
INTRODUCTION 

Dengue is a life-threatening viral 
disease that continues to emerge 

and re-emerge, predominantly affecting 
tropical and subtropical regions 
worldwide. Due to the high burden of 
dengue, it is a major public health 

1concern in Pakistan.  Dengue fever is 
caused by the dengue virus (DENV), a 
single-stranded RNA Flavivirus (family 
Flaviviridae), with four distinct 
serotypes DENV-1 to DENV-4 further 

divided into ten genotypes based on 
2envelope gene variations.  Dengue is 

transmitted by Aedes aegypti and Aedes 
a l b o p i c t u s  a n d  p r e s e n t s  a s  
asymptomatic, mild-moderate fever, or 
severe forms like dengue hemorrhagic 
fever (DHF) and dengue shock 

1,3syndrome (DSS).

Dengue represents a major and growing 
global public health burden, with 
recurrent outbreaks in over 100 
countries. In Pakistan, it remains an 

endemic and epidemic-prone disease, 
particularly affecting urban centers such 

4as Lahore and Rawalpindi.  The first 
dengue outbreak was reported in 1994, 
caused by DENV-1 and DENV-2, 

5resulting in thousands of cases.  The 
second dengue outbreak occurred in 
2005 in Karachi (DENV-3) with 
increased DHF; since 2006, annual 
mult i-serotype outbreaks have 
occurred, including major epidemics in 
Lahore (2011, >50,000 cases) and 
Khyber Pakhtunkhwa (2013D).

Multiple factors contribute to the 
spread of dengue fever in Pakistan. 
Outbreak prediction is challenging due 
to the complex interaction of climatic, 
ecological, and socio-demographic 
factors, along with limitations in 
survei l lance systems and data 

6integration.  The primary driver is the 
favorable climate, particularly during 
the monsoon season, when hot and 
humid conditions create an ideal 
e n v i r o n m e n t  f o r  m o s q u i t o  
proliferation. High temperatures 
accelerate the breeding of Aedes 
aegypti, the most prevalent dengue-
carrying mosquito in Pakistan, while also 
speeding up vector replication and 

7maturation.  Unplanned urbanization 
further facilitates the spread of Aedes 
aegypti by creating abundant breeding 
grounds. Additional contributing factors 
include inadequate mosquito control, 
overpopulation, frequent travel, poor 
soc ioeconomic condi t ions  and 
insufficient public health infrastructure 

7-9and awareness.

The Dengue Risk Alert Model (DRAM) 
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ABSTRACT

Objective: To evaluate the dengue fever burden across three high-risk districts: 
Lahore, Sheikhupura and Rawalpindi, over 14 years (2011-2024), and to assess the 
predictive validity of the Breteau Index (BI) for forecasting dengue outbreaks.

Methods: This retrospective ecological study utilized dengue surveillance data 
collected from 2011 to 2024 at the Institute of Public Health, Lahore. Laboratory-
confirmed dengue cases from Lahore, Sheikhupura and Rawalpindi were analyzed 
to determine temporal trends. For BI validation, two Union Councils in Rawalpindi 
were selected by simple random sampling. The BI was calculated using 
entomological data from the preceding 10 days at 5-day intervals, with a threshold 
of >3 considered predictive of dengue transmission. Sensitivity, specificity, positive 
predictive value, negative predictive value, and diagnostic accuracy were calculated 
using laboratory-confirmed dengue cases as the reference standard.

Results: Lahore reported the highest dengue burden, with peak outbreaks in 2011 
(16,984 cases) and 2021 (19,942 cases), while Rawalpindi showed a rising trend, 
reaching 6,606 cases in 2024. Sheikhupura consistently reported fewer cases. A 
weak negative correlation was observed between dengue cases and vector 
surveillance activities (r=–0.293). In BI validity assessment, UC Dhoke Munshee 
showed high sensitivity (100%) and specificity (78.18%), with diagnostic accuracy 
of 84%, while UC Chak Jalal Din demonstrated high sensitivity (96%) but lower 
specificity (44.9%) and overall accuracy (62.16%).

Conclusion: Lahore remained the principal dengue hotspot, while Rawalpindi 
showed an increasing disease burden. BI demonstrated high sensitivity and negative 
predictive value, supporting its usefulness as an early warning tool for dengue 
surveillance.
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is a digital surveillance and response 
system implemented for dengue 
control in Punjab. It integrates vector 
surveillance, geo-tagged field activities, 
and real-time data reporting through a 
centralized dashboard. The system 
supports early warning by generating 
alerts based on key indicators, including 
larval indices such as the Breteau Index 
(BI). In this study, DRAM served as the 
primary data source for entomological 
and epidemiological surveillance. 

Since 2011, sporadic dengue and DHF 
cases have occurred in Pakistan, with 
control efforts reducing transmission, 
though underdeveloped areas remain 
disproportionately affected. Despite 
rising regional risk, the true disease 
burden and impact of preventive 
measures remain unclear. Entomo-
logical indices, particularly the BI, are 
widely used as proxy indicators of 
vector density and transmission risk, 
offering potential as early warning tools, 
although their predictive reliability 
varies by setting. This study evaluates 
the role of the BI in predicting dengue; 
although promising, its reliability is 
limited by weak correlation with adult 
mosquito density and variability in 
sampling, highlighting the need for local 
validation in Punjab. This necessity 
formed the primary rationale for 
conducting the present study with 
objectives to analyse the 14-year trend 
and burden of dengue cases across 
three high-risk districts (2011-2024) 
and a pilot validity assessment of the BI 
using 2024 data from two Union 
Councils in Rawalpindi. 

METHODS

This retrospective ecological study 
design was conducted at the Institute of 
Public Health, Lahore and ethical 
approval was obtained from the 
Institutional Review Board of the 
Institute of Public Health, Lahore 
(Reference #: 138/ERC/IPH, dated: 
November 15, 2025). The study 
covered the period from January 2011 
to December 2024. High-risk districts 
were defined based on historical 
dengue burden, characterized by 
recurrent outbreaks and consistently 
higher numbers of laboratory-
confirmed cases reported in the 
provincial surveillance system over 

multiple years. For the 14-year trend 
analysis, all available laboratory-
confirmed dengue case records from 
Lahore, Sheikhupura and Rawalpindi 
recorded in the official surveillance 
repository between January 2011 and 
December 2024 were included. For the 
BI validity assessment, available BI 
records and corresponding laboratory-
confirmed dengue case data from the 
selected Union Councils during 2024 
were used. Incomplete or inconsistent 
records, where present, were not 
considered in the validity analysis. The 
provincial data interface produced real-
time information about the larvae 
prevention, detection, and cleaning 
activities. An alert-generating solution 
that looked at key variables like positive 
larvae presence, disease density was 
also developed to generate warnings 
proactively. The official dengue portal 
was being used actively through the 
deployment of thousands of Android 
phones; over a hundred thousand 
activities were reported every week, 
and the database had millions of entries 
on the Dengue Dashboard. For larval 
surveillance, the BI was calculated. The 
threshold for BI was >3 at the Union 
Council level, which is used as an alert 
indicator, signaling potential occurrence 
of dengue cases within the next 1 to 4 
weeks in that specific area (UC). To 
validate the predictive capability of BI 
for dengue cases, we selected two 
Union Councils randomly from 
Rawalpindi District that experienced 
epidemics in 2024. The simple random 
sampling technique was applied to the 
BI data of the year (2024) with an 

interval of 5 days (The BI was calculated 
thon every 5  day). The BI was computed 

using the previous 10-day data from the 
official dashboard, calculated according 
to the following formula. 

Breteau Index (BI)=(Number of 
positive containers÷Number of houses 
inspected) × 100

In this study, BI was taken as the test 
variable, while laboratory-confirmed 
dengue cases were established as the 
gold standard. We employed simple 
random sampling with 5-day intervals to 
collect data throughout the year 2024. 
For validity assessment, BI values >3 
were considered test-positive and BI 
values ≤3 test-negative, while 
laboratory-confirmed dengue cases 
served as the reference standard. Based 
on these classifications, true-positive, 
false-positive, false-negative, and true-
negative results were identified to 
calculate sensitivity, specificity, positive 
predictive value, negative predictive 
value, and diagnostic accuracy of the BI 
for predicting dengue cases.

Data were extracted in Microsoft Excel 
and analyzed in SPSS version 23. 
Descriptive statistics were used to 
summarize annual district-wise dengue 
case counts. For the validity assessment, 
BI was treated as the test variable and 
laboratory-confirmed dengue cases as 
the reference standard. Two-by-two 
contingency tables were constructed, 
and sensitivity, specificity, positive 
predictive value (PPV), negative 
predictive value (NPV), and diagnostic 
accuracy were calculated. Where 
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Figure 1: Map of Province Punjab



correlation analysis was performed, the 
statistical test used and corresponding 
p-value were reported. The map below 
(Figure 1) highlights the districts of 
Lahore, Sheikhupura and Rawalpindi 

9within Pakistan's Punjab province. 

RESULTS

This study utilized dengue data obtained 
from the Provincial data interface for 
dengue, covering the period from 2011 
to 2024 across three districts: Lahore, 
Sheikhupura and Rawalpindi. Lahore 
reported the highest number of 
confirmed cases, with a peak of 19,942 
cases in 2021, followed by 16,984 cases 
in 2011. However, in 2024, Lahore 
recorded fewer cases compared to 
Rawalpindi. Rawalpindi's highest case 
count occurred in 2024, with 6,606 
confirmed cases, followed by 6,298 
cases in 2018. In contrast, Sheikhupura 
consistently reported fewer dengue 
cases than Lahore and Rawalpindi 
throughout the 2011-2024 periods. The 
lowest number of confirmed dengue 
cases in Lahore was reported in 2015. In 
contrast, Sheikhupura District recorded 
its minimum cases in 2011 and 2018, 
while Rawalpindi District had its lowest 
counts in 2011 and 2012 (Table I & 
Figure 2).

A  w e a k  n e g a t i v e  c o r r e l a t i o n  
(r=−0.293) was observed between 
c o n f i r m e d  d e n g u e  c a s e s  a n d  
indoor/outdoor surveillance activities, 
suggesting that increased survey efforts 
may contribute to better control of 
dengue cases. 

The second objective of this study was 
to assess the validity of the BI in 
predicting confirmed dengue cases. 
Two Union Counci ls  (UCs) in 
Rawalpindi District, i.e. Dhoke 
Munshee and Chak Jalal Din, were 
randomly selected for evaluation, both 
of  which exper ienced dengue 
epidemics in 2024. In UC Dhoke 
Munshee, the BI demonstrated high 
sensitivity (100%) and NPV (100%), 
along with moderate specificity 
(78.18%), PPV (62.5%), and diagnostic 
accuracy (84%) when compared 
against confirmed dengue cases as the 
gold standard. Similarly, in UC Chak Jalal 
Din, the BI showed high sensitivity 
(96%) and NPV (95.65%), but lower 
specificity (44.9%), PPV (47.06%), and 
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diagnostic accuracy (62.16%) [Figure 4a, 4b & Table II].

Table I: Comparison of confirmed dengue cases from 2011 to 2024
 in high-risk districts (Lahore, Sheikhupura and Rawalpindi)

Year Sheikhupura Rawalpindi Annual TotalLahore

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

Total

16,984

115

1,316

95

6

1,030

73

17

766

144

19,942

8,228

6,555

474

55,745

0

30

78

59

6

25

7

0

24

5

363

263

239

35

1,134

0

0

914

1,201

269

977

334

422

6,298

17

2,509

4,767

2,631

6,606

26,945

16,984

145

2,308

1,355

281

2,032

414

439

7,088

166

22,814

13,258

9,425

7,115

83,824

Figure 2: longitudinal analysis of dengue trends (2011-2024) in high-risk 
districts of Punjab, Pakistan

UC=Chak Jalal Din

Confirmed Cases
Total

51

23

74

27

22

49

24

1

25

>3

≤3

Total

BI

UC=Dhoke Munshi

Confirmed Cases
Total

Yes No

32

43

75

12

43

55

20

0

20

>3

≤3

Total

BI

Sensitivity=96%

Specificity=44.9%

PPV=47.06%

NPV=95.65%

Diagnostic Accuracy=62.16%

Sensitivity=100

Specificity=78.18%

PPV=62.5%

NPV=100%

Diagnostic Accuracy=84%
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Table II: Validity of BI for prediction of confirmed dengue cases in UC Dhoke 
Munshi Rawalpindi and UC Chak Jalal Din Rawalpindi in the year 2024

NoYes 
Variable Variable 
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DISCUSSION 

This study analyzed dengue data from 
2011-2024 in Lahore, Rawalpindi, and 
Sheikhupura. Lahore reported the 
highest dengue burden with 19,942 
cases in 2021, while Rawalpindi 
recorded 6,606 cases in 2024, the 
highest in its district history, whereas 
Sheikhupura consistently showed lower 
case counts. A weak negative 
correlation (r=−0.293) was observed 

positive for DENV, yielding an overall 
prevalence rate of 36%. Among the 
confirmed cases, the majority (55%; 
n=66) were reported in 2014, followed 
by 27.5% (n=33) in 2016, 10% (n=12) 
in 2015, and 7.5% (n=9) in 2017. The 
study revealed a higher infection rate in 
males (68.3%; n=82) compared to 
females (31.7%; n=38), with 61% 
(n=74) of patients falling within the 
11–30-year age group. Notably, the 
peak prevalence of infection (94.2%; 

between dengue cases and surveillance 
act iv it ies,  suggest ing improved 
surveillance may reduce transmission. 
BI showed high sensitivity and NPV in 
Dhoke Munshee (100%, 100%) and 
Chak Jalal Din (96%, 95.65%), 
indicating good potential for early 
dengue outbreak prediction.

A local study conducted by Mukhtar 
10MU, et al.,  in Sheikhupura District 

tested 333 samples, of which 120 were 

Figure 4a: Validity of Breateau Index for prediction of dengue confirmed from UC Dhoke Munshee Rawalpindi in year 2024

Figure 4b: Validity of BI for prediction of dengue confirmed from UC Chak Jalal Din Rawalpindi in year 2024

Breteau index as a potential warning tool for dengue outbreaks: a 14-year retrospective analysis in high-risk districts of Punjab-Pakistan

 Confirmed cases
(1st Sep-24) 

 BI>3 (End July-24) 
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n=113) occurred after the rainy 
season.10

Dengue is caused by four distinct virus 
serotypes: DEN-1, DEN-2, DEN-3, and 

11DEN-4.  During this outbreak, a total of 
322 blood samples were analyzed. 
DEN-2 emerged as the most common 
serotype, detected in 126 cases (39%), 
followed by DEN-3 in 96 cases (30%), 
DEN-4 in 58 cases (18%), and DEN-1 in 
42 cases (13%). In the outbreaks 
reported by Pakistan previously, it was 
observed that DEN-2 was the 
prominent serotype. In 2008 and 2009, 
outbreaks of DEN 2 to 4 and DEN 2,3 
were the prominent serotypes, 

12respectively.  Similarly, dengue case 
data from the Sheikhupura and 
Gujranwala districts showed that DEN-
2 was the most prevalent serotype, 

13followed by DEN-1.

A study by Aryaprema VS, et al., also 
showed their finding in favor of our 
study results. The author reported 
strong performance, with areas under 
the ROC curves exceeding 80%, 
sensitivity over 75%, and specificity 
above 70% for threshold values with 
defined lag periods. This study highlights 
the importance of reporting of BI in 
outbreaks. The results highlight the 
importance of systematically planned 
routine vector larval surveillance within 
dengue control programs, as it enables 
reliable outbreak predictions and 
provides an adequate lead time for early 

14preparedness and response.  The 
difference in specificity (78.18% in UC 
Dhoke Munshee vs. 44.9% in UC Chak 
Ja la l  Din)  l ikely  ref lects  local  
heterogeneity in population density, 
housing structure, larval habitat 
diversity and field data quality between 
the two UCs. UC Chak Jalal Din's lower 
specificity suggests a higher rate of false 
positives i.e., BI exceeded the threshold 
even in the absence of confirmed cases, 
which may reflect environmental 
factors that elevate larval indices 
without necessarily translating to 
human transmission.

Multiple studies indicate that well-
calibrated threshold values for 
entomological indices can effectively 
reflect disease vector population 
dynamics in specific endemic regions. 
These thresholds provide reliable and 
actionable predictions for impending 

predictive tool.
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