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Abstract 
Introduction: The World Health Organization’s persistent reporting of global outbreaks of influenza A viruses, including the 2009 pandemic 

swine A H1N1 strain (H1N1pdm09), justified the targeted surveillance of pilgrims during their annual congregation that pools more than two 

million people from around 165 nations in a confined area of Makkah city in the Kingdom of Saudi Arabia (KSA). 

Methodology: A total of 1,600 pilgrims were included in the targeted surveillance of influenza A and the 2009 pandemic swine H1N1 strain 

in the Hajj (pilgrimage) season of 2010. Each pilgrim responded to a demographic and health questionnaire. Collected oropharyngeal swabs 

were analyzed by real-time PCR for influenza A viruses, and positive samples were further analyzed for the presence of H1N1pdm09. 

Fisher’s exact test was applied in the analysis of the significance of the distribution of influenza-positive pilgrims according to demographic 

characters. 

Results: A total of 120 pilgrims (7.5%) tested positive for influenza A viruses by real-time PCR. Nine out of the 120 influenza-A-positive 

pilgrims (7.5%) were positive for H1N1pdm09. Demographics played a significant role in those pilgrims who tested positive for influenza A. 

Conclusions: The detection of H1N1pdm09 in pilgrims at their port of entry to the KSA was alarming, due to the high potential of trans-

boundary transmission. This situation necessitates the implementation of specific prevention and control programs to limit infection by 

influenza A viruses. 
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Introduction 
Infectious disease are reported to be transmitted 

faster in crowded areas such as schools [1,2], military 

environments [3], healthcare facilities [4], 

international conferences, and airplanes [5,6]. Hajj 

(pilgrimage) to the holy places of Makkah and 

Madinah is one of the most crowded mass gatherings 

in the world, where more than two million people 

convene in the confined area of Makkah in a short 

period of time. The current fast global transportation 

systems, carrying people from these confined areas to 

other parts of the world, play a significant role in the 

spread of infections [7,8]. A good example was the 

fast transmission of H1N1pdm09 around the globe in a 

short period of six weeks, after it originated in Mexico 

in April 2009 [9]. 
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The antigenic and genetic characteristics of the 

2009 H1N1 strain of swine origin have been 

documented [10]. This strain was rapidly transmitted 

globally, resulting in a declaration of a phase 6 

pandemic alertness by the World Health Organization 

(WHO). Unfortunately, after more than three years, 

the same H1N1pdm09 re-emerged in the West Bank 

area of the Middle East, causing the death of nine 

individuals until the end of January 2013 [11]. In 

addition, this same strain of pandemic H1N1 is 

nowadays rated as the second in rank, after the H3N2 

strain, in causing outbreaks in humans all over the 

world, including Europe (Denmark and France) and 

Africa (Democratic Republic of Congo) [11]. 

This alarming situation resulted in the preparation 

and implementation of surveillance programs around 

the globe for re-emerging outbreaks by influenza A 

viruses, including H1N1pdm09 [11]. The pilgrimage 

to Makkah city in KSA annually attracts more than 

two million people from about 165 countries around 

the globe, to a confined area of about 356,800 m2, 

resulting in overcrowded conditions that last for a 

period of 10 days. The nature of such a pilgrimage 

allows for pooling of human etiologic agents, 

originating from different areas of the world, in one 

confined area; this drove the KSA to establish public 

health security measures in response to the 

H1N1pdm09 global outbreaks [12]. 

The literature showed the effect of certain 

demographic variables on the frequency of influenza 

infections in populations from different regions around 

the world [13-15]. The demographic variables that 

could affect the distribution of influenza A infections 

in populations are gender [16-19], age [15], clinical 

signs [20], vaccination against flu [21], usage of 

antimicrobials [22,24], smoking habits [25,29], and 

ethnicity [30,31]. 

The objective of this research was to present a 

demographic distribution of influenza A and 

H1N1pdm09 among pilgrims harboring the virus who 

were surveyed upon their arrival to the first port of 

entry at King Abdulaziz International Airport, Jeddah 

city, KSA. 

 

Methodology 
Questionnaire and sampling of pilgrims 

Permission to present the questionnaire and to 

collect oropharyngeal swabs from pilgrims was 

obtained from the local authorities at King Abdulaziz 

International Airport in Jeddah city, KSA. Ethical 

approval was obtained from the ethical committee of 

King Abdulaziz University (code 010-CEGMR-01-

ETH-RESTRICTED). An informed consent form was 

signed by those who agreed to participate. The 

questionnaire included the following demographic 

data: nationality, gender, age, flu vaccination status, 

clinical signs of sore throat and coughing, 

antimicrobial use, and smoking habits. A total of 1,600 

pilgrims were included in this study in the Hajj 

(pilgrimage) season of 2010. An oropharyngeal swab 

was collected from each participant, stored at 4°C in a 

sterile viral transport medium, and sent to the 

laboratory for analysis using real-time PCR. No 

attempts were made to isolate the virus using tissue 

culture-based techniques. 

 

Real-time PCR analysis 

The Real-Time PCR Ready Kit (Roche, Bassel, 

Switzerland) was used according to the manufacturer’s 

instructions. The manufacturer's method was adopted 

from the Centers for Disease Control and Prevention 

(CDC)’s procedure, recommended for laboratories 

around the world for detection of influenza A and 

H1N1pdm09 viruses [32]. Briefly, the Roche Ready 

Kit included primers and probes specific for the 

conserved gene of the matrix protein 2 (M2) of the 

influenza A viruses. In addition, the kit had primers 

and probes specific for the detection of H1N1pdm09 

[32]; the kit excludes influenza infections other than 

influenza A and provides specific detection for 

H1N1pdm09. The kit provided positive controls for 

influenza A and the H1N1pdm09 viruses. A volume of 

5 μL of the extracted viral RNA was added to 15 μL of 

the provided PCR mix in the reaction capillary. The 

samples and controls were centrifuged for 15 seconds 

at 400 g, and the liquid portion at the bottom of the 

capillaries was collected. The amplification and 

detection were performed in a Light Cycler 2.0 

(Roche, Mannheim, Germany). The following PCR 

conditions were used: reverse transcription (1 cycle) at 

55°C for 8 minutes, initial denaturation (1 cycle) at 

95°C for 30 seconds, amplification (45 cycles) with 

denaturation at 95°C for 1 second, annealing at 60°C 

for 20 seconds, extension at 72°C for 1 second, and 

cooling at 40°C for 30 seconds. 

 

Statistical analysis 

Statistical analysis was performed using Fisher's 

exact test [33]. This test was used to examine the 

distribution of the virus among the different 

demographics of the pilgrims and to determine the 

frequency of the virus in pilgrims according to their 

nationalities. Significant differences were reported at P 

values of < 0.01 or < 0.05. 
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Results 
Distribution of influenza-A-positive pilgrims 

according to nationality 

The prevalence of influenza A among the 

participants according to their nationalities is shown in 

Table 1. The prevalence rate ranged from 0 to 21.4% 

with an average of 7.5%. Influenza A viruses were 

detected in pilgrims belonging to 12 different 

nationalities. The highest prevalence among recruited 

pilgrims was found in pilgrims from Turkey (21.4%), 

Indonesia (13.2%), Somalia (11.5%), and Nigeria 

(11.4%). In the latter groups, the prevalence rate was 

significantly higher than in those pilgrims coming 

from Australia, Britain, Ivory Coast, Sierra Leone, 

Syria, and the United States (p < 0.05). 

 

Distribution of influenza-A-positive pilgrims 

according to their demographics 

The distribution of the frequency of influenza-A-

positive pilgrims in relation to demographic data is 

shown in Table 2. A significant association was found 

with age, the presence or absence of coughing, and 

smoking status. More specifically, there was a 

significantly higher prevalence rate of influenza A 

among young pilgrims (≤ 40 years of age) compared to 

older ones (> 40 years of age) (p < 0.01). In addition, 

pilgrims not showing any signs or symptoms of 

coughing had a significantly higher prevalence rate of 

infection with influenza A than those who did have 

coughing symptoms (p < 0.05). Moreover, smokers 

had significantly lower rates of infection with 

influenza A than did non-smokers (p < 0.01). There 

was no significant association between the rate of 

infection with the virus in relation to gender, flu 

vaccination status, presence or absence of sore throat, 

and antimicrobial usage at the time of sampling (p > 

0.05). 

 

2009 pandemic H1N1-positive pilgrims  

H1N1pdm09 virus was detected in 9 of the 120 

influenza-A-positive (7.5%) pilgrims. Of these nine 

pilgrims, two cases each were from Algeria, Indonesia, 

and Nigeria, and one each was from Britain, India, and 

Turkey. The distribution of the H1N1pdm09 virus was 

50% higher in pilgrims below the age of 40 as 

compared to the older ones, in non-vaccinated 

pilgrims, in pilgrims showing no signs of sore throat or 

coughing, in pilgrims not using antimicrobials, and in 

non-smokers. Statistical analysis could not be 

performed on the data obtained from the H1N1pdm09-

infected pilgrims and on the demographics of the low 

number of pilgrims who tested positive for the virus. 

 

Discussion 
The high prevalence of influenza A among 

pilgrims (7.5%) at the port of entry to KSA is 

alarming. The presence of influenza-A-positive 

individuals among pilgrims in the congregation of 

more than two million persons in a confined area 

raises the probability of transmitting to others and may 

result in the emergence of new, more virulent strains 

of the virus with more deleterious effects to public 

health [8,9]. The ethnic diversity of pilgrims, who 

came from around 165 countries, includes people with 

different protective immunities to the influenza A 

viruses with different subtypes and variants [30,31], 

Table 1. Distribution of influenza A-positive pilgrims according to their nationalities listed in increasing order of statistical 

differences 

Nationalities No. of tested pilgrims 
No. of influenza A- positive 

pilgrims (%) 

No. of influenza A- negative 

pilgrims (%) 

Australia 89 0 (0.0)a 89 (100.0) 

Syria 110 0 (0.0)a 110 (100.0) 

USA 99 0 (0.0)a 99 (100.0) 

Britain 97 3 (3.0)b 94 (97.0) 

Ivory Coast 128 3 (2.3)b 125 (97.7) 

Sierra Leone 104 3 (2.9)b 101 (97.1) 

Algeria 157 11 (7.0)b.c 146 (93.0) 

India 188 12 (6.4)b,c 176 (93.6) 

Somalia 113 13 (11.5)c,d 100 (88.5) 

Nigeria 123 14 (11.4)c,d 109 (88.6) 

Indonesia 280 37 (13.2)d 243 (87.8) 

Turkey 112 24 (21.4)e 88 (78.6) 

Total 1600 120 (7.5) 1,480 (92.5) 
a-eFrequencies of influenza A-positive pilgrims in the column followed by different alphabetic superscripts are significantly different by Fisher’s exact test (p 

< 0.05 
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resulting in varied susceptibilities of pilgrims to a wide 

spectrum of influenza strains. Actually, the data 

presented in Table 1 shows that certain pilgrims from 

different countries had no previous exposure to certain 

subtypes of influenza A viruses. This cluster of 

pilgrims who tested negative to influenza A viruses are 

most likely to be at risk of contracting such subtype 

[34]. The high prevalence of influenza A viruses 

encountered among Turkish, Indonesian, Nigerian, and 

Somali pilgrims at the port of entry to KSA compared 

to other nationalities could be because these pilgrims 

were exposed to the virus before their arrival at the 

airport. There was no significant correlation between 

the prevalence of influenza A in our study and the 

number of reported cases by WHO and other 

published studies [35-37]. 

The distribution of influenza-A-positive status 

among pilgrims, according to demographics (Table 2), 

showed significant association with three of the 

studied variables – presence of coughing, smoking, 

and age. Pilgrims with no cough had a significantly 

higher prevalence of influenza A compared to 

individuals with coughing symptoms (p < 0.05). This 

data is not in agreement with the known prominent 

clinical signs of coughing occurring in humans with 

influenza A infection [20]. A previous study found a 

positive correlation between the presence of coughing 

signs with the diagnosis of influenza A viruses [20]. 

Another significant difference was observed between 

smokers versus non-smokers; smokers had a lower 

prevalence rate of influenza A than did non-smokers 

(p < 0.01). To our knowledge, there is no report 

correlating smoking habits to the frequency of 

influenza infection. Most of the reported literature 

focused on the role of smoking on the enhancement of 

the deleterious effect of influenza-associated 

infections [25-29]. Given that most of our study group 

were smokers, the high prevalence rate of coughing 

among them could be chronic coughing due to their 

smoking habits. Future epidemiological studies should 

focus on comparing the frequency of influenza A in 

smokers versus non-smokers during targeted 

surveillances of influenza A viruses. This will shed 

more light on smoking habits in relation to influenza 

infections. The third significant correlation was noted 

between the presence of influenza A and age, with 

younger pilgrims (≤ 40 years of age) being most at risk 

(p < 0.01). Reports in the literature showed lower 

influenza A virus infections in older individuals, due 

to their wider acquired immunities to vaccines and/or 

Table 2. Demographic distribution of influenza A-positive pilgrims according to significance of statistical differences  

Significance of differences between the 2 

categories under each of the 7 demographic 

variables 

No. of tested pilgrims 

(N = 1,600) 

No. of influenza A-

negative pilgrims 

(%) 

No. of influenza A- 

positive pilgrims (%) 
P value

* 

Significant     

Coughing     

Present 1,483 1,379 (93.0) 104 (7.0) P < 0.05 

Absent 117 101 (86.3) 16 (13.7)  

Smoking     

Smoker 1,403 1,307 (93.2) 96 (6.8) P < 0.01 

Non-smoker 197 173 (87.8) 24 (12.2)  

Age (years)     

≤ 40 291 (85.6) 42 (14.4) P < 0.01 

> 40 1,309 1,231 (94.0) 78 (6.0)  

Not significant     

Antimicrobial usage     

Usage 176 158 (90.0) 18 (10.0) P > 0.05 

Non-usage 1,424 1,322 (92.8) 102 (7.2)  

Gender     

Female 603 554 (91.9) 49 (8.1) P > 0.05 

Male 997 926 (92.8) 71 (7.2)  

Vaccination     

Vaccinated 1,494 1,383 (92.6) 111 (7.4) P > 0.05 

Not vaccinated 106 97 (91.5) 9 (8.5)  

Sore Throat     

Present 61 55 (90.2) 6 (9.8) P > 0.05 

Absent 1,539 1,425 (92.6) 114 (7.4)  

*The P values reflect the significance of differences between the two categories under each demographic variable  
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field strains that they were exposed to during their 

lives [15,18]. 

No significant correlation was found between 

influenza A viruses and the remaining four variables in 

this study (p > 0.05), namely the use of antimicrobials, 

gender, flu vaccination, and the presence of sore 

throat. Antimicrobial usage against secondary bacterial 

infection seems to have no impact on influenza A 

infection. This is expected since influenza viruses are 

not susceptible to antibacterial drugs. The absence of 

significant correlation with gender differences is also 

expected since influenza A virus receptors are similar 

in both genders, with more inflammatory suppression 

in females due to the elevated 17B-estradiol [38].  

The available documentations in the literature 

show differences between the two genders in their 

immune reactions during the onset of infection by 

influenza viruses [16-19]. Most literature showed that 

females had higher immune reactions to the virus than 

did males, with more significant immune injuries in 

pregnant women [17,19]. Vaccination against the flu 

among the surveyed pilgrims did not result in a 

significant drop in the prevalence of influenza A. 

Actually, most developing countries import flu 

vaccines from developed countries. The developing 

countries tailor their vaccines according to the mutated 

strains of influenza emerging at the end of the 

previous flu season [39]. These vaccines imported to 

developing countries might induce immunities that are 

not protective against their local non-characterized 

influenza A strains [40]. The prevalence of influenza 

A among pilgrims did not differ among individuals 

with sore throat versus those with the absence of this 

clinical sign (p > 0.05). This could be due to 

differences in the stage of the disease at the time of 

sample collection [41]. It is known that influenza A 

viruses could be present in the infected human for a 

certain number of days after the onset of symptoms 

[42-43]. 

Of the 120 pilgrims who tested positive for 

influenza A viruses, only 9 individuals (7.5%) were 

positive for the H1N1pdm09 virus. This prevalence 

was expected since the number of WHO reported 

cases of H1N1pdm09 dropped from 523,914 in 2009 

to 54,168 in 2010, when this study was conducted 

[44]. The other 111 pilgrims were infected with other 

subtypes of the influenza A virus that the kits used did 

not have the specific primers to detect [45]. Future 

investigations should include screening for all 

subtypes and their mutated variants in pilgrims. The 

documentation of such data will be of global interest, 

due to the rich variety of ethnicities that represent the 

five continents of the globe. The 7.5% prevalence of 

H1N1pdm09 among our participating pilgrims could 

act as a reservoir for disseminating the infection to 

others in the mixed population at this huge 

congregation, considering that this H1N1pdm09 was 

able to circulate around the globe in only six weeks 

after emerging from  Mexico in 2009 [9]. 

In agreement with what has been reported in the 

literature [15], six of the nine pilgrims who tested 

positive for H1N1pdm09 were ≤ 40 years of age. This 

is most likely due to differences in previous exposures 

to vaccines or field strains of cross-reacting viruses. 

The same number (6/9) of H1N1pdm09 was also 

observed in pilgrims who were not vaccinated against 

the flu. This is probably due to previous vaccination 

with protective H1N1 strains included in the vaccines 

marketed in the countries of the screened pilgrims. 

There is evidence of the efficiency of marketed 

vaccines in providing protection against the last 

circulating H1N1pdm09 virus [21]. Moreover, the 

prevalence of H1N1pdm09 in pilgrims with no clinical 

signs (coughing or sore throat) as compared to 

pilgrims manifesting the signs is most likely due to the 

time of oropharyngeal sampling, which could be at the 

end of the symptoms [42,43] or prior to the onset of 

symptoms as suggested by Roberts et al. [46], who 

concluded the possibility of  H1N1pdm09 

transmission in ferrets even before the appearance of 

symptoms and indicated that this conclusion should be 

considered for pandemic planning strategies. 

The use of antibiotics did not seem to have an 

effect on the number of H1N1pdm09-positive pilgrims 

(8/9); this was expected since antibiotics are known to 

have no effect on this virus. Two out of the nine 

H1N1pdm09-positive pilgrims were smokers, 

although the number of positive H1N1pdm09-positive 

cases was too small to make a statistical conclusion; 

this result should, however, be considered in the 

background of the strong correlation of influenza-A-

positive pilgrims and their non-smoking status, and 

needs to be studied further on a larger sample size. 

The main finding of the H1N1pdm09 data in this study 

is the potential of these influenza A viruses to be 

viable and be disseminated in enough quantities to be 

transmitted to other pilgrims in the highly crowded 

congregation with a high density that could reach up to 

eight pilgrims/m2. 

 

Conclusions 
This study shows the presence of significant 

differences in the distribution of influenza-A-positive 

pilgrims based on their nationalities. The 7.5% of 
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pilgrims who tested positive for influenza A viruses 

from among the 1,600 screened pilgrims at the port of 

entry to KSA is indicative of the potential risk of these 

viruses being transmitted to others. There was a 

significant correlation between the prevalence of 

influenza A viruses in pilgrims in relation to age, 

absence of cough, and smoking habits. In addition, 

H1N1-positive pilgrims have the potential to transmit 

the infection to other pilgrims, which emphasizes the 

need for the development of a specific program that 

targets the prevention and control of influenza A 

viruses in this particular overcrowded gathering. 

Future studies should include screening of the 

same persons in the incoming population during entry 

and just before their departure, after performing the 

Hajj. This will provide a better understanding of the 

transmission of influenza A subtypes among pilgrims 

and will help in establishing specific control measures 

to reduce the rate of transmission. 

 
References 
1. Health Protection Agency (West Midlands H1N1v 

Investigation Team) (2009) Preliminary descriptive 

epidemiology of a large school outbreak of influenza A 

(H1N1) in The West Midlands, United Kingdom. 

Eurosurveillance 14. Available: 

http://www.eurosurveillance.org/viewarticle.aspx?articleId=1

9264.  

2. Frieden TR. (2009) St. Francis Prep update: swine flu 

outbreak. New York: New York City Department of Health 

and Mental Hygiene. Available: 

http://www.nyc.gov/html/doh/downloads/pdf/cd/h1n1_stfrana

is_survey.pdf. Accessed January 2011. 

3. Liu PY, Wang LC, Lin YH, Tsai CA, Shi ZY (2009) 

Outbreaks of influenza A and B among military recruits: 

evidence from viral culture and polymerase chain reaction. 

Microbiol Immunol Infect 42: 114-121. 

4. Horcajada JP, Pumarola T, Martinez JA, Tapias G, Bayas JM, 

de la Prada M, García F, Codina C, Gatell JM, Jiménez de 

Anta MT (2003) A nosocomial outbreak of influenza during a 

period without influenza epidemic activity. Euro Respir 21: 

303-307. 

5. Marsden AG (2003) Influenza outbreak related to air travel. 

Med Aust 179: 172-173. 

6. Leder K, Newman D (2005) Respiratory infections during air 

travel. Intern Med 35: 50-55. 

7. Moser MR, Bender TR, Margolis HS, Noble GR, Kendal AP, 

Ritter DG (1979) An outbreak of influenza aboard a 

commercial airliner. Am Epidemiol 110: 1-6. 

8. Mangili A, Gendreau MA (2005) Transmission of infectious 

diseases during commercial air travel. Lancet 365: 989-996. 

9. World Health Organization (2009) Mathematical modeling of 

the pandemic H1N1. Wkly Epidemiol Rec 84: 341-348. 

10. Garten RJ, Davis CT, Russell CA, Shu B, Lindstrom S, Balish 

A, Sessions Wm, Xu X, Skepner E, Deyde V, Okomo- 

Adhiambo M, Gubareva L, Barnes J, Smith CB, Emery SL, 

Hillman MJ, Rivailler P, Smagala J, de Graaf M, Burke DF, 

Fouchier RA, Pappas C, Alpuche-Aranda CM, Lopez-Gatell 

H, Olivera H, Lopez I, Myers CA, Faix D, Blair PJ, Yu C, 

Keene KM, Dotson PD Jr, Boxrud D, Sambol AR, Abid SH, 

St George K, Bannerman T, Moore AL, Stringer DJ, Belvins 

P, Demmler-Harrison GJ, Ginsberg M, Kriner P, Waterman S, 

Smole S, Gnevara HF, Belongia EA, Clark PA, Beatrice ST, 

Domis R, Katz J,Finelli L, Bridges CB, Shaw M, Jernigan 

DB, Uyeki TM, Smith DJ, Klimov AI, Cox NJ (2009) 

Antigenic and genetic characteristics of swine-origin 2009 

A(H1N1) influenza viruses circulating in humans. Science 

325: 197-201. 

11. World Health Organization (2013) Influenza virus activity in 

the world. Laboratory confirmed data from The Global 

Influenza Surveillance and Response System (GISRS) 

Geneva: World Health Organization. Available: 

http://www.who.int/influenza/gisrs_laboratory/updates/summ

aryreport/en/. Accessed November 2013 

12. Memish ZA, McNabb SJ, Mahoney F, Alrabiah F, Marano N, 

Ahmed QA, Mahjour J, Hajjeh RA, Formenty P, Harmanei 

FH, El Bushra H, Uyeki TM, Nunn M, Isla N, Barbeschi M 

(2009) Jeddah Hajj Consultancy Group. Establishment of 

public health security in Saudi Arabia for the 2009 Hajj in 

response to pandemic influenza A H1N1.  Lancet 374: 1786-

1791. 

13. Jamieson DJ, Honein MA, Rasmussen SA, Williams JL, 

Swerdlow DL, Biggerstaff MS, Lindstrom S, Louie JK, Christ 

CM, Bohm SR, Fonseca VP, Ritger KA, Kuhles DJ, Eggers 

P, Bruce H, Davidson HA, Lutterloh E, Harris ML, Burke C, 

Cocoros N, Finelli L, MacFarlane KF, Shu B, Olsen SJ 

(2009) H1N1 2009 influenza virus infection during pregnancy 

in the USA. Lancet 374: 451-458. 

14. Kunisaki KM, Janoff EN (2009) Influenza in 

immunosuppressed populations: a review of infection 

frequency, morbidity, mortality and vaccine responses. Lancet 

Infect Dis 9: 493-504. 

15. Laskowski M, Mostaco-Guidolin, Greer AL, Wu J, Moghadas 

SM (2011) The impact of demographic variables on disease 

spread: influenza in remote communities. Nat Sci Rep 1: 1-7. 

16. Walters V, Mc Donough P, Strohchein L (2002) The 

influence of work, household structure, and social, personal 

and material resources on gender differences in health: 

analysis of the 1994 Canadian National Population Health 

Survey. Soc Sci Med 54: 677-692. 

17. Creanga AA, Johnson TF, Gaitcer SB, Hartman LK, Al-

Samarrai T, Schwarz AG, Chu SY, Sackoff JE, Jameison DJ, 

Fine AD, Shapiro-Mendoza CK, Jones LE, Uyeki TM, Balter 

S, Bish CL, Finelli L, Honein MA (2010) Severity of 2009 

pandemic influenza (H1N1) virus infection in pregnant 

women: New York City, May-June. Obstet Gynecol 115: 

717-726. 

18. World Health Organization (2010) Sex, gender and influenza. 

Geneva: World Health Organization. 

19. Creanga A, Kamimoto L, Newsome K, D’Mello T, Jameison 

DJ, Zotti ME, Arnold K, Baumback J, Bennett N, Blythe D, 

Farley M, Gershman K, Hadler J, Kirschke D, Lynfield R, 

Meek J, Reingold A, Schaffner W, Thomas A, Zansky S, 

Finelli L, Honein M (2011) Seasonal and 2009 pandemic 

influenza A(H1N1) virus infection during pregnancy: a 

population-based study of hospitalized cases. Am Obstet 

Gynecol 204: 38-45. 

20. Shieh WJ, Blan DM, Denison AM, Deleon-Carnes M, Adem 

P, Bhatnagar J, Sumner J, Liu L, Patel M, Batten B, Greer P, 

Jones T, Smith C, Bartlett J, Montague J, White E, Rollin D, 

Gao R, Seales C, Jost H, Metcalfe M, Goldsmith CS, 

Humphery C, Schmitz A, Drew C, Paddock C, Uyeki TM, 



Ashshi et al. – H1N1 in Makkah pilgrims and its transmission            J Infect Dev Ctries 2014; 8(9):1169-1175. 

1175 

Zaki SR (2010) 2009 pandemic influenza A (H1N1): 

pathology and pathogenesis of 100 fatal cases in the United 

States. Am Pathol 177: 166-175. 

21. Griffin MR, Monto AS, Belongia EA, Treanor JJ, Chen Q, 

Chen J, Talbot HK, Ohmit SE, Coleman LA, Lofthus G, 

Petrie JG, Meece JK, Hall CB, Williams JV, Gargiullo P, 

Berman L, Shay DK (2011) U.S. Flu-VE Network. 

Effectiveness of non-adjusted pandemic influenza A vaccines 

for preventing pandemic influenza acute respiratory illness 

visits in 4 U.S. communities. PLOS One 6: e23085. 

22. Atkins CY, Patel A, Taylor TH Jr, Biggerstaff M, Merlin TL, 

Dulin SM, Erickson BA, Borse RH, Humkler R, Meltzer MI 

(2011) Estimating effect of antiviral drug use during 

pandemic (H1N1) 2009 outbreak, United States. Emerg Infect 

Dis 17: 1591-1598. 

23. Fry A, Perez A, Finelli L (2011) Use of intravenous 

neuraminidase inhibitors during the 2009 pandemic: results 

from population-based surveillance. JAMA 306: 160-162. 

24. Mitchell T, Dee DL, Phares CR, Lipman HB, Gould LH, 

Kutty P, Desai M, Guh A, Iuliano AD, Silverman P, Siebold 

J, Armstrong GL, Swerdlow DL, Massoudi MS, Fishbein DB 

(2011) Non-pharmaceutical interventions during an outbreak 

of 2009 pandemic influenza A (H1N1) at a large public 

university, April-May 2009. Clin Infect Dis 52: S138-S145. 

25. Kark J, Lebiush M, Rannon L (1982) Cigarette smoking as a 

risk factor for epidemic A(H1N1) influenza in young men. N 

Engl J Med 307: 1042-1046. 

26. Robbins CS, Bauer CM, Vujicic N, Gaschler GJ, Lichty BD, 

Brown EG, Stämpfli MR (2006) Cigarette smoke impacts 

immune inflammatory responses to influenza in mice. Am J 

Respir Crit Care Med 174: 1342-1351. 

27. Gaschler GJ, Zavitz CC, Bauer CM, Skrtic M, Lindahi M, 

Robbins CS, Chen B, Stämpfli MR (2008) Cigarette smoke 

exposure attenuates cytokine production  by mouse alveolar 

macrophages. Am Respir Cell Mol Biol 38: 218-226. 

28. Stampfli MR, Anderson GP (2009) How cigarette smoke 

skews immune responses to promote infection, lung disease, 

and cancer. Nat Rev Immunol 9: 377-384. 

29. Bauer CMT, Zavitz CCJ, Botelho FM, Lambert KN, Brown 

EG, Mossman KL, Taylor JD, Stämpfli MR (2010) Treating 

viral exacerbations of chronic obstructive pulpomary 

disease:insights from a mouse model of cigarette smoke and 

H1N1 influenza infection. PLOS ONE 5: e13251.  

30. Centers for Disease Control and Prevention (2010) search in 

the database  on 2009 H1N1 impact by Race and Ethnicity. 

Atlanta: CDC. Available: 

http://www.cdc.gov/h1n1flu/race_ethnicity_qa.htm. Accessed 

November 2011 

31. Dee DL, Bensyl D, Gindler J, Truman BI, Allen BG, D’Mello 

T, Perez A, Kamimoto L, Biggerstaff M, Blanton L, Fowlkes 

A, Glover MJ, Swerdlow DL, Finelli L (2011) Racial and 

ethnic disparities in hospitalizations and deaths associated 

with 2009 pandemic influenza A (H1N1) virus infections. 

Ann Epidemiol 21: 623-630. 

32. World Health Organization (2009) CDC protocol of realtime 

RTPCR for swine influenza A(H1N1). Geneva: World Health 

Organization. 

33. Mehta CR, Patel NR (1998) Exact interference for categorical 

Data. In Armitage P and Cotton T, editors. Encyclopedia of 

Biostatistics. Chichester: John Wiley. 1411-1422. 

34. Centers for Disease Control and Prevention (2012) Antibodies 

cross-reactive to influenza A (H3N2) variant virus and impact 

of 2010-1011 seasonal influenza vaccine on cross-reactive 

antibodies-United States. Morbidity and Mortality Weekly 

Report 61: 237-241. 

35. Tutuncu EE, Ozturk B, Gurbuz Y, Haybir A, Sencan I, 

KuscuF, Dede G, Kilic AU, Senturk GC (2010) Clinical 

characteristics of 74 pandemic H1N1 influenza patients from 

Turkey. Risk factors for fatality. Saudi Med 31: 993-998. 

36. Fasina FO, Bisschop SPR, Ibironke AA, Meseko CA (2009) 

Avian influenza risk perception among poultry worker, 

Nigeria. Emerging Infectious Diseases 15: 616-617. 

37. World Health Organization (2013) search by country in the 

FluNet database on the Influenza A reported cases in 2010 by 

country. Available: 

http://apps.who.int/globalatlas/dataQuery/reportData.asp?rptT

ype=1. Accessed December 2013 

38. Robinson DP, Lorenzo ME, Jian W, Klein SL (2011) 

Elevated 17B-Estradiol protects females from influenza A 

virus pathogenesis by suppressing inflammatory responses. 

PLOS Pathology 7: e1002149. 

39. World Health Organization (2006) Initiative for vaccine 

research: Influenza vaccine production technologies. Geneva: 

World Health Organization. 

40. World Health Organization (2012) Recommended 

composition of influenza virus vaccines for use in the 2013 

southern hemisphere influenza season, programmes and 

projects. Available: 

http://www.who.int/influenza/vaccines/virus/recommendation

s/2013_south/en/index.html. Accessed November 2012 

41. Lau LL, Cowling BJ, Fang VJ, Chan RH, Lau EH, Lipsitch 

M, Cheng CK, Houck PM, Ulyeki TM, Peiris JS, Leung GM 

(2010) Viral shedding and clinical illness in naturally 

acquired influenza virus infection. Infect Dis 201: 1509-1516. 

42. Frank AL, Taber LH, Wells CR, Glezen WP, Paredes A 

(1981) Patterns of shedding of myoxoviruses and 

paramyxoviruses in children. Infect Dis 144: 433-441. 

43. Hayden FG, Fritz R, Lobo MC, Alvord W, Strober W, Straus 

SE (1998) Local and systemic cytokine responses during 

experimental human influenza A virus infection. Relation to 

symptom formation and host defense. Clin Investigation 101: 

643-649. 

44. World Health Organization (2013) search by country in the 

FluNet database on the Influenza A 2009 pandemic H1N1 

reported cases in 2010 by country. Available 

http://apps.who.int/globalatlas/dataquery/viewdata.asp?  

45. Stone B, Burrows J, Schepetiuk S, Higgins G, Hampson A, 

Shaw R, Kok T (2004) Rapid detection and simultaneous 

subtype differentiation of influenza A viruses by realtime 

PCR.  Virol Methods 117: 103-112. 

46. Roberts KL, Shelton H, Stilwell P, Barclay WS (2012) 

Transmission of a 2009 H1N1 Pandemic Influenza Virus 

Occurs before Fever Is Detected, in the Ferret Model. PLoS 

ONE 7: e43303. doi:10.1371/journal.pone.0043303. 

 

 
Corresponding author 
Esam Azhar 

Department of Medical Laboratory Technology, Faculty of 

Applied Medical Science 

King Abdulaziz University, Jeddah 21589, Saudi Arabia   

Phone: +966566615222 

Email: esam.azhar@yahoo.com 

 

Conflict of interests: No conflict of interests is declared. 


