Chapter 9
Biomarkers of Infectious Diseases

Introduction

Infection is defined as a pathologic process caused by the invasion of normally
sterile tissue or fluid or body cavity by pathogenic or potentially pathogenic micro-
organisms. Sepsis is defined as the presence of organ dysfunction occurring as the
result of a dysregulated host response to an infection.

Sepsis

In a young patient with an obvious meningococcal rash, high fever, and altered
mental status, diagnosis of sepsis is fairly straightforward, but this is not always the
case, especially amongst the critically ill population with multiple comorbidities
and other ongoing disease processes. The first clinical sign of sepsis, fever, is usually
are not typical or specific. Similarly leukocytosis is nonspecific. The more typical
signs or laboratory parameters such as arterial hypotension or lactate accumulation
are often are late symptoms associated with organ dysfunction and a rising mortality
rate. Traditional laboratory methods for confirming diagnosis of infectious diseases
involve microbial identification that relies on morphological features, growth char-
acteristics, and biochemical substrates. Microbiologists have searched for more
rapid and efficient means of microbial identification. Nucleic acid amplification
technology, PCR, has opened up new frontiers for microbial identification. Advent
of molecular diagnostics has provided a tool for faster diagnosis of infections. Even
PCR-based methods have time limitation as they cannot be performed within half
an hour required for the POC diagnosis of infections. Non-PCR methods have been
developed for this purpose and the role of biomarkers that can be detected more
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rapidly is being explored. The diagnosis of infections will, however, continue to
require a critical clinical awareness, careful patient history, dedicated physical
examination, and appropriate cultures.

The diagnostic spectrum of the various markers, however, is different. Many
biomarkers have been implicated as playing a harmful mediator role in sepsis. Some
primarily indicate severity of inflammation (e.g. IL-6), others respond to infection,
but do not indicate the host response well (endotoxin, lipoprotein binding protein,
triggering receptor on myeloid cells). Recent data and cumulative analyses indicate
that biomarkers of sepsis improve diagnosis of sepsis, but only a few biomarkers
have impact on therapy and fulfill the clinical requirements. Characteristics of an
ideal biomarker of infection are:

* High levels in sepsis

* Positive correlation with severity of infection

* Prolonged persistence in the blood

e Should enable an early diagnosis by rapid and accurate bedside measurement
* Should indicate the course and prognosis of the disease

* Should facilitate therapeutic decisions

Several studies indicate that the prohormone procalcitonin, a biomarker-mediator
of sepsis, possesses great potential for meeting all of the above criteria, and that its
therapeutic immunoneutralization in humans merits evaluation.

Application of Proteomics for Discovering Biomarkers
of Infections

Proteomic technologies have been used for detection of protein biomarkers of infec-
tion. For example, a novel mass spectral fingerprinting and proteomics approach
using MALDI-TOF MS was applied to detect and identify protein biomarkers of
group A Streptococcus (GAS) strains (Moura et al. 2008). Specific biomarkers were
found for each strain, and invasive GAS isolates could be differentiated. GAS iso-
lates from cases of necrotizing fasciitis were clustered together and were distinct
from isolates associated with noninvasive infections.

Endothelial cells play a key role in the inflammatory response triggered by
sepsis. Proteomic technologies have been used to investigate the secretome
of EA.hy926 endothelial cells following lipopolysaccharide stimulation (LPS).
Secretome dynamics in response to LPS were analyzed with an online 2D—
LC-MS/MS system (Kwon et al. 2015). Out of the 19 candidate proteins, the
authors focused on moesin (membrane-organizing extension spike protein),
which is involved in the function of endothelial cells, and confirmed its amount
in cellular lysates and media taken from primary human umbilical vein endothe-
lial cells treated with LPS. The findings indicate that moesin is a potential bio-
marker of sepsis.
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Biomarkers of Sepsis

There are difficulties in diagnosing sepsis from organ dysfunction. The availability
of accurate sepsis biomarkers to facilitate diagnosis could be useful to enable timely
appropriate treatment to be started, thus optimizing a patient’s chances of survival.
More than 170 biomarkers have been proposed and assessed clinically, including
various cytokines, cell surface biomarkers, receptors, complement factors, coagula-
tion factors, acute phase reactants, and many others, but none has 100% specificity
for sepsis. Perhaps the most widely studied biomarker of sepsis is CRP, whose role
in host defense against bacteria has been known about for almost 100 years.
However, CRP is sensitive but not very specific, as it is increased in all inflamma-
tory disorders, including after uncomplicated surgery. PCT, first proposed as a
biomarker in 1993, is perhaps a more specific biomarker than CRP, although it is
also increased in other inflammatory conditions, such as pancreatitis or after poly-
trauma or major surgery.

Biomarkers play a role in helping to identify—or perhaps more importantly rule
out—an infection. Infection is not an all-or-none phenomenon, and there are “gray
areas” where one can never really be certain that an infection was present or absent.
Because of their high sensitivity, sepsis markers are usually more helpful at ruling
out than at ruling in an infection. This is particularly true in critically ill patients,
who often have some inflammatory response, but do not always have infection or
require antibiotic administration. Hence, sepsis biomarkers, by ruling out infection,
could help decrease the use of unnecessary antibiotics, limit the use of excessive
imaging procedures in search of a possible source, and encourage the clinician to
search for alternative diagnoses. One example of this use for biomarkers was use of
PCT to rule out infections in febrile patients presenting to an emergency depart-
ment. In patients with suspected lower respiratory tract infection, use of antibiotics
was more or less discouraged based on the PCT concentration. The result was a
significant reduction in antibiotic use.

The second question relates to their role in assessing the severity of disease, pri-
marily for triaging decisions, eg, whether or not to admit a patient from the emer-
gency room or general ward to the ICU. An example of this use for biomarkers was
demonstrated by in 1156 hospitalized patients, showing that mortality rates were
2.6 times higher in patients presenting with sepsis on the general ward with a PCT
concentration > 0.12 ng/mL than in those with lower PCT levels (Giamarellos-
Bourboulis et al. 2011). The authors suggested that PCT concentrations could thus
be used to help identify which patients may benefit from ICU admission.

The third question relates to their role in monitoring a patient’s response to
therapy. For this role in particular, trends in concentrations over time are clearly of
more value than single measurements. Again, PCT and CRP are the most widely
studied biomarkers in this context. The mortality rates are substantially lower in
septic patients in whom the PCT concentration decreased by more than 50% over
72 h than in the other patients (Karlsson et al. 2010). Similarly, the pattern of
change in CRP concentrations correlated with the individual clinical course in
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Table 9.1 Biomarkers of sepsis

Carbamoyl phosphate synthase-1 (CPS-1)
Chemokines

Coagulation system markers

C-reactive protein

CoQI10 level reduction

Endotoxin

Inducible nitric oxide synthase (iNOS)
Lactate

Leukocytosis

Lipoprotein Binding Protein

Moesin

Pro-atrial natriuretic peptide
Procalcitonin

Proinflammatory cytokines

soluble urokinase Plasminogen Activator Receptor (suPAR)
Triggering receptor on myeloid cells
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patients with community-acquired sepsis (Povoa et al. 2011). A progressive decline
in CRP or PCT concentrations can be used to guide earlier discontinuation of anti-
biotic therapy, without major risks. But an increase in CRP concentrations in the
first 48 h of therapy suggests that antibiotic therapy may be ineffective and need
reevaluation. PCT levels have been used to guide antibiotic therapy in several clini-
cal trials in different groups of infected patients with promising results on antibi-
otic use. However, using PCT concentrations in an antibiotic-escalation strategy is
not a wise strategy, as it may result in worse outcomes. Clearly, clinical decisions
should not be based just on the concentrations of a single biomarker but must
include evaluation of the clinical status of the patient and other hemodynamic and
laboratory parameters. Several biomarkers of sepsis are currently available as
listed in Table 9.1.

Circulating CPS-1 as Biomarkers of Organ Damage in Sepsis

Mitochondrial damage and dysfunction are considered to play an important role
in the pathogenesis of sepsis-induced organ failures. Unfortunately, there is pau-
city of specific biomarkers of mitochondrial damage in vital organs. Carbomyl
phosphate synthase (CPS)-1, a protein primarily localized to liver mitochondria,
is present in high concentrations in the plasma of patients with sepsis. A prospec-
tive, randomized, controlled animal study has verified that circulating CPS-1 is a
biomarker of mitochondrial damage and depletion in the liver during the sub-
acute phase of sepsis (Crouser et al. 2006). From a mechanistic standpoint,
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mitochondrial depletion is not due to cell death but is apparently related to the
removal of damaged mitochondria by lysosomes, followed by repletion of mito-
chondrial populations. Restoration of mitochondrial populations in the liver and
reduced levels of CPS-1 appears to signal recovery from sepsis. CPS-1 may be
superior to conventional biomarkers of liver damage during sepsis. Further stud-
ies are needed to determine the clinical utility of CPS-1 as a biomarker of sever-
ity of sepsis.

CoQ10 Level Reduction in Septic Shock

The relationship between CoQ10 levels and inflammatory and vascular endothe-
lial biomarkers was assessed using Pearson or Spearman correlations during
analysis of a prospective randomized trial of simvastatin versus placebo in
patients with septic shock (Donnino et al. 2011). CoQ10 levels were significantly
decreased in patients with septic shock compared to healthy controls. CoQ10 is
inversely associated with vascular endothelial biomarkers and inflammatory
molecules though this association diminishes when adjusting for levels of low
density lipoprotein (LDL) cholesterol, which is the primary transport molecule
for CoQ10. Only vascular cell adhesion molecule (VCAM) and IL-10 remained
lower following the adjusted analysis. Identifying low CoQ10 levels in septic
shock is significant as the compound is essential to mitochondrial function and
may play an important role in the pathophysiology of mitochondrial dysfunction
in sepsis. It opens the possibility for potential therapeutic intervention as CoQ10
can be administered exogenously.

Multibiomarker-based Outcome Risk Stratification
of Septic Shock

Failure of clinical trials in septic shock is partly due to inequitable and unknown
distribution of baseline mortality risk between study arms. Interventional trials in
septic shock require effective outcome risk stratification. Genome-wide expression
studies have identified 12 plasma proteins as candidates for biomarker-based risk
stratification. A multibiomarker-based outcome risk stratification model for adult
septic shock, which included five candidate biomarkers, admission lactate concen-
tration, age, and chronic disease burden, had a sensitivity for mortality of 94%,
specificity of 56%), positive predictive value of 50%, and negative predictive value
of 95% (Wong et al. 2014). The calibrated decision tree had the following test
characteristics in the validation cohort: sensitivity 85%, specificity 60%, positive
predictive value 61%, and negative predictive value 85%.
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Nitric Oxide as a Biomarker of Sepsis

There is a wealth of data implicating nitric oxide (NO) as a key player in all cardiac,
vascular, renal and pulmonary derangements of sepsis and septic shock. Cytokines
can activate inducible nitric oxide synthase (iNOS) expression, which produces
excessive amounts of NO, which can cause shock in sepsis. NO and cytokines con-
stitute the molecular biomarkers and the intercellular messengers of inflammation
and septic shock.

Septic shock occurs with an exacerbated inflammatory response that damages
tissue mitochondria. Skeletal muscle appears as one of the main target organs in
septic shock, showing an increased NO production, an early oxidative stress, and
contractile failure. Mitochondria isolated from rat and human skeletal muscle in
septic shock show a markedly increased NO generation and a decreased state 3
respiration, more marked with nicotinamide adenine dinucleotide (NAD)-linked
substrates than with succinate, without uncoupling or impairment of phosphoryla-
tion. One of the current hypotheses for the molecular mechanisms of septic shock is
that the enhanced NO production by mitochondrial NOS leads to excessive
peroxynitrite production and protein nitration in the mitochondrial matrix, to mito-
chondrial dysfunction and to contractile failure.

Research & Diagnostic Antibodies (www.rdantibodies.com/) has conducted
clinical studies involving >290 ICU patients using tests based on the anti-iNOS
MAbs. In 2010, the company received a $2.6 million grant from the National
Institute of General Medical Sciences to support a pivotal clinical study of the test
designed to obtain FDA clearance. The test, based on a novel plasma biomarker
discovered by the company, can identify patients who will develop the sepsis pathol-
ogy 24 to 48 h prior to the appearance of symptoms currently used by physicians as
indictors of the onset of sepsis and enable them to treat patients more effectively by
starting antibiotic treatment and fluid resuscitation sooner. The test has not yet been
approved by the regulatory authorities.

SuPAR as a Biomarker of Sepsis

A prospective cohort study has evaluated the soluble form of urokinase-type plas-
minogen activator (suPAR) as an early prognostic biomarker of sepsis in patients
with suspected infection (Uusitalo-Seppild et al. 2012). suPAR was measured on
admission using a commercial solid-phase ELISA. At a cut-off level of 6.4 ng
mL(—1), suPAR had 76% sensitivity and 69% specificity for fatal disease; at a cut-
off level of 6.6 ng mL(—1), the sensitivity and specificity for severe sepsis were 67%
and 72%, respectively. The levels were significantly higher in nonsurvivors com-
pared with survivors and in patients with severe sepsis compared with those in the
other groups. High suPAR is an independent predictor of case fatality in severe
inflammatory response syndrome (SIRS).
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Chemokines as Biomarkers of Infection

Chemokines are a superfamily of small peptides involved in leukocyte chemotaxis
and in the induction of cytokines in a wide range of infectious diseases. These pep-
tides are secreted by tissue cells, leucocytes and activated epithelial cells. Four dif-
ferent subfamilies can be identified based on the highly conserved presence of the
first two cysteine residues, which are either separated or not by other amino acids:
the CC chemokines, the CXC chemokines, the CX3C chemokines and the C
chemokines. Chemokines act through a family of chemokine receptors, which are
present on cell types such as leukocytes, dendritic cells and endothelial cells. Che-
mokines and their receptors play an important role in the innate immunity against
infectious diseases such as HIV/AIDS and malaria. Measurement of the serum lev-
els of CXC and CC chemokines during the initial phase of meningococcal sepsis in
children can predict mortality and can correlate strongly with disease severity.
Chemokines may play a key role in the pathophysiology of meningococcal disease
and are potentially new targets for therapeutic approaches.

Endotoxin as Biomarker of Infection

Endotoxin has been a candidate as a diagnostic tool for infection for several years.
However, inconsistently increased levels, variations in sensitivity and specificity in
different patients groups and lack of correlation with severity of inflammation and
the host response did not support clinical use. It has been reevaluated now by a highly
sensitive biological assay, which has been approved by the FDA for use in the
US. The endotoxin activity assay (EAA™, Spectral Diagnostics Inc) is quite sensi-
tive and is based on an ex-vivo whole blood measurement system. It measures the
zymosan- and anti-endotoxin-antibody elicited respiratory burst in a kinetic lumino-
metric assay. The antibody is directed against lipopolysaccharides of various gram-
negative bacteria. Despite being a good biomarker for the exclusion of infection, it
does not indicate well the host response. The indication for clinical use of this test
thus is limited to the exclusion of infection in patients admitted to ICU. Because of
the low response to severity of infection, it may have a limited value as guide to
therapy. Also the low specificity may restrict clinical use. Future studies will indi-
cate, whether other biomarkers have a similar sensitivity at a given low specificity.

Procalcitonin as a Guide to Antibiotic Therapy in Infections

Procalcitonin (ProCT), a precursor peptide from the hormone calcitonin (CT), bet-
ter fulfills the requirements of a desirable biomarker as compared to others and has
a solid scientific basis. After translation from CT-mRNA, ProCT is cleaved
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enzymatically into smaller peptides, finally to yield the 32 amino acid mature
CT. Most CT precursor peptides, including ProCT, are found in the serum of normal
persons. In microbial infections and in various forms of inflammation, circulating
levels of several calcitonin precursors, including ProCT but not mature CT, increase
up to several thousand-fold. This increase and especially the course correlate with
the severity of the condition and with mortality. A microbial infection induces an
increase of CALC-I gene-expression and release of ProCT from all parenchymal
tissues and differentiated cell types throughout the body.

A commercially available assay is based on time-resolved amplified cryptate
emission technology (Kryptor® PCT, Brahms/ThermoFisher Scientific). It used a
sheep polyclonal anti-calcitonin antibody and a monoclonal anti-katacalcin anti-
body, which bind to the calcitonin and katacalcin sequence of calcitonin precursor
molecules. Diagnostic accuracy of ProCT has been shown for a variety of infec-
tions, e.g. respiratory tract infections, meningitis, acute infectious endocarditis and
pancreatitis. A colorimetric, “quick” bedside version of the test (PCT®-Q) has the
advantage of rapid determination of circulating CTpr levels in 30 min but he assay
is only semi-quantitative and is not sensitive enough to detect moderately elevated
ProCT levels.

A ProCT-based therapeutic strategy can safely and markedly reduce antibiotic
usage in lower respiratory tract infections, the major cause of sepsis. Being a hor-
mokine mediator, immunoneutralization of ProCT might offer new hope for more
effective treatment options in sepsis. It is now evidence that ProCT provides more
information and, thereby, questions the currently used “gold standards” for the diag-
nosis of clinically relevant bacterial infections. Yet, ProCT is less than a perfect
biomarker. ProCT can be increased in noninfectious conditions, and may remain
low in infections.

A randomized intervention trial, conducted on patients with suspected
community-acquired pneumonia at the University Hospital (Basel, Switzerland),
assessed ProCT guidance for the initiation and duration of antibiotic therapy (Christ-
Crain et al. 2006). The primary endpoint was antibiotic use; secondary endpoints
were measures of clinical, laboratory, and radiographic outcome. ProCT guidance
reduced total antibiotic exposure, antibiotic prescriptions on admission, and antibi-
otic treatment duration compared with patients treated according to guidelines.
Measurements of ProCT, reduced the length of antibiotic treatment by an average of
7 days. ProCT appears to be a more reliable measure for individual tailoring and
early discontinuance of antibiotic therapy as compared with the routinely used clini-
cal and other parameters. It is also time- and cost-effective. It took less than 20 min
to detect levels of serum procalcitonin in the laboratory and results were routinely
available within an hour. Each test costs $15-$30.

Prognosis of patients with severe sepsis and septic shock admitted to the inten-
sive care unit (ICU) may be associated with ProCT. Results of a prospective analy-
sis of patients with sepsis admitted to the ICU indicate that dynamic changes of
PCT reflected on day 3 and day 5 after admission to the ICU may serve as a predic-
tor of survival in critically ill patients with severe sepsis (Huang et al. 2016).
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Soluble Urokinase Plasminogen Activator Receptor

The soluble urokinase Plasminogen Activator Receptor (suPAR) is a protein in the
blood. It is measured by suPARnostic® ELISA assay (ViroGates A/S), a CE/IVD
marked double MADb sandwich assay in which samples and peroxidase-conjugated
anti-suPAR are first mixed together and then incubated in anti-suPAR precoated
microwells. The recombinant suPAR standards of the kit are calibrated against
healthy human blood donor samples and suPAR concentrations are given as ng/mL
plasma. A prospective cohort study showed that plasma suPAR level is a sensitive
and specific independent prognostic biomarker in patients with bacteremia
(Huttunen et al. 2011). If an individual’s suPARnostic® level is very high, there is
an increased chance of negative outcome in critical conditions such as septicemia
unless appropriate treatment is administered early, which can lower suPARnostic®
level. Thus, by measuring an individual’s suPARnostic® level, the prognosis can
be assessed, the need for therapy is indicated and the effect of treatment can be
monitored.

Systemic Inflammatory Response Syndrome

Sepsis is now defined as a systemic inflammatory response syndrome (SIRS) in
which there is an identifiable focus of infection. During the onset of sepsis, a mas-
sive inflammatory reaction involving chemical mediators such as cytokines and
chemokines and inflammatory cells such as the polymorphonuclear neutrophil and
macrophage takes place. In addition to this systemic inflammatory process, sepsis
and septic shocks cause a profound decrease in the peripheral vasomotor tone lead-
ing to a great decrease in the peripheral resistance. This event is central to derange-
ment of hemodynamic and perfusion parameters. SIRS can be also precipitated by
non-infective events such as trauma, pancreatitis, and surgery. As a consequence of
an overactive SIRS response, the function of various organ systems may be compro-
mised, resulting in multiple organ dysfunction syndrome and death. Efforts are
being made to identify biomarkers for prognosis in SIRS. Sepsis causes an esti-
mated 250,000 deaths annually in the US and 750,000 worldwide. The cost of treat-
ing septic patients in an intensive care unit (ICU) can add $5000 or more per day to
the cost of a patient’s care.

Chromogranin A (CGA) is a biomarker of stress released with catecholamines
by the adrenal medulla and has been previously associated with cardiovascular dis-
ease and cancer. Serum CGA concentrations are significantly increased in SIRS
patients when compared to healthy controls. Highest increase in CGA is seen in
patients where infection is associated with SIRS. CGA concentrations positively
correlate with biomarkers of inflammation (procalcitonin, CRP) , as well as with
Simplified Acute Physiological Score (SAPS). Patients with CGA concentration
above 71 pg/L have a significantly shorter survival (Zhang et al. 2009).
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Tuberculosis

Mycobacterium tuberculosis is the most common bacterial infection in the world,
affecting approximately 2 billion people. This infection is the world’s most
neglected health problem, killing 3 million people each year — more than all the
other infectious diseases combined. Unless diagnosed, active TB is an often-fatal
condition, and the patient with active TB will spread the disease to an average of
10—15 others per year. Tuberculosis incidence is increasing in both developed and
developing countries. One reason for the sharp increase in TB infections is the
development of antibiotic resistant TB strains, including some that are resistant to
multiple drugs. World Health Organization (WHO) estimates that this disease will
infect 1 billion persons and claim more than 35 million lives in the next 20 years.
In the US alone, approximately 15 million residents are infected. Worldwide, one
in three persons harbors the causative organism, M. tuberculosis. According to
WHO, over 1 billion TB tests are performed yearly 2000 and this number is pro-
jected to increase.

Tuberculosis is reemerging as an important cause of human disease, particularly
in HIV-infected patients who experience severe immunosuppression. Approxi-
mately 14% of all cases of TB are associated with HIV, and most tuberculosis
infections predominantly involve the lung. Halting the spread of tuberculosis
requires a multifaceted approach incorporating early diagnosis, appropriate anti-
microbial therapy, proper patient isolation, screening of high-risk populations,
and enhanced laboratory biosafety. In the effort to prevent a late-twentieth-century
epidemic from becoming a major scourge of the twenty-first century, laboratory
personnel and methods will play a key role. Early and prompt diagnosis, particu-
larly in HIV-infected individuals, can reduce the morbidity and mortality of
tuberculosis.

Because of the unique nature of this organism, only 10-15% of those infected
with M. tuberculosis will ultimately develop the disease. Considerable research is
planned in this area. In 2010, BioMérieux, Institut Mérieux, and the Singapore gov-
ernment invested $2.2 million to investigate biomarkers to identify individuals who
may be at risk for developing tuberculosis and to help guide drug therapies. As part
of the project, a joint laboratory is being created at Biopolis in Singapore, where
researchers from BioMérieux and Agency for Science, Technology, and Research’s
Singapore Immunology Network (SIgN) will study the immune cells in the blood of
patients infected with TB but whose disease is inactive. The cells will be compared
with those of patients who have active TB and those of healthy controls in order to
identify potential biomarkers for TB infection and TB re-activation. In addition to
aiding in the diagnosis of the disease, the research could help clinicians assess and
monitor patient response to TB treatment and manage those who have developed
drug-resistance to M. tuberculosis.
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Conventional Diagnosis of Tuberculosis

Tuberculosis is generally diagnosed by a combination of generalized and specific
symptoms along with findings of various laboratory tests. Two widely used tests are
the tuberculin skin test and acid-fast microscopic smear. Although both provide rapid
results, neither is especially reliable. Skin testing does not distinguish latent infection
from active tuberculosis. In addition, distinguishing M. fuberculosis from an atypical
mycobacterium can prove difficult under the microscope. For reliable detection, a
large number of organisms must be present. Sputum smears are positive in only one-
half to three-quarters of cases. Culture to distinguish mycobacteria from atypical
forms and to determine antibiotic sensitivity takes as long as 3—6 weeks. This distinc-
tion is important because atypical forms of mycobacteria do not respond to conven-
tional antibiotics. This time lag in diagnosis, however, delays both the isolation of this
contagious disease and the initiation of treatment. The emergence of multidrug-
resistant (MDR) tuberculosis has further aggravated attempts to eradicate this infec-
tion. MDR organisms are not only resistant to conventional and antimicrobial therapy,
but are also associated with a high mortality and rapid occurrence of death.

Molecular Diagnostics for Tuberculosis

Molecular technology is now available to provide detection, identification, and
antimicrobial sensitivity testing of mycobacteria. Ideally, a molecular probe would
provide these functions directly in a clinical sample, with the sensitivity of a culture,
but in a matter of hours rather than weeks. Such rapid results will be essential to
provide optimal care for patients infected with M. tuberculosis or other mycobacte-
rium species and to limit the spread of tuberculosis.

The FDA approved the Amplified Mycobacterium Tuberculosis Direct (AMTD)
test (Gen-Probe, San Diego, California) in 1996. In various studies where the AFB
(acid-fast bacilli) smears were cultured, the sensitivity of AMTD was 85.5% and its
specificity was 100%. This test, which combines Gen-Probe’s transcription-
mediated amplification and HPA technologies, yields results in 4-5 h. It can be used
on patients who do not have cultivable M. tuberculosis but continue to shed these
microorganisms. In addition, AMTD can aid in monitoring patients who have been
treated with antitubercular drugs.

Biomarkers for Tuberculosis

Large-scale studies have been initiated aiming to identify biomarkers of M.
tuberculosis infection and disease. Key finding from recent are that no one factor
seems able to explain the complex course of M. tuberculosis infection.
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Multifactorial analyses have identified a variety of genes and proteins, mostly
involved in bacterial persistence or host responses, that offer promise as bio-
markers for different disease stages. Candidate biomarkers should differentiate
people with active tuberculosis from healthy individuals, normalize with therapy,
and reproducibly predict clinical outcomes in diverse patient populations (Wallis
et al. 2009). Although a large number of promising candidate biomarkers have
been examined to date, few patients in these studies have reached clinically
meaningful outcomes, and few of the studies have been conducted to interna-
tional research standards. The challenge now is to validate the suggested bio-
markers being described and then reduce them to clinical practice (Doherty et al.
2009). If this can be done, it offers the possibility of greatly improved clinical
management of tuberculosis, allowing segregation of patients and contacts into
appropriate treatment regimens.

Diagnosis of tuberculous meningitis (TBM) is difficult. Rapid confirmatory
diagnosis is essential to initiate required therapy. The presence of 65 kD heat shock
protein (hsp) antigen in the CSF of confirmed and suspected cases of TBM would
indicate that the selected protein is specific to M. tuberculosis and could be consid-
ered as a diagnostic biomarker for TBM.

Biomarkers of Pulmonary Tuberculosis in the Breath

Pulmonary tuberculosis may alter volatile organic compounds (VOCs) in breath
because Mycobacteria and oxidative stress resulting from Mycobacterial infec-
tion both generate distinctive VOCs. A study was condcted to determine if
breath VOCs contain biomarkers of active pulmonary tuberculosis (Phillips
et al. 2007). Head space VOCs from cultured Mycobacterium tuberculosis were
captured on sorbent traps and assayed by gas chromatography/mass spectros-
copy (GC/MS). Breath VOCs were assayed by GC/MS in patients hospitalized
for suspicion of pulmonary tuberculosis and in healthy controls. Sputum cul-
tures were positive for Mycobacteria in 23/42 and negative in19/42 patients.
Pattern recognition analysis and fuzzy logic analysis of breath VOCs indepen-
dently distinguished healthy controls from hospitalized patients with 100% sen-
sitivity and 100% specificity. The study concluded that volatile biomarkers in
breath were sensitive and specific for pulmonary tuberculosis: the breath test
distinguished between “sick versus well” i.e. between normal controls and
patients hospitalized for suspicion of pulmonary tuberculosis, and between
infected versus non-infected patients i.e. between those whose sputum cultures
were positive or negative for Mycobacteria. However, since these findings were
derived from a comparatively small pilot study, confirmation will require addi-
tional studies in larger numbers of patients.
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Biomarkers of Viral Infections

Whereas most viral infections can be tested by either immunoassays or by DNA, the
latter provides the benefit of an earlier, more specifically accurate test. This is
because an immunoassay detects only the presence of an antibody to the virus,
which cannot be measured until the immune system has actually produced an anti-
body in the blood. In diseases such as HIV and hepatitis, antibody generation can
lag behind infection by as long as 6 months. DNA tests, on the other hand, look for
the antigen or the virus itself; it is not necessary to wait for the body to produce
antibodies, thus providing earlier detection. Biochemical tests for infections are
more prone to human error and require extensive quality control with each new lot.
Biochemical-based identification can take up to several days, compared to just sev-
eral hours for DNA-based tests.

Viral Hepatitis

Approximately 85% of all acute viral hepatitis cases are due to the familiar
hepatitis A-E viruses. For the diagnosis of hepatitis A, D, and E, serologic mark-
ers are usually adequate. In contrast, molecular diagnosis is important in hepa-
titis B and C. The cause of hepatitis infection in nearly 15% of the cases
continues to baffle physicians.

Hepatitis A virus (HAV) This is the most common cause of viral hepatitis
worldwide. This small, single-stranded RNA virus belongs to the enterovirus
genus of the Picornavirus family. HAV infection usually produces a brief ill-
ness and does not lead to a chronic carrier state or chronic hepatitis. A PCR-
based assay can be used to detect HAV antibodies as well as to differentiate
between genotypes I and II. In addition, a modified PCR test can detect intact
virus particles while ignoring fragments of genetic material from any virus
destroyed during the sterilization process. In this method, the blood product is
incubated with an HAV-specific monoclonal antibody before the viral RNA is
transcribed, amplified, and identified as DNA. The antibody captures any intact
virus and the PCR test then identifies the viral nucleic acid, making a false-
positive result less likely.

Hepatitis B virus (HBV) There are approximately 300 million chronic carriers of
HBYV worldwide, representing a global health care challenge. Exposure to contami-
nated blood is the major source of infection, but other modes of transmission are
possible (e.g. inoculation of the ocular surface during corneal transplants). Chronic
HBYV infection is responsible for much of the world’s liver cirrhosis and is implicated
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in a high percentage of cases of liver cancer. Situations in which screening for this
virus is warranted include the following:

 Clinical suspicion of hepatitis B.
* Blood donors and blood products.
* Monitoring of responses to vaccination.

Because HBV is difficult to culture, its presence is typically demonstrated by
electron microscopy. Although the existence of HBV surface antigen (HbsAg) in
serum or plasma indicates HBV infection, detection of HbsAg does not provide
information on the replicative activity of the virus. Hepanostika HBsAg Ultra assay
(bioMerieux), a CE-approved test launched in Europe/Middle East, offers state-of-
the-art sensitivity and excellent specificity for the detection of HBV surface antigen
in human plasma or serum. The level of HBV DNA in serum or plasma probably
reflects the replicative activity of HBV. Various techniques for detection of HBV
DNA have been developed, including hybridization assays (which generate quanti-
tative results but lack sensitivity) and PCR (which offers superior sensitivity but
predicts only qualitative results, though these findings are important as treatment
guides). Methods for quantitative assessment of HBV DNA include Bayer’s HBV
DNA assay and Abbott’s HBV DNA assay. Monitoring the level of HBV may help
identify those individuals who are most likely to respond to antiviral therapy, evalu-
ate the efficacy of therapy, and track the infection and viral burden after therapy.
Such monitoring provides several benefits:

It facilitates the tracking of viral load reduction and enables early identification
of relapses.

e HBYV RNA level at any given time point is predictive of response to therapy.

* The standardization and reproducibility of the assay, as demonstrated on speci-
mens taken at different times and in different places in clinical trials, are helpful
in evaluating test results.

Viral hepatic diseases, especially those induced by the HBV, can progress into
more serious pathological outcomes and eventually to hepatocellular carcinoma. A
growing body of evidence indicates that many trace elements play important roles
in a number of carcinogenic processes that proceed through various mechanisms.
Markedly elevated Cu:Zn ratios are found in patients having hepatic cirrhosis or
hepatocellular carcinoma. These findings imply that the levels of some trace ele-
ments, such as selenium, iron, copper, and zinc, and Cu: Zn ratios, might serve as
biomarkers for the increased severity of viral hepatic damage.

Hepatitis C virus (HCV) HCV affects roughly 170 million people around the
world. Approximately 5 million persons have chronic HCV infection in the US,
30,000 new infections are diagnosed each year, and 8000 infected patients die. In
Europe, the number of patients with chronic HCV infection is estimated to be 5-10
million. The number of HCV-antibody-positive individuals is as high as 10-20 mil-
lion. Acute HCV infection develops into chronic disease in 85% of all cases, setting
the stage for development of liver cirrhosis and hepatocellular carcinoma.
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The introduction of the approved immunoassay EIA has reduced the incidence of
HCYV transmission via blood transfusion. It is the first test administered to patients
with clinical liver disease. Another test available for HCV is an immunoblot assay
(RIBA-2). Both methods are of limited use, however, because a period of several
weeks separates infection and seroconversion. In addition, loss of antibody in some
persistently infected individuals has been reported. Another monitoring method,
which measures the levels of the liver enzyme alanine aminotransferase (ALT), can
also give misleading results because fluctuations do not correlate with the levels of
HCV. For example, ALT levels may normalize during therapy despite persistent,
detectable levels of HCV RNA. If hepatic damage is minimal or has not developed
yet, ALT levels may remain normal during active HCV infection. Illnesses other
than HCV (e.g. alcoholism) may also produce abnormal ALT values, complicating
diagnosis. Direct detection of HCV is valuable in the following situations:

» Diagnosis of neonates born to a seropositive mother.

* Diagnosis of HCV infection in seronegative individuals.

* Diagnosis in organ transplant recipients.

* Assessment of antiviral therapy with interferon-alpha (IFN-).

Although the recommended treatment for chronic HCV infection involves a
48-week course of PegIFN-a-2b or PeglFN-a-2a combined with ribavirin (RBV),
the therapy cures ~40% of those with HCV, and the response is even lower in
African-American populations. In addition to limited efficacy, treatment is often
poorly tolerated because of side effects that prevent some patients from completing
therapy. For these reasons, identification of a biomarker of response to treatment is
a high priority. A genetic polymorphism near the IL28B gene, encoding IFN-
lambda-3, has been reported to be associated with an approximately twofold
change in response to treatment, both among patients of European ancestry and
African-Americans (Ge et al. 2009). Almost 80% of those with the favorable
response genotype eradicated the virus, while only about 30% with the less favor-
able response genotype did so. Because the genotype leading to better response is
in substantially greater frequency in European than African populations, this
genetic polymorphism also explains approximately half of the difference in
response rates between African-Americans and patients of European ancestry. On
the other hand, among African Americans who did carry the CC genotype, treat-
ment response was 53.3% — higher than the 33.3% treatment response observed
among individuals of European descent who had the TT genotype. The favorable C
allele also tended to be found less frequently in those with chronic HCV infections,
suggesting a role in overall viral clearance. Unexpectedly though, the authors
reported that the C alleles actually appeared to be linked to higher rather than lower
baseline viral loads. More research is needed to determine whether the newly iden-
tified SNP is a biomarker for other important genetic changes or whether the
change itself directly influences treatment outcomes.

IP-10 as an important negative prognostic biomarker of HCV infection; given
that it mediates chemoattraction of activated lymphocytes, it is counterintuitive that
it correlates with therapeutic nonresponsiveness. Plasma levels of the protein IP-10
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predict, prior to therapy initiation, the efficacy of treating chronic HCV infection
with PEG-interferon and ribavirin, and a prognostic test has been developed a for
HCYV based on these results (Casrouge et al. 2011).

Biomarkers of SARS

SARS-associated coronavirus (SARS-CoV) has been confirmed as the pathogen for
SARS. Several companies are working to develop diagnostics for SARS virus,
which are based on detection of the virus.

Cytokines, growth factors and other markers are important indicators of the
inflammatory response to infection. Cytokine profiles can also provide a usefull tool
for the diagnosis and management of the SARS disease. Acute infections can cause
a rapid increase in cytokine levels, an exaggerated response to a high viral load
which can be detrimental to the individual. Huge elevations in a variety of cytokine
markers may alert clinicians to the severity of the infection and ensure that priority
patients are managed immediately to prevent further spread. Markers that have been
elevated in SARS are IFN-g, IL-1b, IL-6, IL-12 and MCP-1. Cytokine response has
been shown to affect the mortality and morbidity of the patient with communicable
diseases. Biochip array technology (Randox Laboratories) offers a blood testing
system that can offer rapid cytokine profiling of patient samples. The system uses a
panel approach to diagnostic profiling enabling simultaneous measurement of
numerous markers in minutes. Ease of use and minimal operator intervention are
key benefits of a system that can measure and quantify many clinical markers. Risk
of infection to laboratory personnel is limited as sample handling is fully automated
and onboard disposal compartments ensure isolation of contaminated waste. The
system boasts a test throughput of over 800 cytokine test results per hour, enabling
rapid profiling of numerous patients within the time constraints of the WHO
regulations.

Biomarkers of HIV

The major cause of AIDS in the world is the retrovirus HIV type 1 (HIV-1).
Worldwide, an estimated 18 million persons are infected with HIV, including more
than a million individuals in the United States. HIV infection is predominantly a
sexually transmitted disorder, although other modes of transmission (e.g., infected
blood transfusion and intravenous drug abuse via infected needles) are well
recognized.

Direct detection of HIV-1 is difficult because only a small number of cells harbor
the virus, a small number of proviral copies exist in each infected cell, and the viral
genome has a tendency toward transcriptional dormancy. Nevertheless, a number of
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assays have been developed to detect the presence of HIV-1 infection and quantify
the level of virus in the blood of infected individuals:

* EIA tests for the detection and quantification of HIV-1 p24 antigen.
e Western blot.

e Latex agglutination.

e Radioimmunoprecipitation.

e Immunofluorescence for the detection of antibodies to HIV-1.

e Viral cultures for the isolation and semiquantification of HIV-1.

HIV-associated neuropsychological impairment is frequent among HIV-1
infected patients but the incidence of HIV dementia has declined since the introduc-
tion of HAART therapy (zidovudine, lamivudine and ritonavir boosted indinavir).
Improvement of neurocognitive function parallels by normalization of CSF neural
markers (NFL, Tau and GFAP) levels and a decline in CSF and serum neopterin and
CSF and plasma HIV-1 RNA levels.

APOBEC3G (apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-
like 3G; also known as CEM15, or hA3G) is a novel cellular factor of innate immu-
nity that inhibits HIV replication in vitro by causing G to A hypermutations, and
consequently reduced relative infectivity of each virus produced by infected cells.
Quantification of CEM15 mRNA levels in patient samples as a prognostic indicator
of innate HIV/AIDS disease resistance and predicting whether a viral infected
patient will be categorized as a long term nonprogressor (LTNP) , which has a much
slower disease progression rate. This also provides a method of predicting the level
of CD4 cells in a patient, as well as a method of optimizing antiviral therapy in a
viral infected patient and has significant implications on new development of diag-
nostic tools and therapeutic targets to treat viral infections.

Biomarkers in Parasitic Infections

Parasitic infections are still endemic in developing countries. Role of biomarkers in
two common parasitic infections, malaria and schistosomiasis, will be discussed
here. Biomarker studies in parasitic infections are complicated by the simultaneous
infection with multiple parasites in the same individual.

Role of Biomarkers in Malaria

The incidence and severity of malaria infection continue to be on the rise in many
parts of the world. The situation is exacerbated by the emergence of multidrug resis-
tance to Plasmodium falciparum and P. vivax, the two most important human
malaria parasites. Malaria is a complex infectious disease in which the host response
to infection is dependent upon the parasite stage, parasite virulence factors, and host



236 9 Biomarkers of Infectious Diseases

genetic background. Diagnosis can be established by identification of the parasite in
blood smears. There is still a need to understand the molecular processes that regu-
late transcriptional activity and gene networks involved in the pathogenesis of or
protection from disease as they may provide insights into protective mechanisms of
immunity that aid in the design of more effective vaccines.

An analysis of the gene expression profiles has identified a set of host biomark-
ers, which distinguish between lethal and nonlethal blood stage murine malaria
infections with P. yoelii. Multiple biological replicates sampled during the course of
infection were used to establish statistically valid sets of differentially expressed
genes. Genes that correlated with the intensity of infection were used to identify
pathways of cellular processes related to metabolic perturbations, erythropoiesis,
and B-cell immune responses and other innate and cellular immune responses.
Provide insights into transcriptional regulatory mechanisms that influence both the
pathogenesis of disease and the host’s recovery from infection. While immune
responses in human P. falciparum and P. vivax malaria may share many similar
features of the global gene expression program observed in murine malaria, impor-
tant differences in expression profiles in humans infected clinically or experimen-
tally with malaria will depend on the type of tissue (peripheral blood, bone marrow,
spleen, or brain) and the stage of infection (early asymptomatic versus clinical
malaria) that is studied.

Because acquisition and maintenance of antimalarial antibodies depend on expo-
sure to malaria infection, such antibodies might be used as biomarkers of transmis-
sion intensity. Measurement of these antiboies by serological tests may detect
variations in malaria transmission over time and will be invaluable for monitoring
trends in malaria endemicity and the effectiveness of malaria control programs
(Drakeley et al. 2005). Molecular biomarkers have been investigated for assessing
resistance to antimalarial drugs but no conclusive information is available as yet.
Efforts to use plasma levels of sSTNF-R75 and circulating parasite DNA to estimate
sequestered loads of P. falciparum have not been successful so far.

It is important to identify individuals infected with P. falciparum who are at risk
of developing serious complications such as cerebral malaria. Serum angiopoietin-1
and the angiopoietin-2/1 ratio are promising clinically informative biomarkers for
cerebral malaria (Lovegrove et al. 2009). Further studies should address their use-
fulness as prognostic biomarkers and potential therapeutic targets in severe malaria.

Identification of Biomarkers in Schistosomiasis Infections

Schistosomiasis is the second most prevalent human parasitic disease after malaria
and affects more than 200 million people worldwide. The eggs produced when
infected by Schistosoma mansoni produce complex and unique protein- and lipid-
linked glycans, which are important activators and modulators of the host’s immune
response.
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Current diagnosis of schistosomiasis is not ideal. The egg detection by micros-
copy is specific, but lacks sensitivity and suffers from highly fluctuating egg output.
Antibody-based diagnosis is sensitive but fails to reliably identify active infections.
Antigen-detection based assays have a number of advantages but fail to detect mini-
mal infections. This has prompted search for biomarkers of the disease.

Scientists have discovered that in addition to the glycoprotein and glycolipid
antigens, Schistosoma eggs also excrete unique unconjugated oligosaccharides,
which can be identified by using an affinity purification method based on a specific
antiglycan MAb. These oligosaccharides appear as biomarkers of infection in the
urine of infected individuals and can be detected by mass spectrometry. The identi-
fication of new small molecule biomarkers may lead to a new egg-load related assay
for light infections in schistosomiasis but may also be used as a measure of infection
and morbidity.
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