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Abstract

Background

Dengue fever is an important arboviral disease. The clinical manifestations vary from a mild
non-specific febrile syndrome to severe life-threatening iliness. The virus can usually be
detected in the blood during the early stages of the disease. Dengue virus has also been
found in isolated cases in the cerebrospinal fluid, urine, nasopharyngeal sections and saliva.
In this report, we describe the isolation of dengue virus from the upper respiratory tract of
four confirmed cases of dengue.

Methods

We reviewed all laboratory reports of the isolation of dengue virus from respiratory speci-
mens at the clinical microbiology laboratory of the Kaohsiung Veterans General Hospital
during 2007 to 2015. We then examined the medical records of the cases from whom the
virus was isolated to determine their demographic characteristics, family contacts, clinical
signs and symptoms, course of iliness and laboratory findings.

Results

Dengue virus was identified in four patients from a nasopharyngeal or throat culture. Two
were classified as group A dengue (dengue without warning signs), one as group B (dengue
with warning signs) and one as group C (severe dengue). All had respiratory symptoms.
Half had family members with similar respiratory symptoms during the period of their ill-
nesses. All of the patients recovered uneventfully.

Conclusions

The isolation of dengue virus from respiratory specimens of patients with cough, rhinorrhea
and nasal congestion, although rare, raises the possibility that the virus is capable of
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transmission by the aerosol route among close contacts. This concept is supported by stud-
ies that show that the virus can replicate in cultures of respiratory epithelium and can be
transmitted through mucocutaneous exposure to blood from infected patients. However,
current evidence is insufficient to prove the hypothesis of transmission through the respira-
tory route. Further studies will be needed to determine the frequency of respiratory coloniza-
tion, viable virus titers in respiratory secretions and molecular genetic evidence of
transmission among close contacts.

Author summary

Dengue virus is rarely identified in respiratory specimens. We retrospectively identified
four patients with dengue fever who had the virus isolated from their nose or throat. All
the patients had respiratory signs or symptoms. Half had family members who also had
respiratory symptoms. Further studies are needed to evaluate the possibility of respiratory
transmission of this virus.

Introduction

Dengue fever is a mosquito-borne disease caused by dengue virus (DENV). There are four
serotypes-DENV-1, DENV-2, DENV-3 and DENV-4. Dengue is widely distributed through-
out tropical and sub-tropical areas around the world and imposes great economic burden. It is
transmitted by Aedes aegypti and less commonly by Aedes albopictus. The World Health Orga-
nization (WHO) estimates that up to 100 million infections occur annually [1]. The incidence
of dengue fever has increased 30-fold over the past 50 years, making it one of the most impor-
tant arboviral disease around the world [1].

The course of dengue usually go through three phases: febrile phase, critical phase and
recovery (convalescence) phase [1, 2]. Febrile phase represents the beginning of high fever
caused by dengue viremia, which lasts for 2-7 days. Critical phase is featured by signs of
plasma leak, such as pleural effusion, ascites, petechiae or intracranial bleeding around the
time of defervescence, which lasts for 24-48 hours. After patients survive the critical phase,
they go through convalescent phase and recover spontaneously.

Timely and efficient diagnosis is crucial to the management of dengue. Current diagnostic
tests enable simple, rapid and sensitive detection of the virus. This is achieved by isolation of
the virus or serologic or molecular methods depending on the phase of the disease [3]. Non-
structural 1 (NS1) protein is a glycoprotein encoded by dengue virus and secreted from den-
gue-infected cells [4]. Detection of the NSI antigen by enzyme-linked immunosorbent assay
in the acute phase is an important tool for prompt diagnosis of dengue [5]. Confirmation is
made by reverse-transcriptase polymerase chain reaction (RT-PCR) from viremic specimens
[1]. Rapid diagnostic tests for dengue antibodies (IgG, IgM) are also commercially available.

Although the early diagnosis of dengue fever is usually based on detection of viremia, there
are several reports of DENV in cerebrospinal fluid [6], saliva and urine [7]. We are aware of
only one case report of the isolation of dengue virus from a respiratory specimen [8]. In this
report, we describe four cases of dengue fever in which the virus was isolated from the upper
respiratory tract.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005520 ~ April 5, 2017 2/10


https://doi.org/10.1371/journal.pntd.0005520

@‘ PLOS NEGLECTED
Z) ’ TROPICAL DISEASES Dengue virus in respiratory secretions

Methods
Ethics statement

This study was approved by the institutional review board of the Kaohsiung Veterans General
Hospital. Patient data were anonymized.

Study design

The study was conducted at the Kaohsiung Veterans General Hospital, in southern Taiwan.
We identified all isolations of dengue virus from respiratory specimens obtained from patients
admitted to the emergency service, hospital or clinics setting during 2007 to 2015. A respira-
tory specimen was defined as material obtained from the sputum, nasopharyngeal or pharyn-
geal secretions, or bronchoalveolar lavage fluid. The medical records of each patient were
reviewed to provide demographic data, clinical signs and symptoms, contact history, labora-
tory findings, clinical course and outcome.

Virus isolation and growth

Respiratory specimens were sent to the virology laboratory for identification. They were inocu-
lated into six different cell lines: human lung fibroblast (MRC-5), human rhabdomyosarcoma
(RD), human lung adenocarcinoma (A549), African green monkey kidney cell (Vero), Rhesus
monkey kidney (MK2), and Madin Darby canine kidney (MDCK). Fresh Eagle minimal essen-
tial medium was added and incubated at 35°C with 5% CO,. Observations were made twice a
week for 3 weeks at 4x magnification until a cytopathic effect (CPE) was evident.

Indirect immunofluorescence assay

CPE positive cultures were identified using indirect immunofluorescence assay (IFA) screen-
ing kits for respiratory viruses (Catalogue number 3360, Chemicon International Inc.) and
enteroviruses (Catalogue number 5007, Chemicon International Inc.) according to the manu-
facturer’s instructions. Respiratory IFA contains antibodies which recognize adenovirus, influ-
enza A and B, parainfluenza 1, 2 and 3, and respiratory syncytial virus. Enterovirus IFA
contains antibodies which recognize echoviruses, coxsackie A and B, polio 1,2, and 3, and
enteroviruses 70 and 71.

Reverse transcription and PCR amplification

Viral RNA was extracted from each culture supernatant using the QiAmp viral RNA kit (Qia-
gen inc.) according to the manufacturer’s instructions and analyzed using classic RT-PCR. We
used primer DV1 and type-specific DSP1, DSP2, DSP3 and DSP4 according to a previous
study [9]. One-step RT-PCR assays (SuperScript' ™ One-Step RT-PCR with Platinum Taq kit;
Invitrogen Corporation) were performed. The amplification reaction consisted of cDNA syn-
thesis at 50°C for 30 minutes; predenaturation at 95°C for 1 minute, PCR amplification for 45
cycles at 95°C for 30 seconds, at 50°C for 30 seconds, and at 72°C for 7 minutes; followed by a
final extension step at 72°C for 7 minutes. PCR products were analyzed by electrophoresis on
a 1.5% agarose gel; the expected amplicons were 169 base pair (bp) for DENV-1, 362 bp for
DENV-2, 265 bp for DENV-3, and 426 bp for DENV-4.

Statistics

Descriptive statistics were used to characterize the study population, clinical features and labo-
ratory findings.
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Results

Our virology laboratory received 31893 respiratory specimens during 2007-2015. Dengue
virus was isolated from either the nasopharynx or the throat of 4 patients. Their medical rec-
ords were reviewed and summarized below.

Patient 1

A 64-year-old otherwise healthy woman presented to the emergency department with fever of
38.0°C for one day in November 2015. This was associated with generalized myalgia, severe
headache, rhinorrhea, nasal congestion, productive cough and gingival bleeding. She had no
signs of respiratory distress when seen in the emergency department. Laboratory analysis
revealed white blood cell count (WBC) of 3.18x10°/L, hematocrit (HCT) of 35.9% and a plate-
let count of 166x10°/L. She tested positive for serum dengue NSI antigen and negative for den-
gue IgM and IgG (SD BIOLINE Dengue Duo). A quick test (BD Veritor ™ System For Rapid
Detection of Flu A+B) was positive for influenza A. She was treated with oral oseltamivir and
subsequently hospitalized. A nasopharyngeal culture obtained after admission was positive for
DENV-2. Her condition gradually improved and she was discharged home after 5 days of
hospitalization.

Patient 2

A 17-year-old young man presented to the pediatric emergency department with intermittent
high-grade fever for two days in August 2015. This was associated with myalgia, headache, rhi-
norrhea, sore throat, productive cough and abdominal pain. Physical examination showed a
congested oropharynx and soft abdomen with hyperactive bowel sounds. Laboratory tests
showed a WBC of 3.06x10°/L, a HCT of 38.6% and a platelet count of 151x10°/L. Throat swab
tested negative for influenza quick test and negative for beta-hemolytic streptococcus and
nasopharyngeal swab was positive for DENV-2. His stool was negative for adenovirus (Adeno-
lex test, Orion Diagnostica, Finland, as text in S1). He was treated for acute bacterial tonsillitis
with oral amoxicillin and followed up in the pediatric clinic 2 days after, with marked improve-
ment of symptoms.

Patient 3

A 14-year-old girl presented to the emergency department with fever, chills and fatigue for 3
days in September 2010. She had history of pneumonia and acute otitis media (AOM) when
she was in elementary school. Her aunt, living with her, had similar signs and symptoms. She
had no recollection of a mosquito bite. Her temperature was 38.9°C. Her conjunctivae and
throat were congested. Laboratory investigations showed a WBC of 2.78x10°/L, a platelet
count of 139x10°/L and HCT of 36.2%. A nasopharyngeal influenza quick test was negative.
She was discharged with antipyretics, but returned the next day due to nausea, persistent fever
and new-onset bilateral otalgia. Her eardrums were normal without discharge. There was no
skin rash. She was treated with amoxicillin-clavulanate and antipyretics. A serologic test at day
4 was positive for dengue NS1 antigen. The throat swab collected at day 5 of fever showed a
cytopathic effect. The virus culture was positive for DENV-2 by RT-PCR. She became afebrile
on day 6 and gradually improved.

Patient 4

A 12-year-old boy presented to the pediatric emergency room with a temperature of 40°C for
one day in October 2008. This was associated with generalized weakness, myalgia, severe
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headache and vomiting. His father had similar symptoms and was admitted in our hospital at
the same time. The child’s blood pressure was 178/78 mmHg and heart rate was 133/min. He
had a congested pharynx with bilateral coarse breath sounds. Laboratory test showed a WBC
of 8.49x10°/L, HCT of 41.5% and platelet count of 264x10°/L. Chest X-ray was unremarkable.
He was admitted to the pediatric service and treated with oseltamivir. His fever and other
signs and symptoms persisted for 4 days and were accompanied by lethargy, severe bone pain,
generalized skin rashes and one episode of epistaxis. Laboratory data revealed a WBC of
2.08x10°/L, a platelet count of 70x10°/L and hemoconcentration with HCT of 46.9%. The
patient was transferred to the pediatric intensive care unit for monitoring because of signs of
severe dengue. A nasopharyngeal influenza quick test was negative. Throat swab and blood
virus cultures were obtained at day 4 of illness. DENV-1 was isolated from both specimens.
Abdominal sonography and chest-x ray showed no signs of pleural effusion or ascites. The
patient was treated supportively and was discharged at day 12 of illness.

Summary

Their clinical findings are summarized in Table 1 and virology data in Tables 2 and 3.

Discussion

Four cases of confirmed dengue fever with isolation of dengue virus from their respiratory
tract was presented. Their clinical manifestation ranges from mild illness, which can be man-
aged at outpatient clinics, to severe dengue, which required closely monitoring in ICU setting.
All patients had respiratory tract symptoms and half of their family members also reported

Table 1. Clinical and serologic findings in four patients from whom dengue virus was isolated from their throat or nasopharynx.

Patient

Age

Sex

Clinical Symptoms

Respiratory Symptoms

Clinical Diagnosis
Dengue Serology

Dengue Warning Signs

Clinical Specimen Cultured
@Day of lliness during virus

isolation
Dengeue virus Serotype
PCase Classification

1 2 3 4

64 17 14 12

F M F M

Fever Fever Fever Fever

Myalgia Myalgia Nausea Myalgia

Headache Abdominal pain Headache
Vomiting
Bone pain

Cough Cough Cough Rhinorrhea

Rhinorrhea Rhinorrhea Rhinorrhea Nasal congestion

Nasal congestion Sore throat

Dengue Acute tonsillitis Suspected otitis media or Dengue

dengue

NS1 (+), IgM (-), I9G () Not tested NS1 (+), IgM (-), I9G (-) NS1 (+), IgM (-), IgG
)

Gingival bleeding Nil Nil Gingival bleeding
Epistaxis Petechiae
Purpura

Nasopharyngeal swab Throat swab Throat swab Throat swab

Dengue virus type 2

Dengue with warning
signs

Day 2, febrile phase

Day 1, febrile phase Day 4, febrile phase Day 4, critical phase

Dengue virus type 2 Dengue virus type 2

Dengue without warning signs

Dengue virus type 1
Dengue without warning Severe Dengue

signs

@Definition of dengue phase was based on 2009 WHO Dengue Guideline.
PClassification was based on the 2009 WHO Dengue Guideline.

https://doi.org/10.1371/journal.pntd.0005520.t001
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Table 2. Description of cell lines with cytopathic effects to dengue virus from respiratory specimens of four patients with dengue.

Patient number Clinical specimens Cells with *CPE Day till CPE observed PCPE Level °Cell Line Passage
1 Nasopharyngeal swab Vero 8 days 2+ 0
MK2 11 days 1+ 0
2 Throat swab Vero 12 days 3+ 0
3 Throat swab Vero 11 days 1+ 0
MK2 24 days 1+ 0
4 Throat swab MK2 21 days 1+ 0

8CPE: cytopathic effect
PCPE level: 1+/2+/3+/4+ indicating 25%/50%/75%/100% of cells showed CPE.
o: indicating no subculture required for positive CPE.

https://doi.org/10.1371/journal.pntd.0005520.t002

respiratory symptoms. This suggests the possibility of the respiratory route for transmission of

dengue virus. We reviewed the literature for evidence supporting this concept.

Current understanding of dengue transmission

Dengue virus is typically transmitted by means of its vector mosquitos. Humans are its pri-
mary amplifying host [1]. The incubation period after being bitten by a mosquito falls between

3-10 days in 95% of the patients [10]. After this period, DENV begins to replicate rapidly,

causing viremia for an average of 5.1 days for primary infection and 4.4 days for secondary
infection [11]. A mosquito can acquire DENV through ingestion of viremic blood that has
high circulating virus [12]. Once the virus is acquired, the mosquito remains infected through-
out its life and can pass it to its offspring through transovarial transmission [13]. Transovarial
transmission of DENV 1-4 has been observed in both A. aegypti and A. albopictus [14], mak-

ing vector population control a crucial issue in the management of dengue outbreak.

Dengue virus can also be transmitted from infected blood by transfusions [15], organ trans-
plantation [16-18], vertical transmission from mother to fetus [19] and needle stick injury [20].

Aerosol transmission

There has only been one prior report, to our knowledge, of the isolation of DENV from nasal
and pharyngeal swabs of a patient residing in a dengue-endemic area [8]. We now add four

Table 3. Results of Inmunofluorescence assay and RT-PCR of specimen from positive-CPE inoculated cells in 4 patients with dengue virus cul-

ture-positive respiratory specimens.

Patient number CPE-positive cell Test Test Result
1 Vero cell Respiratory virus ®IFA Negative
Enterovirus IFA Negative
Dengue RT-PCR Dengue virus type 2
2 Vero cell Enterovirus IFA Negative
Dengue RT-PCR Dengue virus type 2
3 MK2 cell Respiratory virus IFA Negative

Enterovirus IFA
Dengue RT-PCR

4 MK2 cell Respiratory virus IFA
Enterovirus IFA
Dengue RT-PCR

8IFA: Immunofluorescence assay

https://doi.org/10.1371/journal.pntd.0005520.t003

Negative
Dengue virus type 2
Negative
Negative
Dengue virus type 1
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more similar cases. Dengue fever is commonly associated with respiratory symptoms. A den-
gue surveillance system found that 35-38% of laboratory-positive dengue patients had sore
throat, cough and nasal congestion [21]. This raises the possibility that dengue can be trans-
mitted via respiratory aerosols or by direct contact from patients with respiratory infection.
Half of the patients had family members who also had similar signs and symptoms during
onset of their illness. The finding of dengue virus in their nasopharynx and throats and the
close association of two of them with symptomatic relatives made us wonder whether respira-
tory aerosols might have transmitted dengue virus into the air or by close contact. Possible
aerosol transmission has been reported with other flaviruses, including Zika virus [22], tick-
borne encephalitis virus [23] and Wesselsbron virus [8].

There is strong evidence from work conducted on dengue fever in World War II that den-
gue virus can be transmitted through nasopharyngeal exposure to infected serum [24]. Sev-
enty-five percent of patients receiving intranasal instillation of infected serum developed
febrile illness 11 days after inoculation. The median onset of leukopenia was slower compared
to patients infected by mosquito-bites (10.5 days vs. 8 days). The duration of fever and leuko-
penia were also shorter in patients infected intranasally. Half of the intranasal-infected patients
developed epistaxis compared to 6% of patients infected by mosquito bites or infected serum
(P<0.001) [25].

There are other reports of possible mucocutaneous transmission of dengue virus. A health
care worker was diagnosed with dengue after she accidentally splashed the infected serum on
her face, including her eye, nose and mouth. She had nosebleeds, anorexia and eye pain 10
days afterwards. Serological markers indicated acute dengue infection [26]. Another investiga-
tor was infected with the virus while performing a laboratory experiment involving primary
infection of colony mosquitoes with dengue virus via an artificial membrane feeding appara-
tus. Nucleotide sequencing found 99.8% homology between the virus retrieved from patient
and the laboratory strain. The patient was wearing gloves, gowns and eye protection during
the procedure. It was postulated that the virus may have been transmitted mucocutaneously
via virus-infected aerosolized blood droplets or through an unrecognized dermal abrasion
[27].

Ability of dengue virus to grow in respiratory epithelial cells

Before the availability of polymerase chain reaction, typical viral isolation techniques for den-
gue virus involved inoculating specimens in C6/36 cells, larva tissue of A. Albopictus [28]. Our
virology laboratory observed cytopathic effect in either Vero or MK2 cell lines. Aside from
these cell lines, all four serotypes of DENV have been demonstrated to be able to infect and
replicate in human primary lung epithelium and lung cancer cell lines [29]. These findings
indicate that respiratory epithelium may be a possible target of dengue virus.

The cells routinely used for viral culture of respiratory specimens in our laboratory were
designed to detect common respiratory pathogen rather than dengue virus. Once inoculated
cells show CPE, we would use screening IFA for respiratory virus and enteroviruses. Coinfec-
tions with respiratory virus and enterovirus IFA were excluded since all our specimens tested
negative for these pathogens by IFA.

Limitation

Since this is a retrospective study, it has certain limitations. The respiratory secretions of den-
gue—infected patients were not routinely cultured for viral growth. A review of 281 cases of
patients with dengue in our hospital in 2015 shows that only 2 patients had respiratory speci-
mens sent for viral culture. The culture cells we used were not optimal for dengue virus growth
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and may underestimate dengue infection. Of 31893 specimens received, only 4 tested positive
for dengue virus. Testing for dengue PCR from respiratory virus and enterovirus IFA-negative
specimens were done only when dengue virus was suspected by the microbiologists according
to their own experiences.

Conclusion

This report of the isolation of dengue virus from the airway secretions of four patients with
respiratory symptoms raises the possibility that it may spread by the aerosol route or by direct
contact. This concept is supported by studies which show that the virus can replicate in cul-
tures of respiratory epithelium and can be transmitted through mucocutaneous exposure to
blood from infected patient. Current evidences are insufficient to prove the hypothesis of
transmission through the respiratory route. Further studies are needed to determine the fre-
quency of respiratory colonization in patients with dengue, viable virus titers in respiratory
secretions and molecular genetic evidence of transmission of the same strain among close
contacts.

Supporting information

S1 Tests. Details about tests performed in our patients.
(DOCX)

Acknowledgments

We thank Calvin M Kunin for his review of this manuscript.

Author Contributions
Conceptualization: NMC CLS.

Formal analysis: NMC CLS.

Funding acquisition: CLS SSJL YSC.
Investigation: NMC CLS.
Methodology: NMC CLS.

Project administration: CLS SSJL YSC.
Resources: BCC TSH CLS SSJL YSC.
Supervision: CLS SSJL YSC.
Validation: NMC CLS.

Visualization: NMC CLS.

Writing - original draft: NMC.
Writing - review & editing: NMC BCC TSH CLS SSJL YSC.

References

1. Special Programme for Research and Training in Tropical Diseases., World Health Organization. Den-
gue: guidelines for diagnosis, treatment, prevention, and control. New ed. Geneva: TDR: World Health
Organization; 2009. 147 p. p.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005520 ~ April 5, 2017 8/10


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0005520.s001
https://doi.org/10.1371/journal.pntd.0005520

@ PLOS | RSHEAE Biseases

Dengue virus in respiratory secretions

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

CDC DoV-BD. Dengue: Clinical Guidance [updated January 20, 2016; cited 2017 1/22]. Available from:
https://www.cdc.gov/dengue/clinicalLab/laboratory.html.

CDC DoV-BD. Dengue: Laboratory Guidance and Diagnostic Testing 2016 [updated January 20, 2016;
cited 2016 6/29]. Available from: http://www.cdc.gov/dengue/clinicalLab/laboratory.html.

Gutsche |, Coulibaly F, Voss JE, Salmon J, d’Alayer J, Ermonval M, et al. Secreted dengue virus non-
structural protein NS1 is an atypical barrel-shaped high-density lipoprotein. Proc Natl Acad Sci U S A.
2011; 108(19):8003-8. Epub 2011/04/27. PubMed Central PMCID: PMCPMC3093454. https://doi.org/
10.1073/pnas.1017338108 PMID: 21518917

Peeling RW, Artsob H, Pelegrino JL, Buchy P, Cardosa MJ, Devi S, et al. Evaluation of diagnostic tests:
dengue. Nat Rev Micro. 2010; 8(12 Suppl):S30-8.

Phu Ly MH, Takamatsu Y, Nabeshima T, Pham Hoai LL, Pham Thi H, Dang Thi D, et al. Isolation of
dengue serotype 3 virus from the cerebrospinal fluid of an encephalitis patient in Hai Phong, Vietnam in
2013. J Clin Virol. 2015; 70:93-6. Epub 2015/08/26. https://doi.org/10.1016/j.jcv.2015.07.295 PMID:
26305828

Poloni TR, Oliveira AS, Alfonso HL, Galvéao LR, Amarilla AA, Poloni DF, et al. Detection of dengue virus
in saliva and urine by real time RT-PCR. Virol J. 2010; 7(1):1-4.

Tavakoli NP, Tobin EH, Wong SJ, Dupuis AP 2nd, Glasheen B, Kramer LD, et al. Identification of den-
gue virus in respiratory specimens from a patient who had recently traveled from a region where dengue
virus infection is endemic. J Clin Microbiol. 2007; 45(5):1523-7. PubMed Central PMCID:
PMCPMC1865903. https://doi.org/10.1128/JCM.00209-07 PMID: 17376878

Seah CLK, Chow VTK, Tan HC, Chan YC. Rapid, single-step RT-PCR typing of dengue viruses using
five NS3 gene primers. J Virol Methods. 1995; 51(2-3):193-200. PMID: 7738139

Chan M, Johansson MA. The Incubation Periods of Dengue Viruses. PLoS One. 2012; 7(11). PubMed
Central PMCID: PMCPMC3511440.

Vaughn DW, Green S, Kalayanarooj S, Innis BL, Nimmannitya S, Suntayakorn S, et al. Dengue Viremia
Titer, Antibody Response Pattern, and Virus Serotype Correlate with Disease Severity. J Infect Dis.
2000; 181(1):2-9. https://doi.org/10.1086/315215 PMID: 10608744

Carrington LB, Simmons CP. Human to Mosquito Transmission of Dengue Viruses. Front Immunol.
2014; 5. PubMed Central PMCID: PMCPMC4060056.

CDC DoV-BD. Dengue: Epidemiology 2014 [updated 2014/01/09; cited 2016 06/29]. Available from:
http://www.cdc.gov/dengue/epidemiology/.

Rosen L, Shroyer DA, Tesh RB, Freier JE, Lien JC. Transovarial transmission of dengue viruses by
mosquitoes: Aedes albopictus and Aedes aegypti. Am J Trop Med Hyg. 1983; 32(5):1108-19. Epub
1983/09/01. PMID: 6625066

Tambyah PA, Koay ESC, Poon MLM, Lin RVTP, Ong BKC. Dengue Hemorrhagic Fever Transmitted
by Blood Transfusion. N Engl J Med. 2008; 359(14):1526-7. https://doi.org/10.1056/NEJMc0708673
PMID: 18832256

Tan FL-S, Loh DLSK, Prabhakaran K. Dengue haemorrhagic fever after living donor renal transplanta-
tion. Nephrology Dialysis Transplantation. 2005; 20(2):447-8.

Saigal S, Choudhary NS, Saraf N, Kataria S, Mohanka R, Soin AS. Transmission of dengue virus from
a donor to a recipient after living donor liver transplantation. Liver Transpl. 2013; 19(12):1413—4. https://
doi.org/10.1002/1t.23755 PMID: 24115243

Punzel M, Korukluoglu G, Caglayik DY, Menemenlioglu D, Bozdag SC, Tekgunduz E, et al. Dengue
virus transmission by blood stem cell donor after travel to Sri Lanka; Germany, 2013. Emerg Infect Dis.
2014; 20(8):1366-9. Epub 2014/07/26. PubMed Central PMCID: PMCPMC4111198. https://doi.org/10.
3201/eid2008.140508 PMID: 25062084

Ribeiro CF, Lopes VG, Brasil P, Coelho J, Muniz AG, Nogueira RM. Perinatal transmission of dengue: a
report of 7 cases. J Pediatr. 2013; 163(5):1514—6. Epub 2013/08/07. https://doi.org/10.1016/}.jpeds.
2013.06.040 PMID: 23916226

Nemes Z, Kiss G, Madarassi EP, Peterfi Z, Ferenczi E, Bakonyi T, et al. Nosocomial Transmission of
Dengue. Emerg Infect Dis. 2004; 10(10):1880—1. https://doi.org/10.3201/eid1010.040464 PMID:
15515246

Gregory CJ, Santiago LM, Arguello DF, Hunsperger E, Tomashek KM. Clinical and Laboratory Features
That Differentiate Dengue from Other Febrile llinesses in an Endemic Area—Puerto Rico, 2007—2008.
The American Journal of Tropical Medicine and Hygiene. 2010; 82(5):922-9. https://doi.org/10.4269/
ajtmh.2010.09-0552 PMID: 20439977

Chan JF, Choi GK, Yip CC, Cheng VC, Yuen KY. Zika fever and congenital Zika syndrome: An unex-
pected emerging arboviral disease. J Infect. 2016. Epub 2016/03/05.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005520 ~ April 5, 2017 9/10


https://www.cdc.gov/dengue/clinicalLab/laboratory.html
http://www.cdc.gov/dengue/clinicalLab/laboratory.html
https://doi.org/10.1073/pnas.1017338108
https://doi.org/10.1073/pnas.1017338108
http://www.ncbi.nlm.nih.gov/pubmed/21518917
https://doi.org/10.1016/j.jcv.2015.07.295
http://www.ncbi.nlm.nih.gov/pubmed/26305828
https://doi.org/10.1128/JCM.00209-07
http://www.ncbi.nlm.nih.gov/pubmed/17376878
http://www.ncbi.nlm.nih.gov/pubmed/7738139
https://doi.org/10.1086/315215
http://www.ncbi.nlm.nih.gov/pubmed/10608744
http://www.cdc.gov/dengue/epidemiology/
http://www.ncbi.nlm.nih.gov/pubmed/6625066
https://doi.org/10.1056/NEJMc0708673
http://www.ncbi.nlm.nih.gov/pubmed/18832256
https://doi.org/10.1002/lt.23755
https://doi.org/10.1002/lt.23755
http://www.ncbi.nlm.nih.gov/pubmed/24115243
https://doi.org/10.3201/eid2008.140508
https://doi.org/10.3201/eid2008.140508
http://www.ncbi.nlm.nih.gov/pubmed/25062084
https://doi.org/10.1016/j.jpeds.2013.06.040
https://doi.org/10.1016/j.jpeds.2013.06.040
http://www.ncbi.nlm.nih.gov/pubmed/23916226
https://doi.org/10.3201/eid1010.040464
http://www.ncbi.nlm.nih.gov/pubmed/15515246
https://doi.org/10.4269/ajtmh.2010.09-0552
https://doi.org/10.4269/ajtmh.2010.09-0552
http://www.ncbi.nlm.nih.gov/pubmed/20439977
https://doi.org/10.1371/journal.pntd.0005520

@ PLOS | RSHEAE Biseases

Dengue virus in respiratory secretions

23.

24,

25.

26.

27.

28.

29.

Lehrer AT, Holbrook MR. Tick-borne Encephalitis Vaccines. Journal of bioterrorism & biodefense.
2011;2011(Suppl 1):003.

Sabin AB. Research on Dengue during World War Il. The American Journal of Tropical Medicine and
Hygiene. 1952; 1(1):30-50. PMID: 14903434

Snow GE, Haaland B, Ooi EE, Gubler DJ. Research on Dengue during World War |l Revisited. Am J
Trop Med Hyg. 2014; 91(6):1203-17. PubMed Central PMCID: PMCPMC4257648. https://doi.org/10.
4269/ajtmh.14-0132 PMID: 25311700

Chen LH, Wilson ME. Transmission of Dengue Virus without a Mosquito Vector: Nosocomial Mucocuta-
neous Transmission and Other Routes of Transmission. Clin Infect Dis. 2004; 39(6):e56—e60. https://
doi.org/10.1086/423807 PMID: 15472803

Britton S, van den Hurk AF, Simmons RJ, Pyke AT, Northill JA, McCarthy J, et al. Laboratory-acquired
dengue virus infection—a case report. PLoS Negl Trop Dis. 2011; 5(11):e1324. PubMed Central
PMCID: PMCPMC3226549. https://doi.org/10.1371/journal.pntd.0001324 PMID: 22140587

Tesh RB. A method for the isolation and identification of dengue viruses, using mosquito cell cultures.
Am J Trop Med Hyg. 1979; 28(6):1053-9. Epub 1979/11/01. PMID: 41456

Lee YR, Su CY, Chow NH, Lai WW, Lei HY, Chang CL, et al. Dengue viruses can infect human primary
lung epithelia as well as lung carcinoma cells, and can also induce the secretion of IL-6 and RANTES.
Virus Res. 2007; 126(1-2):216—25. Epub 2007/04/10. https://doi.org/10.1016/j.virusres.2007.03.003
PMID: 17416433

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005520 ~ April 5, 2017 10/10


http://www.ncbi.nlm.nih.gov/pubmed/14903434
https://doi.org/10.4269/ajtmh.14-0132
https://doi.org/10.4269/ajtmh.14-0132
http://www.ncbi.nlm.nih.gov/pubmed/25311700
https://doi.org/10.1086/423807
https://doi.org/10.1086/423807
http://www.ncbi.nlm.nih.gov/pubmed/15472803
https://doi.org/10.1371/journal.pntd.0001324
http://www.ncbi.nlm.nih.gov/pubmed/22140587
http://www.ncbi.nlm.nih.gov/pubmed/41456
https://doi.org/10.1016/j.virusres.2007.03.003
http://www.ncbi.nlm.nih.gov/pubmed/17416433
https://doi.org/10.1371/journal.pntd.0005520

