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Description of Case

A 21-year-old male student who re-

sides in a university hostel in North

Central Nigeria presented to our emer-

gency unit with one-week history of

fever, upper abdomen pain for five days,

and yellow discoloration of the eyes for

two days. Fever was high grade, inter-

mittent, and associated with chills and

rigors, anorexia, malaise, muscle and

joint pain, sore throat, and a throbbing

headache. He had no history of previous

hospital admissions, surgery, blood trans-

fusion, or sickle cell disease. There was

no history of travels, direct contact with

animals, ingestion of unhygienic water or

food, or history of unprotected sex. He

resided in a hostel where there was

recent flooding, which was also infested

with rodents and had livestock roaming

freely. He denied knowledge of similar

illness among his close contacts and those

in his vicinity. He did not smoke

cigarettes, drink alcohol, or use recrea-

tional drugs and was uncertain about

previous vaccinations but had always

been in good health. He was referred

from a primary care hospital on account

of the above symptoms after initial

resuscitation and investigations.

On examination, he appeared well

nourished but acutely ill, deeply icteric,

febrile (39.1uC), with normal oropharynx,

and without palpable lymphadenopathy or

rash. The only positive abdominal finding

was a palpable tender liver 6 cm below the

right costal margin with a span of about

15 cm. There was no localized tenderness,

and Murphy’s sign was negative. Other

systems were normal, except for tachycar-

dia of 128 beats per minute.

His initial liver biochemistry was as

follows: total bilirubin, 113.9 mmol/L

(3.4–17 mmol/L); conjugated bilirubin,

86.7 mmol/L (1–8 mmol/L); alkaline phos-

phatase, 146 IU/L (21–92 IU/L); alanine

transaminase (ALT), 109 IU/L (1–40 IU/

L); aspartate transaminase (AST), 88 IU/

L (1–40 IU/L). The electrolytes were

sodium 107 mmol/L (134–145 mmol/L),

potassium 3.5 mmol/L (3.5–5.5 mmol/L),

creatinine 208 mmol/L (72–126 mmol/L),

and urea 3.5 mmol/L (2.5–6.6 mmol/L).

Complete blood count revealed a total

white cell count (WCC) of 12.06103/mL

(2.5–116103/mL) with a neutrophilia of

90% and platelets of 3096103/mL (90–

4006103/mL). The abdominal ultrasound

scan done three days after admission was

normal. The random blood sugar and

clotting profile were within normal limits,

while HIV screen was negative, and urine

culture result was pending.

What Are Three Additional
Laboratory Tests You Would
Request to Make a Diagnosis?

1. Urinalysis

2. Blood cultures

3. Malaria parasite microscopy

What Are the Important
Differential Diagnoses?

Differential diagnosis of fever with

jaundice is broad but knowledge of local

disease epidemiology can point to the

relevant differentials. A short history of

fever, upper abdominal pain, and pro-

found jaundice which was preceded by flu-

like symptoms could suggest initial features

of viral haemorrhagic fevers (VHFs) in

sub-Saharan Africa where the risks for

disease outbreak are always present

[1].The common VHFs in Nigeria are

yellow fever (YF) and Lassa fever (LF).

Although the last YF epidemic in Nigeria

was in 1995, the less alarming but

important endemic form of YF which

may precipitate an outbreak when herd

immunity is low could be occurring

unnoticed. Whereas this patient has mark-

edly elevated conjugated bilirubin with

only modestly elevated alkaline phospha-

tase, as seen in YF, the absence of relative

bradycardia, leucopenia, thrombocytope-

nia, coagulopathy, azotaemia, and albu-

minuria all suggest alternative diagnosis.

Indeed, albuminuria is an important

discriminator between YF and other

endemic causes of acute viral hepatitis

[2]. The IgM-ELISA is the most widely

used serologic test for diagnosis where a

single positive test is presumptive of YF

and a 4-fold rise in paired serum samples is

confirmatory of YF [1]. Unfortunately,

this test is not readily available in Nigeria,

and where available, the costs are prohib-

itive. LF was first recognized in Nigeria in

1969, and there have been frequent

outbreaks since then. This patient was
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exposed to rats, the vectors for LF, and

presented with high grade fever associated

with prodromal flu-like symptoms and had

normal platelet counts as usually seen in

LF compared with other VHFs. However,

the deep jaundice, together with markedly

elevated bilirubin and the absence of

retrosternal pain, exudative pharyngitis

as objective evidence of sore throat,

albuminuria, and coagulopathy, makes

LF unlikely [3].

Community-acquired sepsis (CAS) is an

important differential diagnosis in a pre-

viously healthy young man presenting with

fever and jaundice in the tropics. A large

study in the HIV/AIDS era showed a

CAS prevalence of 16% among febrile

new admissions, where non-typhi salmo-

nellae (NTS) and Streptococcus pneumonia

predominated [4]. Before the HIV/AIDS

epidemic, Salmonella typhi greatly outnum-

bered NTS in adults, and enteric gram-

negative organisms formed a greater

proportion of total gram-negative isolates

[5]

Enteric fever (EF), caused by S. typhi and

S. paratyphi, is a gram-negative septicaemic

illness characterized by fever, headache,

anorexia, myalgias, and intestinal symp-

toms and signs. It is endemic in developing

countries and is transmitted faeco-orally

through consumption of contaminated

food or water or direct person-to-person

contact and is more likely than NTS to

cause severe illness in immunocompetent

hosts. However, there was no known

history of exposure, diarrhoea, or consti-

pation in this patient, and his WCC was

raised as compared to normal or reduced

counts seen in EF. While ALT and AST

are raised 2–3 times above upper limit of

normal, bilirubin levels are normal or only

slightly raised in EF. Importantly, the

cultures of blood, urine, and stools did

not yield Salmonella species.

Severe malaria was also in consider-

ation because the disease is endemic in

Nigeria, and commonly presents with

fever, headaches, aches, and chills and

rigors in adults. However, severe malaria,

which is almost exclusively caused by

Plasmodium falciparum, is usually seen in

pregnant women, young African children

under the age of 5 years, and in non-

immune travellers who acquire infection

in endemic countries [6]. In susceptible

individuals, massive intravascular haemo-

lysis can result in release of free haemo-

globin which may lead to acute renal

failure. Severe malaria is an unlikely

diagnosis in this adult, semi-immune

patient. In addition, the markedly elevat-

ed conjugated serum bilirubin with nor-

mal haemoglobin and platelets and

negative thick and thin blood films for

malaria parasites all suggest an alternative

diagnosis [7,8].

Amoebic liver abscess is a tropical

parasitic disease which is much more

common in male adults. It typically

presents with high grade fever that may

be associated with rigors and profuse

sweating, upper abdominal pain, tender

hepatomegaly, leucocytosis, and raised

alkaline phosphatase. Pulmonary and

pericardial features may also be seen if

abscess ruptures into the thoracic cavity,

and may, less commonly, rupture into

other abdominal viscera, inferior vena

cava, and the skin. Whereas concurrent

rectocolitis is unusual, hepatic abscess is

likely the result of metastasis of Entamoeba

histolytica trophozoites from the colon via

the portal vein to the liver [9]. Jaundice

is seen in less than a quarter of cases and

when present, indicates an abscess suffi-

ciently large enough to obstruct the

hepatobiliary tree. Ultrasound is an

excellent investigation that demonstrates

filling defect and is therefore unlikely to

miss large abscesses that can be expected

in those with jaundice.

Acute cholecystitis or choledocholithia-

sis with ascending cholangitis were also

considered because of the short onset of

fever associated with chills and rigors,

upper abdominal pain, jaundice, neutro-

philia, and a largely cholestatic liver

biochemistry. However, Murphy’s sign

was negative, and abdominal scan showed

normal hepatobiliary tree. In addition,

absence of alcohol abuse and features of

other risk factors like suppurative appen-

dicitis effectively ruled out pyogenic liver

abscess.

Nigeria is hyperendemic for acute

hepatitis A to E viruses, and apart from

hepatitis E virus whose antibody preva-

lence is unexpectedly highest in young

adults, most cases occur in children, who

are mostly asymptomatic, and lifelong

immunity ensues as with hepatitis A

infection. Hepatitis E outbreak may follow

flooding, but our patient’s hepatitis E IgM

antibody may have been falsely positive

[10], as substantial improvement of pro-

dromal symptoms with appearance of

jaundice, leucopenia instead of neutrophil

leucocytosis, and markedly elevated liver

transaminases in the range of 1000–

2000 IU/L are seen in acute viral hepatitis

[10].

A combination of fever, headache,

myalgia, and hepatic dysfunction is also

seen in rickettsial and Q fevers, as well as

in brucellosis. Nigeria is not known to be

endemic for most rickettsioses, and our

patient lacked the appropriate exposures

for these diseases.

Leptospirosis was considered a likely

diagnosis based on the history of exposure

to floodwaters contaminated by livestock

and rats, and a prodromal flu-like syn-

drome associated with appearance of deep

jaundice while still febrile. In leptospirosis,

there is a disproportionate increase in

conjugated bilirubin accompanied by

modest elevations in transaminases which

rarely exceed 200 IU/L because hepatic

necrosis is uncommon [11].

What Are the Clinical
Syndromes of Leptospirosis?

The incubation period is between 4–20

days, and infection is associated with a

broad spectrum of severity, ranging from

subclinical illness to two clinically recog-

nizable syndromes—a self-limited systemic

illness seen in approximately 90% of

infections and a severe, potentially fatal

illness accompanied by any combination

of renal failure, liver failure, and pneumo-

nitis with hemorrhagic diathesis [12,13].

The virulence of the infecting leptospire

and the host immune mechanisms appear

to be important factors in the severity of

illness.

Leptospirosis is classically described as a

biphasic illness comprising of an initial

septicemic stage followed by a temporary

decline in fever and an immune phase in

which the severe symptoms occur. How-

ever, in many severe cases, the distinction

between these two phases is not apparent;

in addition, many patients present only

with the onset of the second phase of the

illness [14]. The acute septicemic phase of

illness begins abruptly with a high remit-

tent fever (38u–40uC) and other non-

specific symptoms and lasts for 5–7 days.

The immune phase of illness generally

lasts from 4–30 days and coincides with

the appearance of IgM antibodies [13].

The most distinctive syndrome of severe

illness that may develop after the acute

phase of illness is Weil’s disease, charac-

terized by impaired hepatic and renal

function. Other severe manifestations in-

clude hyperpyrexia, hemorrhagic pneu-

monitis, cardiac arrhythmia, or circulatory

collapse [13].

In addition to the hepatocellular

pattern of hepatic dysfunction with dis-

proportionately elevated bilirubin as

compared to serum transaminases seen

in our patient, there was impaired renal

function with creatinine at 208 mmol/L,

sodium 107 mmol/L, and potassium

3.5 mmol/L at the lower limit of normal.

Initial kidney involvement in leptospirosis

PLOS Neglected Tropical Diseases | www.plosntds.org 2 January 2014 | Volume 8 | Issue 1 | e2534



Figure 1. Dinger’s ring (the opaque ring just below the surface of the semi-solid EMJH media in the tube) seen on the ninth day of
culture.
doi:10.1371/journal.pntd.0002534.g001

Figure 2. Positive microscopic agglutination test (MAT) at a titre of 1:640.
doi:10.1371/journal.pntd.0002534.g002
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is characterized by a unique non-

oliguric hypokalaemic renal impairment

whose hallmarks are impaired sodium

reabsorption and potassium wasting

[14].

How Would You Make a
Diagnosis of Leptospirosis?

Leptospirosis should be suspected on

the basis of an appropriate exposure

history combined with any of the infec-

tion’s protean manifestations.

Direct visualization of leptospires in

blood or urine by darkfield microscopic

examination has been used for diagnosis.

Figure 3. Genetic sequence and evolutionary relationships of the isolate (NigEjiji01) in the Leptospira taxa. Bor. = L. borgpetersenii,
Alex. = L. alexanderi, Wei. = L. weilii, San. = L. santarosai, Mey. = L. meyeri, Kir. = L. kirschneri, Nog. = L. noguchii, Int. = L. interrogans, Bif. = L. biflexa.
doi:10.1371/journal.pntd.0002534.g003
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However, artefacts are commonly mistak-

en for leptospires, and the method has

both low sensitivity (40.2%) and specificity

(61.5%) [15].

Leptospires can be isolated from blood,

cerebrospinal fluid (CSF), and peritoneal

dialysate fluids during the first ten days of

illness. Normally, specimens should be

collected while the patient is febrile and

before antibiotic therapy is initiated. Urine

can also be cultured after the first week of

illness. Cultures are performed in albu-

min-polysorbate media such as Ellinghau-

sen-McCullough-Johnson-Harris (EMJH)

medium. Cultures are incubated at 30uC
for several weeks because initial growth

may be very slow. Isolated leptospires are

identified to serovar level by traditional

serologic methods or by molecular meth-

ods [14].

Most cases of leptospirosis are diag-

nosed by serology. The reference standard

assay is the microscopic agglutination test

(MAT), in which live antigens representing

different serogroups of leptospires are

reacted with serum samples and then

examined by darkfield microscopy for

agglutination [16]. A serologically con-

firmed case of leptospirosis is defined by a

4-fold rise in MAT titer to one or more

serovars between acute-phase and conva-

lescent serum specimens run in parallel.

However, a single titer of at least 1:200

obtained after the onset of symptoms also

suggests recent or current infection with

leptospirosis [17]. The MAT is a sero-

group-specific assay and should not be

used to infer the identity of the infecting

serovar [18], but knowledge of the pre-

sumptive serogroup may be of epidemio-

logic value in determining potential expo-

sures to animal reservoirs.

Another serologic method for diagnosis

of leptospirosis is an assay for IgM

antibodies, which are detectable after

about the fifth day of illness [19,20].

Positive IgM assays are not confirmatory

for leptospirosis but serve as screening

tests. These antibody assays have the

potential to enhance the diagnostic capac-

ity of many laboratories, particularly in

developing countries, where most cases

occur [14].

The patient had urine and blood

samples sent to a reference laboratory.

Culture of the urine sample on EMJH

medium showed the characteristic Ding-

er’s ring by the ninth day (Figure 1). MAT

was performed by standard methods [21]

using a panel containing Leptospira serovars

Icterohaemorrhagiae, Tarassovi, Pomona,

Grippotyphosa, Bratislava, Canicola,

Hardjo, Projitno, and Mini. The reaction

was observed with darkfield microscopy

and the results were positive for L.

borgpetersenii antibody at titre of 1:640

(Figure 2). Serotyping of the isolate was

carried out by standard methods [16] and

results were positive for L. borgpetersenii

serovar Tarassovi. Specie confirmation by

phylogenetic partial secY sequences

(Figure 3) was carried out at the Leptospi-

rosis Reference Centre, Amsterdam ac-

cording to Victoria et al. [22]. The

evolutionary history was inferred using

the Neighbor-Joining method [23]. The

optimal tree with the sum of branch

length = 0.76510704 is shown. The per-

centages of replicate trees in which the

associated taxa clustered together in the

bootstrap test (2000 replicates) are shown

next to the branches [24]. The evolution-

ary distances were computed using the

Maximum Composite Likelihood method

[25] and are in the units of the number of

base substitutions per site. The analysis

involved 21 nucleotide sequences. Evolu-

tionary analyses were conducted in

MEGA5 [26].

How Would You Treat This
Patient?

Antibiotic therapy should be initiated as

early in the course of the disease as

suspicion allows. Its prompt initiation

probably shortens the course of severe

leptospirosis and prevents the progression

of mild disease [14]. Antimicrobial drugs

(typically penicillin, ceftriaxone, or cefo-

taxime) should be used to treat severe

later-stage leptospirosis, and mild disease

should be treated with oral doxycycline

(Table 1). Jarisch-Herxheimer reactions

have been reported in patients treated

with penicillin [27], and such patients

should be monitored closely because of the

increased morbidity and mortality from

such reactions. Supportive therapy is

essential for hospitalized patients, especial-

ly those with renal dysfunction and severe

pulmonary haemorrhage syndrome.

The patient was commenced on intra-

venous ceftriaxone right from admission.

He recovered fully and was discharged on

the eighth day.

Discussion

Leptospirosis is a zoonosis of global

distribution caused by infection with

pathogenic spirochetes of the genus

Leptospira. The disease is particularly

underreported in tropical regions where

it is endemic and is often mistaken for

other febrile illnesses. Although serovars

continue to adapt to new hosts [28], the

domestic mouse Mus musculus is a reser-

voir for L. borgpetersenii of the serovar

Ballum [29,30] and pigs are reservoirs

for the serovar Tarassovi [31]. Human

infection occurs by direct contact with

infected animal urine or tissues or, more

commonly, by indirect exposure to the

Table 1. [14] Treatment of leptospirosis in adults.a

Indication Regimen

Mild leptospirosis Doxycycline (100 mg PO bid) or

Amoxicillin (500 mg PO tid) or

Ampicillin (500 mg PO tid)

Moderate/severe leptospirosis Penicillin (1.5 million units IV or IM q6h) or

Ceftriaxone (1 g/d IV) or

Cefotaxime (1 g IV q6h)

aAll regimens are given for seven days.
doi:10.1371/journal.pntd.0002534.t001

Learning Points

N Leptospirosis is an important differential diagnosis of acute febrile illnesses in
developing countries like Nigeria.

N Leptospirosis mimics many common febrile tropical illnesses like viral hepatitis,
severe malaria, and enteric fever.

N The clinical manifestations of leptospirosis are protean, and a high index of
suspicion is needed to make a diagnosis and commence appropriate therapy.

N Leptospirosis is potentially fatal but easy to treat if diagnosed early.

N At the population level, it is important to improve general hygiene standards to
reduce contact with the organism.
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organisms in contaminated damp soil or

water. Our patient may have been

infected through direct exposure to urine

of rodents in his hostel or through

exposure to floodwaters contaminated

by animals, including pigs.

Whereas leptospirosis outbreaks are to

be expected in situations where large

numbers of persons are exposed to

contaminated water [32], differences in

virulence of leptospire strains, individual

immune response variation to infection,

lack of disease awareness on the part of

health providers, and weak referral and

notification systems might have contrib-

uted to failure to recognise other possible

cases. A high index of suspicion is

necessary in diagnosing leptospirosis,

and suspected cases should be com-

menced on antibiotics as its prompt

initiation shortens the course of severe

disease and prevents progression to severe

illness. To our knowledge, this is the first

case of human leptospirosis confirmed at

species level in Nigeria and the first

reported case implicating the serovar

Tarassovi.

Consent
We obtained an informed written con-

sent from the patient to have his case

published.

Accession number
The GenBank accession number for

our nucleotide sequence is BankIt1627333

Leptospira KF039884.

References

1. Jan ter Meulen (2004) Viral haemorrhagic fevers:

Yellow fever, Lassa fever, Rift Valley fever, Ebola

Marburg fever and Criman-Congo fever. In: Eldryd

P, Richard G, David M, Geoffrey G, editors.

Principles of Medicine in Africa. 3rd edition. Cam-

bridge: Cambridge University Press. pp. 669–671.

2. David WV, Alan B, Tom S (2010) Flaviviruses

(Yellow fever, Dengue, Dengue Hemorrhagic

Fever, Japanese Encephalitis, West Nile Enceph-

alitis, St. Louis Encephalitis, Tick-Borne Enceph-

alitis). In: Mandell LG, Bennett EJ, Dolin R,

editors. Principles and Practice of Infectious

Diseases. 7th edition. Philadelphia: Elsevier.

2144 p.

3. Peters CJ (2010) Lymphocytic Choriomeningitis

Virus, and the South American Hemorrhagic

Fevers. In: Mandell LG, Bennett EJ, Dolin R,

editors. Principles and Practice of Infectious

Diseases. 7th edition. Philadelphia: Elsevier. pp.

3059–3065.

4. Gordon MA, Walsh AL, Chaponda M, Soko D,

Mbvwinji M, et al. (2001) Bacteraemia and

Mortality among Adult Medical Admissions in

Malawi – Predominance of Non-typhi Salmonel-

lae (NTS) and Streptococcus pneumonia. J Infect

42: 44–49.

5. Gedebou M, Tassew A, Azene G (1984) Blood

culture isolates from Addis Ababa hospital-

frequency and antibiotic sensitivities. East Afr

Med J; 61: 190–196.

6. Bruneel F, Hocqueloux I, Alberti C, Wolff M,

Chevret S, et al. (2003) The clinical spectrum of

severe imported falciparum malaria in the

intensive care unit; report of 188 cases in adults.

Am J Respir Crit Care Med 167: 684–689.

7. Ladhani S, Lowe B, Cole AB, Kowuondo K,

Newton (2002) Changes in white blood cells and

platelets in children with falciparum malaria:

relationship of disease outcome. Br J Haematol

119: 839–847.

8. Alfandari S, Santre C, Chidiac C, Senneville E,

Leroy O, et al. (1996) Imported malaria:

Presentation and outcome of 111 cases. Clin

Microbiol Infect 2: 86–90.

9. Warhurst DC (2010) Amebic infections. In:

Cohen J, Powderly WG, Opal SM, et al.

Infectious Diseases. 3rd edition. China: Mosby

Elsevier. pp. 1148–1153.
10. Anderson DA (2010) Hepatitis E Virus. In:

Mandell LG, Bennett EJ, Dolin R, editors.

Principles and Practice of Infectious Diseases.
7th edition. Philadelphia: Elsevier. pp. 2411–

2421.
11. Edwards GA, Domm BM. (1966) Leptospirosis II.

Med Times 94: 1086–1095.

12. Faine S, Adler B, Bolin C, Perolat P (1999)
Leptospira and leptospirosis. 2nd edition. Mel-

bourne, Australia: MedSci. ISBN 0 9586326 0 X.
13. Feigin RD, Anderson DC (1975) Human lepto-

spirosis. CRC Crit Rev Clin Lab Sci 5: 413–467.
14. Levett PN, Haake DA (2010) Leptospira Species

(Leptospirosis). In: Mandell LG, Bennett EJ,

Dolin R, editors. Principles and Practice of
Infectious Diseases. 7th edition. Philadelphia:

Elsevier. pp. 3059–3065.
15. Vijayachari P, Sugunan AP, Umapathi T, Sehgal

SC (2001) Evaluation of darkground microscopy

as a rapid diagnostic procedure in leptospirosis.
Indian J Med Res 114: 54–58.

16. Levett PN Leptospira (2007) In: Murray PR,
Baron EJ, Jorgensen JH, et al, editors. Manual of

Clinical Microbiology. 9th edition. Washington,
DC: American Society for Microbiology Press.

pp. 963–970.

17. Centers for Disease Control and Prevention
(1997) Case definitions for infectious conditions

under public health surveillance. MMWR Re-
comm Rep. 46 (RR-10): 49.

18. Levett PN (2003) Usefulness of serologic analysis

as a predictor of the infecting serovar in patients
with severe leptospirosis. Clin Infect Dis 36: 447–

452.
19. Levett PN, Branch SL, Whittington CU, Edwards

CN, Paxton H (2001) Two methods for rapid

serological diagnosis of acute leptospirosis. Clin
Diagn Lab Immunol 8: 349–351.

20. Levett PN, Branch SL (2002) Evaluation of two
enzyme-linked immunosorbent assay methods for

detection of immunoglobulin M antibodies in
acute leptospirosis. Am J Trop Med Hyg 66: 745–

748.

21. World Health Organization/International Lepto-
spirosis Society (2003) Human leptospirosis:

guidance for diagnosis, surveillance and control.

Available: http://whqlibdoc.who.int/hq/2003/

WHO_CDS_CSR_EPH_2002.23.pdf. Accessed

27 March 2012. ISBN 9241545895

22. Victoria B, Ahmed A, Zuerner RL, Ahmed N,

Bulach Dm, et al. (2008) Conservation of the S10-

spc-alpha locus within otherwise highly plastic

genomes provides phylogenetic insight into the

genus Leptospira. PLoS One 3: e2752.

doi:10.1371/journal.pone.0002752

23. Saitou N, Nei M (1987) The neighbor-joining

method: A new method for reconstructing

phylogenetic trees. Mol Biol Evol 4: 406–425.

24. Felsenstein J (1985) Confidence limits on phylog-

enies: An approach using the bootstrap. Evolution

39: 783–791.

25. Tamura K, Nei M, Kumar S (2004) Prospects for

inferring very large phylogenies by using the

neighbor-joining method. Proc Natl Acad

Sci U S A 101: 11030–11035.

26. Tamura K, Peterson D, Peterson N, Stecher G,

Nei M, et al (2011) MEGA5: Molecular Evolu-

tionary Genetics Analysis using Maximum Like-

lihood, Evolutionary Distance, and Maximum

Parsimony Methods. Mol Biol Evol 28: 2731–

2739.

27. Friedland JS, Warrell DA (1991) The Jarisch-

Herxheimer reaction in leptospirosis: Possible

pathogenesis and review. Rev Infect Dis

13:207–210.

28. Hartskeerl RA, Collares-Pereira M, Ellis WA

(2011) Emergence, control and re-emerging

leptospirosis: dynamics of infection in the chang-

ing world. Clin Microbiol Infect 17: 494–501.

29. Baranton G, Old IG (1995) The Spirochaetes: a

different way of life. Bulletin de l’Institut Pasteur

93: 63–95.

30. Adler B, de la Pena Moctezuma A (2009)

Leptospira and leptospirosis. Vet Microbiol 140:

287–296.

31. Levett PN (2001) Leptospirosis Clin Microbiol

Rev 14: 296–326. doi:10.1128/CMR.14.2.296-

326.2001

32. Forbes AE, Zochowski WJ, Dubrey SW, Siva-

prakasam V (2012) Leptospirosis and Weil’s

disease in the UK. QJM 105: 1151–1162.

PLOS Neglected Tropical Diseases | www.plosntds.org 6 January 2014 | Volume 8 | Issue 1 | e2534


