
ORIGINAL ARTICLE272

Le Infezioni in Medicina, n. 2, 272-276, 2022
doi: 10.53854/liim-3002-13 

Predictors of lethality in severe 
leptospirosis in Transcarpathian 
region of Ukraine
Pavlo Petakh1,2, Andriy Nykyforuk1

1Department of Biochemistry and Pharmacology, Uzhhorod National University, Uzhhorod, Ukraine;
2Department of Microbiology, Virology, and Immunology, I. Horbachevsky Ternopil National Medical University, 
Ternopil, Ukraine

Article received 2 February, accepted 3 April 2022

Leptospirosis is one of the most widespread zoonoses 
in the Transcarpathian region, with an average lethal-
ity of 12.5%. To determine the predictors of lethality, a 
retrospective study of 97 medical records of patients 
with leptospirosis in the period from 2009 to 2018 was 
conducted. Quantitative variables in the presence of 
normal distribution were compared using a paired 
Student’s t-test, and in the case of an abnormal distri-
bution, the Mann-Whitney U test was used. The crite-
rion χ2 was used for qualitative variables. Multivariate 
analysis was used for the calculation of the Odds ratio. 
The following factors that are associated with death 

SUMMARY

from leptospirosis have been identified: total bilirubin 
greater than 300 mcmol/L (OR, 4.25; 95% confidence 
interval [CI], 1.57-11.53), platelets less than 50 x (109/L) 
(OR, 3.95; 95% confidence interval [CI], 1.45-10.73), cre-
atinine above 200 mcmol/L (OR, 1.95; 95% confidence 
interval [CI], 1.47-2.60) and jaundice (OR, 1.39; 95% 
confidence interval [CI], 1.21-1.60). Detection of these 
predictors will help to quickly identify a patient at risk 
of severe course of the disease and death, which will 
allow deciding on the use of early intensive care.
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n	 INTRODUCTION

Leptospirosis is one of the world’s most signif-
icant and extensively distributed zoonoses, 

found on all continents except Antarctica, and has 
posed a severe dilemma for epidemiologists and 
physicians around the world [1, 2]. 
Leptospirosis affects over one million people 
worldwide each year, with 58,000 of them dying 
[3]. This disease causes an annual loss of 2.9 mil-
lion disability-adjusted life years (DALY) [4].
Ukraine is one of the regions with a high incidence 
of leptospirosis due to its climatic and geograph-
ical characteristics [5]. The highest incidence of 

leptospirosis in the last two decades was in the 
Transcarpathian, Kyiv, Kropyvnytskyi, Mykolaiv, 
Chernihiv, and Chernivtsi regions with maximum 
rates of 12.77 and 12.65 per 100,000 population in 
1997 in Kropyvnytskyi and Transcarpathian re-
gions, respectively [6]. 
Although leptospirosis is often an acute febrile 
illness (AFI), around 10% of patients may devel-
op severe leptospirosis, which includes acute re-
nal failure, jaundice, and/or pulmonary haemor-
rhage [7, 8]. Even with the best therapy, lethality 
from severe leptospirosis vary from 5 to 20%. [9]. 
Predictors of lethal outcomes should be evaluated 
taking into account local characteristics [10].
Early identification of severe or potentially severe 
leptospirosis patients may help to reduce the dis-
ease’s lethality, which is still rather significant [11, 12].
To determine the requirement for intensive care 
unit admission and more aggressive treatment 
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procedures, prognostic markers that contribute 
to a severe course and lethality from leptospirosis 
must be identified [11, 12].
The problem of determining predictors of lepto-
spirosis severity and lethality was studied by Du-
pont et al. (1997), who identified the main 5 fac-
tors associated with lethality, namely: dyspnoea, 
oliguria, white blood cell count over 12.900/mm3, 
repolarization abnormalities in ECG, alveolar in-
filtrates on chest radiographs [11]. Elizabeth De 
Francesco Daher et al. identified hypotension, 
tachypnoea, and acute kidney damage as risk fac-
tors for hospitalization in the intensive care unit 
(ICU) [12]. Hochedez P et al. recommend the use 
of qPCR to assess the severity of the disease [13].
In the Transcarpathian area, leptospirosis is still a 
very frequent zoonotic disease. In Transcarpathia, 
the case fatality ratio (CFR) for leptospirosis is 
12.5%, compared to 9.8% nationally [14].
The study aimed to determine the factors asso-
ciated with fatalities in leptospirosis in the Tran-
scarpathian region.

n	 PATIENTS AND METHODS

Data collection and definitions
A retrospective case-control study was conduct-
ed at the Transcarpathian Regional Clinical Infec-
tious Diseases Hospital, Ukraine. The study pro-
tocol included a review of 97 medical records of 
patients who were hospitalized between 2009 and 
2018. In this study, patients were divided into two 
groups: survivors (control) and non-survivors 
(cases). Leptospirosis was determined according 
to the criteria of the World Health Organization 
[15]. Each case was confirmed in the Especially 
Dangerous Infections (EDIs) of the State Institu-
tion Transcarpathian Region Center for Disease 
Control and Prevention of the Ministry of Health 
of Ukraine where a microscopic agglutination test 
(MAT) was conducted. Individuals who did not 
have laboratory confirmation of their diagnosis 
were excluded from the research.
Demographic (age, gender, place of residence (vil-
lage or city)), clinical (jaundice), and laboratory 
data (alanine aminotransferase, total and conju-
gated (direct) bilirubin, creatinine, urea; granu-
locytes and platelets; erythrocyte sedimentation 
rate; the presence of icterohaemorrhagiae sero-
group) were collected. On the first day of admis-
sion, all laboratory parameters were determined.

Statistical analysis
Statistical data were processed using IBM SPSS 
Statistics 23 software. Quantitative variables in 
the presence of normal distribution were com-
pared using a paired Student’s t-test, and in the 
case of an abnormal distribution, the Mann–Whit-
ney U test was used. The criterion χ2 was used for 
qualitative variables.
Adjusted odds ratios (OR) and 95% confidence 
intervals (CI) were calculated using multivariate 
analysis. The value of P ≤ 0.05 was considered sig-
nificant.

Ethics
The protocol of this study was approved by the 
Ethics Committee of the Transcarpathian Region-
al Clinical Infectious Hospital.

n	 RESULTS

Among the 97 leptospirosis patients included in 
the study, 75 patients (77%) survived and 22 (23%) 
died.
Demographic data, such as age, gender, and place 
of residence (urban or rural), shown in Table 1, are 
not related to death from leptospirosis (P>0.05).
As shown in Table 2, patients who died from 
leptospirosis had higher serum creatinine lev-
els compared with those who survived, namely 
475.70±203.95 mcmol/L versus 185.94±156.26 

Table 1 – Socio-demographic characteristics influenc-
ing the survivability of patients with leptospirosis.

Characteristics

Survivors
n = 75

Mean ± SD 
or (%)

Non-survivors
n = 22

Mean ± SD 
or (%)

P-value

Gender (M/F) 51/24 18/4 0.213

Age (y) 47.78 ± 14.69 52.22 ± 11.09 0.165

11-20 3 (4) 0

21-30 8 (11) 0

31-40 16 (21) 5 (23)

41-50 9 (12) 5 (23)

51-60 24 (32) 5 (23)

>60 15 (20) 7 (31)

Place of residence 0.762

Village 45 (60) 14 (64)

Non-village 30 (40) 8 (36)
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mcmol/L, respectively (P=0.001). Statistically 
significant changes were also found in the levels 
of laboratory parameters such as urea (P=0.001), 
total bilirubin (P=0.001), direct bilirubin 
(P=0.001) and platelet level (P=0.005). Jaundice, 
as the clinical symptom of leptospirosis, was also 
associated with lethality (P=0.008). Alanine ami-
notransferase (ALT), erythrocyte sedimentation 
rate, granulocyte percentage in the blood, and 
the presence of icterohaemorrhagiae serogroup 
were not associated with leptospirosis lethality 
(P>0.05).
Jaundice, thrombocytopenia, hyperbilirubinemia, 
and increased serum creatinine were identified to 
be probable predictors of lethality in leptospirosis 
in a multivariate study (Table 3).
The strongest predictive risk factor for leptospiro-

sis lethality is total bilirubin > 300 mcmol/L (OR, 
4.25; 95% confidence interval [CI], 1.57-11.53). 

n	 DISCUSSION

For the healthcare system, leptospirosis is a ma-
jor issue. This zoonotic disease has the potential 
for a severe course and a high case fatality rate. 
As a result, finding predictors of lethality and the 
requirement for intensive care to detect possibly 
fatalities early in the disease for better diagnosis 
and treatment is critical [16].
Leptospirosis is more frequent and lethal in the 
Transcarpathian region than in the rest of Ukraine. 
From 2005 to 2015, 420 cases of leptospirosis were 
recorded in this region, which is three times high-
er than the average incidence in Ukraine [14].

Table 2 – Clinical and laboratory parameters of survived and non-survived patients with leptospirosis.

Characteristics
Survivors

n = 75
Mean ± SD or (%)

Non-survivors
n = 22

Mean ± SD or (%)
P-value

Clinical features

Jaundice 56 (75) 22 (100) 0.008

Initial laboratory findings

ALT (UI/L) 118.25 ± 138.19 112.55 ± 86.17 0.855

Erythrocyte Sedimentation Rate (mm/hr) 39.24 ± 17.36 45.31 ± 17.40 0.152

Creatinine (mcmol/L) 185.94 ± 156.26 475.70 ± 203.95 0.001

Urea (mmol/L) 12.06 ± 8.66 28.40 ± 13.33 0.001

Total bilirubin (mcmol/L) 174.60 ± 177.40 345.00 ± 108.76 0.001

Direct bilirubin (mcmol/L) 105.93 ± 118.60 242.76 ± 91.93 0.001

Platelets (109/L) 116.64 ± 111.07 47.77 ± 33.47 0.005

Granulocytes (%) 87.84 ± 8.57 90.85 ± 6.59 0.132

Serogroup ictero-haemorrhagiae 17 (22) 6 (27) 0.659

Hospital stay (days) 16.9 ± 0.85 4.32 ± 1.01 0.001

Time between onset of symptoms  
and hospitalization (days)

6.30 ±0.45 5.58 ± 0.89 0.831

Table 3 – Multivariate analysis of clinical and laboratory parameters.

Risk factor
OR

Odds ratio
95% CI

confidence interval
P-value

Jaundice 1.39 1.21-1.60 0.008

Platelet < 50 (109/L) 3.95 1.45-10.73 0.005

Total bilirubin > 300 mcmol/L 4.25 1.57-11.53 0.003

Creatinine > 200 mcmol/L 1.95 1.47-2.60 0.001
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Patients who died in this research had higher total 
and direct bilirubin levels than those who recov-
ered. Several scientific articles have proven the 
importance of hyperbilirubinemia as a predictor 
of lethality and severe leptospirosis [10-12]. In 
leptospirosis, liver enzymes such as ALT and AST 
are moderately increased, suggesting that liver 
impairment is generally mild and resolves with 
time [17]. The role of hepatic transaminases as a 
factor in disease severity or lethality needs to be 
further investigated, as there is evidence that con-
firms or refutes the role of these biochemical pa-
rameters in patients with leptospirosis. An aspar-
tate aminotransferase–alanine aminotransferase 
ratio of >3 may indicate a poorer prognosis [12, 
13, 18,19].
In our research, jaundice was found to be a risk 
factor for a more severe course of leptospirosis 
and lethality. Hepatic capillary injury occurs with-
out hepatocellular necrosis, resulting in jaundice. 
There are retrospective studies that confirm, and 
deny the role of jaundice as a predictor of death in 
this infectious disease [10, 12, 20, 21].
Thrombocytopenia, which is frequent in leptospi-
rosis, is another key risk factor for a severe course 
of the disease and lethality [22]. One potential ex-
planation for thrombocytopenia in leptospirosis 
is that certain strains of Leptospira directly acti-
vate platelets [23]. Thrombocytopenia in the acute 
phase of the disease may play a role in hemorrhag-
ic disorders. In many studies, thrombocytopenia 
has been identified as one of the most common 
causes of severe course and death [10, 11, 24, 25]. 
Another factor that contributes to bleeding in the 
acute phase of the disease may be uraemia. The 
pathophysiology of bleeding in uraemia is multi-
faceted, nevertheless, alterations in platelet-plate-
let and platelet-vessel wall interaction play a cru-
cial role. Platelet dysfunction is caused in part by 
uremic toxins found in circulating blood [26].
Increased blood creatinine and urea levels indi-
cate kidney damage and the potential for acute 
renal failure, one of the most common and cru-
cial predictors of death in leptospirosis [24]. The 
presence of renal failure in leptospirosis patients 
should be given special attention when it is ac-
companied by jaundice (Weil’s syndrome) be-
cause it is the clinical syndrome most associated 
with the risk of death [25].
According to some authors, the icterohaemorrha-
giae serogroup is more prevalent in individuals 

with a more severe course of the disease and may 
be linked to renal failure, however, in our study, 
the link between this serogroup with the severe 
course and death was not found, as in the study 
of Spichler et al [10, 11, 13, 27].
The age, which did not differ between the two 
groups in our study (P > 0.05), but did in certain 
studies, is one of the demographic variables that 
can be discussed, however, patients who died 
from leptospirosis were older than those who 
recovered [10, 11]. Most studies, including ours, 
have discovered that while gender is not a major 
determinant in leptospirosis lethality, the number 
of cases has been higher in men than in women 
[10, 12].
In conclusion, in the Transcarpathian region of 
Ukraine, leptospirosis remains as a common zo-
onotic disease that can cause acute renal failure, 
haemorrhage, and death.
In order to reduce lethality, we have proposed 4 
important predictors of lethality in leptospirosis: 
the presence of jaundice, platelets less than 50 
(109/L), total bilirubin more than 300 mcmol/L 
and creatinine of more than 200 mcmol/L. These 
“red flag” laboratory and clinical characteristics 
will aid medical personnel in rapidly identifying 
a patient at risk of death, which is critical in deter-
mining the severity of the condition and the need 
for early intensive care and therapy adjustment.
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