
Infectious diseases remain a major cause of morbidity 
and mortality worldwide, particularly in low- and 
middle-income countries where health systems are 
frequently challenged by emerging and re-emerging 
pathogens1. The COVID-19 pandemic, outbreaks of 
Ebola and Nipah viruses, antimicrobial-resistant 
bacterial infections, and recurrent epidemics of dengue 
and cholera have collectively underscored a critical 
lesson and effective infectious disease surveillance is 
indispensable for global health security2. At the core of 
this surveillance system lies microbiology, a discipline 
that provides the scientific foundation for detecting, 
characterizing, and monitoring infectious agents.
Infectious disease surveillance is defined as the 
systematic collection, analysis, interpretation, and 
dissemination of health data for the planning, 
implementation, and evaluation of public health 
practice3. While clinical and epidemiological data offer 
valuable insights into disease patterns, they are often 
insufficient without microbiological confirmation. 
Microbiology laboratories transform syndromic signals 
into etiological diagnoses, enabling public health 
authorities to distinguish between clinically similar 
diseases, identify outbreaks at an early stage, and 
implement targeted control measures4.
One of the most fundamental contributions of 
microbiology to surveillance is pathogen detection and 
identification. Conventional methods such as 
microscopy, culture, and biochemical testing continue 
to play a vital role, especially in resource-limited 
settings5. Culture-based techniques not only confirm 
the presence of a pathogen but also allow for 
antimicrobial susceptibility testing, which is essential 
for guiding clinical therapy and monitoring resistance 

trends6. In surveillance programs for diseases such as 
tuberculosis, typhoid fever, and bacterial meningitis, 
culture remains the gold standard for diagnosis and 
epidemiological tracking.
Advances in molecular microbiology have 
revolutionized infectious disease surveillance by 
enhancing sensitivity, specificity, and timeliness. 
Polymerase chain reaction (PCR)-based assays and 
other nucleic acid amplification tests enable rapid 
detection of pathogens directly from clinical 
specimens, often before culture results are available7. 
These tools are particularly valuable during outbreaks, 
where early identification can significantly reduce 
transmission. The use of real-time PCR during the 
COVID-19 pandemic exemplified how molecular 
diagnostics can be integrated into national and global 
surveillance systems to inform public health responses 
in near real time.
Beyond detection, microbiology plays a critical role in 
pathogen characterization. Serotyping, genotyping, and 
whole-genome sequencing (WGS) provide detailed 
information about circulating strains, transmission 
dynamics, and evolutionary patterns4. Genomic 
surveillance has become an indispensable component 
of modern public health, allowing the identification of 
new variants, tracking of cross-border spread, and 
differentiation between outbreak-related and sporadic 
cases. WGS has been instrumental in tracking 
multidrug-resistant organisms, identifying 
hospital-associated outbreaks, and monitoring 
vaccine-preventable diseases such as measles and 
pneumococcal infections6.
Antimicrobial resistance (AMR) surveillance 
represents another domain where microbiology is 
central. The global rise of AMR threatens to undermine 
decades of progress in infectious disease control. 
Surveillance systems rely heavily on microbiology 
laboratories to generate reliable susceptibility data, 
which inform treatment guidelines, stewardship 
programs, and policy decisions3. Without robust 

microbiological input, AMR surveillance would be 
reduced to speculation rather than evidence-based 
action. Strengthening laboratory capacity is therefore a 
cornerstone of national and global action plans against 
AMR.
Microbiology also bridges the gap between human, 
animal, and environmental health, aligning closely with 
the One Health approach. Zoonotic pathogens such as 
influenza viruses, coronaviruses, and Salmonella 
species circulate at the human-animal-environment 
interface. Integrated surveillance that incorporates 
veterinary and environmental microbiology enhances 
early warning systems and improves preparedness for 
future pandemics3. Environmental microbiological 
surveillance, including wastewater monitoring, has 
recently gained prominence as a complementary tool 
for detecting community-level transmission of 
pathogens such as SARS-CoV-2 and poliovirus5.
Despite its critical importance, microbiology-based 
surveillance faces several challenges. In many 
low-resource settings, laboratory infrastructure is 
inadequate, skilled personnel are limited, and quality 
assurance systems are weak3. Fragmentation between 
clinical laboratories and public health surveillance units 
further hampers data sharing and timely response. 
Addressing these gaps requires sustained investment in 
laboratory capacity building, workforce training, 
standardization of methods, and integration of 
laboratory data into national surveillance platforms2.
In conclusion, microbiology is not merely a supportive 

discipline but a central pillar of infectious disease 
surveillance. From pathogen detection and 
characterization to antimicrobial resistance monitoring 
and genomic epidemiology, microbiology provides the 
evidence base upon which effective public health action 
depends. Strengthening microbiological surveillance 
systems, particularly in vulnerable regions, is essential 
for early outbreak detection, informed decision- 
making, and global health security. As infectious threats 
continue to evolve, the integration of advanced 
microbiological tools into comprehensive surveillance 
frameworks will determine our collective ability to 
prevent, detect, and respond to the infectious diseases 
of the future.
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