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Abstract

Influenza and non-Influenza virus related respiratory tract infections are amongst the most common reasons
reported for physician visits and hospitalizations, globally. The economic burden associated with these viral
infections, within the United States, are upwards of $50 billion annually. Concomitant, or subsequent, co-infections of
the respiratory tract by pneumonia-causing pathogenic bacteria, like Streptococcus pneumoniae, Haemophilus
influenzae, Moraxella catarrhalis and Staphylococcus aureus, are often observed in patients suffering from these
respiratory viral infections and contribute to significant co-morbidity and mortality. In the present study, respiratory
swabs from patients were tested for the presence of viral and bacterial pathogens, by Real-Time PCR, employing
the Thermo-Fisher Open Array® platform. Amongst the 5793 samples tested (Dec 2017-Dec 2018), 2357 (40.68%)
tested positive for the presence of Influenza and Non-Influenza viral infections. Out of these positive patient
samples, 1175 (49.85%) also tested positive for the presence of one or more pneumonia-causing bacterial species.
The co-infection data obtained was distributed on the basis of age. Interestingly, nearly 30% of the cases from the
younger patient subset (<1 year old and 1-15 years old) were found to be co-infected with S. pneumoniae, H.
influenzae and M. catarrhalis within the same sample. In addition, infant (<1 year old) patient viral positive samples,
displayed higher than previously reported levels of M. catarrhalis co-infections (72.08%). With the ever-increasing
popularity of point of care testing, this study demonstrates the importance and efficacy of a rapid, comprehensive
multiplex-PCR, syndromic-panel approach to respiratory disease diagnostics, assisting clinicians to make better, and
timely, decisions, potentially leading to improved patient care and outcomes.
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Introduction
Respiratory viral disease caused by Influenza A, B (Influenza) and

other non-influenza viruses [Respiratory Syncytial Virus (RSV),
Rhinovirus (RV), Coronavirus (CV) Parainfluenza virus (PIV),
Human metapneumovirus (HMPV), Adenovirus (AV)], can be
complicated by secondary bacterial infection, which has significant
impact on disease presentation and the associated morbidity and
mortality rates. Bacterial co-infections assert important implications
on clinical and patient care decisions [1-3]. Influenza and non-
influenza viral infections of the respiratory tract renders the very
young, and people over the age of 65 years, highly susceptible to
bacterial pneumonia. The total economic burden of Influenza,
calculated as both direct medical care and indirect costs, in the United
States, is $11.2 billion [4]. Non-influenza viral respiratory tract
infections have an even larger economic impact, with the economic
burden of these infections, within the United States, estimated at
approximately $40 billion annually [5]. The comorbidity associated
with concurrent bacterial pneumonia and influenza infection, has been
well documented in the four Influenza pandemics of the last century
[6]. It is now believed that the high rate of mortality and disease
severity reported during these pandemics, was due in part to
concurrent or secondary bacterial co-infections with Streptococcus
pneumoniae, Hemophilus influenzae and Staphylococcus aureus [3].
These same bacterial pathogens are also responsible for the increased

morbidity of other non-influenza respiratory viral infections [7]. A
number of cellular and molecular mechanisms have been elucidated,
that demonstrate how viral infections of the respiratory tract
predispose to bacterial infection. Viral infections modify the
respiratory tract epithelial cell surface, resulting in enhanced
adherence of the bacteria to the tissue [8]. Studies using mice models
have shown that Influenza viral infection promote superinfections by
S. pneumoniae [9] and S. aureus [10]. Similar observations have been
reported with respect to RSV and AV infection, presenting increased
adhesion of non-typeable H. influenzae in cultured human respiratory
tract epithelial cells [11]. In addition, viral infections of the respiratory
tract have an adverse effect on the host immune response against
bacteria [12]. Influenza infection resulted in upregulated apoptosis of
alveolar macrophages, which compromised the innate pulmonary
immunity, leading to superinfection by S. pneumonia [13]. Similarly,
production of anti-microbial peptides can be deregulated by
pulmonary viral infections, leading to increased bacterial co-infection
[14]. Conversely, there is evidence that bacterial infection of the
respiratory tract, can also lead to enhanced viral infection [15,16].
Respiratory disease symptoms due to Influenza and non-influenza
viruses, are very similar, and are termed Influenza-like illnesses (ILI).
This necessitates a rapid and reliable diagnosis of the causative
organism [17,18]. The growing popularity of low complexity point of
care (POC)/near POC testing for respiratory disease diagnosis, is
based on the rapid turnaround time and ease of operation, with
minimal required technical expertise [19]. However, these tests can
suffer from lower sensitivity and a limited test menu of organisms,
especially with respect to respiratory tract bacterial pathogens. In
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many cases, these POC tests are restricted to one or only a few
respiratory viruses [20-22]. Polymerase Chain Reaction (PCR) based
molecular diagnosis is the new “gold standard” of laboratory-based
testing for infectious diseases [23]. It has been asserted that
employment of a comprehensive multiplex-PCR, syndromic-panel
approach to the diagnosis of respiratory tract infectious diseases, can
help achieve reliable results in a quick time frame, thus reducing the
overall direct and indirect medical costs associated with these
infections [24]. There is a large body of work detailing the association
of bacterial co-infections during Influenza pandemics. However, the
available data for seasonal variations of Influenza and other respiratory
viruses, and the associated bacterial co-infections, is sparse [25].
Recommendations by the Center for Disease Control and Prevention
(CDC) and other regulating bodies focus on good antibiotic
stewardship, warn against treating these known pneumonia causing
bacteria in out-patient settings, making clinical decisions on treatment
tougher for physicians. The work presented in this paper was
undertaken with the aim to determine the rate of viral-bacterial co-
infection, in patients presenting with symptoms of ILI. We have
developed a comprehensive multiplex-PCR, syndromic-panel test for
respiratory tract infectious disease diagnosis. The test menu covers
Influenza and several non-influenza respiratory viruses. In addition,
bacterial pathogens that are responsible for co-infections, or are
commensals of the respiratory tract, but can act as opportunistic
pathogens, are also covered in our test menu. The co-infection data
presented in this paper allows for a more comprehensive
understanding of co-infection rates, distributed over an age range,
facilitating better clinical stewardship, when dealing with patients with
ILI.

Materials and Methods
Nucleic Acid Extraction Respiratory samples (Nasopharyngeal/

Throat swabs) were received from patients in the HealthTrackRx
laboratory in Denton, Texas, United States. Total nucleic acid was
isolated, following manufacturers’ instructions, using the Mag-Bind
Universal Pathogen Nucleic Acid purification kit (Omega Bio-Tek,
Norcross, Georgia, USA), integrated on an automated liquid handling
platform (Firefly Nimbus 96; Hamilton Robotics, Reno, Nevada, USA).
Reverse Transcription and Pre-Amplification RNA isolated from the
patient samples was reverse transcribed using the SuperScript IV
reverse transcriptase system (ThermoFisher, California, USA)
according to manufacturer’s instructions. Rare targets within the
sample were subjected to pre-amplification, as per manufacturer’s
instructions, before real-time PCR analysis using the TaqManTM Pre-
Amp Mastermix and custom primers provided by the manufacturer
(ThermoFisher, California, USA).

Real-Time PCR analysis
Real-Time PCR analysis was performed using the QuantStudioTM

12K Flex Real-Time PCR system (ThermoFisher, California, USA).
Diluted pre-amplified nucleic acid, isolated from patient samples, was
placed on Open Array TM plates containing the target primers and
probes, using the AccuFillTM system. Real-Time PCR analysis was
performed on the QuantStudioTM 12K Flex, using the Gene Expression
program according to the manufacturer’s instructions (ThermoFisher,
California, USA). The PCR primers and probes were designed,
validated and manufactured by a ThermoFisher proprietary process.

Data analysis
All statistical analysis was performed using Microsoft Excel. While

collating patient test results, no personal identifying data was accessed.
Each patient sample was assigned a randomly generated sample
identification number and only the gender and age of the sample were
used for data analysis.

Results
In the present study, spanning a period of one year (December 2017

to December 2018), a total of 5793 respiratory samples were tested for
the presence of viruses and bacteria, causing influenza like illness (ILI).
Amongst these, 2357 (40.68%) tested positive for the presence of
Influenza and Non-Influenza viral respiratory infections. Out of the
patient samples that tested positive for the presence of these
respiratory viruses, 1175 (49.85%) also tested positive for the presence
of one or more bacterial species responsible for causing bacterial
pneumonia. The main viral genera detected were Rhinovirus (24.17%),
RSV (19.65%), Coronavirus (18.97%), Influenza virus (13.87%),
HMPV (8.42%), Adenovirus (7.91%) and PIV (6.97%) (Figure 1a). The
main bacterial pathogens, detected as viral co-infections, were
Streptococcus pneumoniae (78.38%), Moraxella catarrhalis (27.74%),
Haemophilus influenzae (26.38%) and Staphylococcus aureus
(12.08%). Amongst the total cases, S. agalactiae (Group B Strep) and S.
pyogenes (Group A Strep) were detected at 2.38% and 1.61%
respectively (Figure 1b). In addition, Chlamydophila pneumoniae,
Klebsiella pneumoniae, Mycoplasma pneumoniae and Bordetella
pertussis were detected in less than 1% of the patient samples tested
(Data not presented).

Figure 1: Distribution of pathogenic bacteria and viruses in
respiratory samples. (a) Percent distribution of pneumonia causing
bacterial species detected in patient samples positive for viral
bacterial co-infections. (b) Percent distribution of influenza and
non-influenza viral genera detected in patient samples positive for
viral-bacterial co-infections. HMPV-Human metapneumovirus,
PIV-Parainfluenza virus, RSV-Respiratory Syncytial Virus.

Age distribution of bacterial co-infection in Influenza
positive samples
Influenza virus (A and B) were detected in 315 cases. Out of those,

163 (51.74%) cases were found to have at least one bacterial co-
infection. Distribution of the Influenza virus-bacterial co-infection
data by age, shows S. pneumoniae as the dominant co-infecting species
present across all age ranges. S. pneumoniae, M. catarrhalis and H.
influenzae were the only bacterial co-infections detected in the infant
samples (<1 year of age), with 40% of the samples testing
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simultaneously positive for all three bacterial species. In addition, this
trio of upper respiratory bacterial pathogens, co-detected together in a
sample, was observed only in the younger population. No S. aureus co-
infections were detected in the <1 years and 15-25 years age groups
with S. pneumoniae being detected in 90% and 80% of the samples in
these age groups, respectively. M. catarrhalis co-infections were
detected at an elevated rate in the younger populations (80% and 43%
in <1 and 1-15 years of age respectively) compared to the 15-25 years
(10%) and 25-60 years (13%) age groups. The pathogen re-emerges at
comparatively higher rate (23%) in the >60 years age group. Only one
case of Streptococcus pyogenes was detected as a co-infection in the
older population (>60 years of age) (Figures 2 and 3).

Figure 2: Distribution of pneumonia causing bacteria co-detected in
patient samples positive for Influenza virus. Numbers on the x-axis
represent the age range of the patients in years. <1 (n=10), 1-15
(n=67), 15-25 (n=10), 25-60 (n=46), 60> (n=30).

Figure 3: Distribution of non-influenza respiratory viruses detected
in patient samples tested positive for viral-bacterial co-infections.
Numbers within the bars represent the actual % value of each virus
detected in the age group. Numbers on the x-axis represent the age
range of the patients in years. <1 (n=90), 1-15 (n=367), 15-25
(n=47), 25-60 (n=329), 60> (n=178).

Age distribution of non-Influenza respiratory viral infections
Given the number of viral species responsible for respiratory tract

infections in the current study, and for ease of data visualization, the
distribution of non-Influenza viral infections was evaluated across the

same age ranges (Figure 3), as employed for the Influenza-bacteria co-
infections. Amongst the patient samples positive for viral-bacterial co-
infections, approximately 25% tested positive for Rhinovirus
infections. A higher proportion of Rhinovirus infection was detected
in the 15-25 years age group (38.29%). Similarly, Coronavirus
infections accounted for approximately 19% of the co-infection
samples and were observed in 31.7% of the 25-60 years age group. RSV
infections were over-represented in the younger population (34.78% in
<1 year of age and 32.6% in 1-15 years of age), as opposed to the
19.65% detection in the total co-infection samples subset. AV, PIV and
HMPV infections displayed smaller variations in distribution across all
age ranges.

Age distribution of bacterial co-infections in respiratory
viral positive samples

Distribution of bacterial pathogen co-infections in non-influenza
virus positive samples reflected the trend observed for Influenza
positive patient samples. S. pneumoniae co-infection was the highest
reported in these samples, across all age ranges (Figures 4a and 4b).
The next highest instance of co-infection was M. catarrhalis, followed
by H. influenzae. M. catarrhalis co-infections displayed a downward
trend with the progression of age, with no co-infections of the
pathogen reported for the 15-25 years old age group sample subset
which were also positive for PIV or HMPV infections (Figures 4c-4f).
Sporadic instances of S. agalactiae and S. pyogenes co-infections were
reported for all viral infections with no observable distribution trend.

Discussion and Conclusion 
The present study is a survey of viral and bacterial co-infections

detected in patient samples displaying symptoms of Influenza-like
illness. The data presented in this paper is, to a large extent, in
agreement with previously published studies. However, a few novel and
interesting observations were made with respect to the current state of
our understanding of viral-bacterial co-infections in respiratory
illnesses. S. pneumoniae was found to be the most common bacterial
infection associated with the viral infections detected in this study,
irrespective of the viral species or the age group.

Pneumonia and other related diseases caused by S. pneumoniae, are
responsible for millions of hospitalizations and deaths, both in the
United States and globally [26,27]. Previous studies have reported S.
pneumoniae to be the most prevalent co-infection associated with
Influenza infection, ranging from 20% to 54.8% of the total cases
[28-30]. Prior viral infection of the airways facilitates the colonization
of the respiratory tract by S. pneumoniae [31] as the bacterium is able
to catabolize sialic acid that is released from the host cell surface by
viral neuraminidases [32] giving it a nutritional advantage and
increasing its pathogenic potential. Additionally, pneumococcal
resistance to traditional antibiotics like Augmentin, have made S.
pneumonia harder to treat empirically [33] with 27.47% of the co-
infection cases testing positive for M. catarrhalis, this pathogen was
more prevalent than H. influenzae and S. aureus in our study. To our
knowledge, this is the first study reporting such high instances of M.
catarrhalis co-infection rate within the same data set. M. catarrhalis is
a common causal agent of otitis media [34] and complications
(bronchitis, pneumonia) associated with chronic obstructive
pulmonary disease (COPD) [35].
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Figure 4: (a-f) Distribution of pneumonia causing bacteria co-detected in patient samples tested positive for the presence of non-influenza
respiratory viruses. The data is presented as total % of co-infected samples for each virus. Numbers on the x-axis represent the age range of the
in years. Numbers in parentheses below each age range is the total number of samples for that age group.

The emerging importance of the pathogen was reported in the 2009
Influenza pandemic, where 17.64% of the Influenza positive cases were
co-infected by M. catarrhalis [36]. Two reasons that can explain the
under-reporting in previous studies and, by contrast, the high levels of
M. catarrhalis co-infections in our study are: (a) the use of a sensitive
detection technique and (b) prior to the 1980’s, M. catarrhalis was
listed as a non-pathogenic bacterium. In fact, a meta-analysis of 27
studies on Influenza co-infections lists M. catarrhalis as a frequent
source of infection since the 1980’s but it is still regarded by some
physicians as normal colonizers that do not require treatment [37].

A particularly interesting observation was made with respect to the
detection of M. catarrhalis in the younger population (<1 and 1-15
years of age). With very few exceptions almost all the co-detected
bacterial species, within all age groups, follow the overall detection
rate. However, collating the co-infection rate of the pathogen for all
viral species demonstrates a higher co-infection rate of M. catarrhalis
in the <1 year (72.08 ± 16.86%) and 1-15 years of age (41.23 ± 6.5%) as
opposed to the total co-infection rate (27.74%). In contrast, the co-
infection rates of S. pneumoniae and H. influenzae are not significantly
different than the total co-infection rates (Figure 5). Similar infection
rates of M. catarrhalis have been reported in infants up to 2 years of
age with respect to the development of otitis media [34]. M. catarrhalis
displays increased cell adhesion and proinflammatory responses, with
exposure to cold ambient conditions (26°C for 3 hours). This may
occur with prolonged exposure to cold air temperatures and can result

in Influenza-like/viral cold-like symptoms [38]. Humoral immune
responses against M. catarrhalis seem to be age-dependent, with the
level of immunoglobulin G (IgG) gradually increasing in children. A
significant decrease in antibody concentration, during the first 3
months of life, from healthy children is seen, and the M. catarrhalis-
specific IgG antibodies remain at a low level in children below 1 year of
age. From the age of 1 year, the immune response of children increases
slowly, to reach maternal levels at the age of 10 years [39]. Our data,
along with the above prior immune-system observations, suggest M.
catarrhalis as a strong candidate for childhood vaccination programs
[40].

The pathogen’s role in otitis media and COPD is well established
[41] but given the higher rate of co-infection associated with
respiratory viruses, especially in the younger population, M. catarrhalis
can emerge as a serious pathogen. A possible explanation for the high
rate of M. catarrhalis co-infection rate observed in this study could be
the use of pneumococcal (Streptococcus pneumoniae) vaccines. It has
been demonstrated that use of pneumococcal vaccines led to a
decrease in nasopharyngeal colonization of vaccine-covered serotypes,
with a concomitant increase in colonization by the non-vaccine
pneumococcal serotypes, H. influenzae and M. catarrhalis [42]. Along
with S. pneumoniae and H. influenzae, S. aureus has been reported to
be one of the most common co-infecting pathogens (28% of all co-
infection instances) during, or after, Influenza infection [37]. In the
present survey, S. aureus co-infection rate was the fourth most
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abundant (12.08%), which is significantly lower than the co-infection
rate previously reported for the pathogen. S. aureus is a common cause
of pneumonia in humans and a frequently associated co-infection with
Influenza. The potential pathogen, especially methicillin resistant
strains (MRSA), can prove to be fatal in many cases [43]. Our patient
population resided mainly on the out-patient population, which could
provide insight on the lower detection rate of S. aureus in the current
study. Globally pneumonia is one of the leading causes of mortality in
children aged 5 and under [44]. As suggested by our study, the
expected trends of pneumonia causing bacterial co-infections can
change over time. Thus, a robust detection technique, that does not
suffer from the limitations of classic culture and sensitivity protocols,
(i.e. time to final reporting, microbial viability problems during sample
transport to the lab, inability to culture some microbes, long length of
culture time for some microbes, etc.), is needed. Patient samples,
wherein 3 or more bacterial species were detected, comprise 10.46%
(123/1175) of the total co-infection cases in the current study. In the
majority of these cases (90/123), we detected S. pneumoniae, M.
catarrhalis and H. influenza, in conjunction with a viral infection. An
overwhelming majority of these cases (81/90) were present in the
younger population (<1 to 15 years of age). The data presented in this
survey presents cogent evidence for the use of multiplex Real Time-
PCR for the detection of respiratory pathogens. We found nearly 50%
of the viral positive patient samples detected positive for a pneumonia
causing bacterial pathogen.

Potentially, in one out of every two patients using a viral-only
detecting POC test, clinicians would have missed the diagnosis of a
concurrent bacterial infection, likely increasing morbidity and
mortality, and certainly increasing “time to successful treatment” and
infection-associated costs. Weighing the balance between good
antibiotic stewardship and effective treatment is ill defined, and is left
to physician discretion, potentially increasing adverse patient
outcomes in the present, to avoid the spread of antibiotic resistance in
the future. Despite the insight into the co-infection trends of bacterial
pathogens with Influenza and other respiratory viruses, our study
suffers from some limitations. The data generated is only for the
detection of the bacterial and viral pathogens in patients displaying ILI
symptoms. We did not have access to their clinical conditions prior to,
or after, reporting of the results, nor do we know the clinical outcome.
In addition, the use of vaccines and antibiotics prior to the collection
of samples was not detailed, precluding their consideration in our
discussion. As a future endeavor, the clinical conditions of the patients,
along with treatment plans, could be tracked in coordination with the
treating physician. Efforts are underway in our laboratory to generate a
comprehensive dataset for the associated antibiotic resistance markers,
to further assist in the correct initial treatment, and to maximize
antibiotic stewardship considerations for bacterial co-infections. We
recognize the importance of POC tests in an out-patient setting for
quick viral diagnosis, and the need for rapid viral panels on
hospitalized patients, but these techniques do not test for the most
common pneumonia causing bacteria. Based on the current findings,
these bacteria need to be tested as nearly half of post-viral patients will
have at least one bacterial co-infection known to cause lower
respiratory tract infections, which can lead to adverse patient
outcomes, including morbidity and mortality in at risk age groups.

Figure 5: Moraxella catarrhalis co-infections are detected at a higher
rate in younger age groups when compared to the total distribution
of the pathogen in patient samples positive for viralbacterial co-
infections. Data represents the total instances of M. catarrhalis
detection in Influenza and non-influenza respiratory virus positive
samples. Error bars represent standard deviation.
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