COMORBIDITIES AND COMPLICATIONS

LEPTOSPIROSIS: A WORLDWIDE RESURGENT ZOONOSIS AND IMPORTANT CAUSE OF
ACUTE RENAL FAILURE AND DEATH IN DEVELOPING NATIONS

Leptospirosis, a spirochetal zoonosis, is a
globally re-emerging infectious disease that
has disseminated from its habitual rural base to
become the cause of urban epidemics in poor
communities of industrialized and developing
nations. This review addresses the issues in the
epidemiology, clinical features, and manage-
ment of the disease, as well as progress made
toward understanding the pathogenesis of
leptospiral nephropathy. In developing na-
tions, leptospirosis plays an important role as
a potentially preventable cause of acute renal
failure. The data indicate that in certain
developing regions, such as the city of
Salvador, Brazil, leptospirosis is misdiagnosed
with other infectious disease such as dengue
and the overall disease burden is likely
underestimated partly because of the protean
and nonspecific presentation. Severe forms of
the disease are associated with high case-
fatality rate. In urban Brazil, outbreaks of
leptospirosis can be predicted by heavy rain
and flooding and this may serve to indicate
which resources should be allocated to prevent
the disease. Advancements in the basic re-
search and epidemiology of leptospirosis
should contribute to the development of more
accurate diagnostic tests and of an effective
vaccine. Policy makers should be urged to
address the underlying conditions of poverty as
well as environmental issues, which have led to
the emergence of leptospirosis. (Ethn Dis.
2009;19(suppl 11:51-37-51-41)
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INTRODUCTION

The accelerated growth and impov-
erishment of urban populations and
lack of basic sanitation in certain regions
have produced conditions favoring ro-
dent borne epidemic transmission of
leptospirosis during periods of seasonal
heavy rainfall and flooding. Urban
epidemics of leptospirosis have emerged
to become a major public health issue
among impoverished populations in
developing countries such as Nicaragua,
Brazil, India and Korea.'™®

Although an infrequent cause of acute
renal failure (ARF) in developed coun-
tries, leptospirosis is reported as one of
the leading causes (24%-32%) of ARF in
Thailand and Singapore.” In developed
nations leptospirosis is also a public
health problem related to recreational
activities and occupational exposure.®

The following have been described
as additional factors that have contrib-
uted to the re-emergence of this zoono-
sis: disturbances in natural ecological
niches resulting from construction prac-
tices and paving; irrigation of formerly
dry land; changes in climatic patterns
perhaps due to global warming; increase
in international travel and improvement
in diagnostic facilities. ”'°

This review highlights the epidemi-
ology of leptospirosis, recent advances
on the pathogenesis of leptospirosis
renal disease, clinical features and treat-
ment of this resurgent zoonosis.

EPIDEMIOLOGY

Leptospirosis is distributed world-
wide, except for the polar regions. The
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highest prevalence rates remain in the
tropics.” Rodents have been recognized to
be the most important and widely
distributed reservoirs of leptospiral infec-
tion."" The usual port of entry is through
abrasions or cuts in the skin, intact
mucous membranes and possibly also
through waterlogged skin. Humans usu-
ally become infected through contact with
urine-contaminated soil or water.'""'?

Incidence rates are likely underesti-
mated partly due to lack of awareness of
the disease and the lack of accurate tests to
permit the rapid diagnosis of the disease.
In endemic regions, symptomless lepto-
spirosis presenting as a flu-like illness or
subclinical infection are common.'”

Leptospirosis cases have been under-
recognized and frequently misdiag-
nosed, especially in dengue endemic
regions of the Caribbean, India, South
Asia and South America.>'%"'® Early
phase leptospirosis and classic dengue
fever have overlapping clinical presenta-
tions."” Rapid urbanization and a lack
of basic sanitation in the context of
seasonal rainfall and flooding have
produced favorable conditions for trans-
mission of both diseases.”>

In 1996, an urban epidemic in
Salvador, Brazil involving 326 cases of
severe leptospirosis due to L. interrogans
serovar Copenbageni was identified after
heavy rainfall and flooding.'® Individuals
at highest risk were the urban poor living
in the slums or city’s periphery, which lack
basic sanitation. A concurrent epidemic of
dengue apparently has contributed to
misdiagnosis and consequentdy to late
referrals and the high mortality observed
during the leptospirosis outbreak.

A retrospective study of 1016 cases
of leptospirosis admitted to a state
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Fig 1. Monthly averages of hospital admissions due to leptospirosis and monthly
averages of rainfall in the city of Salvador, from January 1993 to December 1996.
Adapted, with permission from Revista da Sociedade Brasileira de Medicina Tropical.
2001;34(3):261-267 and the article’s author.'”

reference hospital for infectious diseases
in Salvador, Brazil has shown that heavy
rainfall and flooding antecede the
outbreaks and that leptospirosis is
associated with poverty (Figure .Y
Thus the presence of heavy rain and
flooding indicate which resources
should be allocated to prevent leptospi-
rosis. In the study by Lopes et al, almost
94% of patients were Black or mixed
race, the majority were male (81.1%)
and among patients 18 years old or
above, 92.7% had not graduated from
high school. The majority (59.1%) had
low paying jobs. Case fatality rate was
14.3% and acute renal failure was the
attributed cause of death in 76.2%.
Lopes et al have also demonstrated that
in-hospital case fatality rate of leptospi-
rosis is higher for adults than for
children and adolescents and that
among adults, older age was indepen-
dently associated with higher risk of
death.'®

In the United States, leptospirosis is
rarely reported.”” The highest mean
annual incidence rates has been detected
in the state of Hawaii, Kauai island (7.9
cases per 100,000 population).20 Sero-
epidemiological studies suggest that
unrecognized urban cases of leptospiro-
sis may represent a public health issue
also in the United States. A study
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conducted in Detroit, Michigan,
showed a high prevalence (=30%) of
leptospiral antibodies in inner-city chil-
dren <6 years old.*’ A high sero-
prevalence (16%) of anti-leptospiral
agglutinins has been described in the
city of Baltimore.”” Being aged <19
years and Black were independent risk
factors associated with leptospiral anti-
body only in persons who did not own
cats. Moreover, rodent-borne transmit-
ted cases have been described in this
Maryland inner city.*

Leptospirosis is a paradigm of an
infectious disease for which globalization
and worsening social inequalities have
produced sharp contrasting epidemiolog-
ical patterns for the poor and wealthy.*
Cluster of cases have also been identified
among the affluent who engage in
recreational activities, sporting events,

. 813,19.2526
travel and adventure tourism.>!>1%:%°

PATHOGENESIS OF
LEPTOSPIROSIS
RENAL DISEASE

Earlier experimental studies on vascu-
lar damage in guinea pigs inoculated with
L. icterohaemorrhagiae have shown various
degrees of capillary injury and necrosis of
endothelial cells.””*® The proximal tu-

Ethnicity & Disease, Volume 19, Spring 2009

bule is the location of leptospiral coloni-
zation and the renal involvement is
characterized by an acute tubulo-intersti-
tial nephritis.”” % Glomerular changes
are usually not remarkable.”

The pathogenesis of the renal disease
of leptospirosis is not completely under-
stood. The data indicate, however, that
inflammation plays an important role in
the pathogenesis of leptospirosis ne-
phropathy. In the acute phase of lepto-
spirosis tumor necrosis factor-o (TNF-a)
levels rise and are associated with the
severity of the disease. A high IL10/TNF-
o ratio is associated with a better
prognosis, indicating that an anti-inflam-
matory response may be protective.**

The importance of the leptospira
outer membrane (OM) antigenic and
virulent components, especially the lipo-
protein Lip 32 in the pathogenesis of
tubulointerstitial nephritis has been re-
cently described in experimental studies
from Taiwan.”>*>*® The addition of an
OM protein preparation from L. santa-
rosai serovar Shermani to cultured mice
medullary thick ascending limb (mTAL)
cells in vitro, induced an important
nuclear DNA binding of the NF- kB
transcription factor. A major increase in
the mRNA expression of monocyte
chemoattractant protein 1 (MCP-1),
nitric oxide synthase (iNOS) and TNF-
o, observed 48 hrs after the addition of
the OM extract, has also been revealed by
reverse transcription competitive poly-
merase chain reaction (RT-PCR).

Pathogenic leptospires may trigger
an innate immune response through
toll-like receptors 2 (TLR2) dependent
pathway in renal epithelial cells.”® In
cultured murine proximal tubule cells,
nanogram concentrations of leptospiral
membrane protein preparation (LMLP)
extracted from pathogenic L. santarosai
shermani stimulates mRNA expression
of neutrophil-chemoattractant chemo-
kine CXCLI1/KC.”” Disturbances in
activity of a variety of sodium co-
transporters, exchangers, water channels
and ATPase pumps have been described

with conflicting results. 313841



Body fluid loss due to vomiting,
diminished intake of fluids, massive
gastrointestinal hemorrhage, and de-
creased intravascular volume caused by
a shift from the intra- to extra-vascular
space as a result of leptospirosis endo-
thelial injury, may all be responsible
for the development of hypovolemia,
hypotension and pre-renal ARF, which
may progress to acute tubular necro-
sis (ATN), if not promptly treated.
Hypotension may also enhance cytoad-
herence and leukocytes migration as a
result of modulation of adhesion mol-
ecules by variations in shear stress,
which in turn, may potentiate organ
damage.*? Severe rhabdomyolysis has
been cited as a potential cause of
development of intrinsic ARF in lepto-

spirosis.43’44

CLINICAL FEATURES

Clinical manifestations of leptospiro-
sis range from a mild influenza-like illness
to severe life-threatening disease forms,
characterized by jaundice, renal failure,
bleeding and severe pulmonary hemor-
rhage."” The vast majority of infections
caused by leptospires are either subclin-
ical or of very mild severity and patients
will not seek medical care.”'?

Classic descriptions include a biphasic
illness, with the acute or septicemic phase
lasting about a week, followed by
defervescence at 1-3 days.”!!71345:46
During leptospiremia, organisms can also
be found in cerebral spinal fluid (CSF)
and most tissues.” The second or immune
phase lasts for 4 to 30 days and is
characterized by disappearance of the
leptospires from the bloodstream, lepto-
spiruria and the emergence of antibod-
ies.! 1% Weil’s syndrome, seen in only
5%-10% of cases, represents the most
severe form of the illness and may
develop during the immune phase or
present as a single, progressive disease.””
Fever, chills, headache, prostration, nau-
sea, vomiting, muscle tenderness more
prominent in lumbar areas and calf, and
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conjunctival suffusion are common find-
ings in acute leptospirosis. The latter two
are considered the most distinguished
physical findings.”!!~13454¢

Renal involvement, the most serious
complication, varies from sub-clinical
course to severe ARF and accounts for
the large proportions of death from
leptos[:)il'osis.2’9’46’48 Leptospirosis is
unique among infectious causes of ARF
in that patients frequently develop hypo-
kalemia, natriuresis, kaliuresis, non-oli-

guria and even polyuria,”!>3%4049

TREATMENT

The initiation of effective treatment
is recommended as soon as the diagnosis
of leptospirosis is suspected and pre-
ferably before the fifth day of ill-
ness.”! 7152 The World Health
Organization and International Lepto-
spirosis Society recommend that clini-
cians not wait for the results of
laboratory tests before starting treat-
ment with antibiotics, when clinical
findings and epidemiological exposure
history suggest leptospirosis.”® Severe
cases of leptospirosis should be treated
with high doses of intravenous penicil-
lin, 9-11:13.33.50-52,54
There are conflicting data and
inconsistencies regarding the benefit of
introducing penicillin at the late stages
of disease.”*>* A randomized clinical
trial conducted in Salvador, Brazil has
shown that the use of penicillin after
four days of symptoms of severe
leptospirosis did not reduce the proba-
bility of death and necessity for dialysis
treatment.”’ The only randomized clin-
ical trial that has reported benefit with
penicillin treatment late in the course of
illness was the study conducted by Watt
et al.>* In addressing this question, this
placebo-controlled trial of intravenous
penicillin for severe and late leptospiro-
sis has shown that late treatment
reduced fever, duration of elevated
creatinine, shortened hospital stays and
prevented leptospiruria.
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The Centers for Disease Control and
Prevention recommends that patients
with mild cases be treated with doxycy-
cline 100 mg orally twice daily for seven
days, and those admitted to a hospital
because of persistent fever, hepatic or
renal failure or severe neurologic distur-
bance be treated intravenously with
penicillin G, 1.5 million units every
6 hours for 7 days.”® Jarisch-Herxheimer
reactions following treatment with peni-
cillin have been rarely described and has
not been considered a reason to preclude
prompt treatment.”! 124

Supportive treatment for dehydra-
tion, hypotension, hemorrhage, ARF
and respiratory failure are required.
Short-term peritoneal dialysis (PD) has
been widely employed in developing
countries for the treatment of ARF due
to its availability, ease of administration
and technical simplicity in a resource-

12,50,56
poor context. 505

Chemoprophylaxis

When high-risk and short-term
exposure to leptospira is anticipated,
chemoprophylaxis is effective.®'?>’
Doxycycline prophylaxis does not pre-
vent leptospiral infection in endemic
areas, but has a protective effect in
reducing morbidity and mortality dur-

ing outbreaks. 13

CONCLUSION

It is of crucial importance that a
high index of suspicion and increasing
alertness of leptospirosis be maintained
in endemic areas so that timely therapy
can be administered to patients. The
continued elucidation of pathogenetic
mechanisms of the disease should lead
to improved patient treatment and the
development of efficient diagnostic tests
and vaccines. Determinants of poverty,
such as poor sanitation, as well as the
issues of global warming, which may
lead to climate changes, should be
promptly addressed by policy makers
around the globe.

S1-39



LEPTOSPIROSIS AND ACUTE RENAL FAILURE - Cruz et al

ACKNOWLEDGMENTS

We acknowledge Drs. Keith Norris and
Lawrence Agodoa for reviewing the manu-
script, Ms. Laura Hidalgo for support with
literature review and Mr. Gerald Sheehan for

technical support.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Sarkar U, Nascimento SF, Barbosa R, et al.
Population-based case-control investigation of
risk factors for leptospirosis during an urban
epidemic. Am | Trop Med Hyg. 2002;66(5):
605-610.

. Ko Al Reis MG, Dourado CMR, et al. Urban

epidemic of severe leptospirosis in Brazil.

Lancet. 1999;354:820-825.

. Flannery B, Pereira MM, Velloso LF, et al.

Referral pattern of leptospirosis cases during a
large urban epidemic of dengue. Am J Trop
Med Hyg. 2001565(5):657—663.

. Bharadwaj R, Bal AM, Joshi SA, et al. An

urban outbreak of leptospirosis in Mumbai,

India. Jpn J Infect Dis. 2002;55:194-196.

. Centers for Disease Control and Prevention.

Outbreak of acute febrile illness and pulmo-
nary hemorrhage — Nicaragua, 1995. Morb
Mortal Wkly Rep. 1995;44(44):841-843.

. Park SK, Lee SH, Rhee YK, et al. Leptospirosis

in Chonbuk Province of Korea in 1987: a
study of 93 patents. Am | Trop Med Hyg.
1989;41:345-351.

. De Francesco Daher E, Zanetta DM, Abdulk-

ader RC. Pattern of renal function recovery
after leptospirosis acute renal failure. Nephron
Clin Pract. 2004;98(1)c:8—14.

. Narita M, Fujitani S, Haake DA, et al.

Leptospirosis after recreational exposure to
water in the Yaeyama islands, Japan. Am J Trop
Med Hyg. 2005;73(4):652—656.

. Plank R, Dean D. Overview of the epidemi-

ology, microbiology and pathogenesis of
Leptospira spp. in humans. Microbes Infect.
20005;2:1265-1276.

Bharadwaj R. Leptospirosis: a reemerging
disease? Indian | Med Res. 2004;120:136-138.
Human leptospirosis: guidance for diagnosis,
surveillance and control. World Health Orga-
nization and International Leptospirosis Soci-
ety; 2003.

Levett PN. Leptospirosis. Clin Microbiol Rev.
2001;14(2):296-326.

Bharti AR, Nally JE, Ricaldi JN, et al.
Leptospirosis: a zoonotic disease of global
importance. Lancet Infect Dis. 2003;3:757-771.
Levett PN, Branch SL, Edwards CN. Detec-
tion of dengue infection in patients investigat-
ed for leptospirosis in Barbados. Am J Trop
Med Hyg. 2000;62(1):112-114.

Sanders EJ, Rigau-Pérez JG, Smits HL, et al.
Increase of leptospirosis in dengue-negative
patients after a hurricane in Puerto Rico in

S1-40

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

1966. Am ] Trop Med Hyg. 1999;61(3):
399-404.

. LaRocque RC, Breiman RF, Ari MD, et al.

Leptospirosis during dengue outbreak, Ban-
gladesh. Emerg Infect Dis. 2005;11(5):
766-769.

. Costa E, Costa YA, Lopes AA, et al. Severe

forms of leptospirosis: clinical, demographic
and environmental aspects. Rev Soc Bras Med
Trop. 2001;34(3):261-267.

Lopes AA, Costa E, Costa YA, et al.
Comparative study of the in-hospital case-
fatality rate of leptospirosis between pediatric
and adult patients of different age groups. Rev
Inst Med Trop S Paulo. 2004;46(1):19-24.

. Centers for Disease Control and Prevention.

Outbreak of acute febrile illness among
participants in EcoChallenge Sabah 2000 —
Malaysia, 2000. Morb Mortal Wkly Rep.
2001;50(02):21-24.

Katz AR, Ansdell VE, Effler PV, et al.
Assessment of the clinical presentation and
treatment of 353 cases of laboratory-confirmed
leptospirosis in Hawaii, 1974-1998. Clin
Infect Dis. 2001;33:1834-1841.

Demers RY, Frank RR, Thierman AB, et al.
Exposure to Leptospira icterohaemorrhagiae in
inner-city and suburban children: a serologic
comparison. / Fam Pract. 1983;17:1007-1011.
Childs JE, Schwartz BS, Ksiazek TG, et al.
Risk factors associated with antibodies to
leptospires in inner-city residents of Baltimore:
a protective role for cats. Am J Public Health.
1992;82(4):597-599.

Vinetz JM, Glass GE, Flexner CE, et al.
Sporadic urban leptospirosis. Ann Intern Med.
1996;125(10):794-798.

McBride A, Athanazio D, Reis M, et al.
Leptospirosis. Curr Opin Infect Dis. 2005;18:
376-386.

Centers for Disease Control and Prevention.
Outbreak of acute febrile illness among
athletes participating in triathlons — Wisconsin
and Illinois, 1998. Morb Mortal Wkly Rep.
1998;47(28):585-588.

Meites E, Jay MT, Deresinski S, et al.
Reemerging leptospirosis, California. Emerg
Infect Dis. 2004;10(3):406-12.

Britto T, Bohm GM, Yasuda PH. Vascular
damage in acute experimental leptospirosis of
the guinea-pig. / Pathol. 1979;128:177-182.
Davila de Arriaga AJ, Rocha AS, Yasuda PH, et
al. Morpho-functional patterns of kidney
injury in the experimental leptospirosis of the
guinea-pig (L. icterohaemorrhagiae). | Pathol.
1982;138(2):145-161.

Yang CW, Wu MS, Pan M]J, et al. The
Leptospira outer membrane protein LipL32
induces tubulointerstitial nephritis-mediated
gene expression in mouse proximal tubule
cells. J Am Soc Nephrol. 2002;13:2037—
2045.

Ethnicity & Disease, Volume 19, Spring 2009

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Yang CW, Hung CC, Wu MS, et al. Toll-like
receptor 2 mediates early inflammatdon by
leptospiral outer membrane proteins in prox-
imal tubule cells. Kidney Int. 2006;69:815—
822.

Wu MS, Yang CW, Pan M]J, et al. Reduced
renal Na* - K - CI™ co — transporter activity
and inhibited NKCC2 mRNA expression by
Leptospira shermani: from bed-side to bench.
Nephrol Dial Transplant. 2004;19:2472—
2479.

Salkade HP, Divate S, Deshpande JR, et al. A
study of autopsy findings in 62 cases of
leptospirosis in a metropolitan city in India.
J Postgrad Med. 2005;51(3):169-173.

Visith S, Kearkiat P. Nephropathy in lepto-
spirosis. J Postgrad Med. 2005;51(3):184-188.
Diament D, Brunialti MC, Kallas EG, et al.
Peripheral blood mononuclear cell activation
induced by Leprospira interrogans glycolipo-
protein. Infect Immun. 2002;70(4):1677—
1683.

Yang CW, Wu MS, Pan M]. Leptospirosis
renal disease. Nephrol Dial Transplant.
2001;16[suppl 5]:73-77.

Yang CW, Wu MS, Pan MJ, et al. Leptospira
outer membrane protein activates NF- kB and
downstream genes expressed in medullary
thick ascending limb cells. / Am Soc Nephrol.
2000;11:2017-2026.

Hung CC, Chang CT, Chen KH, et al.
Upregulation of chemoquine CXCL1/KC by
leptospiral membrane lipoprotein preparation
in renal tubule epithelial cells. Kidney Inz.
2006;69:1814-1822.

Younes-Ibrahim M, Buffin-Meyer B, Cheval
L, et al. Na, K-ATPase: a molecular target for
Leptospira interrogans endotoxin. Braz | Med
Biol Res. 1997;30:213-223.

Lin CL, Wu MS, Yang CW, et al. Leptospi-
rosis associated with hypokalaemia and thick
ascending limb dysfunction. Nephrol Dial
Transplant. 1999;14:193-195.

Andrade L, Rodrigues JrAC, Sanches TRC, et
al. Leptospirosis leads to dysregulation of
sodium transporters in the kidney and lung.
Am ] Physiol Renal Physiol. 2007;292(2):F586—
592.

Vieira SR, Brauner JS. Leptospirosis as a cause
of acute respiratory failure: clinical features and
outcome in 35 critical care patients. Braz [ Infect
Dis. 2002;6(3):135-139.

Sitprija V. Renal dysfunction in leptospirosis: a
view from the tropics. Nat Clin Pract Nephrol.
2006;2(12):658-659.

Martinelli R, Luna MA, Rocha H. Is rhabdo-
myolysis an additional factor in the pathogen-
esis of acute renal failure in leptospirosis? Rev
Inst Med Trop S Paulo. 1994;36(2):111-114.

Libério AB. Can rhabdomyolysis be the only
cause of acute renal failure in leptospirosis?

Nephrol Dial Transplant. 2005;20:2580-2581.



45.

46.

47.

48.

Sambasiva RR, Naveen G, Bhalla P, et al.
Leptospirosis in India and the rest of
the world. Braz ] Infec Dis. 2003;7(3):178—
193.

Faine S. Guidelines for the control of leptospiro-
sis. Geneva: WHO (Offset publication 67);
1982.

Covic A, Goldsmith DJA, Gusbeth-Tatomir P,
et al. A retrospective 5-year study in Moldova
of acute renal failure due to leptospirosis:
58 cases and a review of the literature.
Nephrol Dial Transplant. 2003;18:1128—
1134.

Daher EF, Zanetta DM, Cavalcante MB, et al.
Risk factors for death and changing patterns in
leptospirosis acute renal failure. Am J Trop
Med Hyg. 1999;61(4):630-634.

49.

50.

51.

52.

LEPTOSPIROSIS AND ACUTE RENAL FAILURE - Cruz et al

Daher EF, Zanetta DM, Abdulkader RC.
Pattern of renal function recovery after
leptospirosis acute renal failure. Nephron Clin
Pract. 2004;98:c8—14.

Muthusethupathi MA, Shivakumar S, Vijaya-
kumar R, et al. Renal Involvement in
leptospirosis — our experience in Madras City.
] Postgrad Med. 1994;40:127-131.

Costa E, Lopes AA, Sacramento E, et al.
Penicillin at the late stage of leptospirosis: a
randomized controlled trial. Rev Inst Med
Trop S Paulo. 2003;45(3):141-145.

Daher EF, Nogueira CB. Evaluation
of penicillin therapy in patients with
leptospirosis and acute renal failure. Rev
Inst Med Trop S Paulo. 2000;42(6):327—
332.

Ethnicity & Disease, Volume 19, Spring 2009

53.

54.

55.

56.

57.

Harrisson NA, Fitzgerald WR. Leptospirosis —
can it be a sexually transmitted disease?
Postgrad Med J. 1988;64:163-164.

Watt G, Tuazon ML, Santiago E, et al.
Placebo-controlled trial of intravenous penicil-
lin for severe and late leptospirosis. Lancet.
1988;1:433-435.

Weir E. The challenge posed by leptospirosis.
CMAJ. 2000;163(11):1501.

Phu NH, Hien TT, Mai NT, et al. Hemofil-
tration and peritoneal dialysis in infection-
associated acute renal failure in Vietnam.
N Engl ] Med. 2002;347(12):895-902.
Takafuji ET, Kirkpatrick JW, Miller RN, et al.
An efficacy trial of doxycycline chemoprophy-
laxis against leptospirosis. N Engl | Med.
1984;310:497-500.

S1-41



