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Nephropathy in Leptospirosis
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ABSTRACT

Renal involvement is common in leptospirosis. Bacterial invasion, inflammatory process, haemodynamic
alterations and direct toxicity of bacterial products are thought to be responsible for the development of
nephropathy. Pathologically, all renal structures are involved. Interstitial nephritis is the basic lesion, and is
observed even in patients without clinical renal manifestations. Tubular necrosis is the important pathological
counterpart of acute renal failure. The clinical spectrum of renal manifestations includes mild urinary sediment
change, hypokalemia, tubular dysfunction, decreased response to fluid load and acute renal failure (ARF). ARF
reflects the severity of leptospirosis, is catabolic and is commonly associated with cholestatic jaundice. Severe
renal failure may be complicated by multiple organ involvement. Renal failure with hyperbilirubinemia represents
a severe form of renal dysfunction with oligo-anuria and prolonged clinical course. Mild renal failure is usually
anicteric and non-oliguric and without complication. Besides antibiotic treatment, early and frequent dialysis
is life saving. ARF with major organ failure has unfavorable outcome. Plasmapheresis and continuous venovenous
hemofiltration improve hemodynamics and are beneficial for the patients with acute renal failure and multiorgan
involvement. Recovery of renal function is usually complete in most patients.
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/eptospirosis is an infectious discase caused by Lept-
ospira interrogans. A tropical environment with heavy
rainfall, high humidity and wet soil is a proper media for the
growth of leptospires. The causative organisms grow well in
the environment with neutral or alkaline pH. Rodents, espe-
cially rats, due to their alkaline urine, are therefore an impor-
tant reservoir of leptospires. Renal involvement is common in
leptospirosis.!!l This is not surprising since leptospires are highly
invasive and the kidney is a highly vascular organ. Fluctuation
of the pH in the renal tissue due to ammonia recycle in renal
tubules and urinary acidification by hydrogen ion secretion
presents a challenge to leptospires, and could increase the bac-
terial virulence. The kidney is, therefore, an important target
organ for leptospiral infection, and nephropathy in leptospiro-
sis is an Interesting subject in medicine and microbiology.

Pathogenesis

Inflammation

Besides invasiveness of leptospires, several bacterial compo-
nents including lipopolysaccharides (LPS), peptidoglycans and
outer membrane proteins consisting mainly of
glycolipoproteins can activate monocytes through receptors,
especially CD.I" Pro-inflammatory cytokines, including tumor
necrosis factor alpha (TNFa) and interleukins are released and
induce the inflammatory process through generation of sev-
eral vasoactive and inflammatory mediators and adhesion
molecules.” Both Thl and Th2 lymphocytes are involved,
resulting in an immune-mediated nephropathy. Immune re-
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sponse in leptospirosis is largely humoral in nature. Glomeru-
lonephritis with deposition of IgM and C; in the mesangium
indicates humoral mechanism. Auto-antibodies including [gG
anti-cardiolipin antibodies,/”! anti-neutrophil cytoplasmic an-
tibodies (ANCA)® and anti-platelet antibodies” have been
detected. Yet, the role of ANCA in the pathogenesis of vascu-
lar injury cannot be substantiated.”! Cell-mediated immune
response through the release of cytokines and chemokines is
evidenced by initial neutrophil migration to the glomeruli and
interstitium. Mononuclear cells later replace the neutrophilic
infiltrate. Interstitial cellular infiltration is observed within
hours of leptospiral invasion.

Haemodynamic changes

As in sepsis, a number of vasoactive mediators are released in
leptospirosis.!) Haemodynamically, systemic vascular resistance
is decreased predominantly due to nitric oxide. The cardiac
output and blood volume are increased. Renal vascular resist-
ance is increased. The renal blood flow and glomerular filtra-
tion rate are decreased. Significant hypotension is observed in
60% of the patients. In a recent study, three hemodynamic
patterns have been demonstrated.!! The first pattern observed
in most patients is characterised by a decrease in systemic vas-
cular resistance, decreased mean arterial pressure, increased
cardiac index, normal pulmonary vascular resistance and pul-
monary capillary wedge pressure. The second pattern, observed
in the patients with pulmonary haemorrhage, shows increased
pulmonary vascular resistance with normal cardiac index and
systemic vascular resistance. In the third pattern, systemic vas-
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cular resistance is either slightly increased or normal; the car-
diac index and the mean arterial pressure are decreased; pul-
monary vascular resistance and pulmonary capillary wedge pres-
sure are normal. The patients in this group had hyperbilirubi-
naemia. As in other infectious diseases, there is initial hyper-
volaemia followed by hypovolaemia due to increased vascular
permeability as the disease progresses.l'” In cases with severe
infection, the renal blood flow and glomerular filtration rate
are markedly diminished to a sufficient degree to cause ARE.
Non-specific inflammatory factors including haemolysis,
myonecrosis, intra-vascular coagulation, free radicals, hyper-
bilirubinaemia and increased blood viscosity further contrib-
ute to impaired renal function.!

Renal and pulmonary complications were often preceded by
hypotension and prompt treatment of hypotension prevented
complications " The role of hemodynamic stabilisation is un-
der consideration. Hypotension is important, as it not only
causes renal ischaemia, but it could also enhance the inflam-
matory process. Renal ischaemia can cause dysregulation of
the lung salt and water channels. Pulmonary epithelial sodium
channel (ENaC), Na-K ATPase and aquaporin-5 (AQP5) are
down-regulated." Shear stress is known to regulate adhesion
molecule expression, and bears a good relationship with haemo-
dynamics."™1¢ Alterations in haemodynamic status and shear
stress could potentate the toxicity of the outer membrane prod-
ucts through up-regulation of adhesion molecule expression
causing more organ damage. The inflammatory process usu-
ally plays a role in ischaemic ARF.

Direct Nephrotoxicity

Leptospires are nephrophilic, and can cause renal injury by
direct invasion. The alkaline pH due to ammonia generation
by proximal tubules can favour bacterial growth, while acid
pH is unfavourable for their survival. Fluctuations in the renal
tissue pH due to ammonia recycling in renal tubules and hy-
drogen ion secretion with urinary acidification can be a threat
to leptospires and may increase their virulence. Bacterial prod-
ucts, especially the outer membrane proteins consisting of
OmpLl, Lipl41, and LipL36 are toxic to the kidney.P+1717
OmpLl1, lipoprotein Lipli41, and LPS are exposed on the sur-
face of leptospires.’! The proximal tubule is the location of
leptospire colonisation. Only pathogenic leptospires adhere to
renal epithelial cells. In hamsters infected with a low bacterial
load, LPS, OmpLl, and Lipl41l were initially shown in the
renal tubular lumen. They were then seen in the cytoplasm of
proximal tubular cells. Later, LPS and OmpLl1 were present in
interstitium along with cellular infiltration. The findings sug-
gested that these antigens were transported from the tubular
lumen into the interstitium.? This is in contrast to the result
of a previous study using a high bacterial load, which showed
the migration of leptospires from the interstitium to the tu-
bules.? The OmplL.l can adhere to the host cell membrane,
activate complement, and cause cellular damage.!”!
Peptidoglycans induce polymorphonuclear leukocyte adhesion
to endothelial cells, which is the basic step of inflammation.?!
Glycolipoprotein by its incorporation with the cell membrane
can cause renal tubular and vascular endothelium damage.*
It is also a potent inhibitor of Na-K ATPase of renal tubular
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epithelial cells.™! The outer membrane proteins up-regulate
the expression of inducible nitric oxide synthase, monocyte
chemoattractant protein 1, and TNFo by the medullary thick
ascending limb of Henle’s loops.”! Nitric oxide released by
the medullary thick ascending limb of Henle’s loop later gen-
erates peroxynitrite, causing renal injury. Monocyte chemo-
attractant protein 1 accounts for the majority of monocyte
chemotactic activity and plays a significant role in causing in-
terstitial lesions.?”! Stimulation of TNFa expression leads to
nuclear factor k B activation, which is responsible for the
pathogenesis of glomerulonephritis and interstitial nephritis/®

Renal Pathology

Pathologically all renal structures are involved.?*?’! Interstitial
nephritis is the basic lesion of leptospirosis. Interstitial oedema
and cellular infiltration are observed, even in patients without
tubular necrosis. The infiltration consists mainly of mononu-
clear cells and a few eosinophils. Neutrophils are present early
in the course of the discase. Infiltration may be diffuse or fo-
cal around the glomeruli and blood vessels. LPS and OmplL,
are seen in the interstitium.P! Interstitial haemorrhage may
occur.

Glomerular changes are usually not remarkable. As in many
infectious diseases, there is mesangial proliferative glomeru-
lonephritis.””! Polymorphonuclear cellular infiltration may be
observed in the early stages of the discase. The deposition of
IgM and C3 is visible in the mesangial area and the capillary
loop. Focal foot process fusion and focal thickening of the base-
ment membrane may be observed. Focal nercrotising glomeru-
lonephritis has been reported.? Yet, its specificity for lepto-
spire renal pathology is questionable.

Vasculitis with focal haemorrhage can be observed in the acute
phase of the disease,* but may not be seen in the biopsied
material that is usually obtained late in the course of the dis-
case. C, deposition is scen in the glomerular afferent
arterioles.™" Platelet aggregation is noted in the cortico-med-
ullary capillaries. There is segmental necrosis of the endothe-
lium causing interstitial haemorrhage.

Tubular changes are those of tubular necrosis, which is the
common pathological counterpart of acute renal failure in lept-
ospirosis. Tubular degeneration primarily involves the proxi-
mal tubules. Distal tubular necrosis occurs later.?"! The outer
membrane products including lipopolysaccharides and outer
membrane proteins are shown in the proximal tubular lumen.
Bile and heme casts may be present in the tubular lumen.

Clinical Renal Manifestations

Renal involvement may vary from sub-clinical course with mild
proteinuria and urinary sediment changes to severe renal fail-
ure.l! The severity of the disease is largely determined by the
virulence of leptospires, the bacterial load and the host de-
fence. During the septicemic phase, erythrocytes, leukocytes
and granular casts are often present. Sub-clinical myoglobinu-
ria is detected in 67% of the patients.'!! Hemoglobinuria is
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unusual except for the patients with glucose 6 phosphate de-
hydrogenase deficiency and intra-vascular hemolysis.

The incidence of acute renal failure varies widely from less
than 10% to over 60% of the patients depending upon the se-
verity of the disease.["***!] Renal failure is often hypercatabolic
with rapid elevation of blood urea nitrogen and serum creati-
nine levels and is associated with cholestatic jaundice. Hepato-
cellular jaundice can be observed in patients with severe lept-
ospirosis and profound hepatic ischaemia. Hyperbilirubinemia
(total serum bilirubin over 25 mg/dl) is not uncommon.
Hyperbilirubinaemic renal failure represents a severe form of
renal dysfunction often with oligo-anuria. The icteric form of
leptospirosis with renal failure, referred as Weil’s syndrome,
can be caused by a variety of serovars not necessarily associ-
ated with L.icterohaemorrhagiae. Renal failure reflects the se-
verity of infection rather than infection with a specific sero-
type. Severe leptospirosis, therefore, is associated with a vari-
ety of complications. In a recent study, 58 patients suffering
from leptospirosis-related ARF had associated haemorrhagic
diathesis (80%), liver failure (72%), respiratory failure (38%),
circulatory failure (33%), pancreatitis (25%) and rhabdomylosis
(5%).% Hypotension is common.’? %I Interestingly, in a re-
cent outbreak of leptospirosis in Thailand, a majority of pa-
tients developed hypotension with good consciousness followed
rapidly by renal failure and pulmonary complications includ-
ing acute respiratory distress syndrome (ARDS), pulmonary
haemorrhage and pulmonary oedema.”” There is a close asso-
ciation between impaired renal function and the plasma level
of TNFal”*! with 67% of the patients with renal failure de-
veloping thrombocytopenia, and 25% to 72% of
thrombocytopaenic patients having impaired renal function. ]
Yet, hemorrhagic diathesis is not common in this report.!
Hemolytic uremic syndrome is rare, too.®®l Except mening-
ism, neurological symptoms in leptospirosis are related to
uremia. The duration of renal failure varies from a few days to
several weeks, averaging 2 weeks. Renal function usually re-
covers completely within 6 months.?*” Residual damage may
occur in severe cases. Recovery of urinary concentration ca-
pacity may be slow.”!

33]

Decreased response to fluid load

Haemodynamic status and alterations in most patients with
leptospirosis are similar to those seen in subjects with sepsis.
Because of systemic vasodilatation plasma aldosterone and
anti-diuretic hormone levels are elevated.PS There is renal va-
soconstriction and response to fluid load is, therefore, decreased
and delayed.P? In this respect, fluid administration must be
done with caution to avoid volume overload and pulmonary
complications and prevent development of iatrogenic pulmo-
nary oedema.

Electrolyte and acid-base abnormalities

Hypokalemia caused by kaliuresis is noted in 26%- 40% of pa-
tients with leptospirosis, P % and if it assumes alarming
proportions, it leads to muscular weakness. The outer mem-
brane proteins of leptospires inhibit Na-K ATPase." The re-
sulting increase of intra-cellular Na decreases Na transport at
the luminal border of all parts of renal tubules. Increased Na
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delivery to the collecting ducts for Na-K exchange causes
kaliuresis.*! Increased plasma aldosterone and cortisol levels
further enhance K excretion. There is also evidence of inhibi-
tion of Na-K-Cl co-transport in the medullary thick ascending
limb of Henle’s loop.!%*]

Renal bicarbonate loss due to decreased proximal tubular bi-
carbonate reabsorption may be observed.™ This is attributed
to proximal tubular damage, interstitial changes and Na-K AT-
Pase inhibition. Reversible renal glycosuria, hyperphosphaturia
and hyperuricosuria have been reported.*)

Diagnosis

Diagnosis of leptospiral nephropathy can be confused with
nephropathy induced by scrub typhus, dengue haemorrhagic
fever and Hanta virus infection. Bacterial sepsis also can cause
ARF with multiple organ involvement. Laboratory diagnosis
is, therefore, important. Although serological tests are com-
monly used, these tests require detectable antibodies during
the second week of the disease. Culture is time consuming.
Early diagnosis cannot possibly be made by serology. In this
respect, detection of antigens by PCR offers early diagnosis.
This is usually not readily available. Nevertheless, management
can be made on the clinical grounds covering other possible
diseases before laboratory diagnosis can be confirmed.

Management

Penicillin remains the drug of choice. Intravenous penicillin
G is given at a dosage of 1.5 million units every 6 hours for 7
days. Although theoretically renal failure requires dose modi-
fication, because of frequent dialysis and the wide therapeutic
range of penicillin, the dose usually is not adjusted. Other anti-
bacterial agents commonly used include erythromycin,
doxycyclin, ceftriazone and cefotaxime. In severe leptospiro-
sis a combination of either ceftriazone or cefotaxime and
doxycyclin is considered, especially when associated rickett-
sial infection or gram negative sepsis cannot be excluded. !

Flurd therapy

Because of the decreased response to water load, caution must
be practiced in fluid administration. Hypotension requires
prompt treatment to prevent renal failure and pulmonary com-
plications. Fluid administration along with a small dose of
dopamine (2-3 mg/kg/min) corrects hypotension and increases
the urine flow.” Fluid overload can be avoided. Dopamine
increases the renal blood flow while it decreases vascular ca-
pacitance.

Treatment of renal failure

Anicteric renal failure may spontancously recover within a few
days or one week. In general, acute renal failure in leptospiro-
sis is hypercatabolic and requires frequent dialysis. Although
haemodialysis is preferred because of the risk of bleeding due
to thrombocytopenia, peritoneal dialysis is a common prac-
tice in the rural areas and is seldom complicated by bleeding.
Plasmapheresis or blood exchange offers good results in pa-
tients with hyperbilirubinaemic renal failure with a total se-
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rum bilirubin above 25 mg/dL.[1#-1

In patients with severe leptospirosis with multiple organ fail-
ure continuous venovenous haemofiltration (CVVH) or plas-
mapheresis has been shown to improve systemic and renal
haemodynamics and clinical condition.!" Nitric oxide inhala-
tion and CVVH has been reported to be beneficial for patients
with pulmonary haemorrhage.? Vasopressin may be useful in
patients with pulmonary complications.’

Prognosis of renal failure in leptospirosis is usually favourable
unless complicated by multiple organ involvement. Pulmonary
complications, hyperbilirubinaemia, oligo-anuria, diarrhoea,
hyperkalaemia, old age and associated infection or underlying
diseases carry bad prognosis with mortality ranging from 12%
to 36%.%%>+71 ARF in presence of failure of two or more or-
gan-systems carries an unfavourable prognosis.™”
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