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INTRODUCTION 

Respiratory  infections have  a significant impact on health 

worldwide. The great majority of respiratory infections are of viral origin. 

However, 10%-50% of patients  will develop  a secondary  bacterial 

infection.(1). Upper respiratory tract infections (URTIs) such as  rhinitis, 

pharyngitis and laryngitis  are among the most common  infections in 

children. URTI  can lead to acute  asthma exacerbations, acute otitis 

media, and lower  respiratory tract infection(LRTI) such as  bronchitis, 

bronchiolitis and pneumonia.  Acute viral respiratory tract infection is the 

leading  cause of hospitalization  for infants  and young  children  in 

developed countries  and a major cause  of death in developing 

countries.(2) 

Acute respiratory tract infections (ARTIs) are a severe  public   

health   issue throughout   the world and the leading  cause of    adult   

morbidity. Viruses that  were    closely associated with ARTIs include 

Respiratory Syncytial virus (RSV), Parainfluenza viruses (PIVs), 

Influenza viruses(IFVs),  Enteroviruses (EVs), Adenoviruses (ADVs),  

Human Rhinoviruses  (HRVs), and   Human   Corona viruses 

(HCoVs)229E and OC43(organ  of  culture).  Associated novel viruses 

have also been  reported, such as Severe Acute Respiratory Syndrome 

Coronavirus , human   Bocavirus (HBoV) , and WU (Washington  

University)  and KI  (Karolinska  Institute)  polyomaviruses. (3) 
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In developing countries, acute respiratory infection(ARI) is a major 

cause of illness and death in children, mainly in those below 1 year of 

age. It has been estimated that about 20% of infants born in developing 

countries fail to survive beyond their fifth birthday and 20-84 %   of 

childhood mortality is attributable to ARI as an underlying or a 

contributing cause. Bacterial pathogens play a great role as a primary or 

secondary cause of severe lower respiratory tract disease in developing 

countries, but respiratory viruses are prevalent and are probably the 

primary causal agents of most ARI. (4) 

The burden of illness due to a variety of viral respiratory pathogens 

in the elderly population is increasingly being recognized. Influenza and 

respiratory syncytial virus (RSV), in particular, have most commonly 

been found to be the leading culprits of viral lower respiratory illness. 

Overall, viruses have been implicated in 13%–31% of lower respiratory 

illnesses in elderly adults . Influenza and RSV alone have been estimated 

to  cause ∼53,800 deaths   each year in the Unites States.  Illness in this 

age group represents   reinfection, because all persons were   infected  

during  childhood  and, thus, many have partial immunity. Because of 

preexisting   mucosal   antibodies, lower viral loads may present in 

respiratory secretions making diagnosis challenging is this age group.(5) 

Over the past two decades, virus isolation and serology have  been the 

mainstay of the clinical laboratory for diagnosing   respiratory virus 
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infections. Rapid respiratory virus diagnosis can lead to benefits in 

several areas, including up to a 50% reduction in  hospital days, 30% 

reduction in antibiotic use, and 20% reduction  in unnecessary diagnostic 

tests and procedures.   

In the case of influenza virus, HAI was able to subtype the  virus as 

being H1 or H3 virus.  Influenza can be identified by both conventional 

and shell vial  methods. The conventional cell culture technique requires  

an additional step of hemadsorption, because the cytopathic  effect may 

be subtle, and results are typically available in 3–5 days.  In a study  of 

older   adults with serologically confirmed influenza, culture  only 

identified approximately one half    of the infections, and studies using 

PCR as the gold standard have  shown the sensitivity of culture to be   

21%–50%.   

Diagnosis of RSV infection by culture is considerably more  difficult than 

diagnosis of influenza, with sensitivities ranging  from 17% to 39%, 

compared with serological tests and PCR . The poor sensitivity of culture 

is likely due in part to greater liability   of RSV, compared with influenza 

virus. Parainfluenza  virus can also be detected by routine viral culture, 

but like influenza virus, isolation of parainfluenza virus often  requires 

the additional step of hemadsorption. It is likely that,  for diagnosis of 

parainfluenza virus infection, culture is also  relatively insensitive versus 

PCR, although data are limited.  
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Nucleic acid based amplification tests (NATs) for respiratory viruses 

were first introduced two decades ago and today are utilized for the 

detection of both conventional and emerging viruses. These tests are 

more sensitive than other diagnostic approaches, including virus isolation 

in cell culture, shell vial culture (SVC), antigen detection by direct 

fluorescent antibody (DFA) staining, and rapid enzyme immunoassay 

(EIA), and now form the backbone of clinical virology laboratory testing 

around the world. NATs not only provide fast, accurate and sensitive 

detection of respiratory viruses in clinical specimens but also have 

increased our understanding of the epidemiology of both new emerging 

viruses such as the pandemic H1N1 influenza virus of 2009, and 

conventional viruses such as the common cold viruses, including 

rhinovirus and corona virus. The specificity of    NAATs varies with 

target and  assay design but is generally very high. 

  Multiplex polymerase chain reaction (PCR) assays introduced in 

the last five years detect up to 25  different viruses in a single test. 

Several multiplex PCR tests are now commercially available and tests are 

working their way into clinical laboratories. (6) 

 Multiplex PCR assays have become an important tool for the 

identification of etiologic agents in ARIs . As described recently, the 

commercial multiplex FTDRP real-time RT-PCR assay has enhanced the 

diagnosis of ARIs, with simultaneous detection of 16 respiratory viruses  



5 
 

and  5  bacteria .   The   same  has  been  used  in  our  study. However,   a  

new  version   of   the   FTDRP assay     which  can  detect  33  pathogens   

have   come  recently. (7) 

    Published studies have shown that multiplex PCR panels are more  

rapid and more sensitive methods of virus detection than cultures  or 

antigen detection . One such method, the FilmArray respiratory  panel 

(FARP) (BioFire Diagnostics, Inc.), which is  FDA   approved ,  is a 

multiplex, nested PCR technique that can detect 17 common respiratory 

viruses  and 3 bacterial targets in a single reaction in just over 1 hr .  

Published studies have shown that for both immunocompetent  and 

immunocompromised   patients,   the FARP identifies significantly  more 

viral pathogens in both bronchoalveolar lavage (BAL)  fluid and 

nasopharyngeal (NP) samples than viral cultures and  direct fluorescent 

antibody staining and that the FARP is among  the most sensitive of the 

available multiplex assays . In  addition, the FARP has a low hands-on 

time and very fast turnaround  time. However  they  are  very  expensive. 

(8) 

There  are  very  few studies  in India where  multiple  viruses  are  

detected either  by commercial  or  in house multiplex  real time  PCR  

techniques.   We made an attempt  in  this  study  to  find  out    the  

prevalence  of various   21 plus  respiratory  viruses  in  adults  using  

FTD. 
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AIM & OBJECTIVES 
AIM 

 To  detect the viral  etiology of  acute respiratory   tract  infections  

in  adult patients  in  tertiary  care  hospital.   

OBJECTIVES: 

 

1. To   find  out  the  prevalence   rate  of  viral  &  bacteriological  

etiology of  acute  respiratory  tract  infections  in  adults  patients  

in tertiary  care  hospital   by  multiplex real  time   PCR  molecular  

technique. 

2. To  isolate  &  identify  bacteria   in  vitro on  blood agar, Mac 

Conkey  agar, Chocolate  agar. 
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REVIEW OF LITERATURE 

Acute  respiratory  tract infections  are  defined  as  occurrence  of  

new  onset   or   worsening   of  one  or    more  of  the  following  

symptoms  five  symptoms :  cough, sore throat,   nasal  congestion,  

earache or  discharge  ,  breathing  difficulty.  ARI was  defined as per the 

European Center for Disease Prevention  and Control case definition    as 

acute onset within  seven days of at least one of cough, sore throat, 

shortness  of   breath or   coryza,   plus   a   clinician’s diagnosis of an 

infection. (9) Chronic respiratory diseases are a group of chronic diseases 

affecting the  airways and the other structures of the lungs. (10) 

 
 URTI is referred to as a a viral infection causing inflammation and 

infection in the nose and throat. URTIs are contagious which remain for 

few hours to 2-3 days of exposure.  URTIs can be characterized by a 

group of disorders which include common cold, pharyngitis, tonsillitis, 

epiglottitis, sinusitis, bronchitis, rhinitis, and nasopharyngitis, which 

significantly occurs in upper respiratory tract.  

 
  The occurrence  of signs and symptoms depends on the patient’s 

feedback to infection, which include coughing, runny nose, difficulty in 

breathing, sore throat, muscle ache, and headache. (11) 
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Lower respiratory tract infection  is  defined  as  an   acute   illness 

(present for 21 days or less), usually with  cough as the main symptom, 

with at least one other lower   respiratory tract symptom (sputum 

production, dyspnoea, wheeze or chest discomfort/pain) and no 

alternative explanation (e.g. sinusitis or asthma). (12) 

  Most acute respiratory  infections are caused by rhinovirus, RSV, 

enteroviruses, influenza A and B viruses, parainfluenza viruses, or 

adenovirus. During the 21st century, new emerging  respiratory viruses 

have been detected,  including severe acute respiratory syndrome,   

coronavirus, human metapneumovirus,  coronaviruses NL 63 and HKU1, 

and human bocavirus. Today, the etiology  of acute respiratory viral 

infections can be  determined in 80%–95% of cases. (13) 

 
INFLUENZA VIRUS: 
 
 
 The  influenza    virus   was  isolated  in  1933 by  Smith,  

Andrewes  and  Laidlaw-  a   milestone  in  the  development  of  medical  

virology.  They  reproduced  the  disease  in  ferrets  by  intranasal 

inoculation  with  bacteria- free   filtrates   of  nasopharyngeal  secretions  

from  patients.  Burnet ( 1935)  developed    chick  embryo  techniques    

for  the  propagation of  the  virus.  Influenza  also  occurs  in  animals  

and  birds  in   nature. Indeed, the  avian influenza  was demonstrated in  

1901.  Shope (1931)  isolated  the  swine  influenza  virus. 
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Influenza  occurs  sporadically  as epidemic  or pandemic form.  

The source  of  infection  is  an  infected  individual. The virus  is  shed in  

respiratory secretions shortly    before  the  onset  of  illness   and   for 3-  

4  days  thereafter. Subclinical  infections   are common. (14)   

 Spanish  flu: Influenza pandemics    have    been   recorded   at  

irregular   intervals   from  1173.  Pandemics  of  modern  times  date  

from  1889. The  most  severe   pandemic   in recorded   history  occurred  

in 1918-1919( 'Spanish  flu'),  during   which   over  200 million   people  

were  affected   and  more  than 200 million perished. (15)  India  suffered   

the  most,  with   some  10 million   deaths. An unusual   feature  of  this  

pandemic  was  the  very high  rate  of  mortality    among  young  adults. 

The  next  pandemic   occurred   in  1957  when   the ' Asian strain' H2N2   

originated  in  China  and  spread  throughout  the  world   within   a  

short  period.  However, the mortality   rate  was low though it  caused  

widespread  morbidity.  

Avian  Influenza  outbreak in  HongKong   in  1997  with  a  new  

strain  of  the   H5N1  influenza  virus, which    caused    18  confirmed  

human   cases  to   six  deaths. However   all human cases    were  shown  

to  have  spread  directly  from  chickens, without   any  transmission  

from   person  to  person. Immediate  containment  measures   and  the  

slaughter  of  all   chickens   in  Hong  Kong  stopped  the  danger    
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before  the  strain  developed   person to  person  transmissibility, which  

could  have  initiated   a  pandemic.  This  incident  indicated  the  value  

of   influenza  surveillance  and  the  potential  danger  from  avian  

strains. (16) 

SWINE  INFLUENZA:  In  March  2009  a  new  H1N1 

(Hemagglutinin Type 1 and Neuraminidase Type 1 ) virus  was  detected  

which  was   a  reassortant   between   previously  circulating swine   

virus    and a Eurasian swine   virus    and  was  also  called  swine origin  

influenza (S-OIV).  It  spread  from person    to  person  and  caused  a 

pandemic . (17) 

The influenza A(H1N1) pdm09 outbreak in India caused nearly 

30,000 laboratory confirmed cases with more than 1700 deaths by March 

15, 2015. Most of these cases were reported from the States of Rajasthan, 

Gujarat, Delhi, Jammu and Kashmir, Maharashtra, Madhya Pradesh, 

Telangana, Karnataka and Tamil Nadu.  During the 2009 pandemic, India 

reported 27,236 laboratory confirmed cases of pandemic influenza A 

(H1N1) with 981 deaths. (18) 

  There  are  three  types  of  Influenza  namely  Influenza A, B  and  

C. They are  spherical or filamentous in shape.  The  unique  feature  of  

influenza  viruses  is  the   segmented  nature  of  RNA. The influenza A  

virion is studded with glycoprotein spikes of HA and NA, in a ratio of 
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approximately four to  one, projecting from a host cell–derived lipid 

membrane .  

Internal to the M1 matrix are found the nuclear export protein 

(NEP; also called nonstructural protein 2, NS2) and the ribonucleoprotein 

(RNP) complex, which consists of  the viral RNA segments coated with 

nucleoprotein (NP) and the heterotrimeric   RNA dependent RNA 

polymerase, composed of two “polymerase basic” and one “polymerase 

acidic” subunits (PB1, PB2, and PA). The organization of the influenza B 

virion is similar,with four envelope proteins: HA, NA, and, instead of 

M2, NB and BM2. 

Antigenic  Subtypes  and  nomenclature: 

Based  on  RNP  and  M  proteins , influenza  viruses  are  divided  

into   three genera:  A,  B,  C. 

Subtypes:   Based  on  HA  and  NA  antigens, Influenza  A  has  

distinct  16 H subtypes  (H1  to  H16)   and  9  N subtypes (N1-N9). Most  

of   the  sub  types   infect   animals  and birds,  but  occasionally  

undergo  genetic  changes  and  infect   humans  to  cause  major  

epidemics  and  pandemics. Examples  - Four  HA ( H1,H2, H3  and  H5)    

and   two  NA  (N1  and  N2)   subtypes    have  been  recovered   from  

humans. Influenza  B  and C  viruses  though  have  subtypes , however  

are  not designated. 
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The  standard  nomenclature   system  for influenza  virus: 

Any  influenza  virus  isolates  should   be  designated    based  on  

the  following  information:   Influenza  virus Type/ host  ( indicated  only  

for  non -human  origin)/ geographic origin/ strain  number/ year  of  

isolation/ (HA  NA  subtype)  For  examples : Human strain :  Influenza 

A  /Hong Kong  /03/ 1963 (H3 N2), Nonhuman  strain: Influenza A/swine 

/Iowa/15/ 1930 (H1 N1). 

Influenza is an acute respiratory disease that is characterized   by 

the sudden onset of high fever, chills,  coughing, sore throat, muscle pain, 

severe headache,  prostration, malaise, and inflammation of the upper 

respiratory  tract and trachea, with general discomfort, but it  rarely 

induces severe inflammatory lung diseases, including  pneumonic 

involvement. (19) 

The specimen  is  inoculated  into  the  amniotic  cavity  of  11- 13  

old  eggs, using  at least  six  eggs   per  specimen. After  incubation at  

35⁰ C  for  three  days ,  the eggs  are chilled   and  the  amniotic  and  

allantoic  fluids  harvested  separetely.  The  fluids  are tested    for  

hemagglutination  using  guinea pig  and  fowl  cells  in  parallel, at  room  

temperature  and  at  4 ⁰C . Some strains  of   the   influenza  virus   type  

A  agglutinate  only  guinea  pig cells  on  initial  isolation. The type  B  

virus  agglutinates  both  cells  , while  type   C  strains   agglutinate   only  
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fowl  cells  with  antisera  to  types  A, B  and  C.  Inoculation  into  

monkey  kidney  or  other  suitable  continuous  cell cultures,  such  as  

baboon  kidney,  is  the  preferred  method  where  the  facility  is  

available. Other  methods  are  shell vial  technique, DFA,  tube  culture, 

EIA.  (20) 

Molecular tests for influenza virus detection include reverse  

transcriptase PCR (RT-PCR), NASBA (- Nucleic  acid  Sequence  Based  

Amplification), and LAMP (Loop  mediated  isothermal  Amplification). 

Multiplex RT-PCR assays for the detection of influenza virus  and   a 

number of other respiratory viruses have recently  been introduced, and 

these assays are also more sensitive than   culture . A number of primers 

and probes  are commercially available as analyte-specific reagents 

(ASRs),  for example, the GeneXpert influenza A and B virus test from  

Cepheid (Sunnyvale, CA). Recently, four commercial multiplex  assays 

for the detection of influenza virus and other respiratory  viruses have 

been introduced. These assays include the  ResPlex II assay (Qiagen), the 

MultiCode-PLx RVP assay  (EraGen Biosciences), the Seeplex RV assay 

(Seegene Inc.,Seoul South Korea), the NGEN RVA ASR kit (Nanogen 

Inc.,San Diego, CA), and the xTAG RVP assay (Luminex Molecular  

Diagnostics, Toronto, Ontario, Canada). Two multiplex   assays have 

recently been approved by the FDA. The first is the  ProFLu_ assay 
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(Prodesse Inc.), which is a modification of the  ProFlu-1 assay that 

detects influenza A virus, influenza B virus, and RSV .  The second is the 

xTAG RVP assay, which is approved for the detection of 12 respiratory 

viruses and    the  first test to be approved for both the identification and 

subtyping  of   H1 and H3 influenza A virus. It has a sensitivity and  a 

specificity of 96.4% and 95.9% for influenza A virus and  91.5% and 

96% for influenza B virus, respectively, compared  to DFA and culture . 

(6) 

HUMAN PARAINFLUENZA VIRUSES: 

 These viruses were  first discovered in the late 1950s, when three 

different viruses  recovered from children with lower respiratory disease 

proved  to  by unique and easily separated from   the   myxoviruses   

(influenza virus) they closely resembled. In 1959, a fourth virus was   

found that also met these criteria, and a new taxonomic group was created 

called “parainfluenza viruses. By electron microscopy, HPIV were  

demonstrated to be pleomorphic enveloped viruses   . Their envelope was  

derived from the host cell that they last infected. This family of viruses  

were   medium sized, between 150 and 250 nm, but much   larger  virions   

or virus aggregates have been reported .Virus particles usually contained  

single-stranded   RNA   with   negative   polarity   (complementary to 

mRNA). Virions with a positive polarity have been reported, but these are 
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thought to be noninfectious. The HPIV genome contained approximately 

15,000 nucleotides  These were organized to encode at least six common 

structural proteins (3-N-P-C-M-F-HN-L-5) . (21) 

HPIV belongs to the Paramyxoviridae family, subfamily 

Paramyxovirinae, and was  classified  into four serotypes (HPIV-1, 

HPIV-2, HPIV-3, andHPIV-4). Serotype 4 can be further subdivided into 

two   antigenic subtypes, HPIV-4A and HPIV-4. Human parainfluenza 

virus (HPIV) was known to cause acute respiratory infections (ARI) 

including lower respiratory tract infection, which was  a leading cause of 

morbidity and mortality in infants and young children world-wide. 

Infection with HPIV in immunocompromised children was known to be 

associated with a range of diseases, from mild upper-respiratory 

symptoms to severe disease requiring mechanical ventilation and leading 

to death. 

 Of the four recognized serotypes, HPIV-3 is most commonly 

associated with serious lower respiratory tract illness, followed by HPIV-

1 and HPIV-2; HPIV-4 is rarely associated with serious illness. (22) 

In  adults,  parainfluenza  viruses  cause  milder respiratory  

infection in  which   sore  throat  and  hoarseness  of  the  voice  are  

common. Rarely, they  cause  parotitis. 
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 Throat    and    nasal  swabs  are  inoculated   in  primary  monkey  

cell  cultures  or  continuous monkey  kidney  cell lines (LLC-MK2) with  

trypsin. Cytopathic  changes  are  not  readily   apparent,  except  with  

the  type   2  virus. Isolation  may  take  ten  days  or  more. Virus  growth 

is detected by hemadsoprtion. Typing  is  by immunofluorescence, 

hemadsorption inhibition or hemagglutination  inhibition(23). 

HUMAN CORONAVIRUS: 

 The history of human coronaviruses began in 1965  when Tyrrell 

and Bynoe  found that they could passage a virus named B814. It was 

found in human embryonic tracheal organ cultures obtained from the 

respiratory tract of an adult with a common cold.  

Coronaviruses  were    medium-sized RNA viruses with a very 

characteristic appearance in electron micrographs of negatively stained 

preparations .   The nucleic acid was  about 30 kb long, positive in sense, 

single stranded   and  polyadenylated. The RNA was the largest known 

viral RNA and codes for a large polyprotein. This  polyprotein was 

cleaved by viral-encoded proteases to form the following: an RNA 

dependent RNA polymerase and an ATPase helicase; a surface 

hemagglutinin-esterase protein present on OC43 and several other group 

II coronaviruses; the large surface glycoprotein(S protein) that forms the 

petal-shaped surface projections; a small envelope protein (E protein); a 
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membrane  glycoprotein (M protein); and a nucleocapsid  protein (N  

protein)  that forms a complex with the RNA. (24) 

 Coronaviridae   family contained    two  subfamilies  Coronavirinae  

and  Torovirinae.  The former  has been  grouped   into  four  genera -  

Alphacoronavirus Betacoronavirus, Gammacoronavirus and  

Deltacoronavirus. Most  of   them  infect  animals except  

Gammacoronavirus  species, which  are  the  pathogen  of  birds. Human 

infection  is uncommon   except  few  who  have  adapted   to human 

conditions. (25) 

   There  are  six  recognized  Coronaviruses  that  are  known  to  

cause  human  infections:  most  of  them  belong  to  Betacoronavirus 

except  the  first  two  which  belong  to Alphacoronavirus. 

1. Human coronavirus 229E,  

2. Human coronavirus NL63(New Haven Coronavirus) ,  

3. Human  coronavirus OC43, 

4. Human coronavirus  HKU1,   

5. SARS-CoV- (Severe  Acute  respiratory  syndrome  coranavirus) 

6. MERS-CoV (Middle   East  respiratory  syndrome coranavirus) (26) 

Most  human  coronaviruses  are  widespread   affecting  people  of  most  

of  the  world  and  produce  mild  upper  respiratory  tract  infection  and  

occasional  diarrhoea. 
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 All adults with CoV-HKU1 infection had respiratory symptoms. 

Shortness of   breath was the  most  common   respiratory  complaint   

followed by cough  and  rhinorrhea . However, fever, wheezing, and chest 

pain were less common . Upper or lower gastrointestinal symptoms were 

reported in  adults. (27) 

Isolation  of  human  coronaviruses  in  cell  culture  has  been  

extremely  difficult.  Traditional  tracheal  ring  culture  is  no  longer  in  

use.  

Four species of HCoVs were detected in patients with acute 

respiratory infection symptoms    during 2010±2015 in Guangzhou, south 

China, namely, 229E, OC43, NL63 and HKU1. Of the    13048   samples 

collected during 2010±2015 in Guangzhou, 177 were detected as   OC43 

positive   (detection rate 1.36%), 49   as 229E positive (0.38%), 44 as 

NL63 positive (0.34%), and 23 as HKU1 positive (0.18%).  (28) In January 

2005, a new group 2 coronavirus, HCoV-HKU1, was found in 2 patients 

with pneumonia in Hong Kong. (29) 

SARS-CoV  (Severe  acute  respiratory  syndrome  coronavirus): 

 SARS   was  first  recognized   in China  in 2003  by WHO   

physician  Dr. Carlo Urbani. He  diagnosed  it  in  a businessman    who  

had  traveled   from  China, through Hong Kong  to   Hanoi, Vietnam. 

The  businessman  and  the  doctor  who  first  diagnosed  SARS both  
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died  from  the illness. During   2003 outbreak, the SARS virus, spread  

from  Asia  to  various  regions  of  the  world    causing  nearly  8098  

cases in 29  countries, with  over 774  deaths. However, India  remained  

free   from  the   infection. Since  2004, no  case  has  been  reported   

from  anywhere  in the  world.  SARS-CoV infection  in    humans  was 

believed  to  be  contracted    from  animals, including  monkeys , 

Himalayan palm  civets, raccoon dogs,cats,   dogs  and  rodents.  

Clinical  Manifestations  included   severe  lower  respiratory    

tract  infection:  characterized  by  muscle  pain  , headache, sore throat   

and fever  followed  by the  onset  of  respiratory   symptoms  mainly  

cough, dyspnoea  and  pneumonia. (30) 

The first confirmed case of Severe Acute Respiratory Syndrome 

(SARS) in the country has been reported from Goa, with a 32-year-old 

marine engineer testing positive for the deadly disease. The patient, who 

sailed from Hong Kong to Mumbai, reached Goa on April 1 and has been 

readmitted to the Goa Medical College Hospital from where he was 

discharged on April 14. He has been quarantined though he is 

asymptomatic now and is not infective anymore. The case has been 

confirmed by the Director-General of the Indian Council of Medical 

Research. 
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MERS-CoV:( middle  east respiratory   syndrome  coronavirus) 

  MERS-CoV  has   recently  caused  a  severe  form of  lower  

respiratory illness  with  a  mortality  of  30%.  It  was   first  reported  in 

Saudi Arabia  in  2012. Since  then ,  several  hundreds  of  cases   have 

been   reported  from  various  countries   located  in  and   around    the  

Arabian  Peninsula  such as  Saudi Arabia, UAE  Qatar, Oman, Jordan, 

Kuwait, Yemen, Lebanon and Iran.  It's  source   was   believed to  have  

been acquired  from  camels  and  bats. 

The  incubation period  is  about  2-14 days. Severe acute  

respiratory  symptoms  appear  such as  fever, cough  and  shortness of  

breath may appear.  Some people  may  develop   gastrointestinal  

symptoms  diarrhea and  nausea/vomiting.  Complications   such as 

pneumonia  and  kidney  failure occur, especially  in  people with  

underlying  comorbid  conditions. 

SARS-CoV  was  isolated  from  respiratory  specimens  using  

Vero cell line. (31) 

HUMAN RHINOVIRUS: 

Human rhinoviruses (HRVs) were first discovered in the 1950s in 

an effort to identify the etiology of the common cold. Nearly 60 years 

later, the search for a “cure” for the common cold  virus is still ongoing. 
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Worldwide and nearly year-round, HRV  was   the most common cause 

of upper respiratory tract infection (URI), leading to considerable 

economic burdens in terms of medical visits and school and work 

absenteeism. HRVs, members of the family Picornaviridae and the genus 

Enterovirus, were  positive-sense, single-stranded-RNA (ssRNA) viruses  

of approximately 7,200 bp. The viral genome consists  of a single gene 

whose translated protein is cleaved by virally encoded  proteases to 

produce 11 proteins . Four proteins, VP1,VP2, VP3, and VP4, make up 

the viral capsid that encases the  RNA genome, while the remaining 

nonstructural proteins are involved in viral genome replication and 

assembly. (32) 

 The common cold was probably  the  most  common   infectious  

disease of humans. The common cold virus was  isolated by  Tyrrell   

and  his colleagues (1960). Thereafter  , several  similar  viruses  from 

common cold cases  were  reported  by  other  workers. They  were  

called  rhinovirus('rhino ' referring  to ' nose' , the  organ  primarily  

affected). Currently  , more than  100  serotypes are  known , classified  

through  neutralization   tests. 

Rhinoviruses   resemble other   picornaviruses   in size   and  

structure. They  differed   from  enteroviruses   in being  more  acid  

labile, but  more  heat -stable. They  are  inactivated  below pH 6, 
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inactivation  being  complete  at  pH   3. They  were    relatively  stable  at 

20- 37⁰C &  may    remain   viable on fomites   for  days. Some serotypes   

survive  for  one  hour  at  50⁰C.   Depending upon    growth  in tissue  

culture, rhinoviruses  were  classified  into  three groups , H, M and   O .  

H  strains  grew only  in  nasal  or  tracheal  ciliated  epithelium.  

Immunity  was   type-specific. 

Recently, the International Committee on Taxonomy of Viruses 

changed the nomenclature to remove host species from picornavirus 

species names, and the species names are currently known as Rhinovirus 

A, B, and C instead of human rhinovirus A, B and C. (33)  They were  best 

known for causing the common cold;  RVs have been implicated in acute 

otitis media, sinusitis, and lower respiratory tract disease.  Furthermore, 

viral upper respiratory infections, which were most commonly 

attributable to RV, cause up to 80% of pediatric asthma exacerbations and 

half of adult asthma and chronic obstructive pulmonary disease (COPD) 

exacerbations. (34) 

The   common cold  was   an   infectious  disease  seen across  the  

globe. It  was  transmitted  by  droplets. Hand to  hand  contact, followed  

by  self- inoculation  of  conjunctival  or  nasal  mucosa, appears  to  be  

an  important  mode  of  transmission.  (35) The  incubation  period  is  

about  two  days, but may go  up  to seven  days.  
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Isolation   of  the virus  may  be  obtained    from  nasal  or  throat  swabs  

collected  early  in  the  infection, in  human cell cultures  preferably  

MRC5 (Medical Research Council cell strain 5 )  or  WI- 38(Wistar 

Institute) strains. Growth  evidenced  by  cytopathic  effect(CPE)  may  

take   two  weeks  to  appear. (36) 

HUMAN ADENOVIRUS: 

 In 1953, adenoviruses were first isolated by Rowe and colleagues 

while studying the growth of polioviruses in adenoidal tissue . During this 

study, a transmissible agent was identified which was capable of causing 

cytopathic  changes in tissues in the absence of poliovirus. Traditionally, 

the HAdV species were classified by hemagglutination and serum 

neutralization reactions into different serotypes . Today, there have been 

reported 67 HAdV types. However, according to  human adenovirus 

genotype classification,  HAdV type 68 – belonging to subgroup B – has 

been reported in 2012. (37) 

 Human adenoviruses (HAdVs) belong to the genus Mastadenovirus 

within the family Adenoviridae .  Adenoviruses are non-enveloped, 

icosahedral, double-stranded    DNA viruses with genomes of 26–45 kb . 

Adenoviruses  are   70-90  nm in  size,  possess 252  capsomeres. 

     The viral capsid is composed of two types of capsomeres: the 

hexon and the penton (which consists of the penton base and the fiber). 
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Antigens at the surface of the virion are mainly type-specific . Hexons are 

involved in neutralization, and fibers in neutralization  and 

haemagglutination-inhibition. A recombinant that has a unique 

combination of   these three regions (penton base; hexon loops; fiber 

knob) derived from previously recognized genotypes will be assign a new 

genotype. This gives a  typical  space  vehicle  shaped appearance. 

HAdv  may be  transmitted by a wide variety of routes including  droplet , 

fomites  (including improperly sterilized medical equipment and  

contaminated ophthalmic solution), fecal-oral, and auto-inoculation, 

including in healthcare settings. Community dwellings, such as military 

barracks, daycare  centers, and nursing homes, have been associated with 

an  increased risk for exposure, including outbreaks .Furthermore, 

inadequately chlorinated swimming pools and  natural bodies of water 

have been linked to HAdv conjunctivitis  outbreaks. (38)    

Adenovirus    has  around  8  serogroups  (A  to  G)  with  more  

than  50  serotypes, majority  of  which  cause  respiratory  tract  

infections . 

The incubation period usually ranges from 4 to 8 days but has  

been demonstrated to be as long as 10 days . 

  Adenovirus   accounts for 4% - 10% cases of pneumonia, 2% - 

10% cases of bronchiolitis, and 3% - 9% cases of croup. Adenovirus 

infections can occur as epidemic, endemic or sporadic disease. This 
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infection in children is ranged 2% to 14% (39). Diagnosis  can be  

established  by   primary human  embryonic  kidney  cell  line  and  A 

549 cell  line  are  the  most  susceptible  cell  lines. Others    such  as  

HEp-2, HeLa (  Human epithelial carcinoma cell line) , and  KB  cell  

lines  can be also  used. Viral growth  can  be detected  by  characteristic  

cytopathic effect " Rounding  and grape  like  clustering  of  swollen  

cells. Group  C  adenoviruses  can grow  on adenoid   explants. Other  

methods  are  Complement  fixation  tests  with  adenovirus  antiserum, 

subgrouping  by hemagglutination  with  rat  and  monkey  erythrocytes, 

typing  by  neutralisation  tests. 

HUMAN BOCA VIRUS: 

 The   discovery  of   human bocavirus   (HBoV) was the result of a 

viral study of   respiratory secretions from Swedish  children with 

symptoms of acute respiratory infection (ARI) reported in 2005. 

Increasing evidences were  emerging to support its role as an etiologic 

pathogen in lower respiratory tract infection (LRTI). Its epidemiologic   

and clinical characteristics have also been assessed. (40) 

The name   bocavirus is derived from bovine and canine, referring 

to the two known hosts for other members of this genus; the bovine 

parvovirus which infects cattle, and the minute virus of canines   which   

infects   dogs. 
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 HBoV  is a single-stranded deoxyribonucleic acid (DNA) virus 

with a small genome size of approximately 5.3 kilo-bases (kb), which has 

three open reading frames (ORF) encoding two non-structural proteins 

NS1 and NP1, and the two  structural proteins VP1 and VP2. VP1 and 

VP2 are located within the same ORF but have different initiator codon   

positions. (41) 

 Based  on  the  Phylogenetic  analysis,  there are  four HBoV 

species:BoV1, HBoV2, HBoV3 and HBoV4. HBoV1  was  first  

discovered in respiratory samples . While  HBoV2,  HBoV3  and  HBoV4  

were  identified  in   fecal samples of children who had gastroenteritis 

with or without symptoms of respiratory infection . Very few  data are   

available about presence of   boca virus from India. but recently  some  

studies from Delhi and Pune  confirmed the association of HBoV in 

respiratory as well as in gastroenteritis samples. (42) The most frequent 

clinical   diagnoses associated with respiratory   HBoV infection are 

upper respiratory tract infections, bronchiolitis, pneumonia, bronchitis 

and asthma exacerbation. (43) 

The  bocavirus  was  isolated in   1971 from  urine of  a  patient  

who had  undergone   a  kidney  transplant. The bocavirus  can grow  in a  

wide  range   of primary   and  continuous  cell cultures. 

Human  Boca  virus can be  detected by   Human airway 

epithelial cell culture. Cryopreserved human tracheal   epithelial primary 
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cells (HTEpC) were obtained from the  European Collection of Cell 

Cultures.  HTEpC were maintained for one serial passage as a monolayer 

in bronchial/tracheal epithelial cell serum-free growth medium (European 

Collection of Cell Cultures) supplemented with penicillin-

streptomycin. Other  methods  are  DNase   protection assay of HBoV 

DNA, full genome  sequencing , 5_ and 3_ RACE  (Rapid  amplification 

of  cDNA  ends)  of   HBoV   mRNA. (44) 

HUMAN METAPNEUMOVIRUS: 

 In 2001, the first human metapneumovirus (HMPV) was identified 

in the Netherlands . (45)  In India, the first report of HMPV was 

documented   by Rao et al., in 2004 from Pune   followed by others from  

Lucknow, Vellore, Hyderabad and  New Delhi with most of these studies 

targeting children as the study  population. There are very few studies in 

India showing the prevalence of   HMPV in adults and children.  (46) 

 HMPV is classified as the first human member of the 

Metapneumovirus genus in the Pneumovirinae subfamily within the 

Paramyxoviridae family. It is an enveloped negative-sense single-

stranded RNA virus. The RNA genome includes 8 genes coding for 9 

different proteins. HMPV is identical in gene order to the avian 

pneumovirus (AMPV), which also belongs to the Metapneumovirus 

genus . Phylogenetic analysis has identified two genotypes of HMPV, 

namely A and B .   Both genotypes may co-circulate simultaneously, but 
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during an epidemic, one genotype usually dominates . Within each of 

these subgroups two  clades  are designated (designated A1, A2, B1 and 

B2 . This classification is mainly based on the sequence variability of the 

attachment (G) and fusion (F) surface glycoproteins. The highly 

conserved F protein constitutes an antigenic determinant that mediates 

cross-lineage neutralization and protection. 

 HMPV is distributed worldwide and has a seasonal distribution 

comparable to that of influenza viruses and RSV. It tends to strike in the 

late winter and early spring . In young children, HMPV is the second 

most common cause of lower RTI after RSV, with children less than one 

year of age showing the highest rates of infection. Walsh et al. found that 

the proportion of HMPV infections in adults varied between 3%–7.1% in 

four consecutive winters.  

 HMPV is thought to be transmitted by direct or close contact with 

contaminated secretions, which may involve saliva, droplets or large 

particle aerosols . HMPV RNA is found in excretions five days to two 

weeks after initiation of symptoms. (47) 

 HMPV infections are commonly associated with mild respiratory 

symptoms, but severe cough,  bronchiolitis  and pneumonia have also 

been reported, sometimes accompanied by high fever,  myalgia and 

vomiting . Several risk factors associated with more severe disease due to 

HMPV infection in adults have been identified, which include patients 
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with pulmonary disease or congestive heart disease, healthy elderly 

patients with age over 65 years old, long term stay in hospital care 

facilities and  immunocompromised  patients. (48) 

Swagatika Panda   et al  said  various cell lines, such as Vero cells, 

HEp-2 cells, Hep G2 cells,293 cells,29 and LLC-MK2 cells   have been 

used for the growth and isolation of  hMPV. In a recent study using 19 

different cell lines to grow hMPV, it was shown that the most suitable 

cell lines for the growth of hMPV were a human Chang conjunctiva cell 

line (clone 1-5C4) and a feline kidney CRFK (Crandell Reese 

Feline Kidney  cell line) cell line. In cell culture, hMPV has a slow 

growth rate, with late   cytopathic   effects varying from the rounding of 

cells and their detachment from the  culture matrix to small syncytium 

formation. For this reason, the detection of hMPV antigen using anti-

hMPV antibody in direct fluorescence or ELISA-based assays is widely 

used along with cell culture methods.  The sensitivity and specificity of 

cell culture detection methods were found to be  68% and 99%, 

respectively, as compared to real-time RT-PCR detection of   hMPV. (49) 

HUMAN   ENTEROVIRUS : 

 The human enteroviruses (HEVs) are RNA viruses belonging to 

the Enterovirus genus of the Picornaviridae family. EVs  are  small, non-

enveloped, positive-stranded RNA viruses with a genome of about  7.2 to 
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7.5 kb packed in a 30 nm  icosahedric  capsid. This  capsid is composed 

of the assembly of   12 pentamers of  5  protomers, consisting of the four 

capsid proteins VP1, VP2, VP3 and VP4. VP1 is  located at the external 

side and is the major target of the immune response , even if VP2 and 

VP3  contribute to the antigenicity. VP4 is localized on the internal 

surface of the capsid and interacts with  the genome. (50) 

Picornaviridae  has  two subgroups  named  Enterovirus  and  

Rhinovirus.  Enterovirus  further  classified  as  Polio (3  serotypes), 

Coxsackie  A (24   serotypes) , Coxsackie  B (6  serotypes), ECHO  virus 

( 34 -67 serotypes )  and  Entero (68-72). Enterovirus  72  was  the  virus  

causing   infectious  hepatitis ( hepatitis  type  A), which  has  been 

reclassified  as  a  separate  genus  Hepatovirus. 

 Coxsackieviruses  are  typical  enteroviruses. Two groups A and  B 

are  known.  Group A  produce   Herpangina ( vesicular   pharyngitis)  is  

a  common  clinical  manisfestation   of  coxsackie  group A   infection  in  

children.  It  is  a severe  febrile  pharyngitis, with  headache,  vomiting  

and pain  in  the  abdomen. The  characteristic lesions  are  small vesicles  

on  the  fauces  and  posterior  pharyngeal  wall, that  break  down  to  

form  ulcers. 

Minor  respiratory   infections  resembling  common  cold  may  

be  caused  by A10, A21, A24   and  B3. 
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 HEVs  are associated with diverse clinical syndromes, ranging 

from mild upper respiratory tract illnesses to severe and potentially fatal 

conditions, such as aseptic meningitis, encephalitis, myocarditis, acute 

flaccid paralysis, and handfoot-and-mouth disease. Major symptoms 

associated with HEV infection  included pharyngeal congestion, 

headache, myalgia, chills,and sore throat but not increased respiratory 

rate or difficulty breathing. (51) 

 Xiang et al.  found that the previously rare CV-A21 and HEV-68 

became the  predominant serotypes in adults with enterovirus-associated   

acute respiratory tract infection (ARTI) between  2006 and 2010 in 

China.  (52) 

HEV-68 is an enterovirus associated with respiratory  illness that 

shares epidemiological and biological features with human rhinoviruses 

(HRVs). Although isolated cases of HEV-68 have been reported since the 

virus was first described in 1962, clusters of cases have been recognized 

only recently. During 2008–2010, case clusters of HEV-68 infection were 

reported in Asia, Europe and the USA associated with respiratory illness 

ranging from relatively mild illness to severe illness requiring intensive 

care and mechanical ventilation, or even to death. Currently, HEV-68 has 

been highlighted as an increasingly recognized cause of respiratory 

illness.  
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   Type  68  was  isolated  from  pharyngeal  secretions  of  children  

with  pneumonia  and  bronchitis. (53) 

Enteroviruses   are   commonly spread by the fecal oral route, many 

are also shed  in respiratory and  salivary secretions  leading to  

transmissions by droplets. (54) 

    Virus   isolation  from  lesions  or  feces    may  be  made   by  

inoculation   into  suckling  mice.  Identification  is  by  studying    the  

histopathology  in  infected  mice    and  by  neutralization  tests.  

Monique et al, told  viral culture was performed on confluent layers 

of tertiary rhesus monkey kidney cells,human embryonic 

rhabdomyosarcoma cells, and human embryonic lung fibroblast cells 

grown in Eagle minimal essential medium supplemented with 0.01 M   

HEPES, 0.084% bicarbonate, 100 U of penicillin   streptomycin/ ml, 

0.625   g of amphotericin B/ml, and 0.2 M  glutamine. 

CDC   gave the Enterovirus  surveillance  guidelines  ,although not 

all human enteroviruses can be isolated in cell culture, many 

enteroviruses will grow in  a range of mammalian cell lines . These 

include, among many others: primary African green, cynomolgus or 

rhesus monkey kidney cells (AGMK, CMK, RMK), rhesus monkey 

kidney (LLC-MK2), African green monkey kidney (Vero, BGMK, 

GMK),  Madin Darby canine kidney (MDCK), human diploid cells lines 

(MRC-5, WI-38, SF),  human embryonic kidney (HEK),  human 
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embryonic fibroblast (HEF),  human epithelial carcinoma (HEp-2),  

human rhabdomyosarcoma (RD). Some  of  the studies  explained  that  

other methods  used for  detection   are  nested PCR,  real time  Taqman  

PCR. (55) 

HUMAN RESPIRATORY SYNCYTIAL  VIRUS: 

Human respiratory syncytial virus (RSV) was first isolated  in  

1956 from a laboratory chimpanzee with upper respiratory  tract disease . 

RSV was quickly determined to be of  human origin  and was shown to 

be the leading worldwide viral agent of   serious pediatric respiratory tract 

disease. Approximately two-thirds of infants are infected with RSV 

during the first year of life, and 90% have been infected one or more 

times by 2 years of age. 

 RSV also is a significant cause of morbidity and mortality  in  the 

elderly, with an impact approaching that of nonpandemic influenza virus . 

RSV readily infects severely immunocompromised individuals, most 

notably allogeneic bone marrow  transplant recipients, causing high 

mortality.  RSV also makes a substantial contribution to upper respiratory 

tract disease in individuals of all ages . Globally, the World Health  

Organization estimates that RSV causes 64 million infections and 

160,000 deaths annually. (56) 

 Human RSV is an enveloped RNA virus and is a member of   the 

family Paramyxoviridae, classified within the genus Pneumovirus. The 



34 
 

Paramyxoviridae include two other genera, Morbillivirus (measles virus) 

and the Paramyxoviruses (mumps and parainfluenza viruses). The 

nonsegmented, singlestranded, negative-sense RNA genome is composed 

of approximately 15,222 nucleotides and 10 genes which encode 11 

proteins .  The virus is composed of a nucleocapsid core of N, P, and L 

proteins (which together is the viral replicase) and virion RNA 

surrounded  by a lipid  bilayer  obtained from the host cell membrane  

into which are embedded three transmembrane glycoproteins  (G, F, and 

SH). Infection is initiated with the G protein  binding to a host cell 

receptor, possibly a heparin-like glycosaminoglycan, followed by F 

protein-mediated fusion of the  viral and cell membranes and penetration 

of the nucleocapsid complex into the cytoplasm  Antibodies directed 

against  the F or G glycoprotein neutralize virus in vitro and in vivo.  

 Human RSV isolates can be classified into two major groups, A 

and B, each containing several distinct subgroup . This classification is 

based upon   antigenic and  genomic differences found in several viral 

proteins, but especially the G protein. 

 RSV is shed in high titers from infants hospitalized for lower 

respiratory tract disease for up to 21 days . Shedding during natural RSV 

infection in adults has been most closely studied in hospital personnel, 

who are generally young, healthy  adults, and averages 3 to 6 days, with a 

range of 1 to 12 days. In adult challenge studies, volunteers excrete virus 
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for approximately 4 to 5 days (range, 1 to 8 days). RSV is believed to be 

spread primarily by large droplets and fomites and can survive on 

nonporous surfaces, skin, and gloves for many hours. Thus, close person-

to-person contact or contact with contaminated environmental surfaces 

and autoinoculation are required for transmission. (57) 

 Elderly persons who attend senior daycare programs also appear to 

be at increased risk for RSV infection.(58)  RSV is one of the most common 

viral pathogens causing lower respiratory tract  infections among infants, 

young children and    elderly individuals worldwide. Different studies  

detected RSV positivity   in   the   range   from 15% to  35% in pediatric 

population.  RSV-A was  the predominantly circulating group in 2011, 

RSVB  was the predominantly circulating in 2005–2006  while RSV-A in 

2007–2008 in Kolkata    and RSV-A  during the 2001–2005 in Delhi . 

RSV-A was the predominant circulating strain in Assam during   2009–

2012. (59) 

 A  number of studies of children from birth to adolescence  have 

indicated that RSV is one of the most common precipitants of infection-

induced wheezing. (60) Most   RSV  infections  are  symptomatic. 

Infections  causes   a  broad  range  of   respiratory  illnesses. In  infants,  

the  disease  may  begin as febrile   rhinorrhea,  with  cough  and  

wheezing, progressing  in   25- 40%   to  lower  respiratory  involvement  

including  tracheobronchitis,   bronchiolitis  and  pneumonia. (61) 
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 HeLa  and  HEp-2  are  the  most  sensitive  cell lines  for  RSV 

isolation. A characteristic  cytopathic effect, syncytium  formation                      

( multinucleated  giant cell)  appears  after  10  days. Hence  it  is  named  

as  syncytial   virus. Other  methods are   immunofluorescence,  ELISA,  

neutralization  tests. (62) 

STAPHYLOCOCCUS AUREUS: 

 Staphylococci  are  Gram-positive bacteria, with diameters   of  0.5 

– 1.5 μm and  characterized by  individual cocci, which divide in more 

than one plane to form grape-like  clusters. To date, there are 32 species 

and eight sub-species in the genus Staphylococcus, many of which 

preferentially  colonise  the human body.  

 The Staphylococci  are non-motile, non-spore forming  facultative 

anaerobes that grow by aerobic respiration or by fermentation.  Members 

of this genus are catalase-positive and oxidase-negative, distinguishing 

them from the genus streptococci, which are catalase-negative, and have a 

different cell wall composition  to staphylococci. 

 Staphylococcus aureus is a major pathogen of increasing  

importance due to the rise in antibiotic resistance. The species named 

aureus, refers to the fact that colonies  (often) have a golden  colour when 

grown on solid media. (63) 

 Staphylococcus aureus is a frequent perpetrator of secondary 

bacterial pneumonia following influenza A virus (IAV) infection. In 
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recent years, methicillin-resistant S. aureus (MRSA) strains, such as 

USA300, have been implicated in severe or fatal cases of secondary 

pneumonia in otherwise healthy individuals  who have contracted IAV. 

(64)
  

 S. aureus is also a common resident  of the human microbiome and 

is present persistently and  asymptomatically in the anterior nares of  20% 

of the healthy human  population, while the remainder have the potential 

to be  intermittently colonized. (65) Persistent nasal carriers of S. aureus 

are predisposed to invasive disease, including secondary staphylococcal 

respiratory infection. (66) 

   This  bacterium   cause  varieties  of  infections   like tonsillitis, 

pharyngitis, sinusitis,  otitis,  bronchopneumonia,  lung  abscess,  

empyema,   ventilator associated  pneumoniae  in  adults,  (67) Septic  

pulmonary  emboli, Post  viral pneumoniae ( influenza),empyema  and  

pneumothorax , pneumatocele in  neonates(68)     

 

STREPTOCOCCUS   PNEUMONIAE: 

 Streptococcus pneumoniae (the pneumococcus)  is the classic 

example of a highly invasive, Gram-positive, extracellular bacterial 

pathogen. It is a major cause of morbidity and  mortality  globally  

causing  more  deaths  than any other infectious disease. (69) 
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The pneumococcal surface is covered by a polysaccharide   capsule 

that overlays the cell wall comprised of  peptidoglycan  and  teichoic 

acid.  

In 1928, Griffith reported genetic exchange in bacteria  when 

nonencapsulated, avirulent derivatives were transformed  to a virulent, 

encapsulated phenotype following   co-infection in mice (Griffith 1928). 

Avery, Mac-Leod, and McCarty then determined that Griffith’s 

“transforming principle” was DNA and hence the discovery of the genetic 

material. The polysaccharide capsules are   antiphagocytic  and sterically    

hinder the access of leukocytes to complement fixed on the underlying   

cell   wall. (70) 

 The  individual  cocci   are  spherical  or  oval, 0.5 - 1.0µm  in  

diameter. They  are  arranged  in  chains, the  length  of  which  vary  

within  wide   limits  and  is  influenced  by  the  nature  of  the  culture  

medium, chains  being  longer  in liquid  than  in  solid media. Chain  

formation  is  due  to  the  cocci   dividing  in one  plane  only  and  the  

daughter   cells  failing  to  separate  completely. Streptococci  are  non-

motile  and  non-sporing. 

 Pneumococcal infections are thought to spread from person to 

person via droplets/aerosols and  nasopharyngeal colonization is a 

prerequisite for  pneumococcal disease. The carriage rate peaks around 2–

3 years of age and diminishes  thereafter to ,10% in the adult population. 
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However, adults with small children at home may have a higher carriage 

rate. The bacteria enter the nasal cavity and attach to the nasopharyngeal 

epithelial cells and may then either stay  as a colonizer or spread further 

to other organs, such as the ears, sinuses, or via bronchi down  to  the 

lungs and then potentially penetrate the mucosal  barrier to enter the 

blood stream and/or  cross the blood–brain barrier to cause meningitis. (71) 

Tracking the global or local spread of pneumococci is commonly done by 

serotyping   of   the  capsular polysaccharide.  Serogroups 1, 5, and 7 

were grouped to create the variable  “invasive serotypes”; serogroups 6, 

9, 14, 19, and 23 were grouped to create the variable “pediatric 

serotypes”; and the  serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F, which 

are included   in the 7-valent conjugate vaccine, were used to create the 

variable  “conjugate vaccine serotypes.”  Serotype  3  followed  by  7  are  

more  virulent  strains  than  others. (72) 

 The  primary  site  of  invasion  of  the  human body  by  

Streptococcus  pneumoniae   is  the  throat.   Sore  throat   is  the  most  

common  streptococcal  disease. It  may  be  localised  as  tonsillitis  or  

may involve  the  pharynx   more  diffusely (pharyngitis).  From  the  

throat, streptococci may   spread  to  the  surrounding  tissues, leading  to  

suppurative  complications   such  as  otitis  media,  mastoiditis, quinsy,  

Ludwig's  angina  and  suppurative  adenitis. Streptococcal   pneumoniae  
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seldom  follows  throat  infection  but may   occur   as  a  complication  of  

influenza  or  other  respiratory  viral  diseases. 

  Streptococcal  pneumoniae  is  the  most  common  cause  of lobar  

pneumonia.  Empyema   and   parapneumonic  effusion  may  occur  as  

complications   of    pneumococcal   pneumonia. (73) 

 RISK GROUPS: 

 Briefly  individuals with anatomical or functional asplenia, 

HIV(Human Immunodeficiency  Virus)  and individuals with medical 

conditions like   leukaemia, lymphoma  and bone marrow cancer are 

considered to be very high   risk for pneumococcal diseases. Individuals 

with  complement-defects, T-cell deficiency and neutropenia, chronic 

liver and kidney disease, individuals with >65 years, homeless 

individuals and drug addicts are meant to have high  risk for acquiring 

IPD (Invasive  pneumococcal  disease). Moderate risk group for 

acquiring  IPD  are individuals with diabetic mellitus, cardiovascular 

problems, chronic respiratory disease [e.g. chronic obstructive  

pulmonary disease (COPD)], neurological conditions like  stroke,  

tetraplegia, multiple sclerosis and myasthenia gravis, or severe 

osteoporosis with  kyphosis and   Bechterew’s disease  and individuals 

who are under disease modifying   antirheumatic  drugs, and  smokers. (74) 
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MYCOPLASMA PNEUMONIAE: 

 Mycoplasma pneumoniae, was first discovered in Eaton et al. 

(1944). The tiny pathogenic agent could pass through a sterile filter, but 

could not be grown on standard bacteriologic media. Thus, during that 

time, it was originally thought to be a virus. Volunteer and field studies 

during the 1950s and early 1960s provided evidence verifying the Eaton 

agent was a cause of lower respiratory tract infections in humans  (75) , 

was able to culture the Eaton agent on a cell-free   medium and proposed 

both the taxonomic designation as well as the name of the organism as we 

know it today. With  a  small  cell  size and volume, just1–2 mm long and  

0.1– 0.2 mm wide, Mycoplasmas  cannot individually   be  detected  by 

light  microscopy  and  colonies rarely exceed100 mm in  diameter. (76)  

Growth  is  slow  on  primary isolation  and  may   take  1-3 weeks. 

Culture  is  made on  complex  media(such as  PPLO broth) , which  

include   agar, broth  and  biphasic  ( combined solid  slope -liquid   

broth)  media  containing    enriching, growth  stimulating   substances                 

( yeast  dialysate, horses  serum)  and  penicillin  and thallium   to  inhibit  

growth  of  other bacteria. On  solid  media   incubated  aerobically  at                  

37⁰C   , colonies are    very  small , slow  to  appear  and  grow  

embedded  in  the  agar  ( typical ' fried  egg' appearance). 

   Alternatively,  sterols  provide   the structural  support  in   the  

triple-layer  cell membrane.  As  a   result, these  organisms  are  
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insensitive  to beta -lactam antimicrobial  agents,  pleomorphic, and  are 

unaffected by   the gram staining  method.  

The  most  important  species  of  Mycoplasma  which  cause   

human disease  are  Mycoplasma  pneumoniae, Mycoplasma  homonis,    

and  Ureaplasma  urealyticum.  The typical respiratory infection caused 

by M. pneumoniae is a slowly developing syndrome presenting  with 

pharyngitis, sinus congestion, occasionally otitis media,and eventually 

prolonged lower respiratory involvement up to and including primary 

atypical pneumonia with fever  and bibasilar pulmonary infiltrates. The 

incubation period  may be as long as 3 weeks. 

The  disease is  usually  self-limiting,  recovery  occurring  in 1-2 

weeks, but can be  prolonged.  Bullous  myringitis   and  otitis  are  

common  complications.  Rashes, meninigitis,  encephalitis  and 

hemolytic  anemia are  other  complications. 

The organism can be detected using PCR in the lungs and 

respiratory tissues of  apparently asymptomatic individuals in relatively 

high  frequency, especially those with underlying asthma (77, 78)  The 

clinical symptoms manifested can be quite diverse  with the most severe 

respiratory effects being CAP and  occasionally abscesses  (79). 

  Given the prolonged nature  of  M. pneumoniae infections,  it   

seems likely that a subset of asthmatics may have a chronic infection that 

induces a Th2-dominant  inflammatory response.  (80) 
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HAEMOPHILUS INFLUENZAE: 

 Haemophilus   influenzae   was first   identified by Pfeiffer in 1892, 

who (incorrectly) believed it was the cause of influenza  (81). It is an 

exclusively human pathogen and was the first bacterium to have its 

genome completely sequenced.  Haemophilus influenzae  is a gram-

negative coccobacillus with a variable shape (pleomorphic). It grows both 

aerobically and anaerobically. Aerobic growth requires the presence of X 

(hemin) and V (nicotinamide adenine dinucleotide (NAD)) factors   

which  can  be   demonstrated   by  satellitism. In the laboratory it is 

classically grown on chocolate agar.  

 Haemophilus influenzae  is divided into typeable and  nontypeable 

strains on the presence or absence of a polysaccharide capsule. The 

typeable strains which have  this capsule are classified into six serotypes 

(designated a ,b, c, d, e  and f ) based on their ability to react with antisera 

against recognized polysaccharide capsules.(82) The type b form of H. 

influenzae (designated as Hib) is the  most prominent   typeable    form 

and its capsule is composed  of a linear ribosyl and ribotol  phosphage 

polymer.(83) The NTHi strains are the main cause of  Haemophilus 

respiratory tract infections. NTHi  is classified into biotypes using indole, 

urease and ornithine decarboxylase.  

 Transmission  occurs through   the   spread  of   respiratory  

droplets or  contact  with  respiratory  secretions. Adults    with  COPD   
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may  carry  multiple  strains of  multiple  strains of  NTHi  (84) and   the   

acquisition of a new strain  may be associated  with  acute  exacerbations. 

(85)  Some evidence  may  show  that  combination of   the  combinations  

of  NTHi and   rhinovirus  infection   can  increase  the  severity of   acute  

exacerbations  (86). Immunity  to  one  strain of   NTHi   does  not  confer   

protection   against  colonization   by  a  different NTHi strain ,nor does it 

prevent  infection. 

 H. influenzae  though a component of normal respiratory tract 

flora, is well recognized to be an important cause of community acquired 

respiratory infection. A combination of bacterial pathogenic features and 

deficiency of host defence may permit this bacterium to establish 

infection in the lower respiratory tract resulting in inflammation and 

clinical disease. (87) 

 Prior to the introduction of Hib conjugated vaccines, Hib was one 

of the most common causes of meningitis and pneumonia in infants and 

young children under the age of 5 years. Bacteraemia with no obvious 

focus of infection was the commonest presentation of invasive NTHi 

infection (37%) followed by bacteraemic pneumonia (27%) and 

meningitis (12%). (88) 

 H. influenzae can cause a range of non-invasive infections of 

mucosal surfaces. NTHi is the predominant bacterial pathogen in 

respiratory tract infections in both children and adults: otitis media in 
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infants and young children, sinusitis in older children and adults, non-

bacteraemic pneumonia in elderly adults, and acute exacerbations of 

COPD in adults. (89) 

CHLAMYDIA PNEUMONIAE: 

 Chlamydia  pneumoniae, an obligate intracellular bacteria, was first 

recognised as a respiratory pathogen in 1986 . (90)  This agent is an 

obligate intracellular, Gram-negative bacterium present in two 

developmental forms: infective elementary bodies (EBs) and reproductive 

reticulate bodies (RBs).   

Chlamydia  trachomatis   has  many  serotypes  namely  A  to   L3. 

Types A , B, Ba  and C  cause trachoma,   serotypes  D  to  K  cause    

neonatal  conjunctivitis  and   genital  infections.  Serotypes  L1, 2   and  

3   cause  lymphogranuloma inguinale.  Chlamydia  are  one  of  the  

important    causes  of  infertility  in  women. 

       Chlamydia pneumoniae  has been recognized as a cause of     

respiratory tract  infections  and is considered to be the most common 

non-viral intracellular human respiratory pathogen . (91)  Chlamydia 

pneumoniae is involved in a wide spectrum of infections of the upper 

respiratory tract (pharyngitis, sinusitis and otitis) and lower respiratory 

tract (acute bronchitis , exacerbations of chronic  bronchitis   and asthma, 

and community-acquired pneumonia) in both immunocompetant and 

 immunocompromised  host . (92) This agent has also been associated               
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with another pulmonary disease (sarcoidosis)(93)and extrapulmonary 

 diseases (coronary artery diseases, erythema nodosum, culture-negative 

endocarditis   thyroiditis, arthritis,  encephalitis (94, 95) 

 Pneumonia is usually a two-phase process. In the beginning, there 

are flu-like symptoms (pharyngitis, laryngitis, sinusitis) and mild 

pneumonia follows. In the first phase the following symptoms are noted: 

hoarseness, sore throat, elevated temperature. After 1–4 weeks, 

pneumonia develops whose predominant symptom is cough that persists 

for several weeks. Body temperature is usually slightly elevated or 

normal. The characteristic features indicative of   atypical pneumonia   

is a lack of purulent sputum, mild auscultatory changes in contrast to the 

significant changes on X-ray  (95) 

A   typical form   of   infection is upper respiratory tract infection. 

It is estimated that 10% of infections caused by Chlamydophila  

pneumoniae proceed as pneumonia and 5% as bronchitis (96) 

Chronic obstructive pulmonary disease (COPD) is a chronic, 

smoking-related inflammatory disorder of the lungs, in which persistent 

infection with  Chlamydia  pneumoniae  is believed to play a significant 

role in the underlying pathology. (97) 

Evidence that  Chlamydia  pneumoniae can induce   acute   

exacerbations   and   trigger wheezing in patients with asthma has led to 

suggestions that chronic  Chlamydia  pneumoniae   infection   may  be  
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involved   in the natural history of asthma conditioning, by contributing 

to the chronic inflammation and the airways hyper-responsiveness that is 

the hallmark of the disease. (98)  C 

Chlamydia  cannot  be  cultivated  in  artificial  media. They  can 

grow   only only  in  embryonated  egg (yolk  sac),  animal  mice  and  

cell  line. Chlamydia  pneumoniae  can  be  isolated    from  HEp2  or  

human   fibroblast  cell  line.Other  methods  are  PCR, Ligase  chain  

reaction, Transcription  mediated  amplification ( TMA), Strand  

displacement  assay  ( SDA). 

Important   Studies in  India  : 

  Koul  PA  et  al  from    Pune (99)  ,  in  their  study     detected   

Respiratory  viruses in 46 (19.7%) cases, influenza A/H3N2 and 

rhinoviruses being the most common viruses detected. More than one 

virus was isolated in four cases consisting of hMPV‑B + adeno‑2 + 

Inf‑B; rhino + H3N2, PIV‑1 + rhino; and PIV‑1+ hMPV‑B in one case 

each.  

Mohan  et  al   (100) ,in  their  study  they    observed ,  Influenza 

was the commonest virus detected (n = 11; 8%), followed by 

Parainfluenza virus  1 (n = 3; 3.6%), RSV, and PIV3 (n = 1 each). 

Jain A et  al   (101)  from   Luc know , in   their  study ,    Rhinovirus 

was most commonly detected, (17/200; 8.5%) followed by adenovirus 
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(7/200, 3.5%), RSV (5/200, 2.5%), hBoV (2/200, 1%), and PIV-3 (2/200, 

1%). PIV 1, 2, 4, measles and hMPV were not detected in any of the 

samples.  

 
Indumathi  et al  from Chennai ,  in their  study  they  detected  ,out  

of   the 232 samples, 26(11.2%) were positive by mRT-PCR and nine 

(34.6%) showed cytopathic  effect with syncytium formation for HPIV 

and all were HPIV-3 serotype, other serotypes like 1,2,4  were negative. 

(22) 
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FIGURE 1 : WORK  FLOW  DIAGRAM 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

Throat  sample  were  collected   in  viral  transport  media, from patients  clinically suffering  from 
URTIs & LRTIs   and  sputum, Tracheal aspirates, bronchoalveolar lavage, pleural  fluid  samples  were  
also collected from clinically suspected respiratory  tract infections. 

Throat  swabs were  
transported to laboratory for 
multiplex PCR 

 DNA OR   RNA EXTRACTION 

by using    QIASYMPHONY 
DSP virus/pathogen  midi kit for   
RNA extraction 

Mastermix preparation 

Amplification 

*Multiplex RT-PCR in 
ROTOR GENE   Q 

*Fasttrack Diagnostic 
Respiratory viral panel -21 
plus 

Gram staining was performed to  all 
samples to identify  samples were 
either  satisfactory or not  

CULTURE :all plates  were  inoculated 
into Blood agar, chocolate agar , Mac 
conkey agar plates - confirmed by  
conventional methods 

if pathogenic organism grown - 
Antibiotic susceptibility testing was  
done in Muller Hinton agar plates 
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MATERIALS AND  METHODS 
 

 This  prospective observational  study  was  conducted  in  the  

Department of  Microbiology, PSGIMS & R   after  obtaining   the 

Institutional  Human Ethical  Committee's  approval. 

STUDY PERIOD: October   2016 - September   2018 

SAMPLE SIZE: 
 Consecutive  Throat  swabs were collected   from  135   

hospitalized patients  who were clinically suspected   to  have upper or  

lower  respiratory tract infections at PSG Hospitals, Coimbatore.  

Sputum, tracheal  aspirate, bronchoalveolar lavage (BAL), pleural fluid 

were also  collected from the patients for culture methods. 

SAMPLE  SIZE  JUSTIFICATION: 

Formula used :  n = t 2 x p (l -p)/m 2 

Where; 

n = required  sample size 

t  =  confidence   level at  95% (standard value of  1.96) 

p =  estimated  prevalence   of   viruses & bacteriology   etiology  

m =  margin  of error at  5%(standard  value of 0.05) 

Estimated  prevalence  from  our  hospital  statistics (p) =  0.1 

 n= 1.96 x 1.96 x 0.1 (1- 0.1)/ 0.05x 0.05 

n=  138  (135) 
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INCLUSION CRITERIA: 
 Patients  with  one  or  more  respiratory  symptoms  like  watery  eyes, 

rhinorrhea,  nasal  congestion  or   sinus  congestion, otitis  media, 

pharyngitis, cough, sore throat, sneezing, headache, muscle  pain. 

 patients   with  high  fever or  chills, or normal/low  leukocyte  count. 

EXCLUSION   CRITERIA: 
 Patients  < 14  years. 

 Patients  without   respiratory  symptoms. 

ETHICAL  CLEARANCE: 

 This  prospective  observational  study   was   approved  by  the  

Ethical  Committee  of  PSGIMS &R. 

STATISTICAL  ANALYSIS: 

Data  was  entered in  excel  sheet  and  analysed  , using SPSS version, 

prevalence of respiratory  tract  infections  was  calculated  as  

percentage. 

METHODOLOGY : 
SAMPLE COLLECTION: 

  Sputum , bronchoalveolar lavage , pleural fluid   samples    from  

patients   who were clinically   suspected     to  have     respiratory tract 

infection   were  transported  to  the  laboratory  in  a  universal  sterile   



52 
 

container.  Throat swabs  were collected   in  HIMEDIA's HIVIRAL   the  

viral  transport  media  (3ml)   &   transported to  molecular  biology 

laboratory  for  performing  multiplex  PCR.   All samples   for   

molecular   analysis   were stored at -20 ⁰C until  extraction. 

CONVENTIONAL  METHODS: 

a)  GRAM STAINING:  

The  sputum, BAL ,pleural fluid,  tracheal  aspirates , throat  swabs 

samples  were collected  &  made   direct  smears  &  performed    gram 

staining,  especially  for  sputum   samples , by  using Bartlett's  scoring  

to assess whether the  collected  samples    were   satisfactory  or not. 

Table -1: Bartlett's Grading  System  for  Assessing   the Quality  of  

Sputum Samples  (102) 

S.NO No.of  Neutrophils  per  10X Low Power Field Grade 

1. <10 0 
2. 10-25 +1 
3. >25 +2 

4. Presence  of  mucus +1 

 No.of Epithelial  Cells per 10X Low Power Field  

5. 10-25 -1 
6. > 25 -2 

*Average   for  the  number  of  epthelial  cells  and  neutrophils  in about  20  or  30  separate  10X  
microscopic  fields  is  determined; then  a  total   was  calculated. A  final  score  of  0 or  less  
indicates  lack  of  active inflammation  or  contamination   with  saliva. 
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CULTURE: 

 All the  sputum, BAL, pleural fluids, tracheal aspirate  samples  

from  patients  who  were  clinically suspected   to have  respiratory tract  

infections  were  transported   to  the  laboratory  in  a universal  sterile 

container. (103) 

* Throat swab  was streaked   on blood agar and chocolate agar  

plates , kept  in   candle  jar  and  incubated  at  37⁰ C   for  18-24  

hrs. 

* Sputum sample-  with  a  sterile  loop, material  from  purulent  part  

of  the sputum was plated on  to Chocolate agar, blood agar and  

Mac Conkey  agar. 

On Blood agar plate  a Staphylococcus streak ( streaked the bacteria and 

made  a Staph streak across it in the  secondary  streak area)  was  

incorporated  to  enable   Hemophilus   to  be  detected. 

*  for  all sterile body    fluids ,  made  10 fold & 100 fold  dilutions 

and vortexed . Plated 10µl of  both  dilutuions  on Blood agar and  

chocolate agar  plates  and kept into  a candle  jar  and   incubated  

all plates  at 37⁰C  for  18-24  hours. 

 By  counting colonies as  follows:  
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a)  In a undiluted   specimen, counted the  number of  colonies  and 

multiplied  by 100, to get CFU/ml 

b)  When the  sample was   diluted  100 fold counted the number of  

colonies and multipled by 10,000 to get CFU/ml 

c) When the  sample was  diluted  1000 fold, counted  the  number  of   

colonies  by 1,00,000 to get CFU/ml. 

Organisms  tha are present  in concentrations greater  than   10 3 to  

10 4 colony  forming  units (CFU) /ml  and  specimens  that  demonstrate 

intracellular  bacteria  in  more  than  25%  of  the  inflammatory   cells  

present  are  indicators    of  pneumonia  that  requires  specific  

treatment.The  antibiotic  susceptibilty  testing was performed  for  a 

potential  pathogen. A bacterium with a colony count of > 10 4 CFU/ml 

was considered as  a  potential  pathogen. After identifying the organisms, 

all plates were  discarded. The plates  without growth were also  

discarded. 

The   biochemical tests  were  performed  based on  gram  negative  

& gram positive  organisms  as  per  the  standard procedures. 

Gram negative organisms: the following biochemical tests  were 

performed. (104)  Oxidase test was performed by smearing  a colony 

onto  a  dry filter paper impregnated  with  1%   tetramethyparaphenylene 
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diamine dihydrochloride . Change  in colour   from white to purple  

within 10 seconds indicates a positive reaction. 

Fermentation of   carbohydrates   was   by   inoculating  a   

suspension of  the suspected colonies into glucose,lactose, sucrose broth   

which were  incubated at  37⁰ C for 24  -48 hrs. Positive results   were  

indicated  by  appearance  of   pink  colour (andrade's  indicator). 

Citrate  utilization test   and  Urease   hydrolysis  test  were   

performed   by streaking  a colony onto the surface of  the  agar  slant. 

Change of  colour & growth appearance on the agar surface indicates 

positive  reaction. Mannitol motility medium & Triple sugar Iron tests  

were  performed . 

For  identification   of  Acinetobacter baumannii-   suspected  

colonies on MacConkey  agar  which  were   oxidase  negative , 

nonmotile, gram negative coccobacilli,   tested   for    oxidative   

fermentative   dextrose   test by  inoculating  colonies into    two   Hugh   

Leifson  tubes,   by  using sterile   straight loop &  stabbed   into the  

semisolid   medium     and  poured few drops  of  sterile   liquid  paraffin   

into   one   of  the  two  tubes . They   were   incubated    at  37⁰C for  

24hrs.  Change  of  colour  from green to  yellow  tube  in  open tube  was  

considered  as  oxidative  test  positive.  Growth  at  44⁰C  was  tested  by  

inoculating  a  colony   on  to   the  muller  Hinter agar  plate  with  
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control  for  24hrs.  Observed  growth  at  44⁰C present  means  positive  

test  for  acinetobacter  baumannii. 

*   For  identification  of  Pseudomonas  aeruginosa ,  nonlactose 

fermenting, gram negative  bacilli  producing  bluish  green 

pigment  were tested  for  oxidase and  motility.  sugar  

fermentation  , citrate, urease  ,TSI  were  performed as  described  

earlier.    

*   For  identification of   Haemophilus Influenzae:  Suspected  

colonies  from blood  agar, Chocolate agar were  processed  by  

gram staining  for  a pleomorphism   and   satellitism .  

Satellitism: When Staphylococcus aureus was streaked across a blood 

agar plate  perpendicular  to the  Haemophilus influenzae  streak  line, 

factor V is released from Staphylococcus aureus. Hence it  forms  a  

larger  colonies   adjacent  to Staphylococcus aureus  streak line  and  size 

of  the colonies decreases gradually  away from the  Staphylococcus 

aureus streak  line.This  phenomenon  is  called  satellitism, a  property  

that  is  routinely   employed for  the isolation of H.influenzae. 
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Figure 2:  Satellitism  for  Haemophilus  influenzae 

 

Figure  3: DISK  TEST  FOR  X AND V  REQUIREMENT 

 

Sterile  X, V and   XV  discs  were   kept  on   trypticase    soy   agar plate  

which was inoculated with  a  test  organism  &  kept in   candle  jar at  
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37⁰C  for  48hrs.  Any  growth    surrounding  on  the   the  disk  X and   

XV   means positive to Haemophilus influenzae. 

Streptococcus  pneumoniae: 

Gram positive  diplococci  with  capsule  from  suspected  pneumococcal  

colonies on  blood  agar were  subjected  to  the following  tests  for  

identification. 

 Bile solubility  tests   were   performed   by   both  tube &   plate  

method.  Inulin fermentation test was perfomed which   showed  change   

of  colour  from colourless  to   pink  colour indicates   positive test. 

Optochin sensitivity test was performed by on blood agar plate which was 

inoculating the colony, placed optochin sterile disk (concentration of  

5µg) & kept this plate in candle jar  at 37⁰ C  for 24 hrs. A  zone  of  

inhibition around the disk   was 14mm   or more was  considered as  

sensitive. 

 Staphylococcus   aureus :  

Golden  yellow  colonies  on  blood  agar, which  were  catalase  

positive, were  tested  for  coagulase  production. For  0.5 ml  of  diluted--

--  plasma  one  or two  colonies were  added  and  incubated  for  four  

hours  at  37⁰C . When coagulation was    not  observed  after 4  hours, th  

tubes were further  incubated  overnight at  room  temperature. 
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Catalase test   was    performed   by   picking   up   a  colony  with  

a help of a clean capliiary tube  and immersing   it   in   a   test   tube  

containing  3% hydrogen  peroxide. Production of  effervescence within 

20 to 30  seconds indicates positive test. Staphylococcus  aureus is a  

catalase  positive  organism. 

Fermentation  of   Mannitol   was  tested   by  inoculating   a 

suspension of   the  suspected   colonies into Mannitol broth  &  kept   at  

37⁰C  incubation   for  24 hrs. Change of   colour  from   colourless to  

pink  colour  was  considered  as  positive Mannitol  test. 

The  antibiotic  senstivity  test  was  performed  as per Kirby Bauer's disc  

diffusion  method  on  muller  Hinton agar  plates  for  pathogens. 

Figure   4:  Pseudomonas  aeruginosa  producing inducible  AmpC 
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The  plates   were  discarded  according  to  infectious  waste  

management  protocol  after  identification  of  organisms. 

MOLECULAR  METHODS: 

 Throat swabs  were collected   in  HIMEDIA's HIVIRAL   the  

viral  transport  media  (3ml)   &   transported to  molecular  biology 

laboratory  for  performing  multiplex  PCR.   All samples were stored at 

-20 ⁰C until  extraction. 

Figure 5:   Hiviral  Transport  media(3ml) 

 

EXTRACTION OF  NUCLEIC  ACID  FROM THE SAMPLE: 

MATERIALS REQUIRED: 

1. Sample  prep cartridge  , 8 well 

2. 8 -Rod  covers 

3. Filter Tips 

4. Sample tubes 

5.  Vortex 
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6. Carrier RNA 

7. Molecular biological  water 

8. Buffer 

9. Samples 

Principle of the Procedure : 

 

 QIAsymphony    was  used   for  extraction  and  this  technology  

combines the speed and efficiency of silica-based nucleic acid 

purification with the convenient handling of   magnetic particles . The 

purification procedure is designed to ensure safe and reproducible 

handling of potentially infectious samples, and comprises 4 steps: lyse, 

bind, wash, and elute .  

Figure 6: QIA symphony RNA extraction method 
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Figure 7 :Principle of  QIA symphony RNA extraction method 

 

 
PROCEDURE: 

 The  QIA symphony  SP    makes  automated  sample  preparation  

which  was  easy   and  convenient. Samples, reagents  and  consumables  

and  elutes  were  separated  in different  drawers  of  the  machine . IC 

(Internal  Control)  which  contained  carrier   RNA  3µl, molecular  

biological  grade  water  14 µl  and  buffer  AVE  103 µl  per  sample  

was   prepared. 

 For  making   internal  control ,10µl  of  buffer   and  3 µl IC 

contents  of    respiratory viral panel kit     were   taken  in  an eppendorf   
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tubes  .  The  same  was  transferred   to  sample  containers  having     

1500 µl of  samples . 

Figure 8:  QIA symphony  reagent  troughs 

 

After logging into  the  machine,  the  scanning  of all  the  4 drawers  of  

the  machine(QIASYMPHONY) was done. One of these drawers, the  

waste  drawer  of  the  machine  has  a  space  for  the  disposal  of  solid  

and  liquid  waste. The  next  draw  contained   wells  for  the  collection  

of  eluted  or  extracted  nucleic  acid. The  third  rack  contained   

provision  for   reagents  and  consumables.  Each  trough of  the reagent 

cartridge (RC)   contained  a  particular reagents  such  as  magnetic  

particles,  lysis   buffer,  wash  buffer  and  elution  buffer, Proteinase K. 

The  reagent  cartridge  was  placed  in  the  reagent  rack.  Scanning  for  

the  tips, 8  rod covers, sample prep cartridge  and  reagents  were done.  

The  fourth  rack  contained  provision  for  samples  and IC  and  loaded  

the  samples into  the  sample  rack  and  IC  rack  respectively.  The  

programme   was  started. Finally  the  eluted  nucleic  acids  were  

collected  after   1 hour  in  the  elution  tubes. 
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Figure  9:    QIAGEN QIASYMPHONY  SP EXTRACTION 
MACHINE 

 

 

RESPIRATORY VIRAL PANEL KIT:  

  We used   FASTTRACK DIAGNOSTIC PATHOGEN  KIT 21 

PLUS for  (BioMérieux, Luxemburg)      multiplex  PCR. (Fast Track 

Diagnostics Luxembourg SARL: 29, rue Henri Koch, L-4354 Esch-sur-

Alzette) 

Figure  10 :  RESPIRATORY  VIRAL  PANEL  KIT   PATHOGEN 
- 21 PLUS 
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MATERIALS: 

a) Primer & Probes (PP) 

b)Positive  control (PC) 

c) Negative control (NC) 

d)Internal control (IC) 

e) Enzyme 

f) Buffer 

PRIMER &  PROBE: 

 

1.Flu Rhino PP - detected  FluA, Flu B, Flu-A(HINI), Rhino viruses 

2. Cor PP - detected  Cor 229, Cor 63, CorHKU, Cor 49 (Coronavirus) 

3. Para EAV - detected HPIV (Human parainfluenza virus)2,3,4,EAV  

4. BoMpPf1-  detected HPIV-1, HMPV  A & B, HBoV, Mycoplasma 

Pneumoniae 

5. RsEPA PP - detected   HRSV A & B (Human Respiratory syncytial  

virus), HPeV (Human Parecho virus), EV( Entero virus), HAdV ( Human  

adeno virus) 

6. RespBac PP - detected H.Saur( Human  Staphylococcus aureus), 

C.pneum(Chlamydia pneumoniae), HIB(Haemophilus  influenzae) , 

Streptococcus  pneumoniae. 
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POSITIVE CONTROLS: (PC) 

1. RespBac PC- Plasmid pool  for Cpneum,  Spneumo, Saur  with  2.5 X 

10 6   plasmid  copies/ml of  each. 

2. RESP 21 PC- plasmid pool Flu A, Flu B, Flu A (H1N1) swl, Cor 63, 

Cor 42, Cor HKU-1, HPIV 1-4, HMPV, HBoV, Mpneum, HRSV, HAdV, 

EV and HPe V 

NEGATIVE CONTROL: 

*Lysis buffer  

INTERNAL  CONTROL: 

EAV - Equine arteritis  virus. 

PRINCIPLE OF RPV KIT :  

 The  extracted  RNA was  amplified by  using specific   primer  

mediated reverse  transcription   step  to  yield  synthesis of  

complementary  cDNA.The  real  time  thermocycler   detected specific  

viral  sequences   in  the reaction by  notifying enhanced  flourescence  

which was observed  from  relevant  dual  labeled  probe  for  calculating  

Ct (cyclic threshold)  value. 
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Figure  11  : REAL TIME THERMOCYCLER                                  

(ROTOR GENE )    Q 

 

 

PROCEDURE OF  AMPLIFICATION -  MULTIPLEX PCR: 

 Amplification  of  the  respiratory  pathogen  panel  was  done  in  

Rotor Gene Q  with  fast track diagnostic  respiratory  pathogen kit. After  

extraction  six  different  primer  probe  mixers  were  prepared  by 

adding  12.5µl of  buffer, 1µl  of   enzyme  and  1.5 µl  of  primer probe 

mix 1,2,3,4,5,6  respectively  in  six  different  PCR  tubes. After  that  

10µl of  template  was  added  and    the  tubes  were   kept  in  the  Rotor 

Gene  Q   machine   and  programmed  the  amplification cycles  as  

followed:  reverse transcription  reaction at 42 ⁰C for 15 min, PCR 

reaction starting by initial denaturation at 94⁰C for 3 min followed by 40 
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cycles including a denaturation step at 94⁰C for  8 sec and annealing and 

extension step at 60⁰C for 34 sec.   Specimens were  considered  positive   

when  Ct  value  was  >36.  

Table    2:   SETTING  OF THERMOCYCLER 

 
PP MIX 

 

 
PATHOGEN 

 
DYE 

 
Detection 

wavelength(nm) 
 FLUA Green 520 

FluRhino PP RV Yellow 550 
 FLUB Orange 610 
 H1N1 red 670 
 Cor 229 Green 520 

Cor PP Cor 63 Yellow 550 
 HKU Orange 610 
 Cor 43 red 670 

 HPIV3 Green 520 
ParaEAV PP HPIV2 Yellow 550 

 HPIV4 Orange 610 
 IC (EAV) red 670 
 HPIV1 Green 520 

BoMpPf1  PP HMPV A/B Yellow 550 
 HBoV Orange 610 
 Mpneu red 670 
 HRSVA/B Green 520 

RsEPA PP HPeV Yellow 550 
 EV Orange 610 
 HAdV red 670 
 HSaur Green 520 

RespBac PP Cpneu Yellow 550 
 HIB Orange 610 

 Spneu red 670 
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RESULTS 

 
Consecutive  samples  from patients   suffering   from  respiratory  tract  

infections  were  processed .  Majority  of  the  samples  were  obtained  

from  male  patients (65.18%)  ,  followed  by   female  patients  

(34.81%).  Fifty    seven   out  of   88 (64.77%) samples  from  male  

patients,   and   37  out  of  47  from    female  patients  (78.72%)   were  

positive  for  respiratory  pathogens. 

Figure 12 : Sex wise  distribution  of  the positive  samples: 
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Age wise distribution  of  the  patients  were  shown  in  Table 3. 

Maximum  number  of   positive  patients  were  under  the  age  group  of  

56-65 years (82.35%)  and  46-55 years (76.66%)  patients   , followed  

by  76-85 years(69.23%)  The  study  population  belonging  to  26-35 

years   showed  least incidence  of    40%    . 

Table 3 :  Age  wise  distribution  of  the  positive  cases 

 

 

 

 

 

 

 

S.NO 

 

AGE 

(in years) 

 

No. of  

samples 

 

No. of positive  

samples 

 

% of positive 

 

1. 16-25 6 4 66.66% 

2. 26-35 10 4 40% 

3. 36-45 16 9 56.25% 

4. 46-55 30 23 76.66% 

5. 56-65 34 28 82.35% 

6. 66-75 26 17 65.38% 

7. 76-85 13 9 69.23% 

8. Total No. 135 94  
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*Most  of  the cases  were  inpatients  (94%).. 

Figure  13:  Distribution   of  OP   and IP  among  the study  group: 
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Department wise  distribution   of  patients  in  the  study     were   shown  

in   table  2.  Sixty  one  of  94  (64.89%)  patients  from  pulmonology  

ward were  positive. Patients  admitted  in    medicine  wards    showed    

positive   15.95%  followed  by   respiratory  medicine   patients  (7.44%)  

had  respiratory  tract infections  as  shown  in  Table  4. 

Table 4:  Department  wise  distribution  of  the  patients 

 

  

 

DEPARTMENT 

 

NO.OF  CASES 
(n=135) 

 

NO.OF. POSITIVE  
CASES (n= 94) 

Pulmonology 85 ( 62.96% ) 61 (64.89%) 

Medicine 23 (17.03%) 15 (15.95%) 

Respiratory 
medicine 

11 (8.14%) 7 (7.44%) 

Cardiology 6 (4.44)% 4 (4.25%) 

Nephrology 4 (2.96%) 3 (3.19%) 

Gastroenterology 3(2.22%) 1 (1.06%) 

HPBLT 2 (1.48%) 1 (1.06%) 

ENT 1 (0.74%) 1 (1.06%) 

Neurology 1 (0.74%) 1 (1.06%) 

TOTAL 135 94 
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Eighty  six  samples  of   total  135 (63.70% )  were  positive  for  any  

pathogen  by  the  multiplex  PCR,  inclusive  of  concurrent  bacterial  

culture  positives (17  samples),   and   forty   one    samples  (30.37%)  

were  negative  for  any  pathogens  by  both  the  methods. Eight  

samples  were  negative   by  multiplex  PCR  and  positive   by  bacterial  

culture. 

Table   5 : Results  of   Fasttrack   Diagnostic  Multiplex  PCR  

respiratory  panel   and  Bacterial   culture 

MPPCR Bacterial  Culture 
positive 

Bacterial 

Culture  negative 

Total 

Positive 17 69 86 

Negative 8 41 49 

Total 25 110 135 

 

Majority  of  samples  were  positive  for  single  virus (63.95%)  

followed  by mixed  virus  and  bacteria (18.60%). 

S.NO Pathogens Total no.of  
positive  
samples 
(n=86) 

%  of  positive 
samples 

1. Single  virus 55 63.95% 
2. Multiple   viruses 6 6.97% 
3. Single  bacteria 7 8.13% 
4. Multiple   bacteria 2 2.32% 
5. Mixed virus + 

Bacteria 
16 18.60% 



74 
 

Table  6:  Distribution  of    pathogens  among  positive  samples 
(n=86) detected  by  Multiplex  PCR 

Majority  of   the   samples   were    positive    for     single     virus  

followed  by    dual  virus. (Tab.7) 

Table  7: Distribution  of  viruses among  positive  samples 

Types  of  
virus 

Name  of  the virus No of  
samples 

%  of 
positive  
samples 

 

SINGLE  
VIRUS 
(n=55) 

Influenza  A , H1N1 15 24.59% 

Rhinovirus 9 14.75% 

Influenza  A 7 11.47% 

RSV A & B 7 11.47% 

Influenza B 5 8.19% 

Parainfluenza  3 3 4.91% 

Corona   HKU 2 3.27% 

Corona   OC43 1 1.63% 

Corona   229E 1 1.63% 

Adenovirus 1 1.63% 

Boca virus 1 1.63% 

Parainflu.4 1 1.63% 

Human metapneumovirus A& B 2 3.27% 

Dual  virus 
(n=5) 

Influenza A,HINI, Adenovirus 1 1.63% 

Influenza A, HINI , Rhinovirus 1 1.63% 

Influenza A , RSV A  & B 1 1.63% 

Influenza A, Corona   NL 63 1 1.63% 

RSV A & B , Parechovirus 1 1.63% 

TRIPLE 
VIRUS(n=1) 

Influenza A + RSV A&B+ Boca 1 1.63% 

Total 61  
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Majority of samples  were  positive  for  single bacteria   followed  by  

dual  bacteria. (Tab.8) 

Table 8:  Distribution  of  Bacteria   among  positive  samples 

Types   of  

Bacteria 

Name of  the  Bacteria No. of  

samples 

%  of  

positive  

samples 

Single bacteria Staphylococcus  aureus 6 66.66% 

Streptococcus  pneumoniae 1 11.11% 

Dual  bacteria Streptococcus  pneumoniae+ 

Staphylococcus aureus 

1 11.11% 

Streptococcus  pneumoniae + 

Haemophilus influenzae 

1 11.11% 

  9  
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Sixteen  out  of  135  samples   were  positive   for  mixed  viral  

and  bacterial  infections . Among  them  Influenza A  HINI  and  

Streptococcus  pneumoniae   were     most  frequently   identified 

.(31.25%) (Table. 9) 

Table 9: Distribution  of  Mixed  viral  and  bacteria  among  positive  

samples 

Types   of  
Pathogens 

Name of  the   virus / Bacteria No. of  
samples 

%  of  
samples 

 

 

Single  virus 
+ single  
bacteria 

Influenza  A, HINI, Streptococcus pneumoniae 5 31.25% 

Influenza  A,H1N1, Staphylococcus  aureus 2 12.5% 

Influenza  A,H1N1, Mycoplasma pneumoniae 1 6.25% 

Influenza B , Streptococcus pneumoniae 1 6.25% 

Influenza   B, Chlamydia pneumoniae 1 6.25% 

Rhinovirus  +Streptococcus pneumonia 1 6.25% 

H.metapneumovirus A & B , Mycoplasma 
pneumoniae 

1 6.25% 

 

Single  virus 
+Dual  
bacteria 

Influenza  B , Streptococcus  pneumoniae, 
Staphylococcus aureus 

1 6.25% 

Rhinovirus +Streptococcus pneumoniae + 
Staphylococcus aureus 

1 6.25% 

Corona  OC43 +Streptococcus  pneumoniae+ 
Staphylococcus aureus 

1 6.25% 

Adenovirus+ Streptococcus pneumoniae + 
Hemophilus influenzae 

1 6.25% 

Total  16  
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Among  25  culture  positive bacteria,  Acinetobacter baumannii (48%)    

was  most  frequently  identified   followed by   Klebsiella  pneumoniae  

(24%) ,  Haemophilus  influenzae  (8%), Pseudomonas  aeruginosa (8%),  

Staphylococcus  aureus (4%) , Escherichia  coli  (4%)  and   

Streptococcus  pneumonia (4%). (Fig.14) 

Figure 14 : Profile  of  Culture  positive  bacteria 
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Among       84   viruses  were  detected   from  86  cases,  Influenza HINI  

was the most  frequently  detected  virus (29.76%)  followed  by  Rhino 

virus (14.28%), Influenza A  and   RSV A &B   (11.90%) ,Influenza B ( 

9.52%), Parainfluenza type 3 (3.57%)  and  Cor HKU (2.38%) .( Figure 

15) 

Figure  15 :   Profile  of  various viruses  detected  by multiplex  PCR 
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Among  55  bacteria    detected  by  both  multiplex  PCR  and  culture , 

Streptococcus  pneumoniae  (25%) was  the  most   common    bacteria  

followed  by  Staphylococcus aureus (24%), Acinetobacter baumannii ( 

22%), Klebsiella  pneumoniae (11%), Haemophilus  influenza (7%), 

Mycoplasma pneumoniae (3%), 

Chlamydia  pneumoniae (2%), Escherichia  coli (2%). (Fig.16) 

Figure  16 :  Profile  of  Bacteria  detected  in culture  and  PCR 

(n=55) 

 

 

14(25%)

13(24%)
12(22%)

6(11%)

6(7%

3%

2(4%)
1(2%) 1(2%)

Streptococcus  pneumonia Staphylococcus  aureus Acinetobacter  baumannii

Klebsiella pneumonia Haemophilus  influenza Mycoplasma  pneumonia

Pseudomonas  aeruginosa Chlamydia  pneumonia Escherichia  coli



80 
 

 Majority  of    the  pathogens  were  detected     between  the  age  group  

of  56-66 years  followed  by  46-55  years    and  66-75   years. (Tab.10) 

Table   10:   Age wise distribution  of  various   pathogens  observed  
in the  study 

S. 
NO 

Virus /Bacteria 16-
25yrs 

26-
35yr

s 

36-
45yrs 

46-
55yrs 

56-65yrs 66-75yrs 76-85yrs Total 

1. Influenza  H1N1 1 1 5 8 7 3 0 25 
2. Rhinovirus 1 1 1 2 3 2 2 12 
3. Influenza  A 0 1 1 2 3 2 1 10 
4. RSV A & B 0 0 1 3 3 1 2 10 
5. Influenza  B 

 
0 1 0 0 2 5 0 8 

6. Parainfluenza .3 0 0 0 3 0 0 0 3 
7. Corona  HKU 1 0 0 0 1 0 0 1 2 
8. Corona  OC43 0 0 0 0 0 2 0 2 
9. Corona   229E 0 0 0 0 1 0 0 1 
10. Corona NL 63 0 0 0 0 0 1 0 1 
10. Adenovirus 1 0 0 1 1 0 0 3 
11. Boca virus 0 0 0 1 1 0 0 2 
12. Parainfluenza.4 0 0 0 0 1 0 0 1 
13. Human 

metapneumovirus 
A& B 

0 0 0 0 2 0 1 3 

14. Parecho virus 0 0 0 0 0 0 1 1 
15. Total Virus 3 4 8 21 24 16 8 84 
16. Streptococcus 

pneumoniae 
2 1 1 4 3 3 0 14 

17. Staphylococcus 
aureus 

2 1 1 3 2 3 +1 0 13 

18. Haemophilus 
influenzae 

1 0 0 1 1 0 1 4 

19. Mycoplasma  
pneumoniae 

0 0 0 0 2 0 0 2 

20. Chlamydia 
pneumoniae 

0 0 0 0 0 1 0 1 

21. Acinetobacter 0 1 1 5 2 2 1 12 
22. Klebsiella 0 0 0 1 3 0 2 6 
23. Pseudomonas 

aeruginosa 
0 0 0 0 2 0 0 2 

24. E.coli 0 0 0 0 1 0 0 1 
25. Total  bacteria 5 3 3 14 16 10 4 55 
26. Total virus/ 

bacteria 
8 7 11 35 40 26 12 139 
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Maximum  number  of  viruses  were  observed  in   cases of  pneumonia(32)  followed  by  asthma (9). Around  30  viruses  
were  identified  from  various  clinical  conditions  like  Interstitial lung  disease, Acute respiratory  distress syndrome, 
sepsis, fever  for  evaluation etc.   Boca virus  , a rare  cause  of  respiratory  tract  infections, was  identified  from  2  cases  
of  pneumonia. (Tab.11) 

Table  11:   Distribution  of  viruses  among   various  Clinical  conditions 

S.No Virus Bronchiectasis Asthma COPD Pneumonia COPD+ 
Pneumonia COPD+HIV HIV + 

Pneumonia 

asthma 
+ 
pneumo
nia 

Miscellan
eous HIV Total 

1. HINI 0 1 1 12 2 1 0 1 7 0 25 

2. Rhino 0 3 0 0 2 0 0 0 7 0 12 

3. Influenza A 0 2 0 7 0 0 0 0 1 0 10 
4. Influenza B 0 0 0 3 0 0 1 0 4 0 8 
5. RSV A& B 0 2 0 4 0 0 0 0 4 0 10 

6. HPIV-3 0 1 0 1 0 0 0 0 1 0 3 
7. HMPVA/B 0 0 2 0 0 0 0 0 1 0 3 
8. Cor HKU-1 0 0 0 1 0 0 0 0 1 0 2 

9. Cor OC 43 0 0 0 0 1 0 0 0 1 0 2 
10. Cor 229 E 0 0 0 1 0 0 0 0 0 0 1 
11. Cor NL63 0 0 0 1 0 0 0 0 0 0 1 
12. Adeno 0 0 1 0 0 1 0 0 1 0 3 
13. Boca 0 0 0 2 0 0 0 0 0 0 2 
14. HPIV-4 0 0 0 0 0 0 0 0 1 0 1 
15. Parecho 0 0 0 0 0 0 0 0 1 0 1 
16. Total 0 9 4 32 5 2 1 1 30 0 84 

 



82 
 

Maximum  number  of   bacteria   were  observed  in   cases of  pneumonia(11)  followed  by  COPD(9). Around  21  
bacteria  were  identified  from  various    other   clinical  conditions  .(Tab. 12) 

TABLE    12  : Distribution  of  Bacteria    among   various  Clinical  conditions 

S. 
No 

Bacteria Bronchiectasis Asthma COPD Pneumonia COPD+ 
Pneumonia 

COPD 
+HIV 

HIV + 
Pneumonia 

Asthma + 
pneumonia 

Miscellaneous HIV Total 

1. Strep.pnemoniae
- PCR + culture 

0 1 2 3 3 0 1 0 4 0 14 

2. Staph.aureus-
PCR +  culture 

0 1 1 3 1 0 1 0 6 0 13 

5. H.influenzae- 
PCR+ culture 

0 1 2 0 0 0 0 0 1 0 4 

7. Mycopl.pneumo
niae -PCR 

0 0 1 1 0 0 0 0 0 0 2 

8. Chlamydia-PCR 0 0 0 0 0 0 0 0 1 0 1 
9. Acinetobacter 

culture 
0 0 1 1 0 1 1 1 6 1 12 

10. Klebsiella.pneu
moniae -culture 

0 0 2 1 1 0 0 0 2 0 6 

11. Pseudomonas. 
culture 

0 0 0 1 1 0 0 0 0 0 2 

12. E.coli-culture 0 0 0 1 0 0 0 0 0 0 1 

13. Total 0 3 9 11 6 1 3 1 21 1 55 
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Figure  17: Seasonal distribution  of  viruses  observed  in  the study 
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Seasonal  classification:   

S.NO MONTHS SEASON 

1. December - February Winter 

2. March  - June Summer 

3. July     to   November Rainy 

 

Maximum  cases  were seen  during  winter  season  (77.35%)    followed  by   

rainy  season(72.54%).  No  specific  seasonal  variation  were  seen  with  

individual virus. (Tab.13) 

Table  13 :  Seasonal  distribution  among  the  study  group 

S.NO Season Total  no.of   
patients 

Total  no.of  positive  
patients 

%  of  positive 
patients 

1. Winter 53 41 77.35% 

2. Summer 31 16 51.61% 

3. Rainy 51 37 72.54% 

4. Total 135 94  

 

ANTIBIOTIC   SENSITIVITY  TEST:   

Among  12  Acinetobacter  baumannii  isolates, 8 (66.66%) were  Carbapenam 

resistant. Out  of  6  Klebsiella  pneumoniae  , 2 were  ESBL (Extended    

spectrum  beta  lactamase)  producers  and  3   (50%)  were  Carbapenam  

resistant. Among  2  isolates  of    Pseudomonas  aeruginosa, 1 (50%) was  

Carbapenam   resistant. One   Escherichia coli  isolate  was  AmpC   and  

Carbapenam  resistant.   Two  isolates   of    Haemophilus  influenzae      in  
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culture  were  found  to  be  sensitive  to  penicillin  and  ceftriaxone, but 

resistant  to  quinolones  and  cotrimoxazole. 

As  Streptococcus  pneumoniae (13), Staphylococcus  aureus  (12), 

Haemophilus influenzae (2)   detected   by  multiplex  PCR, but  not 

grown  in  culture,  antibiotic susceptibility  could  not  be  performed. 
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The  overview  of  the  results  of  the  study  were  shown  in  figure.18 
Figure 18 :  Overview  of   results  of  the  multiplex  PCR  and  culture  in  the  present  study 
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Figure   19:   Multiplex  real  time  PCR  positive  results  of   3  
samples 
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DISCUSSION 

Upper respiratory tract infections can be referred to a group of 

disorders like common cold, pharyngitis, tonsillitis, sinusitis, bronchitis, and 

rhinitis. Lower respiratory tract infection is a broad description of a group of 

disease entities, encompassing acute bronchitis, pneumonia and exacerbations 

of chronic lung disease. The cause  for   these infections are viruses like 

rhinovirus, coronavirus, parainfluenza virus, adenovirus, enterovirus and 

respiratory syncytial virus, along  with many bacterias like Streptococcus 

pyogenes, Mycoplasma pneumoniae, Chlamydophila pneumoniae, Bordetella 

pertussis, Streptococcus pneumoniae, and Haemophilus influenzae. (105) 

  In primary care it is very difficult to differentiate between those 

different diseases without doing extensive additional diagnostic  tests. 

Patients can present with cough, dyspnoea, tachypnoea, fever, pain in the 

chest, wheezing and auscultatory abnormalities. (106)Acute respiratory tract 

infections are   the most widespread  type of infection in adults and children 

and  are  responsible for  considerable morbidity and mortality  worldwide. A   

high rate of respiratory tract infections  are caused by viruses (approximately 

80%)   and   remaining  are  due  o  bacteria  . Within the  last 10  years, 

diagnosis of respiratory viruses has become  more important, because of the 

unexpected emergence of several new respiratory viruses: (a) Influenza A 

virus H5N1  (b) Human metapneumovirus  (hMPV)  (c) coronavirus  severe 

acute  respiartory  syndrome SARS (CoV-SARS  (d)  coronavirus NL63 (e ) 
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coronavirus HKU1 (CoVHKU1  (f) human bocavirus   (g)parvovirus    (h) 

influenza A virus H1N1 (3)  and   Middle  East  Respiratory  Syndrome  

Coronavirus   (MERSCoV) (107)  For diagnosing viral respiratory tract 

infections, clinical virology  laboratories historically have used traditional 

methods  such as direct fluorescent-antibody assay (DFA) and culture  for the 

detection of six or seven conventional respiratory viruses    using    

embryonated  egg and few cell lines  with  respective   cytopathic  effects . 

With traditional  methods,   such  as     tissue   culture, turnaround  times for 

results were  slow, especially in laboratories  handling large volumes of 

respiratory specimens. DFA offered  a rapid turnaround time for results but 

was labor-intensive, was subjective, required  trained technologists, and 

required specific monoclonal antibodies.. These methods  also were  limited 

by the availability of monoclonal antibodies  for newly discovered viruses. 

(108) 

                 Discovery of  Polymerase chain reaction in general and real time 

PCR in particular  has revolutionized the diagnosis of various viral and 

bacterial diseases by drastically reducing the turn around time. To overcome 

limitations concerning the  use of several monoplex tests in parallel and the 

resulting  shortage of sample volume, the development of   multiplex tests for 

a fast and exact identification  was   necessary. Today, several multiplex tests 

are commercially  available. (109) 
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These molecular methods can potentially reduce the length of hospitalization 

,appropriate  use  of  certain  antiviral  drugs  like  Oseltamivir  for  treating  

Influenza .     It  also    helps   in curbing    unnecessary  use  of   antibiotics    

preventing  development  of  drug  resistant.  Furthermore, they can also 

contribute to nosocomial infection control programs and can help to guide 

therapy. (110) 

Respiratory  virus incidence and prevalence   in  adults  data 

throughout  India   are also very limited and have not been well documented,   

unlike, respiratory infections  in  children . (111) 

  In our    study, consecutive  samples  like     throat  swabs, sputum , 

BAL, pleural fluid  and   tracheal  aspirate   collected  from  patients  

suffering  from  respiratory  tract  infections   were  processed  for  viruses 

and some important bacteria  by  commercial  multiplex  PCR  method. 

(FastTrack Diagnostics Respiratory Pathogen, 21) and   by  conventional 

culture , biochemical tests  for  isolation   and  identification    of  bacteria.  

 Respiratory viruses  were  detected  by  multiplex  PCR   in  62.22%   

and    bacteria  in  40.74 %  by  culture  and  multiplex  PCR.   Influenza 

HINI swl  (29.06%)  was    the   most  frequently    detected  virus  followed  

by  Rhinovirus  (13.95%). 

    Streptococcus    pneumoniae        (25.45%) was  most   common  

respiratory   pathogen   followed  by  Staphylococcus  aureus  (23.63%),    

Acinetobacter   baumannii   (21.81%)  ,  Klebsiella pneumonia (10.90 %), 
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Haemophilus  influenza, (7.27%)  ,Pseudomonas  aeruginosa (3.63%), 

Mycoplasma  pneumonia  (3.63%),  Escherichia  coli   and  Chlamydia  

pneumonia ( 1.81%). 

  There  are  very  few  molecular  epidemiological studies  in  India  for   

viral    respiratory  infections . All the studies  from  India  described  below   

had  low  prevalence  of  viruses, probably  because  of  difference  in   study 

population. 

   Koul  PA    et  al     by   in house  standardized  RT-PCR (qRT-PCR) , 

(99) observed    respiratory viruses    in  19.7%  of   COPD   cases  in  adults    

in  which    influenza A/H3N2   and   rhinoviruses    being   the   most 

common viruses detected.   

Mohan  A  et  al,   from    Delhi  using  multiplex  RT-PCR  observed  

13.1% prevalence  of  respiratory  viruses in  adult  COPD patients   with  

predominance    of  influenza virus. (100) 

Amita  jain et  al,  observed    , during influenza season, various   

respiratory  viruses  other  than  influenza  ,  in  14%  of    patients  ,  which  

include rhinovirus(8.5%), adenovirus (3.5%), Respiratory Syncitial virus 

(RSV) (5.2%), Human Boca virus (hBoV)(1%). (101) 

Kaur  et  al  from  Haryana  while studying  immuno compromised   

patients observed  59.3%  of  patients   positive  for   viral   pathogens    by  

multiplex  PCR  and  37.8%      were   positive  for  bacteria  by  culture. 
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Most  frequent  etiological  agent  in  their  study was   Klebsiella   

pneumoniae (32%) followed  by  CMV (21%).(112) 

  Similar  to  our  study   ,Richard Njouom    from  Cameroon  found    

influenza virus as   the most commonly detected virus (28.2% of specimens), 

followed by human rhinovirus (17.8%) (113) 

 Yanqin Lu  et, al  observed    IFVA, IFVB, RSV, and  HMPV   viruses  

in  12.8%  of  adult patients  with  ARTI's  2001-2002 , which  was  lesser  

than  in  our  study  . Influenza   virus   was the leading pathogen detected in 

adults with  ARTIs in  his  study. (3) 

Though   respiratory  tract  viral  infections  are   more  common  in  

young  children causing  high  mortality and  morbidity  all  over  the  world,   

good  number  of  adults  both  immunocompetant  and  

immunocompromised , asthmatics , COPD  patients   do  suffer  from  

respiratory  viral  infections. We  observed  viral  infections  in  adults  of  

various  age  groups   with   high prevalence  of  respiratory  viruses    in   the 

age  group  56-65 yrs  (28.57%) followed  by  46- 55 yrs  (25%)  and  66-

75yrs  (19.04%).  

Richard Njouom,  found     high  prevalence  of  respiratory  viruses   

in   less  than  5  years (49.3%) and  also in  adults  between  25 to 64  years.( 

22.7%) . (113) 
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  Similar to  our  study  (68.88%)   Prasetyo  AA  et  al,  observed  

maximum  number  of  respiratory  viral  infections     between  41  and  70  

years.(67.10%) (114) 

Richard Njouom  et  al,   observed  male  preponderance  (50.1%)  over  

female    (48.8%)  in  respiratory  viral  infections. We observed  respiratory  

viral  infections  more  in  females (78.72 %)  than in  males (64.77%).  (113) 

  A  Study  from  Haryana   did  not  observe  any  significant  difference  

in  age  and   gender . (112) 

Female  preponderance  was  also  observed  by Mohan et  al   from 

AIIMS, New  Delhi similar  to our  study. (100) Seasonal variation is common 

in many viral infections. Kurtoglu MG et al,   observed   respiratory  viral  

infections      more  frequently    in  winter  (40%)  and  spring  (39%)  

.Prasetyo  AA   et  al,    observed   HRV was detected almost every month  

and peaked during the dry season   and whereas the influenza viruses, 

HMPV, adenovirus, HPIV-3, and HCoV-OC43 were detected primarily 

during the transition  month from the rainy season to the dry season. (114) 

   We  observed  most  of  the  viral  infections    during   winter  season 

(77.35%)  followed  by  rainy  season  ( 72.54%)  .We  found  seasonal  

pattern   in Influenza HINI   which  was common  during  winter  season, 

whereas  Rhinovirus  in  summer  season  and    Influenza A  in  rainy  

season. 
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Stover CS  and  Litwin CM   observed   presence  of  rhinovirus  throughout  

the  year  with  peaks  during  summer,   RSV during  winter  season     unlike  

in  our  study where   more  cases  of  RSV  were  seen   in rainy  season 

,probably  due to  difference  in the  geographical  distribution  of  the  

disease  . (115) 

Influenza: 

Since  2009, outbreak  of  HINI  of  swine  origin  replaced  many  

seasonal influenza  A  viruses. It  is  not  surprising  to  note  that among  the   

respiratory  viruses  studied  by  us    InfluenzaA (HINI)swl   was  the    most  

common.  (116).Similar  observations  are  made   in India  and   many  other  

countries. (117) 

Rhinovirus : 

Human  Rhino virus (HRV)   are true respiratory viruses and many 

studies suggest that this agent is the most common cause of common colds, 

but HRV may also give rise to lower RTIs, as well as exacerbations of 

asthma and chronic obstructive pulmonary disease. HRV(  8.88 %)  was  the  

second  most  common virus   observed in  our  patients     which  was   

similar  to  other  studies  in  India. (101).   higher  prevalence  of  rhinovirus    

RTIs   were  observed  by  studies  in Africa.(17.8%) (113) 

Influenza A: 

In humans, influenza A viruses cause yearly outbreaks with high morbidity 

and excess fatality rates as a direct  effect. (118) 
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Influenza A  was  seen in  7.40%   in  our  study,  may  belong  to  nonswine 

flu  H1N1 , H3N2   or  other  types. FTD 21 pathogen  test  do  not  identify  

subtypes  of  Influenza A other  than  swine  flu. 

INFLUENZA B: 

In contrast to IFA, IFB only gives rise to local outbreaks. IFC  is rare and 

associated with mild disease, and is not included in  the majority of molecular 

panels.  (119)Influenza B viruses are  represented by two separate lineages 

(B/Victoria and B/Yamagata) that co-circulate.  Influenza B has been isolated 

in up to 44% of laboratory samples in the United States from 2001 to 2002 

through 2010-2011  seasons (excluding the 2009-2010 pandemic period), and 

in up to 60% of samples in Europe during the same period, with a seasonal  

average of 24% and 23% of samples, respectively. (120) 

Nandhini G  et  al  from   pondicherry ,  and  Khanna  M  et  al (121) 

 from  Delhi   observed     influenza B in  0.5%   and    1.7%   of  patients  

respectively which   were      lesser     than   our  observation (5.92%) .  All 

the  cases  were  observed  during  winter season. One  should  include  

Influenza B  in  the  test menu  of  multiplex PCR  during  Flu  season. 

Respiratory  Syncytial  Virus  A and B:   

RSV  is regarded not only as the most common cause of bronchiolitis 

in children, but also as a frequent    cause   of other types of lower RTIs.   (122) 

 



96 
 

Over the past decade, respiratory syncytial virus (RSV) has been increasingly 

recognized as an important pathogen in adults and especially the elderly 

immunocompromised patients   and individuals with underlying chronic 

respiratory diseases .   

In our  study ,   RSV A &B were  seen  in  7.40%  of  patients. Majority  of  

them  between 50-60  years  old. No  specific risk  factors was  observed  by  

us. Loubet P et al, (123) in   a    large  series of adult  patients observed  only  

4%  having  RSV. They  identified   cancer,  immunosuppressive  therapy  as  

risk  factors   RSV  was  reported   by  other  Indian  studies in   2.5%  and  

1.6%  of  patients (101) (112) 

PARAINFLUENZA:  

Although Parainfluenza virus (PIV) is a known cause of significant  

disease and death in pediatric and immunocompromised  patients, limited 

attention has been paid to its impact in other  adult populations .From the 

limited available evidence, PIV infections in adults cause a variety of 

respiratory illnesses  including upper respiratory tract infections, 

exacerbations of  chronic disease, and pneumonias. (124) Hasman  H   et al  

observed  in     their  study , HPIV-4  in  5.8%  of  patients. (125 Indumathi   

CP et  al (22),   from  chennai    observed       HPIV-3   in    11.2%    of patients   

studied  exclusively     by     conventional  PCR.   

In our study,   Human   parainfluenza    virus    accounted  for    

(2.96%)  of    adults. Three  of  them  were  HPIV-3 and  one  was    HPIV-4.  



97 
 

As  observed  in  our  study, HPIV-3  was  the  most  common  parainfluenza  

virus  in  the  world.  

 CORONAVIRUS: 

Human coronaviruses (CoVs) have been long recognized as  a common cause 

of respiratory tract disease with first reports  being of CoV 229E and CoV 

OC43 as a cause of common cold   in adults during the mid-1960s. (126). In 

2003, the severe acute  respiratory syndrome (SARS)-CoV pandemic sparked 

renewed  interest in study of CoVs, and since that time, 3 additional  CoV 

species have been identified: CoV-NL63, CoV-HKU1,  and Middle East 

respiratory syndrome (MERS)-CoV (127). 

Kanwar A et al  reported     CoV-HKU 1     in    1.6%  of  cases  , (128) 

similar  to     our study    (1.48%)  . In  our  study    Corona  OC 43    and  

Corona 229E   were  observed  in    1.48%   and   0.74%     of  patients  . 

Higher  incidence  of  Corona OC 43 (6%)  (129) and   Corona 229E  ( 5.5%)  

was  observed  in  other  studies. (130)   Overall 4.44%  of  our  patients  were 

positive  for corona  virus  which  was  lesser  than  study  from  Vallabhai   

Patel Chest  Institute  , Delhi (6.8%)  in  COPD  patients. (121) 

 HUMAN  METAPNEUMOVIRUS : 

Human   metapneumovirus (HMPV), a virus discovered in the 21st century, 

has emerged as the second most common  cause of influenza‑like illness 

(ILI) next only to respiratory  syncytial virus (RSV) in children. (131 )   it was 

also 
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shown to cause infections in adults ranging from mild  upper respiratory tract 

infection to severe bronchiolitis and  community‑associated pneumonia.  (132) 

Nandhini   et al    reported   HMPV prevalence of    5%   which  was  higher  

than  in   our  study   (2.22%).   Higher  incidences  were  reported     from    

Vellore (12%)  and   Delhi  also . (133) Higher    prevalence  of  

metapneumovirus  reported  from Vellore (12%),  and    Pondicherry  (5%).  

We  observed  this  virus  only  2%  of  patients  similar  to  study  from  

Delhi (1.7%) (121) 

 ADENOVIRUS: 

  The Adenoviridae family has six subgroups (A to F) and 51 serotypes 

that infect humans (134). Various serotypes of human  adenovirus (HAdv) may 

cause a wide spectrum of respiratory tract  manifestations .  (135) Ampuero  SJ  

observed   adenovirus   in     6.2%     of   adult    patients.(136)  Kalimuddin  S  

et  al ,  from Singapore,  observed  adenovirus  in   6.3% of  patients . (137) In  

our  study  ,   adenovirus    were  observed  lesser  number of  patients 

(2.22%) than  the  above  two  studies   . 

BOCAVIRUS: 

Human   bocavirus    was   found  to  cause  infections  in   elderly  

(140)throughout  the  world  . They  are  known  to  cause  gastroenteritis . 

     Remolina  YA  et  al  from   Colombia  observed,  Bocavirus   in  

28.6% of   adult    patients. (138) 
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Preethi  Bharaj  et al  from  India  found   human  boca virus  of  7.2%  of  

children suffering from  acute  respiratory  tract  infections. . (139)  

In  our  study ,  Bocavirus   were  seen  in  2( 1.48% )  cases,  both  presented  

with    symptoms  of    pneumonia  .   In  one   case   Boca  virus  alone  and 

in  another  patient      with   Influenza    A  and   RSV  A  and  B    were  

observed  . To    the  best  of  our  knowledge   Boca  virus    has  not  been   

reported   to  cause  respiratory infections    in adults     in  India.    

MIXED INFECTIONS: 

During  the  study  period  , a  total  of  86  out  of  135  samples  were  

positive  for  pathogens (63.70%) .  Multiple  viruses  (coinfection)  were  

seen in  4.44%   which  was  lesser  than    those  observed  by  Khanna M et  

al (11.11%) (121)  Lu  Y   et  al  observed  4.70%  of  cases   with  two  or  

more than  two  viruses. One  case  was found  to  have a  triple  infection of  

PIV2,IFVB,HBoV. (3) 

Total  of  61  out of 135  patients   (45.2%)   studied   yielded  single  

or  multiple  viruses  without  bacteria.,  in  which  could  avoid  using  or de -

escalating  high  end  antibiotics. 

Among   135  patients  ,   16     (11.85%)   showed  the  combination  

of  viruses   and  bacteria.  Kaur et al, (112) observed    in   their   study, 34 

(19.8%) patients were having mixed infections. 

. A variable range from 14% to 38% has been reported in the  previous 

studies .(140) 
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Among  three   AIDS  patients  in  our  study, one showed  Influenza B   and  

the  other  one  had  coinfection   (HINI +  Adenovirus).  

In our  study   among  the  bacterial  etiology  Streptococcus    

pneumoniae        (25.45%) was  most   common  respiratory   pathogen   

followed  by  Staphylococcus  aureus  (23.63%),    Acinetobacter   baumannii   

(21.81%)  ,  Klebsiella pneumonia (10.90 %),  Haemophilus  influenza, 

(7.27%)  ,Pseudomonas  aeruginosa (3.63%), Mycoplasma  pneumonia  

(3.63%),  Escherichia  coli   and  Chlamydia  pneumonia ( 1.81%). In that  

pneumococcus  , Haemophilus  influenza, Mycoplasma  pneumoniae and  

Chlamydial  infections  in  our  patients  mostly  community  acquired  which  

required  hospital  admission.  Majority  of  the  Acinetobacter  baumannii     

(66.66%)  were  Carbapenam  resistant.   Carbapenam resistance  and  ESBL  

production   were  seen in  50%  of  Klebsiella  pneumoniae.   

   Majority  of   Staphylococcus  aureus (12  out  of  13)  did   not  grow  

on  culture ,but   could  be  detected  by  PCR  indicating   very    low  counts  

of  this  bacteria  in  the  sample.  Probably  all  these  patients  were  carriers  

of  staphylococci  and  may  not  be  suffering  from  the  same. 

Similarly  Streptococcus  pneumoniae  were  also  detected   only  by    

PCR(  13/14) . One  has  to correlate  this  findings   with    other  clinical  

signs  ans  symptoms   before  treating  pneumococci, because  pneumococci  

also  can  exist as  carrier . 
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Kaur  et  al  found  Klebsiella  pneumoniae (32%) (112)   as  the  leading  cause  

of  respiratory  infections  in their    study, unlike  in our  study   where  

Streptococcus   pneumoniae  (25.45%)   and  Staphylococcus  aureus  

(23.63%)  were  the  predominant  bacteria. 

Our  study  identifies  the  viral  and  bacterial  etiology  of  respiratory  tract  

infections in  adults   in  which  Influenza  HINI   was  the  most  common  

followed  by Rhinovirus  and  other interesting  respiratory  viruses. there  are  

very  few  studies  by  molecular  methods  in India  in  general  and  

particularly  in South India,   which  could  identify  multiple  number  of  

viruses  in short  time   which  helps  in  managing  such  infections.  
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SUMMARY 
 Acute  respiratory  tract  infections  are  the  most  public  health  

problem   throughout  the  world.  Hence  , this  study  was  conducted  

to  estimate  the  prevalence  of  acute  respiratory  tract  infections  in  

adults  in tertiary  care  hospitals  by  performing  multiplex  PCR by  

using  Fasttrack  Diagnostic  21  pathogen plus kit. 

 Consecutive  throat swabs, sputum, tracheal aspirate, pleural  fluid, 

BAL  samples  were  collected  from  patients  suffering   from  

respiratory tract  infections. 

 Most  of  the   positive   samples   were     female   patients (78.72%)  

and  patients   of   middle  age   group   ,56-65  years (82.35%) 

 Majority  of  the  cases   were  inpatients (94%) 

 Majority  of  the   positive   samples (64.89%)   were   from  patients  

in  pulmonology   department.  

 Out  of  135  samples, 86 (63.70%)  pathogens  were  detected  by  

multiplex  PCR   . 

 Fifty  five  samples  were  positive  out of  86  ( 63.95%)   for  single  

viral  infections. Hence most  of  the  respiratory tract  infections  were  

caused  by  single  viral  infections. 

 Among  them , Influenza A, HINI   (18.51%)  was  the  most  prevalent  

, followed  by   Rhinovirus(8.88%)  causing  the  respiratory  tract  

infections  in  adults. 



103 
 

 Adenovirus  (2.22%),  Bocavirus, (1.48%) Corona OC43(1.48%) 

,229E (0.74%%)  ,    Parainfluenza type 4(0.74%), were   detected  in    

low prevalence    in  this study. 

 Bocavirus  was  seen  in   2  cases  of  respiratory    tract  infections , 

which   was  not  reported  earlier  in India. 

 Enterovirus,  Parainfluenza type 1 and  2  were  not  detected  in  this  

study. 

 Viral  infections  were  seen    frequently  in  winter   season  (77.35%) 

followed  by  rainy  season.(72.54%) 

 Mixed viral  infections  were  seen in (4.44%)   of  patients  studied  . 

 Mixed  viral and  bacterial  infections  were  seen  (11.85%)  of  

patients  . 

 out  of  135    samples,  25 (18.51%)  pathogenic  bacteria  were  

detected  by  culture  methods  by  using blood  agar, MacConkey agar, 

Chocolate  agar  plates. 

 Acinetobacter   baumannii   was identified  most  frequently (48%)  

followed  by  Klebsiella  pneumoniae  (24%)   in culture  methods.  

 Most   common bacteria    observed  was  Streptococcus    pneumoniae 

(25.45%), Staphylococcus  aureus  (23.63%),    Acinetobacter   

baumannii   (21.81%)  ,  Klebsiella pneumonia (10.90 %),  

Haemophilus  influenza, (7.27%)  ,Pseudomonas  aeruginosa (3.63%), 
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Mycoplasma  pneumonia  (3.63%),  Escherichia  coli   and  Chlamydia  

pneumonia ( 1.81%). 

Carbapenam  Resistant  was  observed   in  66.66 %  of  Acinetobacter  

baumannii     and  ESBL(Extended  spectrum  beta  lactamase)    and   

Carbapenam  Resistant    were  seen  in  50%  of  Klebsiella  pneumoniae 
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CONCLUSION 

 
Acute respiratory disease (ARD) accounts for an estimated  75% of all acute 

morbidities   in developing    countries, and most  of these infections 

(approximately 80%) are viral.   Until recently, the primary diagnostic tools 

for respiratory viruses  included direct fluorescent antibody (DFA) assays, 

enzyme  immunoassays, and viral culture.  These  are  labor  intensive  and   

time  taking.  Eventually multiplex  PCR  techniques  which  are  rapid  and   

reliable  may  become  main  stay  of diagnosis   of  respiratory  tract  

infections.   In  our  study    using    multiplex  PCR  Fasttrack  Diagnostic  21  

pathogen  plus -kit   , we    were  able  to     identify   viral  etiology  of 

respiratory   tract  infections     in  which  Influenza HINI  (18.51%)  followed  

by  Rhinovirus   (8.88%)  were  the  predominant  pathogens.  Rapid  

diagnosis  of    Influenza  allows  as  to  utilize  appropriate   antiviral  drugs.  

In  those  cases,  which  were  negative for   bacteria  and  some  viruses,  we  

could  avoid  using  antibiotics  or  de escalate   high  end  antibiotics. 
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ABBREVIATIONS 
ADV  -   Adeno  Virus 

ARI  -   Acute  Respiratory  tract  infections 

ASRs   -  Analyte  specific reagents  

AMPV -  avian   metapneumovirus 

BAL   -  Bronchoalveolar  lavage 

COPD  -  Chronic obstructive pulmonary disease 

CV -  Coxsackie Virus 

CRFK   -  Crandell Reese Feline Kidney  cell line 

CPE  -  Cytopathic  effect 

Corona HKU  1 -   Corona  Hong  Kong  University 1 

Corona  OC43  -   Corona  virus  organ of  culture  43 

 Corona  NL63  - New Haven Coronavirus 

DFA -   Direct fluorescent antibody 

DNA -  Deoxyribonucleic acid 

EIA  -   Enzyme  Immunoassay 

ELISA  -  Enzyme Linked  Immunosorbent Assay 

ESBL -   Extended  spectrum  beta  lactamases 

FTDRP  -   Fasttrack Diagnostic  Respiratory  panel 

FARP -   Film Array  Respiratory  panel 

HPIV -   Human Parainfluenza  Virus 

HEV -   Human  Entero  Virus 

HRV -  Human  Rhino  Virus 

HBoV  -   Human  Boca  Virus 



HCoV -  Human  Corona  Virus 

HINI  -   Hemagglutinin Type 1 and Neuraminidase Type 1  

HA  -   Haemagglutinin 

HeLa   -  Human epithelial carcinoma cell line  

HTEpC -  Human tracheal   epithelial primary cells 

HMPV -  Human metapneumovirus 

HEK -  Human embryonic kidney 

HEF -  Human embryonic fibroblast 

HIV -  Human Immunodeficiency  Virus 

IFV -   Influenza  Virus 

IAV -  Influenza A virus 

IFVB - Influenza B  virus 

IPD -   Invasive  pneumococcal  disease 

KI    -  Karolinska  Institute 

 LAMP  -  Loop  mediated  isothermal  Amplification 

LRTIs  -   Lower  respiratory  tract  infections 

LLC-  MK2 -  continuous    Monkey   Rhesus  kidney    cell lines 

MERS-CoV -  Middle   East  respiratory  syndrome coranavirus 

MRC 5 -  Medical Research Council cell strain 5  

MDCK  -  Madin Darby canine kidney 

MRSA - Methicillin-resistant Staphylococcus aureus 

MPPCR -  Multiplex  PCR 

NAATs -   Nucleic   acid  amplification  techniques 

NP -   Nasopharyngeal sample 



NASBA -  Nucleic  acid  Sequence  Based  Amplification 

NS2  -  Nonstructural protein 2  

NP   - Nucleoprotein  

NA -  Neuraminidase  

NAD -  Nicotinamide adenine dinucleotide 

NEP  -  Nuclear export protein 

NTHs  -  Nontypeable Haemophilus influenzae  strains 

PCR -   Polymerase  chain  reaction 

PB -  Polymerase basic  subunits 

PA    Polymerase acidic  subunits 

PPLO  –  Pleuopneumonia  like  Organisms 

RSV  -   Respiratory syncytial  virus 

RNP -  Ribonucleoprotein 

RNA  - Ribonucleic  acid 

RACE -  Rapid  amplification of  cDNA  ends.  

RD -  Rhabdomyosarcoma 

SVC   - Shell  vial  culture 

S-OIV  -  Swine origin  influenza  

SARS-CoV  -  Severe  Acute  respiratory  syndrome  coranavirus 

SDA  -  Strand  displacement  assay   

TMA  -  Transcription  mediated  amplification 

URTIs  -  Upper  respiratory  tract  infections 

WU    - Washington  University 

WI38  -  Wistar Institute -38  



ANNEXURE-I 

PREPARATION OF REAGENTS AND MEDIA 

 

1) GRAM STAINING: 

Crystal    violet: 

      Crystal  violet                                                         1.0 gm 

    5%  Sodium   bicarbonate                                      1.0 ml 

     Distilled   water                                                     99ml 

 

Grams Iodine: 

 Iodine  crystal                                               2.0gm 

 Sodium hydroxide                                       10.0 ml 

             Distilled  water                                             90.0ml 

 

Acetone - 100% 

DILUTE  CARBOL   FUCHSIN      -    1 in  10  dilution 

2)BLOOD AGAR: 

 Sterile defibrinated  sheep  blood     7 ml 

 Nutrient Agar                                     100ml 

 About   7 ml  of melted Nutrient  agar,  as  a  base  into  sterile  

petri  dishes  and  allow  setting. Add  sterile  defibrinated  blood (5-7%) 

to  Nutrient  agar, the  latter  cooled to  45-50⁰ C before  blood  is  added. 

Mix  and  pour    20ml  of  blood agar  in the  petridish. 

 



3) MACCONKEY  AGAR: 

 

Peptic  digest  of  animal  tissue                     2.0 gm 

Lactose                                                           1.0 gm 

Sodium  taurocholate                                      0.5 gm 

Neutral red                                                      1% 

Agar                                                                1.5gm 

Distilled  water                                              100ml 

Dissolve  the  ingredients  except  lactose  in  distilled  water  by  heating. 

Adjust  pH to  7.6. Sterilize  by  autoclaving  at  121⁰C  for  15  minutes. 

4) CARBOHYDRATE FERMENTATION MEDIA: 

Peptone  water               100ml 

Sugar                             1 ml 

Andrade  indicator         1ml 

The  above  are  distributed   in  tubes  along  with  durhams  tube  and  

autoclave  at  115⁰C  for 10  minutes. 

The  sugars  used  are  glucose, sucrose and  lactose, inulin 

4) MULLER  HINTON  AGAR: 

Casein  acid  hydrolysate                 1.75 gm 

Beef  heart  infusion                          0.2gm 



Starch                                               0.15gm 

Agar                                                 1.7 gm 

Distilled  water                                100ml 

pH                                                    7.3 

The  above  ingredients  are  boiled  to  dissolve  and  sterilized  by  

autoclaving  at  121⁰C   for  15  minutes. These   are  poured  in  

petridish,  dried  and  stored. 

 

  



 

 



 



 

 



  



  


