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Abstract

also help to reduce the amount of antibiotics overuse.

identified of which n=12 included for literature review.

combination greatly improved the predictive power.

Background and objectives: The goal of this literature review is to compare current studies regarding the
accuracy of different serum markers in differentiating viral from bacterial pneumonia in the pediatric population
with what is employed in the medical settings at present. Currently there is still a lack of significant research, that
would give us evaluation on biomarkers benefits towards getting a definite diagnosis of pneumonia. Finding out
the potential of biomarkers to differentiate between viral and bacterial pneumonia is also important because
knowing the exact pathogen would prevent irrational use of antibiotics. At present, irrational, broad-spectrum
antibiotic use and increasing antibiotic resistance in microorganisms are still one of the greatest challenges in
clinical settings. The use of biomarkers in clinical practice would not only facilitate accurate diagnosis, but would

Materials and methods: Literature search conducted on Medline and Google Scholar using a combination of
terms. Articles that were in English and within ten years of the search date were manually sorted according to
inclusion and exclusion criteria. Results: Initial search returned n= 13,408. After activating filters, n = 140 were

Conclusions: Rise or drop in the concentration of a single marker is not accurate enough for predicting viral/
bacterial community acquired pneumonia. This is because there is overlapping to a varying extent depending on
the marker cut-off values, detection methods, analyses, the desired specificity, and sensitivity. Furthermore, the
presence of mixed infection makes almost all markers suboptimal to be used universally. New markers such as
MxAT and HMGB1 gave promising results. However, to replicate a similar testing condition in a clinical environment
may not be practical. Another approach is to make use of more than one marker and combine with clinical signs
and symptoms. This may not be cost-effective in many clinical settings; nevertheless, in many studies, marker

Keywords: Community-acquired pneumonia, CAP, viral pneumonia, Virus-induced pneumonia, Bacterial
pneumonia, Biomarker, Marker, protein, Interleukin, Chemokine

Introduction

Community-acquired pneumonia (CAP) is estimated to
cause 31.1 per 100,000 deaths globally in the population
under the age of 19 [1]. According to the epidemio-
logical data, approximately 152 million cases of CAP are
diagnosed every year in children under the age of five
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worldwide, of which, approximately 10-20 million are
severe cases requiring in-patient treatment [2]. However,
there has been a drop in the incidence and mortality of
CAP with the introduction of vaccination against
Streptococcus pneumoniae and Haemophilus influenzae
[3-5]. Thus, viral pathogens have become significant in
causing CAP. It is estimated that approximately 50-70%
of cases of CAP are viral-induced in children under the
age of 5 [6]. However, antimicrobial drug use remains
one of the biggest challenges in viral CAP cases [7], es-
pecially in children. In addition, diagnostic limitations in
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differentiating viral and bacterial pathogen in CAP
causes increased antibiotic use and contributes to anti-
biotic resistence growth [8].

The biggest challenge remains to differentiate com-
mon respiratory viral pathogens from bacterial causes.
Clinical signs and symptoms of CAP of viral and bacter-
ial origin overlap significantly [9]. The uncertainty is fur-
ther exacerbated by the fact that direct isolation of
possible causative agent from the lower respiratory tract
is invasive and therefore rarely performed [8].

Consequently, indirect methods are utilized to isolate
the organism. These include polymerase chain reaction
(PCR) of throat swab, gram stain, and culture of naso-
pharyngeal aspirate, and blood cultures. However, inter-
pretation can be difficult as children are found to be
asymptomatic carriers of a range of organisms and a
positive result on PCR may not be indicative of the
cause of CAP [8]. C-reactive protein (CRP), and White
blood cell count (WBC) are often part of the diagnostic
workup in an inpatient setting. However, the changes
observed are not specific to predict causative pathogen.

Instrumental diagnostics, such as a chest X-ray is not
sensitive or specific and is not recommended in the initial
diagnosis of a suspected CAP [10]. Radiographic changes
which show patchy bilateral involvement may suggest a
viral aetiology, however, this is not specific [10].

A great deal of attention, therefore, is given to quanti-
tative changes in different serum markers to make better
conclusions. Owning to the difference in the immuno-
logical and inflammatory response induced by bacteria
and viruses, the disparity in the levels of specific markers
may give an objective value that may equip us with bet-
ter prediction power regarding aetiology. Many research
studies have explored the different serum markers, but
the conclusions are conflicting [7, 11-13]. Therefore, an
intuitional review is vital to provide enough clarity to
bridge the scientific gap. The underlying principle of this
research is to summarise literature analysing different
biomarkers and provide an overview. The use of new
biomarkers in clinical practice would not only facilitate
accurate diagnosis, but would also help to reduce the
amount of antibiotics used.

Materials and methods

Eligibility criteria

Studies that included pediatric patients with the diagnosis
of CAP focusing on specific new diagnostic markers of
viral and/or bacterial pathogen and not older than 10 years
were eligible to be included in this review (Table 1).

Inclusion and exclusion criteria

We excluded all studies focused on adult CAP. Add-
itionally, all studies analyzing pediatric patients with co-
morbidities and diagnosed with CAP were excluded
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Table 1 Filters that were applied after the initial search

Date range: Within ten years (until 1st of July, 2019)
Species: Human

Language: English

Age: Birth-18 Years

from our review. Studies which were not restricted to
pneumonia, or selected CAP other than viral/bacterial
were excluded as well. We also excluded animal studies,
literature review, systematic review and metanalysis. All
inclusion and exclusion criteria are represented in
Table 2.

Search strategy

Literature was identified by two independent reviewers
searching Medline and Google Scholar until the 1st of
July 2019. The search strategy included a combination of
the following terms: “Community-acquired pneumonia”
OR “CAP” OR “viral pneumonia” OR “virus-induced
pneumonia” OR “bacterial pneumonia” AND “bio-
marker” OR “marker” OR “protein” OR “interleukin” OR
“chemokine”.

Data extraction

After all the primary studies were collected, all the study
characteristics were extracted as follows: the author of
the study, date of enrolment, where the study was con-
ducted, patient age, type of the study, and target bio-
marker. Numerical data extracted included the number
of CAP patients in each study and number of viral and
bacterial cases. Moreover, the main findings were sum-
marized in conclusion and notes (Table 3).

Results

The search returned 13,408 records up to 1st of July,
2019. After activating filters, we selected 140 articles.
After duplicate removal, the title and abstracts were
manually sorted and matched according to the inclusion
and exclusion criteria. A total of 16 articles were fully
reviewed [7, 10-23]. Afterward, details were extracted
for each article as described in methods. This informa-
tion is then summarised in Table 3.

Discussion

Standard biomarkers in community-acquired pneumonia
C reactive protein (CRP)

A total of eleven studies involved CRP [14, 16, 17, 19,
20, 22, 23, 25-29]. In all the studies analysing CRP as a
diagnostic marker, the average CRP level was higher in the
bacterial group than viral group [14, 20, 22, 23, 25-29]. In
an investigation by Esposito et al. [20] the mean level of
CRP was 32.2 mg/L in 74 bacterial CAP cases as compared
to 94mg/L from 16 viral CAP cases. Similarly, in a
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Table 2 Criteria for inclusion and exclusion
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Inclusion

Exclusion

Free text (also an external link to other sites) Adult

Viral and bacterial aetiologies

Pneumonia with other aetiologies than viral/bacterial (human immunodeficiency

virus, immunodeficiency, cancer, post-transplantation)

No concomitant diseases

Age 0-18years

Literature reviews

Metanalysis

Systematic reviews

Abstracts only with no external link

different study by Esposito et al. [22] with larger sample
size, the average CRP was 21.3 mg/L in 235 bacterial CAP
patients and 8.0 mg/L in 111 viral CAP patients. The study
by Bhuiyan et al. [14] showed that CRP concentration was
more than 6 times higher in definite bacterial cases than in
viral cases. This study also showed that elevation of CRP
with the presence or absence of clinical symptoms, such as
fever (=38°C) or the absence of rhinorrhea differentiates
bacterial pneumonia from viral pneumonia better than
CRP alone [14]. Although the mean levels of CRP were
higher in bacterial CAP, there was overlap between viral
and bacterial cases leading to issues in fixing a suitable cut-
off point that is both sensitive and specific to differentiate
between the two. In the study by Elemraid et al. 25% of viral
CAP cases had CRP over 80 mg/L, and nearly 23% of bac-
terial cases had CRP less than 20 mg/L [27]. It is evident
that a low reference point for CRP will diagnose almost all
cases of bacterial aetiology but will include a significant
number of false-positive cases. For example, with a cut-off
value of 10 mg/l, the sensitivity and specificity are 95 and
49% respectively. Doubling the cut-off point to 20 mg/L led
to a lower sensitivity of 85% and increased the specificity of
67%. However, a lower threshold value does not guarantee
higher sensitivity. In a study by Esposito et al. [20] a cut-off
value of 7.4 mg/L only resulted in 64% sensitivity. In a study
by Naydenova et al. [23], the diagnostic value of respiratory
rate, heart rate, oxygen saturation together with aus-
cultation findings (presence or absence of grunting or
crackles) was additionally analysed in association with
CRP. The combination of these clinical parameters
and CRP slightly improved the predictive power with
a sensitivity of 64% and specificity of 88%. In the
same study, the author added Lipocalin-2 (Lcn2) to
CRP and clinical data which dramatically increased
sensitivity to 81.8% and specificity to 90.6%. A signifi-
cant limitation of almost all the studies was the lack
of inclusion of primary care patients. This meant that
before hospital admission, many patients might have
had exposure to antibiotics which may have altered
the level of CRP [27]. Another drawback was that
only one study investigated co-infection (viral-bacter-
ial) and concluded that CRP level did not correlate
with co-infection [29].

Procalcitonin (PCT)

Four studies analysed the diagnostic value of procalcito-
nin (PCT) [17, 22, 24, 26]. PCT is a precursor to calci-
tonin produced in the parafollicular cells of the thyroid
gland by the transcription of CALC-1 gene. During an
infection, CALC-1 gene is activated and upregulated to
increase the production of PCT in not only endocrine
glands but also many parenchymal tissues [30]. The sud-
den and marked increase (over 2ng/ml) in PCT within
four to six hours is a key indicator of bacterial infection
[31]. It is hypothesized that viruses are not able to in-
crease PCT to such a concentration as certain cytokines
expressed during viral infection leads to decreased in-
duction of PCT. This was reflected in the study by Espo-
sito et al. [22] as the mean PCT was 1.1 ng/ml in viral
CAP compared to 6.1 ng/ml in bacterial CAP cases. This
studyshowed that specificity to identify viral aetiology
was higher of PCT compared to CRP. Authors reported
that a PCT cut-off value of <0.07 ng/ml had the highest
combined sensitivity (48.7%) and specificity (81.1%) for
viral CAP. Hoshina et al. noted that PCT value higher
than 0.2 ng/ml had a sensitivity of 86%, the specificity of
80% to diagnose bacterial pathogen [26].

White blood cells (WBC) and neutrophils

Six papers focused on WBC and/or neutrophil count
[14, 17, 20, 24, 26, 27]. The total WBC count fluctuates
in the paediatric population, especially in the early
period of life. Therefore, the reference values differ be-
tween the age groups [32]. In general, a value greater
than 11 x 107"9/L is considered to be leucocytosis [32].
Research by Elemraid et al. [27] showed that almost 40%
of viral pneumonia cases presented with WBC > 15 x
1079/L. Esposito et al. [20] highlighted that WBC had
the lowest positive predictive value compared to PCT
and CRP. According to Zhu et al. [24], the percentage of
neutrophils compared to a total WBC count was to
some extent better at discriminating viral from bacterial
infection. According to the literature, passing neutro-
penia (Neutrophils < 1.5 x 1079/L) is likely to begin from
day three and last until day eight in many viral infec-
tions, including RSV, IV and AV [33, 34]. The lack of
rise in neutrophil count correlates well with viral causes.
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In the study by Elemraid et al., 80% of patients with viral
pneumonia had neutrophils less than 10 x 1029/L [27].

Novel biomarkers
Myxoma resistance protein (MxAT)
In recent years new biomarkers have been tested in chil-
dren. Of this, MxA1l has shown promising results. Com-
pared to other markers, MxAl protein tends to rise
significantly during viral rather than a bacterial infection.
Type I or III Interferon (IFN) can activate MxA1 but not
type II IEN signaling pathway or the direct interaction of
bacteria or viruses [35]. IFN is classified into three groups
depending on the similarities in their amino acid se-
quence. Type I IEN is called alpha, beta, tau, and -omega
and are produced in all cells in the body [36]. IFN is also
elevated in autoimmune conditions and some
hematological cancers. Therefore, the value of IFN in-
duced MxAL1 in this population may not be relevant [37].
The study by Engelmann et al. was the largest pro-
spective study analysing the role of MxAl. A cut off
value of 200 ng/mL was 96.4% sensitive and 66.7% spe-
cific for identifying patients with viral CAP [25]. The au-
thor also hypothesized that if a bacterial infection is
diagnosed and high levels of MxA1 are detected, this is
an indication that bacterial organism preceded a viral
cause [25]. This is because MxA1 stays elevated for ap-
proximately ten days after a viral insult in comparison to
IFN which has a very short half-life [38]. The authors
also made a correlation with CRP. Low CRP (< 40 mg/l)
and MxA1 > 200 ng/ml is highly indicative of viral aeti-
ology [26]. The study sample size was the biggest draw-
back of this investigation. Out of 553 children who were
enrolled, only 41 had CAP. Moreover, not all cases of
CAP were microbiologically confirmed. Therefore, more
studies are needed to confirm the diagnostic value of
MxAL.

Lipocalin 2 (Lcn2)

Lcn2 has been studied in the above data. This protein is
stored and released by neutrophils which distorts iron
transportation within bacteria. This marker is of a high
interest in diagnosing aetiological factor of CAP. Two
studies involving Lcn2 were carried out in very different
settings which may have contributed to the different re-
sults. The study by Esposito et al. [20] concluded that
Lcn2 was a poor predictor compared to CRP or WBC
[20]. While Naydenova et al. [23] found the use of Lcn2
to help discriminate bacterial and viral pneumonia. The
latter study was set in a developing nation amongst chil-
dren with malaria, which is known to affect the concen-
tration of Lcn2 [39]. According to Huang et al. [39], a
cut-off value of more than 130 ng/ml strongly correlates
with bacterial aetiology (sensitivity 83.67% and specificity
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85.71%). Also, Lcn2 of more than 160 ng/ml is highly in-
dicative of a positive isolate from a blood culture [39].

High mobility group box one protein (HMGB1)

HMGBI is a protein which binds to DNA and causes
the transcription of several inflammatory markers. Fur-
thermore, it has some extracellular roles such as pro-
moting migration and enhancing the production of pro-
inflammatory markers and cytokines such as Interleukin
6 (IL-6), Tumour necrosis factor (TNF) or Interferon
gamma (IFN-y). This protein is elevated during CAP,
sepsis and viral-bacterial co-infections, especially bacter-
ial and Influenza virus co-infection [40]. A study by
Zhou et al. [29] evaluated changes in the expression of
HMGBL1 gene in peripheral monocytes as opposed to
measuring the concentration of HMGBI in the serum.
By using the PCR technique, gene expression was quan-
tified by comparing HMGBL1 proteins density to an 18S
ribosomal ribonucleotide acid. It was found that co-
infection (virus and bacteria) can be concluded when
HMGBI expression is greater than 1.0256. Furthermore,
in this study HMGB1 expression < 1.0256 and a WBC >
13 x 10°/L had 92.3% positive predictive value for single
bacterial pneumonia [29]. Therefore, HMGB1 seems to
be a good marker. However, the need to isolate specific
blood cells (monocytes) and to adopt PCR makes this
method prolonged and expensive. Moreover, measure-
ment of RNA may not necessarily correlate with func-
tional serum HMGBI protein.

Other markers

Several new markers, such as Syndecan 4 (SYN4), were
explored with poor reliability. Results from the study by
Esposito et al. revealed that SYN4 had an AUC on ROC
of only 0.54 (95% CI 0.40-0.69) compared to 0.67 (95%
CI 0.53-0.80) for CRP [20]. Proteins that can affect the
cardiovascular system: Midregional Proadrenomedullin
and Midregional pro-atrial natriuretic peptide were
found to be not useful in predicting aetiology; instead,
these were indicative of CAP severity [22]. Few micro-
RNAs have been recently reported as a biomarker for
several diseases. Study by Huang et al. [15] found that
miR-450a-5p/miR-103a-3p and miR-103b/miR-98-5p
could be considered as potential diagnostic biomarkers
for adenovirus infection-associated pneumonia.

It is willing that another recently discovered biomarker
chitinase-like protein (YKL-40) could also be used to dif-
ferentiate viral and bacterial pneumonia. This protein is
involved in airway imflammation and potential of this
marker is under observation. The recent study by Yang
et al. [16] showed that levels of YKL-40 in the broncho-
alveolar lavage fluids specimens compared with serum
levels of patients with bacterial pneumonia were signifi-
cantly higher than with viral pneumonia [16]. This study
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also showed that YKL-40 reductions in serum levels on
day 5 after receiving therapy is a possible prognostic bio-
marker for children with viral pneumonia [16]. The re-
sults of this study let us believe that YKL-40 has
potential value in the differentiating viral and bacterial
pneumonia.

Marker combinations

Valim et al. [21], evaluated 56 plasma proteins in train-
ing set, validation set, and healthy controls in order to
distinguish bacterial, viral, and malaria in children pre-
senting with clinical signs and symptoms of pneumonia.
The result of the study found that combining haptoglo-
bin (Hap), tissue inhibitor of metalloproteinases-1, Inter-
leukin 19 (IL-19) or TNF receptor 2 resulted in a
sensitivity of 96% and specificity of 86% in bacterial diag-
nosis CAP.

Table 4 A summary of the markers with the cut-off values
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Meanwhile, Elemraid et al. [27] advocated for a rather
simple combination of age, CRP, and WBC together
with neutrophils count. This discriminatory model had
91.4% positive predictive value and 71.2% negative pre-
dictive value for bacterial CAP in children under 16.

Utilizing an extended number of markers with clinical
signs does not improve the sensitivity or specificity ac-
cording to Naydenova et al. [23]. Sensitivity and specifi-
city when combining respiratory rate, heart rate, and
oxygen saturation with Lnc2 was 82 and 91%, respect-
ively. Adding CRP or Hap to this did not improve sensi-
tivity or specificity.

Conclusions

It is very challenging to accurately predict bacterial or
viral pneumonia on clinical, radiological as well as on la-
boratory grounds. As far as the clinical picture is con-
cerned, a child under the age of five, who is sub-febrile

[REF] Bacterial Viral Bacterial and Viral Specificity Sensitivity
CRP [14] >72mg/L 84.0% 75.0%
[20] >74mg/L 69.4% 64.%
[20] <52 mg/L 64.5% 75.0%
[22] >7.98 mg/L 53.8% 63.5%
[22] <75mg/L 46.3% 88.2%
[27] >80 mg/L 90.0% 68.1%
PCT [22] >0.188 ng/ml 65.1% 67.4%
[22] <0.07 ng/ml 81.1% 48.7%
[26] > 0.2 ng/ml 80% 86%,
[20] 213.500(S. pneumoniae) 68.6% 63.8%
[20] 210300 38.9% 74.0%
[20] <19.710 28.0% 93.7%
WBC [22] > 12,870 61.3% 41.6%
[22] <1570 33.1% 78.4%
Neutrophils [22] >61.0% 53.8% 63.5%
[22] <60.8% 60.1% 56.9%
Lcn2 [23] <200 ng/ml
[20] 21633 ng/ml (S. pneumoniae) 62.7% 71.2%
21633 ng/m| 50.0% 58.1%
2896 ng/ml 28.7% 87.5%
MR-proADM [22] > 0.32 nmol/L 35.7% 78.0%
[22] <0.31 nmol/L 734% 35.8%
MxA1 [25] > 200 ng/mL 66.7% 96.4%
HMGB1(expression) [29] > 1.0256 67.9% 88%
YKL-40 (BALF) [16] 2645 +3.65 ng/ml 34.87 £ 542 ng/ml 33.63+2.50 ng/ml
YKL-40 (serum) [16] 1848 +4.63 ng/ml 19.38 +3.34 ng/ml 19.32 +2.87 ng/ml
MxAT + CRP [25] > 200 ng/ml+ > 40 mg/L

REF Reference, CRP C-reactive protein, PCT Procalcitonin, WBC White blood cell, Lcn2 Lipocalin, MR-proADM Midregional Proadrenomedullin, MxAT Myxoma
resistance protein, HMGBI1 High mobility group box 1 protein; ng nanograms, nmol nanomolar, mL milliliter, L Liter, mg milligram, BALF Bronchoalveolar lavage fluids
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with lung field changes and is wheezing is most likely to
present with a viral CAP.

With serum markers, the differences in cut-off values
are related to the differences in detection methods, ana-
lyses, the desired specificity and sensitivity and the pres-
ence of mixed infection. From the results, almost all
markers had a higher value in bacterial pneumonia. The
only marker increased in viral pneumonia and not in bac-
terial pneumonia was MxA1. This is a promising develop-
ment, and more studies need to be instituted, and if
results are consistent, it may be an essential marker to rule
in or out the viral infections. Furthermore, co-infection
was a constant dilemma in many studies. Although
HMBG]1 expression was vital in proving mixed infection,
the need for PCR makes this test non-viable in clinical set-
tings. Therefore, similar studies are needed to be con-
ducted to measure the HMBG1 protein concentration in
serum rather than the gene expression (Table 4).

One approach is to make use of more than one marker
and combine with clinical signs and symptoms. Lnc2,
when combined with clinical features was 82% sensitive
and 91% specific for bacterial CAP [23]. Lnc2 performed
better than CRP, and therefore a solution is to include
Lnc2 during laboratory work-up. When higher sensitiv-
ity and specificity is needed, combining Haptoglobin
(Hap), tissue inhibitor of metalloproteinases-1, Interleu-
kin 19 (IL-19) or TNF receptor 2 could be a solution.
However, this may not be cost-effective in many clinical
settings.

Practical recommendations

The optimal cut-off values for different markers and
more studies are needed to provide more accurate re-
sults and associate it with patients or within the context
of the clinical situation, and whether the aim is to diag-
nose bacterial CAP or viral CAP. Adding Lnc2 to clinical
context together with CRP should be considered for bet-
ter predictive power. Also, consider the combination
Hap, tissue inhibitor of metalloproteinases-1, IL-19 or
TNF receptor 2 if resources are available.
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