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ABSTRACT: Wild animals are very important for our ecosystem maintenance. In the last 

few decades, the rate of animal’s accident on roads has increased due to heavy traffic. This 

research was carried out to find the reasons for road mortality of animals on Bhalwal Road, 

Sargodha, Punjab, Pakistan. It was noticed various animals like rats, porcupines, lizards, 

snakes, turtles and jackals lived in crops and trees that were found around the road and they 

were killed by road traffic while crossing the roads. It was seen that almost 80 to 90 % of 

road mortality was due to over speed driving. Moreover, the travellers were not aware of the 

importance of these common wildlife, so they did not bother the animals moving on the road. 

It was observed that most of the animals that killed on roads belonged to reptiles (Monitor 

Lizards’), amphibians (Frogs and Tortoise) birds (crow) and mammals (Jackals, mouse, 

dogs, cats and porcupines). It was concluded in the study that there is a need to highlight the 

importance of wild animals for the locals, travellers and also for the stakeholders that start 

work on mitigation strategies that help to conserve these wild animals.    

Keyword: Bhalwal, Sargodha, Mortality, Wildlife, Ecosystem, Mammals 

INTRODUCTION 
Isolation of habitat and restricted 

movements of common wildlife affect 

the animals that living around the roads. 

Roads playing a vital role for animals 

that living on the earth. Most of the 

species which belonged to class reptiles 

and amphibians are killed by crossing 

roads in search of food, habitat or to 

meet other animal. Some species used 

roads to get heat, nesting, food or 

various other purposes (Fahrig and 

Rytwinski, 2009). 
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Most of work started in Canada by 

Canadian Wildlife Service (CWS) in 

1970 and 1980 and later in 1992 to 1993 

and reported that animals which living 

in water and land mostly affected by 

road accidents (Clevenge et al., 1994).  

Traffic can affect animal populations in 

two ways:  firstly to kill the animals and 

secondarily, by dividing the habitat of 

population into fragments (Gregory et 

al., 2021). Roads are very important tool 

for movement of animals from one place 

to another however, they can create a lot 

of chances to increase the mortality rate 

of animals that lived around the roads 

(Oddone and Nkomo, 2021).  

Many other things can affect the 

mortality rate on the roads such as 

traffic rush, location of road and 

climatic conditions of that area 

(Clevenger et al., 2009). Biologists and 

zoologists have work on the new and 

safe movements facilities for the 

animals that live across the road 

(Forman et al., 2003). Some solutions 

such as fencing and channelling across 

the road can reduce the road mortality 

due to some new and safe ways of road 

crossing (Clevenger et al., 2009). 

Traffic load on roads causes different 

types of effects on nature either directly 

or indirectly such as climatic changes 

and influences on natural environment. 

A lot of work is being done by many 

researchers and road management 

authorities on different aspects of roads 

to reduce the ecological effects of wild 

life on nature (Coffin, 2007).  

Wild life conservation possibly driven 

by different ways such as tunnels 

constructions, overpasses, fencing 

around the roads and prevention of road 

mortality of common wildlife (Bennett, 

2017). That effort is a remarkable work 

to decreased mortality rate of common 

wildlife in different countries such as 

America and Canada (Blaustein et al., 

1994). 

Various ecological changes such as food 

intake by man, cosmic rays, and acidic 

concentration of water leads to the 

transfer of predator species from one 

area to another that leads towards the 

decrease in number of wildlife species 

in certain area. Hundreds of masses of 

creatures every year murdered by road 

traffic flow (Rytwinski, 2016).  
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Because of animals shifting from their 

habitat to another area they need to 

cross the road that leads towards road 

collisions and animal killing. Expansion 

of roads to make them wide also causes 

the reduction of wild life as their 

ecological systems are disturbed 

(Eigenbrod et al., 2009). Night vision 

animals have more mortality rate on 

roads (Mazerolle, 2004). Across the 

protected area the spreading of the roads 

has effects on incensement of the large 

animals (Grosman et al., 2009). In  India 

and mostly many parts of Asia  having 

different kind of religious or sacred 

places for the completion of their 

religious worships and gathering all 

around the nearest areas that consumes 

the area of flora and fauna near 

mountains. After creating that kind of 

situations mostly large animals spare 

that place but small animals not move 

and became the victims. From last 50 

years the volume of the traffic on roads 

in Asia has increased (Seshadri et al., 

2009). As in rest of the world, there are 

also certain issues concerning human 

wildlife conflicts in Pakistan but less 

documentation available yet (Ahmed et 

al., 2016). The studies from Pakistan has 

focused more on the northern regions of 

the country (Younas et al., 2018), where 

there is large number of wildlife but 

area is less human-dominated 

comparatively (Rehman and Khattak, 

2020). 

This study was conducted in order to 

know the mortality rate of various 

animals, birds, reptiles and amphibians 

on Bhalwal road, Sargodha and to find 

out their movement from one habitat to 

another for their survival.  

  

MATERIAL and METHODS 

Study Area 

 The present study was carried out from 

March to June 2018 to study the local 

wild animals such as jackals, dogs, 

reptiles, amphibians and other animals 

that live across the road at different 

sites. The selected sites were Site # 1; 

Bhalwal to 10NB(2KM), Site # 2; 10NB 

to Chak 22 NB (1KM), Site# 3; 22 NB 

to 23 NB(3KM), Site # 4; 23 NB to 

Ajnala lok (7KM), Site # 5; Ajnala lok 

to Sargodha (8KM). These sites were 

selected as these are the connecting 
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roads among different polluted areas 

and have running traffic load. 

Study Visit Timings 

Monthly two visits were done of each 

place for data collection. Data of killed 

animals was recorded from these sites. 

The method that we followed was direct 

field observation and counting of killed 

animals and traffic numbers. Beebee. 

(2013). First step was to tour the road 

twice a month and capture the pictures 

of killed animals on Bhalwal road. 

Second step involved collecting data of 

traffic vehicles average number in a 

month. 

Road Kill Count 

Number of killed animals was recorded 

during this study. The data was 

collected by road tours on regular 

intervals from April to August. We 

could only count the number but 

sampling was difficult due to the 

condition of animals and age was also 

unidentifiable. Simple counting method 

was used for this purpose.  

 

 

RESULTS 

A total number of 242 killed animals 

were calculated during the study period. 

Mostly the night vision animals were 

killed by traffic due to heay road traffic 

such as trucks, loaders and long 

passenger buses. The number of jackals 

was high as compared to other animals 

on that road. It was perceived the 

carnage of these faunas on Bhalwal road 

was due to some high-speed heavy 

traffic on imminent time. The speed 

limit was above 100km/h without 

following the allowed limit rules. That 

was alarming speed on local road across 

the rural areas. The night idealistic 

animals used their night strategies to 

pass the road and mostly strike with 

high speed vehicles. In these animals 

mostly the idlest animals were 

maximum. The load on that road mostly 

was between 7pm to 8:30 am. During 

this duration, 34 lizards were found 

dead from April to August 2018. Due to 

many reasons’ reptiles were killed by 

the road traffic such as slow speed (Fig. 

1). 
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Fig. 1. Lizard killed on Bhalwal Road, Sargodha, Pakistan 

 

Porcupines were killed by traffic due to 

nocturnal way to find out the food and 

its habitats were seen around the roads 

(Fig. 2).  

 

Fig. 2. Parcoupines killed on Bhalwal Road. Sargodha, Pakistan 

 

Due to unavailability of large water 

bodies around the road the number of 

amphibians was less as compared to 

other animals. Two frogs and one 
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tortoise were also noticed killed in study time period (Fig. 3).  

 

Fig. 3. Tortoise killed on Bhalwal Road. Sargodha, Pakistan. 

 

Although some seasonal pond had 

formed by rain. N=145 was the greatest 

number of killed mammals on the 

Bhalwal road as compared to other 

animals in this study duration. Mouse 

was the smallest animal noticed on 

Bhalwal road, Sargodha, Punjab, 

Pakistan (Fig. 4).  

 

Fig. 4. Jackal killed on Bhalwal Road. Sargodha, Pakistan 

 

A jackal was also noticed killed on road 

and has shown in (Fig. 5). 
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Fig. 5. Mouse killed on Bhalwal Road, Sargodha, Pakistan 

 

It was very important thing on 

Bhalwal road the mouse or small 

animals just like that were very rare. 

This matter might be a low rate of 

these animals’ existence, low 

numbers of their habitats, low 

number of their life helping factors. 

Their counting of killing animals 

were so difficult due to very small 

body size as compared to the busses 

or road traffic. Their body was 

consumed by microorganisms with 

very fast and very quick. Five-

month data were collected on the 

basis of road mortality of common 

wild animals that lived across the 

Sargodha to Bhalwal road. In April 

the area of that Bhawal road was 

going to be tough because of 

temperature. April having some sort 

of rains but not as the month of 

June, July and August. Counted 

numbers of the dead animals in the 

month of the April mostly observed 

the species were killed on the night 

time.  

The monitor lizards mostly killed 

on the morning times. Snakes were 

not observed in the month of April. 

Jungle crow were observed during 

afternoon and may be due to cross 

the road but having a high weight of 

that birds make a collision with 

large vehicles such as trucks, 12 

wheelers or long passengers’ buses. 

No amphibians were observed 
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during this month. These ponds 

may be produced by the rains on 

that area in the months of May, 

June, July and August. Mammals 

observed all the months of years 

due to large numbers of these 

animals having their habitats. 

Results were analysed by the 

statistical analysis and used the two 

way ANOVA. The p value was 

<0.05. 

In month of May, the temperature 

of Punjab area is mostly 38 to 45 

℃. Due to rain some pounds were 

formed automatically across the 

road sides of Bhalwal road. When 

we saw the total number of killed 

animals in the month of May, it was 

n=51. Reptiles were observed but 

no snake killed. Amphibians have 

nothing because of water 

availability in almost zero. In view 

of monitor lizard mostly observed 

the young and matured monitor 

lizards. It is also observed that the 

speed of that animals and its weight 

takes it on 90% chances to killed 

through traffic when it passes 

through the road. It had both side 

habitat. Snakes are observed by 

some native presents. But there was 

no road mortality of snakes on that 

month. it was due to the speed and 

sensor ability of stimulus 

acceptance on different body parts. 

Among birds only jungle crows 

were observed. Jungle crow has a 

large weight and when it crossed 

roads the collision of that birds was 

almost possible due to low fly. 

Mammals have large numbers of 

road mortality due to large size 

large numbers and night visionary 

behaviours. It is also observed that 

the amphibians also seen in that 

month. 

In the month of June, the total 

number of murdered faunas was 

n=29. Number of killed reptiles was 

5 but only observed 4 monitor 

lizards. There was a snake killed in 

that month of June. Amphibians 

were less but found 1 killed tortoise 

and 2 frogs because of water 

availability. We mostly observed 

the young and matured monitor 
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lizards were killed in that month. It 

was also observed that the speed of 

that animals and its mass receipts it 

on 90% risks to murder through 

traffic when it passes through the 

road. It has both sides habitats. 

When we saw the birds, jungle crow 

was observed. Jungle crow have a 

large bulk and when it cross roads 

the crash of that birds is almost 

conceivable due to squat fly. 

Mammals had large numbers of 

road mortality due to large size 

large figures and night idealistic 

manners. The killing number of frog 

and tortoise in that month indicates 

a pond well contacted due to 

increased raining. Total number of 

killing animals in June was 29 that 

was less as compared to May. It was 

a difference due to different 

numbers of crossings on that road 

on different time framework of 

time. 

An overall five months data of 

killed animals were represented in 

(Fig. 6) 

 

Fig. 6. A record of total number of killed animals in 5 months (April-August) 
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DISCUSSION 

This study helped us to identify the 

number of animals from different 

species that are being killed by road 

accidents every day. Different reasons 

are responsible for this killing of 

animals as they cross the road. The 

study was conducted on Bhalwal road, 

Sargodha, Pakistan. During observation 

it was noted that the total killed numbers 

of animals was 242. In five months 

observations, the highest mortality rate 

was obtained for mammals that was 

47.9 % followed by amphibians that was 

26.31 % and the 24.23 % for reptiles. 

This was also supported by previous 

study in Pakistan where the highest rate 

of killing was observed for mammals 

(Akrim et al., 2019). Maximum number 

of jackals indicate that they came there 

for feeding on other dead animal 

carcasses and got killed by themselves 

due to poor visibility of drivers at night.  

The results of birds killing revealed that 

only thirteen birds were found dead. So, 

the death rate was 2.63 % of the total 

killed animals. The bird’s mortality on 

Bhalwal road when compared to the 

road mortality of birds in previous study 

gives the same results and the reason for 

less number is because of their flight 

behaviour. birds are mostly killed by 

electricity pools around the roads on 

height (Akrim et al., 2019).  

In our research work, the number of 

killed animals increased in the 

amphibian’s phylum that was  26.31 %. 

Due to pond constructions in the rainy 

season some ponds formed due to lower 

surface across the road on Bhalwal road 

Sargodha. Less speed, less development 

of behaviours learning and some other 

crossing reasons made them contact 

with traffic and collisions occurred. But 

in April and May have no road mortality 

due to almost zero water or pond 

availability. 

 In our research we identified that 

reptiles accounted for 24.23 % of total 

road killed animals that was third 

highest number on Bhalwal road. 

Reptiles have less speed due to large 

body size such as monitor lizards. Some 

other reasons may be the large numbers 

of habitat, and less speed. So, the 

mortality rate is going on the large 
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numbers. Some reptiles such as snake 

come to roads for thermoregulation that 

leads to their death by vehicles (Akrim 

et al., 2019). 

Many tools can be used to control the 

road mortality of common wild life. 

Some steps that can be taken 

immediately in large populated roads of 

Pakistan  are fencing around the road as 

done on M1 and M2 motorway. It may 

be expensive but it could be less 

expensive when local texture used. 

Speed limit boards are required on each 

road and fine should be imposed on over 

speeding by the vehicles. Speed boards 

have been used by the highway 

authority or 1124 station on Bhalwal 

road Sargodha. Also removing of tree 

top can improve the visibility of animals 

and can help them to avoid road kills. 

Although more practical solutions are 

required to reduce the number of killed 

animals.   

CONCLUSION 

This study helped us to understand 

traffic as a major threat to wildlife. As 

wildlife is very important for the 

ecosystem. Moreover, management 

should nee to involve at national level in 

order to secure these animals. Limited 

research is carried out so far in Pakistan, 

so, there is need to develop practical 

solutions to conserve wildlife of 

Pakistan. 
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ABSTRACT: Obesity is a risk factor for many diseases especially cancer. Numerous 

studies have been performed to examine the relation between obesity and different 

types of gastrointestinal cancer. However, involvement of obesity in overall 

gastrointestinal cancer risk is not very clear. Therefore, a meta-analysis was 

performed to investigate the association of obesity and overall gastrointestinal cancer 

risk. A thorough systematic search were performed on PubMed, MEDLINE and other 

databases and relevant studies were identified and scrutinised. A random effect model 

was used to calculate the correlation using risk ratio (RR) at 95% confidence 

interval. Publication bias was assessed by funnel plots. A total of 56 studies were 

used to perform meta-analysis. The pooled risk ratio calculated showed a significant 

relation between obesity and gastrointestinal cancer risk (RR = 1.742, 95% CI =1.54 

- 1.96, P< 0.001). Subgroup analysis was also performed for different types of 

gastrointestinal cancer such as oesophageal cancer, stomach cancer, liver cancer, 

pancreatic cancer, and colorectal cancer. The pooled risk ratio for each type of 

gastrointestinal cancer was found to be RR = 2.376 (oesophageal cancer), RR = 

1.131 (stomach cancer), RR = 1.976 (liver cancer), RR = 1.474 (pancreatic cancer), 

and RR = 1.428 (colorectal cancer). There was observed no significant bias in the 

study. This study suggested that obesity is significantly associated with risk of 

gastrointestinal cancer especially oesophageal cancer. However, further 

investigations and large clinical trials are required to make an impactful and 

conclusive statement about this association. 

Keywords: Obesity; risk ratio; gastrointestinal cancers; Oesophageal cancer; meta-
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INTRODUCTION 

Gastrointestinal cancer is the 

cancer of gastrointestinal track 

particularly of oesophagus, stomach, 

small and large intestine, colon, rectum 

and related organs as liver, pancreas, 

and gallbladder (Klint et al., 2010, 

Siegel RL et al., 2017). This cancer like 

other cancer types shows poor prognosis 

and is often detected when it has 

reached to the advanced stages (Arnold 

et al., 2020). 

The prevalence of gastrointestinal 

cancer vary among different populations 

due to significant geographical 

variations. For example, China alone 

shares 54% of the global burden of 

oesophagus squamous cell carcinoma 

(OSCC), a type of oesophageal cancer. 

It is found that the gastrointestinal 

cancer is more prevalent in the 

developed countries like United States, 

Japan, China etc (Prasad and Tyagi, 

2015). According to statistics, it 

accounts for 18.7% of global cancer 

incidence and mortality rates of 22.6% 

in 2020 (YumoXie et al., 2021) and is 

more common among men as compared 

to women. The common risk factors of 

gastrointestinal cancer includes 

infections, smoking, fatty diet, alcohol 

consumption, age, gender, race, family 

history, and the area of prevalence 

(Arnold et al., 2020; Ilic and Ilic, 2002).  

According to WHO, obesity is 

defined as the excessive accumulation 

of fat in the body which necessarily can 

affect the normal health status and is 

determined by body mass index (BMI). 

Obesity is common due to the 

modernization and economic stability in 

the world which ensures the availability 

of affordable and excess food to 

everyone and physical inactivity (Ng et 

al., 2012). Furthermore, it is not age 

restricted and is present everywhere 

regardless of geography, ethnicity, and 

economic status (Chooi et al., 2019). 

Obesity presents different physiological 

problems and contribute to the 

development of several diseases 

particularly different types of 

gastrointestinal cancer (Blüher, 2019; 

Krupa-Kotara and Dakowska, 2021). 

World Cancer Research Fund (WCRF) 

and American Institute for Cancer 

Research (AICR) in 2018 issued a 

Continuous Update Project (CUP), a 

joint review indicating that there is 

mounting evidence that creates a nexus 

between obesity and esophagus 

adenocarcinoma, pancreatic, liver, 

colorectal and kidney cancer.  

Various studies have been 

performed to observe the relation 

between obesity and different types of 
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gastrointestinal cancer, but few showed 

a pooled effect. These studies showed 

diverse results making it difficult to 

present a statement about role of obesity 

in gastrointestinal cancer risk. 

Therefore, this meta-analysis was 

performed to elucidate the association 

between obesity and occurrence of 

gastrointestinal cancer. 

METHODS 

a- Literature Search Strategy 

Various search engines like 

PubMed, MEDLINE and others were 

searched for studies showing the 

association between obesity and 

gastrointestinal cancer. Studies were 

also included from the citations in the 

selected papers and review articles. The 

key words for these searches included 

‘obesity and risk of Gastrointestinal 

cancer’, ‘BMI and risk of 

Gastrointestinal cancer’, ‘overweight 

and risk of Gastrointestinal cancer’, 

‘obesity and risk of esophageal cancer’, 

‘obesity and risk of gastric cancer’, 

‘obesity and risk of stomach cancer’, 

‘obesity and risk of pancreatic cancer’, 

‘obesity and risk of liver cancer’, 

‘obesity and risk of colorectal cancer’, 

‘obesity and risk of gallbladder cancer’. 

b- Selection Criteria: 

Those published studies were 

included in our meta-analysis which met 

the following criteria: (1) studies had to 

be cohort or case–control study in which 

gastrointestinal cancer (esophageal, 

stomach, liver, pancreatic, colorectal) 

incidence or mortality was taken as 

outcome; (2) the exposure included  

overweight and/or obesity defined by 

body mass index (BMI) (the weight in 

kilograms divided by the square of 

height in meters), (3) estimates of 

relative risk (hazard ratio, odds ratio) 

and relative risk (RR) for at least 3 

categories of BMI were reported in 

studies. 

c- Literature Retrieval and Data 

Extraction:  

Initially, 135 studies were chosen 

through search of different databases. 

Out of these, 73 studies were excluded 

from further evaluation because their 

abstract did not contain the required 

information for our data. Remaining 62 

studies were evaluated for full text 

assessment. Out of these further 6 

studies were excluded due to missing 

data. Finally, 56 studies were found 

eligible for performing meta-analysis 

and required data was extracted from 

these studies. 

From each study, the following 

information was extracted: Author’s 

name, publication year, country where 

study was performed; study design 

(cohort or case–control), sample size, 
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age range of participants, number of 

patients, categories of body mass index, 

relative risk for each category of body 

mass index, gender, type of 

Gastrointestinal cancer, outcome as yes 

or no, estimated relative risk with 95% 

Cl. The adjusted relative risks were 

noted where available. 

d- Exposure definition 

BMI ranges as specified by the 

WHO was used i.e. 18.5 to 24.9kg/m2 

range represents the normal BMI, 

whereas BMI greater than 25 kg/m 2 

represents overweight persons and a 

BMI greater than 30 kg/m2 represent 

obese. If BMI exceeds 40 kg/m2,it is 

classified as severe obesity (Chooi et al., 

2019). 

e- Statistical Analysis 

Random effect model was used to 

calculate the summary or pooled risk 

ratio (RR) estimate with 95% Cls.  

Some studies represented results in the 

form of hazard ratio (HR) and odd ratio 

(OR), but these association measures 

were considered as risk ratio in our 

study. There were studies like Calle et 

al, 2003, and others which published RR 

for obesity group (>30 kg/m) in more 

than one category such as a risk ratio 

estimate for 30 to 35 kg/m2 in one 

category, another risk estimate for 35 to 

40 kg/m2 categorised as obese II or 

severe obese and so on. For these a 

mean of all the relative risk estimates 

was taken and used in the meta-analysis. 

Also, some papers published RR 

separately for male and female, for these 

again a mean risk ratio was taken. Most 

adjusted risk ratio value was taken. The 

assessment of heterogeneity in the 

selected studies was done by using Q 

and I2 statistics. Publication bias was 

assessed using funnel plot. All analyses 

were performed using the 

Comprehensive Meta Analysis (CMA) 

Version 3.0.  

RESULTS 
a- Literature retrieval and 

Characteristics of included 

Studies: 

After thoroughly analyzing 135 

studies finally 56 studies were selected 

for performing meta-analysis (Figure 1). 

The studies included in the meta-

analysis were published between 1995 

and 2018 and contain both cohort and 

case control studies. It was observed 

that these studies were performed in 

almost every region of the world 

including US, England, Netherlands, 

Australia, Sweden, Israel, Singapore, 

Norway, Japan, China, Australia, Korea, 

Italy, Canada, Ireland, and South Korea 

and all studies included in the meta-

analysis had been seen to report result 

on only one of different types of 
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gastrointestinal cancer (oesophagus 

cancer, gastric cancer, liver cancer, 

pancreatic cancer, and colorectal cancer) 

but some studies like (Pan et al., 2003; 

Jee et al., 2008; Batty et al., 2005) 

reported for every type of 

gastrointestinal cancer. So, for these 

studies we have entered entries for each 

cancer type separately.  Also, most 

studies used Cox regression model and 

Cox proportional hazard model to find 

relative risk (RR) between obesity and 

different type of gastrointestinal cancer. 

Other main characteristics of the 

selected studies were shown in table 1. 

 
 

Fig. 1: Flowchart representing the steps of the literature search 
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Table 1: Characteristics of the Eligible studies 

 Study No. of participants Type of  

study 

No. of patients with BMI Gender Type of 

GIT cancer 

Age Geo 

Location 

RR 

 Author Year Control Patients  Under Normal Over Obese      

 

1 Abnet et al. 2008 480,475 371 Cohort 2 

(1.61) 

71 

(1.00) 

194 

(1.65) 

104 

(2.09) 

M+F EADC 50-71 USA 2.37  

 (1.44–3.59)  

2 Brown  

et al. 

1995 750 174 Case control 24 

(1.00) 

31 

(1.1) 

27 

(1.2) 

79 

(3.1) 

M EADC 30-79 USA 3.1 

(1.8-5.3) 

3 O’Doherty 

et al. 

2011 218854 253 Cohort 0 59 

(1.00) 

119 

(1.3) 

75 

(2.20) 

M+F EADC 50-71 USA 2.20 

 (1.09 to 4.09) 

4 Corley 

et al. 

2008 206974 101 Nested Case-

control 

8 

(1.00) 

25 

(2.09) 

22 

(3.47) 

? 

 

M+F EADC ? USA 3.47 

(1.29-9.33) 

5 Chow et al. 1998 695 554 Case-control 45 

(1.00) 

63 

(1.3) 

85 

(2.00) 

99 

(2.90) 

M+F EADC 30-79 USA 2.90 

(1.8–4.7) 

6  Merry et al. 2007 120852 133 Cohort 3 

(1.29) 

51 

(1) 

60 

(1.40) 

19 

(3.96) 

M+F EADC 55-69 Nether 

land 

3.96 

(2.27 to 6.88) 

7 Engeland et al. 2004 2 million 2245 Cohort 40 

(2.46) 

1208 

(1.00) 

827 

(0.82) 

170 

(0.85) 

M+F Oesophag-

eal cancer 

20-74 Norway 0.85 

(0.50–0.82) 

8 Veugelers  

et al. 

2006 102 57 Case-control 0 16% 

(1.00) 

43% 

(1.58) 

41% 

(4.67) 

M+F EADC ? Canada 4.67 

(1.27–17.19) 

9 Steffen et al. 2014 395456 124 Cohort 37 

(1.15) 

24 

(1.36) 

30 

(1.76) 

33 

(2.15) 

M+F EADC 20-70 UK 2.15 

(1.14–4.05) 

10 Whiteman et 

al. 

2007 1580 801 Case-control 1 

(0.5) 

71 

(1.00) 

150 

(1.2) 

130 

(3.56) 

M+F EADC 18-79 Australia 3.56 

(2.7 to 13.6) 

11 Song et al. 2017 96331 342 cohort 12 

(0.87) 

274 

(1.00) 

52 

(0.57) 

4 

(0.60) 

M+F ESCC 40-69 Japan 0.60 

(0.22–1.61) 

12 Han et al. 2014 13901 298 Cohort 13 

(0.87) 

210 

(1.00) 

58 

(1.07) 

17 

(1.37) 

M Colorectal 45-64 USA 1.37 

(0.8-3.11)  

13 Park et al. 2011 2173 2048 Case-control 57 

(2.10) 

785 

(1.00) 

613 

(0.74) 

252 

(0.74) 

M+F UADT ? Europe 0.74 

(0.59 - 0.93) 

14 Ryan et al. 2006 893 283 Case-control 40 

(1.00) 

43 

(1.00) 

74 

(1.9) 

131 

(3.00) 

M+F EADC ? Ireland 3.0 

(1.8–5.0) 

15 Lindkvist 

et al. 

2014 578700 114 Cohort 5 

(1.00) 

36 

(3.27) 

31 

(5.19) 

42 

(7.34) 

M+F EADC ? Australia 

Norway 

Sweden 

7.34 

(2.8–18.68) 

16 Kim et al. 2014 1288 998 Case-control 468 

(1.00) 

266 

(1.08) 

244 

(1.22) 

26 

(1.07) 

M+F Cardiac 

Gastric 

30-80 South 

Korea 

1.07 

(0.331–2.255) 

17 

 

Pan et al. 

 

2003 

 

5039 1176 Case-control 

 

? ? 1176 

(0.97) 

1176 

(1.25) 

M+F 

 

Stomach  20-76 Canada 

 

1.25 

(1.03, 1.51) 

1722 ? ? 1722 

(1.4) 

1722 

(1.93) 

Colon  20-76 1.93 

(1.61, 2.31) 

1447 ? ? 1447 

(1.36) 

1447 

1.65 

Rectum  20-76 1.65 

(1.36, 2.00) 

630 ? ? 630 

0.99 

630 

(1.51) 

 Pancreatic 20-76 1.51 

(1.19, 1.92) 

309 ? ? 309 

(0.89) 

309 

(1.17) 

Liver 20-76 1.17 

(0.83, 1.66) 

18 Lindblad 

et al. 

2003 10,000 287 Case-control 8 

(1.29) 

49 

(1.00) 

94 

(1.47) 

36 

(1.95) 

M+F EADC 40-84 Sweden 1.95 

(1.03–3.02) 

19 Schlesinger 

et al. 

2012 359525 177 Cohort ? 33 

(1.00) 

49 

(0.96) 

95 

(1.04) 

M+F HCC ? Europe 1.04 

(0.60–1.83) 

20 Fan  

et al. 

2017 29446 1716 Cohort 403 

(1.00) 

442 

(1.02) 

390 

(1.01) 

? M+F GCA ? China 1.01  

(0.88–1.16) 

21 Bayashi et al. 2019 92056 2860 Cohort 145 

(1.17) 

1988 

(1.00) 

426 

(1.00) 

301 

(1.12) 

M+F Gastric  

cancer 

40-69 Japan 1.12 

(1.00 - 1.51)  

22 Jee et al. 2008 

 

1213829 

 

13810 Cohort 

 

2332 

(0.95) 

11790 

(1.01) 

4320 

(0.98) 

242 

(1.07) 

M+F 

 

Stomach 30-95 Korea 

 

1.07 

(1.05–1.64) 

1231 291 

(2.11) 

1033 

(1.12) 

265 

(1.52) 

5 

(1.48) 

Oesophagus 30-95 1.48 

(0.51–11.7)  

4706 612 

(0.72) 

4100 

(0.99) 

1791 

(1.00) 

127 

(1.21) 

Colon 30-95 1.21 

(1.02–1.98) 

7646 1057 

(0.87) 

6639 

(0.92) 

2649 

(1.09) 

175 

(1.51) 

Liver 30-95 1.51 

(1.27–2.10)  

1959 279 

(0.87) 

1626 

(1.02) 

705 

(1.20) 

51 

(1.57) 

Pancreatic 30-95 1.57 

(0.75–2.38)  

2406 367 2021 883 67  Gallbladder 30-95 1.54 
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(0.88) (0.99) (1.12) (1.54) (1.11–2.44)  

23 Lagergrem 

etal. 

1999 820 189 Case-control 10 

(1.00) 

68 

(3.20) 

89 

(6.90) 

22 

(16.20) 

M+F EADC <80 Sweden 16.20 

(6.3–41.4) 

24 Lagergrem 

 et al. 

1999 820 262 Case-control 47 

(1.00) 

100 

(1.30) 

91 

(2.20) 

34 

(4.30) 

M+F GCA <80 Sweden 4.30 

(2.1–8.7) 

25 Ohki et al. 2008 1431 340 Cohort 112 

(1.00) 

1023 

(1.52) 

265 

(1.86) 

31 

(3.10) 

M+F HCC ? Japan 3.10 

(1.41–6.81) 

26 

 

Batty 

et al. 

 

2005 

 

18403 

 

279 Cohort 

 

? 139 

(1.00) 

122 

(1.20) 

18 

(2.21) 

M+F 

 

Colon ? UK 

 

2.21 

(1.29, 3.79) 

190 ? 100 

(1.00) 

81 

(1.05) 

9 

(1.23) 

Stomach ? 1.23  

(0.59, 2.58) 

147 ? 75 

(1.00) 

69 

(1.18) 

3 

(0.58) 

Pancreatic ? 0.58  

(0.18, 1.91) 

27 Inoue et al. 2008 17590 102 Cohort ? 64 

(1.00) 

21 

(2.07) 

17 

(2.72) 

M+F HCC 40-69 Japan 2.72 

(1.51–4.89) 

28 Borena et al. 2011 578200 266 Cohort 36 

(1.00) 

83 

(0.94) 

53 

(1.02) 

94 

(1.92) 

M+F liver ? Norway 

Austria 

1.92 

(1.23–2.96) 

29 Li et al. 2013 72468 527 Cohort 23 

(1.63) 

166 

(1.36) 

65 

(1.57) 

? M+F liver 40-79 Japan 1.57  

(1.05–2.60)  

30 Campbell  

et al. 

2016 1.57 

million 

2162 Prospe-ctive 19 

(1.41) 

586 

(1.00) 

861 

(1.17) 

621 

(1.75) 

M+F liver 58.2 USA 1.75 

(1.56–1.98) 

31 Satawan 

et al. 

2015 168476 482 Cohort ? 152 

(1.00) 

216 

(1.24) 

114 

(1.57) 

M+F HCC 45-77 USA 1.57 

(1.31–2.52)  

32 Hagstrom 

et al. 

2017 1.2 million 251 Cohort 31 

(1.12) 

185 

(1.14) 

25 

(1.57) 

10 

(3.59) 

M+F HCC ? Sweden 3.59 

(1.85 to 6.99) 

33 Jeong 

et al. 

2018 510148 7831 Cohort ? 5350 

(0.81) 

? 2481 

(1.19) 

M+F Gastro-

intestinal 

45-77 Korea 1.19 

(1.08, 1.32) 

34 Polesel 

et al. 

2008 404 185 Case-control ? 71 

(1.00) 

76 

(1.00) 

38 

(1.90) 

M+F HCC 40-82 Italy 1.90 

(0.9–3.9) 

35 Oh et al. 2005 781283 187 Cohort 106 

(0.96) 

3871 

(0.92) 

1260 

(0.94) 

56 

(1.25) 

M Stomach ? Korea 1.25 

0.96 to 1.63 

36 Rapp et al. 

 

2005 

 

145000 

 

146 Cohort 

 

? 58 

(1.00) 

75 

(1.04) 

13 

(0.72) 

M+F 

 

Stomach ? Austria 

 

0.72 

(0.40–1.33) 

221 ? 86 

(1.00) 

128 

(1.56) 

7 

(2.48) 

Colon ? 2.48 

(1.15–5.39) 

57 ? 18 

(1.00) 

29 

(1.32) 

10 

(1.67) 

Liver ? 1.67 

(0.75–3.72) 

64 ? 19 

(1.00) 

31 

(1.29) 

14 

(2.34) 

Pancreas ? 2.34 

(1.17–4.66) 

37 Michaud  

et al. 

2001 163691 350 Cohort 104 

(1.00) 

73 

(1.08) 

126 

(1.36) 

47 

(1.74) 

M+F Pancreas 30-75 USA 1.74 

(1.17–4.66)  

38 Luo et al. 2008 138503 251 Cohort 25 

(0.8) 

62 

(1.00) 

84 

(0.90) 

80 

(0.95) 

F Pancreas 50-79 USA 0.95 

(0.5 – 1.3) 

39 Lin et al. 2007 110792 402 Cohort 79 

(1.13) 

250 

(1.06) 

78 

(1.09) 

5 

(0.81) 

M+F Pancreas ? Japan 0.81 

(0.08–4.16) 

40 Patel et al. 2004 145627 242 Cohort ? 94 

(1.00) 

90 

(1.03) 

58 

(2.08) 

M+F Pancreas ? USA 2.08 

(1.48-2.93) 

41 Larsson et al. 2005 83140 128 Cohort 5 

(0.96) 

50 

(1.00) 

54 

(1.25) 

19 

(1.81) 

M+F Pancreas ? Sweden 1.81 

(1.04 – 3.15) 

42  Luo et al. 2007 99670 224 Cohort 51 

(1.15) 

118 

(1.00) 

55 

(0.95) 

? M+F Pancreas ? Japan 0.95 

(0.4–1.2)  

43 Solomon et al. 2007 495035 654 Cohort ? 194 

(1.00) 

311 

(1.26) 

149 

(1.33) 

M+F Pancreas 50-71 USA 1.45 

(1.04, 2.02) 

44 Solomon et al. 2013 501698 2122 Cohort 25 

(1.18) 

689 

(1.00) 

934 

(1.09) 

474 

(1.22) 

M+F Pancreas 50-71 USA 1.22 

 (1.07, 1.55) 

45 Nothlings 

et al. 

2007 167430 472 Cohort ? 245 

(1.00) 

156 

(0.89) 

75 

(1.08) 

M+F Pancreas ? USA 1.08 

(1.02, 2.26) 

46 Samanic 

et al. 

 

2006 

 

362552 

 

320 Cohort 

 

? 184 

(1.00) 

110 

(0.76) 

26 

(1.14) 

M 

 

Oesophagus 34.3 Sweden 

 

1.14 

(0.76–1.73) 

1362 ? 626 

(1.00) 

610 

(1.08) 

126 

(1.36) 

Rectum 34.3 1.36 

(1.13–1.66) 

297 ? 115 

(1.00) 

126 

(1.29) 

56 

(3.62) 

Liver 34.3 3.62 

(2.62–5.00) 

698 ? 352 

(1.00) 

289 

(0.95) 

57 

(1.16) 

Pancreas 34.3 1.16 

(0.87–1.53) 

1795 ? 763 

(1.00) 

842 

(1.24) 

190 

(1.74) 

Colon 34.3 1.74 

(1.48–2.04) 

47 Isaksson 

et al. 

2002 21884 176 Cohort 25 

(1.02) 

31 

(1.00) 

35 

(1.28) 

36 

(1.46) 

M+F Pancreas 56 Sweden 1.46 

(0.87–2.45) 

48 Zohar Levi  2018 1794570 551 Cohort 39 420 465 36 M+F Pancreas ? Israel 3.79  
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et al. (1.33) (1.00) (1.53) (3.79) (2.53-5.36)  

49 Campbell  

et al. 

2010 2684 1794 Case-control 26 

(1.14) 

627 

(1.00) 

660 

(1.16) 

434 

(1.56) 

M+F Colorectal ? USA 1.56 

(1.33 to 2.40) 

50 Engeland 

 et al. 

2005 2 million 47117 Cohort 388 

(0.94) 

22568 

(1.00) 

18733 

(1.08) 

5428 

(1.23) 

M+F Colorectal ? Norway 1.23 

(1.32–1.48) 

51 Calle et al. 2003 900000 596 Cohort ? 222 

(1.00) 

296 

(1.13) 

102 

(3.21) 

M+F Liver  39-79 USA 3.21 

 (2.94–6.94) 

52 Deggard 

 et al. 

2011 51251 980 Cohort 76 

(1.03) 

591 

(1.06) 

199 

(1.05) 

114 

(1.25) 

M+F Colorectal 45-74 Singapore 1.25 

(1.01-1.55) 

53 Levi  

et al. 

2011 1.1 million 537 Cohort 89 

(1.00) 

323 

(1.01) 

125 

(1.43) 

? M Colorectal ? Israel 1.43 

(1.09–1.89) 

54 Hughes et al. 2011 120852 2316 Cohort ? 1372 

(0.96) 

469 

(0.98) 

476 

(1.11) 

M+F Colorectal 55-69 Nether 

Land 

1.11 

0.96- 1.62 

55 Basset et al. 2010 39548 569 Cohort 77 

(0.77) 

97 

(1.00) 

262 

(1.07) 

133 

(1.25) 

M+F Colorectal 40-69 Australia 1.25 

(1.00-2.28) 

56 Oxetenko 

et al. 

2010 36941 1464 Cohort 19 

(1.62) 

495 

(1.00) 

548 

(1.12) 

402 

(1.39) 

F Colorectal 50-69 USA 1.39 

 (1.10–2.22) 
 

Most of the studies showed a close 

association between obesity and 

different types of gastrointestinal 

cancer. The pooled RR for overall 56 

studies in favour of gastrointestinal 

cancer (GI) risk was recorded as RR = 

1.742, 95% (the black diamond) CI 

(1.54 - 1.96). This shows that obesity is 

significantly associated with 

gastrointestinal cancer risk (figure 2a). 

For the measurement of heterogeneity, 

the value of I was I2 = 92.8% 92% of 

observed variance between studies is 

due to real difference in effect size and 

only 08% of observed variance should 

be expected to base on random error and 

tau2 value was 0.157.No obvious 

asymmetry was found in the funnel plot 

as evident from the figure 2b indicating 

no significant biasness in the studies 

included in meta-analysis. 

(a) 
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(b) 

 
Fig. 2:  (a)Forest plot of Risk ratio with a random-effects model for pooled risk ratios 

of gastrointestinal cancers (Favours A= little or no risk, Favours B= gastrointestinal 

cancer risk) (b) Funnel plot of risk ratio with a random-effects model for overall 

biasness in included studies 

Following are the results for 

subgroup analysis performed separately 

for each gastrointestinal cancer type.  

b- Oesophagus Cancer  

The pooled RR for oesophageal 

cancer risk was found to be, RR = 

2.376, 95% CI (1.61 – 3.46) showing a 

significant association between obesity 

and oesophagus cancer. The I2 = 89.9% 

showing heterogeneity among studies 

and tau2 = 0.55 as variance measure. 

Figure 3a,b shows the forest plot and 

funnel plot for association between 

obesity and oesophagus cancer and 

publication bias which is insignificant. 

(a) 
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(b) 

 
Fig. 3: (a) Forest plot of risk ratio with a random-effects model for risk ratio in 

oesophagus cancer studies (b) Funnel plot of risk ratio with a random-effects model 

for overall biasness in oesophagus cancer studies 
 

c- Stomach/ Gastric cancer 

The pooled RR for stomach cancer 

risk was RR = 1.131, 95% CI (1.01 – 

1.25) showing a positive association 

between obesity and stomach cancer. 

The I2 = 62.5% showing heterogeneity 

among studies and tau2 = 0.01 as 

variance measure. Figure 4a, b shows 

the forest plot and funnel plot for 

association between obesity and 

stomach cancer and publication bias 

which is insignificant. 

(a) 
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(b) 

 
Fig. 4: (a) Forest plot of risk ratio with a random-effects model for risk ratio in 

stomach cancer studies (b) Funnel plot of risk ratio with a random-effects model for 

overall biasness in stomach cancer studies 

d- Liver Cancer 

The pooled RR for liver cancer risk 

was RR = 1.976, 95% CI (1.55 – 2.51) 

showing a significant association 

between obesity and liver cancer. The I2 

= 91.5% showing heterogeneity among 

studies and tau2 = 0.15 as variance 

measure. Figure 5a, b shows the forest 

plot and funnel plot for association 

between obesity and liver cancer and 

publication bias which is insignificant. 

(a) 
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(b) 

 
Fig. 5: (a) Forest plot of risk ratio with a random-effects model for risk ratio in liver 

cancer studies (b) Funnel plot of risk ratio with a random-effects model for overall 

biasness in liver cancer studies 

e- Pancreatic Cancer 

The pooled RR for pancreatic 

cancer risk was RR = 1.474, 95% CI 

(1.24 – 1.74) showing a significant 

association between obesity and 

pancreatic cancer. The I2 = 78% 

showing heterogeneity among studies 

and tau2 = 0.06 as variance measure. 

Figure 6a, b shows the forest plot and 

funnel plot for association between 

obesity and pancreatic cancer and 

publication bias which is insignificant. 

(a) 
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(b) 

 
Fig. 6: (a) Forest plot of risk ratio with a random-effects model for risk ratio in 

pancreatic cancer studies (b) Funnel plot of risk ratio with a random-effects model for 

overall biasness in pancreatic cancer studies 

 

f- Colorectal Cancer 

The pooled RR for colorectal 

cancer risk was RR = 1.428, 95% CI 

(1.27 – 1.60) showing a significant 

association between obesity and 

colorectal cancer. The I2 = 71% showing 

heterogeneity among studies and tau2 = 

0.029 as variance measure. Figure 7 

shows the forest plot and funnel plot for 

association between obesity and 

colorectal cancer and publication bias 

which is insignificant. 

(a) 
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(b) 

 
Fig. 7: (a) Forest plot of risk ratio with a random-effects model for risk ratio in 

colorectal cancer studies (b) Funnel plot of risk ratio with a random-effects model for 

overall biasness in colorectal cancer studies 

DISCUSSION 

Gastrointestinal cancer is one of 

the leading causes of mortality 

worldwide. According to statistics, 

gastrointestinal cancer is the reason of 

death of 1/3 cancer patients (Arnold et 

al., 2020).Obesity plays an important 

role in the development of 

gastrointestinal but a clear relation 

between two is missing. We performed 

this meta-analysis with 56 eligible 

studies after considerable scrutiny to 

find the association between obesity and 

risk of gastrointestinal cancer incidence. 

In almost all studies, BMI was used as a 

measure of obesity. Most of the studies 

showed up strong positive association 

between obesity and different types of 

gastrointestinal cancer risk and 

mortality.  

The meta-analysis results described 

that obesity significantly increases the 

risk of overall gastrointestinal cancer 

(RR = 1.742). According to results the 

type of gastrointestinal cancer which 

was strongly related with obesity was 

oesophageal cancer compared to all 

other gastrointestinal cancers (RR = 

2.376). Random effect model was 

applied to determine effect size and 

heterogeneity. Random effect model 

considered variations among all studies 

included in the meta-analysis. Every 
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study reported a different effect size 

(RR) due to changes in subject’s 

characteristics of each study. 

Weight loss activities for obese 

people can decrease the overall risk of 

gastrointestinal cancer. This association 

between obesity and overall risk of 

gastrointestinal tract cancers may be due 

to some mechanisms which are related 

with adipose tissue production of 

adipokinesis and vascular growth 

factors, changes in immune system 

functions and endocrine disruptors (De 

Pergola Silvestris, 2013). 

Excess adiposity is recognized as 

the second major cause of cancer, after 

smoking. There are different hypotheses 

at present which provide a convincing 

link between obesity and gastrointestinal 

cancer.  First one is altered insulin 

signaling. According to this, Excess 

adiposity leads to insulin resistance 

causing hyper-insulinemia. High 

concentration of insulin in blood which 

is a mitogenic hormone activates MAP-

Kinase resulting in cell proliferation 

causing cancer. Second is chronic 

inflammation which is the result of 

excessive accumulation of visceral fat 

causing improper activation of pro-

inflammatory signals and cytokine 

production. This condition results in the 

release of free fatty acids in circulation 

and macrophages. Free fatty acids cause 

the activation of NF-kB factors which 

may results in the development of 

gastric cancer. Adipose tissues stimulate 

the production of sex hormones 

particularly estrone and estradiol. It 

causes the stimulation of IGF-1 receptor 

and help in cell proliferation causing 

cancer (Karczewski et al., 2019). 

But more deep study is required to 

fully understand the underlying 

mechanism (De Pergola Silvestris, 

2013). Also, people with BMI less than 

25 kg/m2 were seen to be at lower risk 

of developing gastrointestinal cancer. 

CONCLUSION 

It was concluded by this study that 

obese people were at greater risk of 

developing different types of 

gastrointestinal cancer as compared to 

non-obese even at early age. 
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ABSTRACT: SARS-CoV-2 a RNA virus, is a novel virus that belongs to the 

Coronaviridae family and has caused the most lethal pandemic of the current 

century. Various variants of SARS-CoV-2 have been circulating since the start of the 

COVID-19 outbreak. Its variants  are Alpha, Beta, Gamma, Delt, Mu and Omicron. 

The fusion of the viral envelope and host membrane occurs when the spike protein of 

the virus interacts with the host's ACE2 receptor, resulting in the release of viral RNA 

into the cytoplasm of the host cell. This process is a crucial step in the viral 

replication cycle, as it allows the virus to hijack the host cell's machinery to produce 

more copies of itself. Post-COVID-19 complications such as reduced blood flow to 

the pancreas, myocardial damage and elevated blood clotting levels have been 

observed. Studies have shown that individuals with obesity, diabetes, and 

hypertension are more susceptible to contracting COVID-19. There is still an 

ongoing debate among experts regarding the impact of asthma as a premorbid 

condition on the course of the disease caused by SARS-CoV-2. The goal of this review 

is to give a general description of SARS-CoV-2 and highlight COVID-19's potentially 

negative effects on health. 

Keywords: SARS-CoV-2, COVID-19, Variants of SARS-Cov-2, POST COVID-19 

Complications 

INTRODUCTION 

An increasing number of individuals 

are recovering from the disease but 

still dealing with its after effects after 

their initial infection has subsided as 

the COVID-19 pandemic continues to 

grip the world (Carlsten et al., 2021). 

These lingering symptoms, sometimes 

known as "long COVID" or "post-

COVID syndrome," can last for weeks 

https://doi.org/10.54692/lgujls.2023.0701238
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or even months and have a major 

impact on the affected person's quality 

of life. Little is known about the wide 

spectrum of post-COVID-19 health 

manifestations that might affect 

different organs and systems in the 

body, despite the fact that the 

respiratory symptoms of COVID-19 

are well-documented (Vu and McGill, 

2021). Many of the most often 

reported post-COVID-19 health 

symptoms are briefly reviewed in this 

article, along with their possible causes 

while the data was gathered from 

several articles. In order to create 

efficient post-COVID-19 care methods 

and enhance the outcomes for persons 

impacted by this novel disease, 

healthcare practitioners and policy 

makers must have a thorough 

understanding of these symptoms. 

SARS-CoV-2 Genotype  

A new type of coronavirus known as 

SARS-CoV-2 caused a sudden 

outbreak of viral pneumonia in Wuhan, 

China, which then quickly spread to 

become a pandemic (Yasmeen et al., 

2021; Yasmeen and Chaudhry, 2022). 

Based upon the phylogenetic 

relationships of genotypic structure, 

COVID-19 belongs to the genera 

"Betacoronavirus". In humans, 

Betacoronaviruses (SARS-CoV-2, 

SARS-CoV, and MERS-CoV) have 

various similarities. Still, their 

genomic and phenotypic structures 

already have some different features 

that may affect their pathogenesis. It is 

a single-stranded RNA (ssRNA) 

negative sense particle (Chen et al., 

2020). 

Variants of SARS-CoV-2 

All types of viruses, including SARS-

CoV-2, COVID-19 progress over time 

and change their properties. The term 

"variant” is utilized to refer to a 

subtype of  a virus that possesses 

genetic differences from the main 

strain, but these differences are not 

significant enough to categorize it as a 

separate strain. Depending on the 

changes in the virus’s genetic material, 

mutations may affect coronavirus 

properties such as transmission or 

strength (Chen et al., 2020). 

Various variants of corona SARS-Cov-

2 that are Alpha (the earliest recorded 

samples in Sep-2020), Beta (the 
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earliest recorded samples in May-

2020), Gamma (the earliest recorded 

samples in Nov-2020), Delta (the 

earliest recorded samples  in Oct-

2020), Mu (Being Monitored:Sep-

2021), R.1 Omicron (the earliest 

recorded samples in Nov-2021) and 

shown in (Fig. 1). 

 
Fig. 1. Various variants SARS-CoV-2 (adopted by Chrysostomou et al., 2023) 

 

Lifecycle and genomic 

structure of SARS-CoV-2 

SARS-CoV-2 is a spherical, enveloped 

virus that has single-stranded negative 

sense RNA. SARS-CoV-2 consists of 

four structural proteins i.e., Spike 

protein, membrane protein, envelope  

protein, and nucleocapsid protein. The 

spike protein binds to the host cell to 

begin the early stage of the virus life 

cycle. The initial phase of the virus life 

cycle begins with entrance of virus into 

the host cell after the spike protein 

binds to the ACE2 receptor on the host 

cell (. SARS-CoV-2 entrance occurs 

either by endocytosis or through direct 

fusion. The action of cathepsin L in 

lysosomes seems to stimulate further 

processing, which eventually promotes 

the fusion of the viral envelope with 

the host membrane and the release of 

the viral RNA (De Haan et al., 1998). 

Then the Virus hijacks the biosynthetic 

machinery of the host cell and starts 

viral replication. Viral copies are 

released with  bursting of the host cell 

and cause severe respiratory infection 

in the host’s body. 

POST COVID-19 Implications 

1. Diabetes Mellitus  

COVID-19 is a global pandemic that 

continues to pose unprecedented 

challenges worldwide. It is caused by 

enveloped RNA beta-coronavirus 
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(SARS-CoV-2) (Viswanathan et al., 

2021).  Pakistan, Indonesia, Mexico, 

India, the United States of America, 

Brazil, and Bangladesh are the top 

seven countries with the highest 

prevalence of diabetes. They are the 

top 8% contributors to coronavirus 

deaths worldwide. 

This may significantly impact COVID-

19-related mortality (Viswanathan et 

al., 2021). It was also observed that 

some patients having no previous 

history of diabetes developed Diabetic 

ketoacidosis (DKA) when exposed to 

SARS-CoV-2(Bhutani and Bhutani, 

2014; Blind et al., 2018).  

SARS-CoV-2 acts on the ACE2 

receptors and gets entry into the 

pancreatic cells. By using ACE2 

immunostaining of pancreas tissue, an 

interesting study conducted by 

Thaweerat et al. (Thaweerat, 2020) 

revealed that the endocrine part of the 

pancreas surprisingly has more ACE2 

receptors as compared to its exocrine 

one (Thaweerat, 2020). The endocrine 

region of the pancreas control the 

blood glucose levels (Roder et al., 

2016). SARS-CoV-2 invades the 

pancreas and the immune system, and 

destroys pancreatic cells lowering 

insulin production, thus resulting in 

DM, which  is the most common in 

severe cases of COVID-19 (Kamrath 

et al., 2020; Liu et al., 2020; Marchand 

et al., 2020; Oriot & Hermans, 2022). 

This process is activated because of 

SARS-CoV2 infections, leading to the 

formation of antibodies in pancreatic 

cells (Op de Beeck and Eizirik, 2016).  

The hypothesis linking DM-COVID-

19 suggests that the coronavirus may 

harm the islet cells in the pancreas, 

leading to impaired insulin levels and 

potentially causing diabetes (Liu et al., 

2020; Thaweerat, 2020).  

This pathway is also mentioned in 

ifferent studies (Baracchini et al., 

2020; Mota and Stefan, 2020) in their 

work on COVID-19. 

In addition, endocytosis of COVID-19 

lowers the level of ACE2, leading to 

increased levels of Angiotensin II. 

Angiotensin II is a potent 

vasoconstrictor which inhibits action 

of nitric oxide in the endothelium of 

the islet capillaries (Balasubramanyam, 

2020), and decreased the blood supply 
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to the pancreas. Islet cells comprised 

15 percent blood supply to the 

pancreas and now makeup only 1 to 2 

percent of the pancreatic volume 

(Jansson and Hellerström, 1983). The 

decrease in blood flow to islet cells 

caused by vasoconstriction hinders 

insulin secretion in the pancreas. This 

confirms the bidirectional relationship 

between COVID-19 and diabetes 

(Carlsson et al., 1998). Barron et al. 

claimed that the entire population of 

England has both type 1 and type 2 

diabetes. According to a survey 

conducted in the USA, people with 

diabetes mellitus are more likely to 

experience other consequences of 

COVID-19 (Zhang et al., 2013). 

Diabetes related SARS-CoV-2 

pathway is also shown in Fig. 2 

 
Fig. 2. Diabetes related SARS-CoV-2 pathway (adopted by www.fda.gov) 

 

2. Cardiovascular Diseases  

The emergence of the SARS-CoV-2 

has presented an unequal challenge to 

the global health community. The 

rapid spread of the coronavirus and the 

resulting epidemics were facilitated by 

the potential for infection during the 

asymptomatic phase. Heart disease and 

various other factors (age, male sex, 

current smoking, hypertension, and 

diabetes) increased incidence of 

coronavirus (Wu and McGoogan, 

2020). According to research, SARS-

CoV-2 can worsen underlying 
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cardiovascular disease and cause acute 

heart problems. Although SARS-CoV-

2 main target is the respiratory tract, it 

may also affect the cardiovascular 

system. The following are typical 

routes by which SARS-CoV-2 patients 

experience cardiovascular issues  (Li et 

al., 2020; Xiong et al., 2020).  

1. SARS-CoV-2 causes direct 

myocardial injury. The virus 

enters human cells through ACE2. 

They are abundant within the heart 

and pancreas. ACE2 regulates the 

neurohumoral role of the 

cardiovascular system in both 

normal and disease conditions. 

SARS-CoV-2 is attached to ACE2 

and can alter the signalling 

pathways of ACE2, which may 

cause an acute myocardial injury 

(Li et al., 2020; Xiong et al., 2020; 

Yasmeen et al., 2021). 

2. Severe cases of SARS-CoV-2 are 

usually characterized by systemic 

inflammation (SI) that combined 

with less oxygen can cause an 

acute respiratory illness that 

impairs myocardial oxygen 

demand  and supply relations, 

leading to myocardial injury. 

3. The usage of antiviral drugs, 

corticosteroids, and other 

medicines for treating COVID-19 

may negatively affect the 

cardiovascular system. 

4. An increase in coronary blood 

flow causes inflammation, 

resulting in rupture of coronary 

artery thrombosis, and causing 

acute myocardial infarction. 

Systemic inflammation causes a 

prothrombotic milieu that further 

increases the cardiovascular 

disease risk. 

5. Acute myocardial injury (AMI) is 

the most common cardiovascular 

complication observed in viral 

infections. AMI is the death of 

cardiomyocytes manifested by an 

increased level of cardiac troponin 

I (cTnI). Although various cases 

are related to acute cardiac injury, 

approximately 7-11% of the 

positive cases have high cTnI 

levels (Lippi & Plebani, 2020). 

The meta-analysis of the Chinese 

research (B. Li et al., 2020) 
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claimed 8% of cases of acute 

cardiac injury; on the other hand, 

other studies include only patients 

who had definite outcomes 

meaning either death or discharge. 

Discharge from hospitals have 

shown 16.5% incidence of cTnI 

level (Zhou et al., 2020). 

Consistently, AMI has acted as a 

negative powerful prognostic 

marker in COVID-19 patients 

regardless of the actual cases 

(Huang et al., 2020; Wang et al., 

2020; Zhou et al., 2020). Patients 

admitted to the ICU due to serious 

illness have a systematic risk of 

high troponin levels. In contrast, 

high troponin incidence was 

significantly lower in patients with 

minor illnesses that did not require 

ICU admission. In Pakistan, one in 

every seven children who develop 

moderate to severe COVID-19 

dies, and the mortality rate is 

substantially higher than in 

Western nations. 

3. Thrombosis 

COVID-19 has affected more than 

1/3rd of patients worldwide, as a result 

of affliction with high blood clotting 

levels. Even the first ninety nine covid 

patients admitted to hospitals in China 

show high D-dimer levels in the blood. 

Autopsies of people who died due to 

COVID-19 had shown widespread 

clots. Disseminated intravascular 

coagulation and thrombosis are two 

very common problems in SARS-

CoV-2 infection. The blood clot has 

consumptive nature  that lowers the 

concentration in the circulation of 

blood. Deletion of the clotting factors 

accounts for continued bleeding. 

Clotting results in rupturing of vessels 

and hemorrhagic stroke. In exuberant 

clotting, an anticoagulant protein, 

PROS1 acts with an active protein C to 

degrade Va and VIIIa factors, 

terminating the clots. In the 

coagulation cascade, it is an important 

inhibitory gene. The absence of 

PROS1 within mice are lethal, 

resulting in catastrophic blood clotting 

(CBC) and hemorrhage. Development 
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of immune hyper-reaction worsens 

COVID-19 patients’ health. PROS1 is 

an anticoagulant in the blood 

coagulation cascade series. The high 

levels of TNF, IL-1, IL-6, and 

Interferon-γ concentration dramatically 

damage multiple sites pleiotropically. 

The researcher believed that PROS1 

has a link with immune hyper-reaction 

and blood clotting. PROS1 is also the 

activating ligand of the TAM (Tyro3, 

Axl, and Mer) family of Tyrosine 

kinases receptors (RTKs) (Lemke, 

2013). RTKs show macrophages, 

dendritic cells, and other immune 

bodies in the immune system. MER 

(Membrane estrogen receptor) is a 

kinase. When both TAM activating 

ligands, PROS1 and Gas6, bind to the 

extracellular domain of MER, MER 

signaling is activated that reduces type 

1 interferons such as TNF and 

production of other cytokines (Lemke, 

2013; Rothlin et al., 2007). A decrease 

in TAM receptor signals also decrease 

PROS1 expression.  

4. Asthma 

Asthma has become a serious health 

challenge for people 18-50 years old 

(Network, 2014). Every year more 

than 12 million people get affected by 

asthma in the United States (Fergeson 

et al., 2017). It is an infectious disease 

caused by COVID-19. The severity of 

coronavirus can range from mild to 

severe (Li et al., 2020). The effects of 

COVID-19 on asthma patients are less 

proven (Johnston, 2020). Conversely, 

the impact of coronavirus is closely 

linked to age. 

In Castilla La-Mancha (region of 

Spain), clinical data of about 2,034,921 

patients was collected. The data was 

collected from emergency wards, 

inpatient and outpatient units, and 

primary care centers. Approximately 

71,182 asthma cases were reported 

from January 1, 2019, to May 10, 

2020.  It was observed that bronchial-

asthma patients infected with SARS-

CoV-2 were mainly old females and 

had high rates of obesity, diabetes 

mellitus, and hypertension compared 

to the asthmatic patients without 

COVID-19. Asthma patients using 

inhaled corticosteroids showed lower 

hospital admissions. Pneumonia with 

the variability of radiological 
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expressions was the most common 

diagnosis in hospitalized patients. This 

study concluded that the incidence of 

SARS-CoV-2 infection in asthmatic 

patients was low but slightly higher in 

the non-asthmatic general population. 

Old age and related comorbidities, for 

example, DM and CVD, act as 

increased risk factors in the 

hospitalization of asthmatic patients 

with COVID-19. Whether bronchitis 

or asthma is an independent risk factor 

in COVID-19 cases is less clear. It was 

found that the number of COVID-19-

related hospital admissions and 

mortalities in asthmatic patients was 

surprisingly low.  

The impact of the COVID-19 

pandemic on healthcare systems 

around the world has been disastrous, 

but children appeared relatively safe. 

Asthmatic children do not appear to be 

disproportionately affected by SARS-

CoV2. There is a risk that accesses to 

health care, treatment, and disease 

control will be restricted if the 

pandemic persists, particularly in the 

poorest states. Medical care models 

such as telemedicine, valid 

questionnaires and monitoring, and 

cloud technology usage adoption can 

help improve the management of 

chronic respiratory diseases such as 

asthma. In Korea, clinical data 

collected from approximately 7591 

COVID-19 patients reported that the 

mortality rate (7.8%) for coronavirus 

patients with asthma was quite high 

compared to other patients (Guan et 

al., 2020). 

COVID-19 and severe asthma data are 

scary. Recently, the Belgian Severe 

Asthma Registry published an article. 

This study reported that severe asthma 

does not act as an increased risk factor 

for COVID-19 infection (Hanon et al., 

2020). No doubt asthma is a highly 

chronic disease that has affected 

approximately 4.4 percent of the 

world’s population. Asthmatic 

exacerbations are stimulated by 

respiratory viruses, increasing the 

infectious condition's severity (Zheng 

et al., 2018). Coronaviruses had 

triggered asthma exacerbations in the 

past. However, for the novel 

coronavirus, it is still a controversy 

among researchers regarding the role 
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of SARS-CoV-2 in asthma as a 

premorbid that whether it worsens the 

progression of the disease (Caminati et 

al., 2020; Richardson et al., 2020). 

CONCLUSION 

According to a review of the cases of 

COVID-19 that have been 

documented, people with obesity, 

diabetes, and hypertension are more 

likely to have the disease. ACE2 

receptors on the pancreas and heart 

allow coronavirus to enter, which 

damages the organ, lowers blood 

insulin levels, and leads to diabetes 

and myocardial injury. Thrombosis 

and diffuse intravascular coagulation, 

which reduces PROS1 expression can 

lead to auto-immune disease in SARS-

CoV-2 patients. Regarding the SARS-

CoV-2 role of asthma as a premorbid 

that affects the course of the disease, 

there is still debate among experts in 

this area. 
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ABSTRACT: Cochlea is a hollow, spiral shaped bone in the inner ear that has sense of 

hearing and to produce sound. Cochlear problems, or its damage can result in loss of 

hearing. This study was designed to access intelligibility of speech in children with cochlear 

implants. A total of 30 subjects (7 to 42 months) from Fatima Memorial College of Medicine 

and Dentistry were considered which were implanted with cochlea from October 2012 to 

December 2012. A pre-designed questionnaire was used for the data collection in order to 

collect the views from the parents of children with cochlear implants regarding the 

intelligibility of conversational speech produced by their children. It was noticed a 26 

(86.7%) of the 30 youngsters who had cochlear implants were able to understand what was 

being said by their speakers. Moreover, parents and other listeners try to understand the 

conversation that cochlear implant’s recipients make. It was concluded cochlear implants 

found useful and recommended for improving hearing of impaired individuals. 

Keyword: Verbal communication, speech, intelligibility, Cochlear implant 

 

INTRODUCTION 
Communication is only means by which 

one person can share thoughts and 

feelings with others (Carlson, 2020). 

This mechanism is present in all people 

by nature (Rakhimova et al., 2022).  All 

communication is a way to convey 

information from one person to another 

(Naples and Ruckenstein, 2020). An 

individual's everyday communication 

status is only be estimated by their 

speech intelligibility (Rakhimova et al., 

2022). Variables like gender, nonverbal 

intelligence, communication style, 

educational context, and extensive 

https://doi.org/10.54692/lgujls.2023.0701239
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technology use are all related to speech 

intelligibility (Varadarajan et al., 2021). 

The issue of evaluating speech 

comprehensibility needs study despite 

the numerous difficulties outlined above 

because decreased intelligibility is a 

major concern for many population of 

speech impaired people. However, after 

cochlear implantation, this 

comprehension has significantly 

improved in audibly impaired 

youngsters ( Snels et al., 2019; Sharma 

et al., 2020). 

Deafness is a word which is usually 

used for little or no hearing its degree 

can range from mild to severe or 

profound (Dornhoffer et al., 2020). 

World Health Organization (WHO) in 

1980 described the word "deaf" for 

those whose hearing loss is so profound 

that they cannot benefit from any kind 

of amplification (hearing aid fitting) 

(Sharma et al., 2020). WHO (1980) 

established a classification such as mild 

(26-40 dB), moderate (41-55 dB), 

moderately severe (56-70 dB), severe, 

(71-91 dB), profound (>91db) based on 

a pure tone audiogram. While, an 

average of the hearing thresholds is 500, 

1000, and 2000 Hz (McRackan et al., 

2019).    

Children who are very deaf (>90 

dB loss) or totally deaf do not learn to 

speak and are frequently referred to as 

deaf mute or deaf and dumb (Teagle et 

al., 2019). The biggest flaw is hearing 

loss and speech was not developed in 

them since they had never heard speech 

(Gagnon et al., 2020). Therefore, 

nowadays an intervene in the form 

cochlear implant is available for these 

people to develop speech and to make 

them as an important member of society 

(Buchman et al., 2020; Dazert et al., 

2020). The members started to use 

visual, aural, or tactile senses to express 

themselves (Deep et al., 2019). So, it is 

noticed that children who receive 

Cochlear Implants before the age of 5 

demonstrate higher growth in their 

speech production skills than children 

who receive cochlear implants after this 

age (Zeitler et al., 2019). However, 

various other factors like gender, non-

verbal intelligence, communication 

style, educational background, and 

extensive technology use also 
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influenced the speech capabilities 

(Messersmith et al., 2019). The 

development of speech in Cochlear 

Implants’ recipients substantially varies 

among different people (Hoff et al., 

2019). Longevity of deafness, age at 

onset, age of implantation, duration of 

Cochlear Implants, physiological or 

device factors such as the number of 

surviving spiral ganglion cells, electrode 

placement, insertion depth, electrical 

dynamic range, signal processing 

techniques, as well as additional 

psychological, educational, and social 

factors all are factors that affect an 

individual's variability (Plontke et al., 

2020). Despite a variety of probable 

causes for the high inter-subject 

variability in speech intelligibility, using 

Cochlear Implants devices can assist to 

improve speech intelligibility (Galvin III 

et al., 2019).  

The present study was planned to see 

the intelligibility of the children with 

cochlear implant. Moreover, role of 

speech session and various other 

parameters  are also assessed via filling 

a questionnaire. 

MATERIAL AND METHODS 

Study Site  

A total of 30 subjects from age of (7 to 

42 months) with cochlear implants were 

considered for this study. The study was 

carried out with the children of Fatima 

Memorial College of Medicine and 

Dentistry. 

Study Period 

 The study was conducted from October 

2022 to December 2022.  

Pre-Consent 

A pre-consent was taken from parents/ 

participants of all the selected subjects.  

Collection of Data  

A pre-designed questionnaire was used 

to collect information about the 

intelligibility of conversational speech 

from the parents of cochlear implanted 

children. The questionnaire was consist 

of eight major questions further divided 

into various sub sections (Table 1). The 

obtained data was used to determine the 

overall intelligibility scores of 

conversational speech that produced by 

children with cochlear implants. 
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RESULTS 

It was noticed in the present study a 

total of 30 subjects were selected and 12 

were female and 18 were male. All the 

subjects were between seven months to 

forty two months old and with bilateral 

hear loss. The used questionnaire was 

consist of eight major questions which 

was further divided into various sub 

sections (Table 1). It was noticed in the 

study that in answer to first question 

four (13.3%) participants reported 

acquired hear loss, while 26 (86.7%) 

participants had congenital hear loss. 

While, in order to time of diagnosis 27 

(90%) participants told that the child 

was diagnosed between the ages of 1 

and 12 months, while only 3 (10%) 

participants reported their child was 

diagnosed after 36 months. Upon 

answer to speech therapy the subjects 

gave four different answers: one (3.3%) 

stated that it started at four months after 

cochlear implantation, and other (3.3) 

reported six months after cochlear 

implantation, while, 19 (63.3%) 

reported it began two months after 

cochlear implantation, and nine (30%) 

reported it began three months after 

cochlear implantation (Table 1). When 

asked how many speech therapy 

sessions had followed for cochlear 

implantation, 21 (69.9%) participants 

reported they had more than 4 speech 

therapy session per month. A 03 

respondents (10%) said they had only 

one speech therapy session per month. 

While 06 respondents (20%) said they 

had only four sessions per month. In 

answer to question about subject's 

communication after cochlear 

implantation, 30 (100%) respondents 

reported that their child communicated 

vocally; none of them mentioned their 

child's use of sign language or 

gesticulation. The participants reply 

about intelligibility of their child’s 

speech was also asked, and 26 

(86.7.0%) reported that their child 

speech was intelligible for them and 

only 4 (13.3%) participants had reported 

that their child speech was non-

intelligible for them (Table 1). 
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Table 1. A predesigned questionnaire and its response 

Questions Response %Frequency 

Is Hearing Loss (HL) of child Congenital or 

Acquired? 

Yes 26 (86.7%) 

No 4(13.3%) 

Is HL of patients Unilateral or Bilateral? Yes 30(100.0%) 

No 0 

When the HL was first diagnosed?   1-12 20 (66. 6%) 

13 -24 2 (6. 6%) 

25- 36 5 (16. 6%) 

after 36 3 (10.0%) 

What was age at the time of cochlear implant? 1-12 2(6.7%) 

13 -24 2(6.7%) 

25- 36 6(20.0%) 

after 36 20(66.6%) 

When was speech therapy started after Cochlear 

Implant? 

 

After 1 month 0 

After 2 months 19(63.3%) 

After 3 months 9(30%) 

After 4 months 1(3.3%) 

After 5 months 0 

After 6 months 1(3.3%) 

No. of speech therapy sessions after Cochlear 

Implant? 

1 per month 3(10%) 

2 per month 0 

3 per month 0 

4 per month 6(20%) 

More than 4 per month 21(69.9%) 

How does your child communicate after cochlear 

implantation? 

 

Verbal communication 30(100%) 

Non Verbal 

communication 

0 
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If verbal then conversational speech is intelligible 

for you and others? 

Yes 26(86.7 %) 

No 4 (13.3%) 

 

DISCUSSION 

It was noticed in the current study that 

most of the problem in considered 

subjects were congenital (86.7%) and 

bilateral (100%) and also be reported in 

various literature studies (Maes et al., 

2014; Rine et al., 2013; Kimura et al., 

2018). The most probable reasons for 

congenital diseases are cousin 

marriages, pressure from the structure of 

the family, and genetic alterations are a 

few potential causes of inheriting 

deafness. The outcomes clearly showed 

that 86.7% of children with cochlear 

implants could be understood verbally 

by an untrained listener (Katongo, 2015; 

Rogers, 2012). The findings showed that 

children with cochlear implants had 

ability to understood conversational 

speech and also reported by Geers et al. 

(2003). A question to participants was 

asked about how they learned that their 

child was deaf and different response 

were noticed with 66.6% reply after 36 

months and same question was also 

asked by (Sodiqovna et al., 2020),  three 

(10%) respondents stated they 

discovered their  

 

child's handicap after the age of 36 

months, whereas 27 (90%) indicated 

they made the discovery when the child 

was younger than 12 months. According 

to the results, the majority of 

respondents discovered their child's 

deafness while they were under 12 

months old (Deep et al., 2021). It 

demonstrates that the signs of deafness 

were extremely obvious. The outcomes 

also indicated that parents were more 

concerned about their kids. It is 

significant to note that, despite 

implanting their child to regain auditory 

skills, the majority of parents were 

discovered to be more concerned with 

their children's verbal communication 

(Tarabichi et al., 2021). These findings, 

however, showed that 20 (66.7%) 

infants had their implants placed after 

the age of 36 months from the time of 

diagnosis, which is relevant given that 

early implantation is more important for 

the development of verbal 
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communication (Homans and Vroegop, 

2021). Possible explanations for the 

delay in cochlear implantation include 

financial circumstances. The children 

with cochlear implants have speech 

therapy sessions and results revealed 

that the majority of parents began 

speech therapy for their children three 

months after cochlear implants, 

highlighting their concerns regarding 

verbal communication. It is important to 

keep in mind that rigorous speech 

treatment is more important for the 

development of verbal communication 

than interpreting conversational 

discourse (Clyne and Clyne, 1996). The 

results showed that 23 children (76.7%) 

reported receiving more than 4 speech 

therapy sessions per month, while 4 

children (13.3%) reported receiving just 

1 session per month and 3 children 

(10%) reported receiving only 4 

sessions per month. Speech session 

bring more improvement as reported by 

Fuller et al. (2018). The participants were 

verbally communicating despite a delay 

in the cochlear implantation of young 

patients also reported by Binos et al. 

(2021). Only 4 (13.3%) respondents said 

their child was interacting with them 

using sign language, whereas nearly 26 

(86.7%) said their child was verbally 

conversing. Those who were verbally 

communicating had speech that was 

understandable to both parents and 

strangers.  

CONCLUSION  

It was concluded in the study that 

cochlear implant was a way to treat 

congenital deafness. Moreover, 

conversational speech produced by the 

children with cochlear implant was 

intelligible for their parents and a 

significant progress was observed in it 

with an increased number of speech 

sessions. So, it is suggested by the more 

speech therapy sessions and proper care 

by the therapist and parents help to 

improve the intelligibility of the child 

and they can move towards normal 

quality of life.  
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ABSTRACT: Mutation in MARS1 gene is linked to the development of Interstitial lung 

and liver disease. The current study aimed in silico analysis to predict the most harmful 

missense and spliced variants of MARS1 that damage the functionality of Methionyl-tRNA 

synthetase 1 (MARS 1), catalyses the ligation of methionine to tRNA and is essential for 

protein biosynthesis. A total of 492 variants were retrieved from the gnomAD database and 

analysed by CADD, 308 missense variants with PHRED score ≥ 20 were further analysed by 

CAPICE, META-SNP and CONDEL.85 SNPs detected with deleterious impact on protein 

structure by screening nsSNPs. Moreover, in-silico stability analysis was done by different 

tools like DynaMut, DUET, i-Stable2.0 and YASARA. MARS1 protein structure obtained from 

RCSB PDB (PDB ID: 5GL7) and UCSF Chimera was used for its visualisation. NetSurf-2.0 

obtained the analysis of protein functioning by position of residue in the structure. Our 

results showed that the structure of proteins was significantly deleterious and protein motif 

and function were changed, we proceeded to use the PROSITE database to forecast the post-

translation modification sites and four significant nsSNPs with protein structure change 

effects. Splice analysis was conducted by SPiCE, Human Splice Finder. It concludes in silico 

analysis, genes can determine likely pathogenic variation for further in vitro experimental 

study. 

Keyword: Interstitial, Methionyl-tRNA synthetase, loss of mutation, gnomAD, 

Mutation prediction 

INTRODUCTION 
Interstitial lung and liver disease (ILLD) 

is an autosomal recessive disorder 

characterised by its lipoprotein growth 

within alveoli, leading to constricted 

https://doi.org/10.54692/lgujls.2023.0701240
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lung and respiratory failure caused by 

alterations in the methionyl-tRNA 

synthetase 1(MARS1) gene. MARS1 is a 

considerable candidate gene for 

association with Interstitial Lung and 

Liver Disease (Rips et al., 2018). 

MARS codes methionyl-tRNA 

synthetase, which belongs to the class 1 

family of the aminoacyl-tRNA 

synthetase (ARSs); such enzyme plays a 

significant role in protein synthesis by 

charging tRNAs with their cognate 

amino acids (Lenz et al., 2020). 

Analysis of pathogenic variants is 

crucial to detect deleterious mutations 

that are found in the human genome. 

The human genome consists of the 

intronic and exonic regions, but the 

pathogenicity ratio is higher in the 

coding region (Blackstone 2018). 

Mutations are mainly related to single 

nucleotide polymorphism (SNPs) at 

their coding region, which includes the 

alteration of an amino acid that 

emanates the deformity of the protein's 

function (Bao et al., 2020). 

GnomAD is an alliance of investigators 

seeking to organise exome and genome 

data from a broader scale into a 

summary that can provide 

comprehensive information to the 

scientific community (Karczewski et al., 

2020). These mutations are filtered in 

CADD, widely used to detect 

deleterious missense mutations, and can 

score SNVs. In addition, it works on 

machine learning between de novo 

variants and the variants that are arisen 

and become anchored in the human 

population (Kircher et al., 2014). 

Several missense tools like Meta-SNP, 

CAPICE, and CONDEL are used. Meta-

SNP is based on the value of the 

Reliability Index (RI). The RI value 

ranges from 0 to 1; the mutations with 

RI scores less than 0.5 were expected to 

be harmful, whereas those with RI 

scores more than 0.5 were projected to 

be tolerated (Kumar et al., 2018). 

CAPICE is a new machine-learning-

based technique for prioritising 

pathogenic variants such as SNVs and 

short InDels (Li et al., 2020). CONDEL 

is a copy number variation software 

program (CNV). Its output is composed 

of five other predictive tools such as 

Log R Pfam E-value (Clifford et al., 

2004), MAPP (Stone and Sidow 2005, 

https://www.malacards.org/card/interstitial_lung_and_liver_disease
https://www.malacards.org/card/interstitial_lung_and_liver_disease
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Binkley et al., 2010), Mutation Assessor 

(Massessor) (Reva et al., 2007), 

Polyphen2 (PPH2),7 (Adzhubei et al., 

2010) and SIFT,13–15 (Ng and 

Henikoff 2001, Kumar et al., 2009). 

SIFT was 0.85, Logre was 0.51, MAPP 

SIFT was 0.85, Logre was 0.51, MAPP 

(Clifford et al., 2004) was 0.06, 

Polyphen2 was 0.28, and Massessor was 

0.26. Although the intrinsic scores of the 

five prediction tools differ in form, they 

all indicate the likelihood that an amino 

acid change would be approved at a 

specific place in a protein sequence. 

On pathogenic variants, stability tests 

are applied. The objective is to calculate 

the difference in free energy upon 

protein folding. Furthermore, change in 

Gibbs free energy evaluates the impact 

of missense mutations on protein's 

stability. For intendment, various 

bioinformatics tools such as 

DYNAMUT (Rodrigues et al., 2018), 

DUET (Pires et al., 2014) and i-

Stable2.0 (Chen et al., 2013) are 

practised.  

The Fold X algorithm, one of the strong 

determinants of protein stability used for 

stabilising and destabilising estimation, 

calculated free energy change upon 

mutation (Li et al., 2009). UCSF 

Chimera is used to visualising the 

retrieved 3D structures and the 

unwanted interactions due to mutated 

residues (Pettersen et al., 2004). Post-

translational modification analysis 

increases the complexity of proteomes. 

PTM sites are involved in mutations, 

specifically at phosphorylation sites. 

PTM was confirmed by ScanPROSITE 

(a protein database) in the MARS1 

Proteins to discover motifs, domains and 

interactions with other proteins (Hulo et 

al., 2006). 

Different conservation-based tools, such 

as Netsurf 2.0, predicted solvent 

accessibility (Klausen et al., 2019), 

secondary structure, structural disorder, 

and backbone dihedral angles (Petersen 

et al., 2009). Consurf outputs a score, 

with 9 being the most conserved amino 

acid and 1 representing the most varied 

amino acid. (Ashkenazy et al., 2016) 

were performed. PROTEIN PLUS was 

used for ligand binding analysis by 

observing the change in ligand 

interaction with protein. (Fährrolfes et 

al., 2017). 
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To validate variation in  5’/3' splice 

sites, two bioinformatic tools SPiCE 

(Leman et al., 2020) and Human Splice 

Finder (HSF) (Tang et al., 2016), were 

performed. Several articles were 

published related to the role of SNPs in 

the MARS1 gene in different diseases, 

but there is still a need for 

computational analysis.  

The recent study was aimed to 

determine the functional and structural 

consequences of nsSNPs in the coding 

region of the MARS1 gene that is crucial 

in disease susceptibility through the 

bioinformatics tool. The majority of the 

mutations produce an effect on protein 

stability. 

 

 

The bioinformatics tool also predicted 

post-translational modification sites on 

protein structure. 

MATERIAL AND METHODS 

Retrieval and selection of variants of 

the MARS1 gene 

The gnomAD v2.1, Variation Viewer 

and DbSNP database were utilised to 

assess human MARS1 variants. The 

UniProt database has been used to 

derive protein sequence (PDB ID: 

P56192) and SNPs Information from the 

MARS1 gene. For the retrieving of 

variants, we implemented gnomAD in 

our analysis. The schematic diagram is 

in the following Fig.1.  
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Fig.1 Streamline followed for missense variations analysis in MARS1 gene 

NON-SYNONYMOUS SINGLE 

NUCLEOTIDE POLYMORPHISM 

ANALYSIS  

The following in silico tools are used to 

predict the effect of SNPs on protein 

function: Meta-SNP, CAPICE, and 

CONDEL.   

 Predicting the deleterious nsSNPs by 

Meta-SNP  

Meta-SNP trained as a random forest-

based binary classifier on the output 

capacity of four tools: SNAP, SIFT, 

PANTHER and PhD-SNP. As a meta 

classifier of the tool, its prediction is 

more accurate than the single tool. The 

predicted pathogenicity of a mutation 

depends upon the value of the 

Reliability Index (RI). The range of RI 

value is from 0 to 1. The pathogenicity 

score with an RI value < 0.5 was 

predicted as pathogenic, while the others 

with an RI value > 0.5 were predicted as 

tolerated. 

 Predicting the functional impact of 

deleterious nsSNPs by CAPICE  

CAPICE is a supervised machine-

learning-based model for prioritising 

pathogenic variants, including SNVs 
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and short InDels. It is trained on 

balanced data to annotate SNVs on 11 

categorical features. Then, the retrieved 

variants are annotated accordingly to 

these features. Outputs are in the form 

of CAPICE scores predicting the 

pathogenicity of variations with a 

cutoff>0.02.  

Predicting the functional impact of 

pathogenic nsSNPs by CONDEL 

CONDEL is a software tool that 

predicts copy number variation (CNV). 

The classifier is based on a combined 

predictive score of (Log R Pfam E-value 

(Logre), MAPP, Mutation Assessor 

(Massessor), Polyphen2 (PPH2), and 

SIFT. All retrieved variants were 

analysed with a combined classifier with 

output from Score 0 to 1; the higher 

score was characterised as deleterious. 

PREDICTION OF PROTEIN 

STABILITY CHANGE  

In silico analysis on protein stability 

aims to calculate the difference in free 

energy upon protein folding. The impact 

of missense mutations on protein's 

stability was evaluated by change in 

Gibbs free energy ( ). 

 Predicting the protein stability 

changed by DynaMut, DUET and 

iStable 2.0 

Missense mutation introduces a new 

amino acid which sometimes is 

incompatible with neighbouring residue, 

destabilising the protein and affecting its 

function. The retrieved variants were 

analysed with different stability 

prediction tools to predict the change in 

protein stability due to missense 

mutation. The DynaMut server predicts 

changes in free energy upon the folding 

and unfolding of the protein. Changes in 

free energy ( ) of protein arise 

destabilised effect possessing threshold 

value >0. 

PDB structure, wild type, mutant protein 

code and chain identification for 

visualising PDB structures and 

computing free-energy 

change are needed to calculate 

the protein stability by DUET servers. 

The higher negative value will indicate a 

more impact of destabilisation. 

iStable2.0 predicted protein stability 

depending on the vector-supported 

machine algorithm. Two input types, 
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structural or sequential protein 

information, can be supplied. 

Prediction of energy minimisation 

and free energy change due to 

mutation by YASARA Fold X 

Program 

YASARA software was downloaded 

along with plugin programs Fold X and 

Python by default installation to 

determine the effect of mutations on 

stability. The  value showed 

decreased stability while  value 

showed increased SNP stability. 

 PREDICTION OF PROTEIN 

STRUCTURAL PERSPECTIVE 

 Molecular Modeling by UCSF 

Chimera 

For the confirmation of SNPs and 3D 

visualisation, we performed the analysis 

of the UCSF Chimera program. PDB ID 

fetched 3D structure (5GL7). The 

change in the amino acid at a specific 

position located in MARS 1 chain A was 

generated by selecting an option of 

structure editing and then choosing 

rotamers. Native and mutant structures 

are visualised and downloaded as save 

PDB. 

Clashes, Minimisation and labelling 

of molecule prediction 

UCSF Chimera program found clashes 

that are unwanted interactions between 

native and mutant residue in Methionyl 

tRNA synthetase 1 protein. Energy 

minimisation is utilised to construct or 

refinish H- bond networks, eliminate 

unwanted contacts and lower total 

system energy in protein molecular 

modelling. A 3-letter amino acid code 

labelled residues with their perspective 

position. 

Prediction of Post Translational 

Modification Sites on protein 

structure by UniProt and Prosite 

Scan 

These are all the alterations following 

mRNA protein translation. These 

changes are important for the 

functioning of proteins or any other 

enzymes to be identified. The PTM 

enzymes detected a particular consensus 

sequence or motifs for these changes. In 

these specific locations, random 

mutation can also occur for change and 

cannot be noticed through activating 

enzymes, resulting in no modification of 

enzymes that cannot enable the protein 
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to work properly. We used ScanProsite 

to determine the PTM sites in the 

MARS1 Proteins to discover motifs, 

domains and interactions with other 

proteins in the FASTA or UniProt 

Sequence accession No. (P_56191) 

sequence. The results detailed changes 

in the location indicated. 

ANALYSIS OF PROTEIN 

CONSERVATION 

Prediction of Conserved residues by 

ConSurf 

It is a method used in bioinformatics to 

compute the evolution of amino acid 

conservation by using an empirical 

Bayesian inference in the protein 

sequence. Assessment of the 

homologous sequences is dependent on 

evolutionary history. The importance of 

a residue can be observed through the 

conservational score: the more 

conserved residue, the more severe 

effect of its mutation on protein 

function. The degree of amino acid 

residue conservation with 50 

homologous sequences was estimated. 

The method was chosen those 

significantly conserved residues for 

additional study at the high-risk nsSNPs 

sites. The conservation score is given 

together with a colour scheme. For 

example, the most conserved is score 9, 

while score 1 is the most varied amino 

acid. 

Prediction of solvent accessibility 

prediction by NetSurf -2.0 

The tool predicted secondary structure, 

structural disorder, backbone dihedral 

angles and solvent accessibility of 

amino acids to find the active site in the 

completely folded protein. Furthermore, 

characterising the position of residue in 

the protein, especially in the catalytic 

site, can be predicted by NetSurf -2.0. 

The mechanism for this prediction is 

based on Z, which can estimate the 

surfaces of proteins, but not their 

secondary structures. Its output consists 

of three subclasses, i.e., buried, partially 

buried and exposed protein regions in 

the protein. 

Ligand Binding Analysis by Protein 

Plus 

In some areas, the protein binds with a 

ligand known as a ligand binding site. 

These ligands are essential for allosteric 

conformation changes in the protein 

function. The mutation will impair 
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ligand binding to protein at these 

specific sites. To analyse the change in 

the interaction of the ligand with 

protein, we apply UCSF and PROTEIN 

PLUS. Proteins Plus focuses on 

interactions between proteins and 

ligands at the binding site. It may also 

detect protein pockets, generate 

ensembles or predict metal coordination. 

EFFECT OF PREDICTED 

MUTATIONS ON SPLICING 

Splicing proteins identify specific 

locations, but splicing doesn't happen to 

owe to undiscovered sites if a mutation 

replaces it. An estimation of 

spliceogenic variations that affect pre-

mRNA splicing have been identified as 

the critical index of splicing in the 

silicon analyses, interrupting 5 and 3' 

splice sites or changing regulatory 

components 5 and 3.' Recent research 

has analysed the locations of regions 

that have predicted a prediction by using 

SPiCE, Human Splice Finder (HSF), for 

each variant to predict (5') donors and 

(3") accepters. 

 Prediction of Splice Sites by SPiCE 

We used mRNA (NM_004990) 

transcript, chromosome position and 

reference position as input in the SPiCE 

server and modified amino acid variants. 

The resulting classifier calculates labels 

in protein sequences after uploading the 

FASTA file. Then, SPICE calculates the 

accepter and donor MARS 1 gene site, 

and SPICE interpretation evaluates the 

probability score. The output is in the 

form of MES and SSF-Like scores that 

are calculated along with graphical 

representation. The SPiCE probability 

score range from 0-1; the higher value 

more will be the probability of 

disrupting the splice region. 

Prediction of the impact of SNP 

located in splice site by HSF tool.  

Human Splice Finder (HSF) identifies 

as well as forecasts mutations to 

increase or repress splicing patterns, 

identifying splicing locations for the 

acceptor and donor, and also the branch 

point and auxiliary sequences known for 

Exonic Splicing Enhancers (ESE) and 

Exonic Splicing Silencers (ESS). 

NON-SYNONYMOUS SINGLE 

NUCLEOTIDE POLYMORPHISM 

ANALYSIS  

The following in silico tools are used to 

predict the effect of SNPs on protein 
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function: Meta-SNP, CAPICE, and 

CONDEL.   

 Predicting the deleterious nsSNPs by 

Meta-SNP  

Meta-SNP trained as a random forest-

based binary classifier on the output 

capacity of four tools: SNAP, SIFT, 

PANTHER and PhD-SNP. As a meta 

classifier of the tool, its prediction is 

more accurate than the single tool. The 

predicted pathogenicity of a mutation 

depends upon the value of the 

Reliability Index (RI). The range of RI 

value is from 0 to 1. The pathogenicity 

score with an RI value < 0.5 was 

predicted as pathogenic, while the others 

with an RI value > 0.5 were predicted as 

tolerated. 

 Predicting the functional impact of 

deleterious nsSNPs by CAPICE  

CAPICE is a supervised machine-

learning-based model for prioritising 

pathogenic variants, including SNVs 

and short InDels. It is trained on 

balanced data to annotate SNVs on 11 

categorical features. Then, the retrieved 

variants are annotated accordingly to 

these features. Outputs are in the form 

of CAPICE scores predicting the 

pathogenicity of variations with a 

cutoff>0.02. Predicting the functional 

impact of pathogenic nsSNPs by 

CONDEL 

CONDEL is a software tool that 

predicts copy number variation (CNV). 

The classifier is based on a combined 

predictive score of (Log R Pfam E-value 

(Logre), MAPP, Mutation Assessor 

(Massessor), Polyphen2 (PPH2), and 

SIFT. All retrieved variants were 

analysed with a combined classifier with 

output from Score 0 to 1; the higher 

score was characterised as deleterious. 

PREDICTION OF PROTEIN 

STABILITY CHANGE  

In silico analysis on protein stability 

aims to calculate the difference in free 

energy upon protein folding. The impact 

of missense mutations on protein's 

stability was evaluated by change in 

Gibbs free energy ( ). 

 Predicting the protein stability 

changed by DynaMut, DUET and 

iStable 2.0 

Missense mutation introduces a new 

amino acid which sometimes is 

incompatible with neighbouring residue, 

destabilising the protein and affecting its 
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function. The retrieved variants were 

analysed with different stability 

prediction tools to predict the change in 

protein stability due to missense 

mutation. The DynaMut server predicts 

changes in free energy upon the folding 

and unfolding of the protein. Changes in 

free energy ( ) of protein arise 

destabilised effect possessing threshold 

value >0. 

PDB structure, wild type, mutant protein 

code and chain identification for 

visualising PDB structures and 

computing free-energy 

change are needed to calculate 

the protein stability by DUET servers. 

The higher negative value will indicate a 

more impact of destabilisation. 

iStable2.0 predicted protein stability 

depending on the vector-supported 

machine algorithm. Two input types, 

structural or sequential protein 

information, can be supplied. 

Prediction of energy minimisation 

and free energy change due to 

mutation by YASARA Fold X 

Program 

YASARA software was downloaded 

along with plugin programs Fold X and 

Python by default installation to 

determine the effect of mutations on 

stability. The  value showed 

decreased stability while  value 

showed increased SNP stability. 

 PREDICTION OF PROTEIN 

STRUCTURAL PERSPECTIVE 

 Molecular Modeling by UCSF 

Chimera 

For the confirmation of SNPs and 3D 

visualisation, we performed the analysis 

of the UCSF Chimera program. PDB ID 

fetched 3D structure (5GL7). The 

change in the amino acid at a specific 

position located in MARS 1 chain A was 

generated by selecting an option of 

structure editing and then choosing 

rotamers. Native and mutant structures 

are visualised and downloaded as save 

PDB. 

Clashes, Minimisation and labelling 

of molecule prediction 

UCSF Chimera program found clashes 

that are unwanted interactions between 

native and mutant residue in Methionyl 

tRNA synthetase 1 protein. Energy 

minimisation is utilised to construct or 

refinish H- bond networks, eliminate 

unwanted contacts and lower total 
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system energy in protein molecular 

modelling. A 3-letter amino acid code 

labelled residues with their perspective 

position. 

Prediction of Post Translational 

Modification Sites on protein 

structure by UniProt and Prosite 

Scan 

These are all the alterations following 

mRNA protein translation. These 

changes are important for the 

functioning of proteins or any other 

enzymes to be identified. The PTM 

enzymes detected a particular consensus 

sequence or motifs for these changes. In 

these specific locations, random 

mutation can also occur for change and 

cannot be noticed through activating 

enzymes, resulting in no modification of 

enzymes that cannot enable the protein 

to work properly. We used ScanProsite 

to determine the PTM sites in the 

MARS1 Proteins to discover motifs, 

domains and interactions with other 

proteins in the FASTA or UniProt 

Sequence accession No. (P_56191) 

sequence. The results detailed changes 

in the location indicated. 

ANALYSIS OF PROTEIN 

CONSERVATION 

Prediction of Conserved residues by 

ConSurf 

It is a method used in bioinformatics to 

compute the evolution of amino acid 

conservation by using an empirical 

Bayesian inference in the protein 

sequence. Assessment of the 

homologous sequences is dependent on 

evolutionary history. The importance of 

a residue can be observed through the 

conservational score: the more 

conserved residue, the more severe 

effect of its mutation on protein 

function. The degree of amino acid 

residue conservation with 50 

homologous sequences was estimated. 

We have chosen those significantly 

conserved residues for additional study 

at the high-risk nsSNPs sites. The 

conservation score is given together 

with a colour scheme. For example, the 

most conserved is score 9, while score 1 

is the most varied amino acid. 

Prediction of solvent accessibility 

prediction by NetSurf -2.0 

The tool predicted secondary structure, 

structural disorder, backbone dihedral 
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angles and solvent accessibility of 

amino acids to find the active site in the 

completely folded protein. Furthermore, 

characterising the position of residue in 

the protein, especially in the catalytic 

site, can be predicted by NetSurf -2.0. 

The mechanism for this prediction is 

based on Z, which can estimate the 

surfaces of proteins, but not their 

secondary structures. Its output consists 

of three subclasses, i.e., buried, partially 

buried and exposed protein regions in 

the protein. 

Ligand Binding Analysis by Protein 

Plus 

In some areas, the protein binds with a 

ligand known as a ligand binding site. 

These ligands are essential for allosteric 

conformation changes in the protein 

function. The mutation will impair 

ligand binding to protein at these 

specific sites. To analyse the change in 

the interaction of the ligand with 

protein, we apply UCSF and PROTEIN 

PLUS. Proteins Plus focuses on 

interactions between proteins and 

ligands at the binding site. It may also 

detect protein pockets, generate 

ensembles or predict metal coordination. 

EFFECT OF PREDICTED 

MUTATIONS ON SPLICING 

Splicing proteins identify specific 

locations, but splicing doesn't happen to 

owe to undiscovered sites if a mutation 

replaces it. An estimation of 

spliceogenic variations that affect pre-

mRNA splicing have been identified as 

the critical index of splicing in the 

silicon analyses, interrupting 5 and 3' 

splice sites or changing regulatory 

components 5 and 3.' Recent research 

has analysed the locations of regions 

that have predicted a prediction by using 

SPiCE, Human Splice Finder (HSF), for 

each variant to predict (5') donors and 

(3") accepters. 

 Prediction of Splice Sites by SPiCE 

We used mRNA (NM_004990) 

transcript, chromosome position and 

reference position as input in the SPiCE 

server and modified amino acid variants. 

The resulting classifier calculates labels 

in protein sequences after uploading the 

FASTA file. Then, SPICE calculates the 

accepter and donor MARS 1 gene site, 

and SPICE interpretation evaluates the 

probability score. The output is in the 

form of MES and SSF-Like scores that 
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are calculated along with graphical 

representation. The SPiCE probability 

score range from 0-1; the higher value 

more will be the probability of 

disrupting the splice region. 

Prediction of the impact of SNP 

located in splice site by HSF tool.  

Human Splice Finder (HSF) identifies 

as well as forecasts mutations to 

increase or repress splicing patterns, 

identifying splicing locations for the 

acceptor and donor, and also the branch 

point and auxiliary sequences known for 

Exonic Splicing Enhancers (ESE) and 

Exonic Splicing Silencers (ESS). 

RESULTS AND DISCUSSION 

In silico analysis of deleterious nsSNPs 

were analysed by missense tools to 

predict the most pathogenic nsSNPs 

involved in disease. The resulting 

missense nsSNPs were performed with 

stability analysis to determine the 

stability changes upon mutation. 

 Analysis of Missense Variants 

Total numbers of 492 variants were 

retrieved from these databases 

combined. 492 variants after applying 

VEP annotation filter and selecting 

missense variants with allelic frequency 

≤ 0.001 and allelic count < 50 were then 

analysed using CADD. 308 variants 

were left after applying the filter on 

variants with CADD scoring ≥ 20. 

CAPICE, CONDEL and Meta-SNP 

were applied to measure the effect of 

single nucleotide polymorphism on 

pathogenicity and figure out the SNPs 

associated with the disease. Meta-SNP 

predicted 85 nsSNPs to be pathogenic 

with a threshold score of> 0.5. Our 

CAPICE analysis showed that 85 

nsSNPs were identified with deleterious 

effects with a threshold score > 0.02.  

Whereas CONDEL detected 85 nsSNPs 

as a pathogenic effect with a cutoff 

score > 0.5 on MARS1 gene.  
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Fig.2 Graphical Representation of pathogenic missense variants in MARS1                     

 

After applying a combined cutoff filter 

of all missense analyses, we get 85 

pathogenic variants. A study in 2019 

was conducted in which Superoxide 

dismutase 3  

(SOD3) were analysed through in silico 

analysis. The two mutations p.A91T and 

p.R231G were discovered to be 

deleterious for ligand binding analysis 

as a result of molecular dynamic 

simulation (Pereira et al., 2019). 

  

 

 

 

Stability Analysis of Protein 

Filter 85 missense variants were then 

analysed for stability change using 

protein stability predicting tools;  

 

 

 

DynaMut, DUET and iStable. The 

combined outcome of these tools 

demonstrates that 38 variants 

destabilised the protein structure, as 

shown in Fig. 3.  
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Fig. 3. Distribution of stabilising and destabilising nsSNPs upon stability change 

Clashes Findings by UCSF Chimera 

To visualise amino-acid mutations that 

disrupt the wild-type interaction with 

other residues, UCSF Chimera was 

used. Clashes which are unwanted  

interactions were identified when 

native amino acid was modified to a 

mutant amino acid for visualisation of 

this change in protein structure. Any 

change produced due to wild and 

mutant amino-acid residue may disturb 

the domain and have a loss of 

interactions that cause damage to 

protein structure. We analysed 85 

filtered pathogenic variants, of which 

only 14 mutations showed clashes. 

Clashes between wild and mutant-type 

residues, as red-coloured lines between 

residues shown in  

Fig. 4. Results indicated that 14 

mutations revealed clashes between 

wild and mutant type, i.e., 

p.Ile285Phe,  p.Gly310Trp, 

p.Pro329His, p.Cys408Trp, 

p.Ser484Pro, p.Phe551Leu, 

p.Tyr589His, p.Arg618His, 
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p.Leu622Pro, p.Arg625Trp, 

p.Leu681Pro, p.Ser712Phe, 

p.Asn716Lys, p.Gly796Val.  

Five mutations showed a higher no. of 

clashes (p.Ile285Phe (11 clashes), 

p.Gly310Trp(16 clashes), p.Pro329His 

(27 clashes), p.Cys408Trp (26 

clashes), p.Tyr589His (26 clashes) 

have significantly affected the 

destabilisation of protein structure. 

Some mutations show a lesser number 

of clashes, such as p.Ser484Pro (7 

clashes),   p.Phe551Leu  (4 clashes), 

p.Arg618His  (8 clashes), ),  

p.Arg625Trp (8 clashes), p.Arg625Trp 

(8 clashes) whereas the two remaining 

show only clash i.e.,.p.Leu622Pro (1 

clash), and  p.Leu681Pro (1 clash). 

 

 

 

 

  

 Fig. 4. Clashes finding due to mutations in MARS 1 protein structure using 

chimera 
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Post Translational Modification 

(PTM) Analysis of MARS1 Gene: 

There have also been some mutations 

detected in protein Post-translational 

sites for modification. The 3 PTMs 

were found to be phosphorylation sites 

with the various types of kinases with 

their unique circumstances for our 

reported amino-acid substitution 

positions. The use of PROSITE 

(protein database) PTM 

(phosphorylation sites involving 

several kinases) has been confirmed, 

and these sites are monitored and 

visualised with UCSF Chimera protein 

structure. Fig.5a shows changes to the 

protein domain of methionyl-tRNA 

synthetase1 that involved UniProt 

predicted N-linked Glycosylation at 

p.Tyr532Cys. Tyr532Cys (ScanProsite 

site) showing (yellow) protein in 

fig.5a. As mutation stated, 

p.Tyr532Cys (a), Acidic Tyrosine, if 

mutated into Cysteine, is an uncharged 

amino acid and thus modifies the 

biochemical properties of nearby 

residues and may initiate the creation 

of a new N-linked Glycosylation site 

due to cysteine presence. In Fig. 5(b), 

ScanProsite predicted two 

phosphotheronin-implied sites at 

p.Gln330Pro and p.Thr328Ile 

highlighted in protein at (green). 

p.Gln330Pro, as indicated by 

mutation. Polar non charged glutamine 

mutating into proline which is 

uncharged amino acid, thus changing 

the residue's biochemical properties.  

Another phosphorylation site 

(phosphothreonine) was observed at 

position 328 that may be disrupted by 

p.Thr328Ile reported mutations. 

(Orange and blue coloured site of the 

phosphothreonine affected. Also, in 

p.Arg414Trp Fig. 5(c) ScanProsite 

predicted one site participating in the 

RSD (cell attachment sequence).  
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 Fig. 5. Missense mutation highlighted in predicted PTMs sites 

 

 

Fig. 6. The ligand highlighted with yellow (by using chimera), while the right end 

shows that residue GOL_A_903 binding can interrupt the binding by mutation at 

p.Arg299Cys, p.Arg299His, and p.Al295Thr  position 
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Protein Conservation and Secondary 

Structure Analysis of MARS1 Gene: 

Predicted mutations at Ptm sites are 

then further validated by structural 

tools. The variant should be exposed 

and conserved for exposure to the 

modification enzyme. Consurf was 

used to anticipate our candidate protein 

structures for the conservation area or 

sequence. The more a protein is 

conserved, the more likely the protein 

is to mutate. In evolutionary research, 

conservation is vital. The slower the 

rate of conservation, the greater the 

protein structure will be conserved. 

The Consurf tool has been used to 

confirm whether the reported mutation 

is in the conservation area. NetSurf-2 

anticipated secondary structures or to 

examine the buried or exposed amino 

acid on the surface. 

 

Table.1 Protein conservation prediction using ConSurf and solvent accessibility, 

secondary structure prediction by NetSurfP-2.0 

                ConSurf                 NetSurfP-2.0 

Protein Change Score Color Sec. Structure/exposed/Buried 

p.Tyr532Cys 

 0.499 3 Exposed 

p.Arg414Trp 

 -0.139 6 Exposed 

p.Gln330Pro 

 -0.454 7 Exposed 

p.Thr328Ile 

     -0.441 7 Exposed 
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Ligand Binding Analysis 

 The protein interacts with a ligand in 

certain places, known as a binding site. 

The mutation in these particular 

locations will disrupt ligand binding to 

protein. UCSF Chimera and PROTEIN 

PLUS are being used. The results 

showed that 3 variants at ligand 

binding sites could affect the binding 

of ligands to the protein. these variants 

p.Arg299His, p.Arg299Cys, and 

p.Ala295Thr as shown in the Fig.6. 

Splice Site Variant analysis 

10 variants were obtained from the 

gnomAD database to predict splice site 

defects.  

 

Fig.7 Graphical Representation of SPiCE Results 
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These variants have begun identifying 

the 5'/3' slice sites in the MARS1 gene 

using several splicing tools. In 2014, a 

study was conducted to compare the 

missing rates of splice mutations which 

showed HSF with a minimum missing 

rate of 66 (Jian et al., 2014).  

In this study utilising two bioinformatics 

methods to validate 5'/3' splice site 

(SPiCE and HSF). SPICE showed 

significant results in fig.7. However, 

HSF does not have a substantial MARS1 

gene interpretation suggesting that the 

splicing role of the MARS1 gene is 

irrelevant. 

The red colour schematic indicating the 

limit values and the points showing 

variations below the red scheme are the 

variants that are very unlikely or 

unlikely to alter the splicing mechanism. 

Our study can be a preliminary step for 

laboratory study. These identified 

variants can be the confident mutation 

of MARS1 associated with Interstitial 

lung and liver disease. The structural 

analysis and functional analysis of these 

missense variants specify the effect of 

the variant on the protein.  

CONCLUSION 

Interstitial lung and liver disease is an 

autosomal recessive condition 

characterised by lipoprotein growth 

within the alveoli, leading to restrictive 

lung and respiratory failure. MARS1 is a 

gene that codes for proteins. Interstitial 

Lung and Liver Disease associated with 

MARS1. An in silico study showed out 

of 492 retrieved variants 85 are 

significant highly pathogenic mutations 

with a valuable role in the function and 

structure of the MARS1 gene. In 

addition, 38 missense pathogenic 

variants are responsible for disrupting 

the stability of protein structure. 14 

variants have shown unwanted 

interactions with neighboring residues in 

the protein. Among highly pathogenic 

nsSNPs, only four nsSNPs predicted by 

PROSITE database to be in motif of 

Methionyl-tRNA Synthetase 1 protein 

and cause higher probability of 

interstitial lung and liver disease. In 

silico analysis in this study would help 

the researchers to understand the 

genetics of Interstitial lung and liver 

disorder and identify the mutations in 

MARS1 gene that cause this disorder. 

https://www.malacards.org/card/interstitial_lung_and_liver_disease
https://www.malacards.org/card/interstitial_lung_and_liver_disease
https://www.malacards.org/card/interstitial_lung_and_liver_disease
https://www.malacards.org/card/interstitial_lung_and_liver_disease
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The reported SNPs analysis in MARS1 

gene can be further analysed by 

following wet lab experimental work or 

can be observed in animal models.   
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ABSTRACT: Clinical mastitis a deadly problem for dairy farmers and economy. Current 

study was designed to check serum lipid profile alteration with respect to cardiovascular 

diseases in clinical mastitis cattle. A total of sixty five samples were collected and divided 

into two groups for this case control study on the basis of clinical examination. For analysis, 

40 cases and 25 controls were included. Statistical analysis was done by applying student “t” 

test using GraphPad Prism software 6.0. There was non-significant reduction (P=0.3) of 

serum total cholesterol (TC) and pronounced elevation (P=0.01) of triglyceride (TG) in cases 

as compared to controls. Mastitis group presented mild decrease (P=0.07) in high density 

lipoprotein-cholesterol (HDL-C) and highly significant elevation (P=0.0003) of low density 

lipoprotein (LDL-C) as compared to healthy cattle. Moreover, diseased cattle also manifested 

marked elevation (P=0.01) of very low density lipoprotein-cholesterol (VLDL-C) as 

compared to controls. Conclusively, clinical mastitis is associated with painful, swollen 

udder and abnormalities in milk. It also contributes to dyslipidaemia that could be used as 

useful indicator for evaluation of cardiovascular risks in cattle with clinical mastitis. 

Keyword: Dairy cattle, clinical mastitis, cardiovascular disorders, dyslipidaemia

INTRODUCTION 

Mastitis is an infection of udder tissue 

that induces physical and bacterial 

changes in milk as well as pathological 

alterations in the mammary gland 

(Radostits et al., 2006; Ashraf and 

Imran, 2020). It is a multi-factorial 

disease that affects dairy cows on a 

global scale and has a significant 

economic impact (Das et al., 2018). 

Due to reduced milk production, poor 

milk quality, higher treatment costs 

and early culling of infected animals, it 

is becoming more important disorder 
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(Qayyum et al., 2016). The disease is 

classified as clinical or subclinical on 

the basis of severity of udder 

inflammation. Depending on the 

causative pathogen it may be 

environmental or contagious in origin 

(Belay et al., 2022). 

Clinical mastitis is the destructive 

malady of dairy animals, which results 

in huge economic losses to the dairy 

industry of Pakistan (Hameed et al., 

2012). It can be detected by physical 

examination of the animal. It is 

characterised by the increased body 

temperature, discoloration, swelling, 

pain and discomfort in the mammary 

gland. Physical and chemical 

alterations in milk were also observed 

in clinical findings (Sarvesha et al., 

2017).  

The prevalence of mastitis is 

less during first lactation stage while 

its occurrence become higher with 

increasing number of lactations. Its 

occurrence is also linked with exotic 

breeds that are more susceptible to 

mastitis (Sadashiv et al., 2014). The 

ineffectiveness of treatment for 

mastitis is related to a number of 

factors, including inadequate 

veterinary care, antibiotic resistance, 

pathological changes in udder tissue 

and numerous causative pathogens 

(Adesola, 2012). 

Lipid metabolism is challenged in 

dairy cows significantly during 

periparturient period to meet the 

energy requirements (Turk et al., 

2013). Alteration in serum lipid profile 

is the crucial component of the energy 

needs and physiology of the transition 

dairy cows (Gross et al., 2013). 

Alterations in lipid profile in mastitic 

cattle have been reported (Kovačić et 

al., 2019; Abdel-Hamied and 

Mahmoud, 2020). However, available 

literature about the effect of clinical 

mastitis on lipid profile in cattle is still 

scarce.  

According to our knowledge, 

there is no published data on 

cardiovascular disease (CVDs) 

assessment in mastitic cattle in 

Pakistan. In order to evaluate risks of 

CVDs in dairy cattle suffering from 

clinical mastitis, quantitative variations 

of lipid profile are investigated in 

present study.   
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MATERIALS AND 

METHODS 

Sampling Facility and study design 

The study was approved by the Ethical 

Review Committee of Institute of 

Zoology, University of the Punjab, 

Lahore. The research was carried on a 

total of 65 cattle, 3 to 7 years old, in 

their first to fifth parity belonging to 

the rural farms of Pattoki, District: 

Kasur and Bhera, District: Sargodha in 

Punjab province of Pakistan.  

Study was performed from December 

2021 to February 2022. Dairy cattle 

were kept in rural setups. All animals 

were fed with mixed ration and milked 

by hand, twice a day. Before sampling, 

a comprehensive proforma was 

prepared to record the etiological 

factors i.e., parity number, lactation 

period, age, milking method, milk 

yield, farm condition and common 

feed.  

Visual examination of udder and teats 

was done on farm. California mastitis 

test (CMT) was performed to 

distinguish between healthy and 

infected cattle. On basis CMT 

screening test, cattle were categorized 

in two groups i.e., Control group and 

Mastitis group. The control group was 

comprised of healthy cattle. While, 

mastitis group included cattle with 

clinical symptoms like udder infection, 

abnormal milk production, reduced 

appetite, ruminant contraction, 

elevated respiratory and heart rate, 

water loss and hyperthermia. 

Blood samples were collected from 

jugular vein in aseptic conditions. 

After phlebotomy, samples were left 

for thirty minutes at room temperature 

and centrifuged for fifteen minutes at 

3000 rpm to collect serum. Then, the 

serum was stored at -80°C, until 

further biochemical usage.  

Serum levels of total cholesterol (TC), 

triglyceride (TG), high density 

lipoprotein cholesterol (HDL-C) and 

low density lipoprotein cholesterol 

(LDL-C) of control and mastitis group 

were evaluated using commercially 

available kits of "Monlab", Spain 

through chemistry analyzer (Robert 

Riele Photometer 5010). Whereas, 

levels of very low density lipoprotein 

cholesterol (VLDL-C) were calculated 
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by the method of Friedewald et al. 

(1972). 

STATISTICAL ANALYSIS 

Biochemical comparison between 

control and mastitis group was done by 

applying independent student “t” test 

using Graph Pad Prism version 6.0 

software. Data of individual groups 

was expressed as Mean ± SEM. Mean 

values were significant at significance 

level P ≤ 0.05. 

RESULTS 

Table 1 indicated the overall 

comparison of lipid profile in control 

and mastitis groups. Control vs 

mastitis group comparison 

demonstrated non-significant 

difference (P=0.3) with 3% decrease in 

TC levels in mastitis group as 

compared to controls (Figure 1a). The 

significant increase (P=0.01) of 13% in 

TG levels was found in mastitis group 

as compared to controls. (Figure 1b). 

While, non-significant difference 

(P=0.07) with 12% reduction of HDL-

C was noticed in mastitis group, when 

compared with Controls (Figure 1c). 

Moreover, control vs mastitis group 

comparison depicted prominent 

difference (P=0.0003) with 49% 

elevation of LDL-C levels in mastitis 

group (Figure 1d). Lastly, statistically 

marked difference (P=0.01) was 

observed in mastitis group with 13% 

increase of VLDL-C as compared to 

controls (Figure 1e).  
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Figure 1: (a-e): An overall presentation of serum total cholesterol (TC), triglyceride 

(TG), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-

cholesterol (LDL-C) and very low density lipoprotein-cholesterol (VLDL-C). Values 
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are Mean ± SEM in control and mastitis group. Significant at *P ≤ 0.05 and ***P ≤ 

0.001 

 

Table 1: A comprehensive presentation of lipid profile in control and mastitis 

cattle   

Parameters 
Mean ± SEM 

P-value % Difference 
Control (n=25) Mastitis (n=40) 

TC (mg/dL) 119.00± 3.88   115±2.83 0.30 3↓ 

TG (mg/dL) 65.36±1.61 74.45±2.65 0.01 13↑* 

HDL-C (mg/dL) 62.28±2.08 55.45±2.64 0.07 12↓ 

LDL-C (mg/dL) 33.81±2.58 56.29±4.37 0.0003 49↑*** 

VLDL-C(mg/dL) 13.07±0.32 14.89±0.53 0.01 13↑* 

↓: Decrease, ↑: Increase. 

*, *** indicate significance at P ≤ 0.05, and 0.001, respectively 

TC; Total cholesterol, TG; Triglyceride, HDL-C; High density lipoprotein cholesterol, LDL-C; Low 

density lipoprotein-cholesterol and VLD-L; Very low-density lipoprotein-cholesterol.   

DISCUSSION 

Present study determines changes in 

lipid biochemical parameters of cattle 

suffering from clinical mastitis and 

their association with cardiovascular 

risks. Mastitis is an inflammatory 

response due to pathogen invasion in 

the mammary gland. Macrophages, 

leukocytes and other inflammatory 

cells create reactive oxygen species 

(ROS) during an inflammatory 

reaction, which helps to kill bacteria 

but also damages tissues around them 

(Pham, 2006). Oxidative stress may 

develop due to ROS. High amount of 

ROS and lipid hydroperoxides 

produced from oxidative stress may 

also contribute to the death of cells and 

tissues (Ryman et al., 2015). 

Moreover, organoleptic properties of 

milk are degraded by excessive ROS 

accumulation in milk and lowers milk 

quality (Novac et al., 2022). 
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In the current study, milk presented 

physical abnormalities like blood 

flakes, abnormal consistency, pus and 

discolouration. Poor quality milk was 

not recorded in healthy cattle. Similar 

trends were observed by Radostits et 

al. (2006). 

Changes in lipid metabolism occur 

during acute phase response (APR) 

including alterations in the HDL 

particle. Antioxidant proteins are 

removed from HDL-C particle during 

inflammatory response, whereas, 

proinflammatory proteins enriched it 

(Feingold and Grunfeld, 2010). 

Alteration in serum lipid profile and 

lipid metabolism is important for the 

energy requirements and affects the 

physiology of peripartum or transition 

cows (Gross et al., 2013; Arfuso et al., 

2016) but also during high lactation 

periods and later during some 

pathological diseases i.e., subclinical 

and clinical mastitis (Kovačić et al., 

2019). 

Cholesterol serves as a building 

block for all steroid hormones, bile 

acids and is essential for 

transmembrane signalling, membrane 

trafficking, and cell growth (Fernández 

et al., 2004). Inspite its significance, 

imbalance in cholesterol amounts may 

have detrimental effects on cells and 

can result in conditions like 

atherosclerosis (Maxfield and Tabas, 

2005).  Our findings demonstrate non-

significant reduction in serum total 

cholesterol (TC) levels in cattle with 

clinical mastitis when compared to 

healthy controls. Ali et al. (2017) 

recorded similar results in plasma 

samples of cows affected with clinical 

mastitis. It was reported by Kovačić et 

al. (2019) that TC decreases during 

inflammation. Moreover, 

inflammatory mediators such as LPS, 

TNF and IL-2 lower blood cholesterol 

concentrations (Khovidhunkit et al., 

2004).  

Triglycerides (TG) are major source of 

energy, produced by fatty acids and 

glycerol combination (Walker et al., 

1990). Formation of TG occur in liver 

and it is packaged in form of very low 

density lipoprotein (VLDL). Clearance 

of triglyceride rich lipoproteins 

(TGRLs) is catalysed by lipoprotein 

lipase (LPL) and ineffective 
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delipidation of TGRLs induce 

production of cholesterol enriched 

remnants. Small sized remnants pass 

through endothelial layer and taken up 

by arterial wall’s macrophages (Borén 

and Williams, 2016). These remnants 

and cytotoxic free fatty acids can give 

rise to proatherogenic adhesion 

molecules and inflammatory mediators 

(Nordestgaard, 2016; Sandesara et al., 

2019). 

Present study has shown significantly 

higher concentrations of serum TG in 

cattle with clinical mastitis than in 

healthy cattle. These results are in 

accordance with (Kovačić et al., 2019). 

Elevated levels of triglycerides have 

been associated with increased 

production of VLDL due to insulin 

resistance, which results in formation 

of small dense LDL molecules, 

triglyceride rich atherogenic remnants 

and HDL particles (Adiels et al., 

2008).  

Metabolic dysregulation results in 

hypertriglyceridemia due to high 

production of VLDL, delayed 

clearance of remnants by liver and 

disturbed activity of lipoprotein lipase 

in peripheral tissues. As far as humans 

are concerned, higher levels of TG and 

TGRL remnants have been 

documented as risk factors for the 

development of CVDs (Hassing et al., 

2012). Hence, it can be depicted that 

elevated TG concentrations can 

increase chances of CVDs in animals. 

Normal levels of HDL-C not only play 

important role as antioxidative, anti-

apoptotic and anti-inflammatory 

particle but also prevents the risks of 

atherosclerosis (Ali et al., 2012). In our 

study, HDL-C concentrations in 

mastitis group were slightly lower than 

in healthy controls. It is most likely as 

a result of lipoprotein particle 

remodelling and cholesterol 

translocation from HDL to other 

lipoprotein particles (Tabet and Rye, 

2009). According to Feingold and 

Grunfeld (2010), cholesterol reverse 

transport is decreased during APR. 

Moreover, reduced serum HDL-C 

levels may be due to impaired liver 

secretion of apolipoprotein A, which 

plays primary role in formation of 

HDL-C (Esteve et al., 2005). Hence, it 
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increases chances of atherosclerotic 

events. 

LDL-C particles are the important 

carriers of cholesterol in bloodstream 

(Trinick and Duly, 2005). LDL 

particles in circulation are taken up by 

endothelial lining of arterial wall and 

then trapped in arterial intima. They 

may undergo oxidation and ingested 

by macrophages to promote 

atherogenesis (Freeman, 2010). LDL-

C is investigated as the most important 

atherogenic lipoprotein (Hirayama and 

Miida, 2012). During inflammatory 

response, different changes to low 

density lipoprotein cholesterol (LDL-

C) increases atherosclerotic events. 

Oxidation of small dense particles of 

LDL-C is more likely to occur to 

initiate atherogenesis (Ivanova et al., 

2017).  

LDL-C levels displayed significant 

elevation in mastitic cattle compared to 

healthy cattle. Higher levels of LDL-C 

can be attributed to 

hypertriglyceridemia which results in 

increased amounts of small, dense 

LDL particles and remnant 

lipoproteins due to accumulation of 

VLDL and disturbances in delipidation 

of VLDL and LDL (Packard et al., 

2020). Elevated levels of LDL-C are 

also due to genetic defects that affect 

structure of apolipoprotein B of LDL 

and function of LDL receptors or 

polygenic disorders disturbing lipid 

metabolism (Freeman, 2010). 

Dyslipidaemia is a significant risk 

factor for the development of CVDs, 

primarily characterised by high levels 

of low-density lipoprotein cholesterol 

(LDL-C) and decreased HDL-C 

concentrations (Poss et al., 2011).   

VLDL-C contributes to the 

transportation of hepatic 

triacylglycerol to the adipose tissue 

(Satyanarayana and Chakrapani, 

2006). VLDL-C remnants are 

significantly atherogenic due to their 

smaller size, high cholesterol 

concentration and proinflammatory 

properties because of their triglyceride 

concentration (Nordestgaard, 2016).  

The VLDL-C levels in mastitis group 

showed significant elevation in current 

study. It may be due to excessive 

triglycerides accumulation in the 

mastitic cattle. Moreover, it can be 
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attributed to large amount of fatty 

acids in liver which results in higher 

TG levels and their secretion as VLDL 

cholesterol (Khovidhunkit et al., 

2004). 

CONCLUSION 

These alterations in lipid profile 

possess serious threats in developing 

cardiovascular diseases in cattle 

suffering from mastitis, which results 

in sudden economic loss to the 

farmers. Hence, the results of this 

investigation can be helpful to 

minimize the economic risks 

associated with the mastitis infection. 

Moreover, it is mandatory to have 

regular lipid biomarkers analysis to 

minimize the cardiovascular risks in 

cattle infected with clinical mastitis.  
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ABSTRACT: Infertility is a disease and cervical abnormalities of the genital tract in 

females may cause this condition. To evaluate the cervical abnormalities related to infertility 

in females a systematic review was done. Related literature were collected via Google 

Scholar, NCBI, PubMed, and Medscape. For article searching following keywords were 

used: cervical abnormalities, infertility, uterine anomalies, and cervical factors. As the 

literature reviewed, more than 60 articles were studied, from which only 45 articles were 

added. The study suggested that many cervical abnormalities affect fertility including the 

poor interaction of mucus and sperm in the cervix, cervical cancer, dilatation and stenosis of 

the cervix, wall irregularities, diverticulum, masses, and metaplasia of the cervix. Some of the 

microorganisms also affect cervical functions causing infertility. It is concluded that cervical 

abnormalities can be related to infertility. 

Keyword: Cervical abnormalities, infertility, uterine abnormalities, cervical factors

INTRODUCTION 

Infertility is described as a disease in 

which failure of getting pregnant is 

noted after unprotected regular 

intercourse for a couple of months 

(Shahzad et al., 2022). Normally, the 

term infertility is given to the couple 

for unsuccessful sex cycles after 

unprotected and regular intercourse 

(Wilcox et al., 2010). Some couples 
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take proper treatment to be pregnant, 

but they did not conceive, and some 

couples conceive naturally but late. 

There are two basic types of infertility 

including primary and secondary 

infertility. Infertility involved the 

genital organs of both males and 

females (John et al.,  2022; Noor et al., 

2021). Evaluation of infertility in 

females is necessary including 

uterotubal factor, ovulatory factor, and 

male factor (Carson et al.,  2021).  

Cervical Abnormalities 

The cervix performs an intriguing 

gatekeeping function by first blocking 

infections from the vagina from 

ascending into the uterus and then by 

permitting sperm to ascend to the 

Fallopian tubes (Martyn et al., 2014). 

Additionally, it is essential for 

preserving the pregnancy in the uterus 

until labor starts. One of the important 

roles played by the female 

reproductive anatomy in fertilization 

includes the cervix because it involves 

the transportation of the sperms 

actively within the uterus (Elad et al., 

2020). Any abnormality in the cervix 

can be related to infertility. In normal 

reproductive-age women, the mucus of 

the cervix is produced at the rate of 20 

to 60mg/day and in the pre-ovulatory 

phase, this rate increases up to 

700mg/day (Schmidt et al.,  2013). 

This mucus of the cervix acts as a 

barrier for abnormal sperm. It contains 

secretions in small amounts of tubes, 

endometrium, and follicles. The 

unavailability of mucus can be the 

cause of infertility. More than a 

200million sperms are deposited in the 

vaginal canal, of which only hundreds 

of sperms can reach the ovum 

(Mortimer et al., 2022; Swan et al.,  

2022).  Little modification in the 

mucus can change the cervix structure 

which can lead to infertility and failure 

of natural pregnancy (Moghissi et al., 

1972; Nakano et al., 2015). The 

diagnosis and treatment of cervical 

mucus abnormalities can lead to 

natural fertility. Different modalities 

are used to diagnose infertility 

including pelvic ultrasound, and MRI 

(Medicine et al., 2015). The test used 

for diagnosis involves an ultrasound 
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and postictal test (PCT), a valuable 

tool that can diagnose the cause of 

infertility in women. The treatment 

involves clomiphene therapy, which is 

the most common (Bloom et al., 2012; 

Boursicot et al., 2010; Check et al., 

2021).  

Microorganisms Causing Infertility 

Some of the microorganisms including 

Escherichia Coli, Pseudomonas 

aeruginosa, and Bacillus subtilis can 

affect cervical functions (Kaur et al., 

1986). The early assessment of 

cervical or vaginal microflora can be 

useful in treating the cause of 

infertility and can enhance the chance 

of therapeutic protocols (Campisciano 

et al., 2017). The diagnosis can be 

achieved by laboratory tests including 

semen analysis, serum progesterone 

levels, and hormone levels in both 

genders  (Makar et al., 2002). In 

infertility, the cervical factor counts 

for approximately 5% of all females  

(Assefa et al., 2019). The 

abnormalities of the cervix can be 

congenital and can be acquired in 

different females. Stenosis of the 

cervical canal involving internal os can 

lead to infertility (Zafarani et al., 

2015). The stenosis can be due to 

polyp or endometriosis in the cervix. 

The early assessment of the stenosis 

can be useful for the therapeutic 

process of infertility (Moramazi et al., 

2018). 

Diagnosis of Cervical Abnormality  

Another abnormality of the cervix that 

can affect fertility is the cervical 

collecting diverticulum, mostly it is 

congenital (Tanaka et al., 2020; 

Zafarani et al., 2015). The diagnosis 

can be via ultrasound, MRI, and 

hysterosalpingography (HSG) while its 

effective treatments include ovulation 

induction and ultrasound-guided 

intrauterine insemination (Carson et 

al., 2021; Sehring et al., 2021). HSG is 

an effective and less invasive tool to 

evaluate female reproductive organs. It 

is most widely used to rule out causes 

of infertility in females (Bajpai et al., 

2014). It can easily detect cervical 

abnormalities including dilatation, 

stenosis, wall irregularities, 

diverticulum, and extra masses (Seoud 
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et al., 2002; Zafarani et al., 2015). One 

of the causes of cervical abnormalities 

leading to infertility is cancer of the 

cervix. In developing countries, it is 

very common to be affected by 

cervical cancer. Its etiology involves 

the Human papillomavirus (HPV) 

which can be spread sexually (Faridi et 

al., 2011; Jalil et al., 2020). The best 

method to diagnose this is screening. It 

can seriously affect fertility therefore 

there is a need for a cervical smear test 

for avoiding it actively (Nnadi et al., 

2014). Trichomoniasis is another 

common cause of infertility. It is a 

sexually transmitted disease that 

occurs due to Trichomoniasis, a 

parasite (Menezes et al., 2016). The 

invasion of this parasite can lead to 

chromosomal modifications and causes 

cervical abnormalities. Females, 

positive with this parasite in the cervix 

remained infertile (Merdaw et al., 

2018).  

Epidemiology of Cervical 

Abnormalities 

Worldwide, infertility may affect a 

couple of reproductive ages more 

commonly. Infertility affects 15% to 

20% of American couples overall, with 

older couples experiencing higher 

rates. In Pakistan, 22% of women 

come to clinics due to the problem of 

infertility. The average age of most 

females is 29 years (Poon et al.,1985). 

Usually, at a yearly well-women 

screening, the female partner first 

seeks treatment for an infertility issue. 

This study will help a general 

practitioner to start the diagnostic 

examination and treat several 

infertility-related conditions. 
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Fig. 1. Sperm transport in (a) the male and (b) the female reproductive tracts 

(Carlson, 2018) 

METHODOLOGY 

A literature review of 49 articles was 

performed with the use of search 

engines. The search engines that were 

taken for the study were Google 

scholar, NCBI, PubMed, and 

Medscape. The keywords that were 

used for searching were cervical 

abnormalities, infertility, uterine 

abnormalities, and cervical factors. 

Extraction of data is completely done 

from journal articles. As the literature 

reviewed, more than 60 articles were 

studied, and only 49 articles were 

added in this study that concluded 

cervical abnormalities are related to 

infertility.  

Poor interaction of mucus and 

sperm affects Fertility 

Fertility can be affected by the poor 

interaction of mucus and sperm in the 

cervix thus, the unavailability of 

cervical mucus can be the cause of 

infertility. One of the causes of 

cervical abnormalities leading to 

infertility is cancer of the cervix. The 
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dilatation and stenosis of the cervix, 

wall irregularities, diverticulum, and 

extra masses are the causes of cervical 

abnormality leading to infertility. 

Tosseous metaplasia of the cervix can 

lead to infertility in females.  

The known cause of infertility can be 

the poor interaction of mucus and 

sperm. The increased rate of 

pregnancy in females is related to the 

mucus of the cervix. A low amount of 

cervical mucus indicates a low rate of 

sperm transportation and low ovum 

quality to fertilize (Fig. 1). Martyn et 

al. reviewed the cervix's function in 

fertility, published in 2014, and 

concluded with similar findings that 

fertility can be affected by the poor 

interaction of mucus and sperm in the 

cervix (Kyrgiou et al., 2014). 

Therefore, ovulation induction and 

intrauterine inseminations (IUI) both 

should be used to increase the rate of 

pregnancy in females having a low 

amount of cervical mucus (Farhi et al., 

1995). This is an effective treatment 

and is very useful as stated by Soheila 

Akbar et.al study published in 2012. 

Couples who wanted to conceive 

should perform IUI with the husband’s 

semen. It can also be performed in 

females with less infertility duration. 

This is a useful procedure in young 

females of an average age of fewer 

than 30 years (Zadehmodarres et al., 

2009).  

Certain microbes may have an impact 

on cervical function. Early detection of 

cervical microflora can help with 

therapy procedures and in treating the 

underlying cause of infertility. 

Laboratory testing can be used to make 

the diagnosis (Brouwer et al., 2010). 

Elevated cervical levels of IL-1 and 

IL-8 can cause bacterial vaginosis 

(BV) that can affect fertility in females 

as stated by P Mastromarino et.al 

study’s published in 2014 (Spandorfer 

et al., 2001). A prospective study was 

conducted in a University hospital to 

rule out the effect of preoperative and 

postoperative effects of the septate 

uterus, and the duplicate uterus on 

infertility (Valle et al., 2013). It was 

concluded that the spare of the 

duplicate cervix and hysteroscopic 
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septum resection (HSR) can lead to the 

increased thickness of the internal OS 

of the cervix causing cervical stenosis 

and further leading to infertility (Wang 

et al., 2009). Cervical collecting 

diverticulums are another 

malformation of the cervix that may 

have an impact on fertility. 

Hysterosalpingography, MRI, and 

ultrasound can all be used to make the 

diagnosis (HSG) as stated by NJ Khati 

et al in their study published in 2012. 

Osseous metaplasia of the cervix can 

lead to infertility in females. Deep 

osseous metaplasia in the cervix can 

cause uterine perforations to become a 

major cause of infertility. It can be 

diagnosed by using TVS (transvaginal 

ultrasonography). Therapeutic 

processes may include laparotomy and 

hysterectomy (Polat et al., 2011).  

Cervical Cell Lesions and Infertility 

The causes that are seen in females are 

mostly cervical cell lesions that are 

causing infertility. The PAP smear is 

performed that is more sensitive for 

this purpose. Precancerous lesions can 

also cause infertility (Sachan et al., 

2018). According to the National 

Cancer Registry (NCR) of Norway, a 

study concluded that precancerous 

lesions in the fallopian tubes, uterus, 

and cervix can cause infertility (Holst 

et al., 1983). Sexually transmitted 

diseases including cervical cancer are 

more common to cause infertility in 

females. A cross-sectional study was 

performed in Nigeria concluding that 

epithelial cell abnormalities in the 

cervix lead to infertility but infertility 

itself did not increase the rate of 

cervical changes in the females 

(Mbazor et al., 2011). Infertility can be 

of unknown cause which is called 

unexplained infertility. In this type, the 

cause of infertility cannot be detected 

in both males and females. But 

searches are being performed to know 

the relation between cervical 

abnormalities with unexplained 

infertility (Prabha et al.,  2011). 

CONCLUSION 

It was concluded from the review 

study that different cervical 

abnormalities are related to infertility 

in females.  
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ABSTRACT: The evolution of methods for keeping wild animals in captivity can be 

traced back many centuries. The desire to keep animals in captivity for recreational purposes 

led to the development of several zoological parks after man adopted a more settled way of 

life. These zoos, aquariums, and other animal sanctuaries must now serve a more serious 

purpose, one that goes beyond entertainment. Around 700 million people visit zoos and 

aquariums each year, as reported by WAZA (World Association of Zoos and Aquariums). 

True zoos and aquariums provide special opportunities for local communities to get involved 

in protecting wildlife. In addition, zoological parks are widely acknowledged for the 

invaluable contributions they make to conservation and scientific study by means of the 

animals and plants in their living collections. This research was devised to evaluate the 

conservation and educational impact of the Lahore Zoological Gardens, the Bahawalpur 

Zoological Gardens, and the Marghazar Zoological Gardens. In general, the results showed 

that the Lahore Zoo was the best of the selected zoos. However, for a variety of reasons 

(including a lack of a zoo animal keeper training programme, poor record keeping, 

inbreeding, inadequate housing, inadequate veterinary care, an inadequate animal collection 

plan, the absence of an on-site animal nutritionist, and a lack of or improper public 

education and awareness programming), the Lahore Zoo did not meet WAZA standards so 

far. 
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INTRODUCTION 

Zoos and aquariums have evolved in 

recent times so that they can better 

serve as locations for wildlife control 

(Carr and Cohen, 2011). Today's zoos 

and aquariums serve a far broader 

purpose of educating the public and 

ensuring the well-being of exotic 

species. Although zoos had humble 

beginnings as animal exhibition halls 

and tourist attractions, they made great 

strides in the 1800s. Existing 

legislation protects wildlife and 

prioritises their well-being 

(Whitworth, 2012). Today's zoos and 

aquariums show the public a world 

that has been intentionally preserved 

for their safety. Zoos should display 

what gardens, parks, and cities could 

look like if steps were done to improve 

water quality by laying a green 

foundation, implementing good 

biological systems without disturbing 

species, and providing habitat for 

local, diverse flora. 

The role of zoos in animal research 

and biodiversity conservation has 

grown in importance over the years, 

with many zoos now advocating for 

comprehensive strategies to protect 

endangered species, such as the One 

Plan Approach (Minteer et al., 2013). 

By bringing together different types of 

conservationists (like field researchers, 

zookeepers, wildlife managers, and 

other veterinary specialists) This 

conservation technique in which zoos 

play a key role helps to bridge the gap 

between wild and captive population 

management to produce a unified 

planning tool for the preservation of 

species. Everyone who visits a zoo 

should understand that doing so helps 

save animals in their natural habitats. 

Local, provincial, and state 

governments are the primary actors in 

this context. The media and 

environmental organisations are also 

crucial players (Wagner et al., 2009). 

The public's opinion of a zoo can be 

gauged by looking at how well it is 

known and respected, all of which are 

aspects of the institution's reputation. 

Reputation is a multifaceted concept, 

but by illuminating the most important 

variables that can have a negative 

impact on zoos' reputations, we can 

begin to discover strategies to improve 
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it. In order to solve these pressing 

problems, zoos must advocate for 

more humane practices in animal care 

and management and work to increase 

the awareness of the significance of 

their mission among key constituents. 

The public's willingness to financially 

support zoos in the future as centers 

for biodiversity conservation and 

educational and entertaining venues 

for the environmental community will 

gain from this, as will the individual 

zoos themselves (Ajayi and Tichaawa, 

2021). 

Many kinds of people from all over the 

world flock to visit zoos. As a popular 

recreational destination, zoos play an 

important role in the lives of 

Pakistanis. Punjab Wildlife & Parks 

Department manages two of the 

province's three zoos—specifically, the 

Lahore Zoological Gardens and the 

Bahawalpur Zoological Gardens. 

Marghzar Zoological Gardens in 

Islamabad, which is managed by the 

Capital Development Authority 

(Capital Development Authority). 

Research is currently being conducted 

at these zoos. The Lahore Zoo, which 

opened in 1872, is the world's first. 

(web.1). Located on a 25-acre plot of 

land, the Bahawalpur Zoological 

Gardens first opened to the public in 

1942. It is well-known for its efforts to 

preserve and breed lions (web.2). 

Marghazar Zoo was established in 

1978 and spans an area of 82 acres. It 

was originally created to provide 

protection and food for local spotted 

deer, leopards, and Indian gazelles. 

The World Association of Zoos and 

Aquariums (WAZA) has joined this 

international organisation (WAZA, 

2005; 2022). Its membership includes 

more than 300 institutions from 

throughout the world, including 

aquariums, zoos, cooperation partners, 

and related organisations. Its primary 

goal is to facilitate coordination 

between zoos and aquariums around 

the globe in order to better protect, 

manage, and breed animals in 

captivity. In 2007 (Raja, CZA). 

Unfortunately, no zoos in Pakistan are 

part of WAZA, and the only Asian 

members are Dusit Zoo in Bangkok 

and Central Zoo Authority. This 

research was designed to assess the 
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contribution of zoos in Punjab, 

Pakistan, to conservation and 

education in line with initiatives 

promoted by WAZA.  As mentioned 

earlier WAZA promotes the highest 

standards of care for animals in human 

care, including the management of 

endangered species and proper 

husbandry. In the case of animal 

conservation and protection, Zoos in 

Pakistan should improve their animal 

care strategies and try to be at par with 

WAZA guidelines. This study would 

be helpful to highlight the 

shortcomings for a better future of Zoo 

exhibits. Important for future national 

and international cooperation, the 

results will be improved interlinking 

and the exchange of knowledge and 

skills among the selected zoos.  

MATERIALS AND METHOD 

This project's study approach, based on 

a synthesis of literature, observations, 

precedent studies, and site analysis, 

aims to assess the contributions of 

various zoos to education and 

conservation in Punjab, Pakistan. As 

all of these techniques are tailored to 

the requirements of the researcher, 

animals, and visitors, they are all good 

choices. 

Different questionnaires (Spiriti 

etal.,2022). were created to evaluate 

how people felt about the zoo, the 

management, the veterinarian care, and 

other animal 

welfare/conservation/educational 

services.  

i. Precedent Study Methods 

Educational programmes and design 

factors for animals, staff, and visitors 

in existing zoos were identified 

through a series of precedent studies. 

Analyzing relevant examples can shed 

light on problems, reveal avenues for 

improvement, and reveal hidden 

possibilities. It was attempted to use 

the WAZA's accreditation as a 

benchmark for researching antecedents 

for overall zoos and their educational 

programmes. Specifically, four 

examples were chosen that addressed 

the zoo's teaching programme, animal 

care, conservation efforts, and the 

overall experience of the zoo's visitors. 
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ii. Observation Methods 

To gauge how many people visited, 

how long they stayed, whether or not 

they read the exhibit's signage, and 

whether or not the animals in the 

exhibit were active, it was essential to 

conduct observations. The Lahore 

Zoological Gardens, the Bhawalpur 

Zoological Gardens, and the 

Marghazar Zoo also participated in 

preliminary observational research. It 

was vital to check out the path leading 

up to the viewing area, the enclosure, 

and how close guests may go to the 

animals before entering the viewing 

area. Visitor reactions to educational 

programmes and conservation of 

wildlife at the zoos were also 

documented. 

iii. Interview Method 

Interviews with the directors, 

veterinarians, education officers and 

keepers of selected Zoos were 

conducted. The Table-1 details the 

results of the comprehensive education 

and conservation monitoring that 

followed the guidelines established by 

WAZA in 2005. 

iv. Schedule of Interview with 

Visitors 

 Between the months of June 2020 and 

August 2020, researchers at Lahore 

Zoo and those at Marghazar Zoo 

gathered data. In the same year, during 

September and October, the 

Bahawalpur Zoo was also visited for 

this reason. Every day, on the 

weekends, and especially on public 

holidays, visitors were handed a 

questionnaire to fill out. The primary 

objective was to gather the opinions of 

a diverse cross-section of the people. 

The opinions of several uneducated 

tourists were sought out through 

interviews.  

v. Diet Plan Analysis 

Information on the animal food was 

gathered from zoo administration and 

veterinarians. Individuals at all three 

study locations provided their own 

feedback on the dietary regimens they 

were given. To ensure consistency in 

animal nutrition, the Lahore Zoo's 

feeding plan was used by all captive 

facilities. Many aspects of feeding 

schedules, diets, methods of food 

presentation and distribution, 
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individual animal preferences, the 

introduction of novel objects, the 

cleanliness of feeding areas, and the 

design of enrichment plans and 

enclosures were all recorded. Food 

amount and quality were also 

evaluated. 

RESULTS AND DISCUSSION 

One hundred surveys and interviews 

were conducted at each of the study 

sites. Figures 1a–1d provide a 

graphical representation of the 

feedback we received from our site 

users.  

Fig. 1a. Results of survey conducted in different Zoos 

Fig. 1b. Results of survey conducted in different Zoos 
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Fig. 1c. Results of survey conducted in different Zoos 

 

Fig. 1d. Results of survey conducted in different Zoos

Visitors' reactions were consistent with 

those reported by Hassan (2015). After 

comparing Lahore Zoo to other captive 

facilities, it was determined that it 

performed best in terms of 

conservation and education. The 

Lahore Zoo had superior 

accommodations for the animals. Two 

other zoos were directly emulating its 

enclosure style and construction 

materials. When compared to other 

captive settings, Lahore Zoo 

performed exceptionally well in every 

category, including animal food, 

habitat design, and medical treatment. 

Also, Lahore zoo had superior 
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veterinary facilities, and veterinarians 

are a crucial cog in the animal welfare 

wheel (Deem, 2007). Marghzar Zoo, 

however, provides a superior food for 

its animal residents. Bahwalpur Zoo's 

housing conditions were not unlike 

those of antiquated menageries, and as 

a result, animal health was severely 

impaired. Current research results also 

show that visitors prefer to contact 

with animals or like the animal 

facilities where they get chance intract 

with animal and note their behaviours 

this study is similar to findings of 

Ajayi & Tichaawa,2021 who  analysed 

the connections between zoo visitors' 

levels of contentment, their sense of 

attachment to the zoo, and their 

dedication to the institution. There 

were six major takeaways presented. 

To begin, only place social bonding 

(and not any of the other four sub-

constructs of place attachment) was 

found to be significantly influenced by 

visitors' satisfaction. As gathering 

places (Smith et al., 2012; Ajayi, 

2019), zoos provide opportunities for 

people to learn about and appreciate 

nature together. Groups of tourists 

were seen learning, touring, and 

enjoying themselves while visiting the 

zoo, whereas solitary visitors actively 

sought out company. 

As shown in figure 1-12 the 90% to 

100% objective of zoo visit was 

recreational at all survey sites. The 

result about the question  “ which is 

your favourite animal” 90% and 44% 

people loved lions in Bahawalpur Zoo 

and Marghazar Zoo respectively while 

in Lahore Zoo 40% people still liked  

elephant and missing SUZI (Lahore 

Zoo old Female Elephant) these 

findings are in agreement with Carr, 

(2016). 

Public survey results in the present 

study corroborate the previous 

conclusion that Lahore Zoo is more 

popular among tourists for recreational 

purposes than any of the other two 

zoos. People on their day off came 

here to have some fun. Simply put, a 

well-thought-out strategy for animal 

collection (Andrew and Maggie, 

2010). The public has actually called 

for more animals, showing complete 

disregard for their well-being. Most 

people visiting the zoo had no idea of 
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endangered animals, conservation, or 

the difference between in-situ and out-

of-situ conservation. Nothing about 

them promotes conservation education 

or public interest in zoo displays (Carr 

and Cohen, 2011). The Lahore Zoo has 

a well-established education 

programme but the result reveals that 

the response of people about the 

question “Does the zoo provide 

visitors with information on how to 

save endangered species?. Many 

visitors intensely disagreed with the 

statement that zoos teach tourists about 

wildlife conservation. again the 

findings are in agreement with Ajayi 

and Tichaawa, (2021). In this case it 

recommended that the awareness 

activities of zoo should be promoted 

on social media for general public 

information. 

As far as the question “ how often you 

visit the zoo is concerned 80% of 

respondents at Bahawalpur Zoo said 

once in the year, more the half of 

visitors 59% at Marghazar Zoo also 

visited once in the year whereas,  45% 

visitors of Bhawalpur zoo visited once 

in the year as shown in the figure. 

The  Lahore zoo's administration also 

funds internships and research 

programmes in unique ways compared 

to other zoos. The finding of surveys 

suggested that people are unaware of 

the fact and it is not understandable 

this question that “Do zoos conduct 

research?” they did not show any 

definite view point. Interestingly, more 

than half of visitors(51%)  at 

Marghazar Zoo said yes on question " 

Do you know that zoo involve in 

wildlife conservation projects?" 

whereas the only (30%) of Lahore 

Zoo-goers  were agreed  to it as shown 

in below Figures (1a-4d). 

Only trustworthy zoos will have the 

visitors, community, and social  

structures necessary to protect and 

educate about biodiversity. Because of 

this, it is crucial for zoo organisations 

and individual zoos to understand 

which aspects of their operations have 

the greatest potential to shape their 

reputations (Paxton et al., 2020). 

Indeed, such endeavours need a well-

thought-out strategy for marketing and 

suitable commercialization. That, as 

noted by Ahmad et al., 2015, as well as 
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others, would pique the public's 

attention, which would lead to the 

creation of finances to ensure the 

future of such activities. As compared 

to the other zoos considered, the 

results showed that Lahore's was the 

best overall (Table 1), although it still 

fell short of WAZA's 2005 and 2022 

requirements for a number of reasons. 

Table 1:  Captive Animal Conservation 

Questions Lahore Zoo Marghazar 

Zoo 

Bahawalpur 

Zoo 

Yes No Yes No Yes No 

Have you, as a zoo administration, 

made any efforts to educate guests 

about animal welfare? 

         

Is the zoo making any effort to 

ensure the animals have suitable 

living conditions? 

         

Is there any way to lessen the strain 

that tourists have on animals? 

         

Are the fences adequate for 

protecting the animals and the 

people who visit? 

    √        

Is there a plan in place for a crisis?          

Is the zoo letting visitors know 

which animals are ill or hurt? 

         

Does the zoo have a formal, 

approved master plan? 

         

Is the exhibit's container built to 

meet its biological needs? 

         

Is there a facility where endangered 

animals are housed that was built 

without official permission? 

 

 

 

        
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How well the animals here are 

housed in accordance with their 

natural needs. 

 √  √   
 

 

Is there a system in place to ensure 

that cooking equipment is regularly 

cleaned? 

         

Is there a system in place to ensure 

that cooking equipment is regularly 

cleaned? 

         

Feed offered to animals are 

according to nutritional requirement 

of animals? 

         

The feed given to animals meets 

their nutritional needs? 

         

Where can they go to get away, 

relax, and have babies? 

         

Is the substrate and plant life in the 

enclosure similar to what you would 

find in a more natural setting? 

         

Do you supply seasonal vitamin and 

mineral supplements to the animals? 

         

 

Lack of budget for education and 

awareness.  

 Lack of trained human resources 

 Lack of zoo animal keeper training 

programme 

 Lack of record keeping 

 Inbreeding problems 

 Improper housing facilities  

 Lack of veterinary care facilities  

 Lack of animal enrichment plan 

 Improper animal collection plan  

 Lack of animal nutritionist at zoo 

 Same animal ration scale for every 

zoo 

 Lack of  modern visitor facilities 

 Lack or improper public education 

and awareness programme 

 Zoos are meant for recreation and 

money generation rather than 

conservation and education. 
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CONCLUSION 

It was concluded on the basis of the 

current study that the major purpose of 

people visiting the zoo is 

entertainment but they also love to be 

part of animal base activities. Zoo is a 

family place and kids are the future 

ambassadors of wildlife and nature 

conservation among all selected zoos 

Lahore Zoo was much liked and in line 

with the aims and objectives of 

modern zoos. The Lahore Zoo can 

make its message more impactful if 

they share its zoo activities on social 

media to inform the public. Other zoos 

like Marghazar Zoo and Bahawalpur 

Zoo should improve their 

existing awareness  and animal care 

programme for the betterment of 

captive wildlife.  
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