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Abstract Positive serology for dengue and/or scrub typhus
infection with/without positive malarial smear (designated as
mixed or co-infection) is being increasingly observed during
epidemics of acute undifferentiated febrile illnesses (AUFIs).
We planned to study the clinical and biochemical spectrum of
co-infections with Plasmodium sp., dengue virus and scrub
typhus and compare these with mono-infection by the same
organisms. During the period from December 2012 to
December 2013, all cases presenting with AUFIs to a single
medical unit of a referral centre in Garhwal region of the north
Indian state of Uttarakhand were retrospectively selected and
categorised aetiologically as co-infections, malaria, dengue or
scrub typhus. The groups thus created were compared in terms
of demographic, clinical, biochemical and outcome parame-
ters. The co-infection group (n= 49) was associated with
milder clinical manifestations, fewer, milder and non-
progressive organ dysfunction, and lesser need for intensive
care, mechanical ventilation and dialysis as compared to

mono-infections. When co-infections were sub-grouped and
compared with the relevant mono-infections, there were dif-
ferences in certain haematological and biochemical parame-
ters; however, this difference did not translate into differential
outcomes. Scrub typhus mono-infection was associated with
severe disease in terms of both morbidity and mortality.
Malaria, dengue and scrub typhus should be routinely tested
in all patients with AUFIs. Co-infections, whether true or due
to serological cross-reactivity, appear to be a separate entity so
far as presentation and morbidity is concerned. Further insight
is needed into the mechanism and identification of the protec-
tive infection.

Introduction

Co-infections with harmful [1, 2] and beneficial [3, 4] inter-
actions came to the fore in the human immunodeficiency virus
(HIV) era. HIV–malaria dual infections are well recognised in
sub-Saharan Africa [5]. Co-infections with Gram-negative
bacteria in malaria-infected individuals produce detrimental
effects [6], while Ascaris lumbricoides co-infection is appar-
ently protective from cerebral malaria [7]. Co-infections are
being increasingly recognised in recent times in immune-
competent patients. Dual infections with leptospira and scrub
typhus have been described in Thai agricultural workers ex-
posed to both infections by virtue of their occupation [8]. Dual
infections are being increasingly reported from the northern
states of India witnessing unprecedented epidemics of acute
febrile illnesses [9].

Tropical diseases, namely malaria, dengue, scrub typhus
and enteric fever, are seen pan-India throughout the year.
Epidemics of acute undifferentiated febrile illnesses (AUFIs)
due to malaria, dengue, scrub typhus, enteric fever and lepto-
spirosis occur during and immediately after the monsoons
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with considerable regularity. The patients usually present with
acute-onset fever with or without headache, cough, abdominal
pain, conjunctival injection, lymphadenopathy or rash in most
instances. Due to the overlapping clinical and laboratory fea-
tures, it is prudent to test the entire differential diagnosis.
During the 2012–2013 epidemic of AUFI, we detected a
few cases with positive serology for dengue and/or scrub ty-
phus and/or positive smear for malaria (designated here as co-
infections).

We hypothesised that the patients with co-infections would
have greater morbidity and higher mortality than those with
mono-infections because of the summative effects of the indi-
vidual infections on the various organ systems of our body.
The aim of this study was to test this hypothesis by comparing
the clinical details and outcome of patients admitted with
mono- and co-infections. We also wished to study the magni-
tude and pattern of co-infections as a cause of AUFIs.

Materials and methods

Study setting

Uttarakhand is predominantly a mountainous state in northern
India and 65 % of its area is covered with forests. It has Tibet to
the north, Nepal to the east and the Indian states of Uttar
Pradesh and Himachal Pradesh to the south and north-west,
respectively. The Ganges is the major river system and the
varied vegetation includes alpine meadows, sub-alpine conifer
and sub-tropical pine forests, moist deciduous forests and grass-
lands. It has a population of over 10 million, of which 70% live
in rural areas. Uttarakhand has two major divisions: Garhwal
comprising seven north-western districts and the Kumaon divi-
sion comprising six districts. The Himalayan Hospital is a 900-
bed tertiary care teaching hospital affiliated to the Himalayan
Institute ofMedical Sciences located 25 km fromDehradun, the
capital of Uttarakhand. The hospital mainly caters the Garhwal
division, some districts of the Kumaon division and the densely
populated adjoining districts of Uttar Pradesh.

Patient selection

The present study was a retrospective observational study on
all patients with AUFI (<2 weeks duration of fever and no
localising features of infection) presenting to a single unit of
the Department of Medicine between December 2012 and
December 2013. Patients admitted to a single unit were in-
cluded to maintain uniformity in decisions of hospitalisation,
investigations, management and discharge. They were in-
cluded if they fulfilled the diagnostic criteria of one or more
than one infectious processes as outlined below; those with-
out a clinical diagnosis were categorised as unknown infec-
tions and excluded.

In the presence of consistent clinical features, acute malaria
was diagnosed by Leishman stained smear positivity, dengue
by positive IgM serology (rapid card test, SD Bioline; sensi-
tivity 94.2 %, specificity 96.4 %) and scrub typhus by positive
IgM enzyme-linked immunosorbent assay (ELISA) (InBios
International, Inc., USA; sensitivity 99 %, specificity
97.5 %). Besides these tests, a few cases were subjected to
hepatitis A, B and E viral serologies, where evidence of acute
hepatitis was present. All tests were performed in a National
Accreditation Board of Laboratories (NABL)-accredited lab
with stringent protocol-based quality control. Those without
an aetiological diagnosis were excluded from the study.

The patients thus selected were categorised as co-infection
(if they demonstrated positivity of more than one infectious
aetiology as outlined above), else as mono-infection with
acute malaria, dengue fever or scrub typhus according to the
investigation results. The co-infection was further sub-
categorised as M+D (malaria and dengue co-infection), D+
S (dengue and scrub typhus co-infection), M+S (malaria and
scrub co-infection) and M+D+S (malaria, dengue and scrub
typhus co-infection).

Data collection

Clinical information including the duration of fever, associat-
ed symptoms (nausea, vomiting, headache, loose stools,
breathlessness, abdominal pain, bleeding manifestations and
the site of bleed, if present, seizures, unconsciousness, oliguria
and swelling over the body etc.) and signs (heart rate, blood
pressure, respiratory rate, oxygen saturation, palpable
organomegaly and other abnormal clinical findings) was col-
lected at the time of presentation in the hospital for all patients
included in the study. Demographic details including age,
gender and occupation were also collected and compiled.
The haematological and biochemical investigations carried
out at the time of hospitalisation were also noted. Outcomes
studied were mortality and morbidity (the duration of
hospitalisation, number of organs affected, time to recovery
of platelets and the need for intensive care, mechanical venti-
lation and dialysis).

Renal impairment (renal failure) was defined as oliguria
with acidosis and/or a rise in blood urea nitrogen (BUN) and
serum creatinine as per our laboratory normal values. An in-
crease in BUN or oliguria, in isolation, was not considered as a
marker of renal failure. Respiratory involvement (respiratory
distress) was defined as tachypnoea (>20/min) along with a
fall in oxygen saturation to <90 %. Liver dysfunction was
defined as a two-fold rise in alanine transaminases (normal
value: 10–40 IU/l); isolated hyperbilirubinaemia, i.e. 1.5–
6 mg/dl, was not attributed to liver dysfunction if liver trans-
aminases were within normal limits. Central nervous system
involvement was considered if single or multiple episodes of
generalised tonic–clonic seizures were reported or the subject
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was in altered sensorium and/or disoriented at presentation.
Increase in platelet count in consecutive samples, or beyond
50,000/mm3 when less at presentation, was considered to be
recovery of platelets [10].

Data analysis

Data were analysed using the statistical software SPSS version
22. Qualitative data were presented in the form of frequency and
percentage; quantitative data were presented as mean±standard
deviation (SD). It was observed that the data were not normally
distributed, so median and inter-quartile values (IQR) were cal-
culated. The Kruskal–Wallis H test was used to compare the
difference among groups, followed by theMann–WhitneyU test
to compute the differences between the groups. A p-value<0.05
was considered as being statistically significant. Ethical approval
was not required as it was an observational study.

Results

Of the 298 cases hospitalised for AUFIs, 233 patients were
included in the study, and the rest were excluded as the infec-
tions remained undiagnosed. In the mono-infection groups,
acute malaria (n=51) was caused by Plasmodium vivax in
63.9 % (n=39) of cases, P. falciparum in 27.8 % (n=17)
and by both the species in the rest. In addition to positive
IgM antibodies (n=58) for dengue fever, the NS1 antigen
and IgG was positive in 44 (75.8 %) and 6 (10.3 %) cases,
respectively. IgM antibodies to Orientia sp. were detected in
all cases (n=65) with scrub typhus mono-infection.

Forty-nine patients (16.4 %) had evidence of infection by
more than one organism. Scrub typhus (n = 40), dengue
(n=35) and malaria (n=28) were seen in various combina-
tions and considered for the study (see Fig. 1). Hepatitis A

virus co-infection was observed in two cases with positive
scrub and dengue serologies. Hepatitis E co-infection was
seen in a case co-infected with P. vivax and P. falciparum,
and scrub typhus. Salmonella typhi was also cultured from a
case infected with other pathogens, while the Widal test was
strongly positive in two more cases. Plasmodium falciparum
(n=14, 50 %) was the dominant Plasmodium sp. in the group
with co-infection, while P. vivax was observed in 9 cases
(32.1 %); both the species co-infected in 5 (17.8 %) cases.

Scrub typhus mono-infection had a significantly longer
mean duration of fever and higher white cell and platelet
counts and alkaline phosphatase levels as compared to all of
the three major aetiological groups. A significant difference
from malaria was seen in terms of liver transaminases and
serum bilirubin levels, while haemoglobin, bilirubin and cre-
atinine were significantly higher than dengue mono-infection
(p<0.05). The co-infection group as a whole differed from
scrub typhus in creatinine and transaminase levels additional-
ly. Differences with malaria were also observed in platelet
counts, liver transaminases and bilirubin. Also, a longer mean
duration of fever, higher creatinine and bilirubin but lower
liver enzymes were observed when compared with dengue
mono-infection (p<0.05).

As the co-infection group was heterogeneously composed
of varying combinations of mono-infections by malaria, scrub
and dengue, we compared the various co-infection sub-groups
with the relevant mono-infections in terms of biochemical,
haematological and outcome measures wherever possible.
Utilising the Kruskal–Wallis test, we observed that all seven
sub-groups (M+D, M+S, D+S, M+D+S and the three
mono-infections) differed significantly in relation to the dura-
tion of fever and hospitalisation, haemoglobin, total leucocyte
count (TLC), platelet counts, liver enzymes and serum creat-
inine; however, no difference was observed in the platelet
recovery time, duration of hospitalisation and organ dysfunc-
tion. However, upon comparing the co-infections with their
relevant mono-infections, there were differences in certain
haematological and biochemical parameters (see Table 1).

The prominent clinical features of the aetiological groups
overlapped considerably. Bleeding manifestations were main-
ly in the form of melena and petechial haemorrhages;
haematemesis, haemoptysis and haematuria occurred in just
one instance each. Though nearly one-fifth and a third of those
with co-infections and scrub typhus reported breathlessness at
presentation, less than half of these required ventilator and/or
intensive care (see Table 2). Peripheral circulatory failure was
observed in four patients with scrub typhus and two patients
each with malaria and dengue, respectively; capillary leak was
seen in dengue mono-infection (n=31; 53.4 %) but was con-
spicuously absent in co-infections of dengue.

Intensive care was required in 4, 3, 3 and 16 cases with co-
infections, malaria, dengue and scrub typhus, respectively.
The duration of hospitalisation was longest and the organ
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Fig. 1 Aetiological spectrum of acute undifferentiated febrile illness
(AUFI) in our study (n= 298)
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dysfunction was significantly more as compared to the mono-
infections and co-infections as a whole (p<0.05). Platelets
were transfused predominantly in patients with malaria and
co-infections, though the bleeding manifestations were com-
parable in all of the aetiological groups. Mortality was low in
all major aetiological groups except scrub typhus, where

nearly 10 % succumbed. Abortions and intra-uterine deaths
occurred in 2/7, 1/3, 0/1 and 2/4 pregnant females with co-
infections, malaria, dengue and scrub typhus in their second
and last trimesters, respectively. However, there was no statis-
tical difference in terms of morbidity when co-infections were
analysed with the relevant mono-infections (see Table 3).

Table 1 Demographic, haematological and biochemical parameters in the aetiological groups of acute undifferentiated febrile illness (AUFI)

Parameters D+ S M+S M+D M+D+S Malaria Dengue Scrub typhus
n = 21 n= 14 n = 9 n= 5 n= 61 n= 58 n= 65

Age (years) Mean ± SD 38.1 ± 12.5 36.4 ± 12.9 38.6 ± 16.0 36.0 ± 13.8 35.7 ± 14.5 36.9 ± 14.9 33.9 ± 12.3

Quartiles
(I/II/III)

30/35/48.5 23.5/35/50 22.5/38/56.5 22.5/35/50 22/35/47 23/35/47 24/32/42

Range 18–61 22–58 20–60 20–50 18–75 18–70 18–65

Sex Male/female 16/5 9/5 8/1 3/2 35/26 38/20 30/35

Duration of fever (days) Mean ± SD 6.9 ± 4.6 8.1 ± 4.7 5.8 ± 2.0 6.4 ± 2.6 6.5 ± 5.4 5.4 ± 2.2 8.5 ± 3.7

Quartiles
(I/II/III)

4/5/9.5 5.7/7.5/10 5/6/7 4/6/9 3/5/7 5/5/6 6/8/10

Range 1–20 2–10 3–10 4–10 1–14 2–14 3–14

Haemoglobin (gm/dl) Mean ± SD 12.8 ± 2.5a 8.9 ± 2.9a 11.7 ± 3.4 11.0 ± 4.0 10.6 ± 2.8 13.3 ± 2.3 11.1 ± 1.8

Quartiles
(I/II/III)

11.1/13.1/14.3 6.1/8.3/12.2 8.7/11.5/14.8 7.4/11.2/14.6 8.3/11.0/12.9 12.0/13.2/15.0 9.8/11.0/12.1

Range 6.4–16.8 4.9–13.3 6.3–16.1 5.1–15.8 5.2–15.3 7.3–18 6.9–16.3

TLC (×103/cu.mm) Mean ± SD 8.3 ± 4 .9 6.6 ± 2.4a 3.9 ± 1.4b 8.0 ± 5.9 6.1 ± 3.3 6.7 ± 5.3 9.9 ± 4.8

Quartiles
(I/II/III)

4.4/7.4/10.7 4.8/6.9/8.8 3.1/3.6/4.1 3.6/6.2/13.1 4.0/5.3/7.2 3.4/4.8/8.3 6.2/8.3/12.5

Range 2.2–20.7 2.3–9.9 2.1–7.4 2.3–17.8 2.0–22.2 1.6–28.7 4.1–23.2

PLT (×103/cu.mm) Mean ± SD 87.2 ± 78.5 69.1 ± 119.8a 52.2 ± 23.7 87.5 ± 41.4 48.2 ± 49.1 57.2 ± 53.1 97.9 ± 69.2

Quartiles
(I/II/III)

29.5/54/136.5 18/27.5/68.7 30/58/64 53.5/94.6/118 18/30/52.8 18/30/80 50/87/119

Range 18–309 18–476 18–94 18–126 18.0–254.0 8.0–258.0 19.0–581.0

AST (IU/l) Mean ± SD 431.1 ± 1151.9 60.8 ± 34.3a 111.3 ± 57.9b 69.6 ± 49.0a 61.9 ± 41.4 463.4 ± 1307.2 163.8 ± 136.4

Quartiles
(I/II/III)

54/106/224 41.5/50/74 59.5/108/161.5 23.5/71/115 38/45/74 90/127/191.5 78/122/192

Range 20–5326 16–141 40–209 17–139 23–226 38–8501 22–679

ALT (IU/l) Mean ± SD 163.1 ± 347.7 39.4 ± 19.0a 84.7 ± 66.5b 65.8 ± 48.9 45.5 ± 28.7 194.5 ± 404.9 105.3 ± 87.7

Quartiles
(I/II/III)

47.5/62/103.5 26.5/36/46.2 44/55/114.5 23/49/117 24.5/38/57 47.5/72/117.2 51.5/93/116.5

Range 26–1603 18–93 34–239 10–122 12–141 27–2437 19–581

BIL (mg/dl) Mean ± SD 1.1 ± 1.1c 5.6 ± 9.2 1.3 ± 1.8b 0.8 ± 0.3b 3.1 ± 3.2 0.8 ± 0.7 2.4 ± 3.9

Quartiles
(I/II/III)

0.7/0.8/1.1 1.1/1.7/5.6 0.5/0.6/1.1 0.4/0.8/1.1 0.9/1.6/4.3 0.4/0.6/1.0 0.7/1.1/2.7

Range 0.1–5.9 0.2–33.4 0.4–6.1 0.2–1.2 0.1–15.6 0.3–4.3 0.5–29.6

AST/ALT Mean ± SD 1.9 ± 0.9 1.5 ± 0.4 1.5 ± 0.7 1.1 ± 0.4c 1.5 ± 0.8 1.9 ± 0.9c 1.6 ± 0.7

Quartiles
(I/II/III)

1.2/1.7/2.5 1.1/1.5/1.8 0.8/1.3/2.2 0.7/1.2/1.5 0.9/1.3/1.8 1.3/1.7/2.2 1.1/1.5/1.8

Range 0.3–3.8 0.8–2.6 0.7–2.8 0.7–1.7 0.6–4.4 0.4–5.4 0.5–4.3

Creatinine (mg/dl) Mean ± SD 1.1 ± 0.5c 2.1 ± 2.5 0.8 ± 0.2 1.3 ± 0.5 1.6 ± 2.6 1.0 ± 0.9 1.9 ± 1.8

Quartiles
(I/II/III)

0.8/1/1.5 0.8/0.9/2.1 0.6/0.8/1 0.8/1.1/1.9 0.7/1.0/1.6 0.6/0.8/0.9 0.9/1.1/2.5

Range 0.6–2.6 0.4–8.7 0.4–1.1 0.8–2 0.4–20.1 0.5–5.4 0.5–8.9

ALP (IU/l) Mean ± SD 154.1 ± 178.7a 99.5 ± 31.5a 100.5 ± 57.4a 88.2 ± 38.1 109.5 ± 38.1 81.2 ± 29.8c 401.2 ± 349.5

Quartiles
(I/II/III)

60.7/89.5/154.2 69.5/97/129 56.5/71/168.5 47.5/94.5/122.7 78.5/104/134 65/71.5/90.7 156.7/274.0/561.2

Range 52–784 62–142 51–189 41–123 57–216 39–181 69–1655

Quartiles (I/II (median)/III); M=malaria, D = dengue, S = scrub typhus

Significantly different: a from scrub typhus, b from malaria, c from dengue (Mann–Whitney U test; p< 0.05)
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Discussion

AUFI with evidence of co-infection by more than one organ-
ism (namely Plasmodium sp., dengue virus and Orientia
tsutsugamushi) is a prominent group responsible for nearly
one-sixth of all cases of AUFIs in our study. The features
and outcomes of this heterogeneous group when considered
as a whole were different from mono-infection by the same
aetiological agents. The presentation and severity appeared to
be mild when compared to mono-infections and there was no
summation of effects of the different infectious agents as
hypothesised. However, the differences in certain biochemical
parameters when the specific co-infections were compared

with the relevant co-infections did not translate into signifi-
cantly different outcomes in terms of mortality and morbidity.
Detection of co-infections elsewhere in the world [11, 12],
atypical behaviour of this group of subjects in our study and
response to specific treatment for the various co-infecting
agents emphasises that they be considered as a separate group.

All the infections in question are arthropod borne diseases,
signalling a common mode of transmission. Typically, the
vectors, their breeding habits and the biting behaviours are
different for different infections. The rains and water-logging
during monsoons and growth of vegetation catalyse the pro-
liferation of the vectors in general. The predisposed individ-
uals were apparently exposed to the various vectors by virtue

Table 2 Clinical features in the
aetiological groups of AUFI D+S M+S M+D M+D+S Malaria Dengue Scrub typhus

n= 21 n= 14 n= 9 n = 5 n = 61 n= 58 n= 65

Bleeding 3 (14.3) 2 (14.3) 0 (0) 0 (0) 5 (8.1) 6 (10.3) 6 (9.2)

Nausea 3 (14.3) 6 (42.9) 2 (22.2) 2 (40.0) 9 (14.7) 4 (6.89) 7 (10.7)

Vomiting 3 (14.3) 6 (42.9) 2 (22.2) 2 (40.0) 24 (39.3) 10 (17.2) 20 (30.7)

Oliguria 2 (9.5) 3 (23.1) 0 (0) 0 (0) 7 (11.4) 5 (8.6) 5 (7.6)

Abdomen pain 5 (23.8) 5 (35.7) 2 (22.2) 0 (0) 19 (31.1) 19 (32.7) 21 (32.3)

Malaise 4 (19.0) 5 (35.7) 3 (33.3) 1 (20.0) 12 (19.6) 15 (25.8) 10 (15.3)

Headache 4 (19.0) 2 (14.3) 1 (11.1) 0 (0) 9 (14.7) 11 (18.9) 10 (15.3)

Loose stools 1 (4.8) 1 (7.1) 1 (11.1) 2 (40.0) 3 (4.9) 3 (5.1) 7 (10.7)

Breathlessness 4 (19.0) 6 (42.9) 0 (0) 0 (0) 5 (8.1) 4 (6.8) 19 (29.2)

Hepatomegaly 3 (14.3) 6 (42.9) 1 (11.1) 1 (20.0) 15 (24.5) 5 (8.6) 20 (30.7)

Splenomegaly 0 (0) 2 (14.3) 1 (11.1) 0 (0) 10 (16.3) 1 (1.7) 11 (16.9)

M=malaria, D = dengue, S = scrub typhus

The figures in parentheses are percentages

Table 3 Outcomes of the aetiological groups of AUFI

D+S M+S M+D M+D+S Malaria Dengue Scrub typhus
n= 21 n= 14 n= 9 n= 5 n= 61 n= 58 n= 65

Mortality, n (%) 1 (4.8) 0 (0) 0 (0) 0 (0) 2 (3.2) 3 (5.1) 6 (9.2)

Morbidity

Duration of hospitalisation (mean ± SD) (days) (range) 4.6 ± 3.8 4.1 ± 2.2 3.2 ± 2.5 4.6 ± 4.2 3.4 ± 2.3 3.1 ± 1.6 5.7 ± 4.6

1–18 1–9 1–9 4–10 1–11 1–10 1–28

Platelet recovery time (mean ± SD) (days) (range) 1.6 ± 1.6 1.6 ± 1.1 1.5 ± 1.3 0.8 ± 0.8 1.5 ± 1.5 1.2 ± 1.0 2.1 ± 3.1

0–7 0–4 1–5 0–2 0–7 0–4 0–15

Organ dysfunction (mean± SD) (range) 0.9 ± 0.9 0.9 ± 1.2 0.3 ± 0.5 0.8 ± 0.4 0.7 ± 0.9 0.6 ± 1.0 1.4 ± 1.1

0–4 0–3 0–1 0–1 0–4 0–4 0–4

Seizures/unconsciousness (n) 2 (9.5) 0 (0) 0 (0) 0 (0) 2 (3.2) 4 (6.8) 10 (15.3)

Shock (n) 0 (0) 0 (0) 0 (0) 0 (0) 2 (3.2) 2 (3.4) 4 (6.1)

Metabolic acidosis (n) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (3.4) 4 (6.1)

Mechanical ventilation (n) 1 (4.8) 0 (0) 0 (0) 0 (0) 0 (0) 2 (3.4) 14 (21.5)

Intensive care (n) 1 (4.8) 1 (7.1) 2 (22.2) 0 (0) 3 (4.9) 3 (5.1) 16 (24.6)

Haemodialysis (n) 0 (0) 0 (0) 1 (11.1) 0 (0) 2 (3.2) 0 (0) 5 (7.6)

M=malaria, D = dengue, S = scrub typhus
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of their occupation or habits, leading to transmission of mul-
tiple organisms. Cross-transmission by a single vector due to
hybridisation and/or mutation due to pesticide use may also
have contributed. The diagnosis of co-infections also points to
the low efficacy of local control measures and urbanisation
[13]. Also, it seems that the traditionally rural malaria is be-
coming more peri-urban, and, therefore, appears to co-exist
with dengue fever, a typical urban endemic disease [14].

The interaction of the malarial parasites with the host’s
immune system is complex and incompletely understood.
Clinical studies have suggested that P. vivax infection may
be protective when co-existing with P. falciparum, with less
severe disease and a lower level of parasitaemia than seen in
an infection with P. falciparum alone. Also, theoretically, the
response to therapy may be different in co-infections. If either
of the infecting species is resistant to therapy, the other may
survive to a greater degree, leading to greater parasitaemia
and/or a high risk of relapse, specifically in P. vivax due to
liver hypnozoites [15, 16]. In our study, P. vivax infection
accounted for 39 cases, while five were co-infection of
P. falciparum and P. vivax in the group with malaria. While
th ree cases were uncompl ica ted , two had mi ld
hyperbilirubinaemia consistent with the protective effect of
malarial co-infection. The mortalities encountered in the
group with malaria were due to infection by P. vivax and not
due to P. falciparum, a point highlighted by us in a previous
study from the same geographical region on the subject [10].

Co-infections appeared to reduce the occurrence of
clinical features like hepato-splenomegaly seen with
mono-infections of malaria and scrub typhus (p< 0.05).
Even organ dysfunction was significantly less in terms
of the number, severity and progression of organ dysfunc-
tion in the co-infection group as compared to mono-infec-
tions. However, this effect was not replicated when spe-
cific sub-groups of co-infections were compared with the
relevant mono-infections, presumably due to the small
number of subjects in each sub-group. Whether the pro-
tective or, more appropriately, the lack of summative ef-
fect is due to malaria, scrub or dengue could not be pre-
dicted and needs to be elucidated. It might be the result of
some as yet unknown factors or protective antibodies
elaborated in such patients as a response to co-infections.
Moreover, whether malarial infection induces antibody
production that cross-reacts with scrub typhus and dengue
virus infection is not known. The serological profile was
studied in patients with malaria and considerable cross-
reactivity for IgM antibodies of other pathogens was ob-
served in a study from south India [17]. The lack of sum-
mative (or the protective) effect might be similar to the
suppression of HIV viral load in infection by scrub typhus
seen in an earlier study and in vitro anti-HIV-1 in HIV-
negative patients infected with scrub typhus [18]. The
pathogenesis of the manifestations of scrub typhus,

though still elusive, is thought to be vasculitic in nature
and has the potential of being the underlying protective
disease in co-infections.

Thrombocytopaenia and anaemia were more pronounced
in concurrent dengue and malaria infection than single infec-
tions in the study by Epelboin et al., which was attributed to
longer duration of evolution or increased virulence, in isola-
tion or in combination [19]. In contrast, we did not observe
any difference in this sub-group in the mean haemoglobin or
platelet counts when compared with the mono-infections.

Pregnancy is clearly recognised as a risk factor for severe
dengue virus infection leading to obstetric complications [20],
but scarce literature is available on the impact of P. vivax on the
course of gestation [21]. In the series byMagalhães et al., 2 of 8
female patients were pregnant and both presented with compli-
cated disease, but no pregnancy outcome was evaluated pro-
spectively [22]. Abortions and intra-uterine deaths occurred in
2/7, 1/3, 0/1 and 2/4 pregnant females with co-infections, ma-
laria, dengue and scrub typhus in their second and last trimes-
ters, respectively, in the present study. Dengue and malaria co-
infection requires special attention because delayed diagnosis
and inappropriate treatment may result in fatal complications
[23]. The absence of fatalities in general and in pregnant fe-
males in particular and/or severe bleeding requiring blood trans-
fusion in our study may reflect the facilitated access to diagno-
sis and specific treatment in this tertiary health care facility and
increased awareness among the physicians. Also, there may be
a difference in the serotype of the dengue virus affecting the
Amazonian population [22] and our study subjects.

It might be contested that the diagnosis was mainly sero-
logical for scrub typhus and dengue, and that pooled sera
were not analysed. Also, the non-utilisation of polymerase
chain reaction (PCR) and/or culture for confirming the pres-
ence of an organism was another limitation. However, this
facility is lacking in most of the countries bearing the brunt
of these infections and, hence, our observations are impor-
tant and realistic for such setups. The small number of cases
in the specific co-infections was a major limitation in bring-
ing out the differences with the relevant mono-infection, if
any. Another limitation of our study was the lack of identi-
fication of the dengue virus serotype; however, the limitation
was offset by comparing the features of the mono- and co-
infections.

Despite the limitations, the study has been able to bring to
light an unrecognised yet significant aetiological group being
frequently observed in this part of the world. Studies with
larger sample sizes are needed in South Asia and in other
tropical regions to ratify the existence of this discrete group
of co-infections and to identify the geographical and genetic
variation in the variety, presentation and outcome. Whether
the lack of summation of adverse effects is valid and extends
to the pregnant and paediatric population needs to be ad-
dressed and is the subject of future research.
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Conclusion

Acute undifferentiated febrile illness (AUFI) may be caused
by a single or a combination of organisms. In contrast to the
presupposition that co-infections cause severe disease and
greater mortality, the presentation and severity of co-
infections appears to be milder and outcomes comparable (if
not better) to the mono-infections. The search for multiple
aetiologies should be incorporated in the initial diagnostic
workup of patients with AUFIs. This may have potential ram-
ifications in terms of treatment and understanding the progno-
sis, especially in the resource-constrained tropical settings.
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