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Leptospirosis and malaria as causes of febrile
illness during a dengue epidemic in Jamaica
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Background: Epidemics of febrile ilinesses are often associated with rainy seasons in the tropics. During
2007-2008 an epidemic of dengue was identified in Jamaica based on serological testing of sera.
Methods: A subset of 3165 of 5400 sera submitted for dengue analysis was tested for Leptospira IgM and
malaria IgG using ELISA to determine their role in causing epidemic fever.

Findings: Seropositivity for dengue, leptospirosis, and malaria were 38.4 and 6.0 and 6.5%, respectively,
indicative of three concurrent epidemics. Mixed exposure to all three diseases was rare (0.1%), as were
mixed dengue/malaria (2.4%); dengue/leptospirosis (1.6%), and leptospirosis/malaria (0.03%) exposure.
Exposure to dengue and malaria appeared to occur most frequently among children while leptospirosis
was more common among adults.

Conclusion: While serological diagnosis definitively established that dengue was the main cause of the
epidemic febrile illness, the data suggested that there may be other causes of fever, which may occur
simultaneously. Consequently, leptospirosis and malaria should be considered as causes of fever during

epidemics of dengue in endemic areas.
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Introduction
Dengue, leptospirosis, and malaria are tropical
diseases that share similarities on presentation

especially in the acute stages and have been increas-
ingly reported as overlapping causes of fever in
several countries.'” They are frequent causes of
epidemics of fever in tropical settings although
other etiologies include scrub typhus and viral
hepatitis and HIV seroconversion.** Determination
of the causative agents of epidemics of fever is
important for implementation of control strategies
(such as vector and rodent control) and in the case
of leptospirosis early treatment which is essential
for best clinical outcome with this disease.’

Dengue is endemic in Jamaica and in the wider
Caribbean and epidemics of infection continue to
be recorded repeatedly.®’ Exposure to the virus is
widespread across Jamaica and one study reported
a prevalence of 100% anti-dengue IgG and 3.6%
anti-dengue IgM among 277 healthy Jamaicans.®
Furthermore, the prevalence of anti-dengue IgM was
15.4% in a sample of 1647 persons with suspected
dengue between 2003 and 2006.° The authors did
not state the reported sensitivity and specificity of
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the test used or suggest possible causes of fever
in dengue-IgM negative suspected cases during the
inter-epidemic period.” Epidemics of dengue are
often associated with the more serious forms den-
gue hemorrhagic fever and dengue shock syndrome
(DHF/DSS), which are known to have atypical
presentations, thus posing further challenges to the
diagnosis of acute febrile illnesses.’

Leptospirosis is the world’s most widespread
diagnostic zoonotic infection and is caused by spiro-
chetes of the genus Leptospira. Infection usually
results when water or soil contaminated with the
urine of an infected animal comes in contact with
human skin or mucous membranes.'® Clinical man-
ifestations of leptospirosis can range from a self-
limited febrile syndrome to a fatal illness (Weil’s
disease) characterized by hemorrhage, renal failure,
and jaundice.'® In tropical settings, leptospirosis can
be indistinguishable from other febrile illnesses
such as malaria or dengue. The disease is increasingly
seen as a co-infection with dengue and the need
for improved diagnostics has been highlighted.*>*!!-!#
Similarly while co-infections with dengue or malaria
have not been well studied, their increasing impor-
tance has been highlighted.'>?° In particular, there is
a need to distinguish between severe malaria (espe-
cially with potentially fatal Plasmodium falciparum)
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and severe dengue in emergency rooms.'? There is
also a need to determine whether or not these two
insults result in greater morbidity when compared to
single infections.

Cases of leptospirosis have been recognized in
Jamaica since 1953 with the detection of anti-
Leptospira antibodies varying between 50 000 and
100 000 persons by the mid-1960s.?'*> Batchelor
et al., in 2012, reported this disease to be endemic
with an estimated 153 cases reported annually.”
Jamaica is considered to have one of the highest
incidence rates of leptospirosis in the Caribbean,
which, in turn, is considered the region with the
highest incidence globally.>** Despite this, risk
factors for exposure in Jamaica have not been fully
elucidated although infections are usually associated
with Jamaica’s second rainy season between October
and December. Low educational level has also been
reported as a risk factor among butchers and other
slaughterhouse workers.?® Risk factors for clinical
leptospirosis in Western Jamaica included exposure
to rodents and goats and outdoor labor.”” These
factors were shown to be additive, with an increased
risk associated with exposure to rodents and goats,
outdoor labor and rodents, and outdoor labor and
goats.?” On the other hand, knowledge of leptospiro-
sis and its risk factors was protective.?’

Malaria continues to be a global concern with 21
countries reporting more than 1 million cases per
year, and 280 million people at risk.”® Previously a
major cause of disease and death in the Caribbean,
Jamaica, among several other Caribbean countries,
successfully eradicated malaria during the global
DDT campaign of the 1950s and early 1960s.%
Following eradication in the 1960s, Jamaica imple-
mented strict surveillance protocols and has recorded
only imported cases associated with travel by
nationals or visitors.*® The peak of imported cases
was associated with screening and treatment of a
large number of Haitian refugees to Jamaica in
2005, which revealed 88 cases of predominantly P.
falciparum but with some Plasmodium malariae. >
This increase in imported cases was followed by local
transmission of malaria in Jamaica (after 45 years of
malaria-free status), primarily from the western end
of the capital, Kingston, between September 2006
and December 2009. The reintroduction of malaria
to Jamaica resulted in the detection and confirmation
of 406 cases of P. falciparum.”®*® These cases were
tracked by a combination of several active and
passive surveillance strategies and prompt treatment.
This resulted in the interruption and control of
transmission and the termination of the outbreak.

In Jamaica, health services are delivered through
four semiautonomous regional health authorities
(RHA) that have direct management responsibility
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within a geographically defined region. The northeast
RHA (NERHA) comprises the parishes of St Ann,
St Mary, and Portland; the southeast RHA inclu-
des Kingston, St Andrew, St Catherine, and St
Thomas; the southern RHA comprises St Elizabeth,
Manchester, and Clarendon; and the western RHA
manages the parishes of Westmoreland, Hanover, St
James, and Trelawny.

Since dengue, malaria, and early phase leptospiro-
sis all present non-specific findings of fever, headache,
and muscle pain, we hypothesized that all three
illnesses may have been causes of fever during the
dengue epidemic of 2007-2008. Further, some per-
sons may be subjected to up to three simultaneous
insults thereby increasing their morbidity during
epidemics of febrile illnesses. The purpose of this
study was to determine if leptospirosis and malaria
were significant causes of febrile illnesses during the
epidemic of dengue in Jamaica during 2007-2008. In
addition, we sought to compare the epidemiological
profile of seropositivity to the three diseases during
the epidemic months and to determine their geogra-
phical distribution.

Materials and Methods
Samples

Between July 2007 and February 2008, 5400 blood
samples were submitted to the Department of Mic-
robiology at The University of the West Indies for
testing for the presence of dengue IgM antibodies.
This was part of a fever surveillance initiative by the
local Ministry of Health to establish the cause of an
apparent increase in cases of fever across the island.
Samples were tested for dengue IgM using Dengue
Virus Capture DxSelect Kit® (Focus Diagnostics,
Cypress, CA, USA) ELISA. The manufacturers
reported an overall sensitivity of 96% and specificity
of 97% in trials.

For the purpose of this study, a sample of 3165
sera were randomly selected and tested for antibodies
to Leptospira using the Leptospira IgM ELISA®
(Panbio, Grenoble, France; sensitivity: 96.5%; specifi-
city: 98.5%) and malaria IgG using the CELISA® (Cell
Labs Pty, Brookvale, NSW, Australia; sensitivity: 94%;
specificity: 100%) . Malaria IgG, rather than IgM, was
assessed as it was only considered necessary to confirm
exposure given that Jamaica has been malaria free since
1965, and any residual IgM would have waned over
these years. All testing was conducted in duplicate
according to the instructions of the manufacturers.
Results of dengue and leptospirosis were given as
positive, negative or equivocal while malaria results
were given as positive or negative only. All equivocal
results were excluded from analyses in the study.

Data recorded from laboratory records inclu-
ded age, sex, geographic health region of sample
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Figure 1

collection, and month of the year the sample were
submitted. The geographic distribution of cases
was based on Jamaica’s RHA of which there are
four; the NERHA, the western regional health
authority (WRHA), the southern regional health
authority (SRHA), and the southeast regional
health authority (SERHA) (Fig. 1).

Statistical analyses

Means of absorbance values for all three infections
were converted to positive and negative based on the
cut points noted in the manufacturers’ data sheets.
Equivocal results were noted for those values that
occurred between the negative and positive scores for
dengue and leptospirosis. Seropositivity for all three
infections were compiled and descriptive statistics, %2,
and student’s z-test were used to analyze the data
using SPSS ver. 16 for Windows®. A P value of <
0.05 was taken as statistically significant.

Ethical approval

The study was approved by the University of the
West Indies/University Hospital of the West Indies/
Faculty of Medical Sciences Ethics Committee.

Results
Age and sex distribution

The final sample size analyzed was 2419 after exclusion
of equivocal results for dengue or leptospirosis. The
mean age of the study population was 21.29 + 0.30
and the mean age of females (22.20 = 0.41 years; n =
1327) was significantly higher that the mean age of
males (20.30 = 0.46 years; n = 1092) [t = 3.077; P =
0.002]. The majority of the study population (46.6%)
was 18 years old or younger and there was a decline in
the population size with age, with the smaller age

Map of Jamaica showing regional health authorities (RHA) (courtesy of Ralph Robinson, UWI, Jamaica).

classes being 40-49 years (6.9%) and > 50 years
(5.8%).

Serological evidence of infection and exposure
The prevalence of dengue infection in the study
population was 34.8%, while the prevalence of
leptospirosis was 6.5% and that of malaria 6.0%.
Prevalence of infection was not different between
males and females for leptospirosis (7.0 vs 5.4%,
respectively; x> = 3.084; P = 0.214) or for malaria
(6.4 vs 6.1%, respectively; x> = 0.193; P = 0.908).
However, males (43.7%) were significantly less likely
than females (51.6%) to be exposed to dengue (3> =
9.169; P = 0.010). A small proportion (0.2% or 4/2419)
of samples were seropositive to all three infections
studied. However, there were 47 (1.9%) cases of mixed
dengue/leptospirosis, 70 (2.8%) cases of mixed dengue/
malaria, and 10 (0.4%) cases of mixed malaria/
leptospirosis. Details of the extent of morbidity and
mortality were not available. Samples were submitted
for surveillance of dengue and patients would have had
fever indicative of dengue, and were submitted with
minimal data (usually age sex and geographic loca-
tion). We did not have permission or the resources to
examine patients who were seropositive.

Age-prevalence profiles of seropositivity

During the epidemic, seropositivity in children
decreased exponentially with increasing age except
for leptospirosis, which showed a slight increase with
age (Fig. 2A). In fact, seropositivity for leptospirosis
continued to rise for all age groups (Fig. 2B); from
3.9% in the youngest age class (18-29 years) to 11.3%
in the oldest individuals (> 50 years) [x*> = 29.901;
P = 0.0001]. Children (< 18 years) had the highest
prevalence (40.7%) of dengue IgM antibodies while
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Figure 2 Age-prevalence profile of dengue, leptospirosis,
and malaria among (A) Jamaican children and (B) Jamaicans
during an epidemic of dengue (2007-2008).

the 18-29 years age class had 32.1% prevalence
(Fig. 2B). However, among other age groups, seropo-
sitivity remained between 25.6 and 29.0% [y> =
36.459; P = 0.0001] (Fig. 2B). Exposure to malaria
was also significantly different among age classes (3>
= 12.29; P = 0.015) with highest seropositivity among
the youngest (7.6%) and oldest (6.3%) age classes.

The mean age of persons who were seropositive
for leptospirosis (26.71 £ 1.29 years) was significantly
higher than that of persons positive for dengue (18.63
+ 0.54 years) and those exposed to malaria (19.15 =
2.1 years) [F = 17.048; P < 0.0001]. However, there
was no significant difference between the ages of
persons exposed to malaria and those diagnosed with
dengue (P = 0.960).

Temporal pattern of epidemic

The epidemic of febrile illness (notably dengue) began
in July 2007 and peaked in October of that year after
which there was a decline culminating in December
2007 and a small rise in January 2008 (Fig. 3). Ser-
opositivity to leptospirosis and malaria began to
increase in September 2007, three months after the
start of the dengue epidemic (Fig. 3). All three causes
of febrile illness peaked in October 2007 while both
leptospirosis and malaria declined to a low point in
December 2007. The start of the febrile illness
epidemic coincided with the end of Jamaica’s first
rainy season in May/June and peaked in the second
rainy season in October. Thereafter, there was a

Pathogens and Global Health 2013 voL. 107 NO. 6

500 —4—Dengue ~—Lepto —&—Malaria ——Rainfall

50.‘_.//__\._.\‘
0 - . . — .

JULO7 AUG 07 SEP 07 OCT 07 NOV 07 DEC 07 JAN 08 FEBO8

Figure 3 Epidemic curves for dengue, leptospirosis, and
malaria among Jamaicans during an epidemic of dengue
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July 2007 to February 2008.
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Figure 4 Geographic distribution of dengue, leptospirosis,
and malaria in Jamaicans during an epidemic of dengue
(2007-2008), Jamaica.

decline with the average rainfall during the study
period (Fig. 3).

Geographical distribution of infection

Overall, there were no significant differences in the
seropositivity for dengue IgM antibodies across the
four RHAs (x> = 3.231; P = 0.357) (Fig. 4). Positive
serology for dengue was as follows: for SRHA
(37.1%), SERHA (36.0%), WRHA (35.2%), and
NERHA (31.0%). In contrast, seropositivity for both
leptospirosis and malaria were not homogenous in
their geographic distribution. In the case of leptos-
pirosis, seropositivity was highest in SRHA (11.6%),
followed by WRHA (6.9%), NRHA (5.7%), and
SERHA (5.4%) [x* = 25.072; P = 0.0001]. Malaria
had highest seropositivity in NERHA (6%), followed
by WRHA (5.8%), SERHA (4.6%), and SRHA (3%)
[x> = 9.00; P = 0.029]. When the data were analyzed
by month for the different regions (not shown), only
seropositivity to leptospirosis [x> = 10.524; P = 0.015]
and dengue [x> = 7.807; P = 0.050] were significant for
October, the peak of the second rainy period.



Discussion

The study showed that malaria and leptospirosis were
likely contributors to the epidemic of febrile illnesses
during the dengue epidemic of 2007-2008 in Jamaica.
Both infections were suggested in about 6.0% of
a large sample of sera, which were submitted for
dengue diagnosis. This confirms the findings from
other endemic areas that leptospirosis should be
considered as a cause of fever during epidemics of
dengue.>*'>1531 The study also highlighted the
importance of conducting serological tests for leptos-
pirosis during dengue epidemics since early diagnosis
and treatment are crucial for the best clinical
outcome.*> The reintroduction and limited spread
of malaria in Jamaica provided a unique opportunity
to study another possible underlying cause of fever
during an epidemic.’® We were able to use serology
(IgG) for exposure to malaria in a relatively naive
population to show that this vector-borne protozoan
infection was a possible important cause of morbidity
during the epidemic. While IgG does not indicate
acute infection, it was sufficient to show that persons
had been previously exposed to the parasite.

There were no attempts to determine the preva-
lence of infection with malaria parasites since smears
were not available to us and we did not quantify
morbidity caused by leptospirosis. While epidemics of
jaundice and acute renal failure have been associated
with outbreaks of leptospirosis,®> we were unaware
of such an outbreak during the 2007-2008 dengue
epidemic in Jamaica. It should be noted that lep-
tospirosis diagnosis in Jamaica is primarily carried
out by the veterinary services of the Ministry of
Agriculture and that Jamaica’s healthcare system
could be improved by integrating testing for both
leptospirosis and dengue in the same laboratory.** It
was reported that the malaria epidemic was limited to
western Kingston and was controlled and it was not
unclear if positive IgG status represented antibodies
from persons who were already free of malaria.’® As
Jamaica moves to re-establish its malaria-free status,
serology may play an important role in highlighting
geographic regions and at risk groups for malaria.
While we were not able to describe the differences in
clinical picture of dengue, malaria, and leptospirosis
positive patients as we did not collect this data,
primarily because of the limits of the study objectives,
ethical approval, and resources, the Ministry of
Health will use the data in planning future surveil-
lance activities.

The age distribution of the seropositive individuals
did not parallel each other. Persons who were
exposed to leptospirosis were significantly older than
those positive for both malaria IgG and dengue IgM.
Evidence of both mosquito-borne diseases was high-
est in children while leptospirosis seropositivity was
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highest in adults. This may represent the lack of
immunity to dengue in the young who had experi-
enced low rates of exposure in the inter-epidemic
period between 1995 and 2007%'! and the fact that
leptospirosis is primarily an occupational and recrea-
tional disease.'®®® The age-prevalence profile of
dengue in Jamaica between 2003 and 2006 did not
show a correlation between age or sex of study par-
ticipants and positive dengue IgM titers. A similar
age-prevalence pattern was seen in the 2005 epidemic
in Singapore that occurred after successful control of
dengue over many years.>**>3¢ In the case of malaria,
the Jamaican population is likely to be uniformly
immunologically naive and high prevalence at the
extremes of age may be associated with mosquito
biting rates.

The prevalence of Leptospira IgM in suspected
dengue cases in the inter-epidemic period of 2002-
2007 was reported at 2.5%,'" whereas the current
estimate of 6.0% shows a clear epidemic. A study of
dengue and leptospirosis among children during an
epidemic of the former during in Thailand showed
that dengue accounted for 61% of the cases while
leptospirosis accounted for 6.0%.%” While leptospiro-
sis showed two epidemic peaks at ages 6 and 11 years,
dengue had a single peak at age 9 years. There was
a male predominance in cases of leptospirosis. The
study also showed that there were no differences in
mean age, sex distribution, onset time, and frequency
of various symptoms between the two diseases.>’

Like age, there were no similarities in the frequency
of seropositivity based on the RHA. In the case of
dengue positive IgM samples, the distribution was
not different across health regions, while leptospirosis
seropositive samples were highest in the SRHA,
which has predominant farming and large rural
communities, and lowest in the health authority with
the largest urban population (SERHA). This con-
firms earlier findings that leptospirosis is primarily a
rural disease in Jamaica; however, it must be noted
that leptospirosis can shift to become a serious urban
disease."?

Conclusion

This study confirms that febrile illnesses in Jamaica
can have multiple etiologies, and that co-infections
(although of low frequencies) can occur. As these
febrile illnesses coincide with the rainy seasons in
Jamaica, health education campaigns to reduce
mosquito breeding sites and increase rodent control
may be effective in reducing further local outbreaks
of these diseases.
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