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Abstract

AIM: To evaluate the hepatic dysfunction in leptospirosis
is usually mild and resolved eventually. However,
sequential follow-up of liver biochemical data remained
lacking..

METHODS: The biochemistry data and clinical symptoms
of 11 sporadic patients were collected and analyzed, focusing
on the impacts of leptospirosis upon liver biochemistry
tests.

RESULTS: The results disclosed that of the 11 cases, 5
or 45% died. The liver biochemistry data in the beginning
of the disease course were only mildly elevated.
Nevertheless, late exaggerated aspartate transaminase (AST)
elevations were noted in three cases who finally died when
compared with the typical course. Besides, significant higher
AST/alanine transaminase (ALT) ratios (AARs) of the peak
levels for transaminase were also noted in the cases who
eventually succumbed. The mean±SD of AARs for the
survival group and dead group were 5.65±2.27 (n = 5)
and 1.86±0.64 (n = 6) respectively (P = 0.006). The ratios
of the cases who finally died were all more than 3.0.
Conversely, the survival group’s ratios were less than 3.0.

CONCLUSION: Serial follow-up of transaminase might
provide evidence to predict some rare evolutions in
leptospirosis. If AST elevated progressively without a
concomitant change of ALT, it might indicate an acute
disease course with ensuing death. Additionally, AAR is
another prognostic parameter for leptospirosis. Once the
value was higher than 3.0, a grave prognosis is inevitable.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Leptospirosis is caused by a variety of pathogenic spirochetes
of the genus Leptospira[1], the human beings are generally the
dead-end host after transmission from animal contact[2]. This
disease is characterized by a broad spectrum of manifestations,
which are usually subclinical[1,2]. Its diagnosis relies upon
strong suspicions of this disease from some nonspecific
clinical presentations[3]. Confirmation of  this infection is
usually established by serological studies[4] or PCR[5,6].

In terms of  pathologic findings and biochemical
manifestations, liver is not the main target of spirochete
infection[2,3,7,8]. Hepatic dysfunction in leptospirosis was
usually mild and resolved eventually. However, if jaundice
occurs, serum bilirubin levels might be markedly elevated
as compared with aspartate transaminase (AST) and alanine
transaminase (ALT)[9]. Weil’s disease, defined as severe icteric
leptospirosis with renal failure, accounts for mortality
associated with leptospirosis[1]. In some cases, aside from
severe jaundice, the elevation of AST was so remarkable
as acute viral hepatitis could be, which attracted our attention
in the endemic area of the HBV. However, the data regarding
sequential follow-up of liver biochemical data of leptospirosis
remained lacking. Herein, our experiences of the sporadic
leptospirosis are presented and the possible implication of
exaggerated AST change in leptospirosis is discussed.

MATERIALS AND METHODS

During the period from May 1998 to January 2000, 11 patients
with sporadic leptospirosis in intensive care unit, Chang
Gung Memorial Hospital, Taiwan, were reviewed to evaluate
the impact of severe leptospirosis on liver biochemistry tests.
There were seven males and four females, and their age
ranged from 30 to 78 years (mean: 57 years). None of the
patients were alcoholics, nor suggestive of  acute viral
infection or chronic virus carrier by serological tests
excluding the following: hepatitis A, B, and C, Epstein-Barr
virus, cytomegalovirus and Hanta virus. Bacterial and fungal
cultures were all sterile. There was no history of previous
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liver disease in any of the patients. Leptospirosis was
confirmed by either urine PCR tests or serum microscopic
agglutinin test (single serum titer ≥100-fold or paired serum
titers rise ≥4-fold).

The hepatic biochemistry parameters including AST
(normal 0-34 U/L), ALT (normal 0-36 U/L), alkaline
phosphatase (Alk-p, normal 28-94 U/L), -glutamyl
transpeptidase (r-GT, normal <26 U/L), direct bilirubin
(bili-D, normal 0-0.4 mg/dL), total bilirubin (bili-T, normal
0-1.3 mg/dL), creatine phosphokinase (CPK, normal 15-
130 U/L) were chronologically collected and then analyzed.
Student’s t-test was used to compare the means. A probability
value of less than 0.05 was considered statistically significant.
Furthermore, the influence of  leptospirosis on liver function
tests was discussed.

RESULTS

The disease onset was severe and abrupt in all patients with
fever and chills. The clinical manifestations included conjunctival
suffusion in 9, jaundice in 9, abdominal pain in 7, myalgia
in 7, consciousness disturbance in 4, hepatomegaly in 4,
upper gastrointestinal bleeding 2, rhabdomyolysis in 2, and
hemophagocytosis, hemolytic uremic syndrome each for
one case. This disease progressed to acute renal failure in
all and acute respiratory failure in six. All patients received
parenteral penicillin and hemodialysis. Finally, five icteric
cases died exclusively of multiple organ failure.

Table 1 illustrates the characteristics and liver biochemical
data of the patients. Of the 11 patients, 5 (cases 1-5) or
45% contributes to the mortality rate. One of four (25%)
younger than 50 years, and four out of seven (57%) older
than 50 years expired. One hundred percent of the cases
got abnormal liver biochemistry parameters in spite of
various degrees. Alk-p and r-GT were only elevated mildly
during the entire course and never exceeded 4-folds of the
normal limit. Upon admission, eight had hyperbilirubinemia;
however, in the 3rd wk of the disease, one of the patients
who originally had normal bilirubin levels became icteric.

Therefore, there were nine cases of  Weil’s disease by the
definition mentioned before. The highest bilirubin level
attained 35.1 mg%. CPK ranged from 178 to 2 889 U/L.

The most evident difference of liver biochemistry
parameters between the dead and survival group was
bilirubin levels (Table 1). The mean±SD of  Bili (D) of  the
peak level for the former are significantly higher than the
latter (P = 0.03). All those who died had jaundice; however,
four cases with jaundice recovered.

Upon admission, both AST and ALT levels of  all the
patients elevated modestly with an average of 117.27 and
70.63 U/L respectively. However, three patients (cases 1, 3,
and 5) with Weil’s disease had unusually exaggerated AST
elevation more than 2-3 wk after the onset of  disease (Table 1,
the peak AST level for case 1, 3, and 5 were 901, 1 216
and 580 U/L respectively). A representative case (case 1)
showed disproportional progressive elevations of AST levels
since the first admission day, which was the 12th d since the
disease onset (Figure 1). Although ALT peaked at 144 U/L,
it did not increase in proportion with AST, which peaked at
901 U/L. Meanwhile, CPK was 628 U/L. Due to pancytopenia,
a bone marrow biopsy was performed for this patient and
revealed hemophagocytosis. Case 3 displayed peak AST and
ALT levels (1 216 and 308 U/L) (Table 1) after an episode
of  septic shock. However, they returned to normal 4 d
later. Case 5 obtained peak levels of AST (580 U/L) and
ALT (139 U/L) 18 d after the onset of  disease. CPK was
only 99 U/L then. A peripheral blood smear for pancytopenia
demonstrated burr cells and toxic granules in WBCs. A
disseminated intravascular coagulopathy (DIC) profile
revealed positive finding, while both direct and indirect
Coomb’s tests yielded negative findings. All three patients
eventually died of multiple organ failure.

In addition to exaggerated transaminase elevations of
the late stage in the three cases mentioned above, significant
higher AST/ALT ratios (AARs) of  the peak levels for
transaminase were also noted in the cases who eventually
succumbed (Table 1 and Figure 2). The mean±SD of  the
AAR for the survival group and dead group were 5.65±2.27

Table 1 Biochemistry parameters of the patients with leptospirosis, presented with data upon entry (initial admission)/peak levels

        Biochemical parameters (entry/peak)

Case .     Age           Sex     AST                 ALT                 AAR          Alk-P     r-GT           Bili (D)    Bili (T) CPK         DA           Remark
No.          (yr)                                   (U/L)                (U/L)          (U/L)                    (U/L)            (mg%)     (mg%)                  (U/L)

  1 60  f 190/901              78/144       6.26        232/232 100/100           2.7/4.6    4.3/7.6 628 12 A   B1

  2 70 m 103/132                 9/22       6.0        198/212 125/174        10.6/13.8 17.3/28.2   99 47 A

  3 42  f 86/1216              50/308       3.94         40/446    6/285        14.6/16.4 28.4/35.1 N.A. 65 A    B3

  4 58  f    63/63                  1/8       7.88         74/241    30/98            0.2/3    0.4/5.1 985 78 A

  5 75 m 226/580              139/139       4.17        195/195    80/80           6/15.7 11.7/36.4   99 19 A    B5

Mean 61                  133.6/578         55.4/214.6       5.65    147.8/265.2        68.2/286.8      6.82/10.7           12.43/22.5 452.8 44.2

(SD)        12.7                  70.5/493.8             21/166       2.27          85.0/102.6 49.3/84.9       5.83/6.39          11.07/15.1 433.7 28.5

  6 78 m    74/127                 23/45       2.82        104/114    32/24          2.5/2.7    4.4/4.6 178 35

  7 41 m 165/208              149/149       1.39          68/78    32/64          6/14.3  10.8/27.2 2889 33

  8 30 m 203/253              185/102       2.48          40/45       6/7          0.1/0.1    0.4/0.4 704 10

  9 65 m    29/34                 25/25       1.36        198/198    50/70          0.3/0.3    0.7/0.7 N.A. 16

10 65 m    21/29                 16/17       1.7        104/104    20/20          1.4/1.4    2.2/2.3   61 38

11 43 f 130/156              102/112       1.39        141/141    80/80          3.3/3.3    5.2/5.2   69 21

Mean   53.661                  103.6/134.5         83.3/175       1.85       109.2/136         36.7/144.2    2.26/13.68 3.95/6.73 780.2 25.5

(SD)        0.35  74.3/90.8           72.9/53.6       0.64        55.6/52.8           25.8/30.7        2.2/5.35           3.87/10.22              1028.2 11.43

N.A.: not assessed; D.A.: d of admission; AAR: AST/ALT ratio of peak levels; m: male; f: female. A: Complicated with multiple organ failure and fatal; B: exaggerated AST

peak levels; B1: hemophagocytosis. B2: shock, hemorrhage. B3: DIC.
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(n = 5) and 1.86±0.64 (n = 6) respectively (P = 0.006). The
ratios of the cases who finally died were all higher than 3.0.
Conversely, the survival group’s ratios were lower than 3.0
(Figure 2).

Figure 1  Clinical manifestations and biochemical changes in the whole course
of case 1. Unit: AST (U/L), ALT (U/L), Bili(T) (mg/dL), H/D: hemodialysis, BBx:
bone marrow biopsy.

Figure 2  Scattered figure of AST/ALT (AAR) values. All the dead cases are
shown as AAR >3.0. On the contrary, the ratios of all the survival cases were
<3.0.

DISCUSSION

Age is reported as the most significant host factor related
to mortality of leptospirosis. The mortality rate rose from
10% (in patients less than 50 years) to 56% (in those over
51 years)[1]. As the average age (57 years) of our cases was
much higher than those of teenagers and young adults, who
were considered as the major victims of leptospirosis, they
were rarely admitted to hospital on account of their
subclinical symptoms[1,3,6]. Furthermore, all the cases were
enrolled from the intensive care unit, it is reasonable why
the overall mortality (45%) of this hospitalized series was
much higher than other published reports (5-16%)[1,2].

On hospitalization, the liver biochemistry tests disclosed
only modest elevations in AST, ALT, Alk-p, and r-GT.
However, total bilirubin ranged from normal limits to as
high as 28.2 mg/dL. Such a pattern was compatible with
the fact that the liver dysfunction in leptospirosis is typically
mild, resolved finally and serum bilirubin can be markedly
elevated as compared with other liver enzymes[1,2,3,9].
Hyperbilirubinemia is not only related to hepatocellular
dysfunction but also magnified by impairing bilirubin excretion

from renal failure, and bilirubin overproduction from tissue
hemorrhage and intravascular hemolysis[8]. Five Weil’s disease
accounted for the mortality (Table 1, cases 1-5), it was also
consistent with that leptospirosis is never fatal without
jaundice[1,8]. It is because the pathogenesis in jaundice resulted
from leptospirosis is as complex as mentioned above[8].

Nevertheless, among the five cases dying of  Weil’s disease,
three (cases 1, 3, and 5) had exaggerated AST elevation 2-
3 wk after the onset of disease. In contrast, among the four
Weil’s disease of  the survival group (cases 6, 7, 9, and 10),
none had been found with exaggerated AST elevation
through the whole disease course. All the cases 1, 3, and 5
developed progressive AST elevation without concomitant
ALT change. Therefore, the extrahepatic origin of  AST
should be considered. Myositis is a common presentation
in leptospirosis and usually abated by the 2nd wk[10,11]. If the
extrahepatic AST had come from muscle, AST would return
to normal within 2 wk rather than being progressively
elevated as seen in the two cases. Moreover, it has been
reported that for severe myositis in leptospirosis, CPK
elevation up to 8 880 U/L only correlated with AST
elevation as high as 440 U/L[12]. Myositis alone could not
contribute to AST elevation in the two cases, as their AST
elevations (901 and 580 U/L) were not in proportion to
CPK (628 and 99 U/L) elevations in terms of  myositis.
Therefore, the muscle origin of AST could not simply
explain this phenomenon, and the exaggerated AST elevation
must have had another source.

The pathogenesis of the systemic lesions in leptospirosis
was ascribed to directly damaging the parenchymal cellular
membranes. It may initially cause functional disorder of these
membranes, and only later lead to necrosis[13]. Nevertheless,
complete cell necrosis is not prominent in leptospirosis, which
is in accordance with the low level of serum transaminase
in this disease[7]. Notably, hemophagocytosis and DIC were
proved in the two cases (cases 1 and 5) respectively. Both
are rare presentations in human leptospirosis[13,14], and they
indicated a severe form of  infections and disease progression.
Besides, clinical presentations (respiratory failure, renal
failure, consciousness disturbance, etc.,), they indicated grave
multiple organ failure. It was suggested that, in rare and
deteriorated situations, the systemic parenchymal cellular
dysfunction in leptospirosis could evolve into extensive
cellular necrosis. Namely, severe and extensive destruction
of cells in various organs -not only muscle and liver -might
lead to the unusual AST elevations. It had been documented
that, in acute and/or fatal leptospirosis, the pathogenesis
of the pathologic features are related to the presence of
the organisms in the tissues, and was usually multi-system
involvement[15,16].

All the five fatal cases displayed multiple organ failure
(Table 1). The major difference between those who with
(cases 1, 3, and 5) and without (cases 2 and 4) exaggerated
AST elevation was the natural course of disease. The
duration from disease onset to death appeared much shorter
in the former (12-19 d) as compared to the latter (47-78 d).
The clinical course of leptospirosis can be divided into two
stages, a 3-7-d septic stage followed by an immune stage
lasting for 4-30 d[2]. All the exaggerated AST occurred in
the immune stage of leptospirosis. The balance between
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the host and parasite determines, whether the infection runs
an acute or a protracted course[17]. In acute leptospirosis,
the main pathogenesis was probably due to the direct toxic
damage of spirochetes[13,18,19]. However, an immune complex-
mediated mechanism was suggested when the course was
protracted[18]. Because the infections ran acute courses in
cases 1, 3, and 5, it might indicate that although the exaggerated
AST elevations occurred in the immune stages (after 1 wk
of disease onset), the hosts could not clear the spirochetes
then from the blood by immune reactions efficiently. The
spirochetes were consistently virulent to the systemic
parenchymal cells. Finally unavoidable deaths with fulminant
courses of the hosts ensued.

Aside from AST, AAR of peak levels for transaminase
might predict the outcome of leptospirosis. AAR was
significantly higher in the fatal cases. The ratios were higher
than 3.0 (Table 1 and Figure 2) in all of  the deaths. In
contrast, all the cases who finally recovered had the ratios
of less than 3.0. The ratios seemed to stop at 3. Both multiple
major organ failure and systemic parenchymal cells necrosis
might contribute to the higher ratios in the fatal cases.

In endemic areas of  hepatitis B infection such as Taiwan,
viral hepatitis was the first consideration for icteric patients
with abrupt disease onset associated with transaminase
elevation. Such impression might delay the appropriate
management of  the true culprit-leptospirosis. Typically acute
viral hepatitis presented as exaggerated transaminase
elevations initially and recovered thereafter regardless of
the existence of  jaundice. Besides, the ALT elevation usually
sustains longer than that of AST. On the contrary, leptospirosis
showed as initial modest transaminase elevations accompanied
with extremely high CPK levels[1,2,8]. The initial amplitude
of transaminase could be a clue to differentiate viral hepatitis
and leptospirosis. However, in a chronic HBV carrier, the
delayed transaminase elevation would confuse the physician,
if the elevation is due to acute exacerbation of chronic
HBV infection. We were convinced that delayed and
disproportional AST elevation is in favor of nonhepatic
origin. In leptospirosis, it might hint a fulminant disease
course with high mortality.

Conclusively, in addition to clinical symptoms, serial
follow-up of transaminase could provide some evidence to
predict the rare evolution in leptospirosis. Late disproportional
AST elevation indicates an ominous sign, mortality that
typically ensues from a fulminant disease course. AAR is a
parameter responsive to the prognosis of leptospirosis, the
ratio >3.0 means a grave prognosis. Furthermore, in endemic
areas of  viral hepatitis, Weil’s disease still should be
considered in icteric cases of unknown origin regardless of
AST level, since exaggerated AST might herald the unusual
fulminant mortality.
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