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                               Abstract 

Nigeria's conventional disease surveillance processes depend heavily on structured clinical reporting and hierarchical 
notification, which can introduce delays between the appearance of an outbreak signal and official awareness. This 
study presents the design and implementation of an Al-driven epidemic surveillance and pandemic prevention system 
tailored to the Nigerian public-health context. The proposed system combines automated web scraping, Natural 
Language Processing (NLP), weighted risk scoring, real-time NoSQL synchronization, geospatial visualization, 
public symptom reporting, and an Al-assisted chatbot. Nigerian online news and health sources are collected by a 
Python-based scraper and transformed into structured surveillance reports. An NLP risk engine filters irrelevant 
phrases, identifies disease and symptom indicators, assigns a risk score from 0 to 100, and classifies reports as Low, 
Medium, or High risk. High-risk information is synchronized to Firebase Cloud Firestore and displayed through an 
interactive Leaflet.js dashboard. The public reporting interface provides a second stream of signals, while a Gemini 
2.5-powered chatbot supplies preliminary safety guidance. Functional testing covered scraping, chatbot integration, 
risk scoring, real-time dashboard updates, and anonymous public reporting. The results demonstrate software 
feasibility for localized, event-based surveillance; however, the system remains a surveillance aid rather than a 
clinical diagnostic instrument. 
 
Keywords: Epidemic Surveillance, Event-Based Surveillance, Natural Language Processing, Web Scraping, Risk 
Scoring, Geospatial Dashboard, Firebase, Digital Epidemiology, Nigeria. 
  

1. Introduction 
 
The rapid movement of people, information and 
goods across borders has made infectious-disease 
events increasingly difficult to contain when 
detection is delayed [1]. The COVID-19 
pandemic demonstrated that surveillance systems 
must provide actionable information early enough 

for public-health authorities to intervene. In 
Nigeria, recurring threats including Lassa fever, 
cholera and meningitis coexist with the possibility 
of newly introduced pathogens [2]. The project 
therefore approaches epidemic surveillance as a 
software-engineering problem in which digital 
signals can complement established clinical 
reporting. 
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Traditional Indicator-Based Surveillance (IBS) 
follows a structured reporting chain: a case is 
identified at a health facility, documented, 
forwarded through Local Government and State 
structures, and ultimately reported to the national 
level [3]. This structure is valuable because 
clinical data can be verified, but the project 
identifies reporting latency as a major weakness, 
particularly where connectivity, staffing and 
paper-based processes create additional delays. 
Event-Based Surveillance (EBS) offers a 
complementary approach by actively searching 
for signals in news reports, community 
information and other unstructured sources [4]. 
 
Digital epidemiology extends this idea by treating 
online information as a potential early-warning 
stream. News headlines, articles, public 
submissions and other digital traces can contain 
symptoms, disease names, locations and outbreak 
terminology before a formal case report is 
available [5]. Automated extraction and NLP can 
reduce the manual effort required to inspect these 
sources continuously [6]. The system developed 
in this study is designed around that principle and 
is localized to Nigerian online sources. 
 
1.1 Statement of the Problem 
 
Three related gaps motivate the system. First, 
manual reporting can create a time gap between 
an emerging event and official awareness [7]. 
Second, conventional structured surveillance 
platforms are not designed to continuously 
interpret unstructured online text, leaving 
potentially useful digital signals outside the main 
surveillance workflow [8]. Third, decision-makers 
need a spatial view of where signals are 
clustering; static reports and spreadsheets do not 
provide the same immediate visual context as a 
live geospatial dashboard [9]. 
 
1.2 Aim and Objectives 
 
The aim is to design and implement a web-based 
Al-driven epidemic surveillance system that 
gathers online disease signals, analyzes them with 
NLP, maps emerging threats, and accepts direct 
public symptom reports. 
 

 
 
1. Develop an autonomous Python web scraper 
for Nigerian news websites, health blogs and 
relevant feeds. 
2. Design an NLP-based risk-analysis engine that 
filters noise and calculates a risk score for each 
report. 
3. Create a real-time geospatial dashboard that 
displays high-risk reports and emerging clusters. 
4. Implement a public symptom-reporting 
interface that provides an additional surveillance 
signal. 
 
1.3 Scope and Significance 
 
The implementation is software-focused. It covers 
Python-based extraction and text processing, 
Firebase Cloud Firestore for real-time data 
storage, and a browser-based dashboard using 
HTML5, CSS3, JavaScript and Leaflet.js [10]. 
The target data environment is Nigeria, including 
national and local news sources and Nigerian 
geographic locations. No hardware sensors, 
laboratory experiments or biological sample 
collection are included. The system is intended to 
support surveillance prioritization and early 
warning, not to replace clinical diagnosis or 
laboratory confirmation [11]. 
 
The principal significance is the combination of 
three complementary streams: automated digital-
source monitoring, public reporting, and 
geospatial presentation [12]. Together they 
provide a practical framework for moving from 
purely reactive reporting toward earlier 
identification of signals that deserve human 
review [13]. 
 

2. Review of related literature 
 
Disease surveillance has evolved from 
predominantly structured case reporting toward 
hybrid approaches that combine clinical data with 
digital and event-based signals [14]. SORMAS 
demonstrates the value of digitizing outbreak 
management and contact tracing, but the project 
literature review notes that systems centered on 
clinical workflows remain dependent on a case 
reaching a health facility. Event-based approaches 
instead seek signals from reports, rumours and 
other unstructured sources [15]. 
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HealthMap established an important precedent for 
automated classification and visualization of 
Internet media reports. Web-based disease 
detection research similarly demonstrates that 
digital sources can complement conventional 
surveillance [16]. However, the project identifies 
a localization gap: a Nigerian implementation 
must account for local media sources, Nigerian 
place names, limited-resource connectivity and 
language variation. The literature also highlights 
ethical and governance issues around harvesting 
digital health information [17]. 

 
Prior work on web scraping shows that Python-
based extraction can make otherwise difficult-to-
access outbreak information machine-readable. 
NLP and machine learning provide methods for 
transforming text into structured indicators, while 
real-time NoSQL systems can synchronize 
updates to multiple clients [18]. Geospatial 
dashboards then provide a decision-support layer 
for interpreting the location and clustering of 
detected signals [19]. 

 
2.1 Research Gap 
 

Existing approach Strength Gap identified by the 
project 

SORMAS Digital case registration, 
contact tracing and outbreak 
management. 

Primarily structured around 
health-facility workflows; 
does not continuously harvest 
public web signals. 

HealthMap Automated Internet-media 
monitoring and visualization. 

Global orientation requires 
adaptation for Nigerian local 
sources and context. 

ProMED-mail Rapid expert-reviewed 
infectious-disease alerts. 

Human review can become a 
bottleneck when signal 
volume is high. 

Proposed system Combines web scraping, NLP 
scoring, public reporting and 
real-time mapping. 

Requires internet access, 
careful validation and further 
multilingual/clinical 
evaluation. 

 
Table 1: Comparison of surveillance approaches discussed in the project. 
 

3. Methodology and System design 
 
The project uses the agile development 
methodology, which is very reliable for modern 
day software development, and it ensures that the 

entire project is broken down into sprints.This 
iterative approach is ideal for adapting to 
changing requirements and continuous feedback 
[20].  

 
Figure 1: Agile Development methodology 
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The design separates presentation, application 
logic and data management so that data 
collection, risk analysis and visualization can 
evolve independently. The resulting architecture 
consists of an HTML5/CSS3/JavaScript 
presentation layer, a Python application layer, and 
a Firebase Cloud Firestore data layer. 
 
3.1 System Architecture 
 
The application begins with news or social-
media-derived web content. The Python scraper 

retrieves raw HTML or RSS content, cleans the 
text and forwards the resulting report to the NLP 
processor. The risk-analysis stage identifies 
disease, symptom, outbreak and severity 
indicators and assigns a score. High-risk 
information is written to Firestore, while the 
dashboard subscribes to data changes and updates 
the map and surveillance ticker. 

 

 
Figure 2: Data-flow diagram showing transformation of online content into scored and mapped 
surveillance information. 
 
3.2 Data Model and Real-Time Storage 
 
The Firestore design uses three principal 
collections: reports, locations, and users. The 
reports collection stores scraped or submitted 
surveillance items, including title, URL, risk 
score, location and timestamp. The locations 
collection provides geographic reference data for 
Nigerian states and the Federal Capital Territory. 
The users collection supports administrative 
access. Firestore was selected because its real-
time synchronization model fits a dashboard in 
which newly detected signals should appear 
without requiring a full-page refresh [21]. 

3.3 NLP Risk-Scoring Engine 
 
The implemented risk engine uses weighted 
keyword and phrase matching. A report begins 
with a base score of 10. Symptom indicators 
contribute up to 30 points, outbreak terms 
contribute up to 30 points, disease mentions 
contribute 25 points, and numeric severity 
indicators contribute 20 points. Additional rules 
recognize specific diseases and combinations such 
as cholera with outbreak/case language, vomiting 
with diarrhea, and meningitis with stiff neck. The 
final score is constrained to 0-100. 
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Signal Contribution Purpose 
Base score 10 Initial signal value. 
Symptoms Up to +30 Raises risk when multiple compatible 

symptoms appear. 
Outbreak terms Up to +30 Captures 

outbreak/epidemic/confirmed/spreading 
language. 

Disease mention +25 Prioritizes explicit disease references. 
Numeric severity +20 Uses reported counts/severity as an 

additional signal. 
Specific disease/context rules +10 to +20 Strengthens combinations considered 

epidemiologically salient. 
 
Table 2: Main rule-based components of the implemented risk engine. 
 
Risk levels are classified as High for scores of 75 
or above, Medium for scores from 40 to 74, and 
Low below 40. The implementation also supports 
an optional machine-learning model; where 
available, the model may override the rule-based 
result when its confidence exceeds 0.6. The 
engine includes explicit noise phrases such as 
"election fever" and "football fever" to reduce 
false positives caused by non-medical uses of 
health-related words. 
 
3.4 Location Extraction and Network 
Resilience 
 
Location extraction uses a Nigerian location 
dictionary containing states, the Federal Capital 
Territory, and selected cities. The first matching 
location is used as the primary location when 
appropriate, with a fallback location available to 
the processing pipeline. Because the scraper and 
chatbot depend on external network services, the 
implementation also includes retry logic using 
exponential backoff. 
 

4. System implementation 
 
Implementation combines autonomous extraction, 
text analysis, cloud storage, geospatial 
visualization and public interaction into a single 
browser-accessible application. Python is the 
primary backend runtime, BeautifulSoup4 and 
RSS parsing support extraction, NLTK supports 
text processing, Firebase Admin provides 
database access, and Leaflet.js provides the map 
interface. 

4.1 Autonomous Web Scraper 
 
The scraper supports HTML and RSS sources. 
For HTML sources it identifies article links, 
cleans titles and summaries, resolves relative 
URLs, and prevents duplicate URLs within a 
retrieval cycle. For RSS sources it parses feed 
entries and creates normalized report objects 
containing title, summary, URL, source name, 
source type and publication information. 
 
4.2 AI-Assisted Chatbot 
 
The server-side /api/chat route integrates the 
Gemini 2.5 large language model to provide 
conversational symptom guidance. The chatbot is 
positioned as an information and safety-guidance 
component rather than a diagnostic authority. Its 
role is to provide immediate preliminary guidance 
while encouraging appropriate medical attention 
when symptoms or exposure concerns warrant it. 
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Figure 3: AI-assisted health interface providing preliminary symptom guidance and links to surveillance 
functions. 
 

4.3 Geospatial Dashboard 
 
The administrative command center combines a 
Leaflet-based map with a live surveillance ticker. 
Firestore updates are reflected in the interface so 

that new high-risk records can be visualized 
without a manual page reload. This presentation 
layer is intended to help surveillance personnel 
recognize spatial clustering and prioritize further 
investigation. 

 

 
 
Figure 4: Administrative dashboard integrating a Leaflet geospatial view and live surveillance ticker. 
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4.4 Public Symptom Reporting 
 
The public reporting interface provides an 
additional source of surveillance information. A 
user can submit symptoms from a Local 

Government Area without requiring the report to 
pass through a paper-based workflow. The report 
is written directly to Firestore, where it can 
become part of the broader surveillance stream. 

 

 
Figure 5: Public symptom-reporting interface designed for direct submission to the surveillance database. 
 

5. Testing and Results 
 
Testing was performed across unit, integration, 
system and user-acceptance levels. The objective 

was to verify that the major modules worked 
together and that the implementation addressed 
the practical gaps identified in the problem 
statement. 

 
ID Test type Module/input Status 
TC-01 Unit scraper.py with a 

Punch News URL 
Pass 

TC-02 Integration /api/chat with 
simulated Lassa fever 
symptoms 

Pass 

TC-03 System risk_engine.py with 
'Cholera' and 'Death' 

Pass 

TC-04 System New high-risk 
Firestore location 

Pass 

TC-05 UAT Anonymous public 
symptom report from 
a simulated rural 
LGA 

Pass 

 
Table 3: Summary of the system unit, integration, system and acceptance tests. 
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5.1 Findings 
 
• Reduced manual-reporting dependency: the 
public reporting form demonstrated direct 
submission into Firestore. 
• Digital-source processing: the scraper and NLP 
pipeline successfully transformed online content 
into structured surveillance records. 
• Automated prioritization: the weighted risk 
engine produced a high-risk score of 88 for the 
synthetic 'Cholera' and 'Death' test case. 
• Real-time visualization: a new high-risk location 
propagated to the Leaflet dashboard without a 
manual reload. 
• AI-assisted guidance: the chatbot successfully 
integrated with the backend and returned a safety-
oriented response to the simulated Lassa fever 
query. 

 
6. Discussion 
 

The implemented system demonstrates that event-
based surveillance can be expressed as a practical 
software pipeline: collect, clean, score, store, 
visualize and review. The approach does not 
attempt to replace Nigeria's existing surveillance 
infrastructure. Instead, it provides a 
complementary early-warning layer that can 
surface signals from sources that are not naturally 
represented as structured clinical records. 
 
A key design choice is the use of explainable 
weighted rules before optional machine-learning 
intervention. A surveillance officer can inspect 
why a report received a high score because the 
major contributors correspond to identifiable 
terms and combinations. This is particularly 
useful in an early prototype where labeled 
Nigerian epidemic text may be limited. The 
optional ML override allows the architecture to 
evolve toward learned models without discarding 
the transparent baseline. 
 
The real-time Firestore and Leaflet combination 
addresses a separate operational issue: even a 
useful alert has limited value if decision-makers 
cannot see where it occurred. Mapping state or 
city matches gives the system a spatial layer that 
can support triage and further investigation. 

Nevertheless, a mapped signal remains a signal; it 
must be verified before public-health action is 
based on it. 
 
The public symptom interface also changes the 
direction of information flow. Instead of waiting 
for information to travel upward through formal 
channels, the platform allows a citizen-level 
signal to enter the digital system directly. This 
may be particularly useful in locations where 
formal reporting is slow, but it also introduces the 
need for strong validation, privacy controls, abuse 
prevention and human review. 
 
6.1 Ethical and Operational Considerations 
 
Digital epidemiology raises privacy, consent, 
data-quality and governance concerns. The 
project therefore treats the system as a 
surveillance aid rather than an autonomous 
decision-maker. Public submissions should be 
minimized to the information necessary for 
surveillance, administrative access should be 
controlled, and alerts should be verified by 
qualified personnel. The use of web sources 
should also respect source policies and applicable 
legal and ethical requirements. 
 

7. Limitations 
 
• The system is not a clinical diagnostic tool and 
cannot establish laboratory-confirmed disease. 
• Continuous operation depends on Internet access 
to external websites, APIs and cloud services. 
• The current NLP implementation is primarily 
oriented toward English and Pidgin English and 
may perform poorly on pure Hausa, Igbo or 
Yoruba reports. 
• Web-source structure can change, requiring 
scraper maintenance when page layouts or feeds 
change. 
• The project demonstrates functional software 
tests rather than large-scale epidemiological 
validation against a longitudinal gold-standard 
dataset. 
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8. Conclusion and 
Recommendations 
 
This study presents a localized Al-driven 
epidemic surveillance system that combines 
automated web scraping, NLP risk scoring, real-
time cloud storage, geospatial visualization, 
public reporting and Al-assisted guidance. The 
implemented modules passed the project's 
functional test cases, demonstrating that the 
proposed architecture can operate as an integrated 
software prototype. Its main contribution is a 
practical framework for complementing 
structured surveillance with digital event signals 
relevant to the Nigerian context. 
 
The results should be interpreted as evidence of 
software feasibility rather than proof of clinical or 
population-level accuracy. Deployment in a real 
public-health environment would require 
validation against verified outbreak datasets, 
formal governance, security and privacy controls, 
monitoring for false positives and false negatives, 
and sustained collaboration with public-health 
professionals. 
 
8.1 Recommendations 
 
1. Consider controlled integration of Al-assisted 

triage and information tools into official health 
portals, with clear human-oversight 
boundaries. 

2. Evaluate deployment to Local Government 
Area disease-notification officers as a 
complementary visualization and alerting 
layer. 

3. Expand source coverage while maintaining 
source-policy compliance and quality controls. 

4. Build multilingual NLP support for Hausa, 
Yoruba and Igbo. 

5. Investigate offline or store-and-forward 
synchronization for public reporting in areas 
with intermittent connectivity. 

6. Develop larger, expert-annotated Nigerian 
outbreak datasets for rigorous model 
evaluation. 
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