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Abstract 

The increased emergence of anti-microbial resistance (AMR) to commonly used anti-microbial has become a solemn Global 

health concern. The researchers, scientists and health care providers are whole-heartedly devoted to solve this issue. To combat 

this challenge, besides no compromise on quality, due concern for cost effective approach was kept in mind.  

The availability of direly required good microbiology diagnostic facilities are limited in many areas around the Globe. The 

culture and sensitivity are referred as a gold standard for diagnosing infections. But its time-consuming proceedings adds up 

to the misery of patients specially to start accurate and timely management. The newly added approach i.e multiplex PCR via 

biofire filmarray holds a promising methodology to contribute positive in such scenarios. Various syndromic panels of biofire 

filmarray are used to diagnose the bugs and their AMR genes for different site infections. 

Therefore, the objectives of current review article were to identify evidence regarding opting multiplex PCR via biofire 

filmarray for rapid and accurate genetic level identification of AMR cases. After a thorough literature review, the results 

supported the utility of multiplex PCR, by justifying it as a rapid, cost effective, and accurate diagnostic tool in microbiology.  

Hence, it is concluded from the results of current review article, that multiplex PCR via biofire filmarray holds a great utility 

to accurately diagnose and manage the cases of AMR. Thus, timely and accurate management can reduce the morbidity and 

mortality rates in such cases.  

Key words: amr; conventional techniques; culture and sensitivity; film array; intensive care settings; multiplex pcr; patient’s 

outcome 

Introduction 

The term Bacterial antimicrobial resistance (AMR) implies to changing 

in bacterial genetic characteristics and ultimately making them less 

effective. AMR is acquainted as leading health threats for 21st century 

challenges. A report by world health organization (WHO) disclosed that 

mortality rate from AMR by the year 2050 might reach to 10 million 

people annually. Which will become true especially if same current 

statistics be continuing. Thus, a consequence is necessitating an urgent 

and vigilant attention at Global level to formulate a strong action plan in 

view to combat AMR [1].  

Around the Globe, management of AMR cases is becoming a challenge 

for the clinicians. Every day, it is bringing up a new delinquent, adding 

upto the severity of situation. The highlighted ones include delayed 

recovery, high costs for managements, prolong hospital stays, increased 

morbidity and mortality rates [2]. 
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A combination of AMR along with sepsis in intensive care units (ICUs) 

is further worsening the scenario due to high mortality.  Sepsis in ICUs 

imparts a high rate of morbidity and mortality amongst all age brackets. 

Only available option to reduce this high incidence is provision of timely 

and accurate anti-microbial, hence to improve patient’s survival. 

Therefore, the appropriate diagnosis, based upon clinical and laboratory 

assessment are the only way outs to improve patient’s survival rate. [3] 

Sepsis is defined as a condition having dysregulated host response to 

infection, ultimately causing life- threatening organ dysfunction.[4]  In 

2016 a combine effort by Society of Critical Care Medicine and European 

Society of Intensive Care Medicine was made to finalize definitions of 

sepsis and septic shock. Hence, spawned the Third International 

Consensus Definitions for Sepsis and Septic Shock, which are called as 

Sepsis-3 guidelines It has replaced systemic inflammatory response 

syndrome i.e SIRS.[5] They are still in use due to their good sensitivity 

and specificity. Comparatively with advancement in science and 

technology, new efforts were made by establishing sequential organ 

failure assessment (SOFA), quick Sequential Organ Failure Assessment 

(qSOFA) scoring. But it’s successful usage to confirm sepsis is still a 

debate and remained a reason for controversy. Therefore, the accuracy of 

sepsis -3 guidelines still ranks superior.[6]  

Many currently available microbiology diagnostic techniques have pros 

and cons. Traditional or conventional microbiology testing is one at the 

same things. They generally include culture, microscopy, antigen 

detection, serology and latest techniques.[7] 

Culture & Sensitivity: The principal means of conventional testing is 

culture followed by biochemical analysis and antimicrobial susceptibility 

testing. In the case of bacteria and fungi, clinical specimens are inoculated 

on a range ofmedia and incubated. Use of selective and differential media 

may allow enhanced identification and suggest a presumptive diagnosis. 

Biochemical testing helps identification of species. Anti-microbial 

susceptibility is than applied to get the spectrum of sensitivity and 

resistant pattern. The positive cultures represent a ‘gold standard’ 

diagnosis. 7 

Direct Microscopy: The microscopic assessment is used for direct clinical 

specimens for rapid detection of bacterial, fungal and protozoal diseases. 

However, further confirmation will definitely be required. 7  

Serological Testing: The serological testing is based on the detection of a 

host humoral response to infection. In some cases, this is very specific 

like western blot for HIV confirmation. But in some cases, cross reactivity 

and nonspecific antibodies results in false positive results.  The antigen 

and antibody techniques are mostly monoclonal antibodies directed 

against specific antigens are used for the diagnosis. Commonly use 

modalities include enzyme linked immunosorbent assay (ELISA) and 

tagged immune-microscopy. They are quite specific and positivity 

indicates a diagnosis. While sensitivity is often low and a negative result 

is frequently clinically unhelpful. 7 Latest Techniques: Next in sequence 

are the latest techniques with good sensitivity and specificity index. The 

molecular identification comes under the heading of latest techniques. 

Therefore, they rank superior to conventional techniques. Common 

examples includes polymerization chain reaction (PCR), Ligase chain 

reaction, Nucleic acid sequence based amplification,  Transcription 

mediated amplification, Branched DNA, Strand displacement 

amplification, Hybridization techniques, Multiplex PCR, Microarrays are 

the advancements in microbiological lab diagnostics. 7  

In this context, recent multiplex PCR-based or array-based multi-

pathogen detection tests, as well as, in certain cases, antibiotic resistance 

gene detection assays, aid in the diagnosis of bacterial infections 

subsequent to or concurrent with SARS-CoV-2 infection in patients with 

COVID-19. [7-8] 

A published report from HonKong revealed that sepsis imparts high 

morbidity and mortality in critical care setting and ranges between 30% – 

80% of all mortalities. However, 30% - 40% of all cases are usually form 

blood stream infections (BSIs). 9 The frequently observed six resistant 

bacteria for such scenario were Escherichia coli, followed by 

Staphylococcus aureus, Klebsiella pneumoniae, Streptococcus 

pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa.  

Analyzing the drug wise incidence of mortality, methicillin-resistant 

Staphylococcus aureus (MRSA), caused 100,000 deaths in the year 2019. 

In the same year next in sequence were 50,000 to 100,000 deaths due to 

multidrug-resistant tuberculosis. This was followed by third-generation 

cephalosporin-resistant Escherichia coli, carbapenem-resistant 

Acinetobacter baumannii, fluoroquinolone-resistant Escherichia coli, 

carbapenem- resistant Klebsiella pneumoniae, and lastly third-generation 

cephalosporin-resistant Klebsiella pneumoniae. 2 

Besides blood septicemia, other common etiologies of sepsis in ICUs 

could be respiratory sepsis, meningococcemia or GIT septicemia due to 

biliary causes or acute cholecystitis.  6 Global censuses for the year 2022, 

revealed that amongst all of the lower respiratory tract infections (LRTIs) 

a sub category i.e ventilator associated pneumonia (VAP), is the leading 

cause of mortality in ICUs. The estimated mortality can be even upto 

70%. 10 Besides FilmArray blood identification panels, diagnostic 

accuracy for FilmArray respiratory, Meningitis/Encephalitis (FA/ME) 

and GIT panel also ranges between 89.5% sensitive and 97.4% specific.  
11 Another study results also reported the same sensitivity of 90% and a 

specificity of 97%, for identifying any microorganism in the CSF. 12 

A published report for the year 2021, by United State (US) Food and Drug 

Administration (FDA) had approved the usage of blood culture 

identification (BCID) panel of BioFire FilmArray. It was labelled as a 

rapid, multiplex polymerase chain reaction for the identification of 

microbial genetics along with AMR genes. Though the proceedings were 

carried out on positive blood cultures, but still it is considered to save the 

processing time. A published study from Honkong, for the year 2021, had 

correlated septic shock with increased mortality in critically ill patients. 

It was clarified that delay in diagnosis and hence delayed management of 

condition are the main contributors for said condition. Hence, rapid 

diagnosis and accurate management are the only things to improve 

patient’s outcome. Upon comparison with the results of conventional 

methods, the rapid provision of accurate results by biofire FilmArray are 

considered to provide an aid for modifying empirical antimicrobial 

therapy in approximately 32% of patients. Simultaneously it is of good 

utility in infection prevention and control practices especially for patients 

with multidrug resistant pathogens. Thus, also contributing one to reduce 

AMR.[9] 

So far, despite a thorough literature search, in the year 2021, only one 

published case series report, from Pakistan was identified. The study 

setting involved Agha Khan University hospital, Karachi. It was carried 

out in monsoon, where five consecutive cases of meningitis presented in 

emergency department. The report highlighted the utility of meningitis/ 

encephalitis syndromic panel of FilmArray for confirming Enteroviral 

(EV) meningitis.  The diagnosis was done by directly analyzing presence 

of Enteroviral RNA in cerebrospinal fluid (CSF). The patients age ranged 

between 18 to 35 years age and did not have any prior co-morbidities. 

Upon confirmation redundant antibiotics were immediately bunged. All 

of them were managed well and discharged for home with no neurologic 

complications.  The evidence was also there in the report, supported by a 

study from California, that incidence of Enteroviral meningitis is more 

comparable with the Enteroviral encephalitis.  The study results came to 

be in line with the available literature that sensitivity of reverse 

transcriptase-PCR (RT-PCR) for confirming EVs in CSF is 100% and 

specificity of 96.2%, when compared with viral cultures.[13] 
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Sepsis in intensive care units (ICUs) imparts a high rate of morbidity and  

mortality amongst all age brackets. The situation is worsened by the 

presence of AMR bugs along with an intensifying threat of multidrug 

resistant (MDR) and extensively drug resistant (XDR) bacteria. Only 

available option to reduce this high incidence is provision of timely and 

accurate anti-microbial, hence to improve patient’s survival. Time 

consuming culture proceedings compels the clinicians to start empirical 

therapy, based upon the available local statistics form antibiogram. 

In view of that various new technologies have been introduced to address 

the issue. Multiplex PCR via FilmArray i.e BioFire, helps in simultaneous 

identification of microbial genetics along with AMR genes. It has many 

identification panels. Amongst them, blood culture identification panel 

(BCID) is notorious for rapid diagnosis of blood stream infections from 

positive blood cultures. The equipment is fully automated, requires 

minimal sample and a rapid turnaround time of about 1 hour approximate. 
[14] 

For the year 2022, Lancet published a systematic review highlighting the 

severity of situation by analyzing Global statistics for the burden of AMR. 

The data was gathered by reviewing statistics of 204 countries and 

estimating deaths and disability-adjusted life-years (DALYs) linked with 

bacterial AMR. The statistical analysis using a predictive statistical 

models showed 4·95 million deaths due to AMR in 2019, especially 1·27 

million deaths from bacterial AMR. This was recognized as top most 

cause of mortalities amongst intensive care settings in hospitals. It was 

further analyzed that AMR in Lower respiratory tract infections (LRTIs), 

ranked amongst top of all infections attributing to mortality in critical care 

settings. 2 

The increasing incidence of AMR has taken a serious concern amongst 

the global health issues.  This is due to its serious outcomes like high 

morbidity rate, high mortality rates, financial burden on the families and 

health care systems. So far despite a thorough search only one Egyptian 

study for the year 2022 was found which had focused the utility of 

filmarray in pediatric population. In the study, three filmarray syndromic 

panels were used i.e   pneumonia, blood and meningitis/encephalitis. The 

aim of study was to assess the performance of point-of-care multiplex 

PCR in diagnosis of pathogens and their antibiotic resistance genes in in 

a pediatric intensive care unit (PICU). The results strongly supported its 

utility in confirming the rapid diagnosis. It was estimated that turnaround 

time (TAT) of FilmArray panels was 1–1.5 hrs, which was found to be 

much less than in standard-of-care microbiology i.e 48–72 hrs. Moreover, 

identification of resistant genes favored the initiation of accurate 

management, hence improved patients’ outcomes were observed.[15] The 

study results were further strengthened by another study of Switzerland 

in 2017, supporting substantial decline of AMR in ICU settings due to 

accurate diagnosis and hence management [16] 

Multiplex PCR via FilmArray will be considered as gold standard and its 

comparative analysis in terms of its diagnostic accuracy will be identified 

by calculating sensitivity and specificity. The biofire respiratory panels 

helps to identify 21 targets. Viruses includes Adenovirus Coronavirus 

229E Coronavirus HKU1 Coronavirus NL63 Coronavirus OC43 Human 

Metapneumovirus Human Rhinovirus/Enterovirus Influenza an Influenza 

A/H1 Influenza A/H1-2009 Influenza A/H3 Influenza B Parainfluenza 

Virus 1 Parainfluenza Virus 2 Parainfluenza Virus 3 Parainfluenza Virus 

4 Respiratory Syncytial Virus. Bacteria icnludes Bordetella 

parapertussis* Bordetella pertussis Chlamydia (Chlamydophila) 

pneumoniae Mycoplasma pneumonia. [17-18] 

The pneumonia panel helps to identify 33 targets. Bacteria includes Semi-

Quantitative Bacteria Acinetobacter calcoaceticusbaumannii complex 

Enterobacter cloacae complex Escherichia coli Haemophilus influenzae 

Klebsiella aerogenes Klebsiella oxytoca Klebsiella pneumoniae group 

Moraxella catarrhalis Proteus spp. Pseudomonas aeruginosa Serratia 

marcescens Staphylococcus aureus Streptococcus agalactiae 

Streptococcus pneumoniae Streptococcus pyogenes. Atypical Bacteria 

includes Qualitative Bacteria Chlamydia pneumoniae Legionella 

pneumophila Mycoplasma pneumonia. List of Viruses include, 

Adenovirus Coronavirus Human Metapneumovirus Human 

Rhinovirus/Enterovirus Influenza An Influenza B Parainfluenza Virus 

Respiratory Syncytial Virus. The AMR genes includes, Methicillin 

Resistance mec A/C and MREJ, Carbapenemases i.e imipenam (IMP), 

Klebsiella pneumonia carbapenemases (KPC), new Deli metallo-

betalactamases (NDM), oxacillinases (OXA-48), Verona integron-

encoded metallo-β-lactamase (VIM), Extended spectrum beta lactamase 

(ESBL), and cefotaxime (CTX-M). 17,18 

The meningitis/ encephalitis panel helps to identify 14 targets. Bacteria 

includes Escherichia coli K1 Haemophilus influenzae Listeria 

monocytogenes Neisseria meningitidis Streptococcus agalactiae 

Streptococcus pneumonia. List of Viruses includes Cytomegalovirus 

(CMV) Enterovirus Herpes Simplex Virus 1 (HSV-1) Herpes Simplex 

Virus 2 (HSV-2) Human Herpesvirus 6 (HHV-6) Human Parechovirus 

Varicella Zoster Virus (VZV).  Yeast include Cryptococcus 

neoformans/gattii. 17 

The biofire blood panel helps to identify 27 targets. Gram-Positive 

Bacteria i.e Enterococcus Listeria monocytogenes Staphylococcus 

Staphylococcus aureus Streptococcus Streptococcus agalactiae 

Streptococcus pneumoniae Streptococcus pyogenes. Gram-Negative 

Bacteria i.e Acinetobacter baumannii Enterobacteriaceae Enterobacter 

cloacae complex Escherichia coli Klebsiella oxytoca Klebsiella 

pneumoniae Proteus Serratia marcescens Haemophilus influenzae 

Neisseria meningitidis Pseudomonas aeruginosa Sample Type: Positive 

Blood Culture FDA-cleared and CE-marked. Yeast i.e Candida albicans 

Candida glabrata Candida krusei Candida parapsilosis Candida tropicalis. 

The AMR genes includes mecA – methicillin resistance KPC – 

carbapenem resistance vanA/B – vancomycin resistance. 17 

The biofire GIT panel helps to identify 22 targets. Bacteria i.e 

Campylobacter (jejuni, coli, and upsaliensis) Clostridium difficile (toxin 

A/B) Plesiomonas shigelloides Salmonella Vibrio (parahaemolyticus, 

vulnificus, and cholerae) Vibrio cholerae Yersinia enterocolitica 

Diarrheagenic E.coli/Shigella: Enteroaggregative E.coli (EAEC) 

Enteropathogenic E.coli (EPEC) Enterotoxigenic E.coli (ETEC) lt/st 

Shiga-like toxin-producing E.coli (STEC) stx1/stx2 E.coli O157 

Shigella/Enteroinvasive E.coli (EIEC). Viruses i.e Adenovirus F40/41 

Astrovirus Norovirus GI/GII Rotavirus A Sapovirus (I, II, IV, and V) and 

Parasites i.e Cryptosporidium Cyclospora cayetanensis Entamoeba 

histolytica Giardia lamblia. 17 

The available literature supports that conventional techniques used to 

have delayed turnaround time, which prevents early treatment 

optimization. 

Therefore, on same time breakthrough in microbiological diagnostics i.e 

multiplex PCR via biofire filmarray holds a promising approach for 

reducing time from pathogen identification to its resistant markers. 

Therefore, the objectives of current review article were to identify 

evidence regarding opting multiplex PCR via biofire filmarray for rapid 

and accurate genetic level identification of AMR cases. The second 

objective is focused on its simultaneous comparison with conventional 

diagnostic techniques.  

Conclusion 

Multiplex PCR via biofire filmarray holds a great utility to accurately 

diagnose and manage the cases of AMR. Thus, timely and accurate 

management can reduce the morbidity and mortality rates in such cases.  
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Recommendations: 

1. The results of current review article had provided a road map to 

carry out researches at National & International level to identify 

the utility and significance of multiplex PCR using a biofire film 

array.  

2. Literature review has provided the evidence that biofire filmarray 

should be used as an accurate, rapid and cost effective 

microbiological diagnostic options to combat AMR. 

3. The wide variety of microbial etiology and their management 

options, helps in identification for statistics of rare diseases. Thus, 

it’s incorporation in microbiological diagnostics will be helpful 

for infection prevention and control strategies.  

4. Provision of Evidence for allocation of increased funds by 

government to improve microbiological laboratory services in our 

country to combat AMR.  
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