent has been
conclusively established. Early recognition and manage-
ment at the earliest possible stage are key for reducing its
associated morbidity and mortality. Biomarkers that are
tubular-specific can be specific and sensitive for screening
and early diagnosis of CKDu. The dominant histopatholo-
gical feature was chronic tubulointerstitial nephritis.

Preventive measures include health promotion at indi-
vidual and community screening campaigns to increase
awareness, early diagnosis and timely management of it.
A comprehensive approach with an emphasis on aware-
ness, prevention, screening, surveillance and strengthening
of healthcare infrastructure to increase access to medical
care and establishment of management is essential.
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