
Recent Advances in Diagnosing 
Pulmonary Infections

Shobitha Rao1; Edwin Dias2*

1Associate professor, Department of Respiratory Medicine, Srinivas Institute of Medical Sciences and Research centre (SIMS 
and RC).

2Professor and HOD, Department of Pediatrics, SIMS and RC.

*corresponding author:  Edwin Dias, Professor and HOD, Department of Pediatrics, SIMS and RC. 
Email: dredwindias@gmail.com

Published Date: Aug 16, 2021

Abstract
 Lower respiratory tract infections and pneumonia are among leading causes of death among both children and 
adults, especially in developing countries. They account for about 4 million deaths every year globally. It is also the second 
leading cause of years lost due to premature mortality and a common cause for hospitalization. Antimicrobial therapy is the 
mainstay of treatment. However, in most cases specific organism directed therapy is not possible because of low sensitivity 
of conventional tests like staining, smear and culture. Newer diagnostic techniques like molecular tests (Nucleic acid ampli-
fication- NAAT test like PCR, LAMP, CBNAAT, LPA etc) are promising tools which can help the clinician in rapid and specific 
diagnosis of organisms causing respiratory tract infections. They are available for both viruses and bacteria. They have the 
advantage of being more sensitive than conventional tests and are also not affected by prior antibiotic therapy. In addi-
tion other tests like antigen tests, lung ultrasound and exhaled air Volatile Organic Compound (VOC) also have their place 
in clinical diagnosis of pneumonia. Ominously newer respiratory pathogens are also emerging worldwide. In 2003 Severe 
Acute Respiratory Syndrome (SARS) caused a previously unrecognized corona virus outbreak. In 2019 another corona virus, 
COVID-19 caused a global pandemic which is still ongoing. Various tests have been used for the diagnosis and management 
of this COVID-19 which includes NAAT tests like RT-PCR, CBNAAT, Rapid antigen test and other markers for assising disease 
progress and severity like CRP, D-Dimer, serum ferritin, Lactate dehydrogenase, Interleukin 6 and CT thorax among others. 
Tuberculosis is another respiratory infection which is not far behind in causing morbidity and mortality. TB is among the 
top 10 leading cause of death caused by a single infectious agent. In 2019, 1.4 million deaths were reported globally due to 
tuberculosis. Similar to pneumonia, identification of Mycobacterium tuberculosis is not possible in many cases and clinicians 
have to rely on other tests like radiology and clinical skills for diagnosis. This can lead to under diagnosing in many cases 
which can contribute to the morbidity and mortality associated with tuberculosis. NAAT based molecular test (like GeneX-
pert, LPA, LAMP, Truenat) and antigen tests like Lipoarabinomannanin urine are new promising tools in the field of diagnosis 
of tuberculosis.
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Introduction
 Respiratory infections are the fourth commonest cause of death worldwide [1]. Despite various diagnostic tech-
niques available microbiological diagnosis in pulmonary infections is challenging. Identifying the microbiological etiology 
is necessary to have specific directed therapy which is associated with reducing mortality [2]. However, aetiology is known 
only in 50% of cases with conventional diagnostic methods [3]. Hence newer diagnostic methods are necessary which re-
duce this gap in diagnosis and can help in increasing the number of patients receiving specific directed therapy. In this chap-
ter we will look into newer diagnostic methods that are available for various pulmonary infections. 
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Community acquired pneumonia (CAP)

 CAP is caused by various organisms that include viruses, streptococcus spp, atypical organisms among others [4] 
(Table 1). The current practice of CAP involves administering empirical therapy based on suspected bacteria [5]. However, 
anti-microbial resistance is a common emerging problem worldwide [6]. The newer diagnostic techniques that are emerging 
may be a useful tool to help clinicians to guide appropriate therapy. It is also useful in deescalating broad spectrum antibiot-
ics [7].

Table 1: Aetiology and organisms that cause CAP [8].

Outpatients Inpatients

1. Streptococcus pneumonia (10.9%)
2. Intracellular pathogens/ Atypical pathogens (11.3%)
Legionella pneumophilia
Mycoplasma pneumoniae
Chlamydophilia pneumoniae
Chlamydophilia prittari 
Coxiella burnetti 
3. Respiratory viruses (2.9%)
Influenza 
Parainfluenza 
RSV
Rhinovirus 
Coronavirus 
4. Haemophilia influenza (1.6%)
5. Mixed (2.9%)
6. Other (1.2%)
Aspiration pneumonia
Pneumonia in immune compromised 
7. Gram negative bacteria (0.4%)
Pseudomonas
Enterobacteriae
Acitinobacter
8. Staphylococcus aureus (0.2%)
9. Unknown in the reminder cases (58.7%)

1. Streptococcus pneumoniae (17.7%)
2. Intracellular pathogens (16.7%)
3. Mixed (5.4%)
4. Respiratory viruses (4.9%)
5. H.Influenza (2.1%)
6. Others 
7. Gram negative bacteria (2.4%)
8. Staphylococcus aureus (0.2%)
9. Moraxella catareh (0.2%)
10. Unknown in reminder cases (58.7)

Conventional diagnostic methods for CAP 

 The conventional tests used for diagnosis of CAP are as follows

1. Sputum gram stain 

2. Cultures of Sputum, blood and other body fluids.

3. Serology for atypical pathogens 

Molecular tests and antigen tests for diagnosing infections

 Newer diagnostic tests include molecular tests which are primarily NAAT’S that is nucleic acid amplification tests 
such as PCR, LAMP etc. Antigen detection by immunofluorescence, immunoassay, immunochromatography assays have also 
been developed [7]. 

NAAT

 NAAT is a category of diagnostic techniques that identifies a particular nucleus acid sequence in a sample like 
sputum, swabs, blood etc of a particular organism (e.g. virus, bacteria). Since the amount of nucleic acid in the sample may 
be small the test amplifies their numbers before detection [8]. The various ways of amplification are as follows 

i. PCR (polymerase chain reaction)

ii. Strand Displacement Assay (SDA) 

iii. Transcription mediated assay 

 NAAT’S are rapid techniques which can identify pathogens even in a small number [9]. They thus help in specific 
microbial directed therapy. Clinical application would be possible once they are widespread and easily available.

Polymerase chain reaction

 PCR is a NAAT technique where DNA of the microbe is extracted from the specimen and amplified by specific method. 
The products are then identified gel electrophoresis [10].



Currently PCR is approved for following organisms [11].

1) Francisella tularensis-Real time PCR.

2) Adenovirus-multiplex real time RTPCR.

3) Avian flu-Real time PCR.

4) Influenza virus panel-Real time PCR. 

5) Respiratory virus panel- RT PCR (Influenza, Adenovirus, Metapneumovirus, Rhinovirus and parainfluenza).

6) Corona virus 19-RT PCR

Limitations of NAAT1 [11,12]

1. Requirement of adequate sample to detect DNA/RNA.

2. Presence of NAAT inhibitors can give false negative results.

3. Contamination of sample can lead to false positive result.

4. Inability to differentiate colonisation from infection. This can be overcome by using NAAT tests with quantitative results.

5. Expensive.

6. Lack of standardisation.

7. Inability to differentiate live and dead microbes in specimens.

Advantages of NAAT compared to conventional tests [11,12]

1. Rapid 

2. Great sensitivity 

3. Possibility of identify drug resistance 

4. Not affected to a great extent by prior antibiotics 

5. Possibility to test multiple pathogens 

6. Able to detect few microbes in clinical specimen

Specific tests for diagnosing CAP

(A) Detection of S. Pneumonia using PCR

 It is a molecular diagnostic test which involves detection of S.pneumoniae DNA by PCR technique. The results here 
are available within few hours and do not require live or viable bacteria. The test amplifies the pneumococcus specific genes 
like Pneumolysin (ply), pneumococcal surface adhesion A (Psa A) or Pneumococcal autolysin (LytA) by PCR technique. PCR 
technique for Ply gene lacks sensitivity and specificity for pneumococcal infection. Lyt A gene is 100% specific while Psa A 
gene is 98% specific [11,13,14].

 Advantages of PCR over sputum and blood culture for pneumococcus [11,15].

1. Rapid results 

2. Do not require viable bacteria 

3. Not influenced by antibiotic therapy 

4. More sensitive 

(B) Rapid influenza diagnostic test (RIDT)

 RIDT can be done on respiratory samples like swabs, secretions and aspirates. This test is an antigen immunoassay 
test for detection of influenza virus. They are convenient and highly specific (90-95 %). The major drawback is low sensitivity 
of the tests which is around 40-70 %. Like any other immunoassay tests, RIDT detects influenza viral nucleoprotein by using 
specific antibody [7,11,16].
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(C) Immunofluorescence antigen assays

 This assay detects antigen in patients serum using a florescent dye tagged specific antibody and is examined under 
fluorescence microscope. These antigen tests can be used for a variety of respiratory viruses like Influenza, parainfluenza 
and RSV. In comparison to immune assay, these tests are more sensitive (50-85 %). The detect the presence of viral antigens 
by specific antigen-antibody reaction [7,11,17,18].

(D) PCR for Respiratory viruses

 It is the test of choice for detecting viruses wherever available. This is because of its high sensitivity and specificity. 
Subtypes of viruses (example H1, H3 H7, M gene etc) can be detected using primers . Novel strains and resistance to antivirals 
can also be detected by this technique. The major disadvantage is they don’t differentiate between live and dead virus RNA 
and hence cannot provide information regarding infective nature of the virus [7,11,19,20].

(E) Rapid molecular tests (LAMP, Single plex PCR, multiplex PCR)

 These tests can be used on variety of respiratory specimens. They are highly sensitive. However, these methods are 
not standardized and hence their use is currently limited [7,11]. 

I. Loop mediated isothermal amplification (LAMP)

 In this technique the DNA is amplified at a constant temperature. This differentiates it from PCR where a series 
of alternating temperatures and cycles are used for DNA/RNA amplification. RT-LAMP (LAMP combined with reverse 
transcription) is used for detection of RNA. The advantage of this is its lower cost since expensive thermocyclers are not 
required for the procedure [21].

II. Single plex PCR 

 Single plex PCR is used to detect one specific targeted sequence of DNA Or RNA of virus or bacteria on gene of 
interest [22].

III. Multiplex PCR 

I n multiplex PCR, 2 or more target sequence of DNA or RNA are detected simultaneously. Thus, multiple types of 
virus (e.g., Herpes simplex type 1 and 2 assays, influenza A and B assay) can be detected at the same time [22].

(F) Streptococcus pneumoniae antigen card test 

 This is an antigen card test by Binax Now. It is a qualitative detection of S.pneumoniae antigen in urine of the 
patients with CAP. Other samples that can be tested by this method is CSF in case of meningitis. It has a sensitivity of 86% 
and specificity 94%. It is a rapid test with results available in 15-30 minutes [23].

(G) Immunochromatography test (ICT) for antigen detection

 Immunochromatography test detect soluble antigens in urine. Immunochromatography assay (ICA) also called 
lateral flow test detects antigen on the basis of chromatography (separation of components in the sample by the difference 
in their movement through a sorbent) and immunochemical reaction. They are used for detection of pneumococcal and 
legionella antigen. This test is not influenced by prior antibiotics use. It is easy to perform, rapid and good for emergency use 
[24].

Pneumococcal urinary antigen

 The ICT test can be used for detecting pneumococcal antigen in urine. This test is rapid (results are available in 15 
min), simple, specific and is not affected by prior antibiotics therapy. The sensitivity of this test is 40-80%. While specificity 
is >90%. The disadvantage is that they cannot be used to asses response to therapy. They remain positive several weeks to 
the month after recovery. They can also give false positive in children and post pneumococcal vaccination [25,26].

Legionella urinary antigen

 ICT for legionella urinary antigen can detect antigen of only legionella pneumophilia serotype 1. It is currently the 
most commonly used test for diagnosis of infection by legionella. It is of low cost and results are rapid. It has significant 
advantage over earlier tests like direct fluorescent antibody test, serology and culture. The sensitivity of the urinary antigen 
test is 70% and specificity is 90%. It is less sensitive for nosocomial cases because these infections are mostly caused by L. 
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pneumophilia other than serotype 1. Urine for antigen is positive from day 1 to many weeks post infection. To have maximum 
yield however it is advisable to perform both urinary antigen test and Legionella cultures in suspected cases [26-28].

(H) Procalcitonin (PCT)

 It is a peptide precursor of calcitonin. Calcitonin is release by parenchymal cells in response to toxins of the bacteria 
and certain mediators like IL-1b, TNF-alpha, IL-6 which are released specifically in bacterial infections. PCT increases in 
6-12 hours of initial bacterial infection. It’s level decreases with appropriate anti-microbial therap. PCT levels are low in viral 
infection because of its down regulation by viral infection specific cytokines like IFN-gamma [7,11,29,30].

Clinical uses of PCT [7,11,29-31].

1. As a guide to starting antibiotics.

2. As a guide to asses clinical response to antibiotics. Decreasing PCT Levels indicate a positive response to anti-microbial 
agents.

3. Some studies have shown that PCT Levels co relate with clinical severity of pneumonia and can predict mortality/adverse 
events in patients with pneumonia (Table 2).

Table 2: Use of PCT as a guide to antibiotic therapy in patients with respiratory infections [7,11,29-31].

PCT level Remarks Follow up

<0.1 mcg/L Bacterial infection not likely. No antibiotic needed. Repeat PCT after 6 to 24 hours. Reassess clinical situation and repeat result to decide on 
antibiotic therapy.

0.1 to 0.25 mcg/L Bacterial infection not likely. No antibiotic needed.

Antibiotic may be considered with this result if any one of the following is seen
- Respiratory insufficiency
- Shock
- Need for ICU admission
- Evidence of empyema
- Positive microbiological test like PCR, antigen test etc.
- Life threatening disease

PCT 0.25 to 0.5 mcg/L Bacterial infection is likely. Start antimicrobials. Consider repeat on day 3,5 and 7 along with clinical assessment as a guide to effectiveness of 
therapy.

PCT .0.5 mcg/L Bacterial infection likely. Start antibiotics.
- Antimicrobials may be stopped along with clinical improvement once PCT level falls 
by 80 to 90% of initial value.
- If PCT remains high consider treatment failure and change of antibiotics.

(I) Exhaled breath condensate fluid

 Exhaled Breath Condensate (EBC) is a non-invasive method of obtaining sample from respiratory tract. EBC 
contains large number of Volatile Organic Compounds (VOC) and mediators like adenosine, ammonia, hydrogen peroxide, 
isoprostanes, leukotrienes, nitrogen oxide and cytokines. VOCs are detected by chromatography and other assays. The level 
of these compounds in EBC increases in pneumonia [7,11,32].

 Hospital acquired pneumonia (HAP)

HAP is an important cause of morbidity and mortality. The mortality is around 20 to 50% despite advances in therapy. 
Ventilator Associated Pneumonia (VAP) is seen in 10 to 40% of cases who are on mechanical ventilation over for at least 48 
hours. HAP and VAP are mostly caused by Multi-Drug Resistant (MDR) pathogens which can be both gram positive and gram 
negative bacteria. The most common ones include Methicillin-Resistant Staphylococcus Aureus (MRSA), ESBL producing or 
carbapenem resistant Acinetobacter, Pseudomonas, Klebsiella and Enterobacteriaceae [33,34].

Conventional diagnostic methods for hap

 The conventional method for diagnosis of HAP is using radiology for demonstrating consolidation and microbiological 
diagnosis by staining and culture. The samples can be collected from proximal sites by Endotracheal aspirate, sputum, 
nasotracheal suctioning, tracheotomy aspirate or from distal sites through bronchoscopy. Proximal sites can lead to over 
diagnosis of infection while distal site sampling is invasive. Hence quantitative analysis is used to assess if the growth on 
culture is significant. The significant growth on endotracheal aspirate is >105 Colony-Forming Unit (CFU)/ml, for Bronco-
alveolar lavage is >104 CFU/ml and for protected brush specimen is >103 CFU/ml. Thereafter, antibiotic sensitivity testing on 
the sample is done following the growth which can take 48 to 98 hours [33,35]. 
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Newer diagnostic techniques for diagnosis of hap

 In the following text we discuss the emerging strategies for diagnosing HAP/VAP and for identifying the micro-
organism causing the infection.

(A) Lung ultrasound imaging

 This technique which can be used to diagnose pneumonia is gaining importance in current times because of its non-
invasive nature. It is especially useful in patients who are critically ill. The drawback of using lung ultrasound in pneumonia 
is it cannot give microbiological diagnosis and hence is not useful in guiding on antimicrobial specific therapy. Nevertheless, 
it plays an important role in diagnosing Hospital Acquired Pneumonia (HAP) and Ventilator Associated Pneumonia (VAP) 
in critically ill patients. It helps in ruling out clinically and radiologically similar conditions like pulmonary oedema, pleural 
effusion, embolism, pneumothorax etc in seriously ill. It is free of radiation and hence can be used in pregnant women. Lung 
ultrasound can also help to monitor response to therapy [33,36].

Technique

 Lung ultrasound is performed with patient in supine position. The hemithorax is divided into 3 portions from front 
to back. Front the extension is from sternum to anterior axillary line, next is between the anterior and posterior axillary line 
and behind from the posterior axillary line to spine. Each of this area is divided into superior and inferior regions. Thus, there 
are total of 6 regions to be examined in each of the hemithorax. Initial examination can be done using linear high frequency 
probe which gives a good view of superficial tissues like pleura. Later, the examination is done with convex low frequency 
probe which gives good view of deeper structures like lungs [37].

Lung consolidation on ultrasound

 The following features are seen in lung ultrasound when there is underlying consolidation which is radiological sign 
of pneumonia. 

i.  Well demarcated dense hyperechoic tissue like opacity is seen due to loss of aeration and replacement of alveoli 
with exudate. Air in normal lung does not allow ultrasound waves and hence appears hypoechoic on scan.

ii.  Hyperechoic areas are seen within the lesion which appear punctate (spot like) or linear. They correspond to the air 
bronchograms which move with inspiration.

iii.  Excessive B lines: B lines are hyperechoic vertical lines extending from pleural line downwards into the lung. These 
are artifacts and move with inspiration. They can be seen in normal lung but are few and well-spaced. ≥3 B lines in scan with 
or without coalescence is considered to be abnormal and indicates loss of aeration [33,37].

(B) Diagnosis of drug resistance in pneumonia

 Conventional diagnosis of drug resistant bacteria like MDR Acinetobacter, Pseudomonas, Klebsiella, 
Enterobacteriaceae and MRSA is by growing these organisms in culture media, identifying them and testing for individual 
drugs on the drug plate. Newer molecular techniques aim to test for genes that provide specific drug resistance. They provide 
rapid results [33,38] (Table 3,4).

Table 3: List of genes of interest in diagnosing drug resistant bacteria [33,39].

Antibiotic Genes that confer resistance

Beta lactams mecA, blaTEM, blaSHV, blaCTX-M, blaDHA

Macrolides ermA, ermB, ermC, msrA, mefA

Flouroquinolones gyrA83 and gyrA87 mutation
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Table 4: List of molecular tests to detect organisms causing HAP/VAP and their salient features.

Test Feature 

Singleplex PCR [22] Detects single gene of interest by PCR

Multiplex PCR [22] Detects multiple genes of interest by PCR

LAMP [21] This is an isothermal PCR technique which identifies specific gene of interest

FISH [40] Fluorescently labeled oligonucleotide probes that bind to complementary targets of RNA sequence present in bacteria/yeasts and other 
microorganisms in the specimen.

GeneXpert [33] Automated microfluidic procedure that depends on real-time PCR for MRSA. Results available in 2 hours.

BD GeneOhm [41] Real-time PCR with fluorogenic target hybridization probe designed for MRSA.

FilmArray Respiratory Panel [42] Nested PCR is used to detect specific genes of interest. This panel can detect 17 viruses and 3 bacteria. The results are available in one hour

LightCycler SeptiFast [43] Real-time multiplex PCR assay that can detect 20 bacterial and fungal species. The result is available in 4-6 hours.

DNA microarrays [44] Mass screening of multiple genes is done using gene chip. This can identify pathogens and their drug sensitivity in a rapid manner.

Advantages of above molecular tests over conventional Drug sensitivity testing (DST) [33]

a. High sensitivity and high specificity

b. Rapid turnaround time

c. Early diagnosis of drug resistant bacteria

d. Not affected by prior antibiotic therapy

Disadvantages of above molecular tests over conventional DST [33]

a. More expensive

b. Not all genes associated with resistance are known

c. The test is not available for all class of antibiotics

TUBERCULOSIS

 The field of tuberculosis has seen advances in the field of diagnosis. Various diagnostic tests have been developed 
which include various molecular and antigen-based detection. The benefit of these test over conventional tests like smear and 
culture is faster diagnosis and greater sensitivity. The molecular tests are Nucleic Acid Amplification Tests (NAAT) described 
previously which rely on amplification of a targeted gene of Mycobacterium tuberculosis. The various NAAT tests used for 
diagnosis of tuberculosis are Line Probe Assay (LPA), Loop Mediated Isothermal Amplification (LAMP), PCR (polymerase 
chain reaction) among others. Antigen test included diagnosis of Lipoarabinomannan (LAM) in urine. In the following text 
we will look into the newer tests available for diagnosis of tuberculosis [45-48].

1. Line probe assay (LPA)

 LPA is a nucleic acid amplification test which is used for diagnosis of drug resistant tuberculosis. LPA can be 
used to diagnose resistance to Isoniazid and Rifampicin (MDR tuberculosis). Some LPA tests can also detect resistance 
to fluoroquinolones and second line agents. It is a rapid technique based on PCR for genes of mycobacterium specific for 
Isoniazid and rifampicin resistance [49-51].

2. Loop-mediated isothermal amplification (LAMP)

 This is an isothermal (same temperature) PCR technique that is used for diagnosis of M.tuberculosis infection. It can 
be used in peripheral heath care facility because it is cost effective. Some studies have used it to differentiate tubercle bacilli 
from non tubercular mycobacterium. It has potential to replace smear microscopy for |the purpose of diagnosis [52-54].

3. XpertXDR

 It is a cartridge based PCR test (similar to GeneXpert for MDR TB) which is designed to detect genes of Mycobacterium 
tuberculosis which confer resistance to multiple first line and second line drugs. The drugs include Isoniazid, Rifampicin, 
Fluoroquinolones, Aminoglycosides etc. It is thus useful in diagnosis of Extremely drug resistant tuberculosis (XDR TB) 
[55,56].
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4. Easy NAT

 This test detects mycobacterial DNA from sputum specimen by cross priming amplification. CPA is a class of 
isothermal amplification of nucleic acid which uses multiple primers and probes. It is less expensive than conventional PCR 
since thermal cycler is not required. It is more sensitive than sputum smear examination [57,58].

5. Meltpro TB

This is an innovative test that detects mutation in genes which result in resistance to Isoniazid, rifampicin, second line 
injectables and fluoroquinolones. It can thus be used for detecting MDR and XDR tuberculosis. It is based on melting curve 
analysis with dually labelled probe, which retrieves the melting temperature shift from the wide type into genetic mutation 
of MTB [59,60].

6. Genechip MDR

This is a micro assay which uses sophisticated laboratory equipment in detecting isoniazid and rifampicin resistance in the 
same assay. It can thus detect MDR tuberculosis [61,62].

7. High-throughput solution

 Realtime MTB, Realtime Rif/INH, Flyorotype MTB, Max MDR-TB assay are High-throughput NAAT. These are 
centralised automated tests which are suitable for tertiary centre use. The tests have high sensitivity, high specificity and 
can run a large number of samples simultaneously. They can also be used for drug sensitivity testing for the tubercle bacilli 
[48,63]. The important ones for tuberculosis diagnosis are as follows:

A) Realtime MTB: This is a multiplex NAAT that targets the MTB IS6100 and PAB genes. It can detect bacilli as low as 
17 CFU/ml. It has a sensitivity of 96% and specific of 97% [48].

B) Fluorotype MTB: It is a beacon basedPCR assay. For this test manual decontamination, sample preparation and DNA 
isolation must be done. The final result is available in 4 hours. It has a sensitivity of 92% and specificity of 99% [48].

C) Cobas 6800/8800 MTB assay: This assay can run 960 samples in 8 hours. It has a sensitivity of 92% and specificity 
of 97% [48].

8. Next generation sequencing (NGS)

This is a promising new diagnostic option for drug sensitivity testing. The earlier discussed NAATs detect only the probe 
specific genes/targets. NGS however can provide detailed and accurate sequence information of all genomes or multiple 
genes present in the bacteria [64,65]. His NGS is of two types:

A) Whole Genome Sequencing (WGS): Here whole genome sequence is detected by the test equipment and is presented 
in the final results [64,66].

B) Targeted NGS: Here multiple genetic regions of interest are detected by the test equipment and presented in the 
results [64,67].

9. Lipoarabinomannan (LAM) antigen detection

 It is a glycolipid which is present in the cell wall of Mycobacterium tuberculosis. It is excreted in urine of patients 
suffering from tuberculosis. Commercial kit is available for detection of LAM by ELISA in urine sample. The sensitivity of this 
test is 57% in HIV infected patients and 81% in HIV uninfected patients. However more studies are needed to assess its role 
in clinical practice [68,69] (Table 5).
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Table 5: Summary of newer molecular tests useful in diagnosis of Tuberculosis.

Test Basis Advantages

PCR
DNA of Mycobacterium tuberculosis is extracted from 
specimen and amplified. It is them identified by gel 
electrophoresis.

• Rapid diagnosis of Mycobacterium tuberculosis.
• Useful for paucibacillary disease.
• Lower sensitivity as compared to geneXpert

LPA PCR and reverse hybridization method for rapid detection of 
genes associated with tubercular drug resistance

• Rapid test for diagnosis of drug resistant tuberculosis.
• Detection of drug resistance to isoniazid and rifampicin (MDR tuberculosis).
• It can also be used to detect resistance to few other drugs.

GeneXpert and next 
generation Xpert 

Cartridge based nucleic acid amplification test that can 
detect gene of mycobacterium tuberculosis and rpoB gene 
for Rifampicin resistance

• Rapid diagnosis of Tuberculosis
• Rapid diagnosis of Rifampicin resistance
• High sensitivity 
• Can detect paucibacillary disease

Truenat MTB Chip based, micro-PCR assay which detects Mycobacterium 
tuberculosis gene. Additional chip can be used to detect 
rifampicin resistance

• Rapid diagnosis of tuberculosis
• More affordable than GeneXpert
• Good sensitivity

Xpert XDR Cartridge based PCR test for detecting genes that confer 
resistance to First line and second line drugs • Rapid diagnosis of XDR tuberculosis

Easy NAT Cross priming amplification (CPA) for detection of 
mycobacterial gene

• Rapid diagnosis of tuberculosis.
• More sensitive than sputum smear microscopy.

Meltpro TB
Mutation in gene that detects resistance to first line and 
second line agents. It is based on melting curve analysis with 
dually labelled probes.

• Rapid diagnosis of MDR and XDR tuberculosis

Genechip MDR Microassay to detect resistance to Isoniazid and Rifampicin • Rapid diagnosis of MDR tuberculosis

High-throughput solutions Centralised automated tests suited for tertiary care centres

• High sensitivity
• High specificity
• Can run large number of samples at one time
• Rapid results

Next generation sequencing 
(NGS) 

This test provides detailed information of the whole genome 
or multiple genetic sequence present in the patient

• The end result gives a detailed analysis of the whole genome sequence/
multiple genes present in the bacteria in test specimen.

COVID-19 infection

 SARS-CoV2 is a ssRNA virus that is believed to have spread to humans from zoonotic origin. It is known to spread 
from one individual to another by droplet infection. It was first reported in December 2019, and since then various tests 
have been developed to diagnose and assess its severity. Primarily nasopharyngeal and oropharyngeal swabs are collected 
as samples for viral detection [70,71] (Table 6).

Table 6: Tests to diagnose COVID-19 infection.

Test Salient features

RT-PCR [72,73] Real time reverse transcriptase PCR reaction is the most sensitive test for detection of COVID-29 infection at present. It identifies the viral 
RNA by reverse transcription, that is, converting it into DNA and then identifying it. The results are available in 4 to 8 hours. 

CBNAAT [74,75] It is a cartridge based NAAT for COVID-29 virus nucleic acid detection. It is more rapid, costlier and more widely available as compared 
to RT-PCR.

Rapid antigen test (RAT) [76,77] It is a test that detects the ‘spike protein’ antigen on the COVID-19 virus. It is less sensitive than molecular tests.

Truenat [78] This is a chip based micro-PCR assay for COVID-19 detection. As compared to the conventional tests, this test is portable and can be used 
in remote locations for diagnosis.

Imaging in COVID-19 infection

 It is used for diagnosis of COVID-19 infection in cases of high suspect where the molecular test is negative. The 
findings seen in patients include bilateral ground glass opacity, crazy pavement pattern and consolidation. CORADS score is 
used to report the likelihood of COVID-19 pneumonia (Table 7). It can also be used to report the radiological severity of the 
disease [79,80]. The CT severity scoring is given in Table 8.
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Table 7: CORADS score for COVID-19 pneumonia [81].

CO RADS score Probability of COVID-19 pneumonia Findings

1 No Normal or non infectious abnormality

2 Low Abnormalities consistent with infection other than COVID-19 pneumonia

3 Indeterminate Unclear whether COVID-19 infection is seen on CT

4 High CT abnormalities are consistent with COVID-19 pneumonia

5 Very high Findings typical of COVID-19 pneumonia

6 PCR positive

Table 8: CT severity scoring [82].

Lobe involvement Scores depending on % involvement (1 is least and 5 is maximum)

Right upper lobe 1 to 5 

Right middle lobe 1 to 5 

Right lower lobe 1 to 5 

Left upper lobe 1 to 5 

Left lower lobe 1 to 5 

Total CT score possible is 25.

Other markers that are used in COVID-19 infection

 Various other inflammatory and miscellaneous markers are used to assess severity of infection and its complications. 
The inflammatory markers include CRP, Procalcitonin and ferritin (Table 9). Miscellaneous markers are Il-6, D-Dimer and 
LDH (Table 10) [83,84]. The role of these markers is discussed below.

Table 9: Role of inflammatory markers in COVID-19 infection.

Marker Role

C- Reactive protein [85]
CRP is a protein produced by the liver and is an acute phase reactant. It increases in infection and inflammation. Normal value is less than 6mg/L. 
Its level rises within 6 to 8 hours and peaks in 48 hours after onset of the disease. The level of CRP is linked with severity and mortality in patients 
with COVID-19 infection.

Procalcitonin [86] It is a precursor of calcitonin. It is elevated in bacterial diseases. Thus in COVID infection, it is normal or low. High levels can indicate secondary 
bacterial infection and/or sepsis.

Ferritin [87] Ferritin is a mediator of immune dysregulation. Higher ferritin levels are associated with pro inflammatory state and hence higher incidence of 
cytokine storm. Serum ferritin levels are clinically used as a marker of severity. High levels can indicate higher risk for mortality.

Table 10: Miscellaneous test for COVID.

Test Role 

C- Dimer [88] Abnormal coagulation is seen in COVID-19 infection. D-Dimer is a fibrin degradation product. Patients with severe COVID-19 infections have higher 
levels of D-Dimer. Very high levels indicate the need to aggressively anti-coagulate. 

LDH [89]
LDH is an intracellular enzyme present in almost all organ cells. High levels are seen with multiple organ injury and decreased oxygenation. Severe 
infections cause cytokine mediated tissue damage and release of LDH. High levels of LDH are associated with severe COVID-19 infection, lung injury 
and poor outcome.

IL-6 (interleukin-6) [90] High levels of IL-6 in patients with COVID-19 infection may indicate cytokine storm and/or rapid progression of the disease.

References

1. The Global Impact of Respiratory Disease-Second Edition. Sheffield, European Respiratory Society. 2017.

2. Cilloniz C, Liapikou A, Torres A. Advances in molecular diagnostic tests for pneumonia. Current Opinion in Pulmonary 
Medicine. 2020; 26: 241-248.

3. Reynolds HY. Respiratory infections: Community-acquired pneumonia and newer microbes. Lung. 1996; 174: 207-224.

4. Brown JS. Community-acquired pneumonia. Clin Med (Lond). 2012; 12: 538-543.

5. Al-Tawfiq JA, Momattin H, Hinedi K. Empiric Antibiotic Therapy in the Treatment of Community-acquired Pneumonia in a 



Recent Trends of Microbiology | https://austinpublishinggroup.com/ebooks.html                                                                                 11

General Hospital in Saudi Arabia. J Glob Infect Dis. 2019; 11: 69-72.

6. Tenover FC. Emerging problems in antimicrobial resistance. J Intraven Nurs. 1995; 18: 297-300.

7. Torres A, Lee N, Cillioniz C, Vila J, Van der Eerd, et al. Laboratory diagnosis of pneumonia in the molecular age. European 
Respiratory Journal. 2016.

8. Cilloniz C, Martin-Loeches I, Garcia-Vidal C, San Jose A, Torres A. Microbial Etiology of Pneumonia: Epidemiology, Diagnosis 
and Resistance Patterns.Int J Mol Sci. 2016; 17: 2120.

9. Alula H, Nandini D, Joergen H. Evaluation of Nucleic Acid Amplification Tests in the Absence of a Perfect Gold-Standard 
Test. Epidemiology. 2005; 16: 604-612.

10. Garibyan L, Avashia N. Research techniques made simple: PCR. J Invest Dermatol. 2013; 133: e6. 

11. File TM. New Diagnostic tests for pneumonia: What is their role in clinical practice? Clin Chest Med. 2011; 32: 417-430.

12. García-Arroyo L, Prim N, Martí N, Roig MC, Navarro F, et al. Benefits and drawbacks of molecular techniques for diagnosis 
of viral respiratory infections. Experience with two multiplex PCR assays. J Med Virol. 2016; 88: 45-50.

13. Ono T, Hirota K, Nemoto K, Fernandez EJ, Ota F, et al. Detection of Streptococcus mutans by PCR amplification of spaP 
gene. J Med Microbiol. 1994; 41: 231-235.

14. Sanz JC, Ríos E, Rodríguez-Avial I, Ramos B, Marín M, et al. Identification of Streptococcus pneumoniae lytA, plyA and 
psaA genes in pleural fluid by multiplex real-time PCR. Enferm Infecc Microbiol Clin (Engl Ed). 2018; 36: 428-430.

15. de-Paris F, Machado AB, Gheno TC, Ascoli BM, Oliveira KR, et al. Group B Streptococcus detection: Comparison of PCR as-
say and culture as a screening method for pregnant women. Braz J Infect Dis. 2011; 15: 323-327.

16. Weng-Tung H, Cheng-Ho C. A Study of Automated Optical Inspection of Rapid Influenza Diagnostic Tests. Global journals 
inc. 2020; 20: 67-72.

17. Sadeghi CD, Aebi C, Gorgievski-Hrisoho M. Twelve years’ detection of respiratory viruses by immunofluorescence in hos-
pitalised children: Impact of the introduction of a new respiratory picornavirus assay. BMC Infect Dis. 2011; 11: 41.

18. Chan PK, Ng K, Chan RC, Lam RK, Chow VC, et al. Immunofluorescence Assay for Serologic Diagnosis of SARS. Emerg Infect 
Dis. 2004; 10: 530-532.

19. Olofsson S, Brittain-Long R, Andersson LM, Westin J, Lindh M. PCR for detection of respiratory viruses: Seasonal varia-
tions of virus infections. Expert Rev Anti Infect Ther. 2011; 9: 615-626.

20. Arvia R, Corcioli F, Ciccone N, Della Malva N, Azzi A. Detection of 12 respiratory viruses by duplex real time PCR assays in 
respiratory samples. Mol Cell Probes. 2015; 29: 408-413.

21. Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, et al. Loop-mediated isothermal amplification of DNA. 
Nucleic Acids Res. 2000; 28: e63. 

22. Parker J, Fowler N, Walmsley M, Schmidt T. Analytical Sensitivity Comparison between Singleplex Real-Time PCR and a 
Multiplex PCR Platform for Detecting Respiratory Viruses. PLoS One. 2015; 10: e0143164.

23. Wong AYW, Johnsson ATA, Ininbergs K, Athlin S, Özenci V. Comparison of Four Streptococcus pneumoniae Urinary Anti-
gen Tests Using Automated Readers. Microorganisms. 2021; 9: 827.

24. Mori M, Katada J, Chiku H, Nakamura K, Oyamada T. Development of highly sensitive immunochromatographic detection 
kit for seasonal influenza virus using silver amplification. Fujifilm research and development.2012; 57: 5-11.

25. Laijen W, Snijders D, Boersma WG. Pneumococcal urinary antigen test: Diagnostic yield and impact on antibiotic treat-
ment. Clin Respir J. 2017; 11: 999-1005.

26. Couturier MR, Graf EH, Griffin AT. Urine antigen tests for the diagnosis of respiratory infections: Legionellosis, histoplas-
mosis, pneumococcal pneumonia. Clin Lab Med. 2014; 34: 219-236.

27. Kashuba AD, Ballow CH. Legionella urinary antigen testing: Potential impact on diagnosis and antibiotic therapy. Diagn 
Microbiol Infect Dis. 1996; 24: 129-139.



Recent Trends of Microbiology | https://austinpublishinggroup.com/ebooks.html                                                                                 12

28. Viasus D, Calatayud L, McBrown MV, Ardanuy C, Carratalà J. Urinary antigen testing in community-acquired pneumonia 
in adults: An update. Expert Rev Anti Infect Ther. 2019; 17: 107-115.

29. Shiferaw B, Bekele E, Kumar K, Boutin A, Frieri M. The Role of Procalcitonin as a biomarker in sepsis. J of Infect dis and 
Epidemiol. 2016; 2.

30. Vijayan AL, Ravindran S, Saikant R, Lakshmi S, Kartik R. Procalcitonin: A promising diagnostic marker for sepsis and an-
tibiotic therapy. Journal of intensive care. 2017; 5: 1-7.

31. Yap CYF, Tar-Choon A. The use of procalcitonin in clinical practice. Proceedings of Singapore heathcare. 2014; 23: 33-37.

32. Konstantinidi EM, Lappas AS, Tzortzi AS, Behrakis PK. Exhaled Breath Condensate: Technical and Diagnostic Aspects. 
Scientific World Journal. 2015; 2015: 435160.

33. Liapikou A, Cillóniz C, Torres A. Emerging strategies for the noninvasive diagnosis of nosocomial pneumonia. Expert Rev 
Anti Infect Ther. 2019; 17: 523-533.

34. Guillamet CV, Kollef MH. Update on ventilator-associated pneumonia. Current Opinion in Critical Care. 2015; 21: 430-438.

35. Bamberger DM. Diagnosis of nosocomial pneumonia. Semin Respir Infect. 1988; 3: 140-147.

36. Staub LJ, Mazzali Biscaro RR, Kaszubowski E, Maurici R. Lung Ultrasound for the Emergency Diagnosis of Pneumonia, 
Acute Heart Failure, and Exacerbations of Chronic Obstructive Pulmonary Disease/Asthma in Adults: A Systematic Review 
and Meta-analysis. J Emerg Med. 2019; 56: 53-69.

37. Allinovi M, Saleem M, Romagnani P, Nazerian P, Hayes W. Lung ultrasound: A novel technique for detecting fluid overload 
in children on dialysis. Nephrology Dialysis Transplantation. 2017; 32: 541-547.

38. Denys GA, Relich RF. Antibiotic resistance in nosocomial respiratory infections. Clin Lab Med. 2014; 34: 257-270.

39. Xia J, Gao J, Tang W. Nosocomial infection and its molecular mechanisms of antibiotic resistance. Biosci Trends. 2016; 10: 
14-21.

40. Sweden S, Al-Mughales F H. Fluorescence In-Situ Hybridization (FISH). Jordan University of science and Technology. 
2018. 

41. Ho TH, Huang YC, Lin TY. Evaluation of the BD GeneOhm StaphSR assay for detection of Staphylococcus aureus in patients 
in intensive care units. J Microbiol Immunol Infect. 2011; 44: 310-315.

42. Buchan BW. Practical Comparison of the BioFire FilmArray Pneumonia Panel to Routine Diagnostic Methods and Po-
tential Impact on Antimicrobial Stewardship in Adult Hospitalized Patients with Lower Respiratory Tract Infections. J Clin 
Microbiol. 2020; 58: e00135-e00220.

43. Figueroa JR, Ortiz J, Morales I. Use of the Light Cycler Septi Fast test for rapid etiologic diagnosis of nosocomial infection 
in gynecological sepsis. Gynecol Obstet Invest. 2010; 70: 215-216.

44. Ma X, Li Y, Liang Y, Liu Y, Yu L, et al. Development of a DNA microarray assay for rapid detection of fifteen bacterial patho-
gens in pneumonia. BMC Microbiol. 2020; 20: 177.

45. Lodha R, Kabra SK. Newer diagnostic modalities for tuberculosis. Indian J Pediatr. 2004; 71: 221-227.

46. Chopra KK, Singh S. Tuberculosis: Newer diagnostic tests: Applications and limitations. Indian Journal of Tuberculosis. 
2020; 67: S86-S90.

47. Chopra KK, Singh S. Newer diagnostic tests for tuberculosis, their utility, and their limitations. Current Medicine Research 
and Practice. 2020; 10: 8-11.

48. MacLean E. Advances in molecular diagnosis of tuberculosis. Journal of Clinical Microbiology. 2020; 58: e01582-19.

49. Nathavitharana RR. Accuracy of line probe assays for the diagnosis of pulmonary and multidrugresistant tuberculosis: A 
systematic review and meta-analysis. Eur Respir J. 2017; 49: 1601075.

50. Desikan P, anwalkar N, Mirza SB, Chaturvedi A, Ansari K, et al. Line probe assay for detection of Mycobacterium tubercu-
losis complex: An experience from Central India. Indian J Med Res. 2017; 145: 70-73.



Recent Trends of Microbiology | https://austinpublishinggroup.com/ebooks.html                                                                                 13

51. Meaza A, Kebede A, Yarega Z, Dagne Z, Moga S, et al. Evaluation of genotype MTBDRplus VER 2.0 line probe assay for the 
detection of MDR-TB in smear positive and negative sputum samples. BMC Infect Dis. 2017; 17: 280.

52. Kapalamula TF, Thapa J, Akapelwa ML, Hayashida K, Gordon SV, et al. Development of a loop-mediated isothermal am-
plification (LAMP) method for specific detection of Mycobacterium bovis. PLOS Neglected Tropical Diseases. 2021; 15: 
e0008996.

53. Kim J, Park BG, Lim DH, Jang WS, Nam J, et al. Development and evaluation of a multiplex Loop-Mediated Isothermal Am-
plification (LAMP) assay for differentiation of Mycobacterium tuberculosis and non-tuberculosis mycobacterium in clinical 
samples. PLoS One. 2021; 16: e0244753.

54. The use of Loop-Mediated Isothermal Amplification (TB-LAMP) for the diagnosis of pulmonary tuberculosis: Policy guid-
ance. WHO Library Cataloguing-in-Publication Data. 2016.

55. Cao Y, Heta Parmar H, Gaur RJ, Lieu D, Raghunath S, et al. Xpert MTB/XDR: A 10-Color Reflex Assay Suitable for Point-of-
Care Settings to Detect Isoniazid, Fluoroquinolone, and Second-Line-Injectable-Drug Resistance Directly from Mycobacte-
rium tuberculosis-Positive Sputum. J Clin Microbiol. 2021; 59: e02314-e02320.

56. Bainomugisa A, Gilpin C, Coulter C, Marais BJ. New Xpert MTB/XDR: Added value and future in the field. Eur Respir J. 
2020; 56: 2003616.

57. Mhimbira FA, Bholla M, Sasamalo M, Mukurasi W, Hella JJ, et al. Detection of Mycobacterium tuberculosis by Easy NAT 
diagnostic kit in sputum samples from Tanzania. J Clin Microbiol. 2015; 53: 1342-1344.

58. Niemz A, Boyle DS. Nucleic acid testing for tuberculosis at the point-of-care in high-burden countries. Expert Rev Mol 
Diagn. 2012; 12: 687-701.

59. Mu J, Liu Z, Zhang C, Wang C, Du W, et al. Performance of the MeltPro MTB Assays in the Diagnosis of Drug-Resistant Tu-
berculosis Using Formalin-Fixed, Paraffin Embedded Tissues. Am J Clin Pathol. 2021: aqaa203.

60. Pang Y, Dong H, Tan Y, Deng Y, Cai X, et al. Rapid diagnosis of MDR and XDR tuberculosis with the MeltPro TB assay in 
China. Sci Rep. 2016; 6: 25330.

61. Pang Y, Hui Xia H, Zhang Z, Li J, Dong Y, et al. Multi center evaluation of gene chip for detection of multidrug-resistant 
Mycobacterium tuberculosis. J Clin Microbiol. 2013; 51: 1707-1713.

62. Zhang MJ. Gene Chip analysis of resistant Mycobacterium tuberculosis with previously treated tuberculosis in Changc-
hun. BMC Infect Dis. 2018; 18: 234.

63. Rampersad T, Makume M, Sobia P, Willem Sturm A. A high throughput methodology for susceptibility testing of Mycobac-
terium tuberculosis isolates. J Microbiol Methods. 2018; 146: 64-67.

64. Behjati S, Tarpey PS. What is next generation sequencing? Arch Dis Chil Educ Pract Ed. 2013; 98: 236-238.

65. Slatko BE, Gardner AF, Ausubel FM. Overview of Next-Generation Sequencing Technologies. Curr Protoc Mol Biol. 2018; 
122: e59.

66. Yin R, Chee-Keong K, Zheng J. Whole Genome Sequencing Analysis: Computational Pipelines and Workflows in Bioinfor-
matics. Reference modules in life sciences.

67. Stoddard JL, Niemela JE, Fleisher TA, Rosenzweig SD. Targeted NGS: A Cost-Effective Approach to Molecular Diagnosis of 
PIDs. Front Immunol. 2014; 5: 531.

68. Minion J, Leung E, Talbot E, Dheda K, Pai M, et al. Diagnosing tuberculosis with urine lipoarabinomannan: Systematic 
review and meta-analysis. Eur Respir J. 2011; 38: 1398-1405.

69. Sada E, Aguilar D, Torres M, Herrera T. Detection of lipoarabinomannan as a diagnostic test for tuberculosis. J Clin Micro-
biol. 1992; 30: 2415-2418.

70. Padhi A, Kumar S, Gupta E, Saxena SK. Laboratory Diagnosis of Novel Coronavirus Disease 2019 (COVID-19) Infection. 
Coronavirus Disease 2019 (COVID-19). 2020; 95-107.

71. Lai CKC, Lam W. Laboratory testing for the diagnosis of COVID-19. Biochem Biophys Res Commun. 2021; 538: 226-230.



Recent Trends of Microbiology | https://austinpublishinggroup.com/ebooks.html                                                                                 14

72. Tahamtan A, Ardebili A. Real-time RT-PCR in COVID-19 detection: Issues affecting the results. Expert Rev Mol Diagn. 
2020; 20: 453-454.

73. Sule WF, Oluwayelu DO. Real-time RT-PCR for COVID-19 diagnosis: Challenges and prospects. Pan Afr Med J. 2020; 35: 
121.

74. Yüce M, Filiztekin E, Özkaya KG. COVID-19 diagnosis -A review of current methods. Biosens Bioelectron. 2021; 172: 
112752.

75. Wattal C, Raveendran R, Oberoi JK, Goel N, Datta S, et al. Clinical presentation & laboratory diagnosis of SARS-CoV-2: An 
observational study from a tertiary care centre in New Delhi, India. Indian Journal of Medical Microbiology. 2021.

76. Udugama B, Kadhiresan P, Kozlowski HN. Diagnosing COVID-19: The Disease and Tools for Detection. ACS Nano. 2020; 
14: 3822-3835.

77. Mak GC. Evaluation of rapid antigen test for detection of SARS-CoV-2 virus. J Clin Virol. 2020; 129: 104500.

78. Basawarajappa SG, Rangaiah A, Padukone S, Yadav PD, Gupta N, et al. Performance evaluation of Truenat™ Beta CoV & 
Truenat™ SARS-CoV-2 point-of-care assays for coronavirus disease 2019. Indian J Med Res. 2020.

79. Ghosh S, Deshwal H, Saeedan MB, Khanna VK, Raoof S, et al. Imaging algorithm for COVID-19: A practical approach. Clin 
Imaging. 2021; 72: 22-30.

80. Kato S, Ishiwata Y, Aoki R, Iwasawa T, Hagiwara E, et al. Imaging of COVID-19: An update of current evidences. Diagn In-
terv Imaging. 2021; S2211-5684: 00136-00144.

81. Prokop M, van Everdingen W, van Rees Vellinga T, van Ufford HQ, Stöger L, et al. CO-RADS: A Categorical Ct assessment 
scheme for patients suspected of having COVID-19- Definition and Evaluation. Radiology. 2020; 296: E97-E104.

82. Al-Mosawe AM, Abdulwahid HM, Fayadh NAH. Spectrum of CT appearance and CT severity index of COVID-19 pulmo-
nary infection in correlation with age, sex, and PCR test: An Iraqi experience. The Egyptian Journal of Radiology and Nuclear 
Medicine. 2021; 52: 40.

83. Letelier P, Encina N, Morales P, Riffo A, Silva H, et al. Role of biochemical markers in the monitoring of COVID-19 patients. 
J Med Biochem. 2021; 40: 115-128.

84. Zeng F, Huang Y, Guo Y, Yin M, Chen X, et al. Association of inflammatory markers with the severity of COVID-19: A meta-
analysis. Int J Infect Dis. 2020; 96: 467-474.

85. Ali N. Elevated level of C-reactive protein may be an early marker to predict risk for severity of COVID-19. J Med Virol. 
2020; 92: 2409-2411.

86. Hu R, Han C, Pei S, Yin M, Chen X. Procalcitonin levels in COVID-19 patients. Int J Antimicrob Agents. 2020; 56: 106051.

87. Feld J, Tremblay D, Thibaud S, Kessler A, Naymagon L. Ferritin levels in patients with COVID-19: A poor predictor of mor-
tality and hemophagocytic lymphohistiocytosis. Int J Lab Hematol. 2020; 42: 773-779.

88. Yu HH, Qin C, Chen M, Wang W, Tian DS. D-dimer level is associated with the severity of COVID-19. Thromb Res. 2020; 
195: 219-225.

89. Henry BM, Aggarwal G, Wong J, Benoit S, Vikse J, et al. Lactate dehydrogenase levels predict Coronavirus Disease 2019 
(COVID-19) severity and mortality: A pooled analysis. Am J Emerg Med. 2020; 38: 1722-1726.

90. Coomes EA, Haghbayan H. Interleukin-6 in Covid-19: A systematic review and meta-analysis. Rev Med Virol. 2020; 30: 
1-9.


