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Background: Leptospirosis is a zoonotic disease of major importance in the tropics
where the incidence peaks in rainy seasons. Natural disasters represent a big challenge
to Leptospirosis prevention strategies especially in endemic regions. Vaccination is an
effective option but of reduced effectiveness in emergency situations. Homeoprophylac-
tic interventions might help to control epidemics by using highly-diluted pathogens to
induce protection in a short time scale. We report the results of a very large-scale home-
oprophylaxis (HP) intervention against Leptospirosis in a dangerous epidemic situation
in three provinces of Cuba in 2007.

Methods: Forecast models were used to estimate possible trends of disease incidence.
A homeoprophylactic formulation was prepared from dilutions of four circulating strains
of Leptospirosis. This formulation was administered orally to 2.3 million persons at high
risk in an epidemic in a region affected by natural disasters. The data from surveillance
were used to measure the impact of the intervention by comparing with historical trends
and non-intervention regions.

Results: After the homeoprophylactic intervention a significant decrease of the disease
incidence was observed in the intervention regions. No such modifications were
observed in non-intervention regions. In the intervention region the incidence of
Leptospirosis fell below the historic median. This observation was independent of
rainfall.

Conclusions: The homeoprophylactic approach was associated with a large reduction
of disease incidence and control of the epidemic. The results suggest the use of HP as
a feasible tool for epidemic control, further research is warranted. Homeopathy
(2010) 99, 156—166.
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and a severe health problem in developing countries and
the tropics.' > According to antigenic determinants,
Leptospira spirochetes are classified into 25 serogroups
and over 250 serovars that affect almost all mammals.
Human infection usually occurs when contact with the
urine of domestic and wild animals (mainly rodents,
dogs, pigs and horses) which are natural bacteria
reservoirs secreting spirochetes in the urine, the animal
vectors often remain symptom free.* Infection occurs
through the mucosa or open skin lesions and the contact
urine contaminated water.””’

Under normal conditions, Leptospirosis is an occupa-
tional disease affecting individuals living in rural regions,
mainly farmers involved in agriculture or animal breeding
which are considered the main at-risk groups. However, an
increasing number of Leptospirosis infections in urban areas
and among adventure travellers practising water-sports has
being reported in recent years." '' Leptospirosis
epidemics are a greater concern in developing countries
where poor sanitary conditions, health structures, medical
awareness and misdiagnosis have contributed to keep
Leptospirosis as a major, but poorly recognised, threat. In
tropical countries, the incidence of Leptospirosis is closely
related to rainfall and flooding seasons when ecological
conditions are favourable for the transmission of zoonotic
diseases.'” When infected urine contaminates water
reservoirs, the bacteria can survive for long periods in
water at neutral pH.

The symptoms caused by Leptospirosis infection are
extremely variable and potentially dangerous, they include
meningitis, pneumonitis, hepatitis, nephritis, mastitis,
myocarditis, haemorrhagic crisis and multi-organ failure.'?
The broad spectrum of symptoms caused by Leptospirosis
infection frequently leads to misdiagnosis, incorrect selec-
tion of medical treatment and high mortality rates, espe-
cially in regions where other infectious diseases with
overlapping symptoms are also prevalent (eg, Dengue
fever).! 314

The laboratory tests for Leptospirosis diagnosis are
mainly based on demonstration of spirochetes in clinical
samples (blood, urine and organ samples), or detection of
serum antibodies. Leptospirosis cultures from clinical sam-
ples grow very slow and are a very late confirmatory method
that should not be use to decide medical treatments.”'
Antibody detection by Indirect Hemagglutination Assay
(HIA) has been considered the ‘gold’ standard for early
diagnostic serology, although antibodies are often not
detected in early phases of infection and the presence of
antibodies is not a direct predictor of infection in endemic
areas. The detection of bacterial DNA in blood samples
by PCR is a sensitive and rapid method to confirm the
infection but is not widely available and mostly limited to
regional labs.'”

Given the difficulties of confirming Leptospirosis infec-
tion, medical awareness and appropriate management of
suspicious patients are key aspects to decreasing mortality
rates. However, disease control strategies should be based
mainly on prophylactic approaches addressing immune
protection, transmission chain disruption and risk amelio-
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ration. Among the most commonly used prevention
alternatives, chemoprophylaxis has been demonstrated to
be effective in outbreak control. However, considering
the short half life of doxycycline in blood stream (18 h),
its prophylactic effect is limited and unfeasible for large
groups at risk in endemic areas.'®'” In addition the
effectiveness of doxycycline prophylaxis after severe
climatic phenomena has still to be demonstrated.'® The
control of animal vector represents another strategy to dis-
rupt the transmission chain but it has to be effective and
sustained to significantly decrease infection risks. In view
of the diversity of vector animal species and complexity
of the ecosystems, especially after the severe damage
caused by natural disasters, vector control is still far from
being a realistic alternative.

Vaccination represents, to date, the most effective option
for disease control despite the fact that Leptospirosis vac-
cines are not widely available.'® vaxSpiral® is the commer-
cial name of the only three-valent Leptospirosis vaccine
available in the market. It is a whole cell inactivated prep-
aration developed and produced at Finlay Institute, Cuba."’
vaxSpiral® demonstrated a 78.1% efficacy and good safety
profile in clinical trials conducted in Cuba has been in-
cluded in the national immunization program since 1998
for immunization of individuals over 15 years old in at-
risk groups (mainly farmers and animal breeding
Worl<e:rs).20_24 However, because of the time needed to
complete the immunization schedule and to reach high
coverage the effects of vaccination on decreasing the
incidence are significant only over the long term.>* Partic-
ularly in endemic regions suffering sudden-onset epi-
demics, the effect of vaccination programmes can be
very slow because of the high circulation of pathogens
and the continuous modification of group at risk.’

There are few published trials of disease control using ho-
meopathic medicine as preventive method, homeoprophy-
laxis (HP).?*"?° These approaches involve the use of
highly-diluted and succussed (potentised) material from
different sources including plants, animals, minerals and
bacteria. HP has been used in epidemic situations since
1798 and as an alternative to routine vaccination programs
for the prevention vaccine-preventable and non-
preventable diseases.”’*~** Potentised pathogens or
disease products known nosodes or biotherapies have been
reported to be effective in controlling epidemic diseases,
but homeopathy and HP are the focus of strong debate and
more research is required.’®* In accordance with the
basis of HP, leptospira bacterium in highly potentised
formulations might be an effective and accessible
prevention alternative for the control of Leptospirosis
epidemics.”®?*335 This approach combines knowledge
from homeopathy, immunology and epidemiology
resulting in a possible alternative in epidemic settings.

Natural disasters cause drastic modifications of the hab-
itat of animal vectors that increase the probability of direct
contact, and of contamination of water reservoirs supplies,
thus generating a sudden increase of the risk of infection of
animal-borne and water-transmissible diseases.”® When
Leptospirosis endemic areas are affected by climatic events
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producing heavy rainfall and flooding, the risk of Leptospi-
rosis infection is dramatically boosted and challenges all
prevention options.”*’~*' After natural disasters in
endemic regions, urgent measures are needed to control
and prevent Leptospirosis epidemics but these should be
based on rational and feasible strategies that integrate all
available options.*%3%#!

From 2005 to 2007, environmental, socio-economic and
climatic changes in Cuba caused modifications of infection
risks that resulted in an increase in the disease incidence.
Particularly, since the beginning 2007, Leptospirosis
incidence of epidemic levels was observed in a region com-
prising three adjacent provinces of Cuba. In October—No-
vember 2007, these three provinces were severely affected
by high intensity meteorological events which caused
widespread flooding, further increasing the risk of infec-
tion for the population. To confront this emergency situa-
tion, from November 2007 an intervention based on the
principles of HP was carried out on this region by using
a Leptospirosis nosode, based on the hypothesis that mas-
sive application of this homeopathic product would have an
impact on disease incidence. This article reports the
results of disease surveillance before and after this HP
intervention.

Material and methods

Population

The entire population over 1 year of age from the prov-
inces of Las Tunas (LT), Holguin (HG) and Granma (GR)
in eastern region of Cuba, independent of their physical,
psychological or social status was considered as risk group
and target population. These three provinces were consid-
ered as one single geographical area, designated the Inter-
vention Region (IR). The total population at the beginning
of the study was 2,404,787 persons (LT: 534,018 HG:
1,035,388 and GR: 835,381). All the remaining provinces
of Cuba were considered as another geographical area (des-
ignated Rest of the Country, RC): a total of 8,834,547 per-
sons. The analysis involving these populations constitutes
a large-scale epidemiological cohort study.

Epidemiological surveillance

The history of Leptospirosis incidence in Cuba is re-
corded by an efficient National Surveillance Program
(NSP) for zoonotic diseases of the Ministry of Public
Health of Cuba (MPHC) established in 1980. The NSP is
based on Municipal and Provincial Centres for Hygiene
and Epidemiology (PCHE), connecting all Health Assis-
tance Institutions into a national network. Regional
PCHE centres have their own laboratory facilities for diag-
nosis and confirmation of Leptospirosis patients. After de-
tection of suspicious cases at emergency services of Local
and Provincial Hospitals, Polyclinics and Family Doctor
Clinics, patient data are recorded and blood samples are
submitted to PCHE for differential diagnosis. Each
PCHE generates a weekly report including; suspicious
cases, confirmed cases, mortality, infection risk, exposure
factors and geographical—demographical distribution of
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cases. A national weekly report based on provincial data
is generated by the Trend Analysis Unit from the Vice-
Minister of Epidemiology of the MPHC. For this paper
we used the data generated by the NSP.

Laboratory diagnosis of Leptospirosis

Leptospirosis diagnosis was assessed following the na-
tional protocol used by all diagnostic laboratories of the
NSP, based on antibody detection in serum samples by
HIA and haemoculture. Leptospirosis antigens for HIA
were produced at the Finlay Institute, Havana, Cuba. For
haemocultures, blood samples were cultured in vials con-
taining EMHJ culture medium. Vials were incubated for
several weeks at 28—30°C and checked weekly for the
presence of spirochetes using dark field microscopy. Con-
firmed cases were reported according to the first day of
symptoms. Differential diagnosis to exclude viral diseases
with overlapping symptoms like hepatitis A and B and
Dengue infection was performed by analysis of serum
antibodies using standard ELISA methods.

Prevention and control strategies

Conventional measurements: Conventional prevention
strategies are based mainly on vaccination and chemopro-
phylaxis. The individuals treated with either vaccination or
chemoprophylaxis in the IR amounted to about 3% of the
population. Individuals within risk groups were vaccinated
when identified with two intramuscular doses (6—8 weeks
apart) of vaxSpiral® following manufacture’s instructions
(Finlay Institute, Havana, Cuba). This vaccine comprises
three pathogenic strains (L. interogans Serovar Canicola,
L. interogans Serovar Copenhageni and L. kirschneri Sero-
var Mozdok) which circulate in Cuba and Latin America.
Chemoprophylaxis was applied mainly for focal treatment
and outbreak control to high-risk groups when identified
and consisted of a weekly oral dose of Doxicycline 100 mg.

Homeoprophylactic strategies: HP intervention was im-
plemented for the entire population, over 1 year of age, of
the IR. It consisted in the application of the homeopathic
product nosoLEP in two different potencies. HP started
in week 45 of 2007 with two oral doses of nosoLEP
200C with an interval between doses of 7—9 days. Ten to
twelve months later, the schedule was completed by the ad-
ministration of another two oral doses (7—9 days apart) of
nosoLEP 10MC. Each dose consisted of five drops
(250—300 puL) administred sublingually 20 m away from
eating, smoking or drinking. It was administered by about
5000 personnel of public health system of Cuba which in-
cluded family doctors, nurses, social workers and para-
medics that were trained in the administration procedure.
The intervention was organized and stratified in order to
achieve the highest coverage in the shortest time as
possible.

nosoLEP preparation

nosoLEP is a registered product (Registration numbers:
nosoLEP 200C: N-09-184-S01, nosoLEP 10MC: N-09-
182-S01) developed and produced at Finlay Institute



following Good Manufacturing Practice and National Reg-
ulations for homeopathic products. nosoLEP comprises
four highly-diluted strains of inactivated leptospiras:
L. interogans Serovar Canicola, L. interogans Serovar
Copenhageni, L. kirschneri Serovar Mozdok and L. borg-
petrsenii Serovar Ballum. The strains were selected on basis
of the frequency of isolation (circulation rate), viability and
virulence. Inactivated bacteria (10° bacteria/ml) were used
as source material for mother tinctures obtaining.

From the mother tinctures, 1/100 serial dilutions were
prepared using homeopathic pharmaco-technical methods
(Korvsakovian dilutions). Between each dilution step, the
solution was succussed 100 times using an automatic dy-
namizer up to 200°C (200 x 1:100 dilutions) and 10 MC
(10* x 1:100 dilutions). The four strains were processed in-
dependently and mixed in equal proportions in the final
products (nosoLEP 200C and nosoLEP 10MC), in 30%
ethanol. The quality of final products was controlled by
measuring the alcohol content, water quality, pH and mi-
crobiologic load.

Strains preparation: Leptospirosis strains isolated from
patients were classified at Finlay Institute using monoclo-
nal and polyclonal reference antibodies. Virulence was
checked in challenge experiments on Golden Sirius ham-
sters (CENPALAB, Havana, Cuba). Viable and virulent
strains were cultured in EMHJ liquid media at 28—30°C
until stationary phase. The cultures were harvested by cen-
trifugation, inactivated at 56°C for 30 min and adjusted to
cellular concentration of 10° bacteria/ml. Adjusted prepa-
rations were analysed for identity and inactivity by the
quality control procedures established at Finlay Institute.

Data collection

Weekly reports on Leptospirosis incidence were col-
lected from PCHEs and the Trend Analysis Unit, parts
of the NSP of the MPHC. Data on rainfall were obtained
from the National Institute of Hydraulic Resources
(http://www.hidro.cu/). Population data were provided
by the National Statistic Office of Cuba (http://www.
one.cu).

Ethical considerations

nosoLEP is a registered product and its application is fully
regulated by National Regulatory Agency according to Inter-
national and National regulations for homeopathic products; it
is also monitored by the National Centre for Pharmacology
Surveillance. The intervention consisted in the very large-
scale application of nosoLEP to the population of IR as a re-
sponse to an emergency needs to confer protection to a large
population exposed to an increased risk of Leptospirosis
infection. We complied with international ethic standards for
interventions in humans.

The massive application of nosoLEP was approved by
the National Regulatory Agency and both National and Pro-
vincial Public Health Authorities. Information about the
product and the intervention was provided by local TV, ra-
dio programs, newspapers and was also free available
through information desks spread over the IR. Every partic-
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ipant was verbally informed by the person in charge of the
application and consent from each individual was obtained
before administration. Consent from non-competent per-
sons was obtained from next of kin or the person in charge.
Inclusion was absolutely voluntary and free. No attempt
was made to influence individuals refusing to be included.

Statistical analysis

The data were analysed by combining tools from: Stat-
Graphics Plus (Version 5.0), GraphPad Prims 4 for Win-
dows (Version 4.00) and SPSS for Windows (Version
15.0.1). Central tendency and dispersion of weekly reports
data were assessed using the median, inter-quartile range
and range of data and represented by Box and Whiskers
plots to explore the historic course of Leptospirosis dis-
ease. Normality of the data was assessed by Kolmogor-
ov—Smirnov test. Differences between medians were
determined by Wilcoxon signed rank test and Krus-
kal—Wallis test for grouped data. The Spearman correla-
tion test was performed between cumulative rainfall and
Leptospirosis cases. The Chi-squared (x?) test was used
to compare the frequency of Leptospirosis infection ex-
pressed in cases x 10° inhabitants. Statistical significance
was considered to be a 95% confidence level.

Forecast models: Although no model can predict exactly
the future incidence of Leptospirosis, adjusted models are
useful to forecast probable incidence trends and epi-
demics.** Five available forecast models were tested for
best fit to temporal series of Leptospirosis cases (depen-
dent) and rainfall (independent variable). To select the
best fitting model, all were tested to determine how well
they predicted the real temporal series of 2000—2004.
The differences between forecast and real values (residual
error) were analysed for statistical significance. All models
gave similar forecast curves, but simple exponential
smoothing was selected as no significant differences were
observed when the residual errors were analysed in five
out of five different tests with a 95% confidence level while
the other five models all failed in one or more tests. Ad-
justed forecast curves, lower and upper confidence limits
were validated with real data sets from different years.

Results

Trends of Leptospirosis incidence in Cuba

In order to better understand the behaviour of Leptospi-
rosis infection in Cuba, the data of reported cases from
1990 to 2006 were analysed in a weekly temporal series
to study the historic trends across the year. Despite the
data year by year being very variable, three main periods
showing a common yearly trend could be identified. The
first period from weeks 1 to 40 showed a low and stable in-
cidence with median number of reported cases remained
<13/week, no significant differences were observed be-
tween weeks except week 26 (Figure 1). The data from
this period also showed low variability (short inter-quartile
ranges). The second period, from weeks 41 to 48 showed
a slowly rising trend in the median of reported cases. In
the last period (weeks 49—52), even though the dispersion
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Figure 1 Leptospirosis historic course across the yearin Cuba by week (1990—2006). Box and Whisker plot of the number of cases reported
by week from 1990 to 2006 in Cuba. Filled boxes showed the inter-quartile range from 75 percentile (top) to 25 percentile (bottom). Median is
represented by horizontal lines in the filled boxes. Error bars showed the range of the data (maximum and minimum). * represented signif-

icant differences between the median p < 0.05 (Kruskal—Wallis test).

of the data was higher, the median values were significant
higher than the medians of previous weeks and a rapid in-
crease was observed towards the last week of the year
(Figure 1).

This analysis showed that from 1990 to 2006 the historic
tendency was for a higher number of confirmed cases in the
last two periods of the year (weeks 41—52) with the highest
infection rate in weeks 49—52. Up to 52.4% of the annual
cases were reported in the last 12 of 52 weeks, and of those
53.1% were reported in the last 4 weeks of the year (weeks
49—52). The last two periods comprises from October to
December, when rainfall is at its highest levels of the year.

Leptospirosis incidence and rains

Given the apparent relationship of Leptospirosis inci-
dence and rains, a further correlation analysis was per-
formed between these two variables. Unfortunately, no
data on rainfall are available before 2004. However, corre-
lation analysis from 2004 to week 46 of 2007, showed that
the number of confirmed cases was significantly related to
the increased rainfall (Spearman correlation factor 0.69,
p <0.05). This suggests that the variability within the
data should not be attributed to random effects and that
rainfall should be considered an important risk factor for
Leptospirosis infection, especially in high-risk regions.

The emergency

From 2005 to 2006, 43.5% of the cases of Leptospirosis
reported in Cuba were concentrated in the three provinces
of the IR which comprise only 21.4% of the total popula-
tion of the country. The incidence trend during the year
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in IR is similar to those observed historically in Cuba
with the largest number of cases being reported in weeks
49—52 of the year (Figure 2A). In 2007, the incidence of
Leptospirosis in the IR was higher than the historic median
from the beginning and throughout the year. However, an
abrupt increase was observed in the IR from weeks 39 to
46 when the number of cases increased to more than 19/
week (Figure 2A).

The situation was further exacerbated by two meteoro-
logical events in October—November causing extreme
rainfalls (peaks of 400 mm/h) and extensive flooding. Con-
sequently the risks of Leptospirosis infection dramatically
increased and extended the risk to the whole population.

A simple exponential smoothing model based on the
2004—2007 data was used to estimate the probable trend
of the number of cases in weeks 47—52 of 2007. According
to the model, no significant reduction in the confirmed
cases could be expected during weeks 47—50 but a further
increase in weeks 51 and 52 was forecast (Figure 2A). The
forecast curves showed a trend similar to the historic obser-
vations but at higher levels than previously observed: the
95% confidence interval was 111—461 cases expected for
this period.

In contrast, in the RC no significant differences were re-
corded between the number of cases reported in 2007 and
the historic trend. In addition, the RC was not affected by
any natural disasters in 2007; normal levels of rains were
recorded and the model predicted a normal course of the
disease (historic median and the inter-quartile ranges
were included within the confidence limits of prognostic
curve) for the end of the year (Figure 3A). Therefore the
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Figure 2 Leptospirosis incidence and trends in the IR. The historic course of Leptospirosis disease in the IR from 2000 to 2006 is showed for
comparison in both graphics by means of the median (grey filled diamonds) of weekly confirmed cases. Errors bars represented the inter-
quartile range of the median. A. The situation of disease at IR prior to the intervention and the predicted trend from forecast model. The black
filled squares represent the number of cases reported from week 1 to 45 of 2007. After week 45, the red filled circles represent the forecast
trend predicted by simple exponential smoothing model adjusted to the data of the region (2000—week 45 of 2007). Dotted lines represent
the 95% confidence limits for the forecast curve. B. Shows the follow up of confirmed cases after the start of large-scale application of HP
leptospira nosode (nosoLEP) in the IR from week 45 of 2007. The black filled squares represent the number of cases reported before and
after the start of the intervention in 2007. The start of the intervention in 2007 is denoted by the vertical arrow. The number of cases reported in
the following weeks of the whole 2008 year is represented by blue filled circles. At week 48 2007 the coverage was over 70% and 92% at
week 50. Significant differences (p < 0.05) were detected at weeks 50—52 of both 2007 and 2008 when compared with the corresponding
historic medians (Wilcoxon signed rank test).
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probability of occurrence of a major epidemic was ex-
tremely high in the IR while normal historic behaviour of
the disease was expected in the RC.

The intervention in 2007

Considering the epidemic situation in the IR, the unfav-
ourable prognosis and the emergency caused by natural di-
sasters, a massive HP application of nosoLEP 200C was
started at week 45, 2007. VaxSpira1® vaccination and che-
moprophylaxis in high-risk groups were continued but be-
cause of the limited availability of vaccines, vaccination

coverage among newly exposed population was limited
to 15,000 individuals in the IR (0.6% coverage). In con-
trast, HP coverage reached over the 92% of total population
of IR at week 50 representing 2,112,257 individuals treated
with two doses of nosoLEP 200C.

Surveillance results from 2007 (end of the year)

The impact of the intervention was followed through
the surveillance system of MPHC. Two weeks after the
intervention started, a dramatic decrease in the number of
confirmed cases was observed in the IR, falling from 38
cases in week 46 to 3—4 cases/week during weeks
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Figure 3 Leptospirosis incidence and trends at the RC (no intervened region, RC). The historic course of Leptospirosis disease in the RC
from 2000 to 2006 is shown for comparison median (grey filled diamonds) of weekly confirmed cases. Errors bars represented the inter-quar-
tile range of the median. A. The RC from week 1 to week 45 of 2007 (the time frame before the intervention in the IR) is shown in black filled
squares. After week 45, the probable trend of cases predicted by simple exponential smoothing model adjusted to the data of the region
(2000—week 45 of 2007) is plotted in red filled circles. Discontinuous lines represent the 95% confidence limits for the forecast curve.
B. The weekly confirmed cases during 2007 in the RC are represented by black filled squares while the number of cases of 2008 is
represented by filled blue circles. Only conventional measurements and no HP approaches were applied in this region (RC). No significant
differences were detected between the number of reported cases on weeks 49—59 of both 2007 and 2008 and the corresponding historic

medians (Wilcoxon signed rank test).

49—52. The number of cases detected in weeks 49—52 of
2007 was significantly lower than the historic median for
these weeks (Figure 2B). A noteworthy finding was that
this reduction in the Leptospirosis cases occurred in only
3 weeks and was coincident with the achievement of
a 70% coverage of the population treated with nosoLEP
200C (Figure 2B). When comparing with the predicted
trend, the total confirmed cases after intervention (weeks
47—52) was reduced from a forecast 111—461 (95%
confidence limits) to 38 representing a reduction of
91.8—65.8% (Figure 2B).

Similar analysis was done for the RC to determine
whether a similar phenomenon was observed in the un-
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treated regions. In the same time period (weeks 47—52,
2007) the numbers of confirmed cases in RC were not statis-
tically different from the historic medians. In agreement
with the prediction, the number of confirmed cases in RC re-
mained over 16 cases/week at the end of 2007 (Figure 3B).

Surveillance results from 2008

The incidence of Leptospirosis was also followed in
2008 to examine the incidence over a full year. Two
outstanding factors should be considered for the analysis
in 2008. The first is the impact of three high intensity hur-
ricanes that affected almost all the country in August—
September and generated very heavy rain (Hurricanes
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Summary of data in IR, RC and the whole country. Data for the total population, treated population (homeoprophylactic intervention),

confirmed Leptospirosis cases and incidence of the disease (10° inhabitants) on 2007 and 2008 are showed

Region Population Treated Confirmed cases™* Incidence per 10° inhabitants
10° people % 10° people % 2007 2008 % of 2007 2007 2008
IR 2405 214 2309 96 401 64 16.0 16.7 2.7
RC 8834 78.6 0 0 309 376 121.7 3.5 4.3
Cuba 11,239 100 2309 20.5 710 440 62.0 6.3 3.9

**Leptospirosis infected cases confirmed by laboratory tests.

‘Gustav’, ‘Ike’ and ‘Paloma’). The second factor was the
completion of the application of nosoLEP 10MC (rein-
forcement treatment) in 96% population of IR in Septem-
ber 2008 (2,308,562 people).

From weeks 1 to 41 of 2008, both RC and IR reported
a number of confirmed cases similar to the historic median
(Figure 2B and 3B). In week 42 an outbreak of the disease
was reported in a closed population of RC but fortunately
was quickly controlled by chemoprophylaxis. But at the
end of the year major differences in the number of cases be-
tween RC and IR were detected. In the weeks 49—52 of
2008 the number of cases in IR remained significantly
lower than the historic median, thus the modification on
the trends observed in 2007 persisted a year after the initi-
ation of the HP intervention (Figure 2B). Additionally, in
the IR in 2008, in 24 out of 52 weeks there were no con-
firmed cases and in 40 of 52 weeks, 0—2 cases/week
(Figure 2B). In contrast, the number of cases in the RC re-
mained similar to historic levels with a high number of in-
fected people at the last weeks of the year and no change in
the trend in either 2007 or 2008 (Figure 3B). Despite the
increased risks of Leptospirosis infection in IR and four
meteorological disasters, the annual number of cases was
significantly decreased from 401 in 2007 to 64 cases/year
in 2008, a reduction of 84% (Table 1). However in the un-
treated RC region, 67 more cases were reported in 2008
than in 2007, an increase of 21.7%. Due to the decrease
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Figure 4 Incidence of Leptospirosis (per 10° inhabitants) from
2000 to 2008 in Cuba. The country was divided in two regions:
IR: where at the end of 2007 a homeoprophylactic formulation
against Leptospirosis (nosoLEP) was applied to 96% (2.3 x 10°
people) of total population of the region. RC: no other intervention
than established measurements for Leptospirosis control was
applied. The total national incidence (filled circles) is also
represented. * denotes significant differences compared to the
incidence of Cuba by Chi-square (x2) test (p< 0.05).

in the IR there was an overall reduction of 62% in the an-
nual cases confirmed in Cuba (Table 1).

Additional evidence was obtained from the analysis of
the incidence of the disease (per 10° inhabitants) by year.
During the period 2000—2004, the incidence of the disease
in RC and IR was not statistically different, with the excep-
tion of 2001 (Figure 4).

In contrast, from 2005 to 2007, the incidence of Lepto-
spirosis in IR increased to reach its highest value in 2007
of 16.6 per 10° inhabitants. In 2008, the incidence in the
IR decreased to 2.7 per 10° inhabitants and was signifi-
cantly lower than RC and Cuba. Consequently, the reduc-
tion observed in Cuba from 6.3 (2007) to 3.9 (2008) was
the result of the decrease in the IR (Figure 4).

The differences in the IR and RC regarding Leptospiro-
sis incidence were also evident when correlating the dis-
ease with the rainfall. From 2004 and up to 2007,
Leptospirosis incidence by year was closely related to rain-
fall in both regions (Figure SA and 5B). However, in 2008
this correlation was not observed in IR since the decrease in
the incidence was not proportional to rainfall (Figure 5A).
In contrast, in RC no significant difference was observed in
the correlation between rainfall and Leptospirosis cases in
2008 (Figure 5B).

Summarizing the data from week 46, 2007 to week 52,
2008, major differences between RC and IR were demon-
strated. Both the trends and the incidence of Leptospirosis
were significantly modified in IR with a reduction of con-
firmed cases, while remaining as expected in the RC.

Discussion

As with most zoonotic diseases, the risks of Leptospiro-
sis infection are multifactorial and comprise environmen-
tal, economical, social, and host factors. Therefore,
control measures including education, vector control, san-
itation and protective immunization should be well inte-
grated and locally adapted in strategies to deliver
multipoint reduction of the main risk factors. In endemic
regions the strategies must be applied extensively and con-
tinuously to achieve a significant impact on the inci-
dence.” Nevertheless given the strong influence of
environmental factors, control of the disease is difficult
and epidemic outbreaks may be frequent and sometimes
unavoidable in endemic areas. A more effective impact
on disease incidence can be achieved by preventive alterna-
tives like vaccination although the effectiveness of such in-
terventions depends on the appropriate identification of the
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Figure 5 Relation of rainfall and incidence of Leptospirosis from 2004 to 2008. Bars represent the total rainfall (right axis) by year and lines
showed the incidence of the disease expressed as confirmed cases per 10° inhabitants (left axis). A. IR: where a homeoprophylactic
Leptospirosis nosode (nosoLEP) was applied to 96% (2.3 x 10° people) of total population of the region at the end of 2007. B. RC: receiving
only the standard measures for Leptospirosis control. No homeoprophylaxic approach was applied in this region.

population at risk, the size of risk groups, the availability of
vaccines and the coverage of vaccine application.'®

Leptospirosis morbidity in Cuba from 1990—2006
showed a trend of increasing number of confirmed cases to-
wards the end of every year (last 8 weeks), particularly
weeks 49—52. The causes underlying this observation are
multiple but the rainfall appears to be a strong influencing
factor since a high positive correlation with number of re-
ported cases was observed. Thus, control measurements
should be strengthened at the end of the year and special
attention should be given to unexpected increases in
rainfall.

From 2004 and up to 2007 an increase in the annual in-
cidence of the disease was observed in Cuba, particularly in
the IR although there had been no modifications in the
strategies for Leptospirosis control. The main cause of
this observation is likely to be the implementation of poli-
cies promoting agriculture and animal breeding that caused
rapid and continuous changes in the size and composition
of risk groups, making identification difficult. The con-
firmed cases reported from 2004 were mainly due in indi-
viduals over 15 years of age suggesting that the continuous
modification of risk groups affected the coverage of vacci-
nation and resulted in an increased number of unprotected
people exposed to the infection.

The incidence of Leptospirosis reached epidemic
levels on 2007 in the IR when the number of cases per
week was over the historic median of the region from
the beginning of the year. Furthermore, an emergency ep-
idemiologic situation developed in the IR after the impact
of meteorological disasters associated with heavy rain,
extensive flooding and extensive damage to the environ-
ment. The sudden and drastic increase of Leptospirosis
infection risk and of the number of exposed individuals
also reduced the applicability and effectiveness of con-
ventional measurements.

A forecast model was used to predict the possible trend of
Leptospirosis infection during the period of higher infection
risks on 2007 in both IR and RC. Because these two regions
presented different epidemic and meteorological condi-
tions, the model showed different prediction curves. In the
IR a high probability of significant increases in the number
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of cases from week 46 was forecast while no changes in the
historic trends of the disease were predicted for RC.

The HP intervention against Leptospirosis was imple-
mented (starting at week 45 2007) in the IR as a response
to the emergency situation with the main objective to pro-
tect about 2.3 million people exposed to an alarming epide-
miological prognosis. Analysis of the data from the
Leptospirosis surveillance demonstrated major differences
between IR and RC regarding disease incidence and trends
after the intervention. Follow up in the IR showed that the
historic trend of the disease was drastically modified from
the end of 2007 and throughout 2008 since the number of
confirmed cases was significantly reduced. Unexpectedly
this reduction was evident only 2 weeks after the start of
HP intervention and was sustained up to last weeks of
year 2008. A noteworthy finding was that in both 2007
and 2008, the number of cases at IR remained bellow the
historic median during the period of the year of the highest
risk of infection (weeks 49—52). No modifications in Lep-
tospirosis morbidity were recorded in the RC but there was
an increase of reported cases in 2008. Particularly at the
end of 2007, the real number of cases in the RC showed
a trend similar to that predicted by the forecast model sug-
gesting the validity of the model to estimate the prevalence
of the disease based on the historic records and rainfall.

Analysing the annual incidence in both regions, IR
showed a reduction of 84% while RC reported an increase
of 21.7% in the number of Leptospirosis cases from 2007 to
2008; the incidence of the disease in IR dropped from
16.7 x 10° (2007) to 2.7 x 10° (2008). This reduction in
IR was achieved even when the risk for infection remained
at a high level. Finally, the correlation between rainfall and
incidence was disrupted in IR in 2008 but sustained in the
RC. The effect observed after the HP intervention in the IR
had an impact on the disease incidence of the whole of
Cuba which dropped to 3.9 x 10° inhabitants in 2008.

According to the data, the modification of Leptospirosis
incidence observed in IR could be considered as unique
phenomena of this region that cannot be explained either
by historic trends of the disease or by changes in the rain-
fall. Considering that there are multiple possible causes of
the differences detected between IR and RC, the analysis



should be focussed on the relative effect of the following
factors on Leptospirosis incidence:

First, the risks for Leptospirosis infection are present all
across the country.

Second, both high circulation of the pathogen (epidemic
levels) and environmental conditions (four natural disas-
ters) increased the risk of infection at IR to a greater extent
than in RC. During 2007 the RC was affected neither by
strong rainfalls nor by high epidemic rates of Leptospirosis
infection. However in 2008, both regions were affected by
hurricanes and similar levels of rains were recorded but no
increase in Leptospirosis incidence was observed in IR.

Third, the coverage of conventional measurement of
control including vaccination and chemoprophylaxis was
similar in both regions since their application followed
the current guidelines from MPHC. The main difference
regarding prevention measures was the large-scale HP
intervention in the IR.

Fourth, the extent of vaccination and HP was very differ-
ent in the IR. The HP intervention covered over 96% of the
target population while the coverage of vaccination was
limited to 0.6% because of the reduced stockpile of the
vaccine vaxSpiral® at that time.

Fifth, the reduction in the number of confirmed cases in
IR occurred within 2 weeks but was sustained for the next
57 weeks. This sharp decrease of incidence does not sug-
gest an expected effect of vaccination or chemoprophylaxis
considering the time needed to induce a protective immune
response by vaccines and the short temporal protection of
antibiotics. In fact, because of the vaccination schedule
of vaxSpiral®, the immunization of newly exposed individ-
uals was finished in a time frame several weeks after the ef-
fects observed at IR. The reduction of confirmed cases on
IR was coincident with the achievement of 70% of cover-
age of HP treatment.

Taken together, these facts suggest that the HP interven-
tion in IR was the main factor causing a significant reduc-
tion in Leptospirosis incidence. However, the effectiveness
of homeopathy has been widely discussed and remains
controversial despite decades of research and clinical test-
ing. Double blind controlled and randomised clinical trials
have been seen as the gold standard to demonstrate efficacy
of any health intervention. One limitation of such trials is
often the size of the population and the levels of exposure
to risk factors. Thus, even when successful results are ob-
tained from controlled trials demonstrating efficacy, the
real effectiveness needs to be tested in large populations
with high exposure to the target disease, preferably in
endemic areas.

Taking into account that the HP intervention was imple-
mented in a large population of a high-risk endemic area,
the data strongly suggest high effectiveness of HP and sup-
port its applicability to control of epidemic disease.

However, there is no evidence supporting the replace-
ment of conventional strategies and no data regarding effi-
cacy are presented. The rational design of combined
strategies to confront a complex epidemic situation should
improve the effectiveness of control measurements. HP
might synergistically complement prevention strategies
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to reduce the incidence of diseases in the short term by in-
ducing protective status in the target population. Nonethe-
less, other issues including economic, accessibility,
availability, adverse reactions and timing should be consid-
ered for the appropriate design of prevention strategies.
The massive application of HP in the IR also showed poten-
tial regarding feasibility and time saving. When trained and
organized personnel are involved in the HP application,
large coverage can be achieved in a short time with modest
resources.

Further studies in the IR should give new evidence to
support stronger conclusions. The comparative study of
mechanisms of immunity within the HP treated, vaccinated
or not vaccinated population could provide important data
to complement the epidemiological observations. None-
theless, the surveillance of the Leptospirosis incidence in
Cuba over the next years should provide valuable evidence
of the effect of HP intervention in IR.

Conclusions

The homeoprophylactic intervention was strongly asso-
ciated with a drastic reduction of disease incidence result-
ing in complete control of the epidemic. The results
support the use of homeopathic prophylactic formulations
as a feasible strategy to help control epidemic situations.
Integrated approaches should be designed according to re-
gional conditions and epidemic characteristics. Scientific
rigour and responsibility should direct further research
and application of HP.
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