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LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:

1. Discuss healthcare statistics of various respiratory tract
infections (RTIs) in the United States.

2. List the causative agents of RTIs.

3. Describe the serotypes of various viruses causing RTIs and
their complications.

4. List and describe the benefits and limitations of laboratory
diagnosis of RTIs.

Diagnosing upper and lower respiratory 
tract infections
By Rajasri Chandra
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Respiratory tract infections (RTIs) are among the most 
common reasons why patients visit their physicians. 
These infections can range from mild, self-limiting, or 

life-threatening requiring hospitalization. Though the major-
ity of respiratory tract infections are caused by viruses, some 
bacteria and fungi can also cause respiratory tract infections. 
RTIs can be classified as upper and lower respiratory tract 

infections depending on the site of the infection in the respira-
tory system. However, in many cases, viruses may enter the 
upper respiratory tract and subsequently reach the lower 
respiratory tract. Organisms gain entry to the respiratory 
tract by inhalation of droplets or contact with contaminated 

Depending on which part of the upper respiratory 
tract is infected, symptoms can be as follows:

• Cough

• Sore throat

• Runny nose

• Nasal congestion

• Headache

• Low-grade fever

• Facial pressure

• Sneezing

• Malaise

• Myalgias

Symptoms usually appear one to three days after exposure and 
last 7–10 days, but can persist up to 3 weeks.

Table 1. Possible symptoms of upper respiratory tract infections.2
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fomites.1,2 They then invade the mucosa, followed by epithelial 
destruction, along with redness, edema, hemorrhage, and 
sometimes an exudate.1

Upper respiratory tract infections (URIs) affect the respiratory 
tract above the lungs including the nose, throat, nasopharynx, 
sinus, larynx, epiglottis, or trachea causing rhinitis, pharyngitis, 
nasopharyngitis, sinusitis, laryngitis, epiglottitis or tracheitis 
respectively. They account for an estimated 10 million outpatient 
appointments annually.3 Though anyone can get affected by 
URIs, children are at a higher risk. URIs are caused by viruses 
in approximately 90 to 98 percent of cases.4 That said, a few 
bacteria and fungi can also cause URIs. Table 1 shows the prob-
able symptoms of URIs.

Lower respiratory tract infections (LRIs) are infections in 
the lungs or below the larynx, a major killer globally. These 
include pneumonia, bronchitis, and tuberculosis. According 
to the Global Burden of Disease report of 2019, 489 million LRI 
episodes occurred, leading to a total of 2.5 million deaths.5 LRIs 
can be caused by viruses, bacteria, and fungi.1,6 Table 2 shows 
the probable symptoms of LRIs.

Respiratory tract infections caused by viruses
Human rhinovirus and human enterovirus: Human rhinoviruses 
(HRVs) and respiratory enteroviruses (HEVs) are leading causes 
of upper respiratory tract infections and among the most frequent 
infectious agents in humans worldwide.8 Both are classified in the 
enterovirus genus within the Picornaviridae family, and they have 
been assigned to seven distinct species, RV-A, B, C and EV-A, B, C, 
D.8 HRV was first identified in the 1950s and known to cause over 
50% of cases of “common cold.”9,10 The common cold is the most 
frequently occurring URI. Each year in the United States there are 
millions of cases of the common cold. Colds are the main reason 
that children miss school and adults miss work. Adults have an 
average of two to three colds per year.11 A preschool-aged child 
has an average of 6 to 10 episodes per year, and 10% to 15% of 
school-aged children have at least 12 infections per year.10 The 
common cold is self-limited and does not cause serious health 
issues. Symptoms of common cold include sore throat, runny 
nose, coughing, sneezing, headache, and body ache.11

Initial research suggested that HRV is a benign virus 
restricted to growth within the upper airways of humans. 
However, recent research shows that HRV is not only able 
to effectively reach, penetrate, and replicate within the lower 
airway epithelium of individuals in vivo, but also causes his-
tologic changes of the lung interstitium and alveoli. Moreover, 
HRVs have now been shown to be an important cause of 
superinfection, with bacteria like Streptococcus pneumoniae 
and Staphylococcus aureus.9

Recent clinical studies in pediatrics have also shown the 
association of HRVs with lower respiratory tract infections 
including bronchiolitis and pneumonia. However, it is still 
not totally understood if HRVs can cause LRIs on their own. 
It has also been shown that both HRVs and HEVs shed in the 
nasopharynx of children following acute infection for up to 6 
weeks and 3 weeks, respectively.12

HEV infections with non-polio enteroviruses are common in 
the United States during summer and fall. A mix of enterovi-
ruses circulates every year, and different types can be common 
in different years.13 HEVs are found to have 4 genotypes: A, 
B, C, and D. Three better-known, non-polio enteroviruses are 
enterovirus D68 (EV-D68), enterovirus A71 (EV-A71), and cox-
sackie virus A6 (CV-A6). EV-D68 usually causes respiratory 
illness. EV-A71and CV-A6 are known to cause hand, foot, and 
mouth disease. Most people who get infected with non-polio 
enteroviruses do not get sick, or they only have mild illness, 
like the common cold. Symptoms of mild illness can include 
fever, runny nose, sneezing, cough, skin rash, mouth blisters, 
and body and muscle aches.13 EV-D68 can cause mild to severe 
respiratory illness or no symptoms at all. Mild symptoms may 
include runny nose, sneezing, cough, body aches, and muscle 
aches. Severe symptoms may include wheezing and difficulty 
breathing. It can also cause acute flaccid myelitis (AFM), an 
uncommon but serious neurologic condition that mostly affects 
children and causes the muscles and reflexes in the body to 
become weak.14

Influenza viruses: These are the next common viruses causing 
upper respiratory tract infection with symptoms similar to that 
of common cold. There are four types of influenza viruses: 
A, B, C, and D. Influenza A and B viruses cause seasonal flu 
epidemics almost every winter in the United States. Influenza 
A viruses are capable of causing flu pandemics. Influenza C 
viruses generally cause mild illness and are not thought to 
cause human epidemics. Influenza D viruses primarily affect 
cattle and are not known to infect or cause illness in people. 
Influenza A viruses are further divided into subtypes based 
on two proteins on the surface of the virus: hemagglutinin (H) 
and neuraminidase (N). There are 18 different hemagglutinin 
subtypes and 11 different neuraminidase subtypes (H1 through 
H18 and N1 through N11, respectively). Currently influenza A 
(H1N1) and influenza A (H3N2) subtypes are found in infected 
individuals. Influenza B viruses are not divided into subtypes, 
but various strains/lineages are found. Vaccines are available 
for influenza viruses A and B.15 

The burden of influenza (flu) disease in the United States 
varies widely and is determined by the characteristics of circu-
lating viruses, the timing of the season, how well the vaccine 
is working to protect against illness, and how many people 
got vaccinated. Influenza can cause mild to severe illness, and 
at times can lead to death.16 Flu symptoms usually come on 
suddenly. People who have the flu often feel some or all of 
these symptoms: fever, chills, cough, sore throat, runny or stuffy 
nose, muscle or body aches, headaches, fatigue, vomiting, and 
diarrhea in some, though more common in children than adults. 
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LRIs can be mild exhibiting the following symptoms:

• Stuffy or runny nose

• Dry cough

• Low fever

• Mild sore throat

• Dull headache

LRIs can be severe exhibiting the following symptoms:

• Severe cough that may produce phlegm

• Fever

• Difficulty breathing

• Blue tint to the skin

• Rapid breathing

• Chest pain

• Wheezing

Patients with pneumonia may also exhibit non-respiratory 
symptoms such as confusion, headache, myalgia, abdominal pain, 
nausea, vomiting, and diarrhea.

Table 2. Possible symptoms of lower respiratory tract infections.1,7
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Most people recover in a few days to less than two weeks, but 
some people may develop complications. Sinus and ear infec-
tions are examples of moderate complications from flu, while 
pneumonia is a serious flu complication that can result from 
either flu virus infection alone or from co-infection of flu virus 
and bacteria. Other possible serious complications triggered by 
flu can include inflammation of the heart (myocarditis), brain 
(encephalitis) or muscle tissues (myositis, rhabdomyolysis), 
and multi-organ failure (for example, respiratory and kidney 
failure). Flu virus infection of the respiratory tract can trigger 
an extreme inflammatory response in the body and can lead 
to sepsis, the body’s life-threatening response to infection. The 
Centers for Disease Control and Prevention (CDC) estimates 
that flu has resulted in 9 million – 41 million illnesses, 140,000 
– 710,000 hospitalizations, and 12,000 – 52,000 deaths annually 
between 2010 and 2020.17

Human respiratory syncytial virus (RSV): RSV is an 
enveloped single-stranded RNA virus of the genus Ortho-
pneumovirus, family Pneumoviridae. It has a single serotype 
with two major antigenic subgroups, A and B.18 The clinical 
manifestations range from mild upper respiratory tract illness 
or otitis media to severe and potentially life-threatening lower 
respiratory tract involvement (LRI). The most common form 
of LRI in RSV-infected infants is bronchiolitis, but pneumonia 
and croup are also seen.18 Most people recover in a week 
or two, but it can also be serious, especially for infants and 
older adults. It is the most common cause of bronchiolitis 
and pneumonia in children younger than one year of age in 
the United States.19

Human coronavirus and SARS-CoV-2: There are six human 
pathogenic coronaviruses (CoV) that primarily cause respira-
tory infections in humans. Four of them, 229E (alpha corona-
virus), NL63 (alpha coronavirus), OC43 (beta coronavirus), 
and HKU1 (beta coronavirus) occur worldwide and are very 
common. These viruses usually cause mild to moderate upper 
respiratory tract infections after 2–10 days of incubation with 
the typical symptoms of a cold or flu-like infection, i.e., runny 
nose, cough, sore throat, headache, and fever or feverishness. 
Severe cases are rare and are most likely to occur in immuno-
suppressed patients. Two other types are rare but responsible 
for severe viral pneumonia: MERS (Middle East respiratory 
syndrome) and SARS-CoV (severe acute respiratory syndrome). 
While SARS-CoV has not been found in humans since 2004, 
infections with MERS-CoV have been continuously detected 
since 2012.20

SARS-CoV-2 is a coronavirus discovered in 2019 that caused 
the COVID-19 pandemic. Per World Health Organization 
(WHO) data, as of December 13, 2022, it caused 652 million 
cases with 6.6 million deaths worldwide and 99.6 million 
cases with 1.1 million deaths in the United States.21 The virus 
keeps mutating resulting in eight variants so far — Alpha, 
Beta, Gamma, Delta, Omicron, Lambda, Mu, and BA.2. The 
virus spreads mainly from person to person through respi-
ratory droplets produced when an infected person coughs, 
sneezes, or talks. Some people who are infected may not 
have symptoms. For people who have symptoms, illness 
can range from mild to severe. Adults 65 years and older 
and people of any age with underlying medical conditions 
are at higher risk for severe illness.22 Main symptoms are 
fever, cough, shortness of breath, trouble breathing, fatigue, 
chills, body aches, headache, sore throat, congestion/runny 
nose, loss of smell or taste, nausea, diarrhea. The virus can 
lead to pneumonia, respiratory failure, heart problems, liver 
problems, septic shock, and death.23

Human adenovirus: A DNA virus that most commonly causes 
respiratory illness. The illnesses can range from the common 
cold to pneumonia, croup, and bronchitis. People with weakened 
immune systems are at high risk for developing severe illness 
caused by adenovirus infection.24

Human parainfluenza viruses (HPIV): Commonly cause 
respiratory infections in infants and young children. Patients 

Bacteria Site of infection Respiratory infection

Group A 
β-hemolytic 
Streptococcus

Throat, pharynx Sore throat, pharyngitis

Group C 
β-hemolytic 
Streptococcus

Throat, pharynx Severe acute 
pharyngitis

Corynebacterium 
diphtheria

Throat, pharynx Diphtheria

Neisseria 
gonorrhea

Oropharynx Tonsilitis, pharyngitis

Neisseria 
meningitis

Larynx Epiglottitis

Arcanobacterium 
haemolyticum

Pharynx Pharyngitis

Mycoplasma 
pneumoniae

Throat, pharynx Sore throat, pharyngitis, 
sinusitis, otitis media

Chlamydophila 
pneumoniae

Throat, pharynx Sore throat, pharyngitis, 
sinusitis, otitis media

Hemophilus 
influenza

Nasopharynx URTI, meningitis, 
epiglottitis

Moraxella 
Catarrhalis

Nasopharynx Sinusitis, otitis media

Bordetella 
pertussis

Human respiratory 
mucosa

Whooping cough

Bordetella Para 
pertussis

Human respiratory 
mucosa

Whooping cough 
(milder)

Table 3. Bacteria causing upper respiratory tract infections.

Bacteria Site of infection Respiratory 
infection

Streptococcus 
pneumoniae

Lung Pneumonia

Hemophilus influenza Lung Pneumonia

Klebsiella 
pneumoniae

Lung Pneumonia

Staphylococcus 
aureus

Lung Pneumonia

Legionella 
pneumophila

Lung Pneumonia

Chlamydophila 
pneumoniae

Lung Pneumonia

Mycoplasma 
pneumoniae

Lung Pneumonia

Chlamydia psittaci Lung Pneumonia

Table 4. Bacteria causing lower respiratory tract infections, i.e., pneumonia.
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usually recover on their own. However, HPIVs can also cause 
more severe illness, such as croup or pneumonia.25

Human metapneumovirus (HMPV): Can cause upper and 
lower respiratory disease in people of all ages, especially 
among young children, older adults, and people with weak-
ened immune systems. Symptoms commonly associated with 
HMPV include cough, fever, nasal congestion, and shortness 
of breath. Clinical symptoms of HMPV infection may progress 
to bronchitis or pneumonia.26

Human bocavirus (HBoV1): Small, nonenveloped linear 
single-stranded DNA virus of the Parvoviridae family that was 
discovered in 2005 in nasopharyngeal aspirates of children with 
respiratory tract infections. HBoV1 causes both upper and lower 
respiratory tract infections of diverse severity and affects most 
children before age seven. After primary infection, HBoV1 can, 
despite a vigorous antibody response, persist in the respiratory 
tract for at least up to 12 months.27

Respiratory tract infections caused by bacteria
Though viruses are known to cause more cases of respiratory 
tract infections, some bacteria can cause upper and lower 
respiratory tract infections.1 Co-infection with a virus and 
bacteria may contribute to severe disease and increased 
mortality in patients.28 Table 3 lists the common bacteria 
causing upper respiratory tract infections and Table 4 lists 
the bacteria that cause lower respiratory tract infections, 
mostly pneumonia.

Laboratory diagnosis of respiratory 
viruses and bacteria
Proper diagnosis to determine the causative organism is very 
important for proper patient management. There are several 
methods for detecting and identifying respiratory viruses and 
bacteria and every method has its pros and cons, which are 
listed below.29

Electron microscopy: Though electron microscopy had been 
used in the past to identify novel viral strains, its use is limited 
in diagnosis as it is expensive, laborious, time-consuming, and 
is not as sensitive compared to many other diagnostic methods. 

Culture: Culture has been considered the gold standard for 
both viruses and bacteria for decades. There have been several 
improvements in the viral culture process over time. That said, 
some viruses, including rhinovirus and coronavirus, are difficult 
to grow and repeated freeze thaw of samples can lower the viral 
titer affecting growth of the viral culture. 

Viral cultures are time consuming, laborious, and can result 
in false negatives. Bacterial cultures are easier to grow, but 
testing takes 48 to 96 hours when the culture is followed by 
drug susceptibility testing. Also, if the sample is collected after 
antimicrobial treatment, false negative results may be seen. 

Rapid immunoassays: Rapid immunoassays (RIAs) can deliver 
test results in less than 30 minutes even when the patient is 
at the doctor’s office, enabling early patient management and 
treatment. Knowing the causative agent early helps to check 
spread of the disease. RIAs are relatively inexpensive, easy 
to perform, and most are CLIA-waived, thereby making them 
invaluable in outpatient, primary care, emergency, and low-
resource settings. In spite of these benefits, RIA tests vary greatly 
in sensitivity, and RIA may not be available for all types of 
respiratory viruses and bacteria.

Direct fluorescent antibody tests: Direct fluorescent antibody 
(DFA) testing of nasopharyngeal wash specimens is considered 
a rapid and reliable method for detecting respiratory viral in-
fections. Many commercial DFA kits have high sensitivity and 
specificity, but the results can be subjective and require technical 
expertise for accurate interpretation.

Serological tests: Pathogen-specific antibodies generally 
appear about two weeks after the initial infection and can 
be detected by serological tests. Serological tests can suc-
cessfully identify antibodies to most respiratory pathogens 
such as RSV, adenovirus, influenza A and B, parainfluenza 
1-3 virus, etc. These tests can also detect mixed infections 
from hospitalized children suffering from acute respiratory 
infections. That said, antibody response in infants is not well 
detected and serological tests against all viruses and bacteria 
may not be very sensitive. 

Nucleic acid amplification tests: A wide variety of nucleic 
acid amplification tests (NAATs) for the detection of respira-

Fungi Possible symptoms Diagnostic test

Aspergillus fumigatus Shortness of breath, wheezing, cough, headache, 
pneumonia, can lead to pulmonary or brain 
hemorrhage causing death

Chest x-ray, microscopic observation of sputum sample

Blastomyces dermatitidis Fever, chills, cough, chest pain, body aches. Can 
spread from lungs and cause chronic, crusted 
lesions in face and hands with permanent scarring. 
Can be fatal. 

Microscopic observation of sputum sample, urine 
antigen test, enzyme immunoassay

Coccidioides immitis Granulomatous lesions on face and nose, may 
spread to other organs and brain, causing fatal 
meningitis

Culture in BSL-3 lab, serological antibody tests

Cryptococcus 
neoformans

Fever, cough, shortness of breath if disseminated 
to brain causing meningitis

Microscopic examination of lung tissue or cerebral 
spinal fluid

Histoplasma capsulatum Fever, headache, chest pain, lesions on lungs Chest x-ray, direct fluorescence antibody staining, 
complement fixation assay, histoplasmin sensitivity test

Mucormycetes Headache, fever, facial swelling, congestion, black 
lesions in oral cavity, cough, chest pain, often fatal

Microscopic examination of tissue biopsy specimens

Pneumocystis jirovecii Fever, cough, shortness of breath, can be fatal 
if untreated

Microscopic examination of lung tissue and fluid, PCR test

Table 5. Respiratory tract infections caused by fungi.
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tory pathogens are commercially available. NAAT tests are 
highly specific and have high sensitivity. However, they are 
generally more expensive than immunoassays and some 
require high technical skill. The tests are of varying com-
plexity, including:

 • Rapid, CLIA-waived tests that detects one or a few pathogens 
 • Moderately complex test that detects a few pathogens 
 • Highly complex multiplex assays detecting several patho-

gens simultaneously 

Respiratory tract infections caused by fungi
Respiratory tract infections caused by fungi have been reported 
in immunocompromised patients. Table 5 lists some fungi 
that cause respiratory infections, along with symptoms and 
diagnostic tests.30

Conclusion
As respiratory tract infections exhibiting similar symptoms may 
be caused by different pathogens with varying prognosis, it is 
necessary to accurately identify the causative pathogen at the 
earliest point possible.

Benefits of early detection and initiation of appropriate patient 
management are as follows: 

 • Rapid recovery of the patient; 
 • Check transmission of the infectious agent especially in case 

of highly infectious viruses;
 • Curtail unnecessary use of antibiotics and prevent antibiotic 

resistance when the infection is found to be of viral origin, 
as antibiotics are known to be ineffective against viruses. 
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