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A B S T R A C T

Globally increasing antibiotic resistance has been linked to the extensive use of antibiotics in 
medical, veterinary, and agricultural Practices. This study aims to investigate the correlations of 
antimicrobial-resistant of various pathogens in three compartments: humans, animals and the 
environment in India and Germany. A systematic search was carried out in Medline via PubMed, 
Google Scholar, and science direct, including studies published in 2022. Out of 532 papers, 24 
were considered for meta-analysis. Our findings reveals that in India, β-lactam is highly resistant 
in animals. Quinolone, on the other hand, was highly resistant in humans. In the environmental 
sectors, aminoglycosides and β-lactams is resistant. While in Germany, β-lactam resistance is high 
across all three sectors. However, E. coli was the most frequent and resistant pathogen in both 
countries, with significant resistance to β-lactams and cephalosporins across all compartments. 
These results underscore the critical need for monitoring antibiotic resistance patterns and 
developing targeted antibiotic regimens. A One Health-based intervention strategy is essential to 
mitigate the spread of AMR and improve health outcomes globally.

1. Introduction

Antibiotic-resistant (ABR) bacterial infections increase mortality, morbidity, social and impose significant social and economic 
burdens [1]. Besides from the discovery of novel antimicrobial medications, as misuse accelerates the development of resistance strains 
through positive selection pressure [2]. This issue is not confined to humans but extends to animals and the environment, making 
antimicrobial resistance (AMR) a global rather than a local concern. AMR can easily spread across borders, driven by factors such as 
misuse of antibiotics, inadequate hygiene, and ineffective infection control in healthcare settings [3].
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Growing evidence suggests that the widespread use of antibiotics in agriculture and aquaculture may be a factor in the emergence 
of resistance to antibiotics frequently used in human treatment [4]; this is primarily a major issue considering the overlap between the 
antibiotics used for these many uses [1]. For instance, ABR bacteria in animals, treated with antibiotics, can carry resistance genes that 
may be transmitted to humans through food, direct contact, or shared environmental sources like sewage water. This interspecies 
transmission underscores the complexity of AMR and highlights the need for a One Health approach, which emphasizes the inter-
connectedness of human health, animal health, food safety, and the environment [5].

The One Health concept emphasizes the connections between human health, animal health, food safety, and the environment and 
encourages cooperation between the health agencies responsible for these areas [6]. In response to the growing AMR threat, the WHO 
plays an important role in monitoring antibiotic use and providing the necessary data to combat AMR. The WHO, the Food and 
Agriculture Organization (FAO), and the World Organization for Animal Health (OIE) have formed a tripartite partnership to coor-
dinate global and national action plans (NAPs) to combat AMR. All the countries, including India and Germany, are now implementing 
AMR NAPs through multisectoral collaboration to enable comprehensive surveillance, monitoring, and policy implementation across 
human, animal, and environmental domains [7].

The global impact of AMR is stark, with projections suggesting it could cause 10 million deaths annually by 2050, with a total 
monetary cost of US$100 trillion [8]. Although others have criticized these assumptions [9]. AMR bacteria caused more than 670,000 
illnesses in European Union (EU) and European Economic Area (EEA) nations in 2015, resulting in an estimated 33,000 mortality [10]. 
World health organization (WHO) and numerous other organizations and researchers concur that the development of AMR is an 
important issue that requires a global, coordinated action plan to address [11–13]. A lack of knowledge and inadequately trained 
professionals may all be linked to the prevalent resistance in these areas. Despite this knowledge gap, many nations, especially those in 
the EU, have made significant efforts to reduce the overall use of antibiotics in animals raised for food.

In this systematic meta-analysis, we represented the AMR burden in India and Germany in 2022 in three compartments: human, 
animal and environment. India and Germany were selected for this study due to their significant influence on public health policies and 
their key roles in the global fight against AMR. India, with its major pharmaceutical industry and challenges in antibiotic use, contrasts 
with Germany’s strict AMR policies and robust surveillance system. By incorporating up-to-date research findings, this study provides 
an accurate and relevant assessment of current AMR trends. The use of recent data is crucial, as it allows us to identify emerging 
patterns in resistance, which are essential for developing timely and effective interventions. Furthermore, the insights gained from this 
analysis are poised to have an immediate impact on public health policy and clinical practice, addressing the ongoing challenges of 
AMR with the most current evidence.

2. Materials and methods

2.1. Study methodology

A systematic review was carried out in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis) guidelines [14]. All 24 checklist literature were addressed in the study, is depicted in Fig. 1.

Fig. 1. Diagram illustrating the study selection process using PRISMA.
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2.2. Search strategy

We conducted a comprehensive, systematic search of web databases for relevant literature, including PubMed (https://pubmed. 
ncbi.nlm.nih.gov/), Google Scholar (https://scholar.google.com/), and Science Direct (https://www.sciencedirect.com/), published 
in the year of 2022. To search the articles, MeSH terms and Boolean Logic tools with the connectors ’AND’ and ’OR’ were used, 
including (antimicrobial resistance OR antibiotic resistance) AND (human OR animal OR environment), AND (E. coli OR Escherichia 
coli OR Salmonella OR Mycobacterium avium subsp. Paratuberculosis OR Citrobacter OR Klebsiella OR Clostridium difficile OR Proteus OR 
Staphylococcus OR Bacilli OR Morganella OR Chlamydia spp. OR Trichinella spp. OR Listeria spp. OR Vibrio spp. OR Aeromonas spp.) AND 
(dairy OR meat OR beef OR pig OR pork OR chicken OR fish OR shrimp OR octopus OR lobster OR marine mammals OR vulture OR 
ostrich OR camel) AND (environment OR soil OR wastewater OR water OR drainage) AND (India OR Germany). For the study to be 
considered in our analysis, the available abstract must be written in English.

2.3. Selection criteria

Title, abstract, and full text were the three criteria for evaluating the articles. The prevalence of AMR in various microorganisms 
and sample collection must be discussed in the articles was from (1) humans (healthy/diseased people in hospitals); (2) animals) 
animals (both terrestrial and aquatic); animal food items (meat, seafood and dairy products); and (3) the environment (water, 
drainage, soil). Furthermore, all investigations must follow the Clinical and Laboratory Standards Institute (CLSI) criteria for anti-
microbial susceptibility testing (AST).

The following criteria were used to exclude articles: (1) conference papers, abstracts, perspectives, review articles, and meta- 
analysis; (2) study protocols and articles without full text or not published in English; (3) studies that did not provide the necessary 
data.

2.4. Data extraction and quality assessment

To create a baseline, complete versions of reported relevant articles were obtained. A pre-test was carried out before the complete 
extraction. The following information was extracted and recorded in a spreadsheet (Microsoft Excel® 2013) after reviewing the data 
from each retrieved publication: (a) locality of India and Germany (East/West/North/South/Central) (b) year of publication (2022) (c) 
host (humans/animals/environment/integrated studies between animals, humans and environment); (d) sample type (fecal sludge/ 
water/retail/veterinary clinics/ice/nasopharyngeal swab/stool/faeces/rectal swab/urine/vaginal swab/other: abscess, appendix, 
small intestines/colon/stomach, gall bladder/liver, peritoneal fluid/placenta/tissue) (e) microbial species (E. coli, Escherichia coli, 
Salmonella, Mycobacterium avium subsp. Paratuberculosis, Citrobacter, Klebsiella, Clostridium difficile, Proteus, Staphylococcus, Bacilli, 
Morganella, Chlamydia spp., Trichinella spp., Listeria spp., Vibrio spp., Aeromonas spp.) (f) the number of isolates (g) animal species 
(dairy, meat, beef, pig, pork, chicken, fish, shrimp, octopus, lobster, marine mammals, vulture, ostrich and camel) (h) laboratory 
methods for AST (MIC or disk diffusion); (i) WHO categorized the prevalence of ABR bacteria, antimicrobial drugs, and antimicrobial 
classes (highest priority critically important/high priority critically important/highly important/important) [14]. (j) The proportion of 
multi-drug resistance (MDR) isolates resistant to at least one antimicrobial agent from more than three antimicrobial classes.

For a detailed analysis, the antimicrobial resistance patterns of various pathogens were evaluated using a spreadsheet (Microsoft 
Excel® 2013) and pre-tested before data extraction. The quantified data were then represented in pie charts for clarity. Additionally, 
Mendeley software (version 1.19.8) was used for citing the articles.

The assessment of included publications was conducted by two independent and unbiased reviewers to ensure objectivity and 
reduce potential bias in the data extraction and analysis process. Each reviewer independently evaluated the eligibility and quality of 
the studies based on predefined criteria, ensuring that the selection of studies was consistent and impartial. In cases where the re-
viewers disagreed on the inclusion of a study or its quality assessment, discrepancies were resolved through discussion or by consulting 
a third reviewer.

2.5. Risk of bias assessment

Assessing publication bias is crucial to ensure the robustness and reliability of our meta-analysis examining antimicrobial resistance 
effects in both India and Germany. The robvis tool for systematic reviews of prevalence studies was used to assess the study risk of bias 
[15].

To examine potential bias in publication, we employed three established methodologies commonly recommended in this field. One 
vital approach involved visually analyzing a bias risk graph for any asymmetry, which could indicate publication bias presence. Our 
aim in employing these comprehensive methodologies was to thoroughly address any potential bias and ensure our meta-analysis 
offered an unbiased synthesis of current evidence on antimicrobial resistance. Additionally, we utilized a bias checklist encompass-
ing categories such as selection of articles (selection bias), selective reporting (reporting bias), deviation from intended intervention 
(performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), and other potential 
biases.
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Table 1 
The total number of studies in each category.

Description of selected 
studies

India Germany

Human 
studies 
(n = 2) 
(14.29 
%)

Animal 
studies 
(n = 9) 
(64.29 
%)

Environment 
studies (n = 2) 
(14.29 %)

Integrated study 
(animal, 
environment) (n 
= 1) (7.14 %)

Total 
(n =
14) (%)

Human 
studies 
(n = 1) 
(10 %)

Animal 
studies 
(n = 6) 
(60 %)

Environment 
studies (n = 3) 
(30 %)

Total 
(n =
10) 
(%)

Bacterial species
E. coli – 3 (33.33) 1 (50) 1 (100) 5 

(35.71)
1 (100) 1 (16.67) 1 (33.33) 3 (30)

Salmonella spp. – – – – – – 1 (16.67) – 1 (10)
Enterococcus spp. – 1 (11.11) – – 1 (7.14) – – – –
Klebsiella spp. – – – – – – – 1 (33.33) 1 (10)
Proteus spp. – 1 (11.11) – – 1 (7.14) – – – –
Staphylococcus – – – – – – 1 (16.67) – 1 (10)
Bacilli 1 (50) 3 (33.33) – – 4 

(28.57)
– – – –

Trichinella spp. – – – – – – 1 (16.67) – 1 (10)
Listeria spp. – – – – – – 1 (16.67) – 1 (10)
Vibrio – – – – – – – 1 (33.33) 1 (10)
Enterococcus, 

Staphylococcus
1 (50)  – – 1 (7.14)    

E.coli, Enterococcus, 
Klebsiella, 
Staphylococcus, 
Aeromonas spp.

  1 (50) – 1 (7.14)    

E.coli, Salmonella, 
Citrobacter, 
Klebsiella spp., 
Proteus spp., 
Staphylococcus, 
Bacilli, Morganella

– 1 (11.11) – – 1 (7.14) – – – –

E.coli, Salmonella spp., 
Mycobacterium 
avium subsp. 
Paratuberculosis, 
Clostridium difficile, 
Chlamydia spp.

– – – – – – 1 (16.67) – 1 (10)

Study area
East – – – – – – 1 (16.67) – 1 (10)
West – 2 (22.22) – – 2 

(14.29)
– – 1 (33.33) 1 (10)

North 1 (50) 5 (55.56) 1 (50) – 7 
(77.78)

– 2 (33.33) 2 (66.66) 4 (40)

South – 2 (22.22) 1 (50) – 3 
(33.33)

– 2 (33.33) – 2 (20)

Central 1 (50) 1 (11.11) – – 2 
(14.29)

1 (100) 1 (16.67) – 2 (20)

Sample type
Fecal sludge/water 1 (50) – 2 (100) – 3 

(21.43)
– 1 (16.67) 3 (100) 4 (40)

Retail/veterinary 
clinics/ice

– 7 (77.77) – – 7 (50) – – – –

Nasopharyngeal swab/ 
stool/feaces/rectal 
swab/urine/vaginal 
swab

1 (50) 1 (11.11) – 1 (100) 3 
(21.43)

1 (100) 2 (33.33) – 3 (30)

Mixed sample – 1 (11.11) – – 1 (7.14) – 3 (50) – 3 (30)
Antimicrobial susceptibility testing method
Disc diffusion (DD) 2 (100) 9 (100) 2 (100) – 13 

(92.86)
– 2 (33.33) 3 (100) 5 (50)

Minimum Inhibitory 
Concentration 
(MIC)

– – – 1 (100) 1 (7.14) 1 (100) 4 (66.67) – 5 (50)
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3. Result

3.1. Study selection

We categorized 526 papers published in 2022 using three internet databases. After a preliminary evaluation of the title and ab-
stract, 275 articles from these were excluded due to their relevancy and redundancy; however, the complete texts of the remaining 257 
articles were examined. The following factors led to the exclusion of 124 of the 257 articles: 51 due to case study or review articles and 
43 due to meta-analysis articles. 109 of these 133 full-text items were again excluded. 45 due to the absence of essential statistics, 24 
due to lack of information on AST and 40 due to descriptive analysis. Finally, 24 studies total were incorporated into this meta-analysis 
and systematic review (Supplementary Data 1). The method of study selection follows the PRISMA flow diagram and is illustrated in 
Fig. 1.

3.2. Characteristics of included studies

24 articles were chosen for quantitative study published in the year of 2022. Out of this 14 [16–28] studies were from India and 10 
[2,29–36] studies were from Germany.

3.2.1. AMR studies in different region of countries
A summary of the studies chosen for qualitative synthesis is provided in Table 1. All 24 selected studies were published in 2022. 

Fig. 3 depicts the study sites, and the number of papers published in three regions. In India, most of the studies were published in 
Northern (7/14, 77.78 %), followed by Southern (3/14, 33.33), Western (2, 14.29 %) and Central (2, 14.29 %) part. However, in 
Germany, most of the studies were published in Northern (4/10, 40), followed by Southern (2/10, 20 %), Central (2/10, 20 %), Eastern 

Fig. 2. Risk of bias graph.
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(1/10, 10 %) and Western (1/10, 10 %) region.

3.2.2. Microbial prevalence in India and Germany
In the selected research, In India, E. coli was the most prevalent species (5/14, 35.71 %), followed by Bacilli (4/14, 28.57 %), 

Enterococcus spp. (1/14, 7.14 %), Proteus spp. (1/14, 7.14 %), Moreover, there was one study covering more than one pathogen 
together, i.e. Enterococcus, Staphylococcus (1/14, 7.14 %), and one covering E. coli, Enterococcus, Klebsiella, Staphylococcus, Aeromonas 
spp. (1/14, 7.14 %) and one study that covers E. coli, Salmonella, Citrobacter, Klebsiella spp., Proteus spp., Staphylococcus, Bacilli, and 
Morganella (1/14, 7.14 %). Retail/veterinary clinics/ice (7, 50 %) were the most selected studies, followed by faecal sludge/water (3, 
21.43 %), nasopharyngeal swab/stool/faeces/rectal swab/urine/vaginal swab (3, 21.43 %) and mixed sample (1, 7.14 %). The agar 
disc diffusion (DD) method was employed by most of the selected research (13/14, 92.86 %) for AST, whereas other studies (1/14, 
7.14 %) used agar/broth methods to assess the MIC of antimicrobial compounds.

E. coli (3/10) is also the most common species in Germany, followed by Salmonella spp. (1/10, 10 %), Klebsiella spp. (1/10, 10 %), 
Staphylococcus (1/10, 10 %), Trichinella spp. (1/10, 10 %), Listeria spp. (1/10, 10 %), Vibrio (1/10, 10 %), Furthermore, there was one 
study that covered more than one pathogen together, i.e. E. coli, Salmonella spp., Mycobacterium avium subsp. Paratuberculosis, Clos-
tridium difficile, Chlamydia spp. (1/10, 10 %). Faecal sludge/water were the most selected studies (4, 40 %) along with nasopharyngeal 
swab/stool/faeces/rectal swab/urine/vaginal swab (3, 30 %) and mixed sample (3, 30 %). For AST, the agar DD method and MIC of 
antimicrobial agents (5/10, 50 %) were used (Table 1).

3.3. Risk of bias of included studies

Fig. 2 presents a comprehensive examination of both the overall risk and specific biases identified in each of the analyzed studies. 
Bias likelihood was assessed through researcher evaluations, revealing a notable level of consistency across all studies. The data 
showcased in Fig. 2 accentuates an increased bias risk in articles authored by P. Ronanki et al. [16] and Savin et al. [17], demonstrating 
a high risk of bias in deviation from intended intervention (Performance bias). Moreover, research conducted by Debbarma et al. [18], 
Amreen et al. [19], Basant et al. [20], Patel et al. [21], R Singh et al. [22], S. Nayakvadi et al. [23], Fleischmann et al. [24], Gross et al. 
[2], González-Santamarina et al. [25], Soundararajan et al. [26], Kresken et al. [27], and Klose et al. [28] exhibited a risk of bias in the 
binding of outcome assessment (Detection bias). This consistently applied rigorous methodology enhances confidence in the research 
paper’s findings, underscoring the reliability of the identified biases and their impact on the study’s outcomes.

3.4. Meta-analysis for antibiotic resistance in each sector

3.4.1. AMR in India
A total of 14 studies on AMR phenotypic susceptibility to 69 distinct antimicrobial agents (16 antimicrobial classes) among 10 

Pathogens were considered. For ease of understanding, we categorized the studies into 4 groups: animals, humans, the environment, 
and integrated studies (animal and environment). In Animals, there are 7 bacteria which are found to be highly prevalent. The highest 
resistance shown by antibiotics in pathogens is as follows: in E. coli, β-lactam found highly prevalent (38 %), followed by 

Fig. 3. The number of articles and study sites in each compartment i.e. Human, Animal and Environment. (a) Germany (b) India.
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cephalosporins (26 %); in Enterococcus, cephalosporins (77 %); in Staphylococcus, quinolones (21 %) followed by other (18 %); in 
Salmonella, quinolones (20 %); in Klebsiella, lincosamide (16 %) followed by macrolides (16 %) and sulfonamides (16 %); Morganella 
morgana, lincosamide (18 %) followed by sulfonamide (18 %) and macrolides (18 %); Bacilli, β-lactam (16 %), macrolides (16 %), 
lincosamide (16 %), sulfonamide (16 %), other (16 %). However, in humans 3 bacteria found high resistance to antibiotics, including 
Bacilli, a quinolone (40 %) followed by Cephalosporin (38 %); in Staphylococcus, β-lactam (29 %) followed by tetracycline (21 %); in 
Enterococcus, tetracycline (40 %). Moreover, in the environment, only E. coli was highly resistant to antibiotics such as Quinolone (31 
%), followed by Aminoglycosides (27 %). In addition, in integrated studies (animal and environment), only E. coli was found to be 
highly resistant to antibiotics such as β-lactam (52 %), followed by cephalosporin (25 %) (Fig. 4).

3.4.2. AMR in Germany
We analyzed 10 research on the AMR phenotypic susceptibility to 69 different antimicrobial drugs (16 antimicrobial classes) across 

11 Pathogens. For clarity, we divided the studies into four categories: animals, humans, the environment, and integrated studies 
(animal and environment). In Animal, there are 5 bacteria found to be highly prevalent. The highest resistance showed by antibiotics in 
pathogens as follows: in E. coli, Cephalosporin (25 %) followed by β-lactam (23 %); Listeria, lincosamide (100 %); Staphylococcus, MDR 
(38 %) followed by β-lactam (29 %); Enterococcus, Cephalosporin (44 %) followed by macrolides (19 %) and other (19 %); Salmonella, 
tetracyclines (100 %). However, in humans, only E. coli found high resistance to antibiotics such as β-lactam (43 %) followed by 
Cephalosporin (23 %). Moreover, in environment 3, bacteria found high resistance to antibiotics such as including Vibrio, β-lactam (79 
%) followed by Cephalosporin (14 %); Klebsiella, Cephalosporin (57 %) followed by carbapenem (16 %); E. coli, Aminoglycosides (25 
%) followed by β-lactam (20 %) (Fig. 5).

4. Discussion

This study comprehensively reviews the prevalence of pathogens in various sectors, including humans, animals and the envi-
ronment along with One Health perspective; the burden of AMR and the existence of AMR genes in India and Germany are also 
described. Data from 2022 were studied to establish a link between the occurrence of AMR and specific bacteria. In different sectors. 
Out of 532 papers, 24 met the criteria for inclusion in the meta-analysis. Our findings underscore the widespread presence of AMR in 
these two countries, with notable differences and similarities observed across the sectors. For example, β-lactam is the antibiotic that is 
most frequent in the bacteria studied. Quinolone and cephalosporin’s, on the other hand, were highly resistant to the pathogens tested 
in humans. Furthermore, in the environment and integrated studies (which include animals and the environment), resistance to 
aminoglycosides and β-lactams is significant in India. While in Germany, a high rate of AMR resistance in animals, humans, and the 
environment was reported in β-lactam. Surprisingly, this data shows how different antibiotics interact with the food chain, and it is a 
serious concern if it is unchecked.

Several studies and reports have documented resistance to the β-lactam group of antibiotics, cephalosporins, and fluoroquinolones, 
consistent with our findings. In Germany, a 2022 surveillance report from the European Centre for Disease Prevention and Control 
(ECDC) [37] discusses trends in antibiotic consumption and resistance patterns, particularly focusing on beta-lactams. The report 
highlights a high prevalence of resistance to these antibiotics, especially among Gram-negative bacteria. Additionally, a study by Sup 
Lee et al. [38] identified significant resistance to third-generation cephalosporins, while L. Stelmaszyk et al. [39] reported that 

Fig. 4. AMR positive isolates in different sectors (a) Animal (b) Human (c) Environment (d) Integrated (Animal and Environment).
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oligotrophic bacteria in German surface waters exhibit a high prevalence of β-lactam resistance. Further, research by Dehbashi et al. 
[40] revealed that nearly half of the P. aeruginosa strains in Germany were Extended-Spectrum Beta-Lactamase (ESBL) producers, 
specifically Class A β-lactamases. Another study by Wu G. et al. [41] found that the blaCTX-M-group-1 gene, a prevalent ESBL gene, 
was detected in 93 % of human isolates, conferring resistance to a wide range of beta-lactam antibiotics. In India, the situation is 
similarly concerning. A meta-analysis by Kuralayanapalya SP et al. [42] highlights the significant public health risk posed by 
ESBL-producing bacteria in animals, with a pooled prevalence rate of 9 %. This prevalence varies by region, year, and animal species, 
indicating a considerable risk of transmission to humans through direct contact or the food chain. Charles H. Brower et al. [43] also 
reported a high prevalence of Escherichia coli resistant to nalidixic acid, ampicillin, and tetracycline, with ESBL-producing Entero-
bacteriaceae found in a significant percentage of broilers and layers in poultry farms. Bhargava et al. [44] similarly found widespread 
resistance to cephalosporins, quinolones, aminoglycosides, and beta-lactams among various isolates. Furthermore, another study 
highlighted that many colistin-resistant strains in India carried beta-lactamase genes, such as blaNDM-1, blaOXA-48, and blaCTX-M, 
which confer resistance to a broad range of beta-lactam antibiotics, including cephalosporins and carbapenems. In the study done by La 
Via et al. [45] showed sepsis and septic shock a major concern of AMR. Infections caused by AMR pathogens often lead to delays in 
effective treatment, as standard antibiotic therapies become ineffective, increasing the risk of mortality.

Implementing and establishing policies, legislation, and research to connect diverse sectors that can collaborate is part of the One 
Health concept [46]. If proper methods are not implemented, the incidence of microbes developing resistant to various antimicrobial 
agents may continue to rise, posing a global danger [47]. As a result, there is an urgent need to reduce antibiotic use in order to lower 
the burden of antimicrobial resistance. This can be accomplished using the One Health method, which takes into account hazards to the 
animal-human environment in number of different circumstances. In order to do that along with Global Action Plan (GAP) on AMR, 
India and Germany have launched several one-health strategies besides NAP. In India National Centre for Disease Control (NCDC), 
New Delhi is the focal point for implementing and coordinating the AMR program. (1) In April 2017, the Indian Ministry of Health and 
Family Welfare released the NAP to Combat AMR [48]. The 12th Five-Year Plan (2012–17) is still in effect as the "National One Health 
Program for Zoonosis Prevention and Control" during the 15th Finance Commission (2021–26) term, Antimicrobial Resistance Sur-
veillance & Research Network (AMRSN) established by the Indian Council of Medical Research (ICMR) [49] started with six reference 
labs located in four tertiary care medical institutions, Infection prevention and control (IPC) programs [50]. On the other hand in 
Germany, German Antimicrobial Resistance Strategy (DART) 2020 [51], Antibiotic Resistance Dynamics: the influence of geographic 
origin and management (ARDIG) [43–48], European Antimicrobial Resistance Surveillance Network (EARS-Net) and Global Anti-
microbial Resistance Surveillance System (GLASS).

While this study provides valuable insights into AMR in India and Germany, several limitations are present. First, the potential for 
publication bias exists, as the meta-analysis included only published studies, which may overrepresent positive findings and 

Fig. 5. AMR positive isolates in different sectors (a) Animal (b) Human (c) Environment.
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underreport negative or null results. This bias could affect the overall conclusions drawn from the analysis. Second, the reliance on data 
exclusively from 2022 limits the study’s ability to capture long-term trends in AMR. The lack of recent data also means that emerging 
resistance patterns or the effectiveness of recent interventions may not be fully represented. Third, the study faced considerable 
heterogeneity due to the inclusion of studies from diverse geographic locations within India and Germany and across various sample 
types, including humans, animals, and environmental sources. This heterogeneity complicates the comparison of findings across 
studies and may reduce the generalizability of the results. Future research should aim to address these limitations by incorporating a 
broader range of data, including more recent studies, and by employing methods to reduce or account for heterogeneity in the analysis.

5. Conclusion

Our investigations have provided some data on the burden of AMR, which should be useful as a baseline for ongoing research into 
the development and transmission processes of AMR bacteria in all three compartments of humans, animals, and the environment in 
India and Germany in 2022. Given the significant frequency of resistance to the most vital antimicrobials, we suggest limiting their 
usage, particularly in Animals. A wide range of pathogens are involved, and resistance to important medicines, including beta-lactams 
and quinolones, is widespread. Finding strategies that can effectively lessen the burden of bacterial AMR is a top priority, whether they 
are applied in various settings or are precisely tailored to the resources available and the most effective pathogen-drug combinations in 
a given environment. The findings from this study underscore the importance of integrating the One Health approach in tackling AMR, 
as the interconnectedness of humans, animals, and the environment plays a crucial role in the spread and persistence of resistant 
bacteria. The data suggests that unchecked AMR could severely impact public health by limiting the effectiveness of essential anti-
biotics, leading to more difficult-to-treat infections, longer hospital stays, and increased mortality. It also emphasizes the need for 
robust public health strategies, including improved surveillance, stricter antibiotic stewardship, and enhanced infection control 
measures across all sectors. These efforts are vital to curbing the spread of AMR and safeguarding the effectiveness of antibiotics for 
future generations. Hence, in the future, broader adoption of One Health techniques will bring together various disciplines and data 
sources, resulting in considerably deeper insights. Multiple scales and levels under the One Health approach to tackle the AMR 
problem.
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