
New global viral threats

Hakan Erdem, MD, Serhat Ünal, MD.

393

ABSTRACT

البشرية إلى كوارث جسيمة في حق  المعدية   لقد أدت الأمراض 
اجتياح الرابع عشر مع  القرن  التاريخ مثل ما حدث في  مر   على 
 مرض السرطان للقاره الأوروبية وقتله لنصف سكان هذه القارة.
 يعد كلًا من فيروس إيبولا وفيروس انفلونزا الطيور من الفيروسات
الثاني العقد  في  حالياً  نواجهها  التي  والمميتة  للأمراض   المسببة 
إيبولا في الآونة الواحد والعشرون. ولقد ظهر فيروس  القرن   من 
 الأخيرة في القارة الأفريقية، في حين يمكن اعتبار فيروس أنفلونزا
إلى المقال  هذا  يهدف  الجنوبية.  آسيا  في  ظهوراً  أكثر   الطيور 
 دراسة الوضع الراهن فيما يتعلق بالأمراض المعدية، بالإضافة إلى
 احتمال خطر ظهور أنواع أخرى من الفيروسات المهددة للبشرية

في المستقبل

Infectious diseases have caused great catastrophes in 
human history, as in the example of the plague, which 
wiped out half of the population in Europe in the 14th 
century. Ebola virus and H7N9 avian influenza virus 
are 2 lethal pathogens that we have encountered in 
the second decade of the 21st century. Ebola infection 
is currently being seen in West Africa, and H7N9 
avian flu appears to have settled in Southeast Asia. 
This article focuses on the current situation and the 
future prospects of these potential infectious threats 
to mankind.
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Outbreak is an epidemiological definition to 
describe an unexpected occurrence of an infection 

at a certain time and place. It may affect a small and a 
localized group, or impact on millions of people across 
continents. Two cases of a linked rare infection can be 
defined as an outbreak. A revisit through the history 
discloses that outbreaks were vast, deadly, and basically 
changed the course of human history.1 As an example, 
the plague reshaped the landscape of Europe and the 
world between 1347 and 1351. During this period, 
the global population was estimated to be 450 million, 
and 75 million at a minimum are believed to have 
perished. Consequently, half of Europe died in a period 
of 4 years.2 In the pre-antibiotic era, bacterial outbreaks 
caused much more mass destruction compared with 
other outbreaks with different infectious agents.1 But, 
this trend changed with the advent of antibiotics and 
viral outbreaks emerged. We believed that Ebola virus 
and H7N9 avian influenza virus are the most potential 
pathogens to cause mass destruction in the world. Thus, 
in this paper, we will focus on the current outbreaks of 
these 2 viral infections with the potential to cause mass 
destruction, and to greatly impact the international 
travelers.

Ebola hemorrhagic fever. The Filoviridae (Ebola, and 
Marburg viruses are the commonly known 2 members of  
Filoviridae) were originally documented in 1967 when 
the apes from Uganda led to outbreaks of hemorrhagic 
fevers among vaccine plant workers in Germany and 
Yugoslavia. These workers had direct contact with the 
animals by killing the apes, removing their kidneys, or 
preparing cell cultures for polio vaccine production.3  

The Ebola hemorrhagic fever (EHF) is known to be the 
world’s deadliest infection, and many people lost their 
lives this year due to this filoviral pathogen.

Viral characteristics. Ebola virus is a non-segmented, 
negative-sense, single-stranded RNA virus from the  
Filoviridae family. The genus of Ebola virus is classified 
into 5 different species (Zaire, Sudan, Bundibugyo, Tai 
Forest, and Reston agents) with differing virulence.4 

The Zaire subtype has caused multiple outbreaks with 
case numbers up to several hundreds since 1976. The 
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mortality reached 90% in these epidemics.5-8 The Sudan 
virus has been associated with fatality in half of the 
cases in Sudan and Uganda outbreaks.9,10 Interestingly, 
the Tai Forest virus has only been identified in one 
ethologist who performed a necropsy on a chimpanzee 
found dead in the Tai Forest. At the end, the patient 
survived.11 The fourth species, Reston virus, differs 
markedly from the others, was identified only in 
an animal reservoir in the Philippines.12 Finally, the 
Bundibugyo virus appeared in Uganda in 2007 causing 
an outbreak with 30% mortality.13 In 2014, the first 
outbreaks occurred in remote villages in Central Africa, 
near tropical rainforests, but the most recent outbreak 
in west Africa involved the major urban as well as rural 
areas.14 Molecular analysis indicated that the current 
virus was closely linked (97% identical) to variants of 
Ebola virus identified in the Democratic Republic of 
the Congo and Gabon.7

Modes of transmission. It is likely that Ebola virus 
is maintained in small animals serving as a source of 
infection for both humans and wild primates. Bats have 
long been at the top of the list of potential reservoirs 
since Marburg virus, filoviral hemorrhagic fever 
agent, was recovered from the fruit bats captured at a 
cave in Uganda.13 Ebola virus has been known to be 
disseminating in nonhuman primates, seemingly as a 
result of their contact with unidentified reservoirs. This 
has contributed to a striking drop in chimpanzee and 
gorilla populations, and facilitated human outbreaks 
probably owing to the consumption of sick apes as 
food sources.15-17 According to the Animal Mortality 
Monitoring Network found in Gabon and Congo, the 
carcass of duiker was tested positive along with primates 
in 2005.18 Once introduced into the community, 
human to human transmission via contact with infected 
persons or their body fluids or secretions are considered 
the primary mode of transmission.19 

Impact of the current outbreak. In March 2014, the 
Ministry of Health of Guinea reported a disease outbreak 
characterized by fever, severe diarrhea, vomiting, and 
a high case-fatality rate. The first cases occurred in 
Guéckédou and Macenta districts. In May 2014, the 
epidemic jumped to neighboring districts of Kenema 
and Kailahun in Sierra Leone, and in June it expanded 
to Lofa district in Liberia.19 In September 2014, 5 
countries from West Africa (Guinea, Liberia, Nigeria, 
Senegal, and Sierra Leone) documented EHF patients.20 
The disease had a deep impact in Guinea, Liberia, and 
Sierra Leone.19 Moreover, the disease jumped to the 
United States of America (USA) and Spain with travel-

associated cases and localized transmission.21 There have 
been 22,495 EHF cases, with 8,891 recorded deaths by 
February 1, 2015.22 Thus, the average case fatality rate 
was approximately 40%. 

According to the World Health Organization 
(WHO) Ebola Response Roadmap Situation Report, 
released on 26 October 2014, a total of 521 cases, 
including 272 deaths, had been reported among health 
care workers while caring for sick people.23 

Clinical presentation. The pathogen is classified 
as a hemorrhagic fever virus based on its clinical 
manifestations comprising coagulation defects, a 
capillary leak syndrome, and shock. The Ebola virus has 
been known to be the most virulent human pathogen 
along with Marburg virus causing severe hemorrhagic 
fever, fulminant septic shock, and finally, death.24 The 
course of infection, including signs and symptoms, 
incubation period (∼11 days), and serial interval (∼15 
days), which is defined as the interval between disease 
onset in an index case patient and disease onset in a 
person infected by that index case patient were similar 
to that reported in previous outbreaks of EHF.19 The 
most common symptoms were fever (87%), fatigue 
(76%), loss of appetite (65%), vomiting (68%), diarrhea 
(66%), headache (53%), and abdominal pain (44%).19 

Treatment and immunization. Severely ill EHF 
patients require intensive supportive care, which is the 
mainstay of therapy.19 In October 1, 2014, 2 candidates 
for EHF vaccines had clinical-grade vials available for 
phase-1 clinical trials. One of these formulations was 
cAd3-ZEBOV (GlaxoSmithKline, Raleigh, SC, USA) 
and  recombinant vesicular stomatitis virus - Zaire 
ebolavirus (rVSV-ZEBOV) (Public Health Agency in  
Winnipeg, Canada). A series of coordinated phase-1 
trials will be initiated in more than 10 sites in Africa, 
Europe, and North America.25 Although no approved 
specific therapy is currently available in the treatment of 
EHF, several drugs such as brincidofovir, favipiravir, and 
ZMapp are under investigation for EHF. In the current 
outbreak, convalescent blood and plasma therapies have 
been used in a few patients. The numbers are too small 
to draw any conclusions on their efficacy.26 

Future prospects. When an outbreak comes to an 
end, it is a matter of great concern.  According to the 
WHO, an EHF outbreak in a country is reported to 
be over when 42 days have passed, and new cases have 
not been observed. The maximum incubation period 
for EHF was 21 days. The 42-day period was set by 
the WHO (twice the maximum incubation period) to 
provide a strong margin of security.27 Currently, the 
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USA, Spain, Mali, Senagal, and Nigeria are categorized 
as  affected countries.21 Currently, EHF epidemic 
appears to be ending after the slowing of transmission.22 

Avian influenza A (H7N9) virus. Influenza, 
usually known as “flu”, was defined by Hippocrates 
approximately 2,400 years ago.28 The first considerable 
influenza-like illness pandemic recorded was of an 
outbreak in 1580, started in Russia and disseminated 
to Europe via Africa. During the outbreak, more than 
8,000 people died in Rome.29,30 The major historical 
flu pandemics and their deep impacts on mankind 
are presented in Table 1. In the last decade, H5N1 
infections produced great anxiety with the advent of the 
new millennium, and remain the highest in occurrence 
with 60% lethality. 

Three (H7N9, H6N1, and H10N8) avian influenza 
viruses broke the animal-human barrier in Asia in 
2013.31 One avian influenza case was detected in Taiwan 
due to H6N1 subtype, whereas 2 of 3 H10N8 human 
infections observed in China were lethal.31 However, 
human infections due to H7N9 have been progressively 
increasing since its first identification in 2013, and 
approximately one-third of the H7N9-infected patients 
died.31-33 Avian flu had the potential to spread “silently” 
among poultry and H7N9 infections did not cause 
severe disease in poultry, accordingly.34 

Viral characteristics. Influenza is an infection of 
birds and mammals caused by RNA viruses from the 
family of Orthomyxoviridae. There are 2 main types of 
influenza virus, type A and type B. Type A viruses are 
the most virulent human pathogens among the other 
influenza types and cause the most severe disease. 
Influenza A viruses are divided into subtypes based 
on the hemagglutinin (H) and the neuraminidase (N) 
localized on the virus surface. So far, 18 hemagglutinin 
and 11 neuraminidase subtypes were documented.35 

Influenza B almost exclusively infects humans and is 
less common than influenza A.36 

Modes of transmission. All identified influenza A 
subtypes other than H17N10 and H18N11 viruses 
have been found among birds and these 2 particular 
influenza subtypes were recorded in bats. Wild birds 
have been the primary reservoir for all influenza A 
viruses and have been believed to be the source of the 
diseases in all other animals.37 In human influenza 
infections large amounts of influenza virus are often 
present in respiratory secretions of infected persons. 
Thus, the infection can be transmitted through sneezing 
and coughing, and is primarily acquired by large 
droplets (>5 microns).35,38  This mode of transmission 
facilitated the dissemination of influenza in the history 
and resulted in major outbreaks. Further, animal flu 
viruses transmitted to humans are usually dead-end 
infections, and the virus does not have the capacity to 
be acquired between humans easily. This limitation is an 
important barrier to global dissemination. Accordingly, 
for human H7N9 infections, which are the focus of 
this review, the available information strongly indicated 
that they originated from infected poultry with either 
direct contact or indirect exposures such as visiting wet 
markets and contact with environments where infected 
poultry have been stored or slaughtered. Currently, 
there is no evidence of sustained, ongoing person-to-
person spread of H7N9.39 Since the influenza virus can 
be inactivated by soap, disinfectants, and detergents, 
frequent hand washing, and other sanitary measures 
reduce the risk of influenza transmission.40,41

Impact of the current outbreak. In late March 2013, 
novel human infections due to avian influenza A H7N9 
virus were reported from China.32 This particular 
influenza A virus had not previously been seen in either 
animals or people. The preliminary 133 cases were seen 
between February and May 2013. In this first wave, 44 
patients died constituting a mortality of 33%, which was 
exceedingly high compared with other major historical 
pandemics.42 Most of these patients were considered 

Table 1 - The major historical flu pandemics and impact on history.

Name of pandemic Date Deaths
(million)

CFR
%

Subtype

Russian flu54 1889-1990 1   0.15 Possibly H3N8 or H2N2
Spanish flu55 1918-1920 20-100   2.0  H1N1
Asian flu56 1957-1958 1-2   0.13 H2N2
Hong Kong flu57 1968-1969 1 to 4       <0.1 H3N2
Russian flu58 1977-1978 No accurate count   N/A H1N1
Swine flu59,60 2009-2010 105,700 to 395,600   0.03 H1N1

CFR - case fatality rate, N/A - not applicable
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to upsurge from exposure to infected poultry or 
contaminated environments. The number of new cases 
was highest in April 2013 and subsequently the patient 
flow dropped.43 The probable reasons for this reduction 
were the implementation of control strategies, such as 
closing live bird markets, summer weather conditions, 
and increased public awareness. Studies indicated that 
avian flu viruses, like seasonal influenza, have a seasonal 
pattern and they circulate better in cold weather and less 
in warm weather.44 Thus, a rise in the number of cases 
occurred in late 2013 and early 2014, coinciding with 
influenza season. More than 200 new cases have been 
confirmed during the second wave.45 Until May 2013, 
H7N9 cases were reported from 9 Chinese provinces 
at the Pacific region. After this, H7N9 infections 
were reported from 12 provinces, indicating the rapid 
dissemination of the outbreak.46 

In February 2014, the Malaysian Ministry of Health 
reported a human infection with avian influenza A 
(H7N9) in a traveler from China. This was the first 
imported case of H7N9 detected outside of China.47 
There have been other H7N9 cases detected until April 
2014. In April 2014, Taipei Centers for Disease Control 
in Taiwan informed 2 laboratory reported patients, as 
the last reported cases as per the 27  June 2014 WHO 
report.48  

Clinical presentation. The most common signs 
of influenza are fever, chills, sore throat, runny nose, 
severe headache, muscle pains, coughing, and fatigue.28 
Although it is often confused with other influenza-like 
illnesses, the common cold in particular, influenza is a 
more severe disease.49 Complications of H7N9 virus 
infection include respiratory failure, acute respiratory 
distress syndrome, refractory hypoxemia, septic shock, 
acute renal dysfunction, multiple organ dysfunction, 
rhabdomyolysis, encephalopathy, bacterial and fungal 
infections like ventilator associated pneumonia, 
and blood stream infection with multidrug resistant 
bacteria.50 Approximately, two-thirds of hospitalized 
patients are admitted to the intensive care units, 
indicating the severity of the illness.51 

Treatment and immunization. The WHO 
Vaccine Composition Meeting for the 2014-2015 
season held in February 2014 in Geneva approved 
that A/California/7/2009 (H1N1)pdm09-like 
virus, A/Texas/50/2012 (H3N2)-like virus, and B/
Massachusetts/2/2012-like virus should be included 
in the trivalent vaccine formulation in the Northern 
Hemisphere.52 Consequently, the aforementioned novel 
avian strains are out of scope of the current vaccine 

formulation indicating the severity of the situation if 
the H7N9 influenza has global dissemination.

Laboratory testing in preliminary cases showed 
that neuraminidase inhibitors (oseltamivir, zanamivir) 
were effective against H7N9 infections, but the 
adamantanes were not. In addition, early treatment 
with neuraminidase inhibitors have been reported to 
restrict the severity of illness.34,53 

Future prospects. Although it is likely that sporadic 
cases of H7N9 associated with poultry exposure will 
continue to occur in China, the virus has a pandemic 
potential, and it is possible that the virus can gain 
the ability to spread easily.49 The future prospects of 
H7N9 infections are still unclear. However, there is 
no scientific evidence implying it will trigger a current 
global outbreak. Thus, international surveillance for 
H7N9 and other influenza viruses with pandemic 
potential is of paramount importance.

References
  
  1.	 Erdem H, Tetik A, Arun O, Besirbellioglu BA, Coskun O, 

Eyigun CP. War and infection in the pre-antibiotic era: the 
Third Ottoman Army in 1915. Scand J Infect Dis 2011; 43: 
690-695.  

  2.	 Stenseth NC, Atshabar BB, Begon M, Belmain SR, Bertherat 
E, Carniel E, et al. Plague: past, present, and future. PLoS Med 
2008; 5: e3.

  3.	 Martini GA. Marburg agent disease: in man. Trans R Soc Trop 
Med Hyg 1969; 63: 295-302. 

  4.	 Kuhn JH, Becker S, Ebihara H, Geisbert TW, Johnson KM, 
Kawaoka Y, et al. Proposal for a revised taxonomy of the family 
Filoviridae: classification, names of taxa and viruses, and virus 
abbreviations. Arch Virol 2010; 155: 2083-2103. 

  5.	 Georges-Courbot MC, Lu CY, Lansoud-Soukate J, Leroy 
E, Baize S. Isolation and partial molecular characterisation 
of a strain of Ebola virus during a recent epidemic of viral 
haemorrhagic fever in Gabon. Lancet 1997; 349: 181. 

  6.	 Johnson KM, Lange JV, Webb PA, Murphy FA. Isolation 
and partial characterisation of a new virus causing acute 
haemorrhagic fever in Zaire. Lancet 1977; 1: 569-571.  

  7.	 Baize S, Pannetier D, Oestereich L, Rieger T, Koivogui L, 
Magassouba N, et al. Emergence of Zaire Ebola virus disease in 
Guinea. N Engl J Med 2014; 371: 1418-1425. 

  8.	 Khan AS, Tshioko FK, Heymann DL, Le Guenno B, Nabeth 
P, Kerstiens B, et al. The reemergence of Ebola hemorrhagic 
fever, Democratic Republic of the Congo, 1995. Commission 
de Lutte contre les Epidemies a Kikwit. J Infect Dis 1999; 179 
Suppl 1: S76-S86.  

  9.	 Centers for Disease Control and Prevention (CDC). Outbreak 
of Ebola hemorrhagic fever Uganda, August 2000-January 
2001. MMWR Morb Mortal Wkly Rep  2001; 50: 73-77.  

10.	 Sanchez A, Lukwiya M, Bausch D, Mahanty S, Sanchez AJ, 
Wagoner KD, et al. Analysis of human peripheral blood samples 
from fatal and nonfatal cases of Ebola (Sudan) hemorrhagic 
fever: cellular responses, virus load, and nitric oxide levels. J 
Virol 2004; 78: 10370-10377.  

http://www.smj.org.sa/index.php/smj/index
21736508
21736508
21736508
21736508
http://dx.doi.org/10.1371/journal.pmed.0050003
http://dx.doi.org/10.1371/journal.pmed.0050003
http://dx.doi.org/10.1371/journal.pmed.0050003
http://dx.doi.org/10.1016/0035-9203(69)90001-7
http://dx.doi.org/10.1016/0035-9203(69)90001-7
http://dx.doi.org/10.1007/s00705-010-0814-x
http://dx.doi.org/10.1007/s00705-010-0814-x
http://dx.doi.org/10.1007/s00705-010-0814-x
http://dx.doi.org/10.1007/s00705-010-0814-x
http://dx.doi.org/10.1016/S0140-6736(05)60983-X
http://dx.doi.org/10.1016/S0140-6736(05)60983-X
http://dx.doi.org/10.1016/S0140-6736(05)60983-X
http://dx.doi.org/10.1016/S0140-6736(05)60983-X
http://dx.doi.org/10.1016/S0140-6736(77)92000-1
http://dx.doi.org/10.1016/S0140-6736(77)92000-1
http://dx.doi.org/10.1016/S0140-6736(77)92000-1
http://dx.doi.org/10.1056/NEJMoa1404505
http://dx.doi.org/10.1056/NEJMoa1404505
http://dx.doi.org/10.1056/NEJMoa1404505
http://dx.doi.org/10.1086/514306
http://dx.doi.org/10.1086/514306
http://dx.doi.org/10.1086/514306
http://dx.doi.org/10.1086/514306
http://dx.doi.org/10.1086/514306
http://www.ncbi.nlm.nih.gov/pubmed/?term=11686289
http://www.ncbi.nlm.nih.gov/pubmed/?term=11686289
http://www.ncbi.nlm.nih.gov/pubmed/?term=11686289
http://dx.doi.org/10.1128/JVI.78.19.10370-10377.2004
http://dx.doi.org/10.1128/JVI.78.19.10370-10377.2004
http://dx.doi.org/10.1128/JVI.78.19.10370-10377.2004
http://dx.doi.org/10.1128/JVI.78.19.10370-10377.2004
http://dx.doi.org/10.1128/JVI.78.19.10370-10377.2004


397www.smj.org.sa     Saudi Med J 2015; Vol. 36 (4)

New global viral threats ... Erdem

11.	 Formenty P, Hatz C, Le Guenno B, Stoll A, Rogenmoser P, 
Widmer A. Human infection due to Ebola virus, subtype Cote 
d’Ivoire: clinical and biologic presentation. J Infect Dis 1999; 
179 Suppl 1: S48-S53.  

12.	 Miranda ME, Ksiazek TG, Retuya TJ, Khan AS, Sanchez A, 
Fulhorst CF, et al. Epidemiology of Ebola (subtype Reston) 
virus in the Philippines, 1996. J Infect Dis 1999; 179 Suppl 1: 
S115-S119. 

13.	 Towner JS, Amman BR, Sealy TK, Carroll SA, Comer JA, 
Kemp A, et al. Isolation of genetically diverse Marburg viruses 
from Egyptian fruit bats. PLoS Pathog 2009; 5: e1000536.

14.	 World Health Organization. Ebola virus disease. [Updated 
2014; Accessed 2014 October 2014]. Avaialable from URL: 
http://www.who.int/mediacentre/factsheets/fs103/en/   

15.	 Leroy EM, Rouquet P, Formenty P, Souquiere S, Kilbourne A, 
Froment JM, et al. Multiple Ebola virus transmission events 
and rapid decline of central African wildlife. Science 2004; 303: 
387-390.  

16.	 Pourrut X, Kumulungui B, Wittmann T, Moussavou G, Delicat 
A, Yaba P, et al. The natural history of Ebola virus in Africa. 
Microbes Infect 2005; 7: 1005-1014.  

17.	 Georges-Courbot MC, Sanchez A, Lu CY, Baize S, Leroy 
E, Lansout-Soukate J, et al. Isolation and phylogenetic 
characterization of Ebola viruses causing different outbreaks in 
Gabon. Emerg Infect Dis 1997; 3: 59-62.  

18.	 Rouquet P, Froment JM, Bermejo M, Kilbourn A, Karesh W, 
Reed P, et al. Wild animal mortality monitoring and human 
Ebola outbreaks, Gabon and Republic of Congo, 2001-2003. 
Emerg Infect Dis 2005; 11: 283-290.

19.	 Ebola virus disease in West Africa--the first 9 months of the 
epidemic and forward projections. N Engl J Med 2014; 371: 
1481-1495.

20.	 World Health Organization. Ebola virus diseases. [Cited  2015] 
Available from URL: http://www.who.int/csr/disease/ebola/en/

21.	 Centers for Disease Control and Prevention. Ebola (Ebola virus 
disease). [Updated 2014; Accessed 2014 October 30]. Available 
from URL: http://www.cdc.gov/vhf/ebola/outbreaks/2014-
west-africa/distribution-map.html#areas

22.	 World Health Organization. Ebola, Current Situation. 
[Accessed 2015 February 9]. Available from URL: http://apps.
who.int/ebola/en/current-situation 

23.	 World Health Organization. Ebola response roadmap. [Updated 
2014 Aug. Accessed 2014 October 30]. Available from URL:  
http://www.who.int/csr/resources/publications/ebola/response-
roadmap/en/ 

24.	 Feldmann H, Geisbert TW. Ebola haemorrhagic fever. Lancet  
2011; 377: 849-862. 

25.	 World Health Organization. Experimental Ebola vaccines. 
[Updated 2014; Accessed 2014 October 01]. Available from 
URL: http://www.who.int/mediacentre/news/ebola/01-
october-2014/en/.

26.	 World Health Organization. Experimental therapies: growing 
interest in the use of whole blood or plasma from recovered Ebola 
patients (convalescent therapies). [Updated 2014 September 
26; Accessed 2014 October 30]. Available from URL: http://
www.who.int/mediacentre/news/ebola/26-september-2014/en/  

27.	 World Health Organization. How is the end of an Ebola 
outbreak decided and declared? [Updated 2014 October; 
Accessed 2014 October 30]. Available from URL: http://www.
who.int/csr/disease/ebola/declaration-ebola-end/en/ 

28.	 Martin PM, Martin-Granel E. 2,500-year evolution of the term 
epidemic. Emerg Infect Dis 2006; 12: 976-980. 

29.	 Potter CW. A history of influenza. J Appl Microbiol 2001; 91: 
572-579. 

30.	 Centers for Disease Control and Prevention. Influenza. 
[Updated: 2012 July 7; Accessed 2014 October 31]. Available 
from URL: http://www.cdc.gov/vaccines/pubs/pinkbook/flu.
html

31.	 Pascua PN, Choi YK. Zoonotic infections with avian influenza 
A viruses and vaccine preparedness: a game of “mix and match”. 
Clin Exp Vaccine Res 2014; 3: 140-148. 

32.	 Gao HN, Lu HZ, Cao B, Du B, Shang H, Gan JH, et al. 
Clinical findings in 111 cases of influenza A (H7N9) virus 
infection. N Engl J Med 2013; 368: 2277-2285. 

33.	 Centers for Disease Control and Prevention. Avian Influenza A 
(H7N9) Virus. [Updated: 2013 December 20; Accessed 2014 
July 19]. Available from URL: http://www.cdc.gov/flu/avianflu/
h7n9-virus.htm

34.	 World Health Organization. Frequently Asked Questions 
on human infection caused by the avian influenza A(H7N9) 
virus. [Updated 2014 February 14; Accessed 2014 August 7).  
Available from URL: http://www.who.int/influenza/human_
animal_interface/faq_H7N9/en/

35.	 Brankston G, Gitterman L, Hirji Z, Lemieux C, Gardam M. 
Transmission of influenza A in human beings. Lancet Infect Dis 
2007; 7: 257-265. 

36.	 Hay AJ, Gregory V, Douglas AR, Lin YP. The evolution of 
human influenza viruses. Philos Trans R Soc Lond B Biol Sci 
2001; 356: 1861-1870.  

37.	 Pascua PN, Choi YK. Zoonotic infections with avian influenza 
A viruses and vaccine preparedness: a game of “mix and match”. 
Clin Exp Vaccine Res 2014; 3: 140-148.

38.	 Mubareka S, Lowen AC, Steel J, Coates AL, Garcia-Sastre A, 
Palese P. Transmission of influenza virus via aerosols and fomites 
in the guinea pig model. J Infect Dis 2009; 199: 858-865.

39.	 World Health Organization. Avian influenza A(H7N9) virus. 
Available from URL: http://www.who.int/influenza/human_
animal_interface/influenza_h7n9/en/

40.	 Suarez DL, Spackman E, Senne DA, Bulaga L, Welsch AC, 
Froberg K. The effect of various disinfectants on detection of 
avian influenza virus by real time RT-PCR. Avian Dis 2003; 47 
(3 Suppl): 1091-1095.  

41.	 Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, 
Bawazeer GA, et al. Physical interventions to interrupt or 
reduce the spread of respiratory viruses. Cochrane Database Syst 
Rev 2011; 7: CD006207. 

42.	 Centers for Disease Control and Prevention. Avian Influenza A 
(H7N9) Virus. [2013 December 20; Accessed 2014 November 
1]. Available from URL: http://www.cdc.gov/flu/avianflu/
h7n9-virus.htm

43.	 Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H, et al. 
Comparative epidemiology of human infections with avian 
influenza A H7N9 and H5N1 viruses in China: a population-
based study of laboratory-confirmed cases. Lancet 2013; 382: 
129-137.  

44.	 Chaichoune K, Wiriyarat W, Thitithanyanont A, Phonarknguen 
R, Sariya L, Suwanpakdee S, et al. Indigenous sources of 
2007-2008 H5N1 avian influenza outbreaks in Thailand. J Gen 
Virol 2009; 90 (Pt 1): 216-222. 

http://www.smj.org.sa/index.php/smj/index
http://dx.doi.org/10.1086/514285
http://dx.doi.org/10.1086/514285
http://dx.doi.org/10.1086/514285
http://dx.doi.org/10.1086/514285
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1371/journal.ppat.1000536
http://dx.doi.org/10.1126/science.1092528
http://dx.doi.org/10.1126/science.1092528
http://dx.doi.org/10.1126/science.1092528
http://dx.doi.org/10.1126/science.1092528
http://dx.doi.org/10.1016/j.micinf.2005.04.006
http://dx.doi.org/10.1016/j.micinf.2005.04.006
http://dx.doi.org/10.1016/j.micinf.2005.04.006
http://dx.doi.org/10.3201/eid0301.970107
http://dx.doi.org/10.3201/eid0301.970107
http://dx.doi.org/10.3201/eid0301.970107
http://dx.doi.org/10.3201/eid0301.970107
http://dx.doi.org/10.3201/eid1102.040533
http://dx.doi.org/10.3201/eid1102.040533
http://dx.doi.org/10.3201/eid1102.040533
http://dx.doi.org/10.3201/eid1102.040533
http://dx.doi.org/10.1056/NEJMoa1411100
http://dx.doi.org/10.1056/NEJMoa1411100
http://dx.doi.org/10.1056/NEJMoa1411100
http://www.who.int/csr/disease/ebola/en/.
http://www.who.int/csr/disease/ebola/en/.
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/distribution-map.html#areas
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/distribution-map.html#areas
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/distribution-map.html#areas
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/distribution-map.html#areas
http://apps.who.int/ebola/en/current-situation  
http://apps.who.int/ebola/en/current-situation  
http://apps.who.int/ebola/en/current-situation  
http://www.who.int/csr/resources/publications/ebola/response-roadmap/en/
http://www.who.int/csr/resources/publications/ebola/response-roadmap/en/
http://www.who.int/csr/resources/publications/ebola/response-roadmap/en/
http://www.who.int/csr/resources/publications/ebola/response-roadmap/en/
doi: 10.1016/S0140-6736(10)60667-8.
doi: 10.1016/S0140-6736(10)60667-8.
http://www.who.int/mediacentre/news/ebola/01-october-2014/en/.
http://www.who.int/mediacentre/news/ebola/01-october-2014/en/.
http://www.who.int/mediacentre/news/ebola/01-october-2014/en/.
http://www.who.int/mediacentre/news/ebola/01-october-2014/en/.
http://www.who.int/mediacentre/news/ebola/26-september-2014/en/   
http://www.who.int/mediacentre/news/ebola/26-september-2014/en/   
http://www.who.int/mediacentre/news/ebola/26-september-2014/en/   
http://www.who.int/mediacentre/news/ebola/26-september-2014/en/   
http://www.who.int/mediacentre/news/ebola/26-september-2014/en/   
http://www.who.int/csr/disease/ebola/declaration-ebola-end/en/ 
http://www.who.int/csr/disease/ebola/declaration-ebola-end/en/ 
http://www.who.int/csr/disease/ebola/declaration-ebola-end/en/ 
http://www.who.int/csr/disease/ebola/declaration-ebola-end/en/ 
http://dx.doi.org/10.3201/eid1206.051263
http://dx.doi.org/10.3201/eid1206.051263
http://dx.doi.org/10.1046/j.1365-2672.2001.01492.x
http://dx.doi.org/10.1046/j.1365-2672.2001.01492.x
http://www.cdc.gov/vaccines/pubs/pinkbook/flu.html 
http://www.cdc.gov/vaccines/pubs/pinkbook/flu.html 
http://www.cdc.gov/vaccines/pubs/pinkbook/flu.html 
http://www.cdc.gov/vaccines/pubs/pinkbook/flu.html 
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.1056/NEJMoa1305584
http://dx.doi.org/10.1056/NEJMoa1305584
http://dx.doi.org/10.1056/NEJMoa1305584
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.who.int/influenza/human_animal_interface/faq_H7N9/en/
http://www.who.int/influenza/human_animal_interface/faq_H7N9/en/
http://www.who.int/influenza/human_animal_interface/faq_H7N9/en/
http://www.who.int/influenza/human_animal_interface/faq_H7N9/en/
http://www.who.int/influenza/human_animal_interface/faq_H7N9/en/
http://dx.doi.org/10.1016/S1473-3099(07)70029-4
http://dx.doi.org/10.1016/S1473-3099(07)70029-4
http://dx.doi.org/10.1016/S1473-3099(07)70029-4
http://dx.doi.org/10.1098/rstb.2001.0999
http://dx.doi.org/10.1098/rstb.2001.0999
http://dx.doi.org/10.1098/rstb.2001.0999
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.7774/cevr.2014.3.2.140
http://dx.doi.org/10.1086/597073
http://dx.doi.org/10.1086/597073
http://dx.doi.org/10.1086/597073
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/en/
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/en/
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/en/
http://dx.doi.org/10.1637/0005-2086-47.s3.1091
http://dx.doi.org/10.1637/0005-2086-47.s3.1091
http://dx.doi.org/10.1637/0005-2086-47.s3.1091
http://dx.doi.org/10.1637/0005-2086-47.s3.1091
doi: 10.1002/14651858
doi: 10.1002/14651858
doi: 10.1002/14651858
doi: 10.1002/14651858
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://www.cdc.gov/flu/avianflu/h7n9-virus.htm 
http://dx.doi.org/10.1016/S0140-6736(13)61171-Xhttp://dx.doi.org/10.1016/S0140-6736(13)61171-X
http://dx.doi.org/10.1016/S0140-6736(13)61171-Xhttp://dx.doi.org/10.1016/S0140-6736(13)61171-X
http://dx.doi.org/10.1016/S0140-6736(13)61171-Xhttp://dx.doi.org/10.1016/S0140-6736(13)61171-X
http://dx.doi.org/10.1016/S0140-6736(13)61171-Xhttp://dx.doi.org/10.1016/S0140-6736(13)61171-X
http://dx.doi.org/10.1016/S0140-6736(13)61171-Xhttp://dx.doi.org/10.1016/S0140-6736(13)61171-X
http://dx.doi.org/10.1099/vir.0.005660-0
http://dx.doi.org/10.1099/vir.0.005660-0
http://dx.doi.org/10.1099/vir.0.005660-0
http://dx.doi.org/10.1099/vir.0.005660-0


398

New global viral threats ... Erdem

Saudi Med J 2015; Vol. 36 (4)     www.smj.org.sa

45.	 World Health Organization. WHO risk Assessment. Human 
infections with avian influenza A(H7N9) virus. Available 
from URL:  http://www.who.int/influenza/human_animal_
interface/RiskAssessment_H7N9_21Jan14.pdf

46.	 World Health Organization.  Confirmed human cases of 
avian influenza A(H7N9) reported to WHO. [Accessed 
2014 July 14]. Available from URL: http://www.who.int/
influenza/human_animal_interface/influenza_h7n9/18_
reportwebh7n9number_20140714.pdf?ua=1.

47.	 Centers for Disease Control and Prevention. H7N9 Case 
Detected in Malaysia. [2014 February 12; Accessed 2014 July 
22]. Available from URL: http://www.cdc.gov/flu/news/h7n9-
case-malaysia.htm

48.	 World Health Organization. Human infection with avian 
influenza A(H7N9) virus – update. [Updated 2014 June 27; 
Accessed 2014 July 22]. Available from URL: http://www.who.
int/csr/don/2014_06_27_avian_influenza/en/

49.	 Eccles R. Understanding the symptoms of the common cold 
and influenza. Lancet Infect Dis 2005; 5: 718-725.  

50.	 Gao R, Cao B, Hu Y, Feng Z, Wang D, Hu W, et al. Human 
infection with a novel avian-origin influenza A (H7N9) virus. 
N Engl J Med 2013; 368: 1888-1897.  

51.	 Li Q, Zhou L, Zhou M, Chen Z, Li F, Wu H, et al. Epidemiology 
of human infections with avian influenza A(H7N9) virus in 
China. N Engl J Med 2014; 370: 520-532.

52.	 Centers for Disease Control and Prevention. Selecting Viruses 
for the Seasonal Influenza Vaccine. [Updated 2014 February 
21; Accessed 2014 August 7]. Available from URL:  http://
www.cdc.gov/flu/about/season/vaccine-selection.htm

53.	 Shen Y, Lu H. 2014 update of the Chinese guidelines for 
diagnosis and treatment of avian influenza A(H7N9) virus 
infection. Chin Med J (Engl) 2014; 127: 2543-2547.  

54.	 Valleron AJ, Cori A, Valtat S, Meurisse S, Carrat F, Boelle PY. 
Transmissibility and geographic spread of the 1889 influenza 
pandemic. Proc Natl Acad Sci U S A 2010; 107: 8778-8781. 

55.	 Mills CE, Robins JM, Lipsitch M. Transmissibility of 1918 
pandemic influenza. Nature 2004; 432: 904-906.

56.	 Rogers K, editor. Hong Kong flue of 1968. In: Encyclopaedia 
Britannica. [2013 October 9; Accessed 2014 November 7]. 
Available from URL: http://global.britannica.com/EBchecked/
topic/1663331/Asian-flu-of-1957

57.	 Encyclopaedia Britannica. Hong Kong flu of 1968. [Updated 
2015 September 2; Accessed 2014 November 7].  Available 
from URL: http://global.britannica.com/EBchecked/
topic/1663333/Hong-Kong-flu-of-1968

58.	 Nakajima K, Desselberger U, Palese P. Recent human influenza 
A (H1N1) viruses are closely related genetically to strains 
isolated in 1950. Nature 1978; 274: 334-339. 

59.	 Donaldson LJ, Rutter PD, Ellis BM, Greaves FE, Mytton OT, 
Pebody RG, et al. Mortality from pandemic A/H1N1 2009 
influenza in England: public health surveillance study. BMJ 
2009; 339: b5213. 

60.	 Dawood FS, Iuliano AD, Reed C, Meltzer MI, Shay DK, Cheng 
PY, et al. Estimated global mortality associated with the first 12 
months of 2009 pandemic influenza A H1N1 virus circulation: 
a modelling study. Lancet Infect Dis 2012; 12: 687-695. 

Related Articles

Madani TA, Althaqafi AO, Alraddadi BM. Infection prevention and control guidelines 
for patients with Middle East Respiratory Syndrome Coronavirus (MERS-CoV) 
infection. Saudi Med J 2014; 35: 897-913.
  	
Al-Tawfiq JA, Assiri A, Memish ZA. Middle East respiratory syndrome novel corona 
MERS-CoV infection. Epidemiology and outcome update. Saudi Med J 2013; 34: 991-
994.
  	
Kaya S, Yilmaz G, Arslan M, Oztuna F, Ozlu T, Koksal I. Predictive factors for fatality in 
pandemic influenza A (H1N1) virus infected patients. Saudi Med J  2012; 33: 146-151.

Alenzi FQ. H1N1 update review. Saudi Med J 2010; 31: 235-246. 

http://www.smj.org.sa/index.php/smj/index
http://www.who.int/influenza/human_animal_interface/RiskAssessment_H7N9_21Jan14.pdf
http://www.who.int/influenza/human_animal_interface/RiskAssessment_H7N9_21Jan14.pdf
http://www.who.int/influenza/human_animal_interface/RiskAssessment_H7N9_21Jan14.pdf
http://www.who.int/influenza/human_animal_interface/RiskAssessment_H7N9_21Jan14.pdf
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/18_reportwebh7n9number_20140714.pdf?ua=1.
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/18_reportwebh7n9number_20140714.pdf?ua=1.
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/18_reportwebh7n9number_20140714.pdf?ua=1.
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/18_reportwebh7n9number_20140714.pdf?ua=1.
http://www.who.int/influenza/human_animal_interface/influenza_h7n9/18_reportwebh7n9number_20140714.pdf?ua=1.
http://www.cdc.gov/flu/news/h7n9-case-malaysia.htm 
http://www.cdc.gov/flu/news/h7n9-case-malaysia.htm 
http://www.cdc.gov/flu/news/h7n9-case-malaysia.htm 
http://www.cdc.gov/flu/news/h7n9-case-malaysia.htm 
http://www.who.int/csr/don/2014_06_27_avian_influenza/en/ 
http://www.who.int/csr/don/2014_06_27_avian_influenza/en/ 
http://www.who.int/csr/don/2014_06_27_avian_influenza/en/ 
http://www.who.int/csr/don/2014_06_27_avian_influenza/en/ 
http://www.ncbi.nlm.nih.gov/pubmed/16253889
http://www.ncbi.nlm.nih.gov/pubmed/16253889
doi: 10.1056/NEJMoa1304459.
doi: 10.1056/NEJMoa1304459.
doi: 10.1056/NEJMoa1304459.
http://dx.doi.org/10.1056/NEJMoa1304617
http://dx.doi.org/10.1056/NEJMoa1304617
http://dx.doi.org/10.1056/NEJMoa1304617
http://www.cdc.gov/flu/about/season/vaccine-selection.htm 
http://www.cdc.gov/flu/about/season/vaccine-selection.htm 
http://www.cdc.gov/flu/about/season/vaccine-selection.htm 
http://www.cdc.gov/flu/about/season/vaccine-selection.htm 
http://www.ncbi.nlm.nih.gov/pubmed/?term=2014+update+of+the+Chinese+guidelines+for+diagnosis+and+treatment+of+avian+influenza+A(H7N9)+virus+infection.
http://www.ncbi.nlm.nih.gov/pubmed/?term=2014+update+of+the+Chinese+guidelines+for+diagnosis+and+treatment+of+avian+influenza+A(H7N9)+virus+infection.
http://www.ncbi.nlm.nih.gov/pubmed/?term=2014+update+of+the+Chinese+guidelines+for+diagnosis+and+treatment+of+avian+influenza+A(H7N9)+virus+infection.
http://dx.doi.org/10.1073/pnas.1000886107
http://dx.doi.org/10.1073/pnas.1000886107
http://dx.doi.org/10.1073/pnas.1000886107
http://dx.doi.org/10.1038/nature03063
http://dx.doi.org/10.1038/nature03063
http://global.britannica.com/EBchecked/topic/1663331/Asian-flu-of-1957 
http://global.britannica.com/EBchecked/topic/1663331/Asian-flu-of-1957 
http://global.britannica.com/EBchecked/topic/1663331/Asian-flu-of-1957 
http://global.britannica.com/EBchecked/topic/1663331/Asian-flu-of-1957 
http://global.britannica.com/EBchecked/topic/1663333/Hong-Kong-flu-of-1968
http://global.britannica.com/EBchecked/topic/1663333/Hong-Kong-flu-of-1968
http://global.britannica.com/EBchecked/topic/1663333/Hong-Kong-flu-of-1968
http://global.britannica.com/EBchecked/topic/1663333/Hong-Kong-flu-of-1968
http://dx.doi.org/10.1038/274334a0
http://dx.doi.org/10.1038/274334a0
http://dx.doi.org/10.1038/274334a0
http://dx.doi.org/10.1136/bmj.b5213
http://dx.doi.org/10.1136/bmj.b5213
http://dx.doi.org/10.1136/bmj.b5213
http://dx.doi.org/10.1136/bmj.b5213
http://dx.doi.org/10.1016/S1473-3099(12)70121-4
http://dx.doi.org/10.1016/S1473-3099(12)70121-4
http://dx.doi.org/10.1016/S1473-3099(12)70121-4
http://dx.doi.org/10.1016/S1473-3099(12)70121-4
http://130.14.29.110/pubmed/25129197
http://130.14.29.110/pubmed/25129197
http://130.14.29.110/pubmed/25129197
http://130.14.29.110/pubmed/24145930
http://130.14.29.110/pubmed/24145930
http://130.14.29.110/pubmed/24145930
http://130.14.29.110/pubmed/22327754
http://130.14.29.110/pubmed/22327754
http://130.14.29.110/pubmed/20231926

