SYNOPSIS

Association of Dengue Virus
and Leptospira Co-Infections
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Plasmodium infections are co-endemic with infections
caused by other agents of acute febrile illnesses, such
as dengue virus (DENV), chikungunya virus, Lepto-
spira spp., and Orientia tsutsugamushi. However, co-
infections may influence disease severity, treatment
outcomes, and development of drug resistance. When
we analyzed cases of acute febrile illness at the All In-
dia Institute of Medical Sciences, New Delhi, India, from
July 2017 through September 2018, we found that most
patients with malaria harbored co-infections (Plasmo-
dium mixed species and other pathogens). DENV was
the most common malaria co-infection (44% of total
infections). DENV serotype 4 was associated with mild
malaria, and Leptospira was associated with severe ma-
laria. We also found the presence of P. knowlesi in our
study population. Therefore, in areas with a large num-
ber of severe malaria cases, diagnostic screening for all
4 DENV serotypes, Leptospira, and all Plasmodium spe-
cies should be performed.

In tropical countries, including India, acute febrile
illnesses (AFIs) constitute a group of infections
with similar manifestations, such as fever, malaise,
body aches, chills, hepatic and renal dysfunction, and
central nervous system effects. The causative agents
of AFI can be bacterial (e.g., Orientia tsutsugamushi,
Leptospira, and Salmonella enterica serovar Typhi),
parasitic (protozoans of the apicomplexa family), or
viral (e.g., dengue virus [DENV], chikungunya virus
[CHIKV], influenza A[HIN1] virus) (1-4). Distin-
guishing between the causative agents of AFIs can be
difficult. In tropical climates, several AFI pathogens,
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such as malaria parasites, DENV, and CHIKV, oc-
cur in the same areas and during the same seasons
(5), making it possible that >1 pathogen can infect
the same person. Indeed, recent retrospective analy-
ses based on persons hospitalized with an AFI have
uncovered malaria co-infections with dengue, chi-
kungunya, and leptospirosis in different populations
across the world (6-14).

Despite the increasing realization that co-infec-
tions may contribute to the course and outcome of
malaria, only a few studies have investigated the
prevalence and nature of co-infections (14-20), which
limits our ability to manage and understand AFlIs, as
follows. First, we do not know the spectrum of in-
fections that a person with an AFI may harbor, lead-
ing to inadequate drug therapy. Treatment strategies
based on diagnosis of a single pathogen may lead to
inadvertent exposure of the undetected pathogen to
antimicrobial agents, thereby contributing to genera-
tion of antimicrobial-resistant species. Second, lack
of adequate data on co-infections in clinical and field
settings can misdirect the field of drug and vaccine
development. Pathogens such as malaria parasites,
DENYV, and Orientia spp. have host immune-modu-
latory effects (21). Therefore, co-infections can aid or
antagonize each other in terms of evading host im-
mune responses. These interactions may have major
effects on immune responses to vaccine candidates
and need to be known during design of effective vac-
cination strategies (22). Third, we do not know how
interactions of co-infecting pathogens lead to diverse
disease outcomes affecting organ function and ulti-
mately mortality. In India, the prevalence of malaria
parasites, DENV, and CHIKV resembles the global
prevalence and co-endemicity of these pathogens (5).
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Malaria infections in India are reportedly caused by
Plasmodium falciparum, P. vivax, P. ovale, and P. ma-
lariae (23). Several studies have also reported the oc-
currence of P. vivax severe malaria in India as well
as in Southeast Asia and South America (23-25). Our
objective with this study was to define the spectrum
of co-infections in patients with an AFI associated
with malaria admitted to the All India Institute of
Medical Sciences, New Delhi, India, a tertiary care
research hospital.

Materials and Methods

Study Participants and Sample Collection

For our prospective study, we recruited patients
with an AFI (history of fever, i.e., temperature >38°C
that had persisted for >2 days without an identified
source) from the Department of Medicine at All India
Institute of Medical Sciences from July 2017 through

September 2018. Every admitted consenting AFI pa-
tient was tested by PCR for all 5 Plasmodium species (P.
falciparum, P. vivax, P. malaria, P. ovale, and P. knowle-
si), DENV, CHIKV, O. tsutsugamushi, and Leptospira.
The study was approved by the institute research
ethics committee (reference no. IEC-55/07.10.2016,
RP7/2017).

For each participant, we collected information
about geographic location (Figure) and completed
a standard questionnaire (including demographic
information, history, general physical examination
findings, systemic examination findings, and clinical
investigation findings). To determine presumptive
clinical diagnoses and treatments, we reviewed medi-
cal chart records corresponding to each participant.

All patient data were anonymized to protect
confidentiality. Blood samples were collected and
subjected to microscopy, rapid diagnostic testing,
and PCR analysis for all 5 pathogens (5 species of

Figure. Locations of
malaria patients with
co-infections, India, July
2017-September 2018.
Close-up view of Delhi
state is provided.
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Plasmodium, DENV, CHIKYV, Leptospira, and Orien-
tin). Typhoid testing was not conducted for patients
with no abdominal pain or diarrhea. None of the pa-
tients recruited for this study showed indications for
typhoid testing.

For microscopic examinations, we used periph-
eral blood smears (Giemsa-stained thick and thin
smears) and a 3-band rapid diagnostic test kit (SD
Bioline Malaria Ag Pf/Pan kit; Standard Diagnos-
tics, Inc., https://www.alere.com/en/home.html).
The rapid diagnostic test detects antigens specific to
histidine-rich protein II from P. falciparum and pan-
Plasmodium lactate dehydrogenase from P. vivax, P.
malariae, or P. ovale.

Patients positive for malaria by PCR were clas-
sified as having severe malaria according to World
Health Organization 2015 guidelines (https://
www.who.int/docs/default-source/ documents/
publications/gmp/ guidelines-for-the-treatment-of-
malaria-eng.pdf?sfvrsn=a0138b77_2). These guide-
lines define severe malaria as creatinine level >3
mg/dL, bilirubin level >3 mg/dL, bicarbonate level
<15 mmol/L, hemoglobin level <7 g/dL for adults
and <5 g/dL for children, parasite count 10%, hypo-
glycemia <2.2 mM, substantial bleeding, impaired
consciousness, shock, prostration (defined as myal-
gia and arthralgia), multiple convulsions, and pul-
monary edema) (26). The remaining patients were
classified as having mild malaria.

Co-infections and Malaria Severity

DNA Extraction and PCR Analyses

From participating AFI patients, we collected 5 mL of
venous blood into EDTA tubes for PCR analysis. We
extracted DNA from whole blood by using a QiaAmp
DNA Mini Kit (QIAGEN, https://www.qiagen.com)
according to the manufacturer’s instructions. To detect
DENV and CHIKV, we extracted RNA from TRIzol
by using the isopropanol method, and we synthesized
complementary DNA from RNA by using a Verso
c¢DNA Synthesis Kit (Thermo Fisher Scientific, https:/ /
www.thermofisher.com) according to the manufactur-
er’s recommendations. We analyzed all samples for the
presence of all 5 human Plasmodium species, O. tsutsu-
gamushi, Leptospira, DENV, and CHIKV. All samples
were also subjected to microscopy and rapid diagnos-
tic testing (for PPHRP2 and PvLDH genes) for malaria
diagnosis. The diagnosis of DENV and its serotypes
was conducted by using serotype-specific PCR prim-
ers. The presence of other infectious agents, such as
O. tsutsugamushi, Leptospira, and CHIKV was detected
by PCR (Appendix Table 1, https:/ /wwwnc.cdc.gov/
EID/article/26/8/19-1214-Appl.pdf). Randomly se-
lected representative PCR products were subjected to
Sanger sequencing to confirm species identity (Appen-
dix Table 2).

We categorized the types of infections or com-
bination of infections in a person as monoinfections,
mixed infections, or co-infections. Monoinfections are
defined as infections with 1 species of Plasmodium,

Table 1. Frequency of co-infections with Plasmodium spp. and DENV serotypes 1-4, Leptopsira spp., and Orientia tsutsugamushi,

India, July 2017—September 2018*

Pathogen

No. co-infections

All Plasmodium-positive infections, n = 66
. falciparum alone

. vivax alone

. knowlesi alone

. vivax + P. knowlesi

. falciparum + P. vivax

. falciparum + P. knowlesi

. falciparum + P. vivax + P. knowlesi

TUUUUUDm

10
34
5
4
10

Plasmodium + bacteria co-infections, n = 17
Plasmodium + O. tsutsugamushi
Plasmodium + Leptospira
Plasmodium + Leptospira + O. tsutsugamushi

Plasmodium + DENV co-infections, n = 40
Plasmodium + DENV, all serotypes
Plasmodium + DENV-1
Plasmodium + DENV-3
Plasmodium + DENV-4
Plasmodium + DENV-1 + DENV-3
Plasmodium + DENV-1 + DENV-4
Plasmodium + DENV-3 + DENV-4
Plasmodium + DENV-1 + DENV-4 + DENV-3

Plasmodium + DENV + bacteria co-infections, n = 11
Plasmodium + DENV + Leptospira
Plasmodium + DENV+ O. tsutsugamushi
Plasmodium + DENV + Leptospira + O. tsutsugamushi

*P. malariae and P. ovale were not detected in the study population. DENV, dengue virus.
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mixed infections with >1 Plasmodium species, and
co-infections with Plasmodium species and other bac-
terial or viral infections.

Determination of Patient Locations and

Construction of Map of India

We were able to retrieve location data for 82 patients.
We constructed a map of India based on the official
maps provided by the Survey of India (http://www.
surveyofindia.gov.in/pages/display/235-political-
map-of-india), as described previously (26). In brief,
we downloaded an India map shapefile (http:/ /www.
indianremotesensing.com/2017/01/Download-India-
shapefile-with-kashmir.html) and generated the final
image by using Microsoft PowerPoint (https://www.
microsoft.com) to map each patient to their local area.
In addition, the 12 patients with P. knowlesi infection
were asked to answer questions about time of malaria
infection (as recorded in our dataset), travel outside
India in 2 years preceding the malaria infection, vis-
its from abroad by friends/relatives, and any previous
malaria infections (possibility of recurrence/relapse).

Statistical Analyses

We recorded data on a predesigned form and man-
aged the data in a Microsoft Excel spreadsheet and
checked all entries for possible manual errors. We
summarized categorical variables by frequency (%)
and age as means. We used x? or Fisher exact tests, or
both, as appropriate, to compare frequencies between
2 groups and the Student t-test to compare age distri-
bution between 2 groups. We evaluated accuracy of
microscopy and rapid diagnostic testing methods by
using PCR as a reference for malaria diagnosis. For
each of the 2 tests, we computed sensitivity, specific-
ity, positive predictive value, negative predictive val-
ue, positive likelihood ratio, and negative likelihood
ratio by using PCR as a reference. We also computed
95% Cls for each measure computed to determine the
strength of association of various co-infections with
malaria severity. We used bivariate and multivariate
logistic regression methods to determine the odds ra-
tio (95% CI) for each co-infection by using Stata ver-
sion 15.0 statistical software (https:/ /www.stata.com).

We considered p<0.05 to be statistically significant. We
created a patient baseline characteristics table by using
the R version 3.4.3 package tableone (27). The tableone
package summarizes categorical data in the form of
counts and percentages and summarizes continuous
data in the form of means and SDs.

Results

Spectrum of Co-infections and Plasmodium Mixed
Species Infections in Patients with Malaria
We analyzed the prevalence of various co-infections
and Plasmodium mixed-species infections in the 66
Plasmodium-positive samples (Table 1). P. vivax ac-
counted for most (76%) (50/66) infections, whereas
P. falciparum accounted for 35% (23/66). P. knowlesi
was detected in 18% (12/66) of infections (Table 1); P.
malariae and P. ovale were not detected in our study.
From the 66 Plasmodium-positive patients, 40
(60%) samples indicated a DENV co-infection with or
without other co-infecting pathogens, and 29 (44%)
indicated exclusive Plasmodium/DENV co-infections.
Plasmodium co-infections with bacteria were found
for 16 (25%) patients: Leptospira infections for 11 (17 %)
of the 66 and O. tsutsugamushi for 5 (8%) (Table 1).
Mapping indicated that locations of the malaria
patients in our study spanned the entire northern re-
gion of India, including the states of Rajasthan, Hary-
ana, Punjab, Delhi, Uttar Pradesh, Bihar, and West
Bengal (Figure). Patients with P. knowlesi infection
originated from Delhi, Haryana, Uttar Pradesh, and
West Bengal. Most patients with dengue infections
originated from Delhi and Uttar Pradesh. Of the 12
patients with P. knowlesi infection, 5 had not traveled
abroad or had direct contact with any visitors from
abroad for at least 2 years before admission. No in-
formation was available for the remaining 7 patients
(Appendix Table 3).

Patient Baseline Characteristics

Detailed hematologic and biochemical parameters for
all patients were retrieved from medical records (Ta-
ble 2; Appendix Table 4). Differences between severe
and mild malaria patients were found in hemoglobin

Table 2. Comparison of blood parameters for patients with mild or severe malaria, India, July 2017—September 2018*

Parameter

Mild disease, mean (+ SD), n = 331

Severe, mean (+ SD), n = 33%

Hemoglobin, g/dL
Hematocrit, %
Platelets, x103/uL

1211 (£ 3.22)
36.45 (+ 9.48)
87.00 (+ 54.73)

9.89 (+ 2.96)
29.93 (+ 8.95)
76.69 (+ 66.24)

Leukocytes, x 10° cells/uL 6.07 (+ 3.20) 10.53 (+ 6.98)
Erythrocytes, x 108 cells/uL 4.26 (+ 1.34) 3.69 (+ 0.95)
Creatinine, mg/dL 0.90 (£ 0.41) 3.37 (£ 3.41)

*In each group, 26 patients were male. Mean (+ SD) ages were 32.03 (+ 15.99) y for those with mild disease and 28.81 (+ 13.99) y for those with severe

disease.
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levels (9.89 g/dL vs. 12.11 g/dL), hematocrit (29.93%
vs. 36.45%), platelet counts (76.69 vs. 87 x 10°/pL), leu-
kocyte counts (10.53 vs. 6.07) x 10° cells/pL), and creati-
nine levels (3.37 vs. 0.90). Each group contained 26 male
patients; mean age for severe malaria patients was 28
years and for mild malaria patients was 32 years.

Association of Co-infecting Pathogens with

Malaria Severity

We found that co-infection with DENV serotype 4
(DENV-4) was associated with mild malaria (ad-
justed odds ratio [aOR] 0.3, 95% CI 0.4-5.0), whereas
infection with Leptospira (aOR 1.6, 95% CI 0.4-6.8) or
O. tsutsugamushi (aOR 1.1, 95% CI 0.1-7.8) was as-
sociated with severe malaria. P. vivax or P. knowlesi
monoinfection was also associated with severe malar-
ia (aOR 2.5,95% CI0.9-7.2) (Table 3). Other categories
of Plasmodium mixed-species infections did not show
any strong association with malaria severity (Appen-
dix Table 5). However, the species of Plasmodium may
confound some of these analyses.

Relative Performance of Malaria Diagnostic Procedures
All 99 patients were tested for Plasmodium species by
microscopy (8 positive results), rapid diagnostic test-
ing (26 positive), and PCR (66 positive) (Table 4). Al-
most 50% of the P. vivax infections escaped detection
by both microscopy and rapid testing. P. knowlesi was
detectable solely by PCR. In addition, rapid diagnos-
tic testing was able to detect only 1 of 18 Plasmodium
mixed-species infections (Table 4). The diagnostic
performance of microscopy and rapid diagnostic test-
ing was calculated, and each was found to have poor
sensitivity compared with PCR (Appendix Table 6).

Discussion
Among patients hospitalized with AFI at the All In-
dia Institute of Medical Sciences during July 2017-

Co-infections and Malaria Severity

September 2018, the major circulating Plasmodium
species was P. vivax and malaria/ DENYV co-infections
predominated. A high number of severe malaria cas-
es reported to the institute are from northern India.
Among the 5 Plasmodium species known to infect hu-
mans, in our study population we detected P. falci-
parum, P. vivax, and P. knowlesi but found no evidence
of P. malariae or P. ovale. Most AFI patients in this
study originated from northern India across the states
of Rajasthan, Haryana, Punjab, Delhi, Uttar Pradesh,
Bihar, and West Bengal. The burden of co-infecting
pathogens in patients with malaria was revealed by
a combination of complete blood work (peripheral
blood smear analysis, rapid diagnostic testing, serum
renal and liver function testing) and in-depth molecu-
lar assays (PCR amplification of Plasmodium species-
specific genes followed by Sanger sequencing). We
found a very high percentage of Plasmodium/DENV
co-infections in our study population. This finding
can be partly attributed to the highly sensitive PCR
diagnostic methods used.

A recent meta-analysis of the prevalence of
DENV/ Plasmodium/CHIKV co-infections spanning
7 geographic regions (southern Asia, Africa, South-
east Asia, South America, North America, the Ca-
ribbean, and the Middle East) showed that DENV/
Plasmodium co-infections have been reported in 19
countries, including India; DENV/CHIKV co-in-
fections have been reported in 24 countries includ-
ing India; CHIKV/Plasmodium co-infections have
been reported in 6 countries with only a single co-
infection reported from India; and DENV/CHIKV/
Plasmodium co-infections have been reported in 3
countries (5). According to that meta-analysis, the
average reported prevalence of DENV /Plasmodium
co-infection in India is ~6.5%, which is much lower
than that detected by our study. However, amore de-
tailed analysis from the eastern India state of Odisha

Table 3. Frequency of co-infections and mixed infections in patients with severe and mild malaria, India, July 2017—September 2018*

No. malaria cases

Unadjusted OR Adjusted OR

Co-infections Severe,n =33  Mild, n =33 p value (95% CI) (95% CI)
DENV <0.08

Neg for DENV 14 12 Referent Referent

Pos for DENV-4 6 14 0.34 (0.1-1.2) 0.3 (0.4-5.0)

Pos for other DENV serotypes: 1, 3, 1+3, 4+3 13 7 1.6 (0.5-2.5) 1.4 (0.4-4.9)
Leptospira <0.5

Absent 26 29

Present 7 4 1.9 (0.5-7.4) 1.6 (0.4-6.8)
Orientia tsutsugamushi <0.5

Absent 30 31 Referent Referent

Present 3 2 1.6 (0.2-9.9) 1.1(0.1-7.8)
Malaria parasite types <0.1

Plasmodium mixed infections 17 10 Referent Referent

P. vivax/P. knowlesi monoinfection 16 23 2.4 (0.9-6.7) 2.5(0.9-7.2)

*Bivariate and multivariate logistic regression analysis was used to determine the strength of association of various co-infections and mixed malaria
infections with malaria severity. DENV, dengue virus.; neg, negative; pos, positive; OR, odds ratio.
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Table 4. Summary of detection of Plasmodium species by RDT, microscopy and PCR, India, July 2017—September 2018*

Parasites RDT, no. (%) Microscopy, no. (%) PCR, no. (%)
Plasmodium negative 73 (71.7) 90 (90.9) 33 (33.3)
Plasmodium positive 26 (28.3) 9 (9.09) 66 (66.7)

P. falciparum 6 (6.06) 2 (2.02) 10 (101

P. vivax 14 (14.1) 7 (7.07) 34 (34.3)

P. ovale 0 0 0

P. malariae 0 0 0

P. knowlesi 0 0 5 (5.05)
Mixed Plasmodium 1(1.01) 0 17 (17.2)
Pan-Plasmodium 7 (7.07) 0 0

*Percentages are calculated out of all AFI samples (n = 99). RDT, rapid diagnostic test.

shows that this percentage can vary within a year,
depending on season, and the highest reported
prevalence of DENV / Plasmodium co-infections from
this region was 31.8% during September-October,
an observation similar to ours (28).

Although awareness of Plasmodium/DENV co-
infections is increasing, little information is available
about Plasmodium/ Leptospira or Plasmodium/O. tsu-
tsugamushi co-infections (13,29). This lack of informa-
tion is concerning because our study suggests that
Plasmodium/ Leptospira co-infections are associated
with severe malaria. Prevalence data for co-infections
with these pathogens are limited. We emphasize the
need for such information because although these
pathogens are carried by different vectors, they co-
exist in the same geoclimactic habitats that combine
a warm, moist environment with dense vegetation
and poor socio-economic development (13,29). The
presence of one co-infecting pathogen can influence
disease outcomes, treatment outcomes, development
of immunity, or drug resistance with regard to infec-
tions caused by the other co-infecting pathogen. One
example is the predisposition for bacteremia to de-
velop in persons with malaria (30).

In most malaria-endemic settings, malaria is still
diagnosed by microscopic examination of Giemsa-
stained peripheral blood smears and rapid diagnos-
tic testing for parasite antigen. The rapid test is spe-
cifically designed to detect P. falciparum and P. vivax
and is extensively used because of its speed and sim-
plicity. For microscopy, diagnostic success depends
on the skill of the technicians who observe the pe-
ripheral blood smears. We found that rapid tests and
microscopy missed most of the P. vivax-positive ma-
laria cases and all P. knowlesi cases and detected only
1 of 18 Plasmodium mixed-species infections. This
finding clearly shows the limitations of rapid testing
and microscopy for comprehensive detection of ma-
laria parasites, which have been independently ob-
served in several studies and attributed to deletions
in the HRP2 and HRP3 genes in the specific case of
P. falciparum infection (31-34). This problem is well
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recognized for healthcare workers and researchers
working toward malaria elimination all over the
world. Although the rapid diagnostic test for ma-
laria has been shown to be better than microscopic
examination of Giemsa-stained peripheral blood
smears, PCR has been shown to be far superior to
rapid testing for diagnosing low-parasitemia malaria
infections (35). Our observations were similar; PCR
was most sensitive, followed by rapid testing and
then microscopy. However, rapid tests have low suc-
cess rates in areas of low transmission intensities and
give rise to a high proportion of false negatives (36).
In addition, rapid tests fail to detect infections with
emerging pathogens, such as the simian parasite spe-
cies P. knowlesi and P. cynomolgi, both known to in-
fect humans (37). Although recent reports highlight
the improvement of rapid tests for P. knowlesi detec-
tion by use of a cross-reacting pan-parasite lactate
dehydrogenase feature, we were unable to detect P.
knowlesi by using a pan-parasite lactate dehydroge-
nase-containing rapid test, possibly because of low
parasitemia, below the detection limit of the rapid
test (38). P. knowlesi, which was previously believed
to be localized to Southeast Asia, has now been re-
ported from various parts of the world as single case
reports of travelers’ infections from areas including
Oceania, Europe, and the Middle East (39-41). From
India, P. knowlesi infection has been reported from
the Andaman and Nicobar Islands in the context of
drug resistance and in a recent study by our group in
the context of acute kidney injury (26,42). Historical-
ly, P. knowlesi infection was discovered as a naturally
occurring human infection in Malaysia in 1965 (43).
The accurate diagnosis of P. knowlesi by use of PCR
took ~40 years from its initial discovery and gave a
preliminary indication of the burden of this zoonosis
in Sarawak, Malaysia (44). Until this point, P. knowle-
si as a human infection was frequently misdiagnosed
as P. vivax, P. malariae, or P. falciparum infection.

To assess whether the infections originated lo-
cally, we surveyed the P. knowlesi patients in our
study group for the possibility of travel abroad or
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interaction with visitors from abroad within their
family. The patients who responded to our ques-
tionnaire do not appear to have traveled abroad or
to have had direct contact with anyone visiting them
from abroad, suggesting local presence of P. knowlesi.
However, unknown sources of travel from South-
east Asia, a neighbor to India, cannot be ruled out.
Currently, testing for P. knowlesi is not included in
diagnostic procedures in India, irrespective of diag-
nostic method (microscopy, rapid diagnostic test, or
PCR), because it has not been widely reported. How-
ever, India is known to harbor both the potential vec-
tor for P. knowlesi, the Anopheles dirus mosquito, as
well as the reservoir, pig-tailed macaques (Macaca
nemestrina), thereby making India a potential ecosys-
tem for the proliferation of this zoonotic Plasmodium
species (45). Furthermore, the populations of Macaca
mulatta macaques and related species have recently
expanded in northern India, particularly in the state
of Uttar Pradesh, which may explain the appearance
of P. knowlesi in our study population representative
of these areas, whereas it was not reported earlier
(45). A recent report has also demonstrated the pres-
ence of P. falciparum parasites in monkey populations
from India, indicating freely occurring undetected
zoonotic transfer of the malaria parasites across res-
ervoirs and hosts. Therefore, healthcare workers and
national programs should incorporate all species of
malaria parasites known to infect humans, in their
diagnostic portfolio.

In conclusion, our study clearly showed that
microscopy and rapid diagnostic testing gave false-
negative results for most mixed-species infections
and completely missed P. knowlesi infections, co-
infections and mixed Plasmodium infections were
highly prevalent in patients with malaria, Plasmo-
dium/DENV co-infections were the most common
co-occurring pathogens in our study population, P.
knowlesi infections were present in India, Plasmodi-
um/DENV4 co-infections were associated with mild
malaria, and Plasmodium/ Leptospira infections were
associated with severe malaria. Although the ORs
support the above findings, the 95% Cls for these as-
sociations were wide. Cls reflect the uncertainty of the
estimated effect, and wider intervals suggest greater
uncertainty. The wide 95% Cls in this study suggest
that although trends were observed, additional data
points are needed to determine the effect size of these
associations. Wider prevalence studies investigating
malaria co-infections are needed.

The government of India has recently declared
a goal of malaria elimination by 2030, which will
be a major step toward global malaria eradication
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because India serves as a major Plasmodium reser-
voir, contributing to almost 4% of malaria-related
deaths globally. Therefore, to make malaria elimi-
nation possible, we offer 2 recommendations based
on our observations in this study, particularly for
tertiary healthcare centers or centers where the bur-
den of severe malaria cases is high. First, malaria
elimination efforts will need to include strategies
for malaria elimination in humans as well as ani-
mal reservoirs. Second, efforts toward the devel-
opment of novel diagnostics for malaria must be
renewed, and AFI diagnoses must include screen-
ing for all 5 Plasmodium species, Leptospira, and all 4
DENYV serotypes.
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EID Podcast: A Worm'’s Eye View

Seeing a several-centimeters-long worm traversing the con-
junctiva of an eye is often the moment when many people
realize they are infected with Loa loa, commonly called
the African eyeworm, a parasitic nematode that migrates
throughout the subcutaneous and connective tissues of in-
fected persons. Infection with this worm is called loiasis and
is typically diagnosed either by the worm’s appearance in
the eye or by a history of localized Calabar swellings, named
for the coastal Nigerian town where that symptom was ini-
tially observed among infected persons. Endemic to a large
region of the western and central African rainforests, the Loa
loa microfilariae are passed to humans primarily from bites
by flies from two species of the genus Chrysops, C. silacea and
C. dimidiate. The more than 29 million people who live in
affected areas of Central and West Africa are potentially at
risk of loiasis.

Ben Taylor, cover artist for the August 2018 issue of EID,
discusses how his personal experience with the Loa loa par-
asite influenced this painting.
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