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Background: Dengue fever is an infectious disease of global health concern. This study aimed to describe the 

epidemiology and field experience of a locally transmitted outbreak of dengue fever in Muscat Governorate, 

Oman from mid-March to mid-April 2022, and the multi-sectoral approach to control the outbreak. 

Methods: Data were collected from an electronic e-notification system, active surveillance and contact investiga- 

tions. 

Results: Of 250 suspected and probable cases, 169 were confirmed as dengue fever with DENV-2 serotype. Of 

these, 108 (63.9%) were male and 94 (55.6%) were Omani. The mean age was 39 years (standard deviation 

13 years). Fever was the most common symptom and occurred in 100% of cases. Haemorrhagic manifestations 

occurred in 10% ( n = 17) of cases. Hospitalization was required for 93 cases (55.1%). The field investigation 

included 3444 houses and other suspected sites. Breeding sites for Aedes aegypti were identified in 565 (18.5%) 

sites visited. Interventions to control the outbreak included environmental and entomological assessment of the 

affected houses and surrounding areas (400 m radius of each house). 

Conclusion: Outbreaks are expected to continue, with the possibility of severe cases due to antibody-dependent 

enhancement. More data are required to understand the genetics, geographical spread and behaviour of A. aegypti 

in Oman. 
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Dengue fever is a mosquito-borne viral disease caused by a posi-

ive single-stranded RNA virus that belongs to the family Flaviviridae.

here are four distinct, closely related, dengue virus serotypes (DENV1–

) [1] . Recovery from infection by one serotype provides lifelong im-

unity against that serotype; however, cross-immunity to the other

erotypes after recovery is only partial, and subsequent infections by

ther serotypes increase the risk of developing severe dengue fever due

o antibody-dependent enhancement (ADE) [2] . 

According to the International Health Regulations (2005), dengue

ever has the potential to cause serious public health impact and to

pread internationally [3] . Dengue fever is currently the most common
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osquito-borne disease in the world. The virus is estimated to cause

90 million (range 284–528 million) infections per year [4] , and almost

.9 billion people are at risk of infection [5] . Before 1970, only nine

ountries reported severe dengue epidemics, but the disease is now en-

emic in more than 100 countries [6] . The Americas, South-East Asia

nd the Western Pacific Region are the most seriously affected areas

1] . In the Eastern Mediterranean Region, nine countries have reported

engue epidemics and four serotypes have been identified [7] . 

The virus is transmitted mainly by female mosquitoes of the species

edes aegypti and, to a lesser extent, Aedes albopictus ; these are the same

osquito vectors that transmit chikungunya, yellow fever and Zika in-

ections [7] . Dengue fever can also be transmitted from mother to child

uring pregnancy or breastfeeding [8] . Healthcare workers are at risk
O.Box: 358, mina Al Fahal, Sultanat of Oman, P. Code:116, Muscat, Oman. 

arch 2023 

l Society for Infectious Diseases. This is an open access article under the CC 

https://doi.org/10.1016/j.ijregi.2023.03.015
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2023.03.015&domain=pdf
mailto:lamya2282@gmail.com
https://doi.org/10.1016/j.ijregi.2023.03.015
http://creativecommons.org/licenses/by-nc-nd/4.0/


L. Al Balushi, M. Al Kalbani, A. Al Manji et al. IJID Regions 7 (2023) 237–241 

o  

t

 

b  

(  

[  

a  

l  

d  

t  

s

 

d  

D  

t  

m  

f  

t  

p  

f  

i  

p

 

7  

w  

m  

o  

t  

i  

N  

a

 

d  

M  

s

M

I

 

o  

c  

f

C

 

l  

G  

s  

l  

h  

h  

p

 

<

 

l  

o  

[

 

d  

a  

e  

I  

b  

[  

t  

C  

s  

e  

v

 

s  

o  

fi  

a  

i

C

 

n  

n  

b  

p  

t  

h  

w  

t  

C  

f  

t  

n  

f  

a

 

m  

a  

t  

w  

w  

s  

m  

m  

s  

h  

c  

t  

m  

u  

A

R

 

f  

c  

o  

9  

a  

n  

f  

d  

a  

w  

c

 

c  
f acquiring dengue infection through needlestick injury and mucocu-

aneous exposure [9] . 

Dengue fever ranges from mild febrile illness to potentially fatal

ut rare dengue haemorrhagic fever (DHF) and dengue shock syndrome

DSS). Almost three-quarters of cases of dengue fever are asymptomatic

10] . Younger children usually have milder illness than older children

nd adults. DHF usually manifests 2–7 days after fever onset, and un-

ess properly managed, DSS follows [11] . During the early stages of the

isease, virus isolation, nucleic acid or antigen detection can be used

o diagnose the infection. At the end of the acute phase of infection,

erology is the method of choice for diagnosis [7] . 

The Omani Ministry of Health (MoH) established a communicable

isease surveillance and control programme in 1991. Dengue fever and

HF are notifiable diseases in Group A diseases and syndromes, respec-

ively, which require notification and investigation within 24 h for im-

ediate action [12] . The total number of travel-related cases of dengue

ever reported from 2001 until the end of 2017 was 173. From 1 January

o mid-December 2018, 30 travel-related cases of dengue fever were re-

orted at national level, including nationals who travelled to areas af-

ected by the disease [ 12 , 13 ]. From establishment of the programme

n 1991 until November 2018, no local transmission of dengue was re-

orted. 

Surveillance data from 1 November 2018 until 15 May 2019 detected

1 laboratory-confirmed cases. Of these, 59 were indigenous and 12

ere travel-related [14] . Following that outbreak, the MoH and Muscat

unicipality conducted an elimination campaign for the breeding sites

f A. aegypti from 8 to 23 January 2019, aiming to eliminate all po-

ential vector breeding sites and raise community awareness about the

mportance of sustaining vector control activities after the campaign.

o locally transmitted confirmed cases of dengue fever were reported

fter 15 March 2019 until the current outbreak. 

The aim of this study was to describe the locally transmitted (in-

igenous) outbreak of dengue fever in Baushar and As-Seeb districts in

uscat Governorate from mid-March to mid-April 2022, and the multi-

ectoral approach used to control the outbreak. 

aterials and methods 

nitial alert and response 

On 16 March 2022, the Disease Surveillance and Control Department

f the Directorate General of Health Services, Muscat Governorate re-

eived two simultaneous notifications of two cases of confirmed dengue

ever from two different districts in Muscat Governorate. 

ase finding 

To include as many cases of dengue fever as possible, the surveil-

ance of acute febrile illness was activated in all districts of Muscat

overnorate and the following case definitions were developed: (a) A

uspected dengue case has acute febrile disease (temperature > 38°C)

asting for 2–7 days, with two or more of the following manifestations:

eadache, back pain, retro-orbital pain, myalgia, arthralgia, rash and

aemorrhagic manifestations. Blood samples were collected from all sus-

ected cases to perform a full blood count. 

(b) A probable dengue case is a suspected case with platelet count

 100,000 mm 

3 . 

(c) A confirmed dengue case is a suspected or probable case that is

aboratory confirmed by polymerase chain reaction (PCR) or NS1 with

r without immunoglobulin M (IgM), or positive for both IgM and IgG

15] . 

The above-mentioned case definitions, together with guidelines for

iagnosis and management of cases of dengue fever, were distributed to

ll health institutions in Muscat Governorate. Serological testing using

nzyme-linked immunosorbent assays for DENV NS1 antigen, IgM and
238 
gG antibodies was conducted using a kit from Panbio Diagnostics (Ab-

ott, Chicago, IL, USA). The method used has been described elsewhere

14] . Dengue PCR was undertaken using a Liferiver dengue virus general

ype real-time reverse transcriptase (RT)-PCR kit (Shanghai ZJ Bio-Tech

o., Ltd, Shanghai, China). Samples that were PCR-positive were sub-

equently typed using four different real-time RT-PCR kits (Liferiver);

ach kit detects genes that are specific for type I, II, III or IV dengue

irus. 

Data were collected from the following sources: (a) an e-notification

ystem for cases examined by healthcare professionals at primary, sec-

ndary and tertiary health institutions; (b) active surveillance through

eld visits and reviewing health institution registries, looking for fever

nd low platelet count to discover possible missed cases; and (c) contact

nvestigation for early diagnosis of cases. 

ontrol measures 

The rapid response team, from health services in Muscat Gover-

orate, in collaboration with the national team and the Muscat mu-

icipality team, prepared a demographic map of the affected areas in

oth districts (Baushar and As-Seeb). The maps extended 400 m from

atients’ residences in each direction. Public health inspectors visited

he patients’ residences and met their families for risk assessment of the

ouse and the surrounding environment. Immature stages of mosquitoes

ere evaluated and identified in all water-holding containers by an en-

omologist. In total, 308 samples of mosquito larvae were sent to the

entral Public Health Laboratory (CPHL) for classification and testing

or sensitivity to the pesticide used in the spraying process. Mosquito

raps were set up by the central team in the affected areas. The mu-

icipality was directed to spray the affected areas by ultra-low-volume

ogging with 5 g/L of D-phenothrin in the morning every second day for

t least 10 days. 

In parallel to the above-mentioned control measures, a community

obilization plan was developed and implemented. The plan focused on

wareness and education, where knowledge about the disease, mode of

ransmission, and vector control were provided. Community members

ere approached through different media channels. Social influencers

ere among the tools used to approach the community. Awareness and

ocial mobilization became a whirlwind of activity with multi-level com-

unity integration. Several education sessions were conducted at com-

unity gathering sites, such as primary healthcare facilities, women’s

ociety offices and mosques. Two tools were used to facilitate and en-

ance awareness, and thereby involve the public: (a) the ‘Be the change’

ampaign, which aimed to bring about support and changes from within

he community; and (b) electronic posters, printed leaflets and recorded

essages with different language translations to reach most of the pop-

lation, such as English, Hindi, Urdu and Bengali, in addition to the

rabic local language. 

esults 

The total number of reported suspected and probable cases of dengue

ever from 1 February to 15 April 2022 was 250. Of these, 169 were

onfirmed cases with DENV-2 serotype. None of the cases had a history

f travel overseas. Of the confirmed cases, 108 (63.9%) were male and

4 (55.6%) were Omani. Ages ranged from 4 to 82 years, with a median

ge of 36 years. Most cases were in the age group 21–40 years (46.7%,

 = 79). Table 1 shows the sociodemographic factors of cases of dengue

ever. The first two cases were a 25-year-old Omani male from Baushar

istrict and a 53-year-old Omani female from As-Seeb district. Both were

dmitted to a regional hospital with high-grade fevers not associated

ith recent travel. The initial entomological investigation for the two

ases identified A. aegypti mosquitoes in their proximity. 

Fever was the most common symptom, and occurred in 100% of

ases ( Figure 1 ). Other symptoms were myalgia (56%), fatigue (33%),
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Figure 1. Clinical features of cases of dengue fever in 

Muscat Governorate, March–April 2022. 

Figure 2. Epidemic curve of outbreak of dengue fever 

in Muscat Governerate, March–April 2022. 

Table 1 

Sociodemographic factors of cases of dengue fever in Muscat Governorate, 

March–April 2022. 

Variable n % 

Age (years) 

0–20 22 13.0 

21–40 79 46.7 

41–60 48 28.4 

> 61 20 11.8 

Gender 

Male 108 63.9 

Female 61 36.1 

Nationality 

Omani 94 55.6 

Non-Omani 75 44.4 

District of residence 

Baushar 135 79.9 

As-Seeb 25 14.8 

Amerat 6 3.6 

Mutrah 3 1.8 
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eadache (27%) and arthralgia (25%). Haemorrhagic manifestations oc-

urred in 10% ( n = 17) of cases. The proportions of IgG and IgM were

.9% and 26.0%, respectively. Of all cases, 93 (55.1%) were hospital-

zed. No fatal cases were reported until mid-April 2022. There was no

istory of travel in any of the cases. 

The epidemiologic curve is shown in Figure 2 . Active surveillance

raced back to three earlier cases with local transmission. One dated

ack to 17 February 2022, and the other two dated back to 3 and 4

arch 2022. The outbreak started to peak on 15 March 2022, reached

he maximum on 3 April 2022, and then declined gradually. Eighty per-

ent of cases ( n = 146) had their date of onset between 5 March and 4

pril 2022 (i.e. weeks 11–13). 

Environmental and entomological investigations were conducted be-

ween 17 March and 7 April 2022 as part of public health interven-

ion and control measures. The primary entomological investigation of

he first case confirmed the presence of A. aegypti larvae in the area.

he field of investigation was expanded to include all houses in the af-
239 
ected districts. In total, 3444 houses and other sites were visited in

our districts, including the two affected districts; of these, 3059 (89%)

ere open sites (72.8%, n = 2228 were in Baushar district). Most of the

ites visited were houses (71%), commercial buildings and other sites

ccounted for 14% and 15%, respectively. Of 308 samples of larvae

ollected and sent to CPHL, 288 (93.5%) were positive for A. aegypti .

igure 3 shows a map of potential breeding sites identified during the en-

omological investigation. Breeding sites were identified in 565 (18.5%)

f the open sites visited. Of these, 69.4% ( n = 392) were in Baushar

istrict, 15% ( n = 128) were in As-Seeb district, and the remaining 8%

 n = 45) were in Amerat and Mutrah districts. 

In total, 167 houses and apartments of confirmed cases were visited

etween 24 March and 10 April 2022, and were assessed for breeding

ites and risk factors. Of these, potential breeding sites were found in

8 (58.7%) houses/apartments. Plastic waste was found outdoors and

ndoors at 37.4% ( n = 58) and 43.4% ( n = 67) of houses/apartments, re-

pectively. Insecticides were only used in 45.8% ( n = 71) of the visited

ites, 132 (85.2%) did not use insect repellents, and 56 (63.8%) did not

ave screens on the windows. 

iscussion 

Since the establishment of communicable disease surveillance, Mus-

at Governorate has witnessed two locally transmitted outbreaks of

engue fever. The first outbreak started in late 2018 and continued

hrough early 2019, while the second (current) outbreak started in early

arch 2022. Notably, prior to 2018, all reported cases of dengue fever

ere imported. However, the hot humid weather throughout Muscat

overnorate, high levels of rainfall in some regions, and the high pop-

lation density in some urban areas, in addition to behavioural factors

uch as water storage, may facilitate the endemicity of dengue fever in

he future if proper control measures are not sustained. 

Most affected cases in the second outbreak were male, Omani and

ged 21–40 years. Almost 80% of cases lived in Baushar district, 15%

ived in As-Seeb district, and the remaining cases lived in Amerat and

utrah districts and were epi-linked to the cases in Baushar district.

he low number of cases with DHF can be explained by a study carried
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Figure 3. Map of Greater Muscat from As-Seeb district to Mutrah districts. Red dots indicate the breeding sites identified by entomological investigations in As-Seeb, 

Baushar, Amerat and Mutrah districts. 
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ut in Thailand, which concluded that the incidence of DHF is maxi-

ized above 80% maximum humidity. 75% mean humidity, and 55%

inimum humidity [16] . The mean relative humidity levels in Muscat

overnorate in March and April 2022 were 70% and 66%, respectively

17] . 

There were more hospitalizations in the second outbreak than in the

rst outbreak (55.1% vs 47.5%, respectively). Although more than half

f the cases in the current outbreak were hospitalized, no cases of DSS or

evere dengue were reported, and all cases recovered with rehydration

nd supportive treatment. There were no reported deaths until mid-April

022. This may be explained by the primary infection of most reported

ases, in addition to the male predominance and the secondary infection

ith the same serotype (i.e., DENV-2). It is worth noting that female gen-

er and secondary infection (with two sequential infections by different

erotypes) were associated with increased risk for severe dengue [18] .

uring secondary infection, the dominant IgG is detected at high lev-

ls, even in the acute stage. IgM antibody levels are significantly higher

n primary infections than in secondary infections [7] . In the current

utbreak, most cases were primary infections, as indicated by the sero-

revalence of IgM and IgG (26.0% and 8.9%, respectively). However, in

ubsequent outbreaks, more severe cases may occur due to ADE, where

ntibodies enhance viral entry into cells instead of neutralizing the virus

7] . 

A multi-sectoral approach was utilized during the control efforts,

here teams from the MoH, Muscat municipality, civil society and vol-

nteers collaborated. In addition to the fogging process, residents were

irected to change the water in water tanks, fountains and swimming

ools every 5 days; dispose of water collected from air conditioners;

ispose of used tyres and damaged utensils; and cover various water

eservoirs. In addition, the public were given awareness messages about

easures to avoid mosquito bites, such as wearing long-sleeved wraps,

sing mosquito repellent on exposed body parts, using bed nets and

praying household pesticides. 

However, these measures may be institutionalized, not merely reac-

ive to outbreaks of dengue fever. Sequential surveys are warranted to

alculate vector indices for the prediction of future outbreaks, because

he likelihood of A. aegypti- mediated outbreaks can be predicted using

isk indices such as the house index (HI), container index and Breteau

ndex (BI) [19] . The BI establishes a relationship between positive con-

ainers and the number of houses. It is, therefore, considered the most
 t  

240 
seful single index for estimating the density of A. aegypti in a location

20] . For epidemiological purposes, the HI is important and indicates

he potential spread of the virus through an area once an infected case

ecomes established. HI > 5% and/or BI > 20% for any locality indicates

hat the locality is prone to dengue fever [11] . 

Despite all vector control measures implemented by health authori-

ies and other concerned stakeholders, the elimination of A. aegypti re-

ains challenging for three main reasons: 

a) The adult female mosquito is active within a wide range of environ-

mental temperatures. The lower threshold for development of the

mosquito is 16°C, while the upper limit is 34°C [21] . Moreover, im-

mature stages have been found to survive through a short exposure

to an environmental temperature of up to 45°C [22] . Typically, the

mosquito does not survive winter as an adult, but rather over win-

ters at the egg stage, and adult mosquitos sometimes take advantage

of a subterranean habitat to survive winter [23] . 

b) Inadequate human and vector surveillance during and following the

coronavirus disease 2019 (COVID-19) pandemic. It is thought that

many cases of dengue fever in Muscat Governorate may have passed

unnoticed as negative COVID-19 cases during the pandemic. More-

over, passive surveillance systems alone cannot capture all dengue

infections because primary infection is more likely to cause mild or

inapparent forms of dengue fever, and these individuals may not

seek medical care [24] . The treatment-seeking behaviour itself can

vary considerably depending on cost, accessibility and availability

of care and, as a result, will differ in different areas and at different

times [25] . 

c) Some genotypes of the same serotypes of the dengue virus have dif-

ferent virulence in different geographic areas [26] . The recent expo-

nential increase in international travel and trade also favoured the

spread of dengue fever due to increased mobility of both vector and

human populations [27] . 

In the absence of effective vaccines against several viruses trans-

itted by A. aegypti and A. albopictus , vector control remains an essen-

ial component of vector management [28] . Oman adopted the World

ealth Organization’s integrated approach to vector control, which tar-

ets the ecological, biological and social driving factors for dengue trans-

ission, in addition to educational programmes promoting behaviours

hat reduce vector spread and proliferation [28] . A 3-year trial was con-
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ucted in Indonesia, involving the release of A. aegypti infected with

 bacteria called Wolbachia, which competes with viruses within the

osquito, in and around the dengue-endemic city of Yogyakarta. This

ntervention proved to be effective in significantly reducing both the

umber of cases of dengue fever and the number of hospitalizations

n the intervention cluster compared with the control cluster [ 29 , 30 ].

he intervention also proved to be effective in Aedes vector control in

hina, Brazil, Singapore, parts of America, and one district in Saudi Ara-

ia [ 31 , 32 ]. 

imitations 

Although this study relied on various sources for data collection, the

eal number of cases in the outbreak may have been underestimated due

o the possibility of inapparent infections, and the differing treatment-

eeking behaviours of infected persons, especially among the expatriate

opulation. 

onclusion 

Elimination of A. aegypti remains a challenge. Future outbreaks are

xpected and may show more severe cases due to ADE. Efforts of con-

erned authorities should, therefore, be directed towards the utiliza-

ion of geographic information systems for the prediction of future out-

reaks. Vector surveillance should be established as a routine public

ealth service. New innovative interventions such as Wolbachia-infected

osquitoes are recommended in Oman. 

onflict of interest statement 

None declared. 

cknowledgements 

The authors wish to thank all the volunteers who participated in con-

rolling the disease in Muscat Governorate. In addition, the authors wish

o thank Muscat municipality and all the stakeholders who participated

ffectively in the campaign against dengue fever. 

unding 

None. 

thical approval 

This study was approved by the Ethics Committee of the Directorate

eneral of Health Services, Muscat Governorate. Data were gathered

rom existing health information systems, and disease surveillance and

ontrol reports. 

eferences 

[1] World Health Organization. Dengue and severe dengue. Geneva: WHO; 2022. Avail-

able at: https://www.who.int/en/news-room/fact-sheets/detail/dengue-and-severe-

dengue (accessed 24 October 2022). 

[2] Siddharth S. Platelet indices assay as an indicator of recovery in dengue affected

children. Doctoral dissertation. Chennai: Madras Medical College; 2020. Avail-

able at: http://repository-tnmgrmu.ac.in/13543/1/200700120siddharth.pdf (ac-

cessed 24 October 2022). 

[3] World Health Organization International Health Regulations [2005] , Geneva: WHO;

2008. Available at: https://www.who.int/publications/i/item/9789241580410 (ac-

cessed 24 October 2022) . 

[4] Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global

distribution and burden of dengue. Nature 2013; 496 :504–7 . 

[5] Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, et al. Refining

the global spatial limits of dengue virus transmission by evidence-based consensus.

PLoS Negl Trop Dis 2012; 6 :e1760 . 
241 
[6] Murray NEA, Quam MB, Wilder-Smith A. Epidemiology of dengue: past, present and

future prospects. Clin Epidemiol 2013; 5 :299 . 

[7] World Health Organization Dengue: guidelines for diagnosis, treatment, prevention and

control . Geneva: WHO; 2009 . 

[8] Arragain L, Dupont-Rouzeyrol M, O’Connor O, Sigur N, Grangeon JP, Huguon E,

et al. Vertical transmission of dengue virus in the peripartum period and viral kinet-

ics in newborns and breast milk: new data. J Ped Infect Dis Soc 2017; 6 :324–31 . 

[9] Wiwanitkit V. Non vector-borne transmission modes of dengue. J Infect Dev Ctries

2010; 4 :051–4 . 

10] Gubler DJ. Dengue and dengue hemorrhagic fever. Clin Microbiol Rev

1998; 11 :480–96 . 

11] Biswas DK, Bhunia R, Basu M. Dengue fever in a rural area of West Bengal, India,

2012: an outbreak investigation. WHO South East Asia J Public Health 2014; 3 :46–50 .

12] Ministry of Health Manual on communicable diseases . 3rd ed. Muscat: Di-

rectorate General of Surveillance and Disease Control; 2017 . Available

at: https://www.moh.gov.om/documents/236878/0/communicable ± diseases

± Manual/a0577e5e-cc5a-4cb6-a460–832e37b6b587 (accessed 24 October 2022). 

13] Al-Abri SS, Abdel-Hady DM, Al Mahrooqi SS, Al-Kindi HS, Al-Jardani AK,

Al-Abaidani IS. Epidemiology of travel-associated infections in Oman 1999–2013:

a retrospective analysis. Travel Med Infect Dis 2015; 13 :388–93 . 

14] Al-Abri SS, Kurup PJ, Al Manji A, Al Kindi H, Al Wahaibi A, Al Jardani A, et al.

Control of the 2018–2019 dengue fever outbreak in Oman: a country previously

without local transmission. Int J Infect Dis 2020; 90 :97–103 . 

15] Hunsperger EA, Muñoz-Jordán J, Beltran M, Colón C, Carrión J, Vazquez J, et al.

Performance of dengue diagnostic tests in a single-specimen diagnostic algorithm. J

Infect Dis 2016; 214 :836–44 . 

16] Campbell KM, Lin CD, Iamsirithaworn S, Scott TW. The complex relationship be-

tween weather and dengue virus transmission in Thailand. Am J Trop Med Hyg

2013; 89 :1066 . 

17] Directorate General of Meteorology Weather charts: Oman cities , Muscat: Di-

rectorate General of Meteorology; 2022. Available at: https://met.gov.om/

opencms/export/sites/default/dgman/en/weather-chart/oman-cities/ (accessed 24 Oc-

tober 2022) . 

18] Sangkawibha N, Rojanasuphot S, Ahandrik S, Viriyapongse S, Jatanasen S, Salitul V,

et al. Risk factors in dengue shock syndrome: a prospective epidemiologic study in

Rayong, Thailand. I. The 1980 outbreak. Am J Epidemiol 1984; 120 :653–69 . 

19] Preechaporn W, Jaroensutasinee M, Jaroensutasinee K. The larval ecology of

Aedes aegypti and Ae. albopictus in three topographical areas of southern Thai-

land , New Delhi: WHO Regional Office for South-East Asia; 2006. Available at:

https://apps.who.int/iris/handle/10665/170210 (accessed 24 October 2022) . 

20] Wang JN, Hou J, Zhong JY, Cao GP, Yu ZY, Wu YY, et al. Relationships between

traditional larval indices and meteorological factors with the adult density of Aedes

albopictus captured by BG-mosquito trap. PLoS One 2020; 15 :e0234555 . 

21] Christophers SR. Aëdes aegypti (L.) The yellow fever mosquito. Its life history, bionomics,

and structure . London: Cambridge University Press; 1960 . 

22] Bar-Zeev M. The effect of extreme temperatures on different stages of Aëdes aegypti

(L.). Bull Entomol Res 1957; 48 :593–9 . 

23] Lima A, Lovin DD, Hickner PV, Severson DW. Evidence for an overwintering

population of Aedes aegypti in Capitol Hill neighbourhood. Am J Trop Med Hyg

2016; 94 :231–5 . 

24] World Health Organization. A toolkit for national dengue burden estima-

tion. Geneva: WHO; 2018. No. WHO/CDS/NTD/VEM/2018.05. Available at:

https://www.who.int/publications/i/item/WHO-CDS-NTD-VEM-2018.05 (accessed 

24 October 2022). 

25] Olkowski S, Stoddard ST, Halsey ES, Morrisson AC, Barker CM, Scott TW. Sen-

tinel versus passive surveillance for measuring changes in dengue incidence: evi-

dence from three concurrent surveillance systems in Iquitos, Peru. bioRxiv 2016.

doi: 10.1101/040220 . 

26] Wilder-Smith A, Ooi EE, Vasudevan SG, Gubler DJ. Update on dengue: epidemiol-

ogy, virus evolution, antiviral drugs, and vaccine development. Curr Infect Dis Rep

2010; 12 :157–64 . 

27] Gubler DJ. Dengue, urbanization, and globalization: the unholy trinity of the 21st

century. Trop Med Health 2011; 39 :S3–11 . 

28] World Health Organization Handbook for integrated vector management , Geneva:

WHO; 2012. Available at: https://apps.who.int/iris/handle/10665/44768 (last ac-

cessed 24 October 2022) . 

29] World Health Organization Dengue control: three-year Indonesia trial promising

results . Geneva: WHO; 2020 . Available at: https://www.who.int/news/item/

07–09–2020-dengue-control-three-year-indonesia-trial-shows-promising-results 

(accessed 24 October 2022) 

30] Utarini A, Indriani C, Ahmad RA, Tantowijoyo W, Arguni E, Ansari MR. Efficacy of

Wolbachia-infected mosquito deployments for the control of dengue. N Engl J Med

2021; 384 :2177–86 . 

31] Tambo E, El Dessouky AG, Khater EI. Innovative preventive and resilience ap-

proaches against Aedes-linked vector-borne arboviral diseases threat and epidemics

burden in Gulf Council countries. Oman Med J 2019; 34 :391 . 

32] Algamdi AG, Shaher FM, Mahyoub JA. Biological comparative study between Wol-

bachia-infected Aedes aegypti mosquito and Wolbachia-uninfected strain, Jeddah

city, Saudi Arabia. Saudi J Biol Sci 2023; 30 :103581 . 

https://www.who.int/en/news-room/fact-sheets/detail/dengue-and-severe-dengue
http://repository-tnmgrmu.ac.in/13543/1/200700120siddharth.pdf
https://www.who.int/publications/i/item/9789241580410
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0004
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0005
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0006
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0007
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0008
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0009
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0010
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0011
https://www.moh.gov.om/documents/236878/0/communicable
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0013
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0014
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0015
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0016
https://met.gov.om/opencms/export/sites/default/dgman/en/weather-chart/oman-cities/
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0018
https://apps.who.int/iris/handle/10665/170210
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0020
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0021
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0022
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0023
https://www.who.int/publications/i/item/WHO-CDS-NTD-VEM-2018.05
https://doi.org/10.1101/040220
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0026
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0027
https://apps.who.int/iris/handle/10665/44768
https://www.who.int/news/item/07-09-2020-dengue-control-three-year-indonesia-trial-shows-promising-results
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0030
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0031
http://refhub.elsevier.com/S2772-7076(23)00041-3/sbref0032

	A second local dengue fever outbreak: A field experience from Muscat Governorate in Oman, 2022
	Background
	Materials and methods
	Initial alert and response
	Case finding
	Control measures

	Results
	Discussion
	Limitations

	Conclusion
	Conflict of interest statement
	Acknowledgements
	Funding
	Ethical approval
	References


