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The aim of this study was to conduct an epidemiologi-
cal and laboratory surveillance of Influenza-Like Illnesses 
(ILI) in Polish Armed Forces, civilian military personnel 
and their families in 2011/2012 epidemic season, under 
the United States Department of Defense-Global Emerg-
ing Infections Surveillance and Response System (DoD-
GEIS). ILI incidence data were analyzed in relation to 
age, gender, patient category as well as pathogen pat-
terns. Multiple viral, bacterial and viral-bacterial co-in-
fections were identified. Nose and throat swabs of active 
duty soldiers in the homeland country and in the NATO 
peacekeeping forces KFOR (Kosovo Force), as well as 
members of their families were tested for the presence 
of viral and bacterial pathogens. From October 2011 to 
May 2012, 416 specimens from ILI symptoms patients 
were collected and analyzed for the presence of viral 
and bacterial pathogens. Among viruses, coronavirus 
was the most commonly detected. In the case of bacte-
rial infections, the most common pathogen was Staphy-
lococcus aureus. 
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INTRODUCTION

Influenza-Like-Illnesses (ILI) include all cases of up-
per and/or lower respiratory tract diseases emerging sea-
sonally on a large scale and caused by viruses or bacte-
ria (Leo et al., 2010; Cui et al., 2012). Outbreaks of ILI 
result in significant morbidity in the whole population 
and mortality in certain high-risk patient groups (Har-
rison et al., 1998). Neglected and/or improperly treated 
patients may also develop severe complications. Military 
population is a high-risk group due to close living con-
ditions, psychological stress and difficulty in maintaining 
personal hygiene under strict training conditions. Military 
personnel who live and work at a military base remain 
within its confines. Professional interactions among the 
personnel in a contingent facilitate face-to-face contacts 
between individuals from different military units. Moreo-
ver, selected military personnel may have contacts with 
families of local inhabitants. These factors may facilitate 
disease transmission. 

As the air-borne transmission of pathogens to military 
population  may decrease combat capabilities (Bombardt 
& Brown 2003), the Department of Defense-Global 
Emerging Infections Surveillance and Response System 
(DoD-GEIS)  has been established. The DoD-GEIS 
mission is to support and coordinate DoD global surveil-
lance of epidemiological data and microbial agents caus-
ing serious diseases in military populations (such as ILI, 
sexually transmitted diseases, food-borne diseases, and 
tick-borne diseases). Respiratory diseases are one of the 
top priorities for DoD-GEIS activity. The DoD-GEIS 
provides professional assistance to several DoD-GEIS 
partnering organizations in the world, including the Mili-
tary Institute of Hygiene and Epidemiology in Poland, 
in order to complete an epidemiological and laboratory 
investigation of ILI cases among soldiers. 

MATERIALS AND METHODS

Study population and clinical samples. Military 
personnel, including active troops, military retirees 
and civilian personnel, working in military units, as 
well as their families were enrolled in this study. The 
population studied lived or was deployed in Lubelskie 
and Masovian Voivodeships in Poland and in Camp 
Bondsteel in Kosovo (KFOR). Patients manifesting 
common influenza symptoms as: fever ≥38°C, cough, 
sore throat, runny or stuffy nose, headaches and/or 
body aches, chills, nausea, vomiting and diarrhea were 
selected during consultations by military physicians 
between October 2011 and May 2012. Aside from 
regular medical examination, participation in surveil-
lance program was offered to patients. 

Health Questionnaire and Application Study Forms 
were filled for each consenting patient. Personal, dis-
ease manifestation, treatment, vaccination data and 
putative exposure conditions were comprised in the 
questionnaires. Subsequently, clinical material was col-
lected from the nasopharynx with sterile swabs, then 
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stored in preserving medium separately for bacteria 
and viruses and was shipped to the BTICC laboratory.

Virus nucleic acids detection. QIAamp Viral 
RNA Mini Kit (Qiagen, Germany) was used for nu-
cleic acids isolation from the nasopharyngeal swabs. 
Reverse transcription was performed using iScript 
cDNA Synthesis Kit (Bio-Rad). The obtained cDNA 
was amplified using RV Panel Amplification (Seegene, 
South Korea) containing a set of primer pairs specific 
for viral respiratory pathogens according to the manu-
facturer’s instructions. The samples were tested in a 
CFX96 Real-Time PCR Detection System (Bio-Rad) 
by nested real-time PCR using an RV Panel Real-Time 
Detection kit (Seegene, South Korea). Simultaneous 
identification was carried out to identify the follow-
ing pathogens: influenza A viruses, influenza B virus, 
respiratory syncytial virus A/B, human metapneumo-
virus, human adenovirus A/B/C/D/E/F, coronavirus 
229E/NL63/OC43/HKU1, rhinovirus/enterovirus, 
bocavirus 1/2/3/4 and parainfluenza virus 1/2/3/4. 
Influenza A positive samples were subtyped using a 
FluA Real-Time Subtyping kit (Seegene, South Ko-
rea) which allows identifying the following influenza 
A subtypes: 2009 pandemic H1N1, human flu H3N2, 
and human flu H1N1.

Bacterial culture. Classical culture methods with 
selective media were used for bacteria identification. 
Specific Biochemical Test Panels and semi-automated 
system Mini-API (bio-Merieux, France) were used to 
identify bacteria species. The Disk Diffusion Method 
with Müller-Hinton Agar Medium (Graso, Poland) 
were used for testing antimicrobial susceptibility ac-
cording to the EUCAST (The European Committee 
on Antimicrobial Susceptibility Testing) recommenda-
tions (EUCAST, 2012).

RESULTS

Four-hundred and sixteen specimens from patients 
with ILI symptoms were collected between October 
2011 and May 2012. Seventeen samples were excluded 
from the study due to a lack of diagnostic validity. 
Among 399 samples analyzed for viral pathogens and 
249 for bacterial pathogens, 40% (162/399) and 36% 
(89/249) respectively, were positive.

Viral etiology of respiratory infections

A total of 399 samples, including 16 samples from 
KFOR, were analyzed by reverse transcription real-time 
PCR. One-hundred and sixty-two swabs were positive 
for respiratory viruses. One-hundred and thirty-seven 
samples were positive for single viral infections. How-
ever, viral co-infections (25 cases) were noticed as well 
(Fig. 1). Among them, 21 cases were positive for two 
viral agents, in four samples three viral agents were iden-
tified. Notably, 28 samples were positive for viruses and 
pathogenic bacteria.

Influenza virus type A and type B were confirmed in 
9 and 1 nasopharyngeal specimen, respectively, which 
amounts to 6% of samples (95% confidence interval 
[CI95%]: 2–10%). Specific subtyping for influenza A was 
performed resulting in detection of influenza virus A/
H3 in all 9 swabs. Additionally, the following viruses 
were identified: coronavirus (n=58, including 4 cases 
in KFOR, 36%, CI95%: 29–43%), rhinovirus/enterovi-
rus (n=49, 30%, CI95%: 23–37%), parainfluenza virus 
(n=38, 23%, CI95%: 17–30%), respiratory syncytial virus 
(n=15, 9%, CI95%: 5–14%), metapneumovirus (n=10, 
6%, CI95%: 2–10%), adenovirus (n=8, 5%, CI95%: 2–8%), 
and one case of bocavirus (parvovirus) (Fig. 2).

The study population analyzed for viral infections 
comprised 206 men and 193 women. Viral genetic ma-
terial was found in 78 and 84 specimens, respectively. 
Among women cases caused by parainfluenza viruses, 

Figure 1. Percentage of viral infections including co-infections

Figure 2. Distribution of viral pathogenic agents in positive samples (single and co-infections)



Vol. 61       491Influenza like illness etiology

rhinoviruses/enteroviruses and respiratory syncytial vi-
ruses were more common. Among men, coronavirus 
was the dominant cause. Similar numbers of women 

and men were infected by metapneumo-
virus and adenoviruses (Fig. 3).

The study population was grouped 
into 6 age intervals: children (0–4 years), 
elementary school-age children (5–14 
years), teenagers (15–19 years), working 
adults (20–55 years), retired (56–64 years) 
and elderly (≥65 years). Children above 4 
years old were the age group which was 
the most prone to viral respiratory infec-
tions. The next age groups were children 
at school age and retirees. The viral dis-
eases were the least prevalent in the age 
group 20–55, including military personnel 
(Fig. 4).

Bacterial etiology of respiratory infections

Among the 249 swab samples which were analyzed by 
culturing method, in 61 cases bacterial infections of the 

Figure 3. Gender distribution of respiratory virus infections

Figure 4. Prevalence of viral infections in age groups

Figure 5. Percentage of bacterial infections including co-infections
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upper respiratory tract were identified. One-hundred and 
sixty remaining samples revealed the presence of bacte-
rial physiological flora, of which 65 samples were ad-
ditionally characterized by the presence of viral agents. 
Moreover, 28 samples demonstrated bacterial-viral co-
infections (Fig. 5). Among all characterized bacterial 
agents, Staphylococcus aureus MSSA (methicillin-sensitive 
Staphylococcus aureus) was the dominant one (Figs. 6, 7).

Respiratory infections caused by bacterial pathogens 
were the most common in school-age children (62%), 
followed by adults from 20 to 55 years old (27.5%). No 
cases caused by bacterial pathogens were found among 
teenagers (Fig. 8).

DISCUSSSION AND CONCLUSION

Influenza like illnesses outbreaks may expand in high 
consequences scenarios, involving emerging of highly 
contagious and pathogenic influenza strains like the Span-
ish flu of 1918. Additionally, from the military perspec-
tive, some infectious diseases caused by biological warfare 
agents may resemble Influenza-like illnesses manifestation. 
Bearing this fact in mind, the effort to adapt existing na-
tional surveillance systems to near-real-time surveillance 
may be effective in recognizing an emergence of new res-
piratory pathogens or covert attacks involving biological 
agents, as well as improve the DoD’s capabilities to moni-
tor naturally occurring influenza.

Figure 6. Percentage of bacterial agents in ILI symptomatic disease

Figure 7. Percentage of bacterial/fungal etiologic agents in bacterial/fungal-viral co-infections



Vol. 61       493Influenza like illness etiology

As reported by the WHO European Region Office, 
“The 2011–2012 influenza season began late and was 
mild, with lower consultation rates of influenza-like 
illness/acute respiratory infection (ARI) and fewer vi-
rological influenza detections in most countries in the 
Region compared with previous years” (WHO 2012). 
In Poland, influenza and ILI incidence was 1,443.0 
per 100,000 population in 2010 (EPIMELD-NIH 
2010). Three-thousand and two influenza and 3,782 
influenza-like illness infections per 100,000 population 
were reported during the epidemic seasons 2011 and 
2012, respectively (EPIMELD-NIH 2012). Thus, these 
were the most common infectious diseases in Poland.

The study of a military population found similar levels 
of viral and bacterial infections. Respiratory tract infec-
tions caused by influenza virus in the study population 
accounted for only 6.2% of the examined cases. Thus, 
other respiratory viruses detected in RV Panel also ap-
peared to be etiologic agents of respiratory infections. 
They all manifest similar symptoms, therefore the clinical 
course of a respiratory infection does not allow identify-
ing clearly the species of the pathogen responsible for 
the infection.

Co-infections are an often-neglected phenomenon in 
the treatment of ILI cases — they could be viral-viral 
(Panasik & Pancer, 2009) or viral-bacterial, and their true 
scale is still quite obscure (Falsey et al., 2013). They pose, 
however, a high risk of serious health consequences such 
as a more severe course of the disease and a conse-
quent increased rate of hospitalization (Panasik & Panc-
er, 2009). The treatment of co-infected patients can be 
much more complicated in terms of time and selection 
of drugs administered, acute manifestation of disease and 
complex laboratory analysis of clinical samples (Falsey et 
al., 2013).

Since the detection and identification of etiologi-
cal agents of ILI cases can be time-consuming, novel 
methods have been developed recently. A rapid pro-

gress has been observed in molecular multiplex identi-
fication of various pathogens (Lee et al., 2010; Huber et 
al., 2011; Nakauchi et al., 2011; Stefańska et al., 2012). 
Application of state-of- the-art methods based on two-
step amplification with real-time nested detection al-
lows rapid, sensitive and reliable detection of up to 12 
most common viral pathogens. Our virological results 
seem to show typical trends similar to those observes 
by others (Paranhos-Baccala et al., 2008; Meerhoff et al., 
2010; Lee et al., 2010). The scale of viral-viral co-infec-
tion in our study (6.3%) was similar to those found by 
Lee and coworkers (2010) (6.8%) or Paranhos-Baccala 
and coworkers (2008) (15.2%). In contrast, Meerhoff 
and coworkers (2010) revealed 50% incidence of viral-
viral co-infection. The frequency of viral-bacterial co-
infections — 11.5% — was comparable to that report-
ed by Falsey and coworkers (2013) — 18%. Among the 
viral-bacterial co-infections the most common bacterial 
agent was Streptococcus aureus, as was also found by oth-
ers (Chertow & Memoli, 2013).

The presented data provide valuable information on 
influenza-like illness incidence among sentinel mili-
tary populations at high risk. It allowed the identifi-
cation of circulating viruses, including their variants 
or subtypes, and added some input to the debate 
on the modalities of empirical antiviral/antibacterial 
treatment and vaccine selection. The percentage of 
influenza-positive results was astonishingly low in this 
population in the second season after the 2009/2010 
pandemic. This could have been caused by the late 
start of the influenza season and a selection advan-
tage of other viruses in 2011/2012. Although vaccine-
preventable influenza is the disease where prophylac-
tic vaccination is most frequently encouraged, other 
viruses that may cause morbidity relevant to military 
operations deserve development of specific prophy-
lactic measures, as shown by the ILI etiology in this 
study. 

Figure 8. Prevalence of bacterial cases in age groups
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