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Abstract
Polymerase Chain Reaction (PCR) is a cornerstone molecular diagnostic technique
in clinical laboratories due to its high sensitivity and specificity. However, 
implementing PCR in routine laboratory practice faces several challenges, 
including contamination risk, sample quality and storage issues, reagent and 
equipment variability, and human error. This article reviews the major challenges 
encountered in clinical PCR applications and discusses strategies to minimize 
errors to ensure accurate and reliable diagnostic outcomes.
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Аннотация 
Полимеразная цепная реакция (ПЦР) является ключевым методом 
молекулярной диагностики в клинических лабораториях благодаря высокой 
чувствительности и специфичности. Однако внедрение ПЦР в повседневную 
лабораторную практику сталкивается с рядом проблем, включая риск 
контаминации, качество и хранение образцов, вариабельность реагентов и 
оборудования, а также человеческий фактор. В статье рассматриваются 
основные трудности, возникающие при применении ПЦР в клинических 
условиях, а также предлагаются стратегии их минимизации для обеспечения 
точности и надежности диагностики.
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Introduction

Polymerase Chain Reaction (PCR) has  become one of  the most  transformative
molecular techniques in modern clinical diagnostics. Its ability to amplify minute
quantities of nucleic acids allows clinicians to detect pathogens, genetic mutations,
and  other  clinically  relevant  sequences  with  unparalleled  sensitivity  and
specificity.  PCR has proven essential  in diagnosing infectious diseases,  genetic
disorders, oncologic markers, and emerging pathogens, such as SARS-CoV-2. Its
rapid  turnaround  time  compared  to  traditional  culture  methods  makes  PCR
indispensable in acute care and epidemic monitoring.

Despite its widespread adoption, PCR implementation in clinical laboratories faces
numerous challenges. The high sensitivity that makes PCR valuable also increases
the risk of contamination, leading to false-positive results. Other factors, including
sample quality, reagent variability, equipment performance, and human error, may
compromise  diagnostic  accuracy.  For  example,  improper  sample  collection,
prolonged storage, or transport outside the recommended temperature range can
degrade  nucleic  acids,  reducing  the  likelihood  of  accurate  amplification.
Furthermore, laboratory personnel require extensive training to correctly handle
PCR reactions, manage contamination risks, and interpret results reliably.

This article aims to provide a comprehensive review of the main challenges in
clinical  PCR  implementation.  It  examines  technical,  operational,  and  human-
related factors and presents strategies for minimizing errors to ensure reliable and
reproducible diagnostic outcomes. Understanding these challenges is crucial for
laboratories seeking to maintain high-quality standards in molecular diagnostics.

Materials and Methods

This review is  based on a  systematic  evaluation of  peer-reviewed publications,
clinical  laboratory  guidelines,  and  quality  control  standards  relating  to  PCR
diagnostics. Sources were identified through PubMed, ScienceDirect, StatPearls,
and  PMC  databases  using  keywords  such  as  “PCR  diagnostics,”  “clinical
laboratory errors,” “PCR contamination,” and “quality control in PCR.”

Key data points extracted from the literature included:

 Pre-analytical errors (sample collection, handling, and storage)
 Analytical  errors  (PCR  amplification,  primer  specificity,  thermal  cycling

consistency)
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 Post-analytical errors (result interpretation, reporting accuracy)
 Laboratory quality assurance and standard operating procedures

The analysis also incorporated case reports and observational studies documenting
the impact of these challenges on diagnostic reliability. The review emphasizes the
importance  of  systematic  approaches  to  contamination  control,  staff  training,
equipment maintenance, and reagent validation.

Results

Analysis  of  the  literature  and  laboratory  reports  highlights  several  primary
challenges associated with clinical PCR implementation:

1. Sample  Collection  and  Handling
Improper sample collection remains a leading source of  error.  Biological
specimens may contain  inhibitors  such as  hemoglobin  or  heparin,  which
interfere with PCR amplification. Inadequate storage conditions or delayed
processing can lead to nucleic acid degradation. For instance, viral RNA is
particularly  labile  and  may  degrade  within  hours  if  not  stored  at
recommended  temperatures,  reducing  assay  sensitivity  and  potentially
yielding false-negative results.

2. Contamination  Leading  to  False  Positives
The high amplification capacity of PCR makes it extremely susceptible to
contamination. Trace amounts of DNA or RNA from previous experiments,
aerosols, or surfaces can produce false-positive results. Common sources of
contamination include pipettes, reagents, workbenches, and even laboratory
personnel.  This  challenge  is  especially  critical  in  high-throughput
laboratories where multiple PCR reactions are processed simultaneously.

3. Primer  and  Probe  Design  Issues
Suboptimal primer design can reduce PCR specificity. Non-specific binding,
secondary  structures,  or  primer-dimer  formation  may  interfere  with
amplification efficiency. These issues can result in ambiguous or inaccurate
results,  particularly  when  testing  for  low-abundance  targets.  Regular
validation  of  primers  and  probes  is  essential  to  ensure  specificity  and
reliability.

4. Reagents  and  Equipment  Variability
Differences in reagent quality, thermal cycler calibration, and batch-to-batch
variability  can  impact  PCR  efficiency  and  reproducibility.  For  example,
outdated or improperly stored reagents may yield inconsistent amplification.
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Similarly, thermal cyclers with uneven heating or malfunctioning blocks can
produce  variable  results  across  wells  or  runs,  compromising  diagnostic
confidence.

5. Human  and  Operational  Factors
Laboratory personnel play a critical role in ensuring accurate PCR results.
Errors in pipetting, failure to follow aseptic technique, or deviations from
standard operating procedures can lead to false positives, false negatives, or
inconsistent  results.  Continuous  training,  competency  assessments,  and
adherence  to  laboratory  protocols  are  vital  to  minimize  human-induced
errors.

Discussion

PCR  diagnostics  provide  extraordinary  sensitivity  and  specificity  but  require
meticulous  laboratory  practices  to  maintain  reliability.  Contamination  control
remains  the  most  significant  concern  in  clinical  laboratories.  Even  a  single
molecule of contaminating nucleic acid can produce a misleading result. Effective
strategies  include  the  physical  separation  of  pre-  and  post-amplification  areas,
unidirectional workflow, and routine decontamination of equipment and surfaces.

Quality  assurance and validation are  crucial  for  both reagents  and instruments.
Regular  calibration  of  thermal  cyclers,  validation  of  new  reagent  lots,  and
participation  in  external  quality  assessment  programs  can  significantly  reduce
analytical  variability.  Primer  and  probe  optimization  also  contributes  to  assay
specificity, reducing the likelihood of non-specific amplification.

Human  factors  must  not  be  underestimated.  Continuous  training  in  molecular
techniques,  awareness of  contamination risks,  and strict  adherence to SOPs are
essential components of a robust PCR program. Some laboratories are adopting
automated PCR platforms and closed-system assays to minimize manual handling,
thereby reducing human error and contamination risk.

By addressing these technical, operational, and human-related factors collectively,
laboratories  can  achieve  highly  reliable  PCR results.  Reliable  PCR diagnostics
enhance  clinical  decision-making,  allow  timely  treatment  interventions,  and
contribute to improved patient outcomes.

Conclusion
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PCR  remains  an  indispensable  tool  in  modern  clinical  diagnostics,  offering
unmatched sensitivity and rapid results. However, its implementation in clinical
laboratories is challenged by contamination risks, sample handling issues, reagent
and equipment variability, and human factors.

Mitigating these challenges requires a multifaceted approach, including:

 Strict laboratory design with separated work zones
 Comprehensive quality assurance programs for reagents and instruments
 Regular staff training and competency assessments
 Optimized assay design and validation
 Adoption of automated systems where possible

By  applying  these  measures,  clinical  laboratories  can  maximize  the  accuracy,
reproducibility,  and  clinical  utility  of  PCR  diagnostics,  ultimately  improving
patient care and supporting public health initiatives.
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