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Background: Acute respiratory infection (ARI) is one of the primary diseases that cause high morbidity and mortality to children
especially in developing countries. ARI can come from a number of pathogens, which are not necessarily identical in different regions or
groups. As similar symptoms become evident in child ARI without specific particularities, respiratory infectious diseases are most of the
time clinically diagnosed and treated less selectively than required, and antibiotics are largely used for non-bacterial respiratory system
infections. Therefore, rapid detection of respiratory pathogens is necessary for the correct and appropriate treatment of ARI.

Objectives: To obtain a general understanding of the pathogenic spectrum of ARI for children and provide basis for clinical infection
control and pathogenic detection.

Materials and Methods: Serum specimens from 4550 child victims with ARI symptoms were collected and detected for IgM antibodies of
nine common pathogens using the indirect immunofluorescence assay (IFA).

Results: Of the 4550 child victims, 3660 were antibody positive (80.4%), with detectable rates of 67.3%, 90.9%, 92.4% and 91.4% for the <1,
1<y <3,3<y <6and > 6age groups respectively (P < 0.05). Except for Coxiellaburneti (COX), the difference in the detectable rates of
other pathogens between the groups was statistically significant. Of the nine pathogens, Mycoplasma pneumoniae (MP) had the highest
detectable rate, followed by influenza B virus (FluB), respiratory syncytial virus (RSV), parainfluenza virus (PIV),adenovirus (ADV), influenza
Avirus (FluA), Legionella pneumophila sero group I(LPN-I), Coxiellaburneti (COX) and Chlamydia pneumoniae (CPn); and 718 suffered mixed
infections (81.4%), typically of two pathogens (MP + FLuB).

Conclusions: MP, FluB and RSV are the principal contributors to ARI in the Hubei area, with mixed infections, typically of MP and FluB,

being the most common pathogens statistically significant between different age groups.
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1. Background

Acute respiratory infection (ARI) is one of the primary
diseases that cause high morbidity and mortality in chil-
dren especially in developing countries. According to
statistics, 19 million children in the world died of ARI in
2000 alone, of whom 70% were from Africa and South-
east Asia (1). Of the causes of death for children under 5
years old between 2000 and 2003, ARI (including pneu-
monia) accounted for 19% (2), same as in 2008, when ARI
(including pneumonia) accounted for 18% of the causes
of death for children under 5 years old, of whom children
in Southeast Asia ranked first for deaths caused by acute
respiratory infections at the proportion of 21%, compared

to those in America (12%) (3). However, with no exception
for either developing or developed countries, ARl embod-
ies a heavy economic burden for both families and the
society.

ARI can come from a number of pathogens, which are
not necessarily identical in different regions or groups.
However, ARI is generally caused by bacterial infection
(4-6), with Streptococcus pneumoniae being the most
common, while atypical bacteria (e.g. Mycoplasma pneu-
moniae) and viruses also take a considerably significant
share. This is particularly evident in upper respiratory
infections where M. pneumoniae and viruses have caused
even more infections than bacteria. Besides, more viruses
are being discovered such as human metapneumovirus

Implication for health policy/practice/research/medical education:

Acute respiratory infection (ARI) is one of the primary diseases that cause high morbidity and mortality to children especially in developing countries.
Asrespiratory pathogen infections are potential causes of severe complications that threaten children’s health, rapid detection of respiratory pathogens
is very essential for the correct and appropriate treatment of respiratory infections as it enables timely treatment of the victims and prevents complica-
tions. So far, a lot of detection methods are available for acute respiratory infectious pathogens. Immunofluorescence assay, on the other side, is more ac-
ceptable for developing countries as it enables rapid detection of antibodies for its sensitive and specific properties and provides immediate etiological

basis for clinical diagnosis at a much lower cost.
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and coronavirus (NL63 and HKU1) (7, 8). Furthermore,
as many viruses feature high infection, quick transmis-
sion, short delitescence, immediate attack and absence
of lifetime immunity after illness, which constitute a
combined cause of high morbidity and mortality, a pan-
demic outbreak of diseases like influenza virus can be
expected (9, 10). Also, as similar symptoms are evident
in child ARI without specific particularities, respiratory
infectious diseases are most of the time clinically diag-
nosed and treated less selectively than required, and an-
tibiotics are used at large for non-bacterial respiratory
system infections. Therefore, rapid detection of respira-
tory pathogens is necessary for the correct and appro-
priate treatment of ARIL This paper provides important
information for clinical diagnosis and preparation of the
exact treatment plan by detecting the IgM antibodies of
nine pathogens in the serum of 4500 child ARI victims at
the pediatrics department of People’s Hospital of Wuhan
University, Hubei Province from May 2010 to Apr 2011 us-
ing the indirect immunofluorescence assay (IFA).

2. Objectives

The aim of this study was to obtain a general under-
standing of the pathogenic spectrum of ARI for children
and provide the basis for clinical infection control and
pathogenic detection.

3. Materials and Methods

3.1. Patient Information

A total of 4550 child victims, aged between 1 month and
15 years and averaging 33 months, including 2872 males
and 1678 females, at the pediatrics department of Peo-
ple’s Hospital of Wuhan University from May 2010 to Apr
2010, with ARI symptoms like a running nose, sneezes,
coughs, dizziness and generalized weakness were stud-
ied. As grouped by age: 2070 were up to and including 1
years old, 1384 were between 1and 3 years, 697 between 3
and 6 years and 399 more than 6 years.

3.2. Specimens and Detection Method

Serum specimens were collected from qualified child
victims of upper respiratory infections the next morn-
ing after admission. 3-4ml of venous blood was collected
and immediately transferred to the clinical examination
center of People’s Hospital of Wuhan University, where
serum was separated centrifugally from the coagulated
blood at 3000rpm (any specimen not immediately de-
tected was kept in a refrigerator and detected the next
day, with specimen storage not exceeding 24 hours) and
then detected by IFA (indirect immunofluorescence as-
say) for serum IgM antibodies for all the nine commonly
seen upper respiratory infectious pathogens in serum,
i.e. FluB, influenza B virus; MP, M. pneumoniae; RSV, respi-
ratory syncytial virus; ADV, adenovirus; COX, Coxiellabur-
neti; CPn, Chlamydia pneumoniae; FluA, influenza A virus;
LPN-I, Legionella pneumophila sero group [; PIV, parain-
fluenza virus. The operation instructions were followed
during the procedure. The IgM antibody test kit (VIRCELL,
Spain) and a German EUROStar II fluorescence micro-
scope were used.

3.3. Statistical Processing

x2 test was conducted for the infection difference be-
tween different age groups and P < 0.05 was considered-
statistically significant. All the data processing was made
on the SPSS (Statistical Product and Service Solutions)17.0
software.

4. Results

4.1. Detectable Rate of Individual Pathogens

Of the 4550 serum specimens, one or more pathogens
were detected in 3660 cases , indicating a detectable rate
of 80.4%, with MP ranking the highest at 3084 (67.8%), fol-
lowed by FluB at 2192 (48.2%), RSV at 1513 (33.3%), PIV at 457
(10.0%), ADV at 367 (8.1%), FluA at 114 (2.5%), LPN at 97 (2.1%),
COX at 28 (0.6%) and CPn at 13 (0.3%), as shown in Table 1.
MP, FluB and RSV are the main infectious pathogens.

Table 1. Quantity of IgM Positive Cases and Positive Rate of 9 Respiratory Pathogens

Pathogen ADV?®  COX?® (Pn?® FluA? FluB? IPN MP2 PIV® RSV? Total Infection
Qtya 367 28 13 114 2192 97 3085 457 1513 3660
Percentage 8.1 0.6 0.3 2.5 48.2 21 67.8 10.0 333 80.4

4 Abbreviations: Qty, quantity; FluB, influenza B virus; MP, mycoplasma pneumoniae; RSV, respiratory syncytial virus; ADV, adenovirus; COX, Coxiella
burneti; CPn, Chlamydia pneumoniae; FluA, influenza A virus; LPN-I, Legionella pneumophila serogroup I; PIV, parainfluenza virus

4.2. Distribution of age Groups

The detection result of the nine respiratory pathogens
from different age groups is shown in Table 2 below. The
detectable rates of the individual groups were 67.3%,
90.9%, 92.4% and 91.4% respectively. The difference be-
tween the groups in the total detectable rate was statis-

tically significant (P < 0.05). Except for COX, where the
detectable rate of 8 pathogens, i.e. LP, MP, ADV, RSV, FLuB,
PIV, ADV, FluA and CPn showed a statistically significant
difference (P < 0.05). Of all the pathogens, MP topped all
others in the detectable rate for all the age groups (53.5%,
80.0%, 80.2% and 78.2% respectively), followed by FluB
(33.3%, 58.3%, 63.1% and 63.9%) and RSV (25.2%, 37.7%, 45.3%
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and 38.6%). ADV ranked fourth in the <1 group and fifth
in all the other groups, while PIV ranked fifth in the <1

group and fourth in all the other groups. The remaining
pathogens showed limited detectable rate in the groups.

Table 2. Detectable Rate of 9 Respiratory Pathogens by age Group (%)

Qty? Total ADV? cox? CPn? FluA ? FluB ? LPN mp? PIV? RSV?
<1 2070 1393 144(7.0) 13(0.6) 2(0.1) 35(17) 689(333) 20(1.0) 110(53.5) 60(2.9)  521(25.2)
>1,<3 1384 1258 142(103) 9(0.7) 3(0.2) 39(2.8) 807(583) 36(2.6) 110(80.0) 193(13.9) 522(37.7)
>3,<6 697 644 61(8.8)  4(0.6) 3(0.4) 23(3.3) 440(63.1) 24(3.4) 559(80.2) 139(19.9) 316(45.3)
>6 399 365 20(5.0) 2(05)  5(13) 17(43) 255(63.9) 17(43) 312(78.2) 65(16.3) 154 (38.6)

2 Abbreviations: Qty, quantity; FluB, influenza B virus; MP, mycoplasma pneumoniae; RSV, respiratory syncytial virus; ADV, adenovirus; COX, Coxiella
burneti; CPn, Chlamydia pneumoniae; FluA, influenza A virus; LPN-I, Legionella pneumophila serogroup I; PIV, parainfluenza virus

4.3. Seasonal Effect

MP is not significantly season dependent and has a high
detectable rate in all seasons except for December; FluB
has two epidemic peaks, one in May and the other in Feb-
ruary; RSV also has two epidemic peaks, one in June and
the other in November; ADV has only one epidemic peak
in June; PIV has two apparent epidemic peaks, one in June
and the other in December; FluA, despite its low detect-
able rate, attacks typically in May and February; LPN1,
whose detectable rate is also low, is mostly found during
July and February; COX has a very limited detectable rate
and is typically found in July. CPn has a very limited de-
tectable rate throughout the year. (Figures 1and 2).

Figure 1. The Detectable Rate of FluB, MP, RSV and ADV During Different
Months
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Abbreviations: FluB, influenza B virus; MP, M. pneumoniae; RSV, respiratory
syncytial virus; ADV, adenovirus; COX, Coxiellaburneti; CPn, C. pneumoni-
ae; FluA, influenza A virus; LPN-I, Legionella pneumophila sero group I; PIV,
parainfluenza virus

4.4. Mode of Mixed Infection

A total of 2439 cases were detected containing two or
more pathogens with a detectable rate of 56.7%. Compli-
cated mixed infections were involved. Of the mixed infec-
tions containing 2 pathogens, most were of the MP + FluB
combination, which totaled 764 (that is 31.3% of the total
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mixed infections), followed by FLuB + RSV, which was 221
(9.1%). Of the mixed infections containing 3 pathogens,
most were of the MP + FLuB + RSV combination, which to-
taled 37 (5.9%), followed by MP + FluB + RSV + ADV, which
included 62 victims (2.5%); other mixed infections in-
volved limited positive cases and contributed to 24.9% of
cases, as shown in Table 3 below.

Table 3. Mixed Infections of 9 Respiratory Pathogens

Mode of Mixed Infection Qty  Percentage, %
MPa + FLuBa 764 313

FLuB + RSVa 221 9.1

MP + FLuB + RSV 547 22.4

MP + FLuB + PIV 95 3.9

MP + FLuB + RSV + PIVa 143 5.9

MP + FluB + RSV + ADVa 62 2.5

Other Modes of Mixed Infection 607 24.9

Total 2439 100.0

Figure 2. The Detectable Rate of COX, CPn, FluA, LPN1 and PIV DuringDif-
ferent Months
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Abbreviations:COX, Coxiellaburneti; CPn, C. pneumoniae; FluA, influenza A
virus; LPN-I, Legionella pneumophila sero group I; PIV, parainfluenza virus
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5. Discussion

During this study, IgM antibodies of nine commonly
seen pathogens in the serum of hospitalized children
at the pediatrics department with symptoms of respi-
ratory infections were detected by the FIA method. The
result indicates that pathogens causing acute respira-
tory infections typically include MP, FluB and RSV. Of the
4550 child victims, the total detectable antibody rate was
80.4%, which confirms some previous reports (11-13) but
was higher than some others (14-16). This may relate to
the varied epidemiology of different pathogens (17, 18),
physical locations, population susceptibilities and meth-
odologies (19-21). Another reason might be that our study
focused on hospitalized children, which resulted in a
higher detectable rate than a general screening. For the
local area, MP, FluB and RSV are believed to be the primary
pathogens leading to ARI, with their infection rates being
69.2%, 49.2% and 34.1% respectively, followed by PIV, ADV,
FluA, LPN1, COX and CP, whose infection rates are 10.3%,
8.2%,2.6%,2.2%, 0.6% and 0.3% respectively.

MP is an important pathogen for child respiratory in-
fections, ranking first in our results and higher than
Shenzhen and Wenzhou (22, 23). This is particularly dem-
onstrated by the 3-6 y group whose detectable rate was
as high as 80.2%, and also by the 1-3y group and the > 6
group, whose detectable rates were 80.0% and 78.2% re-
spectively, suggesting that children >1are more suscepti-
ble to MP. Besides, FluB is also one of the most commonly
seen pathogens for acute child respiratory infection, only
second to MP and higher than other countries and the
area (24, 25). Noticeable difference was also found in the
infection degree between different age groups and the
3-6y group proved to have the highest infection rate. The
infection rate of respiratory syncytial virus conforms to
that reported for Shanghai and part of Guangdong (26,
27) and lower than other countries and the Suzhou area
(28, 29). Of all the age groups, the 3-6 y group had the
highest infection rate.

Of the pathogens studied, MP is not significantly sea-
son dependent and maintains a high detectable rate
throughout the year except for December, which con-
forms to other reported conclusions (28, 29). FluB, on
the other side, typically comes during winter and spring,
which confirms other reported conclusions (30, 31); RSV
typically comes in summer and winter, also confirming
other reported conclusions (32, 33); and ADV typically
comes in summer, which does not fully agree with previ-
ous reports (34, 35); PIV typically comes in summer and
winter, which is in accordance with previous reports (36,
37); FluA, despite its lower detectable rate, becomes more
concentrated during May and February; LPN1, which
also shows a low detectable rate, comes mostly during
July and February; COX, with a very low detectable rate,
comes mostly in July; CPn has a very low detectable rate
throughout the year. This can lead us to the conclusion
that MP, RSV and COX are noticeably season dependent.

A relatively high rate of mixed infections was revealed
from our study, which does not fully agree with other
reports (12, 38). Of the mixed infections containing two
pathogens, the MP+INFB and FLuB + RSV combinations
are more frequently found; of the mixed infections con-
taining three pathogens, the MP + FLuB + RSV and MP +
FLuB + PIV combinations are more frequently found; of
the mixed infections containing four pathogens, the MP
+ FLuB + RSV + PIV combination is the most frequently
found. This might be explained by airway mucosal cell
injuries after infections by one pathogen (e.g. MP) that
make it easier for other pathogens to attack, or by in-
creased chances for cross infections as a result of the
poor health and low immunity of the children, the long
course of disease, extended hospitalization and contact
with other sick children.

In this respect, appropriate isolation will be necessary
for children during their hospitalization to prevent
nosocomial infection. So far, a lot of detection methods
are available for acute respiratory infectious pathogens.
These include isolated culture, pneumonia pathogen
specific antibody and antigen detection and PCR. De-
spite the role it plays in diagnosis, isolated culture of MP
proves impractical to be popularized in clinical practice
as it does not provide a high detectable rate and requires
high skills and long culture cycles. PCR, although sensi-
tive, it is not normally used for routine laboratory detec-
tion (particularly in developing countries) due to its high
detection cost. Immunofluorescence assay, on the other
side, is more acceptable for developing countries as it
enables rapid detection of antibodies due to its sensitive
and specific properties and provides immediate etiologi-
cal basis for clinical diagnosis at a much lower cost.

In summary, we conducted a rapid detection for acute
child respiratory infections by the IFA method for one
year and gained an understanding of the virus etiology
for acute child respiratory infections in the local area.
While some of the pathogens remain unidentified, this
provides an effective tool for etiological diagnosis of
child ARI victims. As respiratory pathogen infections are
potential causes of severe complications that threaten
children’s health, rapid detection of respiratory patho-
gens is very essential for the correct and appropriate
treatment of respiratory infections as it enables timely
treatment of the victims and prevents complications.
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