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We report clinical features and histopathological find-
ings in fatal cases with dengue (DENV) and chikungu-
nya (CHIKV) co-infection identified at the Colombian
National Institute of Health between September 2014
and October 2015. Seven such cases were docu-
mented. Dengue serotype 2 virus was identified in six
cases. All patients were adults and comorbidities were
present in four. Fever, arthralgia or myalgia was pre-
sent in all cases. The frequency of rash, haemorrhage,
oedema, and gastrointestinal symptoms was vari-
able. Laboratory findings such as thrombocytopenia,
renal failure, and leukocyte count were also inconsist-
ent between cases. Post-mortem tissue examination
documented focal hepatocellular coagulative necrosis
in three cases, incipient acute pericarditis in one and
tubulointerstitial nephritis in one. This study provides
evidence of mortality in patients with DENV and CHIKV
co-infection. Fatal cases were characterised by varia-
ble clinical and laboratory features. Evaluation of his-
topathology of autopsy tissues provided evidence of
the pathological consequences of the disease.

Introduction

Arboviral diseases such as dengue and chikungunya
infection are among the leading infectious health prob-
lems in the world today [1,2]. The majority of dengue
virus (DENV) infections occur in Asia, the Pacific, South
and Central America and the Caribbean, where they are
considered a public health problem [3]. The chikun-
gunya virus (CHIKV) was first isolated in Tanzania in
1953 and has repeatedly been identified in western,
central and southern Africa and in many parts of Asia.
Imported cases among tourists have been identified in
several European countries and the United States [4].
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The infection recently appeared in the Americas [5],
when autochthonous transmission of the CHIKV was
identified in St Martin in 2013. Since then, CHIKV has
spread to 33 countries and territories in the Caribbean,
South, Central and North America with nearly 2 million
cases identified [6].

Patients with DENV or CHIKV infection generally pre-
sent with a self-limited febrile disease. However, DENV
infection has several complications, mainly dengue
shock syndrome and haemorrhagic manifestations.
CHIKV infection is not regarded as a life-threaten-
ing disease [7,8], but mortality due to CHIKV was
reported during the Reunion Island outbreak in 2006
[9]. Although the overall proportion of atypical and
severe cases was low, mortality in these cases was
high. In areas where both viruses co-circulate, both
can be transmitted to the same human host and pose
a challenge for medical diagnosis. DENV and CHIKV
co-infection has been reported in several studies in a
non-negligible proportion of cases [10-12]. However,
fatalities in patients with DENV and CHIKV co-infection
have been rare to date. Mortality has been reported in
only one case without other specific information [13].

In this paper we present the clinical and laboratory
findings recorded in cases of fatal DENV and CHIKV
co-infection occurring in Colombia and correlate them
with the histopathological features of post-mortem tis-
sue biopsy.

Methods
In accordance with the procedures established in
Colombia for the reporting, collection and analysis



FIGURE

Histopathological findings of fatal cases of dengue and
chikungunya virus co-infection (n = 3)

A. Kidney

C. Heart

Haematoxylin- and eosin-stained tissue sections under light microscopy (40X).

(A) Kidney (Case 6): Glomerular oedema, tubular structure with hyaline casts, and
small focus of tubulointerstitial nephritis.

(B) Liver (Case 5): Individual areas of coagulative hepatocellular necrosis and
mild infiltrate of mixed inflammatory cells.

(C) Heart (Case 7): Epicardium with mild mononuclear inflammatory infiltrate
compatible with acute pericarditis, and myocardial tissue without
inflammatory infiltrate or remodelling areas.

of clinical data, patients with dengue and chikungu-
nya fever are notifiable and undergo continuous and
systematic monitoring. The cases are reported to
the National System for Public Health Surveillance
(SIVIGILA), which collects all the clinical information of
cases of public health interest from around the coun-
try. Cases with initial diagnoses of ‘probable’ are then
confirmed by the National Institute of Health through
laboratory tests or histopathological findings and clini-
cal features [14-16]. The guidelines of the Ministry of
Health and Social Protection stipulate that post-mor-
tem biopsies are required for fatal events due to DENV
or CHIKV. The case definitions for dengue and chikun-
gunya fatal cases are described elsewhere [14-16]. A
fatal case of dengue is defined as a patient with severe
dengue with laboratory-confirmed diagnosis by anti-
DENV IgM, viral isolation or PCR (PCR), and compatible
histopathological findings. A fatal case of chikungunya
is defined as a patient with an acute illness consist-
ent with the disease who developed severe or atypical
clinical manifestations, and with laboratory-confirmed
diagnosis by anti-CHIKV IgM, viral isolation or PCR.

This retrospective study included all fatal cases that
occurred from September 2014 through October 2015
reported to SIVIGILA and that were laboratory-con-
firmed for DENV and CHIKV co-infection by the National
Institute of Health. We collected detailed, serial clinical
findings including history, physical examination, and
haematological, biochemical, radiological and virologi-
cal results, and entered them into a predesigned data-
base. Histopathological examinations were performed
when tissue autopsy was available.

Serum samples obtained at hospital admission and tis-
sues from autopsies were processed in the Arbovirus
Laboratory at the National Institute of Health. For the
determination of anti-DENV IgM in serum, a commer-
cial capture ELISA kit was used. DENV and CHIKV were
identified by PCR on serum or tissue. On tissue sec-
tions, cell lysis was performed and the viral RNA was
extracted using a commercial QlAamp viral RNA mini
kit. DENV was identified and characterised by con-
ventional PCR as described elsewhere [17]. The CHIKV
identification test was conducted with gRT-PCR proto-
col according to Lanciotti et al. [18].

Histopathological features were reported for four
cases. Formalin-fixed tissues from fatal cases were
processed, embedded in paraffin, and cut in 5 um sec-
tions. Histopathological changes were examined on
haematoxylin- and eosin-stained tissue sections under
light microscopy.
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Results

During the study period, seven fatal cases of DENV and
CHIKV co-infection were identified among 58 CHIKV
deaths documented by the National Institute of Health.
Clinical features were reported for all cases, but in one
patient, laboratory findings were not available (Table).
Co-infection was diagnosed by positive CHIKV and
DENV PCR on post-mortem tissue in Cases 2, 3 and 6
(CHIKV PCR was also positive in serum in Cases 2 and
6), by positive CHIKV and DENV PCR on serum in Cases
1, 5 and 7 (DENV PCR was also positive in post-mortem
tissue in Case 7), and by positive CHIKV PCR on serum
and positive DENV PCR on post-mortem tissue in Case
4. The cycle threshold values for CHIKV PCR were 16.8—
32.5. Anti-DENV IgM in serum was analysed in two
cases and the results were negative. Dengue serotype
2 virus (DENV-2) was identified in six cases and DENV-3
in the remaining case.

All patients were adults (four were older than 60 years)
and four were female. One case was a pregnant woman
in the 37th week of gestation. Two days after hospital
admission, this patient gave birth to a live child with
normal physical examination. Four of the seven cases
presented comorbidities. Hypertension was the most
frequent underlying disease (three cases) and one
case had hypothyroidism. Time from symptom onset
to hospital admission was shorter than four days in all
cases (range: 1—4 days). Although all patients reported
to have had fever at home, axillary temperature was
high (>38°C) in only two cases at hospital admis-
sion. Arthralgia or myalgia at hospital admission was
reported for all patients. Haemorrhagic manifestations
were documented in four cases (mucosal bleeding in
three cases and haemorrhagic stroke that occurred six
days after hospital admission in one case) and oedema
of the lower limb in two patients. Two cases reported
gastrointestinal symptoms (diarrhoea, nausea or vom-
iting). However, no ascites or pleural effusion were
reported.

As regards laboratory findings at admission (Table),
one case had leucopenia (<4 x 10%/L) and three had leu-
kocytosis (>12 x 109/L). Haematocrit and haemoglobin
index were below 3.2 in all cases. Thrombocytopenia
(«100 x 10%/L) was documented in two cases at admis-
sion, and Cases 2, 4 and 7 developed the condition
during hospitalisation (range: 22 to 55 x 109/L). Renal
failure (creatinine>2 mg/dL) was reported in three
patients (Case 1 developed this complication after
admission). Four patients presented elevated transam-
inases, mainly aspartate aminotransferase (>34 U/L),
but their values were not higher than 1,000 U/L.

Six patients died within three days of hospital admis-
sion, and the last died after 16 days (Case 4). Causes
of mortality were multiorgan dysfunction syndrome,
shock in one case, and sepsis associated with nosoco-
mial infection in the pregnant woman (Case 4). For Case
4, blood and respiratory cultures yielded Acinetobacter
baumannii.
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Post-mortem tissue examination was performed for
four cases. The histopathological findings in Case 4
were related with septic shock. The other three cases
(Cases 5, 6 and 7) presented coagulative hepatocellular
necrosis; Case 5 presented incipient acute pericarditis
and Case 6 tubulointerstitial nephritis (Figure). Mild
oedema was observed in the lung of all four patients
but there was no evidence of inflammation. Similarly,
no inflammatory infiltrate was found in the myocardial
or brain tissues.

Discussion

Our data provide evidence of mortality associated with
DENV and CHIKV co-infection. DENV-2 was the predom-
inant serotype in our study. The clinical picture of DENV
and CHIKV infection regularly presented fever, arthral-
gia or myalgia, and rash. Other clinical and laboratory
characteristics presented variations. Histopathological
examinations were consistent with arbovirus infection.

Some studies using serological assays or PCR tests
have reported that co-infection of DENV and CHIKV is
not uncommon [10-13,19]. In a study performed in India
in 2010, Taraphdar et al. [10] found that 68 (12.4%) of
550 blood samples of febrile cases had IgM antibod-
ies against both DENV and CHIKV. In another study,
16 (2.8%) of 1,502 suspected cases of CHIKV infection
were confirmed to be DENV and CHIKV co-infections
in the Caribbean island of St Martin [11]. Moreover, a
study carried out in Gabon documented 37 co-infected
patients with DENV serotype 2 and CHIKV among
4,287 febrile patients (1,567 with CHIKV infection)
[12]. Importantly, in all previous studies, dual infected
patients were not severely ill and recovered quickly.
Mortality has been reported in only one case without
other specific information [13]. However, these obser-
vations should be interpreted with caution in view of
the limited number of clinical and biological investiga-
tions available [19].

Moreover, DENV or CHIKV may be underdiagnosed in
areas where both viruses circulate. Multiple infections
in a single patient may change the spectrum of clinical
manifestations or overlapping clinical symptoms and
thus complicate the diagnosis [10,20,21]. In addition,
the recent emergency of Zika virus has led to the co-cir-
culation of these three arboviruses in many countries
and there is the possibility of co-infections [22].

In our study, we found that the main classical clinical
manifestations associated with DENV or CHIKV infec-
tion [23] were present at hospital admission, but the
incidence of other manifestations such as haemor-
rhage, oedema and gastrointestinal symptoms tended
to vary. Other laboratory findings such as thrombocy-
topenia, renal failure, and leukocyte count were also
inconsistent among our cases. Moreover, none of our
cases had systemic vascular leak syndrome (haemo-
concentration, pleural effusion and ascites). In previ-
ous studies, thrombocytopenia and bleeding were rare
complications in patients mono-infected with CHIKV,



TABLE

Clinical features and laboratory findings in fatal cases with dengue and chikungunya virus co-infection (n = 7)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Clinical features
Age (> 60 years-old) Yes Yes Yes No No Yes No
Comorbidities Hypertension | Hypertension | Hypothyroidism Pregnancy None Hypertension None
Time from symptom onset (days) 3 3 4 1 3 2 3
Fever Yes Yes Yes Yes Yes Yes Yes
Arthralgia Yes Yes Yes Yes Yes Yes Yes
Rash Yes Yes Yes Yes No No Yes
:ﬁr}g;g?i%iﬁs No Petechiae Haebrﬂggr:gic Haersrl(r)(r){(r;agic No gas:)rlch)?npt;rstinal No

eeding

Oedema Yes No Yes No No No No
Time from admission
to mortality (days) 3 ! 2 16 ! ! 2
Laboratory findings at admission
Haemoglobin (g/dL) 15.4 13.9 19.2 14 14.6 NA 11.5
Haematocrit (%) 44 42 58 42 44 NA 35.7
Total white cells (10°/L) 12.6 15.1 26.7 7.4 5.4 NA 3.1
Platelets (109/L) 210,000 161,000 60,000 120,000 99,000 NA 151.000
Creatinine (mg/dL) 0.98 5.5 2.4 0.49 0.65 NA 0.67
/a-l\rsr!:i’sgttar:'lsferase /L) NA 419 252 3 72:4 NA 186
Q::il::gfransferase (u/L) NA 69 37 8 50.2 NA 137

NA: not available.

Normal ranges: Haemoglobin: 12-17 g/dL; haematocrit: 40-50%; platelets: 150-600 x 109/L; total white cells: 4—12 x 10%/L; creatinine:
0.75-1.2 mg/dl; aspartate aminotransferase 10-34 U/L; alanine aminotransferase: 5—59 U/L.

but were more frequent in patients infected with DENV.
Similarly, recent studies have reported renal failure in
patients who died of CHIKV infection. Finally, leuko-
penia has frequently been described in patients with
DENV, but leukocytosis has commonly been docu-
mented in fatal cases of CHIKV [21,24,25]. These data
emphasise the need for a multidimensional diagnos-
tic approach in these clinical situations. In countries
where both diseases are endemic, the differential
diagnosis between severe DENV and CHIKV infections
or co-infection may be a challenge.

The critical period of development of complications or
mortality in patients with DENV infection is between
four and six days after symptom onset [26], and from
four to eight days in patients with CHIKV infection
[24,25]. Similar time frames were documented in the
present study of co-infected DENV and CHIKV fatal
cases. Moreover, the assessment of histopathology of
autopsy tissues in the present study provided evidence
of the pathological consequences of the disease. It is
important to note that in one of our cases, mortality
did not seem to be directly related to virus infection:
this patient died several days after hospital admission
due to a sepsis associated with nosocomial infection,
and the histopathological findings were compatible
with a septic process. Conversely, in the other six

cases, laboratory data coincided with those found in
histopathological studies. Renal failure with high cre-
atinine values and elevated transaminases concurred
with the pathology findings of tubular interstitial
nephritis or tubular necrosis and hepatocellular necro-
sis. Moreover, the histopathological results in the liver
coincided with those described in fatal DENV infections
[27]. However, these liver pathology results have also
been found in fatal cases of CHIV mono-infection in
Colombia (data not shown). Interestingly, although no
histopathological evidence of myocarditis or encepha-
litis was observed in any of the case-patients in the
present study, these complications have been reported
previously in patients with DENV or CHIKV infection
[14,15]. A study has documented DENV in cerebrospi-
nal fluid, in macrophage-like cells and neurons in the
central nervous system [28]. Similarly, experimental
infection in animal models has documented the capac-
ity of CHIKV to infect leptomeningeal tissue and glial
cells [29].

Most of our cases were co-infected with DENV serotype
2. Along with serotypes 1, 3 and 4, this serotype has
been associated with CHIKV co-infection in other stud-
ies [11-13,19,30,31]. Moreover, the genome sequence of
the CHIKV strain circulating in America was shows that
it belongs to the Asian genotype, suggesting Asia as
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the probable origin of the circulating virus [32,33]. In
Colombia, the National Health Institute reported simi-
lar data. By contrast, lethal cases of CHIKV infection
have previously been associated with infections by the
east/central/south African (ECSA) genotype, which was
responsible for the large epidemics on islands in the
Indian Ocean and the Indian subcontinent. However, in
a recent study performed in Bahia State in east-central
Brazil, the ECSA genotype was also found [34].

It is difficult to establish the possible effect of both
CHIKV and DENV on mortality in our cases. A previous
study documented that CHIKV and DENV serotype 2
loads in co-infected patients were always significantly
lower than those in DENV and CHIKV mono-infected
patients. However, the co-infected patients might have
high loads of CHIKV or DENV, or both [12]. The authors
of that study suggest that interaction between viruses
or the timing of a bite from an infected mosquito could
explain these findings. Unfortunately, in our study
we did not analyse viral load and immune response.
Moreover, it has been documented that when shock
sets in, dengue virus is no longer detectable in blood,
and it has therefore been suggested that the host
response should play a key role in pathogenesis. But
there is evidence suggesting that DENV replication
may occur in some organs, while viraemia is no longer
detectable [28]. It is interesting to note that in the pre-
sent study, time from symptom onset to mortality was
shorter than six days in most cases (except Case 4) and
RT-PCR on serum (6 cases) or post-mortem tissues (5
cases) was positive while the serological results were
negative, suggesting viraemia or viral replication in
tissues.

There are several limitations to our study. The detection
of suspected cases of mortality due to DENV or CHIKV
infection depends on the reports made by physicians
in different areas of the country. In addition, serologi-
cal tests and PCR for DENV and CHIKV are not available
in most Colombian hospitals. Therefore, it is likely that
certain cases were not detected. Moreover, anti-DENV
and anti-CHIKV IgM were not determined in all cases.
However, it can be expected that serology would have
been negative because most of the cases had an acute
infection (<6 days since symptom onset). Finally, post-
mortem examination was not performed in one case
and immunohistochemical studies were not done.

Conclusion

Our data provide evidence of mortality associated
with DENV and CHIKV co-infection. Post-mortem his-
topathological findings were consistent with arbo-
virus infection. The variations in the clinical and
laboratory findings make an accurate diagnosis dif-
ficult and highlight the need for sensitive and rapid
tests. It is important to differentiate between them
as their management, especially for dengue, is dif-
ferent. Prospective studies evaluating the immune
response and virological aspects of co-infection are
now required.
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