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Abstract
As per the present trend, earth may experience severe hike in temperature 
by 2040. Therefore, global surveillance is required to combat against 
the upcoming climatic extremities. Emerging and re-emerging infectious 
diseases are part of the key pressing issues which can affect millions of 
people worldwide. Wastewater associated metagenomic data representing 
the wastewater samples collected from sewer networks in Newcastle (United 
Kingdom); Zimbabwe (Africa) and West Bengal (India), available in public 
databases were collected. It was observed that of the top 10 abundant 
genera, the prevalent genera in samples from United Kingdom, Africa, 
India were Desulfitobacterium, Prevotella, Sulfurospirillum respectively. By 
comparing all the three samples under study; it was observed that three 
microbial genera Bacteroides, Dechloromonas and Faecalibacterium were 
common throughout the samples. Metagenome-wide association studies 
were conducted to link microbes in the sample to the host disorders. Our 
study could predict overexpression of several enriched pathways like 
Vancomycin resistance, Platinum drug resistance across the samples. These 
findings prove efficacies of the community genomics approach to serve as 
a public health monitoring tool through detection of spatial variation as well 
as degree of commonness in wastewater bacterial profiles and also through 
the prediction of the pathogenic quantum of wastewater systems.
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Introduction
A long-term alteration in the Earth's climate 
system, manifesting as novel weather patterns, 

has been linked to the concurrent development 
of contemporary civilization, particularly the 
processes of urbanization and industrialization.1 
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For example, anthropogenic greenhouse gas 
emissions have triggered post-industrial climate 
warming, resulting in each of the preceding few 
decades being the warmest on record. If the current 
trends continue, by 2040, Earth may confront a 
global temperature surge of about 1.5 °C.2  With 
the rising temperature, environmental; ecological 
and economic consequences of climatic shifts have 
been have found to be reflected in multiple domains. 
Glacier shrinkage, global increase in Earth's average 
surface temperature, greater precipitation, higher 
concentrations of greenhouse gases in ocean 
systems are few of them.13

Moreover, incidence of various infectious diseases 
together with the evolution and spread of multi-drug 
resistant pathogens through wastewater network, 
appear as the two most vulnerable aspects of the 
ongoing climate crisis. The advent of Antimicrobial 
Resistance (AMR) in environmental microbial 
members is not novel. Microbial communities 
exhibit a well-documented potential to synthesize a 
diverse array of metabolites structurally analogous 
to the established antibiotics employed in human 
healthcare. However, the recent surge in synthetic 
antibiotics in medicine has fundamentally changed 
the landscape for how resistance mechanisms 
evolve in microbes. This transformation is mainly 
attributed to the substantial selection pressures 
imposed, particularly on the microbial communities 
of humans and domestic livestock, as well as in the 
ecological niches that are heavily contaminated with 
antibiotics. The aforementioned selective pressures 
have demonstrably facilitated the promoted the 
transfer and spread of a diverse array of antibiotic 
resistance genes (ARGs) across varied bacterial 
taxa including the pathogenic ones.14

Exacerbating the issue of antibiotic overuse, 
inadequately managed wastewater infrastructure 
followed by the overflow of community sewage and 
agricultural effluent contribute to the proliferation of 
multi-drug resistant microbial members. These are 
the two promising routes through which flooding 
facilitates dissemination of multidrug resistant 
pathogenic microbes into the environment. An 
investigation by Liu et al. (2017) identified a 
statistically significant correlation between flood 
intensity and shigellosis incidence in Baise, China. 
Their study, encompassing the period 2004-2012, 
demonstrated that both moderate and severe 

flood events acted to exacerbate the comparative 
risk of shigellosis. In addition to this previous 
disease disaster there is a report which is much 
more concerning- as per IPCC report.5,6 global 
temperature hike of 20 C can increase the frequency 
of natural calamities like drought, flooding, extreme 
precipitation, storms etc, reducing the accessibility of 
safe food and drinking water. Beyond floods, water 
scarcity induced by drought presents a significant 
risk factor. In due course of limited water availability, 
communities are forced to share resources, 
inevitably compromising sanitation practices which 
in turn creates an environment conducive to the 
spread of various waterborne illnesses. The upsurge 
of dysentery caused by the broad spectrum multi-
resistant E. coli in Africa serves as a stark illustration 
of the detrimental consequences associated with 
inadequate sanitation practices.7 On the other hand, 
research suggests a potential link between rising 
ambient temperatures and increased antibiotic 
resistance in prevalent nosocomial infections. A study 
documented a corresponding elevation in resistance 
among specific pathogens viz. Escherichia coli, 
Klebsiella pneumoniae, and Staphylococcus aureus 
by 4.2%, 2.2%, and 2.7% respectively, following a 
ten-degree Celsius temperature increase across 
the United States.8 Moreover, according to a 
recent study, spread of several Gram-negative 
bacterial infections is directly linked to humidity, 
temperature and monthly precipitation.9 Fluctuations 
in environmental conditions can even act as a 
catalyst for the emergence of novel transposable 
genetic determinants attributed to resistance 
mechanism. Notably, research has shown a 
significant influence of local ambient temperature 
on the lateral transfer of resistance genes like 
the New Delhi metallo-β-lactamase 1 (NDM-1) 
and OXA-48-like carbapenemases.10 Similarly, 
Sweileh, 2020 have studied that the prevalence of 
few gastrointestinal as well as respiratory infections 
caused by Shigella sp., and Campylobacter sp. 
varies with variation in seasonal temperature and 
precipitation.1

Influence of Climate Change in Wastewater 
Network
The evolving climatic regime presents significant 
challenges to the operational efficiency and 
resilience of wastewater networks which is quite 
evident and may be noted in following few domains-
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• Changing climatic circumstances alter the 
quantity and quality of water that is available 
throughout time and place. This has an 
impact on how people use water, which in 
turn affects sanitation and contributes to the 
spread of infectious illnesses.1

• Combined Sewage Overflow that is the 
uncontrolled sewage discharge and spills 
induced by heavy rainfall facilitates increased 
influx of microbial pathogens including 
the nosocomial ones into the receiving 
environment presenting a higher risk of 
infection such as faecal-oral disorders, 
vector-borne illnesses, toxicity, cirrhosis, 
dermatitis, etc. Rapid entrance of antimicrobial 
resistance determinants into the food chain 
through wastewater contaminated community 
drinking water is also a concerning matter.11

• Being the repository for majority of the 
pathogenic microbial members, vulnerability 
of wastewater systems to the climatic 
variation can put public health at stake. 
Antibiotic resistant bacteria (ARB) are 
widely spreading in the ecosystem through 
contaminated wastewater, which is a prelude 
to the resistome cycle. According to estimates, 
polluted drinking water is responsible for 
about 4,85,000 global annual deaths from 
diarrhoea.12

• Changes in climate also requires adaptation, 
in terms of how wastewater is managed. 
Better understanding of influences of climate 
change is a mandate in this domain for 
wastewater sector decision-makers to feel 
more confident when creating policies and 
engaging in adaptive planning.

The last domain needs a periodic monitoring of 
wastewater samples accumulating community 

sludges which in turn can put a light on the 
distribution and abundance of microbial members in 
the wastewater environment. This in turn can aid in 
foretelling the disease threat and unveiling the trend 
of antibiotic resistance in the community.

Community Genomics in large-Scale Monitoring 
Wastewater Monitoring
Metagenomic mapping of the wastewater samples 
followed by downstream meta-analysis have been 
proved to effectively aid this large-scale monitoring 
of the community sewer network. Taking the 
effectiveness of wastewater-based epidemiology 
into consideration, this study focusses in complete 
profiling of wastewater bacteria and prediction 
of pathogenic load through culture-independent 
Metagenomic Mapping of wastewater samples 
collected from various sewer networks in Newcastle 
(United Kingdom); Zimbabwe (Africa) and West 
Bengal (India). Detection of spatial variation as well 
as degree of commonness in wastewater bacterial 
profile across the three samples collected from 
the three above mentioned countries is another 
area that has been studied. This approach is 
mandatory to assess pathogenic load, predicting 
upcoming disease outbreaks and to raise community 
awareness of sanitation measures in response.

Materials and Methods 
Data Description
Three distinct wastewater metagenomic data 
were collected form Sequence Read Archive 
(SRA) available at NCBI database. Accession 
numbers of the samples under study includes- 
SRA: ERS946133, SRA: ERS613823 and SRA: 
SRS4735877. Information regarding each of the 
three metagenomics datasets has been presented 
in a tabular format in Table 1.

Table 1: Chosen metagenomic datasets corresponding to different 
wastewater samples collected from NCBI SRA

Sample SRA Details Date of Region of isolation Wastewater Type
Nomenclature  submission

Sample 1 ERS946133 27/10/2018 Newcastle University,  Wastewater from 
   United Kingdom. sewer network
Sample 2 ERS613823 29/04/2015 Zimbabwe, Africa Beer plant wastewater sample
Sample 3 SRS4735877 08/10/2018 West Bengal, India Sludge from urban sewage
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Rationale for Data Point Selection
Metagenomic datasets generated through Illumina 
platform-based amplicon sequencing of three distinct 
wastewater samples having three distinct regions of 
isolation were retrieved from NCBI database. 

• Sample 1 represented the wastewater 
collected from a sewer network of Newcastle 
University, United Kingdom. The wastewater 
management status in the United Kingdom 
is generally considered to be robust and 
well-regulated. The country has invested 
significantly in wastewater treatment 
infrastructure over the years, resulting 
in high standards of water quality and 
environmental protection. While substantial 
hurdles including deteriorating infrastructure, 
burgeoning demographics, and the imprudent 
use of antibiotics in livestock production 
resulting in a high incidence of drug-resistant 
microbial infections affecting an estimated 
60% of the population, considerably 
challenges the wastewater management 
cycle of the country. Furthermore, the 
United Kingdom leads in investigating 
emerging pollutants found in wastewater, 
such as pharmaceuticals, personal care 
products, and microplastics.13 Therefore, 
evaluating wastewater health within this 
specific framework can offer valuable insights 
into the potential environmental and public 
health implications, even in well-managed 
wastewater systems.

• Sample 2 was the Beer plant wastewater 
sample collected from Zimbabwe, Africa. 
Approximately 63% of this landlocked 
country situated in Southern Africa grapples 
with insufficient rainfall, resulting in water 
scarcity. Consequently, the government is 
compelled to resort to wastewater reuse 
and recycling for purposes such as irrigation, 
industrial use, and other non-potable needs. 
Furthermore, economic constraints hinder 
investment in conventional wastewater 
treatment infrastructure within the country.14 
Therefore, gaining insights into the state of 
wastewater health in the country can serve 
as a valuable tool safeguarding public health 
and monitoring environmental well-being.

• Sample 3 represented sewage sludge, 

collected from urban sewage of West 
Bengal, India. As the fourth most populous 
state in the nation, this state showcases 
significant diversity in demographics and 
climate, leading to a substantial burden 
of infectious diseases. The availability of 
over-the-counter antimicrobials, misuse of 
newer antibiotic classes, and inadequate 
wastewater management infrastructure 
further compound the challenges within the 
water management system of the state.15 
Given the need to understand how microbial 
load and antibiotic resistance patterns vary 
across geographically diverse locations, West 
Bengal have emerged as a crucial site for 
data collection.

Metaanalysis of Metagenomic Data
Followed by quality checking, computational analysis 
of the raw metagenomic data was performed using 
various web servers and web tools. 

• Taxon calling and OTU clustering of the 
quality checked sequence reads, obtained 
from the amplicon sequencing was used for 
thorough profiling of microbial population 
using MetaG server, that imparts taxonomic 
attributes to individual reads.16

• In next step, a suitable interactive tool- Venny 
2.1.0 was used to identify a collection of 
common and unique genera throughout the 
test samples.17

• Following identification, metagenome-
wide association studies were conducted 
to link microbes in the sample to the host 
disorders in order to predict pathogenic load 
in the community and to understand disease 
networks of microbial members using Taxon 
Set Enrichment Analysis (TSEA).18

• In the next step, 16S microbiome data was 
then leveraged to predict the core enriched 
metabolic functions within the microbial 
community. Additionally, function-driven 
correlation networks were constructed to 
elucidate the interaction patterns between 
these microbes. Global Mapper Module was 
utilised to examine the functional attributes 
of the microbial consortium, focusing on the 
presence of various metabolic pathways.19
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The overall methodology of the particular study 
had been summarised and represented in form of a 
Conceptual Framework labelled as Figure 1.

Results
Computational analysis of metagenomic data 
revealed that alpha diversity in the wastewater 
samples collected from United Kingdom (Sample 1); 
Africa (Sample 2) and India (Sample 3) was 39, 52 and 
124 respectively. Amidst them, Desulfitobacterium, 
Prevotella and Sulfurospirillum were prevalent 
(23%, 34% and 40% respectively) in sample 1, 
2 and 3 respectively. Whereas Enhydrobacter, 
Renibacterium and Burkholderia were respectively 
found to have lowest abundances in the 3 samples. 
Few members of the human gut microbiome, including 

Prevotella and Bacteroides, were ubiquitously found 
in wastewater samples from Africa and India along 
with the additional prevalence of Pseudomonas 
and Burkholderia, known for their association with 
hospital-acquired infections. Interestingly, bacterial 
genera like Desulfitobacterium, Sulfurospirillum, 
and Desulfovibrio, posing a substantial role in the 
sulfur cycle and anaerobic metabolism across 
various environments, were consistently present 
in all the samples analysed (Figure 2A; 2B; 2C). 
Comparison of wastewater bacterial profile revealed 
that sample 1, sample 2 and sample 3 respectively 
contained 10.4%, 11% and 56.1% of unique bacterial 
genera while only 3 bacterial genera- Bacteroides, 
Dechloromonas and Faecalibacterium were 
common throughout them (Figure 2D).

Fig. 1: Conceptual Framework of the study

Fig. 2: Bacterial Profile of Wastewater Samples Under Study- A. United Kingdom (Sample 1); B. 
Africa (Sample 2); C. India (Sample 3) D. Comparative account of unique and common bacterial 

genera in the three samples
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Wastewater analysis in Africa and India exhibited 
a greater abundance of Bacteroides compared 
to United Kingdome. This trend could potentially 
be attributed to the moderate temperature range 
(35-37°C) prevalent in these South Asian nations, 
which aligns with optimal growth conditions for 
this bacterial genus. Whereas, Dechloromonas 
showed predominance in the sludge from India 

followed by in United Kingdom. The abundance 
of Faecalibacterium exhibited minimal variation 
across the three samples, with a modest enrichment 
observed in the African sample. This observed 
pattern may be attributable to the mesophilic 
temperature range shared by all three countries, 
which coincides with the optimal growth conditions 
documented for this bacterial genus (Figure 3).

Fig. 3: Abundance of three ubiquitous bacterial genera across the samples

Fig. 4: Predicted Disease Network from the common bacterial genera across the three samples

Detection of pathogenic load within common 
bacterial genera through taxon set analysis suggests 

an increased likelihood of multiple illnesses occurring 
within the network depicted in Figure 3. Liver 
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cirrhosis, irritable bowel syndrome, ulcerative colitis, 
Diarrhoea were some of the noticeable disorders 
associated with ill managed wastewater. Health 
complications like Type 1 Diabetes, Colorectal 
cancer was among the secondary infections that 
may arise (Figure 4)

Figure 5A and 5B depicts pathogenic load of 
unique bacterial genera present in sample 1 and 
sample 2 respectively. Flavobacterium in sample 
1 had been predicted to cause Ulcerative Colitis 

whereas Clostridium in sample 2 was found to 
be associated to Hepatitis B only. In contrast to 
these, bacterial genera in sample 3 showed high 
pathogenic load and disease association potency, 
as evidenced by the diseases like Liver Cirrhosis, 
Colitis, Hepatitis B, Bacterial Vaginosis, periodontitis 
in the disease network shown in figure 5C. 
Noticeable pathogenic bacterial genera associated 
to these disorders were found to be Prevotella, 
Clostridium, Pseudomonas, Escherichia, Klebsiella, 
Streptococcus and Acinetobacter. 

Fig. 5: Predicted Disease Network from the unique bacterial genera present in the wastewater 
samples under study- A. United Kingdom (Unique Sample 1); B. Africa (Unique Sample 2); C. 

India (Unique Sample 3)

Core pathway analysis of the microbial community 
revealed predominance of few important resistance 
pathways like - Vancomycin resistance pathway, 
Platinum drug resistance pathway in sample 1. 
Whereas sample 2 expressed none of these 
resistance pathways. Similar trend was observed 
in case of nitrogen, methane and sulfur metabolism 
pathways as well as even in case of lysin, tyrosine, 
tryptophan biosynthesis pathway. In contrast, multiple 
sugar and nucleotide metabolic pathways showed 
higher expression in sample 2 and intermediate to no 
expression in sample 1. Wastewater metagenome 

from sample 3 was found to show intermediate 
expression of vancomycin, drug resistance pathway 
as well as various sugar metabolism pathways. But 
interestingly prokaryotic specific carbon fixation 
pathway was predominant only in sample 3 followed 
by little and no expression in sample 1 and sample 
2 respectively. (Figure 6). Wastewater microbial 
network analysis of common bacterial genera across 
the three samples revealed Dechloromonas has 
unidirectional relationship with Bacteroides and 
Faecalibacterium which is represented through the 
red line (Figure 7).
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Discussion
Climate change has cemented its status as an 
unavoidable occurrence in the recent years, and it 

is predicted to continue to intensify the frequency, 
severity, and effects of several types of extreme 
weather occurrences in the years ahead. On the 

Fig. 6: Enriched Metabolic Pathways in the Samples under Study

Fig. 7: Network of interactions between common microbial genera 
in the wastewater samples under study
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other hand, anthropogenic release of multiple 
greenhouse gases has caused global average 
temperature to elevate since the middle of the 19th 
century. The observed phenomenon of gradual 
climate warming has been demonstrably associated 
with the re-emergence and intensified geographic 
spread of a diverse range of infectious diseases. 
This association can be attributed to the dependence 
of these vector-borne, waterborne, airborne, and 
foodborne pathogens on environmental factors for 
their viability and transmission cycles. The escalating 
incidence of contagious diseases compels a reliance 
on increased antimicrobial treatment regimens. 
However, this very practice inadvertently fuels the 
emergence of antibiotic resistance. The widespread 
use of antibiotics followed by their discharge, often 
untreated, into the environment fosters the creation 
of reservoirs harbouring antibiotic-resistant bacteria. 
Moreover, increase in sea level as well as in surface 
temperature have also been found to induce growth 
of Vibrio cholerae, Vibrio vulnificus in Baltic Sea and 
North Sea during the hot summer of 2006. Thus, 
the escalating phenomenon of climate change can 
be demonstrably linked to the emergence of AMR 
which itself constitutes a critical and existential 
threat to global public health, necessitating the 
implementation of coordinated international efforts 
to mitigate this growing challenge.20 Temperature 
and pH, among other environmental parameters, 
significantly influence the diverse mechanisms 
employed by pathogenic microbes for adaptation to 
a changing ecological landscape. A 2020 study by 
Kaba et al. conducted in Göttingen, Germany, has 
highlighted a seasonal variation in the prevalence 
of antibiotic-resistant bacteria, with a higher 
incidence of Carbapenem-resistant Pseudomonas 
aeruginosa, and Methicillin-resistant Staphylococcus 
aureus observed in warmer months.21 Ecological 
parameters pose a decisive impression in the 
emergence of AMR amongst pathogenic bacteria. 
The discharge of inadequately treated industrial 
effluents, pharmaceutical waste, and hospital 
wastewater into water sources serves as a significant 
driver of AMR. These effluents introduce not 
only resistant bacterial strains but also selective 
pressures that promote the proliferation of resistant 
phenotypes within aquatic ecosystems. A particularly 
concerning example is a study examining AMR 
in the Cauvery River, Karnataka, which identified 
100% of isolated Escherichia coli exhibiting 
resistance to third-generation cephalosporins. 

This finding underscores the alarming prevalence 
of AMR within this critical water resource.22 In this 
context, wastewater management simply cannot be 
overlooked as it plays critical societal functions that 
is impacted by the current climate change situation. 
One immediate impact includes extreme weather 
events induced malfunctioning of sewage treatment 
plant which in combination with sewage overflow 
cause contamination of freshwater aquifers leading 
to serious health hazards. Thus, in order to shed light 
on the impending disease threats in a community, 
based on the dispersion and abundance of microbial 
members in its sewer network, routine monitoring 
of wastewater samples accumulating community 
sludge is a mandate. 

Taking into account on the said context, detection of 
spatial variation as well as degree of commonness 
in wastewater bacterial profile and disease burden 
across the three wastewater samples collected from 
three different locations namely- Newcastle (United 
Kingdom); Zimbabwe (Africa) and West Bengal 
(India) have been made possible in this study.
Upon examining the pat tern of  bacter ia l 
overabundance in each of the wastewater samples 
under study, the genus, Desulfitobacterium was 
found to be most prevalent across our sample 1, 
that is from United Kingdom. Here, in the United 
Kingdom, the average temperature ranges from 
25°C to 32.8°C presenting optimum growth 
condition for the aforesaid bacterium.23 Whereas, 
Prevotella exhibited highest abundance in the 
sample from Africa (Sample 2). One interesting 
fact about Prevotella is that they have been found 
predominantly in those individuals who intake more 
carbohydrate, particularly fibre, instead of protein 
and animal fats.24 It has been reported that in Africa, 
crops like grains including cereals, corn, and barley, 
and tubers like sweet potatoes that are less impacted 
by inclement weather gradually gained popularity 
throughout the continent making the continental diet 
largely dependent on the grains.25 All of these facts 
strongly suggest the reason behind the prevalence 
of the particular genera in African region. Similarly, 
predominance of Sulfurospirillum in wastewater 
sample of India (Sample 3) can be corelated with 
warm and humid climate of the country. A study by 
Kumar et al., 2021 have highlighted the prevalence 
of Sulfurospirillum in the textile industrial effluent in 
an around Gujarat, India.26
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In context to the unique bacterial members 
growing in the each and individual study sites, it is 
noteworthy that sample 1 has a unique occurrence 
of Flavobacterium which is related to the mesophilic 
nature of that specific genus that makes it able to 
flourish in the climatic condition of Newcastle, United 
Kingdom.27 On the other hand, the occurrence 
of Clostridium members is linked to their spores' 
capacity to withstand the harsh climate of Zimbabwe, 
Africa, which elucidates the relationship between 
Clostridium prevalence.28 Escherichia, the uniquely 
obtained bacterial genus from the sample 3 is 
linked to the optimum temperature range of Indian 
climate favouring the growth of these two mesophilic 
bacterial members.29

A comprehensive analysis of the level of similarity 
in bacterial load among the samples being 
studied, three bacterial genera viz. Bacteroides, 
Dechloromonas, and Faecalibacterium emerged 
as notable. All these genera being mesophiles got 
better survival advantage in both the tropical and 
temperate climate. Feaclibacterium and Bacteroides, 
that were found across the samples, have been 
associated with diarrhoeal disease which occurs 
frequently in monsoon season.

Regarding the prediction of pathogenic load 
associated with the bacterial consortia, it is 
noteworthy to observe that Faecalibacterium, a 
member present ubiquitously in all three samples 
under investigation, exhibits an inverse association 
with the incidence of diarrheal disease concerning 
its abundance within an environmental niche. 
Conversely, a positive correlation is observed 
between diarrhoeal disease and the abundance of 
Bacteroides.30 It must be mentioned that the only 
strain of Bacteroides spp. linked to diarrheal illness 
is Enterotoxigenic Bacteroides fragilis (ETBF), or 
B. fragilis toxin-producing strains.31 Typically, the 
Indian summer monsoon season runs from June to 
September and the degree of precipitation during this 
period is 2000 mm (78 inches) whereas in Zimbabwe 
(Africa), precipitation occurs in in two distinct 
periods- one from October to December and other 
from January to March.32,33 These typical climatic 
features facilitate poor sanitation and contamination 
of freshwater resources through community sewage 
overflow which are in turn linked to frequent 
diarrhoeal incidence in 3rd world countries like India 
and Africa.34 Results of enrichment analysis based  

pathogenic load prediction, also shed light on the fact 
that ulcerative colitis, another disease association 
identified and predicted, with the causative organism 
Bacteroides was found across the samples, occurs 
in greater number in UK in comparison with the 
two tropical regions, India and Africa.35 This type 
of result is supported by the report of Aamodt  
et al., 2013, which states that with the rise in summer 
time temperature by only one degree, occurrences 
of ulcerative colitis lower by 9%.36 Moreover, 
most of the diseases which were observed in the 
pathogenic load of common genera across the 
samples are significantly linked with Bacteroides 
and Feaclibacterium rather than Dechloromonas.

In a nutshell, through this particular study, it could be 
enlightened that how change in the temperature and 
rainfall is related to the differences in the microbial 
abundance across these three regions under study. 
This warrants further exploration to establish a 
definitive link between these environmental factors 
and microbial populations. Along with the change in 
the abiotic factors, it has also been evidenced from 
our study that climate-based change in the dietary 
pattern also drives great impact on the microbial 
diversity. On the other hand, in context of the disease 
occurrences, favourable temperature acts as potent 
driver behind various diseases. Also, the adaptability 
of some of the disease-causing microbes are 
commendable, as the climate is changing, for sake 
of survival, they are continuously adapting to the 
new climatic conditions.

Moreover, misuse of various broad-spectrum 
antibiotics and their rapid discharge into the water 
bodies from domestic, industrial, veterinary and 
agricultural sewer networks is an emerging health care 
concerns of 21st century. This practice accelerates 
the natural selection of genetic determinants within 
wastewater bacterial communities favouring the 
emergence of antibiotic resistance among these 
microbes.37 Through analysis of enriched metabolic 
pathways across the three samples, our study has 
also revealed the presence of vancomycin and 
platinum drug resistance pathway in sample 1 
(United Kingdom), which in turn supports the above-
mentioned facts. Our data supports the recent data 
by United Kingdom Health Security Agency which 
says three out of every five individuals over there 
suffers from drug resistant microbial infections which 
can be corelated with the over prescription as well 
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as overuse of antibiotics in animal husbandry.38 
Understanding the intricate interaction between 
climate change and aquatic diseases can thus 
guide measures to improve public health and 
environmental management.

Conclusion
If we look at the current scenario, waterborne 
diseases are becoming one of the main factors 
behind the occurrence of high morbidity, mortality, 
and substantial economic burdens worldwide. 
Efficient and prompt detection, along with effective 
monitoring of the spread of waterborne diseases, 
is crucial for early intervention and preventing the 
rapid dissemination of the same. Furthermore, 
clinical surveillance protocols present numerous 
constraints, including the invasive nature of 
testing procedures and challenges associated with 
testing a large population. In this context, sewage 
surveillance followed by metagenomic mapping of 
wastewater samples is proving its efficacies not only 
in finding spatial variations in microbial distribution 
across the wastewater systems globally but also in 
prediction of upcoming disease threat and extent of 
antibiotic resistance in a community. This particular 
study through its finding has proved the efficacy of 
the community genomics approach in serving as 
a public and environment health monitoring tool 
not only through the detection of through spatial 
variation in wastewater bacterial profile across the 
three sampling sites but also through the prediction 
of the pathogenic quantum in wastewater systems. 
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