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Abstract

Dengue fever remains an annual worldwide threat to human health, even though Aedes eradication programs based on the

typical route of mosquito- borne transmission have successfully controlled dengue epidemics to a considerable extent. Inter-

estingly, most cases of dengue infection in humans reported in the tropical regions of Asia, Oceania, Africa, and the Ameri-

cas are due to horizontal transmission. This suggests contribution of atypical transmission routes to continuous infections.

Keywords: Dengue virus; Transmission routes; Atypical transmission routes; Aerosol; Sexual route



Journal of Microbiology and Modern Techniques 2

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

Introduction

The first recorded outbreaks of dengue virus (DENV) in humans occurred in tropical regions worldwide, including the Caribbean

Islands,  Asia,  Africa,  and  the  Americas  [1].  Epidemiological  pattern  tracking  has  shown  their  global  occurrence  every  20  to  40

years  [2].  Pathological  epidemiology  research  has  elucidated  the  pathogenic  underpinnings  of  DENV  infections  to  understand

their patterns better and develop more effective interventions. DENV belongs to the family Flaviviridae with four well-character-

ized serotypes, namely DENV-1–4. DENV-5 has also been identified but not thoroughly characterized [3]. DENV-1–4 infections

can manifest as a range of symptoms, from the mild and self-limited form of dengue fever (DF) to the more severe and life-threat-

ening forms of dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS). In the past 50 years, the morbidity of these in-

fections has increased substantially, and at least 120 countries have been classified as their epidemic areas [4].

Currently, 2.5 billion people are estimated to be at risk of DENV infections worldwide, with approximately 50 million newly diag-

nosed cases annually approximately 20,000 of which result in death [5]. In Asia, DHF/DSS has emerged as one of the most impor-

tant  causes  of  pediatric  hospitalization and death.  Despite  appropriate  supportive treatments  following confirmed infection,  the

mortality rate remains high at approximately 5% [6].

Neither DENV-specific vaccines nor therapies are available due to the absence of an appropriate animal model to fully elucidate

the vector-to- host pathogenesis of DENV infections. Current rudimentary knowledge on DENV transmission suggests a pattern

of outward geographic spread of the virus between tropical (vector) environments into rural (human) communities via a primitive

enzootic mosquito-human-mosquito cycle [7]. Thus, its epidemic spread to tropical urban communities is considered toprimarily

occur via infected humans or mosquitoes [8].

Aedes aegypti and A. albopictus are the primary and secondary vectors of DENV horizontal transmission, respectively. The DENV

in the blood of an infected human inhibits the innate immune response in the salivary glands of the uninfected feeding mosquito,

leading to a higher salivary infection rate [9]. Within 8–12 days, the virus replicates repeatedly, reaching a titer sufficient to trans-

form the mosquito into a viremic “vector” capable of DENV transmission to humans [10].

In contrast, an uninfected human bitten by an infected mosquito will develop viremia within 4 days, remaining viremic for 5–12

days (Figure 1) [11]. Although primary human DENV-1–4 infections are often asymptomatic, few cases may progress to DF and

even  fewer  to  DHF/DSS.  However,  the  majority  of  secondary  infections,  with  a  different  serotype  from the  first,  result  in  DH-

F/DSS, characterized by increased vascular permeability and eventual hemorrhage [12], with rare cases of neurological abnormali-

ties such as encephalitis [13].
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Figure 1: Mosquito-human-mosquito transmission cycle of the dengue virus (DENV). After the DENV enters a healthy host (such as when

an uninfected human is bitten by an infected mosquito, or when an uninfected mosquito feeds on the blood of an infected human), it re-

quires time to replicate in the host to reach a titer sufficient for transmission. This requires 4 days in humans, and 8–12 days in mosquitos.

The transmission-viable time periods are indicated by red arrows (5–12 days for humans and life span for mosquitos).

In addition to mosquito vectors, human host- and vector-related pathogenic pathways have been investigated. Human antibodies

responsive to mosquito salivary proteins have been identified and suggested as potential biomarkers of a mosquito-borne transmis-

sion route [14]. The mosquito- human-mosquito infection cycle has been extensively investigated [7]. Several mosquito larval fac-

tors and basic biological characteristics attributed to DENV transmission have been identified [15, 16], including Human lifestyle,

population density, and immunity [17, 18]. Environmental factors, including climate and temperature, also affect its transmission

in both mosquitoes and humans [19,  20,  21].  Finally,  the interactive effect  of  other pathogens on DENV transmission has been

identified, such as a potential protective effect of the arthropod-infecting bacterial genus Wolbachia, which led to the proposal of a

Wolbachia-mediated blockade strategy of DENV transmission in some mosquitoes [21, 22, 23].

Both vertical and horizontal transmission modes of DENV are important, including atypical modes that bypass the mosquito vec-

tor route. This review focuses on some of the atypical transmission routes, especially aerosol and sexual transmission, which can

serve as a guide for more effective monitoring and eradication strategies. This review highlights the importance of routine monitor-

ing of populations at high risk for these atypical infection routes for the implementation of future dengue eradication programs.

Mosquito-Borne Transmission of DENV

The earliest recorded mosquito-borne DENV infection was reported in the Chinese Encyclopedia of Disease Symptoms and Reme-

dies, published during the Chin Dynasty (265–420 AD) [24]. However, it was not until the mid-20th century that the role of Aedes
mosquitoes in the transmission of DENV was established, following epidemiological studies conducted during several widespread

outbreaks of DENV infections globally [10]. World War II and international business expansion have been implicated as impor-

tant factors facilitating the transmission of mosquito-borne diseases worldwide [25].

A subsequent eradication program targeting the Aedes vector was implemented in the 1950s that helped to effectively control the
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DENV epidemic over the next two decades [2]. However, after the program was discontinued in the 1970s, Aedes mosquitoes rein-

vaded the regions, followed by the reoccurrence of DENV epidemics [26]. From a pathological epidemiology standpoint, this

phenomenon confirmed the theory that Aedes mosquitoes are the major transmission vectors of DENV. Laboratory researchers be-

gan to explore the molecular pathological basis of mosquito-borne DENV transmission in humans [27; 28]. Antigens for the differ-

ent serotypes of DENV were detected in mosquitoes following their oral infection, and the resultant morbidities in newborn mice

exposed to the mosquitoes intrathoracically inoculated with DENV were determined [29]. In addition, the presence and kinetics of

actively replicating viruses were observed in immunocompromised mice (Irf3/7- /-) [30]. Interestingly, different strains of Aedes
mosquitoes were also found to exhibit varying sensitivities to different DENV serotypes [28; 31].

The natural vertical transmission of DENV among mosquitoes was determined to be an alternative transmission route [32], by-

passing the human vector, supporting eventual human infection and the persistent increase in human epidemics [33]. To date, at

least 42 studies have reported the natural vertical transmission of DENV in mosquitoes sourced from several countries (Cuba, Pe-

ru, Mexico, Argentina, Florida, Indonesia, Thailand, and India, among others) [34, 35, 36, 37, 38, 39].

Considering mosquitoes as the major transmission vectors of DENV, researchers have largely focused on insects to develop meth-

ods for the blockade of DENV transmission. These approaches have included manipulation of the mosquito genome for disrupt-

ing DENV replication in the salivary glands,[40] increasing the expression of mosquito anti- pathogen effectors, and replacing ma-

jor vectors with laboratory- engineered incompetent vectors [41]. Both entomologists and epidemiologists have contributed to de-

velopment in this research field by designing efficient methods to control DENV transmission in mosquitoes.

Aerosol Transmission of DENV

Cases of aerosol transmission are particularly intriguing amongst those of atypical DENV transmission reported since 1990 as in-

tranasal or aerosol transmission routes have been confirmed among most arboviruses and influenza A viruses [42; 43] but not for

DENV. However, 35–38% patients with DENV infections exhibit respiratory symptoms, including sore throat, cough, and nasal

congestion [44], though the virus has been rarely isolated from their upper respiratory tract [45].

In 2008, a team from the Beth Israel Deaconess Medical Center (Boston, MA, USA) reported 21 confirmed cases of nosocomial

dengue among healthcare workers during a serological screening performed in a hospital in India [46], leading them to consider

aerosol transmission as the mode of infection [42].

Speculated that the results of experimental intranasal introduction of a DENV suspension in animals or human volunteers can fur-

ther support the hypothesis of aerosol transmission. However, this has not been widely accepted in the research community. These

arguments were based on findings from rare case reports of contact infections in laboratories or hospitals from infected Aedes
mosquito bites or accidental inoculation of the virus into the skin. Any report of atypical transmission in DENV-endemic coun-

tries is not available in the publicly accessible literature. Therefore, it was proposed that contact between mosquitoes and patients

with dengue and healthcare workers, owing to the lack of quarantine measures, can have ultimately caused infection in these 21

cases rather than aerosol transmission. We consider this to be unlikely for several reasons.

First, statistical analysis of data from DENV infections can yield anamorphic results because of the high rate of asymptomatic infec-

tions occurring after primary contact [47; 48]. Thus, it is possible that some healthcare workers in the hospital developed asympto-

matic  DENV infections  over  time,  preventing  detection.  Even  if  the  patients  had  developed  DF,  those  not  identified  by  the  re-

searchers/clinicians can have caused a misdiagnosis during the preliminary assessment as DF is a self- limited acute febrile illness,

with non-specific symptoms [8].

Second, DENV transmission and infection are endemic to the region where this study was conducted. The primary exposure to

the virus could have stimulated the immune response, such as when a healthcare worker came in direct contact with a DENV-con-
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taminated sample. If this event remained unnoticed, the patient could have developed natural immunization to the virus [10]. The

possibility of its aerosol transmission cannot be ruled out without thorough long-term serological screening, while tracking each

member of the study population (i.e., healthcare workers) from the date of employment in each hospital and laboratory where they

may have encountered the virus.

The latest epidemiological study on DENV was conducted in Bangkok, Thailand [49], which aimed to determine its transmission

chain  by  analyzing  sequencing  data  and  serology.  The  results  showed  a  remarkable  absence  of  transmission  chains,  despite

Bangkok being a considerably high-density area. This suggests the likely involvement of other routes of transmission in addition

to the usual vector-borne transmission route. Human nasal inoculation studies were conducted in volunteers during World War

II. With dosage of one million or ten thousand minimal infective dose per milliliter, two of six study participants presented with

typical DF, with the remaining showing very mild or negligible illness and rash [10].

Our latest study [50] showed dose-dependent survival rates in suckling and immunodeficient adult mice after intranasal DENV-2

inoculations, and 100% mortality of the suckling and immunodeficient adult mice inoculated with either 60 or 6×103 plaque-form-

ing DENV-2 units. Collectively, these data support the hypothesis of an aerosol transmission route for DENV of appropriate viral

titer.

Sexual Transmission of DENV

A notable atypical DENV transmission route is sexual transmission (Figure 2), which was recently not only suspected [51] but also

confirmed in a human case from a non-pandemic are [52]. This is biologically plausible given the well-documented sexual routes

of infection for multiple vector- borne arboviruses [53; 54]. Moreover, DENV has been found in multiple body fluids [55; 56] and

mucocutaneous contact infections have been quantitatively detected [57]. Notably, sexual transmission has been confirmed in A.

albopictus [58]. However, until recently, only isolated sexual transmission cases of DENV were reported in humans, indicating

that the natural mucous membrane-dependent transmission route, though feasible, is rarely occurs in pandemic areas.

Figure 2: Transmission routes of the dengue virus presented in this review. The typical route is shown on the left, and the atypical routes on

the right, with plausible routes in red and reported routes in black.
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Other Atypical Transmission Routes of DENV

Other atypical transmission routes of DENV reported in literature include mucocutaneous contact, accidental exposure (needle-

stick injury, or contaminated blood or organs), and mother-to-fetus vertical transmission. In 2002, Chen and Wilson [57] reported

a case wherein a healthcare worker was exposed to the virus due to accidental blood splash from an infected individual into their

eyes, nose, and mouth. Typical symptoms of infection appeared 10 days later, suggesting the possibility of mucocutaneous trans-

mission of  DENV via  exposure at  appropriate  viral  titer.  Since 1990,  minimum five  cases  of  human DENV infection caused by

needlestick injury have been reported [59, 60, 61, 62]. All infected patients, who were the source of the contaminated fluid, were

viremic at the time of observation (i.e., each milliliter of serum contained 109 copies of viral RNA) [63]. Therefore, despite the ex-

ceedingly low mean volume of contaminated blood delivered and rarity of such events, needlestick injuries are a seemingly viable

route for DENV transmission [64].

Another atypical source of DENV exposure is receipt of blood or organs with undetected viral infection[65; 66; 67] which are sup-

plied before the donor presents with any symptoms of infection. Therefore, infection is diagnosed only upon the development of

typical DF symptoms in the donor, recipient, or both. The addition of DENV screening to routine diagnostic tests for donors can

prevent such situations and reduce or eliminate the risks of such transmission [68]. Donor-recipient DENV transmission has per-

sisted for nearly two decades because this atypical route has not been sufficiently explored.

Several cases of mother-to-fetus vertical transmission have been reported from 1994 to 2017[55, 69, 70, 71, 72, 73, 74]. In such cas-

es, distinct trends of association between DENV infection during pregnancy and high rates of preterm birth, low birth weight, and

miscarriages,  but very few congenital  abnormalities,  have been observed. In few cases,  severe infection led to maternal and fetal

mortality [75]. DENV in breast milk was detected and quantified in a subsequent study [55], indicating the possibility of it being

present in and transmitted via other body fluids as well, and further supporting the possibility of the sexual transmission route.

Conclusion

Infected  mosquito  bite  (vector)  is  the  best  recognized  and  possibly  the  most  common  transmission  route  for  DENV  infection.

Very  few  case  reports  suggest  the  possibility  of  other  (atypical)  transmission  routes  [46,  75,  76],  causing  atypical  transmission

routes and their existence or degree of contribution to the global burden of DENV infection to be largely unidentified.

This review elucidates the occurrence of DENV transmission via atypical routes and highlights its potential risk among researchers

and healthcare workers. Based on this review of literature and our laboratory’s investigative outcomes, we hypothesize the plausi-

bility of aerosol and sexual transmission routes as alternative modes of transmission. Further research on these atypical routes is

warranted.

Various established and readily available methods, including serological tests and mosquito salivary protein biomarker detection,

can be used to investigate DENV transmission routes. Extensive research on this topic can provide insights for improving preven-

tive measures in high-risk populations and instances of human contact with DENV infection.

Asymptomatic individuals potentially infecting mosquito vectors [47] indicates the danger of disregarding atypical routes of trans-

mission and widespread serological testing, thus enabling the unmonitored spread of DENV infection. The evidences that DHF de-

velops from previously undiagnosed infections when the DENV viral load exceeds the disease- causing threshold should be acted

upon.

Healthcare and laboratory workers face an inherent and urgent risk of exposure to DENV. Although it is generally designated for

low-risk  containment  in  such settings,  measures  should be  taken to  increase  awareness  of  potential  atypical  routes  of  infection,

and methods of their prevention and control, especially among individuals working on culturing DENV, performing animal exper-
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iments, and analyzing clinical samples.

We believe  that  relevant  agencies  and institutions,  both public  and private,  should pay greater  attention toward the testing and

monitoring of asymptomatic DENV infections and their atypical transmission. Such efforts will provide an in-depth understand-

ing of DENV and its pathogenesis and epidemiology, and help develop a comprehensive DENV prevention program with maxi-

mal effectiveness.

Author Contributions

LJT and QMY conceived and designed the study. QMY, ZLX, DXY, and ZXY acquired and analyzed the references. QMY and LJT

drafted the manuscript. All authors revised it critically for important intellectual content. All authors gave approval for the final

version to be published, and agree to be accountable for all aspects of the work.

Acknowledgements

Funding

This work was supported by the National Natural Science Foundation of China under Grant NO. 81570497.

Declaration of Interests

None.



Journal of Microbiology and Modern Techniques 8

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

References

1. N Vasilakis, and SC Weaver (2008) The history and evolution of human dengue emergence. Advances in virus research 72:1-76.

2. DJ Gubler (1989) Aedes aegypti and Aedes aegypti-borne disease control in the 1990s: top down or bottom up. Charles Franklin

Craig Lecture. The American journal of tropical medicine and hygiene 40: 571-8.

3. MS Mustafa, V Rasotgi, S Jain, and V Gupta (2015) Discovery of fifth serotype of dengue virus (DENV-5): A new public health

dilemma in dengue control. Med J Armed Forces India 71: 67-70.

4. W Dejnirattisai, AI Webb, V Chan, A Jumnainsong, A Davidson, et al., (2011) Lectin switching during dengue virus infection.

The Journal of infectious diseases 203: 1775-83.

5.  JS  Mackenzie,  DJ  Gubler,  and LR Petersen  (2004)  Emerging  flaviviruses:  the  spread  and resurgence  of  Japanese  encephalitis,

West Nile and dengue viruses. Nature medicine 10: S98-109.

6. AJ Johnson, and JT Roehrig (1999) New mouse model for dengue virus vaccine testing. J Virol 73: 783-6.

7. DJ Gubler, Dengue in: TP Monath (Ed.) (1988) Epidemiology of arthropod-borne viral diseases 223-60.

8. DJ Gubler (1998) Dengue and dengue hemorrhagic fever. Clinical microbiology reviews 11: 480-96.

9. J Pompon, M Manuel, GK Ng, B Wong, C Shan, et al., (2017) Dengue subgenomic flaviviral RNA disrupts immunity in mosqui-

to salivary glands to increase virus transmission. PLoS pathogens 13- e1006535.

10. AB Sabin (1952) Research on dengue during World War II. The American journal of tropical medicine and hygiene 1: 30-50.

11. SB Halstead (2007) Dengue. Lancet 370: 1644-52.

12.  DS  Burke  and  TP  Monath,  Flaviviruses  in:  H  KNIPE  DMP  (Ed.)  (2001)  Fields  virology,  Lippincott  Williams  and  Wilkins,

Philadelphia, 1043-126.

13.  T  Solomon,  NN  Dung,  DW  Vaughn,  R  Kneen,  LT  Thao,  et  al.,  (2000)  Neurological  manifestations  of  dengue  infection.  .

Lancet 355:1053-9

14. S Doucoure, F Mouchet, S Cornelie, PM Drame, E D'Ortenzio,et al., (2014) Human antibody response to Aedes albopictus sali-

vary proteins: a potential biomarker to evaluate the efficacy of vector control in an area of Chikungunya and Dengue Virus trans-

mission. BioMed research international 746509.

15. CG Moore, BL Cline, E Ruiz-Tiben, D Lee, H Romney-Joseph, et al., (1978) Aedes aegypti in Puerto Rico: environmental deter-

minants of larval abundance and relation to dengue virus transmission. The American journal of tropical medicine and hygiene

27: 1225-31.

16. CA Subhash, and N Agarwal (2004) Some basic biological characteristics of the vector, Aedes aegypti, responsible for dengue

virus transmission. Military medicine 169

17. P Reiter, S Lathrop, M Bunning, B Biggerstaff, D Singer, T Tiwari, et al., (2003) Texas lifestyle limits transmission of dengue

virus. Emerging infectious diseases 9: 86-9.

18.  S  Carver,  A  Bestall,  A  Jardine,  and  RS  Ostfeld  (2009)  Influence  of  hosts  on  the  ecology  of  arboviral  transmission:  potential



9 Journal of Microbiology and Modern Techniques

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

mechanisms influencing dengue, Murray Valley encephalitis, and Ross River virus in Australia. Vector borne and zoonotic diseas-

es 9: 51-64.

19. OJ Brady, N Golding, DM Pigott, MU Kraemer, JP Messina, et al., (2014) Global temperature constraints on Aedes aegypti and

Ae. albopictus persistence and competence for dengue virus transmission. Parasit Vectors 7: 338.

20. KM Campbell, K Haldeman, C Lehnig, CV Munayco, ES Halsey, et al., (2015) Weather Regulates Location, Timing, and Inten-

sity of Dengue Virus Transmission between Humans and Mosquitoes. PLoS neglected tropical diseases 9: e0003957.

21. CH Tsai, TH Chen, C Lin, PY Shu, CL Su, et al., (2017) The impact of temperature and Wolbachia infection on vector compe-

tence of potential dengue vectors Aedes aegypti and Aedes albopictus in the transmission of dengue virus serotype 1 in southern

Taiwan. Parasit Vectors 10: 551.

22.  L  Lambrechts  (2015)  Predicting  Wolbachia  potential  to  knock  down  dengue  virus  transmission.  Annals  of  translational

medicine  3:  288.

23. LB Carrington, BCN Tran, NTH Le, TTH Luong, et al., (2018) Field- and clinically derived estimates of Wolbachia-mediated

blocking of dengue virus transmission potential in Aedes aegypti mosquitoes. Proceedings of the National Academy of Sciences of

the United States of America 115: 361-366.

24.  H  Nobuchi  (1979)  The  symptoms  of  a  dengue-like  illness  recorded  in  a  Chinese  medical  encyclopedia.  Kanpo  Rinsho  26:

422-5.

25. A Guzman, RE Isturiz (2010) Update on the global spread of dengue. International journal of antimicrobial agents 36 Suppl 1:

S40-2.

26.  G  DJ  (1997)  Dengue  and  dengue  hemorrhagic  fever:  its  history  and  resurgence  as  a  global  public  health  problem.  in:  K.G.

Gubler DJ, (Ed.), Dengue and dengue hemorrhagic fever, CAB International, London, UK 1-22.

27. DJ Gubler, L Rosen (1976) A simple technique for demonstrating transmission of dengue virus by mosquitoes without the use

of vertebrate hosts. The American journal of tropical medicine and hygiene 25: 146-50.

28. JE Freier, PR Grimstad (1983) Transmission of dengue virus by orally infected Aedes triseriatus. The American journal of tropi-

cal medicine and hygiene 32: 1429-34.

29. JC Coleman, DM McLean (1973) Dengue virus transmission by Aedes aegypti mosquitoes following intrathoracic inoculation.

The American journal of tropical medicine and hygiene 22: 124-9.

30. RC Christofferson, MK McCracken, AM Johnson, DM Chisenhall, and CN Mores (2013) Development of a transmission mod-

el for dengue virus. Virology journal 10: 127.

31. Q Luo (1993) [A study on transmission of dengue virus by Culex fatigans]. Zhonghua liu xing bing xue za zhi = Zhonghua liux-

ingbingxue zazhi 14: 67-9.

32. VH Ferreira-de-Lima, TN Lima-Camara (2018) Natural vertical transmission of dengue virus in Aedes aegypti and Aedes al-

bopictus: a systematic review. Parasit Vectors 11: 77.

33. G Ruiz-Guzman, J Ramos-Castaneda, A Hernandez-Quintero, J Contreras-Garduno (2016) Costs and benefits of vertical and

horizontal transmission of dengue virus. The Journal of experimental biology 219: 3665-9.



Journal of Microbiology and Modern Techniques 10

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

34. LC Cruz, OP Serra, FA Leal-Santos, AL Ribeiro, RD Slhessarenko, et al.,  (2015) Natural transovarial transmission of dengue

virus 4 in Aedes aegypti from Cuiaba, State of Mato Grosso, Brazil. Revista da Sociedade Brasileira de Medicina Tropical 48: 18-25.

35. C Cabezas, M Paquita Garcia, J Valle, P Yanez, L Fachin, C, et al., (2015) [Vertical transmission of dengue virus in Aedes aegyp-

ti, Peru]. Revista peruana de medicina experimental y salud publica 32: 191-2.

36. NE Martinez, F Dzul-Manzanilla, C Gutierrez-Castro, J Ibarra-Lopez, W Bibiano-Marin, et al., (2014) Natural vertical transmis-

sion of dengue-1 virus in Aedes aegypti populations in Acapulco, Mexico. Journal of the American Mosquito Control Association

30: 143-6.

37. EA Buckner, BW Alto, and LP Lounibos (2013) Vertical transmission of Key West dengue-1 virus by Aedes aegypti and Aedes

albopictus (Diptera: Culicidae) mosquitoes from Florida. Journal of medical entomology 50: 1291-7.

38.  S  Thongrungkiat,  P  Maneekan,  L  Wasinpiyamongkol,  and  S  Prummongkol,  (2011)  Prospective  field  study  of  transovarial

dengue-virus transmission by two different forms of Aedes aegypti in an urban area of Bangkok, Thailand. Journal of vector ecolo-

gy: journal of the Society for Vector Ecology 36: 147-52.

39.  J  Gunther,  JP  Martinez-Munoz,  DG  Perez-Ishiwara,  and  J  Salas-Benito  (2007)  Evidence  of  vertical  transmission  of  dengue

virus in two endemic localities in the state of Oaxaca, Mexico. Intervirology 50: 347-52.

40. KE Olson, S Higgs, PJ Gaines, AM Powers, BS Davis, et al., (1996) Genetically engineered resistance to dengue-2 virus transmis-

sion in mosquitoes. Science 272: 884-6.

41. AW Franz, V Balaraman, and MJ Fraser (2015) Disruption of dengue virus transmission by mosquitoes. Current opinion in in-

sect science 8: 88-96.

42. G Kuno (2001) Transmission of arboviruses without involvement of arthropod vectors. Acta virologica 45: 139-50.

43. BJ Cowling, DK Ip, VJ Fang, P Suntarattiwong, SJ Olsen, et al., (2013) Aerosol transmission is an important mode of influenza

A virus spread. Nature communications 4: 1935.

44. CJ Gregory, LM Santiago, DF Arguello, E Hunsperger, and KM Tomashek (2010) Clinical and laboratory features that differen-

tiate dengue from other febrile illnesses in an endemic area--Puerto Rico, The American journal of tropical medicine and hygiene

82: 922-9.

45. NM Cheng, CL Sy, BC Chen, TS Huang, SS Lee, et al., (2017) Isolation of dengue virus from the upper respiratory tract of four

patients with dengue fever. PLoS neglected tropical diseases 11: e0005520.

46. V Gupta, S Bhoi, A Goel, S Admane (2008) Nosocomial dengue in health-care workers. Lancet 371 : 299.

47. V Duong, L Lambrechts, RE Paul, S Ly, RS Lay, et al., (2015) Asymptomatic humans transmit dengue virus to mosquitoes. Pro-

ceedings of the National Academy of Sciences of the United States of America 112: 14688-93.

48.  L Grange,  E Simon-Loriere,  A Sakuntabhai,  L  Gresh,  R Paul,  et  al.,  (2014) Epidemiological  risk factors  associated with high

global frequency of inapparent dengue virus infections. Frontiers in immunology 5: 280.

49. C Ash (2017) Estimating transmission chains for dengue. Science 355: 1277-8.

50. M Qiu, L Zhao, J  Zhang, Y Wang, M Liu, et al.,  (2022) Effective Infection with Dengue Virus in Experimental Neonate and



11 Journal of Microbiology and Modern Techniques

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

Adult Mice through the Intranasal Route.

51. C Lee, H Lee, (2019) Probable female to male sexual transmission of dengue virus infection. Infect 51: 150-2.

52. CH Liew (2020) The first case of sexual transmission of dengue in Spain.

53. LH Chen, ME Wilson (2016) Update on non-vector transmission of dengue: relevant studies with Zika and other flaviviruses.

Tropical diseases, travel medicine and vaccines 2: 15.

54. B Mekibib, KK Arien (2016) Aerosol Transmission of Filoviruses.

55. A Barthel, AC Gourinat, C Cazorla, C Joubert, M Dupont-Rouzeyrol, et al., (2013) Breast milk as a possible route of vertical

transmission of dengue virus? Clinical infectious diseases: an official publication of the Infectious Diseases Society of America 57:

415-7.

56.  R Dhenni,  MR Karyanti,  ND Putri,  B Yohan,  FA Yudhaputri,  et  al.,  (2018) Isolation and complete  genome analysis  of  neu-

rotropic  dengue  virus  serotype  3  from  the  cerebrospinal  fluid  of  an  encephalitis  patient.  PLoS  neglected  tropical  diseases  12:

e0006198.

57. LH Chen, ME Wilson (2004) Transmission of dengue virus without a mosquito vector: nosocomial mucocutaneous transmis-

sion  and  other  routes  of  transmission.  Clinical  infectious  diseases:  an  official  publication  of  the  Infectious  Diseases  Society  of

America 39: e56-60.

58. NG Gratz (2004) Critical review of the vector status of Aedes albopictus. Medical and veterinary entomology 18: 215-27.

59. JF Hirsch, C Deschamps, M Lhuillier (1990) [Metropolitan transmission of dengue by accidental inoculation at a hospital]. An-

nales de medecine interne 141: 629.

60. B de Wazieres, H Gil, DA Vuitton, JL Dupond, (1998) Nosocomial transmission of dengue from a needlestick injury. Lancet

351: 498.

61. J Langgartner, F Audebert, J Scholmerich, T. Gluck, (2002) Dengue virus infection transmitted by needle stick injury. The Jour-

nal of infection 44: 269-70.

62. D Wagner, K de With, D. Huzly, F. Hufert, M. Weidmann, et al., (2004) Nosocomial acquisition of dengue. Emerging infec-

tious diseases 10: 1872-3.

63. TM. Sudiro, J Zivny, H Ishiko, S Green, DW Vaughn, et al., (2001) Analysis of plasma viral RNA levels during acute dengue

virus  infection  using  quantitative  competitor  reverse  transcription-polymerase  chain  reaction.  Journal  of  medical  virology  63:

29-34.

64. MJJ Napoli VM, (1987) How much blood is in a needlestick? . The Journal of infectious diseases 155:828

65. HJ Alter, SL Stramer, RY Dodd (2007) Emerging infectious diseases that threaten the blood supply. Seminars in hematology

44: 32-41.

66. RK Gupta, G Gupta, VK Chorasiya, P Bag, R Shandil, et al., (2016) Dengue Virus Transmission from Living Donor to Recipi-

ent in Liver Transplantation: A Case Report. Journal of clinical and experimental hepatology 6: 59-61.

67. S Saigal, NS Choudhary, N Saraf, S Kataria, R Mohanka, et al., (2013) Transmission of dengue virus from a donor to a recipient



Journal of Microbiology and Modern Techniques 12

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

after living donor liver transplantation. Liver transplantation : official publication of the American Association for the Study of Liv-

er Diseases and the International Liver Transplantation Society 19: 1413-4.

68. F Rosso, JC Pineda, AM Sanz, JA Cedano, LA Caicedo, (2018) Transmission of dengue virus from deceased donors to solid or-

gan transplant recipients: case report and literature review. The Brazilian journal of infectious diseases: an official publication of

the Brazilian Society of Infectious Diseases 22: 63-69.

69. A Kerdpanich, V Watanaveeradej, R Samakoses, S Chumnanvanakij, T Chulyamitporn, et al.,  (2001) Perinatal dengue infec-

tion. The Southeast Asian journal of tropical medicine and public health 32: 488-93.

70. JK Chye, CT Lim, KB Ng, JM Lim, R George, et al., (1997) Vertical transmission of dengue. Clinical infectious diseases: an offi-

cial publication of the Infectious Diseases Society of America 25: 1374-7.

71. T Boussemart, P Babe, G Sibille, C Neyret, C Berchel, (2001) Prenatal transmission of dengue: two new cases. Journal of perina-

tology: official journal of the California Perinatal Association 21: 255-7.

72. P Thaithumyanon, U Thisyakorn, J Deerojnawong, BL Innis (1994) Dengue infection complicated by severe hemorrhage and

vertical transmission in a parturient woman. Clinical infectious diseases : an official publication of the Infectious Diseases Society

of America 18: 248-9.

73. W Phongsamart, S Yoksan, N Vanaprapa, K Chokephaibulkit, (2008) Dengue virus infection in late pregnancy and transmis-

sion to the infants. The Pediatric infectious disease journal 27: 500-4.

74. L Arragain, M Dupont-Rouzeyrol, O O'Connor, N Sigur, JP Grangeon, et al., (2017) Vertical Transmission of Dengue Virus in

the Peripartum Period and Viral Kinetics in Newborns and Breast Milk: New Data. Journal of the Pediatric Infectious Diseases So-

ciety 6: 324-31.

75. V Wiwanitkit (2010) Non vector-borne transmission modes of dengue. J Infect Dev Ctries 4: 051- 4.

76. MD Annelies Wilder-Smith, Eli Schwartz, (2005) Dengue in Travelers. N Engl J Med 353: 924-32.



13 Journal of Microbiology and Modern Techniques

Annex Publishers | www.annexpublishers.com Volume 7 | Issue 1

http://www.annexpublishers.com/paper-submission.php

